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INTRODUCTION 

Background 

CHAPTER19 
IMMUNOLOGIC ASSESSMENT 

Of the many chemical compounds known to cause immune system dysfunction in 
laboratory animals, the polyhalogenated aromatic hydrocarbons have been the most 
extensively studied and, among these, 2,3, 7 ,8-tetrachlorodibenzo-p-dioxin (TCDD, or dioxin) 
has proven to be the most toxic. Since the early 1970s, when TCDD was shown to cause 
marked involution of the thymus gland in numerous experimental animals (1-4), an extensive 
body of literature pertinent to TCDD-induced immunotoxicity has been summarized in the 
recent comprehensive review article by Holsapple and colleagues (5). In laboratory animals, 
TCDD has proven to have a wide range of toxic effects on all components of the immune 
system including the following: 

• Compromised cell mediated (6,7) and humeral (8-10) immune function 

• Impaired myelo-(11, 12) and lymphoproliferative (11, 13-15) responses 

• Suppressed complement activity ( 16, 17) 

• Compromised host resistance to bacterial (8,11,17-19), parasitic (20), and viral 
(19,21) infections. 

In an attempt to provide data more relevant to humans, two laboratories have conducted 
experiments into the effects of TCDD on numerous immunologic indices in marmoset (22-24) 
and rhesus monkeys (25). These studies, carried out in vitro in lymphocyte cell cultures and 
in vivo with single dose injections of TCDD in various concentrations, have yielded 
inconsistent results that in many cases do not fit a typical dose-response pattern. The 
relevance of these acute phase studies to the long-term occupational exposure more typical in 
humans remains to be proven. In none of the in vivo studies have the animals shown 
evidence of overt illness. 

Much of the past and current basic research in laboratory animals has focused on the 
importance of the aryl hydrocarbon (Ah) receptor in some but not all manifestations of 
TCDD toxicity including suppressed humoral (10,26-32) and cellular (33,34) responses and 
impaired complement activity (35). Numerous additional studies have demonstrated that 
TCDD effects can occur independent of the presence of the Ah receptor (27 ,28,30-32,36-39). 
Although the Ah receptor has been defined in several human tissues (see references 40-45 in 
Chapter 9, General Health) the relevance of these observations to TCDD toxicity in humans 
remains controversial. Two comprehensive reviews have summarized the voluminous 
literature related to the mechanisms of TCDD immunotoxicity and the role of the Ah 
receptor (40,41). In contrast to the active research in animals, relatively few studies have 
been published describing immune system effects of TCDD in humans and from these studies 
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no consistent evidence for immunotoxicity bas been found. Most reports have been based on 
populations exposed to TCDD as a consequence of industrial accidents, environmental 
contamination, or military service in Vietnam. 

In early reports on a population at risk from soil contamination in Times Beach, 
Missouri, abnormalities in several indices of immune function were documented including 
impaired delayed hypersensitivity by skin testing and nonsignificant variations in several 
peripheral lymphocyte subsets and ratios (42,43). However, followup examinations of the 
same subjects found no differences between those exposed and the controls (44,45). 

Reports of examinations conducted on individuals exposed in industrial explosions in 
England (46) and Seveso, Italy (47) noted minor variations in several immunologic indices, 
but none were of apparent clinical significance. 

Finally, in the most recent report of the Air Force Health Study (AFHS) (4S), in which 
immunologic indices were examined in relation to the current body burden of dioxin, a 
statistically significant increase in the lgA globulin fraction was noted in the Ranch Hand 
cohort. Although of uncertain significance, this finding is of interest given a report of a 
laboratory animal study (49) that documented a selective increase in the lgA fraction upon 
exposure to a single injection of TCDD. There were no other significant differences between 
the Ranch Hand and Comparison cohorts. 

Summary of Previous Analyses of the Air Force Health Study 

1982 Baseline Study Summary Results 

Immunologic function and phenotypic marker studies were performed on 592 
participants (297 Ranch Hands, 295 Comparisons) randomly selected by the terminal digit of 
their case number. Because of laboratory problems (e.g., fluctuating quality control and lack 
of simultaneous differential counts on the peripheral mononuclear cells), data could be 
analyzed on a group basis only. 

Analyses of the cell surface markers (CD2 or T11 , CD3 or T3, CD4 or T4, CDS or T8, 

CD20 or B, the CD4-CD8 or T4-T8 ratio, and the total lymphocyte count (TLC) showed no 
significant group differences. However, increased smoking was significantly associated with 
increases in most cell counts but not with the CD4-CD8 ratio and CD20 cells, whereas 
increasing age was significantly associated with decreasing TLC and CDS cells. 

Functional studies of T and B cells via reaction to antigenic (tetanus toxoid) or mitogen 
(phytohemagglutinin [PHA], concanavalin A, and pokeweed) stimulation showed no group 
differences. Similarly, unadjusted and adjusted mean values of the four assays were not 
significantly different between groups. 

In summary, neither immunologic function nor cell marker studies showed significant 
impairment in the Ranch Hand group, nor did they show patterns supportive of a herbicide 
effect. Smoking was associated with a significant increase in the marker cells CD2, CD3, 
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CD4, and CDS, and in the TLC, with a concomitant increase in lympliocytic response to 
pokeweed mitogen (PWM). 

1985 Followup Study Summary Results 

The 19S5 AFHS physical examination placed more emphasis on the immunologic 
assessment than did the 19S2 Baseline profile. Immunologic competence was measured by 
cell surface marker (phenotypic) studies and cell stimulation studies on 47 percent of the 
study population, and by a series of four skin test antigens in 76 percent of the participants to 
assess the delayed hypersensitivity response. 

Surface marker studies were conducted for CD2 cells, CD4 cells, CDS cells, CD20 or 
B cells, CD14 cells or monocytes, and HLA-DR cells; the ratio of CD4 to CDS cells also 
was included in the analysis. Because of inherent significant day-to-day and batch-to-batch 
variation, all results (including functional stimulation studies) were adjusted for blood-draw 
day. Statistical testing of the seven phenotypic cell markers did not reveal any significant 
group differences, either unadjusted or adjusted, for the covariates of age, race, occupation, 
current smoking, lifetime smoking history (in pack-years), current alcohol use, or lifetime 
alcohol use (in drink-years). Similarly, none of the unadjusted or adjusted analyses of the 
functional stimulation studies (for PHA, PWM, or mixed lymphocyte culture [MLC]) showed 
any statistically significant group differences. Overall, no pattern was identified to suggest a 
detriment in any subgroup of either the Ranch Hands or Comparisons. 

The effects of age, race, smoking, and alcohol use affected most variables in the 
phenotypic and stimulation studies. Consistently decreasing values of all cell markers and 
stimulated cells were associated with increasing age, whereas increased levels of smoking 
were usually associated with increases in the values of those variables. Blacks had 
consistently higher stimulated cell counts than non-Blacks, but this effect was not observed 
for counts of T cells, B cells, or HLA-DR cells. Enlisted personnel generally had higher cell 
surface marker counts than officers. 

The delayed hypersensitivity response was assessed by the skin test antigens of mumps, 
Candida albicans, Trichophyton, and staph-phage lysate. The 4S-hour measurements of skin 
induration and erythema for the four tests showed marked inter-reader variation. 
Consequently, all skin test data were declared invalid and were not used in the assessment of 
group differences. The skin test reading problems led to the use of additional clinical quality 
control procedures for the 19S7 followup examination. 

In conclusion, no significant group differences were found for the comprehensive cell 
surface marker or functional stimulation studies. The effects of age, smoking, and alcohol 
use were observed in these immunologic tests. 

1987 Followup Study Summary Results 

For the assessment of the 19S7 immunologic examination data, composite' skin reaction 
test results and various laboratory examination measurements from cell surface marker 
studies, three groups of functional stimulation tests, and quantitative immunoglobulins were 
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analyzed. Ranch Hands had a higher frequency of individuals with possibly abnormal 
reactions on skin testing than Comparisons. The unadjusted analyses of the laboratory 
examination data indicated no significant group difference between Ranch Hands and 
Comparisons. For the adjusted analyses of the natural killer assay measurements with and 
without Interleukin 2 (IL-2), significant interactions between group and race were present. 
The clinical significance of these findings is not apparent and does not point to any known 
clinical endpoints. In general, the immunologic assessment revealed no medically important 
differences between Ranch Hands and Comparisons. 

Serum Dioxin Analysis of 1987 Followup Study Summary Results 

II} general, the composite skin test diagnosis results were not associated with serum 
dioxin levels. The Ranch Hand analyses using initial dioxin, and the analyses using current 
dioxin and time since duty in Southeast Asia (SEA), generally displaying nonsignificant 
decreased risks. For the analyses contrasting Ranch Hands with unknown, low, and high 
current dioxin to Comparisons with background current dioxin levels, the risks were 
increased but nonsignificant. 

For the most part, the cell surface marker variables and TLC did not display significant 
associations with serum dioxin. The longitudinal analyses of the CD4-CD8 ratio did not 
consistently show significant differences in the 1987 ratio relative to the 1985 measurement 
of the ratio. 

For the analyses of PHA net responses, significant or marginally significant positive 
associations with initial dioxin were found. For the analyses involving current dioxin and 
time since duty in SEA, the maximum PHA net response also displayed some significant or 
marginally significant positive associations. Depressed immune function would be expected 
to demonstrate lower PHA net response. 

For unstimulated MLC and MLC net response, the three analysis approaches generally 
displayed nonsignificant associations with serum dioxin. For the analysis involving Ranch 
Hands in the high current dioxbi category and Comparisons in the background current dioxin 
category, Ranch Hands had a significantly higher unstimulated MLC mean. The analyses of 
the natural killer cell variables generally were nonsignificant. 

Significant positive associations generally were found between lgA and initial dioxin. 
The analyses for IgA, lgG, and IgM using current dioxin and time since duty in SEA were, 
for the most part, nonsignificant. For the three immunoglobulins, the overall contrasts of 
Ranch Hands in the unknown, low, and high current dioxin categories versus Comparisons in 
the background current dioxin category generally were significant or marginally significant. 
For lgA and lgG, the contrasts of Ranch Hands in the unknown current dioxin category 
versus Comparisons in the background current dioxin category were significant with Ranch 
Hands having lower immunoglobulin averages. For IgM, the contrasts of Ranch Hands in 
the low current dioxin category versus Comparisons in the background current dioxin 
category were marginally significant with Ranch Hands again having lower averages. Ranch 
Hands in the high dioxin category were,not significantly different from Comparisons. 
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The indices of immune responses analyzed in the 1987 examination provided a 
comprehensive reflection of in vivo and in vitro immune function in the study population. 
No clinically significant indicators reflecting a relationship between the current body burden 
of dioxin or the extrapolated initial exposure and immune function were found. Similar to 
elevated erythrocyte sedimentation rates (in the General Health Assessment) and increased 
white blood cell and platelet counts (in the Hematologic Assessment), increased IgA levels 
could represent a chronic inflammatory response to dioxin exposure. 

Parameters for the Immunologic Assessment 

Dependent Variables 

Data from the physical examination, the Scripps Clinic and Research Foundation 
(SCRF) laboratory, and the Scripps Immunology Reference Laboratory (SIRL) were used in 
the Immunologic Assessment. The skin testing, immunoglobulin studies, and lupus panel 
tests were examined for all participants, whereas the cell surface marker studies and total 
lymphocyte count (TLC) investigations were carried out on a random sample of 
approximately 40 percent of the participants, because of the complexity of the assay and the 
expense of the tests. 

Physical Examination Data 

Physical examination data concerning the skin tests were used to evaluate immunologic 
function. A composite skin test diagnosis variable was constructed based on the responses to 
four separate antigens injected intradermally to measure. antigen reactivity or sensitivity. 
This composite skin test variable was analyzed as a discrete, dichotomous variable; each 
participant was considered possibly abnormal or normal based on his skin reactivity to the 
antigens Candida albicans, mumps, Trichophyton, and staph-phage lysate. The response to 
each antigen was scored positive (normal) if the maximum diameter of the resulting 48-hour 
induration was greater than or equal to 5 millimeters (mm), which indicates intact 
cell-mediated immunity. If none of the four antigen responses was positive, the composite 
skin test diagnosis was scored possibly abnormal. If one or more of the four antigen 
responses were positive, the composite skin test was considered normal. 

Participants who were taking anti-inflammatory medication (except aspirin) or 
immunosuppressant medication at the time of the 1992 physical examination, participants 
who recently received x ray treatment or chemotherapy for cancer (reported in the 1992 
questionnaire and verified by medical records review), and participants who tested positive 
for HIV were excluded from all analyses of skin test qata. 

Laboratory Examination Data 

From the SCRF and SIRL immunologic tests, the results of cell surface marker studies, 
TLC, quantitative immunoglobulins, and a lupus panel were analyzed. Table 19-1 presents 
the immunologic parameters evaluated and describes their medical importance. Continuous 
data were evaluated statistically to determine whether the natural logarithm scale was more 
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Table 19-1. 
Medical Significance of the Immunologic Data 

llll!f1-ill:~;~ll11l 1/:!lll!l,11/lll~lli1~1-~i11r11~!Ji~[!-•illllll!!! 
Skin Tests 

Candida 
Mumps 
Trichophyton 
Staph-phage lysate 

Cell Surface 
Marker Studies 

CD3 

CD4 (Lue3a+b) 

CD5 

CDS (0KT8) 

CD14 (LeuM3) 

CD16+56 

Skin testing measures in vivo 
hypersensitivity responses to antigens of 
bacteria, fungi, and a virus to which most 
persons have previously been exposed. 
The skin reaction to intradermal injection 
of these antigens indicates integrity of T­
een memory and ability of effector cells 
to mount a response. 

Pan T-cell marker (similar to CD2) in 
previous study cycle). Measures all 
mature T cells (includes CD4, CDS, 
etc.). Generally 70% or more of 
peripheral blood lymphocytes are CD3 
positive. 

Measures T cells that exhibit 
helper/inducer phenotype. CD4 cells 
initiate an immune response to processed 
antigens. 

Marker expressed by T cells; also found 
on subpopulation of B cells. 

Measures T cells that exhibit suppressor 
and cytotoxic functions. Responsible for 
appropriate down regulation of an 
immune response after antigen has been 
cleared. 

Measures mature monocytes in peripheral 
blood. Monocytes take up and process 
foreign antigens for presentation to 
CD4+ cells. u 

Measures natural killer (NK) cells that 
can lyse foreign cells independent of 
antibody or prior contact with the target. 
CD 16 is an IgG receptor that appears on 
NK cells and neutrophils; CD56 is more 
reStricted to NK cells; joint use of CD16. 
and CD56 enhances enumeration of NK 
cells. 
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Antigen reactivity or sensitivity. Lack of 
response to all antigens indicates anergy 
that may occur in overwhelming 
infections, widespread malignancy, 
immunosuppression, or malnutrition. 

Decrease in absolute number of T cells 
indicates immunodeficiency. May occur 
due to direct effects of malignancy (e.g., 
lymphoma), to AIDS, or to 
chemotherapy. Increase may occur in 
lymphoproliferative disorders or in some 
infections. 

Markedly decreased in AIDS due to HIV 
infection of CD4+ cells; increased in 
autoimmune diseases. 

B-cell type of chronic lymphocytic 
leukemia expresses CD5; lymphocytes 
involved in autoimmune disease 
frequently express CD5. 

Variable in autoimmune diseases; 
increased in some viral illnesses and 
immunodeficiencies. 

Increases with inflammation of many 
etiologies. ' 

NK cells are thought to attack neoplasms 
and naturally prevent growth of cancers. 



Immunologic 
Measure 

CD20 (Bl) 

CD25 (IL-2 
Receptor) 

CD4-CD8 Ratio 

Double Labelled 
Cells (cells that 
express both 
markers) 

CD3 with CD25 

CD5 with CD20 

CD4 with CD8 

CD3 with (CD16 
+ CD56) 

Total Lymphocyte 
Count 

Table 19-1. (Continued) 
Medical Significance of the Immunologic Data 

Rationale or the Measurmient 

Measures peripheral blood B cells; no 
reaction with T cells, granulocytes, or 
monocytes. 

Present on activated T cells; absent on 
normal peripheral blood lymphocytes, 
monocytes, and granulocytes. 
Stimulation with IL-2 induces more IL-2 
Receptor synthesis in activated T cells 
(positive feedback). 

Measures proportional difference between 
CD4 + cell populations and CD8 + cell 
populations. Reflects balance between up 
regulation and down regulation of T cells. 

~Syndrome/Condition Endpoint 

Decreased result in humoral immune 
deficiency with impaired production of 
antibodies; increased in 
lymphoproliferative disorders. 

Increased in lymphoproliferative 
disorders. Also increased with any 
immune activation (viral infection, organ 
transplant rejection). 

Decreased in immunodeficiencies and 
viral illnesses. AIDS causes very low 
ratio, as does immunosuppression with 
cyclosporine. 

More refined measurement of activated T Same as CD25. 
cells to avoid possible (minor) inclusion 
of other cell types expressing CD25 . 

T cell marker (CD5) with B cell marker 
(CD20) on same lymphocytes indicates 
abnormal cell subpopulation. 

Normally these markers do not occur on 
the same cells. 

Normally these markers do not occur on 
the same cells. 

Measures absolute number of total 
lymphocytes circulating in peripheral 
blood. Major immune mechanism against 
fungi and viruses. 
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These doubly positive cells occur as a 
major population in chronic lymphocytic 
leukemia; as a minor population, they can 
indicate lymphocytes responsible for 
autoimmune processes. 

Doubly positive cells indicate primitive 
lymphocytes suggesting abnormal T cell 
clone or leukemia. 

Same as CD16 plus CD56. 

Decreased in immunodeficiency; 
increased in lymphoproliferative 
disorders. 



r: Immunologic 
Measure 

Immunoglobulins 
IgG 
lgA 
IgM 

Lupus Panel 

Antinuclear 
Antibody (ANA) 
Test 

Thyroid 
Microsomal 
Antibody 

MSK Smooth 
Muscle 
Antibody 

MSK 
Mitochondrial 
Antibody 

MSK Parietal 
Antibody 

Table 19-1. (Continued) 
Medical Significance of the Immunologic Data 

Rationale of the Measurement J>iseme/Syndrome/Condition Endpoint 

Each measures ability of specific B-cell 
subgroup to secrete specific antibody 
class of molecules. Antibodies normally 
rise in response to infections or 
immunizations with bacteria. fungi, and 
viruses. Major immune mechanism 
against bacteria. 

Increased in hyperglobulinemia or 
myeloma (monoclonal). Decreased in 
selective or total B-cell 
immunodeficiency. Polyclonal increases 
in chronic inflammation and liver disease 
(cirrhosis). 

The test composition of this profile was chosen to include the most frequently 
encountered autoantibodies. Presence of autoantibodies may indicate specific 
autoimmune diseases, especially if multiple autoantibodies are present. The 
individually named autoantibodies (excluding ANA and B cell clones) are associated 
with specific diseases. Any of these tests also may tum positive as a participant's 
immune system ages or otherwise is dysregulated. 

Screening assay (performed with 
monolayers of HEp-2) for many clinically 
significant autoantibodies that occur in 
systemic rheumatologic diseases; all 
positives were further tested by 
confirmatory assays for specific 
autoantibodies against: DNA, Sm, RNP, 
SS-A, SS-B. 

Measures autoantibodies against thyroid. 

MSK indicates the tissues used in the 
assay (mouse stomach and kidney); 
measures autoantibodies against actin in 
smooth muscle. 

Measures autoantibodies against 
mitochondrial antigens. 

Measures autoantibodies against parietal 
cells of the stomach that make intrinsic 
factor for the absorption of vitamin B12• 

Positive result suggests possible 
rheumatologic disease; likelihood 
increases with number of different 
positive autoantibodies. 

Present in autoimmune thyroiditis. 

Present in autoimmune liver diseases, 
especially chronic active hepatitis. 

Present in autoimmune liver diseases, 
especially biliary cirrhosis. 

Present in pernicious anemia (failure to 
absorb vitamin Bd. 

Rheumatoid Factor Autoantibodies reactive with a person's 
own antibodies. 

Present in rheumatoid arthritis; also in 
some infections, chronic pulmonary 
diseases, and other inflammatory or 
autoimmune diseases. 

19-8 



Immunologic 
Measure 

B Cell Clones 
Detected by Serum 
Protein 
Electrophoresis 

Other Antibodies 

Summary Index 

Table 19-1. (Continued) 
Medical Significance of the Immunologic Data 

Rationale of the Measurement 

Detection of monoclonal immunoglobulins 
by serum protein electrophoresis. 
Normal immunoglobulins are polyclonal 
with no predominant single clone. All 
positive results were further tested for 
heavy chain type (G, A, M) and light 
chain type (kappa, lambda). 

May be detected incidentally in 
performance of the above assays, may not 
be clinically significant except as 
indicator of immune system aging or 
dysfunction. 

General measure of the integrity of the 
immune system, specifically as it affects 
B cells. 
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~Syndrome/Condition Endpoint 

Large amounts of monoclonal 
immunoglobulins are present in multiple 
myeloma and other lymphoproliferative 
disorders; also can occur in smaller 
amounts in aging or dysregulated immune 
systems. 



appropriate to use with the statistical procedure(s) than the original scale. Participants who 
were taking anti-inflammatory medication (except aspirin) or immunosuppressant medication 
at the time of the 1992 physical examination, participants who had recently received x ray 
treatment or chemotherapy for cancer, lind participants who tested positive for HIV were 
excluded from all analyses of the laboratory data. 

Cell Surface Marker (Phenotypic) Studies-Quantification of the different cell 
populations was carried out with the use of reagent mouse monoclonal antibodies. Eight cell 
surface markers, one ratio of cell markers, and four double-labelled cell surface markers 
were analyzed in the statistical evaluation of the immunologic system. The unit of 
measurement (for all variables except the ratio) was cells/mm3• 

A substantial number of participants had measurements of 0 cells/mm3 for the double­
labelled cell surface markers CDS with CD20, CD4 with CDS, and CD3 with CD16+56. 
The distribution of these double labelled cell surface markers were skewed, suggesting the 
need for a logarithmic transformation. Consequently two sets of analyses were done on each 
variable. Analyses were performed on the nonzero values in their continuous form 
incorporating a logarithmic transformation. A second analysis was done on each variable, 
relating the percentage of zero measurements to the estimate of exposure. 

Total Lymphocyte Count (TLC)-The TLC indicates the density of lymphocytes in the 
blood. Lymphocytes recognize and destroy bacteria, fungi, viruses, and other foreign · 
bodies. Statistical analysis was performed on TLC, as measured in cells/mm3• · 

lmmunoglobulins-Immunoglobulins measure the ability of a specific B-cell subgroup 
to secrete a specific antibody class of molecules. The antibodies typically rise in response to 
infections or immunizations with bacteria, fungi, and viruses. Statistical analysis was 
performed on the immunoglobulins lgA, lgG, and lgM, measured in mg/di. 

Lupus Panel-This group of laboratory tests was configured to detect the most frequent 
autoantibodies found in both patients and asymptomatic individuals. Autoantibodies are 
markers for autoimmune diseases, and the lupus panel is considered a screening assay for a 
wide spectrum of autoimmune disorders (e.g., rheumatoid arthritis, systemic lupus 
erythematosus). Occasionally, autoantibodies are detected in asymptomatic persons; this is 
alternatively explained as evidence for incipient autoimmune disease or a finding of unknown 
clinical significance. In any instance, the finding of an autoantibody is not normal and 
should be interpreted as an aberration of the immune system. The lupus panel was composed 
of the following individual tests on serum: 

• Antinuclear antibody (ANA) performed on HEP-2 cells. Positive results are 
expressed as: 
- Titer (e.g., 1 :40, 1: 160) 
- Pattern (e.g., speckled, homogeneous, centromere, nucleolar, other ANA). 
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If the ANA was negative, no further. specific antibody assays were performed. If the 
ANA was positive, the following major specific antibody measurements were 
performed: 
- DNA 
- Sm 
- RNP 
- SS-A 
- SS-B. 

• Mouse stomach kidney (MSK) section stain for the following specific 
autoantibodies: 
- Smooth muscle 
- Mitochondrial 
- Parietal cell 
- Other MSK. 

• Thyroid microsomal antibody 

• Rheumatoid factor. 

All of the autoantibodies derive from abnormalities of the B-cell portion, the part of the 
immune system that makes immunoglobulins. 

Statistical analyses were performed on the ANA, MSK smooth muscle antibody, MSK 
mitochondrial antibody, MSK parietal cell antibody, thyroid microsomal antibody, 
rheumatoid factor, B:.cell clones detected by serum protein electrophoresis, and other ANA 
and MSK antibodies, with the response to these tests scored as present or absent. The B-cell 
clones as detected by serum electrophoresis are a composite of 11 subtests and are considered 
present if any bands froIJl the subtests are present. Statistical analyses also were performed 
on a lupus panel summary index, which was constructed from the eight individual tests and 
scored as "abnormal" if any of the eight individual tests were abnormal and "normal" if all 
eight tests were normal. 

The test for B-cell clones performed by high resolution electrophoresis and 
immunofixation on serum is one additional measure. of B-cell abnormality. High resolution 
electrophoresis for detection of monoclonal bands is not formally part of the lupus panel 
because such antibody bands are not necessarily autoantibodies. However, both 
autoantibodies and monoclonal bands are evidence for derangement of the B-cell portion of 
the immune system. For that reason, it is appropriate to include the B-cell clone test results 
with the lupus panel autoantibody results in a composite summary index of B-cell 
abnormalities. 

Covariates 

Covariates used in the immunologic evaluation for adjusted statistical analyses include 
age, race, military occupation, current alcohol use (drinks/day), lifetime alcohol history 
(drink-years), current cigarette smoking (cigarettes/day), lifetime cigarette smoking history 
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(pack-years), and exercise history (an index combining both duration and intensity). Further, 
batch-to-batch (examination group) variation also was used as a covariate for the cells surface 
maker (phenotypic) studies and TLC. Study participants who began their physical 
examination on the same day form a batch. 

Lifetime· alcohol history was based on self-reported information from the 1992 
questionnaire and combined with similar information gathered at the 1987 followup. The 
respondent's average daily alcohol consumption was determined for various drinking stages 
throughout his lifetime, and an estimate of the corresponding total number of drink-years (1 
drink-year is the equivalent of drinking 1.5 ounces of 80-proof alcoholic beverage per day 
for 1 year) was derived. The current alcohol covariate was based on the average drinks per 
day for the month prior to completing the questionnaire. 

Current cigarette smoking and lifetime cigarette smoking history were based on 
self-reported questionnaire data. For lifetime cigarette smoking history, the respondent's 
average smoking was estimated over his lifetime, assuming 365 packs of cigarettes equal 1 
pack-year. 

A series of questions concerning exercise patterns in the past 2 weeks were added to the 
AFHS and incorporated in the 1992 questionnaire. The participants were asked questions on 
frequency, average duration per frequency, and increase of heart rate or breathing for over 
20 different activities. The answers to these questions were used· and combined to determine 
an index bf physical activity incorporating duration and intensity (50,51), and this covariate 
was used in adjusted statistical analyses. 

Statistical Methods 

Chapter 7, Statistical Methods, describes most of the basic statistical methods used in 
the Immunologic Assessment. For both the 1985 and the 1987 studies, large variation was 
expected from batch variability. Because of the variation, this covariate was generally 
incorporated into the unadjusted and the adjusted models of the respective Immunologic 
Assessments for the 1985 and 1987 studies. For the analyses of the cell surface markers and 
TLC, the batch-to-batch covariate was subject to a prescreening procedure to determine 
whether the unadjusted and adjusted models should incorporate this covariate. The 
prescreening was performed because of the reduced sample sizes available for the stepwise 
modeling procedure applied to those models involving only the Ranch Hands. In addition, 
the· batch-to-batch covariate absorbs many of the available degrees of freedom if routinely 
forced into a particular analysis model. 

To address the issues regarding reduced sample sizes and decreased degrees of freedom, 
a main effects prescreening model with the following terms was used for the cell surface 
markers and TLC: group, batch-to-batch variation, age, race, occupation, current alcohol 
use, lifetime alcohol history, current cigarette smoking, lifetime cigarette smoking history, 
and exercise history index. The models were used to evaluate the significance of the batch­
to-batch covariate using the data from the group analysis (the largest data set of the 6 
models). As a result of that. analysis, the batch-to-batch covariate was used for the 
unadjusted and adjusted analyses of the following cell surface markers: CD3, CD4, CD5, 
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CD14,. CD16+56, CD25, CD3 with CD25, CD5 with CD20, CD3 with CD16+56, and 
TLC. Batch-to-batch variation was not used in the unadjusted and adjusted analyses of CD8, 
CD20, CD4-CD8 ratio, and CD4 with CD8. 

Table 19-2 summarizes the statistical analyses performed for the analysis of the 
Immunologic Assessment. The first part of the table describes the dependent variables 
analyzed. The second part of the table further describes the candidate covariates examined. 
Abbreviations used'in the body of the table are defined at the end of the table. Some 
participants were excluded from the immunologic evaluation as stated previously, and some 
dependent variable and covariate data were missing for other participants. Table 19-3 
summarizes the number of participants excluded for medical reasons and the number of 
participants with missing data. Variables used to evaluate skin, immunologic testing, and the 
lupus panel tests are detailed separately in this table, because different subsets of participants 
received these types of tests. 

Analyses of data collected at the 1987 followup study indicated that dioxin was 
associated with military occupation. In general, enlisted personnel had higher levels of 
dioxin than officers, with enlisted groundcrew having higher levels than enlisted flyers. 
Consequently, adjustment for military occupation in statistical models using dioxin as a 
measure of exposure may improperly mask an actual dioxin effect. However, occupation 
also can be a surrogate for socioeconomic effects. Failure to adjust for occupation could 
overlook important risk factors related to lifestyle. If occupation was found to be 
significantly associated with a dependent variable in the 1992 followup analyses and was 
retained in the final statistical models using dioxin as a measure of exposure, the dioxin 
effect was evaluated in the context of two models. Analyses were performed with and 
without occupation in the final models to investigate whether conclusions regarding the 
association between the health endpointand dioxin differed. 

The results of the analyses without occupation are presented in Appendix 0-3 and are 
only discussed in the text if the level of significance differs from the original final adjusted 
model (significant versus nonsignificant). 

Longitudinal Analyses 

Longitudinal analyses were .performed on the CD4-CD8 ratio using the data collected 
for the 1985 and 1992 examinations to assess the association between exposure and the 
change in this ratio between the two examinations. See Chapter 7, Statistical Methods, for a 
further discussion of methods used in the longitudinal analyses. 
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Table 19-2. 
Statistical Analyses for the Immunologic ~ent 

Dependent Variables 

Data ,,, Data Statistical 
·variable (Units) Source Form Cutpoiiits Candidate Covariat5 Analyses 

Composite Skin Test PE D Possibly AGE,RACE,OCC, U:LR,CS 
Diagnosis (based Abnormal: CSMOK,PACKYR, A:LR 
on length of four 0/4 ~5 ALC,DRKYR, 
skin test antigen mm PHY ACT 
induration Normal: 
measurements) ~114 

~5mm 

CD3 Cells (cells/mm3) LAB c AGE,RACE,OCC, U:GLM 
CSMOK,PACKYR, A:GLM 
ALC,DRKYR, 
PHY ACT ,BATCH 

CD4 Cells (cells/mm3) LAB c AGE,RACE,OCC, U:GLM,TI 
CSMOK,PACKYR, A:GLM 
ALC,DRKYR, 
PHY ACT,BATCH 

CDS Cells ( cells/mm3) LAB c AGE,RACE,OCC, U:GLM,TI 
CSMOK,PACKYR, A:GLM 
ALC,DRKYR, 
PHYACT,BATCH 

CDS Cells (cells/mm3) LAB c AGE,RACE,OCC, U:GLM,TI 
CSMOK,PACKYR, A:GLM 
ALC,DRKYR, 
PHY ACT.BATCH 

CD14 Cells LAB c AGE,RACE,OCC, U:GLM 
( cells/mm3) CSMOK,PACKYR, A:GLM 

ALC,DRKYR, 
PHY ACT,BATCH 

CD16+56 Cells LAB c AGE,RACE,OCC, U:GLM 
(cells/mm3) CSMOK,PACKYR, A:GLM 

ALC,DRKYR, 
PHY ACT.BATCH 

CD20 Cells LAB c AGE,RACE,OCC, U:GLM,TI 
( cells/mm3) CSMOK,PACKYR, A:GLM 

ALC,DRKYR, 
PHY ACT,BATCH 

CD25 Cells LAB c AGE,RACE,OCC, U:GLM 
(cells/mm3

) CSMOK,PACKYR, A:GLM 
ALC,DRKYR, 
PHY ACT,BATCH 
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Table 19-2. (Continued) 
Statistical Analyses for the Immunologic ~ent 

Dependent Variables 

Data Data Statistical 
Variable {Units) Source Form Cutpoints Candidate Covariates Analyses 

CD4-C8 Ratio LAB c AGE,RACE,OCC, U:GLM,TI 
CSMOK,PACKYR, A:GLM 
ALC,DRKYR, L:GLM,TI 
PHYACT,BATCH 

Double Labelled Cells: LAB c AGE,RACE,OCC, U:GLM 
CD3 with CD25 CSMOK,PACKYR, A:GLM 
( cellslmm.3) ALC,DRKYR, 

PHYACT,BATCH 

Double Labelled Cells: LAB DIC Zero AGE,RACE,OCC, U:LR,CS, 
CDS with CD20 Nonzero CSMOK,PACKYR, GLM,TI 
( cellslmm.3) ALC,DRKYR, A:LR,GLM 

PHYACT,BATCH 

Double Labelled Cells: LAB DIC Zero AGE,RACE,OCC, U:LR,CS, 
CD4 with CDS Nonzero CSMOK,PACKYR, GLM,TI 
(cellslmm.3) ALC,DRKYR, A:LR,GLM 

PHYACT,BATCH 

Double Labelled Cells: LAB DIC Zero AGE,RACE,OCC, U:LR,CS, 
CD3 with Nonzero CSMOK,PACKYR, GLM,TI 
CD16+56 ALC,DRKYR, A:LR,GLM 
(cellslmm.3) PHYACT,BATCH 

Total Lymphocyte LAB c AGE,RACE,OCC, U:GLM 
Count (TLC) CSMOK,PACKYR, A:GLM 
(cellslmm.3) ALC,DRKYR, 

PHY ACT.BATCH 

lgA (mgldl) LAB c AGE,RACE,OCC, U:GLM 
CSMOK,PACKYR, A:GLM 
ALC,DRKYR, 
PHY ACT 

lgG (mgldl) LAB c AGE,RACE,OCC, U:GLM 
CSMOK,PACKYR, A:GLM 
ALC,DRKYR, 
PHY ACT 

IgM (mgldl) LAB c AGE,RACE,OCC, U:GLM 
CSMOK,PACKYR, A:GLM 
ALC,DRKYR, 
PHY ACT 

Lupus Panel: ANA LAB D Present AGE,RACE,OCC, U:LR,CS 
Test Absent CSMOK,PACKYR, A:LR 

ALC,DRKYR, 
PHY ACT 
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· Table 19-2. (Continued) 
Statistical Analyses for the Immunologic ~ent 

Dependent Variables 

Data Data Statistical 
Variable (Units) Souree Form CutpoiDts Candidate Covariates Analyses 

Lupus Panel: ANA LAB D Present AGE,RACE,OCC, U:LR,CS 
Thyroid Absent CSMOK,PACKYR, A:LR 
Microsomal ALC,DRKYR, 
Antibody PHY ACT 

Lupus Panel : MSK LAB D Present AGE,RACE,OCC, U:LR,CS 
Smooth Muscle Absent CSMOK,PACKYR, A:LR 
Antibody ALC,DRKYR, 

PHY ACT 

Lupus Panel: MSK LAB D Present AGE,RACE,OCC, U:LR,CS 
Mitochondrial Absent CSMOK,PACKYR, A:LR 
Antibody ALC,DRKYR, 

PHY ACT 

Lupus Panel: MSK LAB D Present AGE,RACE,OCC, U:LR,CS 
Parietal Absent CSMOK,PACKYR, A:LR 
Antibody ALC,DRKYR, 

PHY ACT 

Lupus Panel: LAB D Present AGE,RACE,OCC, U:LR,CS 
Rheumatoid Absent CSMOK,PACKYR, A:LR 
Factor ALC,DRKYR, 

PHY ACT 

Lupus Panel : B Cell LAB D Present AGE,RACE,OCC, U:LR,CS 
Clones Detected Absent CSMOK,PACKYR, A:LR 
by Serum ALC,DRKYR, 
Protein PHY ACT 
Electrophoresis 

Lupus Panel : Other LAB D Present AGE,RACE,OCC, U:LR,CS 
Antibodies Absent CSMOK,PACKYR, A:LR 
(ANA and ALC,DRKYR, 
MSK) PHY ACT 

Lupus Panel : LAB D Abnormal AGE,RACE,OCC, U:LR,CS 
Summary Index Normal CSMOK,PACKYR, A:LR 

ALC,DRKYR, 
PHY ACT 
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Table 19-2. (Continued) 
Statistical Analyses for the Immunologic Asses.gnent 

Covariates 

. V .ariable (Abbreviation) Data Source Data Fonn Clltpoints 

Age (AGE) 

Race (RACE) 

Occupation (OCC) 

Current Cigarette Smoking (CSMOK) 
(cigarettes/day) 

Lifetime Cigarette Smoking History (P ACKYR) 
(pack-years) 

Current Alcohol Use (ALC) (drinks/day) 

Lifetime Alcohol History (DRKYR) (drink-years) 

Physical Activity Index (PHY ACT) (kcal/kg/day) 

Batch-to-Batch (BATCH) 

MIL 

MIL 

MIL 

Q-SR 

Q-SR 

Q-SR 

Q-SR 

Q-SR 

LAB 

Abbreviations 

DIC Bom~1942 

Bom<1942 

D Black 

D 

DIC 

DIC 

DIC 

DIC 

D 

D 

Non-Black 

Officer 
Enlisted Flyer 
Enlisted 
Groundcrew 

0-Never 
0-Former 
>0-20 
>20 

0 
>0-10 
>10 

0-1 
> 1-4 
>4 

0 
>0-40 
>40 

Sedentary: < 1.45 
Moderate: 1.45-
< 2.95 
Very Active: 
~2.95 

1, 2, 3, ... 81 

Data Source: LAB 
MIL 
PE 
Q-SR 

= 1992 SCRF laboratory and SIRL results 
= Air Force Military Records 

Data Form: 

Statistical Analyses: 

D 
c 
DIC 

u 
A 
L 

= 1992 physical examination 
= Health questionnaires (self-reported) 

= Discrete analysis only 
= Continuous analysis only 
= Discrete and continuous analyses for dependent variables; appropriate 

form for analysis (either discrete or continuous) for covariates 

= Unadjusted analyses 
= Adjusted analyses 
= Longitudinal analyses 
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Table 19-3. 
Number of Participants with Missing Data for, or Excluded from, 

the Immunologic Assessment 

:·: Dioxin 
Group (Ranch Hands Only) ...• Categori7.ed Dioxin 

Variable Ranch Randi 
Variable 

.. ::; ... 
Use Hand Compaiison Initial Current Hand Comparison 

Skin Test Analysis8 

Composite Skin Test DEP 20 46 7 17 17 32 
Diagnosis 

Chemotherapy or EXC 2 4 2 2 2 3 
XRay 
Treatment 

Anti-Inflammatory or EXC 11 11 5 11 11 s 
Immunosuppressant 
Medication 

HIV Positive EXC 3 2 3 3 1 

Immunologic Test 
Analysesb 

CD3 Cells DEP 1 0 1 1 1 0 

CD4 Cells DEP 1 0 1 1 1 0 

CD5 Cells DEP 1 0 1 1 1 0 

CDS Cells DEP 1 0 1 1 1 0 

CD14 Cells DEP 1 0 1 1 1 0 

CD16+56 Cells DEP 1 0 1 1 1 0 

CD20 Cells DEP 1 0 1 1 1 0 

CD25 Cells DEP 1 0 1 1 1 0 

CD4-CDS Ratio DEP 1 0 1 1 1 0 

Double Labelled DEP 1 0 1 1 1 0 
Cells: CD3 with 
CD25 

Double Labelled DEP 1 0 1 1 1 0 
Cells: CD5 with 
CD20 

Double Labelled DEP 1 0 1 1 1 0 
Cells: CD4 with 
CDS 

Double Labelled DEP 1 0 1 1 1 0 
Cells: CD3 with 
CD16+56 

Total Lymphocyte DEP 1 0 1 1 1 0 
Count 
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Table 19-3. (Continued) 
Number of Participants with Mismlg Data for, or Excluded from, 

the Immunologic Assessment 

Dioxin 
Group (Ranch Hands Only) Categori7.ed DioDn 

. Variable Ranch .. Ranch 
Variable Use Hand .Comparison Initial Current Hand Comparison 

Chemotherapy or EXC 1 3 0 1 1 3 
x Ray 
Treatment 

Anti-Inflammatory or EXC 4 5 3 4 4 5 
Immunosuppressant 
Medication 

HIV Positive EXC 0 1 0 0 0 I 

Lupus Panel and 
Quantitative 
Immunoglobins1 

Lupus Panel: ANA DEP 0 1 0 0 0 0 
Test 

Lupus Panel: DEP 0 1 0 0 0 0 
Thyroid 
Microsomal 
Antibody 

Lupus Panel: MSK DEP 0 1 0 0 0 0 
Smooth Muscle 
Antibody 

Lupus Panel: DEP 0 0 0 0 0 
Mitochondrial 
Antibody 

Lupus Panel: MSK DEP 0 0 0 0 0 
Parietal Antibody 

Lupus Panel: DEP 0 1 0 0 0 0 
Rheumatoid Factor 

Lupus Panel: B Cell DEP 0 1 0 0 0 0 
Clones Detected by 
Serum Protein 
Electrophoresis 

Lupus Panel: Other DEP 4 4 2 4 4 3 
Antibodies 

Lupus Panel : DEP 3 2 2 3 3 I 
SUmmary 
Index 

IgG DEP 0 1 0 0 0 0 

lgA DEP 0 1 0 0 0 0 

lgM DEP 0 1 0 0 0 0 
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Table 19-3. (Continued) 
Number of Participants with Missing Data for, or Excluded from, 

the Immunologic ~ent 

Dioxin 
.. .. 

Group ' (Ranch Hands Only) Categorized Dioxin ·. 

Variable Ranch 
Variable Use .Band Comparison 

Chemotherapy or EXC 2 4 
XRay 
Treatment 

Anti-Inflammatory or EXC 11 11 
lmmunosuppressant 
Medication 

HIV Positive EXC 3 1 

Covariates 

Current Cigarette COV 0 2 
Smoking 

Lifetime Cigarette cov 1 2 
Smoking History 

Current Alcohol Use cov 10 18 

Lifetime Alcohol cov 22 21 
History 

Physical Activity cov 0 2 
Index 

"Performed on 952 Ranch Hands and 1,281 Comparisons. 
bperformed on 373 Ranch Hands and 491 Comparisons. 

Abbreviations: DEP = Dependent variable (missing data). 
COV = Covariate (missing data). 
EXC = Exclusion. 

One Ranch Hand missing total lipids for current dioxin. 
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RESULTS 

Dependent Variable-Covariate Associations 

Appendix Table 0-1-1 presents the results of the following tests of association between 
immunology variables and covariates. 

The composite skin test variable was based on the response to four separate antigens 
injected intradennally to measure antigen reactivity or sensitivity increased significantly with 
age (p=0.014) and lifetime cigarette smoking history (p=0.014). Non-Black participants 
had a significantly higher percentage of abnormal composite skin test results than Black 
participants (p=0.048). 

The cell surface marker analysis of CD3 cells showed that the number of CD3 cells 
decreased with age (p=0,045) and increased with current cigarette smoking (p<0.001) and 
lifetime cigarette smoking history (p<0.001). The number of CD3 cells were higher for 
enlisted flyers and enlisted groundcrew than for officers (p=0.030). 

Similarly, analysis of CD4 cells revealed that the number of CD4 cells decreased with 
age (p=0.002). Mean CD4 cell counts increased as current cigarette smoking and lifetime 
cigarette smoking history increased among participants (p<0.001 for both analyses). 

Examination of CD5 cells showed a decrease with age (p=0.008) and an increase with 
current cigarette smoking (p<0.001) and lifetime cigarette smoking history (p=0.001). The 
enlisted groundcrew had the highest mean CD5 cell count followed by the enlisted flyers and 
then officers (p=0.037). 

The mean CDS cell count increased as current cigarette smoking (p<0.001) and 
lifetime cigarette smoking history (p=0.044) increased among participants. 

Analysis of CD14 cells revealed non-Black participants had a higher mean CD14 cell 
count than Black participants (p=0.005). The number of CD14 cells increased with age 
(p=0.050), current cigarette smoking (p<0.001), lifetime cigarette smoking history 
(p<0.001), and lifetime alcohol history (p=0.001). Moderately active participants had the 
highest mean CD14 cell value followed by sedentary participants and then very active 
participants (p=0.025). 

Analysis of CD16+56 cells displayed a significant positive association between 
CD16+56 cells and age (p=0.010) and a significant inverse relationship with current 
cigarette smoking (p=0.003). 

CD20 cell counts increased significantly with age (p<0.001) and current cigarette 
smoking (p<0.001). Black participants had a significantly higher mean CD20 cell count 
than non-Black participants (p=0.047), and enlisted groundcrew had the highest mean CD20 
cell counts followed by enlisted flyers and then officers (p<0.001). 
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CD2S cell counts decreased with age (p=0.002) and increased with current cigarette 
smoking (p<0.001), lifetime cigarette smoking history (p<0.001), and current alcohol use 
(p=0.034) among participants. Enlisted groundcrew had the highest mean CD2S values 
followed by enlisted flyers and then officers (p=0.047). 

Analysis of the CD4-CDS ratio exhibited a significant negative association with age 
(p<0.001) and a significant positive association with current cigarette smoking (p=0.002). 

The double labelled cell surface marker analysis of CD3 with CD2S demonstrated a 
significant inverse association with age (p=O.OOS) and positive associations with current 
cigarette smoking (p<0.001), lifetime cigarette smoking history (p<0.001), and current 
alcohol use (p=0.03S). Enlisted groundcrew had the highest mean CD3 with CD2S cell 
count followed by enlisted flyers and then officers (p=0.03S). 

The double labelled cell surface marker CDS with CD20 contained many measurements 
of 0 cells/mm3• Analyses were performed on the nonzero values in their continuous form as 
well as dichotomized as zero and nonzero. The analysis of nonzero CDS with CD20 
measurements revealed a significant inverse relationship with age (p<0.001), lifetime 
cigarette smoking history (p=0.009), current alcohol use (p<0.001), and lifetime alcohol 
history (p=0.009). Enlisted groundcrew had the highest mean CDS with CD20 level 
followed by the enlisted flyers and then officers (p=0.001). The analysis of CDS with 
CD20 in its dichotomized form showed that the prevalence of zero values increased 
significantly with current alcohol use (p=0.03S). 

Similarly, two analyses were performed on the double labelled cell surface marker CD4 
with CDS due to the presence of 0 cells/mm3 measurements. The analysis performed on the 
nonzero CD4 with CDS measurements revealed a significant positive relationship with 
current cigarette smoking (p<0.001). The analysis of CD4 with CDS when categorized as 
zero or nonzero revealed a higher percentage of the younger participants with no CD4 with 
CDS cells present (p=0.037). 

Both discrete (zero vs. nonzero) and continuous (nonzero measurements only) analyses 
were performed on double labelled CD3 with CD16+S6 cells. The analysis of nonzero CD3 
with CD16+S6 cells revealed a significant positive relationship with age (p<0.001). The 
analysis of the nonzero CD3 with CD16+S6 cell showed Black participants had a higher 
mean CD3 with CD16 cell count than non-Black participants (p<0.001). 

TLC decreased with age (p=O.OOS) and increased with current cigarette smoking 
(p<0.001) and lifetime cigarette smoking history (p<0.001). The enlisted groundcrew had 
the highest mean TLC followed by enlisted flyers and officers (p=0.002). 

The immunoglobulin IgA increased significantly with age (p=0.002) and lifetime 
.alcohol history (p=0.031). 

Black participants had a significantly higher mean level of the immunoglobulin IgG than 
non-Black participants (p<0.001). lgG decreased with current cigarette smoking 
(p<0.001), lifetime cigarette smoking history (p<0.001), current alcohol use (p=0.016), 
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and lifetime alcohol history (p=0.039). The enlisted groundcrew had the-highest mean lgG 
level followed by enlisted flyers and officers (p=0.002). 

The mean levels of the immunoglobulin IgM decreased with age (p=0.002) and 
increased with current alcohol use (p=0.026). Mean IgM levels were higher in non-Black 
participants-than in Black participants (p=0.003). 

Older participants had a significantly higher percentage of abnormal results in the lupus 
panel antinuclear antibody (ANA) test (p<0.001), the mouse stomach kidney (MSK) smooth 
muscle antibody test (p=0.008), and the rheumatoid factor (p=0.002) than the younger 
participants. 

The analysis of B cell clones detected by serum protein electrophoresis revealed an 
increase in positive results with age (p=0.024) and lifetime cigarette smoking history 
(p=0.012). Enlisted flyers had the highest percentage of positive results followed by officers 
and enlisted groundcrew (p=0.033). Participants who smoked between 0 and 20 cigarettes 
per day had the highest percentage of B cell clones detected, followed by those who formerly 
smoked, those who smoke 20 or more cigarettes per day, and those who have never smoked 
(p=0.006). 

The lupus panel summary index was constructed from the eight individual tests and 
scored as abnormal if any of the eight individual tests were abnormal and normal if all eight 
tests were normal. Older participants had a higher percentage of an abnormal summary 
index than the younger participants (p<0.001). Officers had the highest percentage of 
abnormal findings in the summary index followed by enlisted flyers and then enlisted 
groundcrew (p=0.009). 

Exposure Analysis 

The following section presents the results of the statistical analyses of the dependent 
variables shown in Table 19-2. Dependent variables are grouped into two sections: one 
variable obtained during the 1992 physical examination and data derived from the 
immunology laboratory portion of the 1992 followup examination. 

Unadjusted and adjusted analyses of six models are presented for each variable. Model 
1 examines the relationship between the dependent variable and group (Ranch Hand or 
Comparison). Model 2 explores the relationship between the dependent variable and an 
extrapolated initial dioxin measure for Ranch Hands who had a 1987 dioxin measurement 
greater than 10 ppt. If a participant did not have a 1987 dioxin level, a 1992 level was used. 
A statistical adjustment for the percent of body fat at the participant's time· of duty in SEA 
and the change in the percent of body fat from the time of duty in SEA to the date of the 
blood draw for dioxin is included in this model to account for body-fat-related differences in 
elimination rate (52). Model 3 dichotomizes the Ranch Hands in Model 2 based on their 
initial dioxin measures; these two categories of Ranch Hands are referred to as the "low 
Ranch Hand" category and the "high Ranch Hand" category. These participants are added 
to Ranch Hands and Comparisons with current serum dioxin.levels (1987, if available; 1992, 
if the 1987 level was not available) at or below 10 ppt to create a total of four categories. 
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Ranch Hands with current serum dioxin levels at or below 10 ppt are referred to as the 
"Jjac.kground Ranch Hand" category. The relationship between the dependent variable in 
each of the three Ranch Hand categories and the dependent variable in the "Comparison" 
category is examined. A fourth contrast, exploring the relationship of the dependent variable 
in the low Ranch Hand category and the high Ranch Hand category combined, also is 
conducted. -This combination is referred to in the text and tables as the "low plus high 
Ranch Hand" category. As in Model 2, a statistical adjustment is made for the percent of 
body fat at the participant's time of duty in SEA and the change in the percent of body fat 
from the time of duty in SEA to the date of the blood draw for dioxin. 

Models 4, 5, and 6 examine the relationship between the dependent variable and 1987 
dioxin levels in all Ranch Hands with a dioxin measurement. If a participant did not have a 
1987 dioxin measurement, a 1992 measurement was utilized in determining the current 
dioxin level. The measure of dioxin in Model 4 is lipid-adjusted, whereas whole-weight 
dioxin is used in Models 5 and 6. Model 6 differs from Model 5 in that a statistical 
adjustment for total lipids is included in Model 6. Further details on dioxin and the 
modeling strategy are found in Chapters 2 and 7 respectively. 

Results of investigation for group-by-covariate and dioxin-by-covariate interactions are 
referenced in the text, and tabular results are presented in Appendix 0-2. As described 
previously, additional analyses were performed when occupation was retained in the final 
models for Models 2 through 6. Results excluding occupation from these models are tabled 
in Appendix 0-3, and dioxin-by-covariate interactions with occupation excluded from these 
models are presented in Appendix 0-4. Results from analyses excluding occupation are 
discussed in the text only if a meaningful change occurred (that is, changes between 
significant results, marginally significant results, and nonsignificant results). 

Physical Examination Variable 

Composite Skin Test Diagnosis 

A composite skin test diagnosis was constructed based on the response to four separate 
antigens injected intradermally to measure antigen reactivity or sensitivity. If none of the 
four antigen responses were positive, the composite skin test diagnosis was scored "possibly 
abnormal." If one or more of the four antigen responses was positive, the composite skin 
test was considered "normal." 

Analysis of the composite skin test did not reveal a significant difference between Ranch 
Hands and Comparisons in the unadjusted analyses of Model 1 (Table 19-4(a): p>0.11 for 
all unadjusted analyses). Overall, the adjusted analysis did not display a significant 
association between Ranch Hands and Comparisons; however, stratifying by occupation 
revealed a marginally significant difference between Ranch Hand and Comparison officers 
(Table 19-4(b): p=0.131 and p=0.084, Adj. RR=l.87 respectively). The covariates age, 
race, and current cigarette smoking were retained in the final adjusted model. 

Model 2 did not display a significant association between initial dioxin and the 
composite skin test diagnosis (Table 19-4(c,d): p>0.16 for both the unadjusted and adjusted 
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Table 19-4. 
Analysis of Composite Skin Test Diagnosis 

/\a) MODEL 1: RANCH HANDS vs. coMPARl$oNs ..2 UNADJUS'fE1f"· ·; \ :. ······•·.·.·.· ~··· 
····:·· 
~J(. ::·.. :-·:; 

.· -.··.·.·.··:..-: ... ·.· 

Percent :'=· · · ·. · .Est • .Relative•Risk ·· · · · 
Occupati~I Cat~~rY : . Group · <.· . ·n· . P~ibly AbiJOfDial · · (95% C..L)\. · ·. < rtV.al0e 

All 

Officer 

Enlisted Flyer 

Enlisted Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

919 
1,220 

354 
475 

158 
192 

407 
553 

4.2 1.46 (0.92,2.31) 0.136 
3.0 

5.4 1.87 (0.92,3.78) 0 .113 
2.9 

3.8 1.22 (0.39,3.87) 0.961 
3.1 

3.4 1.20 (0.58,2.48) 0.769 
2.9 

.? •. b)MODEL 1: ··~CllHANDSYS. COMPAluSONS-ADJUSTIID ·.:··· :···· 

: ····:<·.·.:-: . 

~onal···~;t~ 
All 

Officer 

Enlisted Flyer 

Enlisted Groundcrew 

Adj~ Relative :.Risk 
(95~CJ.) · 

1.43 (0.90,2.28) 

1.87 (0.92,3.80) 

1.14 (0.36,3.62) 

1.18 (0.57 ,2.46) 

0.131 

0 .084 

0 .828 

0.659 

·. :<: .;:·: 

Covamrtt;• Remarks8 

AGE (p=0.001) 
RACE (p=0.005) 

CSMOK (p=0.026) 

a Covariates and associated p-values correspond to final model based on all participants with available data. 
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Table 19-4. (Continued) 
Analysis of Composite Skin Test Diagnosis 

c) MODEL 2: RANCH HANDS:_:_ INrI1.AL DIOXIN - UNADJUSTED 

Initi8J Dioxin Category Summary StatistiCs . Analysk Results for Log: (Initial Dioxin)11 

F.stimated Relative Risk Percent Pombly 
Initial. Dioxin n Abnormal (95%C.Ub p-Value 

Low 169 5.3 0.77 (0.49,1.22) 0 .240 

Medium 170 1.8 

High 167 1.8 

d) MODE1{2: RANCH HANDS : ... ; ... :INITIAL DIOXIN - ADJUSTED 

Analysis Rrsults for Log: (Initial Dioxin)e 

n Aclj . .Relative Risk (95% C.J.)b ~Value 

499 0 .74 (0.47,1.16) 0.163 

Covariate Remarks 

RACE (p=0.064) 
ALC (p=0.024) 

a Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

b Relative risk for a twofold increase in initial dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt. 
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Table 19-4. (Continued) 
Analysis of Composite Skin Test Diagnosis 

e) .MODEL3: •RANCHBANDS ~COMPARISONSBY:DIOXIN.CATEGORY _;.IJNADJUSTED 
.·- __ :-.-; .. >:::·- -· 

··DioxinC;~6~/· 
. •. Pertent P~ibly 

n •·. Ahiiormal 
· .. &t Rdative Risk 

· (95%C~I~~ 

Comparison 

Background RH 

Low RH 

High RH 

Low plus High RH 

1,019 2.9 

358 6.1 

252 4.0 

254 2.0 

506 3.0 

1.93 (1.09,3 .43) 0.024 

1.37 (0.65,2.85) 0 .407 

0.71 (0.27,1.87) 0 .491 

1.05 (0.55,1.98) 0.886 

() MODEL3:· RANCH HANDS AND.COMPARISONS BY DIOXIN·CATEGORY··;.;_ ADJUSTED 

Dioxin Category ·•·. 

Comparison 

Background RH 

Low RH 

High RH 

Low plus High RH 

n 

1,004 

356 

249 

250 

499 

Adj~ Relative Risk . 
·(95% c~1~rc p-V:alue 

1.80 (1.01,3.20)** 0.047** 

1.41 (0.67 ,2.97)** 0.363** 

0.78 (0.30,2.06)** 0.435** 

1.11 (0.59,2.12)** 0.744** 

3 Relative risk and confidence interval relative to Comparisons. 

Covariate :Remarks 

DXCAT*ALC (p=0.022) 
AGE (p=0.024) 

RACE (p=0.008) 
CSMOK (p=0.120) 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

**Categorized dioxin-by-covariate interaction (0.01 <p:S:0.05); adjusted relative risk, confidence interval, and 
p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table 0-2-1 for 
further analysis of this interaction. 

Note: RH =Ranch Hand. 
Comparison: Current Dioxin :S: 10 ppt. 
Background (Ranch Hand): Current Dioxin :s: 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin :s: 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
DXCAT = Categorized Dioxin. 
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Table 19-4. (Continued) 
Analysis of Composite Skin Test Diagnosis 

g) MODELS 4, 5, AND 6: RANCH BANDS - CURRENT DIOXIN - UNADJUSTED 

Current Dioxin Category 
Percent Pcm!bly AbnormaU(n) 

AnaJysis ,Results for Log2 
(Cunent Dioxin + 1) 

&t. Relative Risk 
Moder · Low Medium High (95% C.I.)b p-Value 

4 6.0 5.2 1.7 0.72 (0.56,0.93) 0.008 
(283) (289) (292) 

5 6.3 5.2 1.4 0 .78 (0.65,0.94) 0 .012 
(288) (286) (290) 

6.3 5.2 1.4 0.78 (0.63,0.95) 0.014 
(287) (286) (290) 

h) MODELS 4, 5, AND 6: RANCH HANDS - CURRENT DIOXIN - ADJUSTED 

Analysis Results for Logz (Current Dioxin + 1) 

Adj. Rela1ive Risk 
ModeP D (95% C.I.)b p-Value Covariate Remarks 

4 845 0.76 (0.59,0.98) 0.029 AGE (p=0.085) 
RACE (p=0.048) 

DRKYR (p=0.147) 
CSMOK (p=0.119) 

5 864 0.82 (0.68,0.99) 0.037 AGE (p=0.044) 
RACE (p=0.050) 

CSMOK (p=0.084) 

6d 863 0.80 (0.64,0.99)** 0.047** CURR*OCC (p=0.039) 
AGE (p=0.040) 

RACE (p=0.030) 
CSMOK (p=0.114) 

a Model 4 : Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 
Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

b Relative risk for a twofold increase in current dioxin. 

c Adjusted for log2 total lipids. 

d Adjusted for log2 total lipids in addition to covariates specified under "Covariate Remarks" column. 

** Log2 (current dioxin + ! )-by-covariate interaction (0.01 <p~0.05); adjusted relative risk, confidence 
interval, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix 
Table 0-2-1 for further analysis of this interaction. 

Note: Model 4: Low = ~ 8.1 ppt; Medium= >8.1-20.5 ppt; High = > 20.5 ppt. 
Models 5 and 6: Low = ~ 46 ppq; Medium = >46-128 ppq; High = > 128 ppq. 
CURR = Log2 (current dioxin + 1). 
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analyses). Race and current alcohol use were included in the final adjusted model. In Model 
3, the unadjusted analysis exhibited a significantly higher percentage of abnormal skin tests 
in background Ranch Hands (6.1 %) than in Comparisons (2.9%) (Table 19-4(e): p=0.024, 
Est. RR=l.93). Adjusting for covariates in Model 3 .revealed a significant categorized 
dioxin-by-current alcohol use interaction (Table 19-4(t): p=0.022). Stratified results of.the 
interaction1Jetween current alcohol use and categorized dioxin are presented in Appendix 
Table 0-2-1. Removal of the interaction revealed a significant difference between 
background Ranch Hands and Comparisons (Table 19-4(t): p=0.047, Adj. RR=l.80). Age, 
race, and current cigarette smoking also were in the final adjusted model. 

The unadjusted analyses of Models 4 through 6 showed significant inverse associations 
between the composite skin test diagnosis and current dioxin (Table 19-4(g): p=0.008, Est. 
RR=0.72; p=0.012, Est. RR=0.78; and p=0.014, Est. RR=0.78 for Models 4, 5, and 6 
respectively). The adjusted analysis for composite skin test also revealed significant inverse 
relationships with current dioxin in Models 4 and 5 (Table 19-4(h): p=0.029, Adj. RR=0.76 
and p=0.037, Adj. RR=0.82). The final adjusted model of Model 4 contained the 
covariates age, race, lifetime alcohol history, and current cigarette smoking. Model 5 
contained age, race, and current cigarette smoking in the final adjusted model. Adjusting for 
covariates in Model 6 revealed a significant current dioxin-by-occupation interaction 
(Table 19-4(h): p=0.039). In Model 6, the covariates age, race, and current cigarette 
smoking also were retained in the final adjusted model. Removal of the interaction from the 
model revealed a significant inverse association between current dioxin and composite skin 
test diagnosis (Table 19-4(h): p=0.047, Adj. RR=0.80). Further analyses of the current 
dioxin-by-occupation interaction stratified by occupation were performed. These stratified 
results are presented in Appendix Table 0-2-1. When occupation was removed from the 
Model 6 final adjusted model, the association between current dioxin and composite skin test 
diagnosis became marginally significant (Appendix Table 0-3-l(a): p=0.062). 

Laboratory Examination Variables 

CD3 Cells 

The unadjusted Model 1 analysis discovered a significant difference in mean CD3 cell 
count between Ranch Hand and Comparison officers (Table 19-5(a): p=0.039). Ranch Hand 
officers had a higher mean CD3 cell count (1,474.0 cells/mm3) than Comparison officers 
(1,326.5 cells/mm3). After adjusting for current cigarette smoking, the Model 1 analyses 
were nonsignificant (Table 19-5(b): p>0.13). 

The unadjusted analysis of Models 2 and 3 did not find any significant associations 
between CD3 cell count and initial dioxin (Table 19-5(c,e): p>0.29). The adjusted Model 2 
analysis revealed a significant interaction between initial dioxin and occupation 
(Table 19-5(d): p=0.032). Stratified analyses of this interaction are presented in Appendix 
Table 0-2-2. Age, current cigarette smoking, and lifetime alcohol use also were included in 
the final adjusted Model 2 analysis. After removing the interaction with initial dioxin from 
the adjusted model, the results were nonsignificant (Table 19-5(d): p=0.760). The adjusted 
Model 3 analysis also detected significant categorized dioxin-by-age and categorized dioxin­
by-occupation interactions (Table 19-5(t): p=0.015 and p=0.012). For further investigation 
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Table 19-5. 
Analysis of CD3 Cells (cells/mm3

) 

a)MODELl: RANCH HANDS VS. COMPARISONS ...:.... UNADJUSTED 

Occupational . Difference of Means 
Category Group D Mean ab (95% C.J.)C p-Valued 

AU Ranch Hand 367 1,481.0 23.0- 0.584 
Comparison 482 1,458.0 

Officer Ranch Hand 154 1,474.0 147.5 - 0.039 
Comparison 176 1,326 .5 

Enlisted Flyer Ranch Hand 66 1,436.6 -109.3 - 0 .450 
Comparison 83 1,545.9 

Enlisted Groundcrew Ranch Hand 147 1,542.8 57 .8 - 0.390 
Comparison 223 1,485.0 

b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Adj. Difference of Adj. 
Category Group n Meanae Means (95% C.l.)c p-Valued Covariate ·Remarbr 

AU Ranch Hand 367 1,483.4 24.4- 0.544 CSMOK (p < 0.001) 
Comparison 481 1,459.0 

Officer Ranch Hand 154 1,481.5 93.2 -- 0.134 
Comparison 176 1,388.3 

Enlisted Ranch Hand 66 1,410.0 -122.3 - 0 .201 
Flyer Comparison 83 1,532.3 

Enlisted Ranch Hand 147 1,523.1 31.6 - 0.619 
Groundcrew Comparison 222 1,491.5 

a Transformed from the natural logarithm scale. 

b Adjusted for examination group (batch-to-batch) variation. 

c Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 

d P-values based on difference of means on natural logarithm scale. 

c Adjusted for examination group (batch-to-batch) variation and covariates specified under "Covariate Remarks" 
column. 

r Covariates and associated p-values correspond to final model based on all participants with available data. 

19-30 



Table 19-5. (Continued) 
Analysis of CD3 Cells (cells/mm3

) 

:.:. ·· .::: 

Initial Dioxiii•. '. •' ·n ·· 

Low 

Medium 

High 

64 

67 

72 

1,390.4 

1,538.7 

1,534.9 

1,414.3 

1,568.9 

1,506.6 

,An~lySis Results for Logz (lilitialDioxin)b 

0.476 

: ....... ·:: 

. Slope) ... . ?:. ·. 
,(SULEn'or)c. ···• p-Value 

0.013 (0.026) 0 .627 

. . . . .. 

... . >d) MODEL.2: ' ~CHHANDS -INITIAL DIOXIN - ADJUSTED :· / 

Initial :Dioxiri Category Summ~ ....• 
Statistics 

Adj. .Adj. Slope ... :: 
Initial Dioxin n M ad ean . (Std. Error)c .. p-Value Covariate. Remarks 

Low 64 1,528.7** 0 .558 -0.010 0.760** INIT*OCC (p=0.032) 

Medium 65 1,592.0** 
(0.031)** AGE (p=0.095) 

CSMOK (p=0.006) 

High 71 1,520.2** DRKYR (p=0.092) 

a Transformed from natural logarithm scale. 

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and examination group (batch-to-batch) variation. 

c Slope and standard error based on natural logarithm of CD3 cells versus log2 (initial dioxin). 

d Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, examination group (batch-to-batch) variation, and covariates 
specified under "Covariate Remarks" column. 

** Log2 (initial dioxin)-by-<:0variate interaction (0.01 <p ~0.05); adjusted mean, adjusted slope, standard error, 
and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table 0-2-2 for 
further analysis of this interaction. 

Note: Low = 39-98 ppt; Medium = > 98-232 ppt; High = > 232 ppt. 
INIT = Log2 (initial dioxin). 
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Table 19-5. (Continued) 
Analysis of CD3 Cells (cells/mm3

) 

e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Difference of Adj. 
Adj. Mean vs. Comparisons 

Dioxin Category n Mean• Meanat> (95% C.J.)C p--VaJued 

Comparison 404 1,440.7 1,440.3 

Background RH 141 1,494.0 1,499.7 59.4 -- 0.321 

Low RH 95 1,384.6 1,387.1 -53.2 -- 0.428 

High RH 108 1,515.5 1,509.0 68.7 -- 0.298 

Low plus High RH 203 1,452.8 1,450.7 10.4 -- 0.841 

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUS'IED 

.... : .. · Difference of Adj . 
Adj. Mean vs. Comparisom 

Dioxin Category D Mean-= (95% C.J.)C p--Valued Covariate Remarb 

Comparison 400 1,445.2** DXCAT*AGE (p=0.015) 
DXCAT*OCC (p=0.012) 

Background RH 140 1,507.9** 62.7 --** 0.301** CSMOK (p <0.001) 

Low RH 95 1,419.6** -25.6 --** 0.700** 
ALC (p=0.064) 

High RH 106 1,492.2** 47.0 --** 0.472** 

Low plus High RH 201 1,457.4** 12.2 --** 0.809** 

a Transformed from natural logarithm scale. 

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and examination group (batch-to-batch) variation. 

c Difference of adjusted means after transformation to original scale; confidence interval on difference of 
adjusted means not presented because analysis was performed on natural logarithm scale. 

d P-value is based on difference of means on natural logarithm scale. 

e Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, examination group (batch-to-batch) variation, and covariates 
specified under "Covariate Remarks" column. 

** Categorized dioxin-by-covariate interactions (0.01 <p S0.05); adjusted mean, difference of adjusted means, 
and p-value derived from a model fined after deletion of these interactions; refer to Appendix Table 0-2-2 
for further analysis of these interactions. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin S 10 ppt. 
Background (Ranch Hand): Current Dioxin S IO ppt. 
Low (Ranch Hand): Current Dioxin > IO ppt, IO ppt < Initial Dioxin s 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 

19-32 



4 

5 

4 

5 

Table 19-5. (Continued) 
Analysis of CD3 Cells (cells/mm3) 

. Analysis Results foa:: LOg~ . ··· 

· · · /L. <t{t\.:. 
·· ~~l,.·u \ High 

· :(Comm Dioxm+'.1r j::;::'.~~· .. : .. :·· 
Slope .. ,: ''.'':'·\,: •, 

· t:: . (Std. Error)~> · :: : p.:Vahie f .·:; 

1,470.2 
(116) 

1,487 .1 
(112) 

1,450.1 
(112) 

1,515.4 
(107) 

1,395.5 
(116) 

1,504.7 
(116) 

1,515.4 
(121) 

1,395.5 
(116) 

1,504.7 
(116) 

0.296 -0.002 (0.017) 0.896 

0.296 -0.001 (0.015) 0.967 

0.300 -0.008 (0.016) 0.629 

·h) :~ODE.LS 4, S, AND 6: : :RANCH HANDS - CURRENT DIOXIN ""'."." AWQSTED 

.·. Current Dioxin Category ·> 
. Adjusted Mean-arl<~> > 

. . . ...... . 

AnalySis Results. for 'Logz 
-(CUttent Dioxin+ 1) 

Adj~ Slope ·< ·· 
Medium . High ·?' .... ie . (Std. Erroryt irva1ue Covariate Remarks 

1,458.1 
(115) 

1,507.5 
(111) 

1,503.6 
(111) 

1,516.7 
(107) 

1,414.9 
(116) 

1,399.3 
(116) 

1,446.2 
(119) 

1,506.7 
(114) 

1,449.7 
(114) 

0.353 -0.000 (0.016) 0.988 

0.353 0.003 (0.014) 0.855 

0.366 -0.008 (0.015) 0.616 

CSMOK (p<0.001) 
ALC (p=0.079) 

CSMOK (p<0.001) 
ALC (p=0.077) 

CSMOK (p<0.001) 
ALC (p=0.060) 

PHYACT (p=0.145) 

a Transformed from natural logarithm scale. 

b Adjusted for examination group (batch-to-batch) variation. 

c Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 
Model 6: L0g2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

d Slope and standard error based on natural logarithm of CD3 cells versus log2 (current dioxin + 1). 

e Adjusted for log2 total lipids. 

f Adjusted for examination group (batch-to-batch) variation and covariates specified under "Covariate Remarks" 
column. 

Note: Model 4: Low = ~ 8.1 ppt; Medium= >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = ~ 46 ppq; Medium = >46-128 ppq; High = > 128 ppq. 
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of these interactions, stratified analyses are presented in Appendix Table 0-2-2. The 
adjusted Model 3 analysis also accounted for current cigarette smoking and current alcohol 
use. After removing the interactions from the adjusted model, the Model 3 results were 
nonsignificant (Table 19-5(t): p>0.30). 

None of the unadjusted or adjusted analyses of Models 4 through 6 displayed any 
significant relationships between current dioxin and CD3 cell count (Table 19-5(g,h): 
p>0.61). Current cigarette smoking and current alcohol use were retained in the final 
adjusted analyses of Models 4 through 6, and Model 6 also included physical activity index. 

CD4 Cells 

The unadjusted Model 1 analysis of CD4 cell count exhibited a marginally significant 
difference between Ranch Hand and Comparison officers (Table 19-6(a): p=0.054). Ranch 
Hand officers had a higher mean CD4 cell count (964.5 cells/mm3) than Comparison officers 
(873.0 cells/mm3). After adjusting for age and current cigarette smoking, the Model 1 
analysis was nonsignificant (Table 19-6(b): p>0.20). 

The unadjusted and adjusted Model 2 analysis of CD4 cells as well as the unadjusted 
Model 3 analysis did not detect any significant associations between dioxin and CD4 cell 
counts (Table 19-6(c,d,e): p>0.24). The final adjusted Model 2 iinalysis accounted for 
current cigarette smoking. The Model 3 adjusted analysis revealed significant interactions 
between categorized dioxin and age and occupation (Table 19-6(f): p=0.041 and p=0.047). 
Stratified analyses of these interactions are presented in Appendix Table 0-2-3. The adjusted 
Model 3 analysis also accounted for current cigarette smoking. After removing the 
interactions with categorized dioxin from the adjusted model, the Model 3 results were 
nonsignificant (Table 19-6(f): p > 0.33 for all contrasts). 

The unadjusted analyses of Models 4 through 6 did not reveal any significant 
relationships between CD4 cells and current dioxin (Table 19-6(g,h): p>0.64). The final 
models for Models 4 through 6 were adjusted for current cigarette smoking. 

CDS Cells 

The unadjusted Model 1 analysis of CD5 cells detected a significant difference between 
Ranch Hand and Comparison officers (Table 19-7(a): p=0.035). Ranch Hand officers had a 
higher mean CD5 cell count (1,524.7 cells/mm3) than Comparison officers (1,366.7 
cells/mm3). The adjusted Model 1 analysis was nonsignificant (Table 19-7(b): p>0.13). 
Current cigarette smoking, current alcohol use, and physical activity index were included in 
the final adjusted Model 1 analysis. 

The Model 2 and 3 unadjusted analyses of CD5 cells were nonsignificant 
(Table 19-7(c,e): p>0.20). The adjusted Model 2 analysis detected a significant interaction 
between initial dioxin and occupation (Table 19-7(d): p=0.031). Stratified analyses were 
performed for each occupational category and are presented in Appendix Table 0-2-4. The 
final Model 2 analysis also was adjusted for age, current cigarette smoking, and lifetime 
alcohol history. After removing the interaction from the adjusted model, the Model 2 results 
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Table 19-6. 
Analysis of CD4 Cells (cells/mm3

) 

a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

OccupationaJ ' Dift'ereoce of Means 
Category Group D Mean ab (95% C.l.)c. p-Valued 

AU Ranch Hand 367 953.5 15.3- 0.581 
Comparison 482 938.2 

Officer Ranch Hand 154 964.5 91.5 -- 0.054 
Comparison 176 873.0 

Enlisted Flyer Ranch Hand 66 909.3 -83.2 - 0.400 
Comparison 83 992.5 

Enlisted Groundcrew Ranch Hand 147 998.9 55.0 -- 0.217 
Comparison 223 943.9 

b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Adj. Dift'erence of Adj. 
Category Group n Meanae Means (95% C.I.)c p-Valued Covariate Remarksr 

All Ranch Hand 367 956.9 19.7- 0.454 AGE (p=0.040) 
Comparison 481 937.2 CSMOK (p<0.001) 

Officer Ranch Hand 154 973.8 53.3 -- 0.204 
Comparison 176 920.5 

Enlisted Ranch Hand 66 900.8 -75.5 -- 0.227 
Flyer Comparison 83 976.3 

Enlisted Ranch Hand 147 966.3 28.8 -- 0 .484 
Groundcrew Comparison 222 937.5 

a Transformed from the natural logarithm scale. 

b Adjusted for examination group (batch-to-batch) variation. 

c Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 

d P-values based on difference of means on natural logarithm scale. 

c Adjusted for examination group (batch-to-batch) variation and covariates specified under "Covariate Remarks" 
column. 

f Covariates and associated p-values correspond to final model based on all participants with available data. 
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Table 19-6. (Continued) 
Analysis of CD4 Cells (cells/mm3

) 

c) MOD.EL .2: "RANCH BANDS - IND1AL DIOXIN - UNADJUSTED ... 

Initial .Dioxin Category Summary Statistics Analysis Results for Logz (Initial Dioxin)b 

Initial .Dioxin 
·' D Mean• 

Low 64 878.0 

Medium 67 993.5 

High 72 959.4 

Adj. 
Mear'> 

894.5 

1,014.8 

940.l 

0 .465 

Slope 
(Std. Error)c. 

0 .010 (0 .027) 

d) MODEL 2: RANCH HANDS - INITIAL DIOXIN- ADJUSTED 

Initial Dioxin C-ategory Summary 
Statistics 

Adj. 

Analysis .Results .for Log2 (Initial Dioxin)d 

Adj. Slope 

p-Value 

0 .705 

Initial Dioxin n Meanad .Rl (Std. Em>r)c p-Value Covariate .Remarks 

Low 64 929.0 0 .518 -0.008 (0.026) 0.770 CSMOK (p < 0 .001) 

Medium 67 1,008.8 

High 72 919.3 

a Transformed from natural logarithm scale. 

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and examination group (batch-to-batch) variation. 

c Slope and standard error based on natural logarithm of CD4 cells versus log2 (initial dioxin). 

d Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, examination group (batch-to-batch) variation, and covariates 
specified under "Covariate Remarks" column. 

Note: Low = 39-98 ppt; Medium = > 98-232 ppt; High = > 232 ppt. 
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Table 19-6. (Continued) 
Analysis of CD4 Cells (cells/mm3

) 

e) MODEV:3: .~CH HANDS AND COMPARISONS BYDIOXIN CATEGORY~ UNADJUSl'ED · . 

Dioxin Category 
.. \;:i~:::=-: :: 

. . :·:::::::;:::;;·"'.::· 
··:·:·:·:·:···:·: D 

Comparison 404 

Background RH 141 

Low RH 95 

High RH 108 

Low plus High RH 203 

... ... .. 

Adj • 
Mean3 Mean30 .· 

922.0 921.8 

957.4 960.4 

885.7 889.6 

977.6 972.5 

933.4 932.8 

Difference. of Adj~ . 
Mean vs. Comp&risons •• .... · : . · 

(95% C.I;)c . : . p-Valued .· 

38.6 -­

-32.2 -

50.7 --

11.0 --

0.330 

0.468 

0.246 

0.747 

f) MODEL 3! ··RANCH:HANDS AND COMPARISONS ·ny DIOXIN CATEGORY - ADJUSTED 

•.· •. ·.:.;:·.::;::=.:.-::::;:;:' ·:·· · 

Adj. 
Dioxin Category ·.n···••· Meanae 

Difference o[ Adj. 
Mean vs. Conip3risons .·.· 

{95% ·C~J;)c ··• . p-Valued 

Comparison 403 922.5** 

Background RH 141 960.5** 38.0 --** 0.331 ** 

Low RH 95 916.7** -5.8 --** 0 .893** 

High RH 108 962.1** 39.6 --** 0.348** 

Low plus High RH 203 940.6** 18.1 -** 0.583** 

a Transformed from natural logarithm scale. 

Covariate Remarks 

DXCAT*AGE 
(p=0.041) 

DXCAT*OCC (p=0.047) 
CSMOK (p<0.001) 

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and examination group (batch-to-batch) variation. 

c Difference of adjusted means after transformation to original scale; confidence interval on difference of 
adjusted means not presented because analysis was performed on natural logarithm scale. 

d P-value is based on difference of means on natural logarithm scale. 

e Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, examination group (batch-to-batch) variation, and covariates 
specified under "Covariate Remarks" column. 

** Categorized dioxin-by-covariate interactions (0.01 <p~0.05); adjusted mean, difference of adjusted means, 
and p-value derived from a model fitted after deletion of these interactions; refer to Appendix Table 0-2-3 
for further analysis of these interactions. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin ~ 10 ppt. 
Background (Ranch Hand): Current Dioxin ~ 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin ~ 143 ppt. 
High (Ranch Hand) : Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 

19-37 



Table 19-6. (Continued) 
Analysis of CD4 Cells (cells/mm3) 

g) MODELS 4, 5, AND 6: RANCH HANDS - CURRENT DIOXIN - UNADJUSTED 

Current Dioxin Category Analysis Results for Log2 
Meanab/(n) (Current Dioxin+ 1) 

Slope 
Moaer: Low Medium .... High Rl. {Std. Error)d p-Value 

4 930.0 944.4 942.2 0.269 0.001 (0.017) 0.974 
(116) (107) (121) 

5 970.3 886.0 966.7 0.269 0.003 (0.015) 0.866 
(112) (116) (116) 

6e 990.1 888.2 951.2 0.276 -0.007 (0.016) 0.647 
(112) (116) (116) 

h) MODELS 4,. 5, AND 6: RANCH HANDS - CURRENT DIOXIN - ADJUSTED 
' 

Analysis Results for Logz Current Dioxin Category 
Adjusted Meanaf/(n) (Current Dioxin+ 1) 

Adj. Slope 
Mode"f Low Medium High R2 (Std. Error)d · · p-Value Covariate Remarks 

4 926.2 961.9 936.6 0.333 0.001 (0.017) 0.972 CSMOK (p<0.001) 
(116) (107) (121) 

5 968.4 897.4 962.7 0.333 0.004 (0.014) 0.790 CSMOK (p<0.001) 
(112) (116) (116) 

6e 987.7 899.5 947.7 0.340 -0.006 (0.016) 0.719 CSMOK (p<0.001) 
(112) (116) (116) 

a Transformed from natural logarithm scale. 

b Adjusted for examination group (batch-to-batch) variation. 

c Model 4: LI% (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 
Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

d Slope and standard error based on natural logarithm of CD4 cells versus log2 (current dioxin + 1). 

e Adjusted for log2 total lipids. 

f Adjusted for examination group (batch-to-batch) variation and covariates specified under "Covariate Remarks" 
column. 

Note: Model 4: Low = s: 8.1 ppt; Medium= >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = S: 46 ppq; Medium = >46-128 ppq; High = > 128 ppq. 
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Table 19-7. 
Analysis of CDS Cells ( cells/mm3) 

a) MQDEL 1: RANCH HANDS VS. COMP.ARISONS - UNADJUSTED 

All Ranch Hand 367 1,530.7 29.5 - 0.497 
Comparison 482 1,501.2 

Officer Ranch Hand 154 1,524.7 158.0 -- 0.035 

Enlisted Flyer 

Enlisted Groundcrew 

Comparison 176 1,366.7 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

66 
83 

147 
223 

1,480.7 
1,586.5 

1,595.9 
1,526.6 

105.8 -- 0.495 

69.3 -- 0.310 

b) MODEL 1: RANCH BANDS VS. COMPARISONS - AD.JUSTED 

Occupational Adj. Difference of Adj. 
Category Gro~p n Meanae Means (95% C.1.)c p-Valued · Cov&riate Remarks! 

AU Ranch Hand 364 1,513.7 36.6- 0.377 AGE (p=0.114) 
Comparison 477 1,477.1 CSMOK (p <0.001) 

Officer Ranch Hand 154 1,528.9 97.3 - 0.134 
ALC (p=0.132) 

Comparison 174 1,431.6 PHYACT (p=0.103) 

Enlisted Ranch Hand 64 1,437.l -122.8 - 0.217 
Flyer Comparison 83 1,559.9 

Enlisted Ranch Hand 146 1,538.l 47.9 -- 0.460 
Groundcrew Comparison 220 1,490.2 

a Transformed from the natural logarithm scale. 

b Adjusted for examination group (batch-to-batch) variation. 

c Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 

d P-values based on difference of means on natural logarithm scale. 

e Adjusted for examinati~n group (batch-to-batch) variation and covariates specified under "Covariate Remarks" 
column. 

f Covariates and associated p-values correspond to final model based on all participants with available data. 
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Low 

Medium 

High 

Table 19-7. (Continued) 
Analysis of CDS Cells (cells/mm.3) 

,c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

Anal~. Results for Log2 , (Initial DiOxin)b 

64 

67 

72 

1,430.4 

1,595.4 

1,595.5 

1,458.8 

1,631.7 

1,561.8 

0.479 

Slope . 
(Std. Error)c 

0.016 (0.027) 

d) MODEL 2: RANCH.BANDS - INITIAL.DIOXIN - ADJUSTED 

p-Value 

0.545 

Initial Dioxin Category Summary 
.. Statistics 

Analym Results for Log2 (Initial Dioxin)d 

. • .. : . : .... 
Adj. Adj. Slope 

Initial Dioxin D Meanait R2 (Std ... Error)c p-Value Covariate Remarks 

Low 64 1,582.7** 0.558 -0.008 0.809** INIT*OCC (p=0.031) 

Medium 65 1,653.8** 
(0.032)** AGE (p=0.072) 

CSMOK (p=0.013) 
High 71 1,569.7** DRKYR (p=0.090) 

a Transformed from natural logarithm scale. 

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and examination group (batch-to-batch) variation. 

c Slope and standard error based on natural logarithm of CD5 Cells versus log2 (initial dioxin). 

d Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, examination group (batch-to-batch) variation, and covariates 
specified under "Covariate Remarks" column. 

** Log2 (initial dioxin)-by-covariate interaction (0.01 <p~0.05); adjusted mean, adjusted slope, standard error, 
and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table 0-2-4 for 
further analysis of this interaction. 

Note: Low = 39-98 ppt; Medium= >98-232 ppt; High = >232 ppt. 
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Table 19-7. (Continued) 
Analysis of CDS Cells ( cells/mm3

) 

·==·ef}.1()DEL '3!:::~cn=:~S:AND CO:Ng~NSi~X:DIOXIN CA1:$.~RY?:1JNADJUSTEJ:!> · . 

,·=·:·:::::::;::::::;:::::.=:;:::t'.fa·:::::: ,;,=·;:i·:·:i::,:;:::::,":.:=·:,:::;:;;;;;:i;;~:::IL ~::,:··,=):=::J,:;i:ii:.:i::li:::i!!)ii:·~~]ill!lilJii:ijifl~~~°C;s ;.:::.,:: :::::;==: :::: ·· :::.=:r·::== ::: ;.;.·.:::: 
"I>iD~''cat~~:::;:: :::_;:: :·>···: :··==n:::::·· ,: : Meaa~::r:tl'' :Meatin:::r::m:1:=: : =(9S%/R~t~>et. .· ==,,,:;; .~v~it.~i'· > .. ·,· .. ; .. · 

Comparison 404 1,482.2 1,481.8 

Background RH 141 1,533.3 1,539.7 57.9 -- 0.348 

Low RH 95 1,422.2 1,425.1 -56.7 - 0.412 

High RH 108 1,576.1 1,568.7 86.9- 0 .204 

Low plus High RH 203 1,502.1 1,499.8 18.0 - 0.737 

. . .. - ~~~-

~~]~'iilliii'i;,••l~~v~l~I' 1l;'1h~,~~ 
Comparison 400 1,486.5** DXCAT*AGE (p=0.012) 

Background RH 

Low RH 

High RH 

Low plus High RH 

140 1,548.0** 

95 1,464.2** 

106 1,552.3** 

201 1,510.0** 

a Transformed from natural logarithm scale. 

61.5 --** 

-22.3 --** 

65.8 -** 

23.5 --** 

0 .326** 

0 .745** 

0 .333** 

0 .655** 

DXCAT*OCC (p=0.011) 
CSMOK (p<0.001) 

ALC (p=0.038) 

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and examination group (batch-to-batch) variation. 

c Difference of adjusted means after transformation to original scale; confidence interval on difference of 
adjusted means not presented because analysis was performed on natural logarithm scale. 

d P-value is based on difference of means on natural logarithm scale. 

e Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, examination group (batch-to-batch) variation, and covariates 
specified under "Covariate Remarks" column. 

** Categoriz.ed dioxin-by-covariate interactions (0.01 <p S:0.05); adjusted mean, difference of adjusted means, 
and p-value derived from a model fitted after deletion of these interactions; refer to Appendix Table 0-2-4 
for further analysis of these interactions. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin ~ 10 ppt. 
Background (Ranch Hand): Current Dioxin ~ 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin ~ 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 19-7. (Continued) 

Analysis of CDS Cells (cells/mm3) 

=·::=.· ':Jg)·:M:onEIS:'4; ·5#AND,:~t. ''RANC~}HANi>S J;;/c~:'Di~~ . .2:j:YNADJusTED·=:i:'j'}ffih.:::=:;,. 

-~t~:1;/~f .~=~)~,~~; -~tf~1h'i~'.~l 
··-M~d.~:! .. i > :b:~:wr.r·.· , , :M~.rii~? :· .. ···::: m&'ff. ·:::,::: ''ji:;:Jo:;1t2 ::-. IStd{!~t)i"" . :.:::.~v~e ·>> 

4 1,505.4 1,524.4 1,510.0 0.282 0.003 (0.017) 0.865 

5 

(116) (107) (121) 

1,553.6 
(112) 

1,574.5 
(112) 

1,425.3 
(116) 

1,427.6 
(116) 

1,572.4 
(116) 

1,555.7 
(116) 

0.282 0.004 (0.015) 0.802 

0.285 -0.003 (0.016) 0.838 

.::. 
. ·.·. )h) 'MODELS.:4, :.$./ AND,=6::\RANciI llANDs '":°:· :~NTJ>IOXIN <='ADJUSTED . ..:· .-

-~(]~.:: .. 

~=, ······· > ::·. :·· CµJTelit::Dio~jifca#i-Ocy //·' .. : .... , ... ···: . . AnalySis =R~ts'f-OiI.og ' ':':: =:: . =>/= : =::=:=:·=·:· .. 

-~ .A •. }'~USl.d ~jfji>:,J}L, ;; ~5; ,}. ;;!~~~~;~lj1> '.1&:flsi'. i!~~ 
Mride1b-: ::::.,=~t: .. , =::z ==::,:_?·:~!:::.:>~!:: ,/.:: 1 ·:·:r~~~\~!!:jh==·:'. i4vai#~:: ·J:, c~i~~!ii~ .<:·= 

4 · 1,470.l 1,532.4 1,465.8 0.346 0.002 (0.016) 0.919 CSMOK (p<0.001) 
(115) (107) (119) ALC (p=0.041) 

PHYACT (p=0.145) 

5 1,520.5 1,427.1 1,539.0 0.346 0.005 (0.014) 0.750 CSMOK (p<0.001) 
(111) (116) (114) ALC (p=0.039) 

PHYACT (p=0.149) 

6e 1,540.8 1,428.3 1,517.4 0.350 -0.003 (0.015) 0.836 CSMOK (p<0.001) 
(111) (116) (114) ALC (p=0.037) 

PHYACT (p=0.119) 

a Transformed from natural logarithm scale. 

b Adjusted for examination group (batch-to-batch) variation. 

c Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 
Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

d Slope and standard error based on natural logarithm of CD5 cells versus log2 (current dioxin + 1). 

e Adjusted for log2 total lipids. 

f Adjusted for examination group (batch-to-batch) variation and covariates specified under "Covariate Remarks" 
column. 

Note: Model 4: Low = ~ 8.1 ppt; Medium= >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = ~ 46 ppq; Medium = >46-128 ppq; High = > 128 ppq. 
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;: · were nonsignificant (Table 19-7(d): p=0.3Sl). The adjusted Model 3·ana1ysis of CDS cells 
revealed significant interactions between categorized dioxin and age and occupation 
(Table 19-7(f): p=0.012 and p=0.011, respectively). For further investigation of these 
interactions, stratified analyses are presented in Appendix Table 0-2-4. The final Model 3 
analysis also was adjusted for current cigarette smoking and current alcohol use. The 
adjusted model after removal of the two interactions with categorized dioxin did not exhibit 
any significant relationships between categorized dioxin and CDS cell count (Table 19-7(f): 
p>0.32). 

The unadjusted and adjusted analyses of Models 4 through 6 did not detect any 
significant relationships between current dioxin 8nd CDS cells (Table 19-7(g,h): p>0.7S). 
Current cigarette smoking, current alcohol use, and physical activity index were retained in 
the final adjusted analyses of Models 4 through 6. 

CDS Cells 

Both the unadjusted and adjusted Model 1 analyses of CDS cells revealed a marginally 
significant difference in mean CDS cell counts between Ranch and Comparison enlisted 
flyers (Table 19-S(a,b): p=O.OS3 unadjusted; p=O.OSS adjusted). Ranch Hand enlisted 
flyers had a lower mean CDS cell count (603.S and S97.S cells/mm3 unadjusted and adjusted) 
than Comparison enlisted flyers (700.9 and 691.9 cells/mm3 unadjusted and adjusted). The 
adjusted Model 1 analyses accounted for current cigarette smoking. 

The unadjusted Model 2 and 3 analyses of CDS cell counts were nonsignificant (Table 
19-9(c,e): p > 0.44). The adjusted Model 2 analysis displayed a highly significant interaction 
between initial dioxin and occupation, and results stratified by occupation are presented in 
Appendix Table 0-2-S. Officers displayed a significant positive association between CDS 
cell counts and initial dioxin (Appendix Table 0-2-S(a): p=0.007, Adj. Slope=0.493). The 
adjusted Mapel 2 analysis also accounted for current cigarette smoking and current alcohol 
use. The adjusted Model 3 analysis also detected significant categorized dioxin-by-age and 
categorized dioxin-by-occupation interactions. Stratified analyses of these interactions are 
presented in Appendix Table 0-2-S. The final Model 3 analysis also was adjusted for 
current cigarette smoking and current alcohol use. After removing the interactions from the 
adjusted model, the results were nonsignificant (Table 19-S(f): p>0.40). 

The unadjusted analyses of Models 4 through 6 did not show any significant 
relationships between current dioxin and CDS cell counts (Table 19-S(g): p>O.S9). The 
adjusted Model 4 analysis detected a significant interaction between current dioxin and 
occupation (Table 19-S(h): p=O.OSO). For further investigation of this interaction, stratified 
analyses are presented in Appendix Table 0-2-S. The final adjusted Model 4 analysis also 
was adjusted for current cigarette smoking and current alcohol use. After removal of the 
interaction with current dioxin, the adjusted Model 4 analysis was nonsignificant 
(Table 19-S(h): p=0.742). Similarly, the adjusted analyses of Models Sand 6 did not 
exhibit any significant associations between current dioxin and CDS cell counts 
(Table 19-S(h): p>0.66). Models Sand 6 were adjusted for current cigarette smoking and 
current alcohol use. 
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Table 19-8. 
Analysis of CDS Cells (cells/mm3

) 

'a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational . Difference of Means 
Category Group .. n Meana (95% C.L)b p-Valuec 

All Ranch Hand 367 628.3 -4.7- 0.817 
Comparison 482 633.0 

Officer Ranch Hand 154 617.7 24.4 -- 0.470 
Comparison 176 593.3 

Enlisted Flyer Ranch Hand 66 603.8 -97.1 - 0.053 
Comparison 83 700.9 

Enlisted Groundcrew Ranch Hand 147 651 .1 9 .7 -- 0.746 
Comparison 223 641.4 

b) MODEL 1: RANCH HANDS VS. COMPARISONS - AWUSTED 

Occupational Adj. Difference of Adj. 
Category Group n Mean a Means (95% C.l.)b p-Valuec Covariate Remarksd 

AU Ranch Hand 367 628.8 -3.8- 0.851 CSMOK (p<0.001) 
Comparison 481 632.6 

Officer Ranch Hand 154 626.2 23.5 - 0.453 
Comparison 176 602.7 

Enlisted Ranch Hand 66 597.5 -94.4 -- 0 .055 
Flyer Comparison 83 691.9 

Enlisted Ranch Hand 147 646.0 10.3 -- 0 .745 
Groundcrew Comparison 222 635.7 

a Transformed from the natural logarithm scale. 

b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 

c P-values based on difference of means on natural logarithm scale. 

d Covariates and associated p-values correspond to final model based on all participants with available data. 
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Table 19-8. (Continued) 
Analysis of CDS Cells (cells/mm3

) 

c) MODEL 2: RANCH BANDS - INITIAL DIOXIN - UNADJUSTED 

Initial .Dioxin .Category Summary Statistics ·Analysis Results for Logz (IDitial Dioxm)b 

Slope Adj. 
Initial Dioxin n Meao2 Mean*' R2 (Std. Error)c p-Value 

Low 64 601.4 601.6 0 .001 0.008 (0.028) 0.763 

Medium 67 615 .6 615.8 

High 72 631.2 630.8 

d) MODEL 2: RANCH HANDS - INrITAL DIOXIN - ADJUSTED 

Initial Dioxin Category Summary 
Statistics 

Adj. 
Initial Dioxin .h 

D Meanad 

Low 64 •••• 
Medium 66 •••• 
High 71 •••• 

a Transformed from natural logarithm scale. 

0.136 

Analysis .Results for Log1 (Initial Dioxin)d 

Adj. Slope 
(Std. Error)c p-Value 

•••• • ••• 
Covariate Remarks 

INIT*OCC (p=0.001) 
CSMOK (p=0.009) 

ALC (p=0.016) 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Slope and standard error based on natural logarithm of CDS Cells versus log2 (initial dioxin). 

d Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

•••• Log2 (initial dioxin)-by-covariate interaction (p ~0.01); adjusted mean, adjusted slope, standard error, 
and p-value not presented; refer to Appendix Table 0-2-5 for further analysis of this interaction. 

Note: Low = 39-98 ppt; Medium= >98-232 ppt; High = >232 ppt. 
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Table 19-8. (Continued) 
Analysis of CDS Cells (cells/mm3

) 

e) MODEL 3; RANCH BANDS AND COMPARISONS BYDIOXIN CATEGORY - UNADJUSTED 

.. ···:· Difference of Adj • 
'-· Adj. Mean vs. C-omparisons 

Dioxin Category n Meana Mean» (95% -C.J.)C p-Valued 

Comparison 404 629.2 629.0 

Background RH 141 636.7 639.1 10.1 - 0 .734 

Low RH 95 606.3 603.8 -25.2 - 0 .447 

High RH 108 625.6 625.6 -3.4 - 0.916 

Low plus High RH 203 616.5 615 .3 -13.7 - 0.588 

f) MODEL 3: RANCH BANDS AND COMPARISONS BY DIOXIN CA'IEGORY - ADJUSTED 

Dift'erence or Adj. 
Adj. Mean vs. Comparisons 

Dioxin Category n Meanae (95~ C.l.)c p-Valoed Covariate .Remarks 

Comparison 400 633 .6** DXCAT*AGE (p=0.020) 
DXCAT*OCC (p=0.001) 

Background RH 140 645 .3** 11.7 -** 0.705** CSMOK (p < 0 .001) 

Low RH 95 606.3** -27.3 - ** 0 .413** 
ALC (p=0.033) 

High RH 106 618.4** -15.2 -** 0 .645** 

Low plus High RH 201 612.7** -20.9 -** 0 .409** 

a Transformed from natural logarithm scale. 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Difference of adjusted means after transformation to original scale; confidence interval on difference of 
adjusted means not presented because analysis was performed on natural logarithm scale. 

d P-value is based on difference of means on natural logarithm scale. 

e Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

** Categoriz.ed dioxin-by~variate interactions (p ~0.05); adjusted mean, difference of adjusted means, and 
p-value derived from a model fitted after deletion of these interactions; refer to Appendix Table 0 -2-5 for 
further analysis of these interactions. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin ~ 10 ppt. 
Background (Ranch Hand): Current Dioxin ~ 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin ~ 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 19-8. (Continued) 
Analysis of CDS Cells (cells/m.m3

) 

g) MODELS4, 5, AND 6: RANCBHANDS<~ CURRENT DIOXIN - uNADJUSTED 

Current Dioxin Category Analysis Results for Log1 
Mean•J(n) (Current Dioxin + 1) 

-:-·tt~~~:::·:~· 
···-:·:·:·:·:·: ·:·:·:·.·:·:··. 

Low · Medium 

628.4 652.2 
(116) (107) 

625.5 629.7 
(112) (116) 

624.9 629.6 
(112) (116) 

High R1 

598.0 0.001 
(121) 

619.l 0.001 
(116) 

619.7 0.001 
(116) 

SJoPe > 
(Std. Error)C. 

-0.009 (0.019) 

-0.009 (0.016) 

-0.009 (0.018) 

~Value 

0.639 

0.592 

0.602 

h) MODEIS.4, S, AND 6: RANCH BANDS - CURRENT DIOXIN - AD.JUSI'ED 

Current Dioxin Category .... :· .,::.::~:. . . Analysis Results for Log2 : 

Adjust~ Mear/(o) (Current Dioxin + 1) 
.. . · 

.. ;~ : .•. :·· :·· 

Adj. Slope 
Low Medium High Rl (Std. EmJr)C ~Vaine Covariate Remarks 

620.9** 657.5** 574.7** 0.068 -0.007 0.742** CURR*OCC (p=0.050) 
(115) (107) (119) (0.022)** CSMOK (p<0.001) 

ALC (p=0.078) 

619.8 634.5 612.9 0.048 -0.006 0.728 CSMOK (p <0.001) 
(111) (116) (114) (0.016) ALC (p=0.142) 

621.3 634.6 611.3 0.048 -0.008 0.663 CSMOK (p<0.001) 
(111) (116) (114) (0.017) ALC (p=0.137) 

a Transformed from natural logarithm scale. 

b Model 4: Log2 Oipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 
Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

c Slope and standard error based on natural logarithm of CD8 cells versus log2 (current dioxin + 1). 

d Adjusted for log2 total lipids. 

e Adjusted for log2 total lipids in addition to covariates specified under "Covariate Remarks" column. 

** Log2 (current dioxin+ 1)-by-covariate interaction (0.01 <p~0.05); adjusted mean, adjusted slope, standard 
error, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table 0-
2-5 for further analysis of this interaction. 

Note: Model 4: Low = ~ 8.1 ppt; Medium= >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = ~ 46 ppq; Medium = >46-128 ppq; High = > 128 ppq. 
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CD14 Cells 

The Model I unadjusted analyses of CD14 cell counts were nonsignificant 
(Table 19-9(a): p>0.14). The adjusted analyses displayed a significant interaction between 
group and occupation (Table 19-9(b): p=0.044). Analyses stratified by occupational 
category revealed a significant difference in mean CDS cell counts between Ranch Hand and 
Comparison enlisted flyers (Table 19-9(b): p=0.021). Ranch Hand enlisted flyers had a 
lower mean CD14 cell count (449.8 cells.mm3) than Comparison enlisted flyers (505.9 
cells/mm3). 

The unadjusted and adjusted Model 2 analyses of CD14 cell counts did not detect a 
significant relationship with initial dioxin (Table 19-9(c,d): p>0.24). Model 2 was adjusted 
for current cigarette smoking and lifetime alcohol history. The Model 3 unadjusted analysis 
of CD14 cell counts detected a significant difference between Comparisons and Ranch Hands 
in the low initial dioxin category and a marginally significant difference between 
Comparisons and Ranch Hands in the low plus high category (Table 19-9(e): p=0.033 and 
p=0.092 respectively). Comparisons had a higher mean CD14 cell count (523.5 cells/mm3) 

than Ranch Hands in the low initial dioxin category (483. 7 cells/mm3) and in the low plus 
high category (500.1 cells/1Jllli3). The adjusted Model 3 analysis detected a highly significant 
interaction between categorized dioxin and age (Table 19-9(f): p=0.002). Stratified analyses 
of this interaction are presented in Appendix Table 0-2-6. Older Ranch Hands in the low, 
high, and low plus high dioxin categories had significantly or marginally significantly lower 
mean CD14 cell counts than Comparisons (Appendix Table 0-2-6(b): p=0.008, p=0.061, 
and p=0.003 respectively). The adjusted Model 3 analysis also accounted for occupation, 
race, current cigarette smoking, and physical activity index. 

None of the unadjusted and adjusted analyses of Models 4 through 6 revealed any 
significant associations between CD14 cell counts and current dioxin (Table 19-9(g,h): 
p>0.38). Each of Models 4 through 6 were adjusted for age, occupation, race, and current 
cigarette smoking. 

CD16+56 Cells 

The unadjusted analysis of Model 1 revealed a marginally significant difference in mean 
CD16+56 cell count between enlisted flyer Ranch Hands and Comparisons (Table 19-lO(a): 
p=0.097). Ranch Hand enlisted flyers had a lower mean CD16+56 cell count (221.5 
cells/mm3) than Comparison enlisted flyers (278.0 cells/mm3). However, after adjusting for 
age and current cigarette smoking, the Model 1 analysis of CD16+56 cell counts was 
nonsignificant (Table 19-lO(b): p>0.11). 

The unadjusted Model 2 and 3 analyses of CD16+56 cells were nonsignificant 
(Table 19-lO(c,e): p>0.14). The adjusted Model 2 analysis detected significant interactions 
between initial dioxin and occupation and physical activity index (Table 19-lO(d): p=0.003 
and p=0.039 respectively). Stratified analyses of these interactions are presented in 
Appendix Table 0-2-7. Current cigarette smoking also was included in the adjusted Model 2 
analysis. After removal of .the interactions from the final model, the Model 2 analysis was 
nonsignificant (Table 19-lO(d): p=0.724). Similar to the Model 2 analysis, the adjusted 
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Table 19-9. 
Analysis of CD14 Cells (cells/mm3) 

a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNAD.JUSTED 

Occupational .. D.ifl'ermce of Means 
Category Group D Meanab (95% C.J.)C p-Valued 

AU Ranch Band 367 520.8 -2.5- 0.834 
Comparison 482 523.3 

Officer Ranch Hand 154 524.3 30.3 - 0.146 
Comparison 176 494.0 

Enlisted Flyer Ranch Hand 66 517.5 -20.5 - 0.615 
Comparison 83 538.0 

Enlisted Groundcrew Ranch Hand 147 524.8 -10.9 -- 0.591 
Comparison 223 535.7 

b) MODEL 1: RANCH HANDS VS. COMPARISONS - AD.JUSTED 

-Occupational Adj. Difference of Adj. 
Category Group D Meanae Means (95% C.I.)c p-Valued Covariate Remarksf 

AU Ranch Band 367 484.7** -2.8 -·· 0.784** GROUP*OCC 
Comparison 481 487.5** (p=0.044) 

Officer Ranch Hand 154 478.1 16.5 - 0.300 
AGE (p<0.001) 

Comparison 176 461.6 RACE (p=0.001) 
CSMOK (p<0.001) 

Enlisted Ranch Hand 66 449.8 -56.l -- 0.021 
Flyer Comparison 83 505.9 

Enlisted Ranch Hand 147 510.7 1.1 - 0.952 
Groundcrew Comparison 222 509.6 

a Transformed from the natural logarithm scale. 

b Adjusted for examination group (batch-to-batch) variation. 

c Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 

d P-values based on difference of means on natural logarithm scale. 

e Adjusted for examination group (batch-to-batch) variation and covariates specified under "Covariate 
Remarks" column. 

f Covariates and associated p-values correspond to final model based on all participants with available data. 

** Group-by-covariate interaction (0.01 <p s:0.05); adjusted mean, difference of adjusted means, and p-value 
derived from a model fitted after deletion of this interaction; refer to Appendix Table 0-2-6 for further 
analysis of this interaction. 
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Table 19-9. (Continued) 
Analysis of CD14 Cells (cells/mm3

) 

· t r;::.·· c) MODEitiif RANCH HANDS- INITIAL DIO~-UNAD.JUSTED ·'· ·.·· ~-·. 

:lo:itial Diom Category Summary Statistics Analysis .Results for Logz (Initial Dioxin)b 

Initial Dioxin n .·'.>. ·· •. Meana 

Low 64 482.5 

Medium 67 489.5 

High 72 536.3 

:· Adj. 
Mean*' 

488.4 0.394 

496.4 

529.6 

Slope 
(Std. Error)C 

0.028 (0.024) 

.p-Value 

0 .249 

d) MODEL 2: RANCH HANDS - JNITIAL DIOXIN - ADJUSTED 

Initbil Dwxin Category &mmiary 
. Statistics . 

.. Analysis .Results I&· Log1 (Initial Dioxin)d 

: :·::····=· 

Adj. Adj. Slope 
Initial Dioxin D Mean ad Jtl (Std. Error)C p-Value Covariate.Remarks 

Low 64 515.9 0.471 0.009 (0.024) 0.714 CSMOK (p<0.001) 

Medium 65 501.1 
DRKYR (p=0.050) 

High 71 525.0 

a Transformed from natural logarithm scale. 

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and examination group (batch-to-batch) variation. 

c Slope and standard error based on natural logarithm of CD14 cells versus log2 (initial dioxin). 

d Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, examination group (batch-to-batch) variation, and covariates 
specified under "Covariate Remarks• column. 

Note: Low = 39-98 ppt; Medium= >98-232 ppt; High = >232 ppt. 
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Table 19-9. (Continued) 
Analysis of CD14 Cells (cells/mm3

) 

e) MODEL .3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Diffennce of Adj. 
Adj. Mean vs. CiMDparisoos 

Dioxin Category n Meana Mean ab (95% C~l.)C ··: p--Value4 

Comparison 404 525.7 523.5 

Background RH 141 530.6 535.l 11.6 -- 0.581 

Low RH 95 484.9 483.7 -39.8 - 0.033 

High RH 108 518.l 515.0 -8.5 - 0.586 

Low plus High RH 203 502.3 500.1 -23.4 - 0.092 

f) MODEL 3: RANCH HANDS AND COMPARISONS BYDIOXIN CATEGORY - ADJUSTED 

Difl'erence of Adj. 
Adj. Mean vs. Comparisons 

Dioxin Category D Meanae (95% C.I.)C 

Comparison 403 **** 

Background RH 141 **** **** 

Low RH 95 **** **** 

High RH 108 **** **** 

Low plus High RH 203 **** **** 

3 Transformed from natural logarithm scale. 

p-Valued 

**** 

**** 

**** 

**** 

Covariate Remarks 

DXCAT*AGE (p=0.002) 
occ (p=0.083) 

RACE (p=0.005) 
CSMOK (p<0.001) 
PHYACT (p=0.147) 

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and examination group (batch-to-batch) variation. 

c Difference of adjusted means after transformation to original scale; confidence interval on difference of 
adjusted means not presented because analysis was performed on natural logarithm scale. 

d P-value is based on difference of means on natural logarithm scale. 

e Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, examination group (batch-to-batch) variation, and covariates 
specified under "Covariate Remarks" column. 

**** Categoriud dioxin-by-rovariate interaction (p~0.01); adjusted mean, difference of adjusted means, and 
p-value not presented; refer to Appendix Table 0-2-6 for further analysis of this interaction. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin ~ 10 ppt. 
Background (Ranch Hand): Current Dioxin ~ 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin ~ 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 19-9. (Continued) 
Analysis of CD14 Cells (cells/mm.3) 

== g) MODELS 4"'" 5, AND 6: ·RANCH HANDS - CURRENT DIOXIN - UNADJuSTED 

Current Dioxin Category Analym .Results for Log:z. 
MeanabJ(n) {CuJTmt Dioxin + l) 

ModeJC ·. Low Medium High Rz 
Slope 

(Std. Error)<!· p-Value 

4 525.8 490.6 500.7 0.241 -0.004 (0.014) 0.767 
(116) (107) (121) 

5 525.3 477.8 517.5 0.240 0.000 (0.012) 0.985 
(112) (116) (116) 

6c 537.9 479.2 507.8 0.256 -0.012 (0.013) 0.383 
(112) (116) (116) 

h) MODELS 4, ·S, AND 6: RANCH BANDS - CURRENT DIOXIN - ADJUSTED 

Current Dioxin Category Analysis Results for Log2 
.· Adjusted Mean11/(n) .. (Current Dioxin + 1) 
' 

Adj. Slope. 
Modelc Low Medium High R1 (Std. EITOr)d p-Value Covariate Remarks 

4 474.1 443.7 439.4 0.345 -0.007 (0.016) 0.650 AGE (p=0.016) 
(116) (107) (121) occ (p=0.059) 

RACE (p=0.005) 
CSMOK (p<0.001) 

5 475.5 430.2 464.5 0.345 0.000 (0.014) 0 .992 AGE (p=0.016) 
(112) (116) (116) occ (p=0.075) 

RACE (p=0.006) 
CSMOK (p<0.001) 

6c 489.9 435.1 460.1 0 .354 -0.011 (0.015) 0.461 AGE (p=0.023) 
(112) (116) (116) occ (p=0.073) 

RACE (p=0.010) 
CSMOK (p<0.001) 

a Transformed from natural logarithm scale. 

b Adjusted for examination group (batch-to-batch) variation. 

c Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 
Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

d Slope and standard error based on natUral logarithm of CD 14 cells versus log2 (current dioxin + 1). 

c Adjusted for log2 total lipids. 

f Adjusted for examination group (batch-to-batch) variation and covariates specified under "Covariate Remarks" 
column. 

Note: Model 4: Low = ~ 8.1 ppt; Medium= >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = ~ 46 ppq; Medium = >46-128 ppq; High = > 128 ppq. 
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Table 19-10. 
Analysis of CD16 + 56 Cells (cells/mm3

) 

a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational Difference of Meam 
Category Group D Meanat> (95% C.J.)C p-Valued 

All Ranch Hand 367 255.0 -11.6 - 0.253 
Comparison 482 266.6 

Officer Ranch Hand 154 268.4 16.6 -- 0.337 
Comparison 176 251.8 

Enlisted Flyer Ranch Hand 66 221.5 -56.5 -- 0.097 
Comparison 83 278.0 

Enlisted Groundcrew Ranch Hand 147 258.6 - 10.3 -- 0.541 
Comparison 223 268.9 

b) MODEL 1: RANCH HANDS VS. COMPARISONS - AD.JUSTED 

Occupational Adj. Difference of Adj. 
Category Group n MeaJJ3C Means (95% C.l.)c p-Valued Covariate Remarksf 

AU Ranch Hand 367 254.0 -13.8- 0.171 AGE (p=0.019) 
Comparison 481 267.8 CSMOK (p=0.004) 

Officer Ranch Hand 154 256.8 3.3 -- 0 .832 
Comparison 176 253.5 

Enlisted Ranch Hand 66 235.5 -36.8 - 0.115 
Flyer Comparison 83 272.3 

Enlisted Ranch Hand 147 260.0 -19.1 - 0.236 
Groundcrew Comparison 222 279.l 

a Transformed from the natural logarithm scale. 

b Adjusted for examination group (batch-to-batch) variation. 

c Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 

d P-values based on difference of means on natural logarithm scale. 

c Adjusted for examination group (batch-to-batch) variation and covariates specified under "Covariate 
Remarks" column. 

f Covariates and associated p-values correspond to final model based on all participants with available data. 
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Table 19-10. (Continued) 
Analysis of CD16 + 56 Cells (cells/mm3

) 

c) MODEL 2: BA.NCH HANDS - INITIAL DIOXIN - UNAWUSTED 

lniti8l :Dioxin Category Summary Statistics Analysis Results for ~ (Initial Dioxin)b 

Initial Dioxin 

Low 

Medium 

High 

D 

64 

67 

72 

255.2 

241.0 

253.4 

Adj. 
M~ 

257.6 

243.6 

251.2 

0.408 

SJope 
(Std. Error)C. 

-0.007 (0.041) 

p-VaJoe 

0.870 

d) MODEL 2: RANCH BANDS - INITIAL DIOXIN - ADJUSTED 

Initial Dioxin Category Summary 
Statistics 

Adj. 
Initial Dioxin n Me&rd 

Low 64 239.5** 

Medium 67 238.9** 

High 72 250.1** 

a Transformed from natural logarithm scale. 

Analysis Results for ~ (Initial Dioxin)d 

Adj. Slope 
R1 (Std. Error)c p-VaJue Covariate Remarks 

0.506 0 .015 (0.049)** 0.752** INIT*OCC (p=0.003) 
INIT*PHYACT (p=0.039) 

CSMOK (p=0.053) 

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and examination group (batch-to-batch) variation. 

c Slope and standard error based on natural logarithm of CD16 + 56 cells versus log2 (initial dioxin). 

d Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, examination group (batch-to-batch) variation, and covariates 
specified under "Covariate Remarks" column. 

** Log2 (initial dioxin)-by-covariate interactions (p s;0.05); adjusted mean, adjusted slope, standard error, and 
p-value derived from a model fined after deletion of these interactions;. refer to Appendix Table 0-2-7 for 
further analysis of these interactions. 

Note: Low = 39-98 ppt; Medium = > 98-232 ppt; High = > 232 ppt. 
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Table 19-10. (Continued) 
Analysis of CD16 + 56 Cells (cells/mm3

) 

e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Difference of Adj. :=··:::::··· .. •· 
Adj. ·.Mean vs. Comparisons 

Dioxin Category n Meana Meanat> (95% C.l.)C p-Valued 

Comparison 404 261.4 261.4 

Background RH 141 254.8 254.8 -6.6 -- 0.647 

Low RH 95 240.9 241.7 -19.7 - 0.232 

High RH 108 244.9 244.4 -17 .0 - 0.277 

Low plus High RH 203 243.0 243.2 -18.2 - 0.143 

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Diff'erence of Adj. 
Adj. Mean vs. Comparisom 

Dioxin Category D M~ae (95% C.I.)c ~Valued Covariate. Remarb 

Comparison 399 248.0** DXCAT*OCC (p=0.048) 
DXCAT*DRKYR (p=0.026) 

Background RH 139 242.0** -6.0 --** 0~678** DXCAT*PHY ACT 
(p=0.038) 

Low RH 94 219.3** -28.7 --** 0.063** AGE (p<0.001) 

High RH 106 236.8** -11.2 -** 0.465** RACE (p=0.102) 

Low plus High RH 200 228.4** -19.6 -** 0.097** 
CSMOK (p=0.004) 

a Transformed from natural logarithm scale. 

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and examination group (batch-to-batch) variation. 

c Difference of adjusted means after transformation to original scale; confidence interval on difference of 
adjusted means not presented because analysis was performed on natural logarithm scale. 

d P-value is based on difference of means on natural logarithm scale. 

e Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, examination group (batch-to-batch) variation, and covariates 
specified under "Covariate Remarks" column. 

** Categorized dioxin-by-covariate interactions (0.01 <p ~0.05); adjusted mean, difference of adjusted means, 
and p-value derived from a model fitted after deletion of these interactions; refer to Appendix Table 0-2-7 
for further analysis of these interactions. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin ~ 10 ppt. 
Background (Ranch Hand): Current Dioxin ~ 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin ~ 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 19-10. (Continued) 
Analysis of CD16 + 56 Cells (cells/mm3

) 

g) MODELS 4., 5, AND 6: RANCH HANDS - CURRENT DIOXIN - UNADJUSl'ED 

· . { '"' Current Dio~ Category '· ' Analysis Resillts ·for .Log1 
Mean.,/(n) ' (Current Dioxin + 1) 

0.241 

0 .241 

0 .241 

Slope 
(Std. Error)d 

-0.007 (0.024) 

-0.009 (0.020) 

-0.006 (0.022) 

p-Value 

0 .766 

0 .669 

0 .793 

h):MODELS 4, 5, AND 6: RANCH HANDS - CURRENT DIOXIN -ADJUSTED 

Current Dioxin Category Analysis Results for Logz 
(CUlTellt Dioxin + 1) Adjusted Mearti(n) 

1.·.:--:·:·-::. 

Low 

243.3 
(116) 

249.2 
(112) 

246.9 
(112) 

Medium 

255.9 
(107) 

236.3 
(116) 

235.9 
(1 16) 

·> 
Adj •. Slope 

High R1 (Std. Error)d p-Value 

241.6 0 .258 0.004 (0.024) 0.869 
(121) 

255.5 0.257 -0.001 (0.021) 0 .967 
(116) 

257.7 0 .258 0.003 (0.023) 0.882 
(116) 

Covariate Remarks 

AGE {p=0.086) 
CSMOK (p = 0.140) 

AGE {p=0.094) 
CSMOK (p=0.138) 

AGE {p= 0.088) 
CSMOK {p=0.143) 

a Transformed from natural logarithm scale. 

b Adjusted for examination group (batch-to-batch) variation. 

c Model 4 : Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 
Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

d Slope and standard error based on natural logarithm of CD16 + 56 cells versus log2 (current dioxin + 1). 

c Adjusted for log2 total lipids. 

f Adjusted for examination group (batch-to-batch) variation and covariates specified under "Covariate Remarks" 
column. 

Note: Model 4: Low = ~ 8.1 ppt; Medium= > 8.1-20.5 ppt; High = > 20.5 ppt. 
Models 5 and 6: Low = ~ 46 ppq; Medium = > 46-128 ppq; High = > 128 ppq. 
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.. 
Model 3 analysis detected significant interactions between categorized dioxin and three 
covariates: occupation, lifetime alcohol history, and the physical activity index 
(Table 19-lO(t): p=0.048, p=0.026, and p=0.038 respectively). Stratified analyses of these 
interactions are presented in Appendix Table 0-2-7. Model 3 also was adjusted for age, 
race, and current cigarette smoking. After removing the interactions from the adjusted 
model, marginally significant differences in mean CD16+56 cell counts was detected 
between Comparisons and Ranch Hands in the low and low plus high dioxin categories 
(Table 19-lO(t): p=0.063 and p=0.097). Comparisons had a higher mean CD16+56 cell 
count (248.0 cells/mm3) than Ranch Hands (low: 219.3 cells/mm3; low plus high: 228.4 
cells/mm3). When occupation was removed from the Model 3 final adjusted model, the low 
plus high Ranch Hand versus Comparison contrast became nonsignificant (Appendix 
Table 0-3-7(b): p=0.115). 

None of the unadjusted or adjusted analyses of Models 4 through 6 revealed a 
significant relationship between current dioxin and CD16+56 cell counts (Table 19-IO(g,h): 
p>0.66). Each of Models 4 through 6 were adjusted for age and current cigarette smoking. 

CD20 Cells 

The unadjusted Model 1 analysis of CD20 cell counts did not display a significant 
difference between Ranch Hands and Comparisons (Table 19-ll(a): p>0.15). The adjusted 
Model 1 analysis detected a significant interaction between group and lifetime alcohol history 
(Table 19-ll(b): p=0.024). Stratified analyses of this interaction are presented in Appendix 
Table 0-2-8. The adjusted Model 1 analysis also accounted for age, occupation, current 
cigarette smoking, and current alcohol use. After removing the interaction from the model, 
the Model 1 analysis detect;e4 a marginally significant overall difference in mean CD20 cell 
counts between Ranch Hands and Comparisons (Table 19-ll(b): p=0.083). Ranch Hands 
had a higher mean CD20 cell count (232.9 cells/mm3) than Comparisons (218.3 cells/mm3). 

The unadjusted Model 2 analysis revealed a marginally significant positive association 
between initial dioxin and CD20 cell counts (Table 19-ll(c): p=0.079). Mean CD20 cell 
counts for Ranch Hands in the low, medium, and high initial dioxin categories were 199.1, 
233.4, and 241.0 cells/mm3• The adjusted Model 2 analysis detected a significant interaction 
between initial dioxin and age (Table 19-ll(d): p=0.049). Stratified analyses of this 
interaction are presented in Appendix Table 0-2-8. Model 2 also was adjusted for current 
cigarette smoking, lifetime alcohol history, and current alcohol use. After removal of the 
interaction with initial dioxin, the adjusted Model 2 analysis was nonsignificant 

, (Table 19-ll(d): p=0.783). Similarly, the unadjusted Model 3 analysis did not reveal any 
significant associations between categorized dioxin and CD20 cell counts (Table 19-ll(e): 
p > 0.10). However, the adjusted Model 3 analysis detected a significant difference in mean 
CD20 cell counts between Comparisons and Ranch Hands in the background category 
(Table 19-ll(t): p=0.013). Ranch Hands had a higher mean CD20 cell count (245.1 
cells/mm3

) than Comparisons (214.0 cells/mm3). Age, occupation, current cigarette 
smoking, and current alcohol use were included in the Model 3 adjusted analysis. 

None of the unadjusted or adjusted analyses of Models 4 through 6 revealed a 
·significant relationship between current dioxin and CD20 cell counts (Table 19-ll(g,h): 
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Table 19-11. 
Analysis of CD20 Cells (cells/mm3) 

a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational DifTermce of Means 
Category Group D M~ (95~ C.J.)b p-Valuec 

AU Ranch Hand 367 228.6 11.3 - 0.194 
Comparison 482 217.2 

Officer Ranch Hand 154 206.6 16.8 -- 0.159 
Comparison 176 189.8 

Enlisted Flyer Ranch Hand 66 228.8 -7.1 - 0.771 
Comparison 83 235.9 

Enlisted Groundcrew Ranch Hand 147 253.9 19.6 - 0.154 
Comparison 223 234.3 

b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Adj. Difference of Adj. Co-variate 
Category Group n Meaua Means (95% C.L)b p-Valuec R.emarbd 

All Ranch Hand 361 232.9** 14.6 -·· 0.083** GROUP*DRKYR 
Comparison 475 218.3** (p=0.024) 

Officer Ranch Hand 153 222.6** 19.2 -** 0.129** 
AGE (p<0.001) 

Comparison 173 203.4** 
occ (p=0.117) 

CSMOK (p<0.001) 
Enlisted Ranch Hand 63 234.6** -2.3 --** 0.914** ALC (p=0.030) 
Flyer Comparison 83 236.9** 

Enlisted Ranch Hand 145 235.9** 16.3 --** 0 .211** 
Ground crew Comparison 219 219.6** 

a Transformed from the natural logarithm (x + 1) scale. 

b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm (x + 1) scale. 

c P-values based on difference of means on natural logarithm (x + 1) scale. 

d Covariates and associated p-values correspond to final model based on all participants with available data. 

** Group-by-covariate interaction (0.01 <p ~0.05); adjusted mean, difference of adjusted means, and p-value 
derived from a model fitted after deletion of this interaction; refer to Appendix Table 0-2-8 for further 
analysis of this interaction. 
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Table 19-11. (Continued) 
Analysis of CD20 Cells (cells/mm3

) 

c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

Initial.Dioxin Category Sumnwy Statistia 

' . :.::····.·.::::.· Adj • Slope 
Initial Dioxin n Mean2 Meanai> . Rz (Std. Error)e p-Va1ue 

Low 64 196.4 199.1 0 .036 0.058 (0.033) 0.079 

Medium 67 232.1 233.4 

High 72 245.1 241.0 

d) MODEL 2: RANCH BANDS - INITIAL DIOXIN - ADJUSTED 

Initial Dioxin Category Summary 
Statistics 

Adj. 
Initial Dioxin n Meanad 

Low 64 225.3** 

Medium 65 226.6** 

High 71 215.9** 

R2 

0.204 

•Transformed from natural logarithm (x + 1) scale. 

Adj. Slope 
(Std; Error)c p-Value Covsfiiate Remarks 

-0.009 (0.033)** 0.783** INIT*AGE (p=0.049) 
CSMOK (p <0.001) 
DRKYR (p=0.058) 

ALC (p=0.010) 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Slope and standard error based on natural logarithm (x + 1) of CD20 cells versus log2 (initial dioxin). 

d Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

** Log2 (initial dioxin)-by-rovariate interaction (0.01 <p~0.05); adjusted mean, adjusted slope, standard error, 
and p-value derived from a model fined after deletion of this interaction; refer to Appendix Table 0-2-8 for 
further analysis of this interaction. 

Note: Low = 39-98 ppt; Medium = > 98-232 ppt; High = > 232 ppt. 
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Table 19-11. (Continued) 
Analysis of CD20 Cells (cells/mm3

) 

e) MODEL 3: RANCH BANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

.. ~ ....... Difference of Adj . 
. ·:· Acij • Mean vs. Comparisons . · 

'Dioxin Categoey n Mean a Meanab (95% C.J.)C p-Valued 

Comparison 404 213.6 213.5 

Background RH 141 227.2 228.9 15.4 -- 0.203 

Low RH 95 209.9 210.8 -2.7 - 0.836 

High RH 108 238.2 235.4 21.9 - 0 .105 

Low plus High RH 203 224.5 223.5 10.0 - 0.336 

' f) MODEL 3: RANCH BANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSI'ED 

·=·:· 
Difference of Adj. . ·.::.:.·::.;: ·. ;:. ·. 

Adj. Mean vs. Comparisons 
Dioxin Category D Meanae (95% C.I.)C p-Valued Covariate Remarks 

Comparison 400 214.0 AGE (p<0.001) 
occ (p=0.070) 

Background RH 140 245.1 31.1 - 0 .013 CSMOK (p<0.001) 

Low RH 95 223.9 9.9 - 0.452 
ALC (p=0.010) 

High RH 106 220.2 6 .2 - 0.628 

Low plus High RH 201 222.0 8.0 - 0.424 

a Transformed from natural logarithm (x + 1) scale. 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Difference of adjusted means after transformation to original scale; confidence interval on difference of 
adjusted means not presented because analysis was performed on natural logarithm (x + 1) scale. 

d P-value is based on difference of means on natural logarithm (x + 1) scale. 

e Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin ~ 10 ppt. 
Background (Ranch Hand): Current Dioxin ~ 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin ~ 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 19-11. (Continued) 
Analysis of CD20 Cells (cells/mm3

) 

g) MODELS 4, 5, AND 6: .RANCH HANDS - CURRENT DIOXIN - UNADJUSTED 

·Current Dioxin Category Analysis Results for. 1-ogz - , Meanal(n) (Current Dioxin +: 1) 

Slope 
Low Medium Bigb R2 (Std. Error)C. p-Value 

222.9 215.0 238.2 0.003 0.022 (0.020) 0.280 
(116) (107) (121) 

225.1 212.1 240.6 0.004 0.021 (0.018) 0.250 
(112) (116) (116) 

227.8 212.3 237.5 0.006 0.014 (0.019) 0.473 
(112) (116) (116) 

h) MODELS 4, 5, AND 6: RANCH BANDS - CURRENT DIOXIN - ADJUSTED 

Current Dioxin Category 
Adjusted Meana/{n) 

Low Medium High 

259.8 252.8 259.4 
(115) (107) (119) 

R2 

0.136 

,• 

Analysis Results for~ 
(Current Dioxin + 1) 

Adj. Slope 
(Std. EtTor)c p-Value 

0.008 (0.020) 0.696 

Covariate Remarks 

AGE (p=0.001) 
RACE (p=0.018) 

CSMOK (p <0.001) 
PACKYR (p=0.064) 

ALC (p=0.007) 

263.3 
(111) 

247.2 
(116) 

266.2 0.137 0.012 (0.017) 0.480 AGE (p=0.002) 
RACE (p=0.018) 

CSMOK (p<0.001) 
PACKYR (p=0.065) 

ALC (p=0.007) 

270.6 
(111) 

250.0 
(116) 

(114) 

262.7 0.142 0.002 (0.019) 
(114) 

0.927 AGE (p=0.001) 
RACE (p=0.012) 

CSMOK (p <0.001) 
PACKYR (p=0.094) 

ALC (p=0.005) 

a Transformed from natural logarithm (x + 1) scale. 

b Model 4: Log2 Oipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 
Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

c Slope and standard error based on natural logarithm (x + 1) of CD20 cells versus log2 (current dioxin + 1). 

d Adjusted for log2 total lipids. 

c Adjusted for log2 total lipids in addition to covariates specified under ·covariate Remarks• column. 

Note: Model 4: Low = S 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = ~ 46 ppq; Medium = >46-128 ppq; High = > 128 ppq. 
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p>0.25). Each of Models 4 through 6 were adjusted for age, race, crirrent cigarette 
smoking, lifetime smoking history, and current alcohol use. 

CD25 Cells 

The unadjusted Model 1 analysis of CD25 cell counts were nonsignificant 
(Table 19-12(a): p>0.16). The adjusted Model 1 analysis detected a significant interaction 
between group and occupation (Table 19-12(b): p=0.022). Analyses stratified by occupation 
detected a significant difference in mean CD25 cell counts between enlisted flyer Ranch 
Hands and Comparisons (Table 19-12(b): p=0.015). Ranch Hand enlisted flyers had a lower 
mean CD25 cell count (241.5 cells/mm3) than Comparison enlisted flyers (291.4 cells/mm3

). 

Model 3 was also adjusted for race, current cigarette smoking, lifetime smoking history, and 
current alcohol use. After removing the interaction from the adjusted model, no significant 
overall difference was revealed between all Ranch Hands and Comparisons (Table 19-12(a): 
p=0.936). 

The unadjusted and adjusted Model 2 analyses as well as the unadjusted Model 3 
analysis were nonsignificant (Table 19-12(c,d,e): p>0.54). The adjusted Model 2 analysis 
accounted for race, current cigarette smoking, and the physical activity index. The adjusted 
Model 3 analysis detected a significant interactions between categorized dioxin and age, 
occupation, lifetime smoking history, and lifetime alcohol history (Table 19-12(f): p=0.022, 
p=0.013, p=0.044, and p=0.016 respectively). For further investigation of these 
interactions, the results of stratified analyses are presented in Appendix Table 0-2-9. Race 
and current cigarette smoking also were accounted for in the adjusted Model 3 analysis. 
After removing the interactions from the model, no significant association was detected 
between categorized dioxin and CD25 cell counts (Table 19-12(f): p>0.54). 

The unadjusted analysis of Models 4 through 6 did not show any significant 
relationships between current dioxin and CD25 cell counts (Table 19-12(g): p>0.48). 
Similarly, after adjusting for race, current cigarette smoking, lifetime smoking history, and, 
in Model 4, the physical activity index, the results of Models 4 and 5 remained 
nonsignificant (Table 19-12(h): p>0.76). The adjusted Model 6 analysis of CDS cell counts 
revealed a significant interaction between current dioxin and lifetime smoking history (Table 
19-12(h): p=0.034). Stratified analyses of this interaction are presented in Appendix Table 
0-2-9. Model 6 also was adjusted for race, current cigarette smoking, and the physical 
activity index. After removing the interaction from the adjusted model, the Model 6 analysis 
of CD25 cell counts was nonsignificant (Table 19-12(h): p=0.449). 

CD4-CD8 Ratio 

The Model 1 unadjusted analyses of the CD4-CD8 ratio did not exhibit any significant 
differences between Ranch Hands and Comparisons (Table 19-13(a): p>0.29). The adjusted 
Model 1 analysis revealed a significant interaction between group and the physical activity 
index (Table 19-13(b): p=0.027). For further investigation of this interaction, stratified 
analyses are presented in Appendix Table 0-2~10. Age, occupation, current cigarette 
smoking, lifetime smoking history, and lifetime alcohol history also were significant in the 
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Table 19-12. 
Analysis of CD25 Cells (cells/mm3

) 

a) MODEL 1: RANCH HANDS VS.·COMP.ARISONS - UNADJUSTED 

Occupational Difference of Means 
Category Group D Meaoa1t (9SCJb C.I.f p-Valued 

All Ranch Hand 367 256.9 0.5- 0.953 
Comparison 482 256.4 

Officer Ranch Hand 154 250.9 18.7 - 0 .213 
Comparison 176 232.2 

Enlisted Flyer Ranch Hand 66 227.6 -33.7 - 0.244 
Comparison 83 261 .3 

Enlisted Groundcrew Ranch Hand 147 280.6 21.7 -- 0 .163 
Comparison 223 258.9 

b) MODEL 1: RANCH HANDS VS. COMPARJSONS - AD.JUSTED 

Occupational Adj. Difference of Adj. 
Category Group n Meanac Means (95% C .l .)c p-V alued Covariate Jtemarbf 

All Ranch Hand 367 276.3** 0.8-** 0.936** GROUP*OCC 
Comparison 481 275.5** (p=0.022) 

Officer Ranch Hand 154 277 .6 7 .3- 0.605 
RACE (p=0.016) 

Comparison -176 270.3 
CSMOK (p < 0 .001) 

ALC (p=0.132) 
Enlisted Ranch Hand 66 241.5 -49.9 -- 0.015 PACKYR (p = 0 .003) 
Flyer Comparison 83 291.4 

Enlisted Ranch Hand 147 295 .4 17.3 - 0.228 
Groundcrew Comparison 222 278.1 

a Transformed from the natural logarithm scale. 

b Adjusted for examination group (batch-to-batch) variation. 

c Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 

d P-values based on difference of means .on natural logarithm scale. 

c Adjusted for examination group (batch-to-batch) variation and covariates specified under "Covariate Remarks" 
column. 

f Covariates and associated p-values correspond to final model based on all participants with available data. 

** Group-by-rovariate interaction (0.01 < p:5;0.05); adjusted mean, difference of adjusted means, and p-value 
derived from a model fitted after deletion of this interaction. 
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Table 19-12. (Continued) 
Analysis of CD2S Cells (cells/mm3

) 

c) MODEL 2: ·RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

Initial Dioxin Category Summary Statistics 

Adj . 

Analym Results for ~ (Initial Dioxin)b 

.Initial Dioxin n Mean• Meanaib 
Slope 

(Std. Error)~ p-Value 

Low 

Medium 

High 

64 

67 

72 

231.1 

256.4 

261.7 

233.7 

259.6 

258.7 

0.511 0.021 (0.035) 0.540 

d) MODEL 2: .RANCH HANDS - INITIAL DIOXIN - ADJUsrED 

Initial Dioxin Category Smmnary 
Statistics 

Adj. 
Initial Dioxin n Meanac1 

Low 64 279.5 

Medium 67 279.1 

High 72 276.1 

a Transformed from natural logarithm scale. 

Analym Results for ~ (Initial Dioxin)d 

Adj. Slope 
R2 (Std. Error)c p--Value 

0.596 -0.012 (0.033) 0.729 

Covariate Remarks 

RACE (p=0.046) 
CSMOK (p=0.001) 

PHYACT (p=0.048) 

b Adjusted for percent body fat at the time of duty in SEA, and change in percent body fat from the time of 
duty in SEA to the date of the blood draw for dioxin, and examination group (batch-to-batch) variation. 

c Slope and standard error based on natural logarithm of CD25 cells versus log2 (initial dioxin). 

d Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, examination group (batch-to-batch) variation, and covariates 
specified under "Covariate Remarks" column. 

Note: Low = 39-98 ppt; Medium = > 98-232 ppt; High = > 232 ppt. 
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Table 19-12. (Continued) 
Analysis of CD25 Cells (cells/mm.3) 

e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSI'ED 

Difference of Adj. ···:·.·. 

A<lj. Mean vs. Comparisom 
Dioxin Category D Meana MeaJiab (95% C.I.)C p-Valued 

Comparison 404 248.9 248.8 

Background RH 141 252.6 254.0 5.2 - 0.680 

Low RH 95 243.5 244.2 4.6- 0.753 

High RH 108 256.8 255.2 6.4 - 0.647 

Low plus High RH 203 250.5 250.0 1.2 - 0.913 

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Difl'erence of .Adj. 
..: ·-=· 

Adj. Mean vs. Comparisons 
Dioxin Category il Meanae (95% C.l.)c _p-Valued Cov.ariate. Remarks 

Comparison 399 268.2** DXCAT*AGE (p=0.022) 
DXCAT*OCC (p=0.013) 

Background RH 139 276.4** 8.2 --** 0.540** DXCAT*PACKYR 
(p=0.044) 

Low RH 94 266.9** -1.3 -·· 0.933** DXCAT*DRKYR (p=0.016) 

High RH 106 270.1** 1.9 --** 0.895** RACE (p=0.085) 

Low plus High RH 200 268.6** 0.4 -·· 0.970** 
CSMOK (p <0.001) 

a Transformed from natural logarithm scale. 

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and examination group (batch-to-batch) variation. 

c Difference of adjusted means after transformation to original scale; confidence interval on difference of 
adjusted means not presented because analysis was performed on natural logarithm scale. 

d P-value is based on difference of means on natural logarithm scale. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, examination group (batch-to-batch) variation, and covariates 
specified under "Covariate Remarks" column. 

** Categoriz.ed dioxin-by-covariate interactions (0.01 <p~0.05); adjusted mean, difference of adjusted means, 
and p-value derived from a model fitted after deletion of these interactions; refer to Appendix Table 0-2-9 
for further analysis of these interactions. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin ~ 10 ppt. 
Background (Ranch Hand): Current Dioxin ~ 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin ~ 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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239.1 
(116) 

248.2 
(112) 

254.2 
(112) 

Table 19-12. (Continued) 
Analysis of CD25 Cells (cells/mm3

) 

258.8 245.3 
(107) (121) 

242.1 252.7 
(116) (116) 

242.8 248.0 
(116) (116) 

···• Analysis Results for ~i 
'(Current Dio:Dsj.J\ ll · · :_ :i. '· .· . •.. .•. . . . sk.p;:I : : 

• ? R.~ . t .(Std.· Eriol;')~ ·.\ · p.vaiue 
0.363 -0.004 (0.021) 0.848 

0.363 -0.001 (0.019) 0.960 

0.370 -0.014 (0.020) 0.482 

·· • h)MODELS4, ··s,.AND 6:?RANCHHANDS - ·CURRENT DIOXIN-ADJUSTED 

··MOOeJC '.1: ... tl:~·· .... Medium · 
. ~'.;·:.::~:\~~:~.j:;~}?;;; 
Big~ ).• I ·· <R2 

Adj. S.oli; :: ·•:• : : 
d (Std. Em>r) .... p-Value 

;:_ .. :-:-·::_: 

Covaiiate:Remarks 

4 

5 

257.5 
(116) 

282.2 
(112) 

278.8 
(107) 

268.7 
(116) 

258.7 
(121) 

284.6 
(116) 

0.457 -0.006 (0.020) 0.762 

0.448 0.002 (0.017) 0.915 

RACE {p=0.075) 
CSMOK {p<0.001) 
PACKYR {p=0.018) 
PHYACT {p=0.146) 

RACE {p=0.047) 
CSMOK {p<0.001) 
PACKYR {p=0.023) 

281.0** 
(112) 

264.4** 
(116) 

268.5** 
(116) 

0.472 -0.014 (0.019)** 0.449** CURR*PACKYR {p=0.034) 

a Transformed from natural logarithm scale. 

b Adjusted for examination group (batch-to-batch) variation. 

c Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (wb.ole-weight current dioxin + 1). 
Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

RACE {p=0.044) 
CSMOK {p<0.001) 
PACKYR {p=0.007) 
PHY ACT {p=0.078) 

d Slope and standard error based on natural logarithm of CD25 cells versus log2 (current dioxin + 1). 

c Adjusted for log2 total lipids. 

f Adjusted for examination group (batch-to-batch) variation and covariates specified under "Covariate Remarks" 
column. 

** Log2 (current dioxin + !)-by-covariate interaction (0.01 <p!f0.05); adjusted mean, adjusted slope, standard 
error, and p-value derived from a model fitted after deletion of this interaction; refer to AppendiX Table 0-
2-9 for further analysis of this interaction. 

Note: Model 4: Low = !f 8.1 ppt; Medium= >8.I-20.5 prt; High = >20.5 ppt. 
Models 5 and 6: Low = !f 46 ppq; Medium = >46- 28 ppq; High = >-128 ppq. 
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Table 19-13. 
Analysis of CD4-CD8 Ratio 

' :a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

DilJermce of Means 
Occupational Category Group n Mean3 {95% C.L)b p-VaJuec 

All Ranch Hand 367 1.534 0.047- 0.295 
Comparison 482 1.487 

Officer Ranch Hand 154 1.538 0.037 -- 0.631 
Comparison 176 1.501 

Enlisted Flyer Ranch Hand 66 1.517 0 .085 - 0.367 
Comparison 83 1.432 

Enlisted Groundcrew Ranch Hand 147 1.536 0 .039 - 0.549 
Comparison 223 1.497 

b) MODEL l: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Adj. Difference of Adj. 
Category Group n Mean a Meam (95% C.L)b p-Valuec Covariate Remarksd 

AU Ranch Hand 361 1.532** 0.062 -·· 0.154** GROUP*PHY ACT 
Comparison 475 1.470** (p=0.027) 

Officer Ranch Hand 153 1.605** 0.060 - ** 0.417** 
AGE (p < 0 .001) 

Comparison 173 1.545** 
occ (p=0.044) 

CSMOK (p=0.077) 

Enlisted Ranch Hand 63 1.549** 0 .136 --·· 0 .186** PACKYR (p=0.119) 

Flyer Comparison 83 1.413** DRKYR (p=0.132) 

Enlisted Ranch Hand 145 1.469** 0.035 --·· 0 .584** 
Groundcrew Comparison 219 1.434** 

a Transformed from the natural logarithm scale. 

b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 

c P-values based on difference of means on natural logarithm scale. 

d Covariates and associated p-values correspond to final model based on all participants with available data. 

** Group-by-covariate interaction (0.01 <p~0.05); adjusted mean, difference of adjusted means, and p-value 
derived from a model fined after deletion of this interaction; refer to Appendix Table 0 -2-10 for further 
analysis of this interaction. 
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Table 19-13. (Continued) 
Analysis of CD4-CD8 Ratio 

c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

InitialDioxin Category Summary Statisti~ Analysis Results foc ~ (lnitialDioxin)b 

SJope .... ;: Adj • 
Initial Dioxin · 

·.··· Meana Mean*' D R2 (Std. Error)c. p-Value 

Low 64 1.506 1.516 0.008 0.004 (0.025) 0 .881 

Medium 67 1.572 1.577 

High 72 1.569 1.556 

d) MODEL 2: RANCffBANDS - INITIAL DIOXIN - ADJUSTED 

Initial Dioxin Category Summary 
Statistics 

Adj. 
Initial Dioxin D Mean*' 

Low 64 1.594 

Medium 66 1.583 

High 71 1.510 

3 Transformed from natural logarithm scale. 

Analysis Results for Log2 (Initial Dioxin)d 

Adj. Slope 
R2 (Std. Error}c p-Value Covariate Remarks 

0.072 --0.017 (0.026) 0.526 AGE (p=0.071) 
CSMOK (p=0.043) 

ALC (p=0.031) 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Slope and standard error based on natural logarithm of CD4-CD8 ratio versus log2 (initial dioxin). 

d Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

Note: Low = 39-98 ppt; Medium= >98-232 ppt; High = >232 ppt. 
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Table 19-13. (Continued) 
Analysis of CD4-CD8 Ratio 

e) MODEL 3: .RANCH HANDS AND COMPARISONS BYDIOXIN CATEGORY - UNADJUSI'ED 

Difference of Adj. 
... Adj . Mean ·vs. Compariso~ 

Dioxin Categoey n Meana Meanab (95% C.l.)c J>"Valued 

Comparison 404 1.488 1.488 

Background RH 141 1.500 1.504 0.016 - 0 .799 

Low RH 95 1.532 1.541 0 .053 - 0.470 

High RH 108 1.566 1.553 0 .065 - 0.357 

Low plus High RH 203 1.550 1.548 0.060 - 0 .286 

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Difference or Adj. 
Adj. Mean vs. Comparisons 

Dioxin Category' n Meanac (95% c.I;)c p-Valued Covariate Remarks 

Comparison 399 1.479 AGE (p=0.002) 
occ (p=0.124) 

Background RH 139 1.499 0.020 - 0.756 CSMOK (p=0.002) 

Low RH 94 1.576 0.097 - 0.185 
DRKYR (p=0.050) 

High RH 106 1.566 0.087 - 0.222 

Low plus High RH 200 1.571 0.092 - 0.097 

a Transformed from natural logarithm scale. 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Difference of adjusted means after transformation to original scale; confidence interval on difference of 
adjusted means not presented because analysis was performed on natural logarithm scale. 

d P-value is based on difference of means on natural logarithm scale. 

e Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin ~ 10 ppt. 
Background (Ranch Hand): Current Dioxin ~ 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin ~ 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 19-13. (Continued) 
Analysis of CD4-CD8 Ratio 

g) MODELS·4, .5, .AND 6: RANCH HANDS - CURRENT DIOXIN - UNADJUSTED 

Current Dioxin Category Analysis Results for Logz 
.Mean*J(n) (Cwnnt Dioxin + 1) 

Slope 
Modett> Low·· Medium High R:t •·• (Std. ErTOr)c. p-Value 

4 1.495 1.485 1.604 0.001 0.011 (0.016) 0.510 
(116) (107) (121) 

5 1.531 1.466 1.593 0.003 0.014 (0.014) 0.338 
(112) (116) (116) 

6d 1.559 1.469 1.564 0.013 0.003 (0.015) 0.833 
(112) (116) (116) 

h) MODELS 4, 5, AND 6: RANCH HANDS - CURRENT DIOXIN - ADJUSTED 

Current Dioxin Category 
'. Analysis Results for Log: 

Adjusted Mean*/(n) ... (Current Dioxin+ 1) .· .. ::· 
•. 

Adj. Slope 
Modetb Low Medium High R1 (Std. Error)t: p-VaJue Covariate Remarks 

4 1.510 1.510 1.588 0.022 0.003 (0.017) 0.868 AGE (p=0.031) 
(115) (107) (119) ALC (p=0.095) 

5 1.547 1.490 1.575 0.022 0.006 (0.015) 0.657 AGE (p=0.036) 
(111) (116) (114) ALC (p=0. 100) 

6e 1.572 1.494 1.547 0.030 -0.003 (0.016) 0.833 AGE (p=0.027) 
(111) (116) (114) ALC (p=0.126) 

a Transformed from natural logarithm scale. 

b Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 
Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

c Slope and standard error based on natural logarithm of CD4-CD8 ratio versus log2 (current dioxin + 1). 

d Adjusted for log2 total lipids. 

e Adjusted for log2 total lipids in addition to covariates specified under "Covariate Remarks" column. 

Note: Model 4: Low = ~ 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = ~ 46 ppq; Medium = >46-128 ppq; High = > 128 ppq. 
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adjusted Model 1 analysis. The results of the Model 1 analysis after removal of the 
interaction with group were nonsignificant (Table 19-13(b): p>0.15). 

The unadjusted and adjusted Model 2 analyses as well as the unadjusted Model 3 
analyses of the CD4-CD8 ratio did not exhibit any significant associations between the 
CD4-CD8 ratio and dioxin (Table 19-13(c-e): p>0.28). The adjusted Model 2 analysis 
accounted for age, current cigarette smoking, and current alcohol use. The Model 3 adjusted 
analysis of the CD4-CD8 ratio detected a marginally significant difference between 
Comparisons and Ranch Hands in the low plus high initial dioxin category (Table 19-13(f): 
p=0.097). Ranch Hands had a higher mean CD4-CD8 ratio (l.571) than Comparisons 
(1.479). Model 3 was adjusted for age, occupation, current cigarette smoking, and lifetime 
alcohol history. After occupation was removed from the Model 3 final adjusted model, the 
low plus high Ranch Hand versus Comparison contrast was nonsignificant (Appendix 
Table 0-3-lO(a): p=0.161). 

None of the unadjusted or adjusted analyses of Models 4 through 6 revealed a 
significant relationship between current dioxin and the CD4-CD8 ratio (Table 19-13(g,h): 
p > 0.33). Each of Models 4 through 6 were adjusted for age and current alcohol use. 

Double Labelled Cells: CD3 with CD25 

The unadjusted Model 1 analysis of CD3 with CD25 revealed no significant differences 
between Ranch Hands and Comparisons (Table 19-14(a): p>0.10 for all occupational 
categories). In the adjusted analysis, the group-by-occupation interaction was significant 
(Table 19-14(b): p=0.029). The difference in CD3 with CD25 means between Ranch Hands 
and Comparisons was significant for enlisted flyers (p=0.022) but not for officers and 
enlisted flyers (p=0.783 and p=0.185 respectively). Among the enlisted flyers, the adjusted 
CD3 with CD25 means were 190.6 cells/mm3 for Ranch Hands and 229.4 cells/mm3 for 
Comparisons. After removing the group-by-occupation interaction, there was no significant 
difference between all Ranch Hands and Comparisons (p=0.949). Significant covariates 
retained in the adjusted model were race, current cigarette smoking, and lifetime cigarette 
smoking history. 

In Model 2, the association between initial dioxin and CD3 with CD25 was not 
significant for the unadjusted and adjusted analyses (Table 19-14(c,d): p=0.891 and 
p=0.422). Covariates retained in the final adjusted model were race, current cigarette 
smoking, and the physical activity index. 

No significant results were found in the unadjusted Model 3 analysis of CD3 with CD25 
(Table 19-14(e): p>0.61 for all contrasts). The adjusted model contained significant 
interactions of categorized dioxin with occupation, lifetime cigarette smoking history, and 
lifetime alcohol history (Table 19-14(f): p=0.008, p=0.023, and p=0.004). Stratified 
results, investigating these interactions, are presented in Appendix Table 0-2-11. After 
removing the interactions from the final model, no significant results were found (p>0.45 
for all contrasts). Race and current cigarette smoking also were significant covariates in the 
adjusted model. 
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Table 19-14. 
Analysis of Double Labelled Cells: CD3 with CD25 (cells/mm3

) 

: ;; ( :a) .MODEL·l: RANCHBANDSVS~ COMPARISONS - UNADJUSTED: . 

Occupiitionil 
Category 

Difference of Means 
Grollp' D (95% eJ;)c p-Valued 

All Ranch Hand 367 202.6 0.3 - 0.966 
Comparison 482 202.3 

Officer Ranch Hand 154 195.9 14.1 - 0 .250 
Comparison 176 181.9 

Enlisted Flyer Ranch Hand 66 175.2 -31.8 -- 0.151 
Comparison 83 207.0 

Enlisted Groundcrew Ranch Hand 147 226.0 21.8 -- 0.102 
Comparison 223 204.2 

b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Adj. Difference of Adj • . 
Category · Group n •Meanae Means :(95% C.I.)c · p-Valued Covariate ·Remarki 

All Ranch Hand 367 218.8** o.s-•• 0.949** GROUP*OCC 
Comparison 481 218.3** (p=0.029) 

Officer Ranch Hand 154 217.8 3.1 -- 0.783 
RACE (p=0.014) 

Comparison 176 214.6 CSMOK (p<0.001) 
PACKYR (p=0.001) 

Enlisted Ranch Hand 66 190.6 -38.8 -- 0.022 
Flyer Comparison 83 229.4 

Enlisted Ranch Hand 147 237.1 16.0 -- 0.185 
Groundcrew Comparison 222 221.1 

a Transformed from the natural logarithm scale. 

b Adjusted for examination group (batch-to-batch) variation. 

c Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 

d P-values based on difference of means on natural logarithm scale. 

e Adjusted for examination group (batch-to-batch) variation and covariates specified under "Covariate Remarks" 
column. 

f Covariates and associated p-values correspond to final model based on all participants with available data. 

** Group-by-covariate interaction (0.01 <p~0.05); adjusted mean, difference of adjusted means, and p-value 
derived from a model fined after deletion of this interaction; refer to Appendix Table 0 -2-11 for further 
analysis of this interaction. 
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Table 19-14. (Continued) 
Analysis of Double Labelled Cells: CD3 with CD25 (cells/mm3

) 

. :\"' ... 
c) MODEL 2: RANCH HANDS- :INITIAL DIOXIN - UNADJUSTED 

lnitiahDio.xin Category Summary Statistics Analysis Results for Logz (lnifial.Dioxin)b 

Initial Dioxin ~:;.;~ n Mean" 

Low 64 186.0 

Medium 67 206.0 

High 72 201.3 

Adj. 
Meaati' 

188.9 

209.7 

198.1 

0.511 

SJope 
(Std. Enor)C 

0.005 (0.038) 

p-Value. 

0.891 

d) MODEL 2: RANCH BANDS - INITIAL DIOXIN - AD.JUSTED 

Initial Dioxin Category Summary 
Statistics 

Adj. 
Initial Dioxin n M~ 

Low 64 225.9 

Medium 67 223.9 

High 72 210.2 

a Transformed from natural logarithm scale. 

Analysis Results for ·1..og1 (Initial Dioxin)d 

Adj. Slope 
lt2 (Std. Error)c p-Value 

0.587 -0.029 (0.036) 0.422 

Covariate Remarks 

RACE (p=0.078) 
CSMOK (p=0.001) 

PHYACT (p=0.087) 

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and examination group (batch-to-batch) variation. 

c Slope and standard error based on natural logarithm of CD3 with CD25 cells versus log2 (initial dioxin). 

d Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, examination group (batch-to-batch) variation, and covariates 
specified under "Covariate Remarks" column. 

Note: Low = 39-98 ppt; Medium = > 98-232 ppt; High = > 232 ppt. 
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Table 19-14. (Continued) 
Analysis of Double Labelled Cells: CD3 with CD25 (cells/mm3

) 

e) MODEL 3 .: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - lJNADJUSTED 

Difference of Adj. 
Adj. ·· Mean vs. Compamons 

Dioxin Category n Meua Mean» (95% C.J.)C p-VaJued 

Comparison 404 196.l 196.0 

Background RH 141 199.7 201.1 5.1 - 0.635 

Low RH 95 193.2 193.7 -2.3 - 0.850 

High RH 108 203.5 202.0 6.0- 0.614 

Low plus High RH 203 198.6 198.1 2.1 - 0.827 

f) MODEL 3: RANCH BANDS AND COMPARISONS BY DIOXIN CATEGORY.- ADJUSTED 

Difference of AcJj. 
Adj • . Mean vs. Comp&risons 

Dioxin Category D ·Meanac (95% C.J.)C p-Valued Covariate Remarks 

Comparison 399 212.7** DXCAT*OCC (p=0.008) 
DXCAT*PACKYR 

Background RH 139 221.1 ** 8.4 -** 0.456** (p=0.023) 
DXCAT*DRKYR 

Low RH 94 211.6** -1.1 --** 0.931** (p=0.004) 

High RH 106 215.3** 2.6 -** 0.827** RACE (p=0.043) 
CSMOK (p<0.001) 

Low plus High RH 200 213.5** 0.8 -** 0.926** 

a Transformed from natural logarithm scale. 

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and examination group (batch-to-batch) variation. 

c Difference of adjusted means after transformation to original scale; confidence interval on difference of 
adjusted means not presented because analysis was performed on natural logarithm scale. 

d P-value is based on difference of means on natural logarithm scale. 

e Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, examination group (batch-to-batch) variation, and covariates 
specified under "Covariate Remarks" column. 

** Categorized dioxin-by-covariate interactions (p s;0.05); adjusted mean, difference of adjusted means, and 
p-value derived from a model fitted after deletion of these interactions; refer to Appendix Table 0-2-11 for 
further analysis of these interactions. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin s; 10 ppt. 
Background (Ranch Hand): Current Dioxin s; 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin s; 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 19-14. (Continued) 
Analysis of Double Labelled Cells: CD3 with CD25 (cells/mm3

) 

g) MODELS 4, 5, AND 6: RANCH HANDS - CURRENT DIOXIN - UNADJUSTED 

Current Dioxin Category Analysis Results for Log2 
Meanab/(n) (Current Dioxin+ 1) 

Slope 
ModeJC Low Mediuio High R1 (Std. E1TOr)d p-Value 

4 186.0 207.7 193.1 0.365 -0.007 (0.023) 0.750 
(116) (107) (121) 

5 194.6 192.3 199.1 0.365 -0.004 (0.020) 0.859 
(112) (116) (116) 

6e 199.4 192.9 195.3 0.372 -0.018 (0.022) 0.414 
(112) (116) (116) 

h) MODEIS 4, 5, AND 6: RANCH HANDS - CURRENT DIOXIN - ADJUSTED 

Current Dioxin Category Analysis Results for Log2 

Adjusted Meanaf/(n) (CUJTeDt Dioxin + 1) 

Adj. Slope 
Modef Low Medium High Rz (Std. Error)d p-Value Covariate Remarks 

4 206.6 229.7 213.3 0.449 -0.005 (0.022) 0.826 RACE (p=0.066) 
(116) (107) (121) CSMOK (p<0.001) 

PACKYR (p=0.013) 

5 221.1 212.6 224.2 0.449 -0.000 (0.019) 0.986 RACE (p=0.068) 
(112) (116) (116) CSMOK (p <0.001) 

PACKYR (p=0.012) 

6e 220.4 209.5 211.4 0.471 -0.017 (0.020)** 0.397** CURR*PACKYR (p=0.042) 
(112) (116) (116) RACE (p=0.061) 

CSMOK (p<0.001) 
PHYACT (p=0.098) 

a Transformed from natural logarithm stale. 

b Adjusted for examination group (batch-to-batch) variation. 

c Model 4: Log2 Oipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 
Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

d Slope and standard error based on natural logarithm of CD3 with CD25 cells versus log2 (current dioxin + 1). 

e Adjusted for log2 total lipids. 

r Adjusted for examination group (batch-to-batch) variation and covariates specified under "Covariate Remarks" 
column. 

** Log2 (current dioxin + 1)-by-covariate interaction (0.01 <p~0.05); adjusted mean, adjusted slope, standard 
error, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix 
Table 0-2-11 for further analysis of this interaction. 

Note: Model 4: Low = ~ 8.1 ppt; Medium= >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = ~ 46 ppq; Medium = >46-128 ppq; High = > 128 ppq. 
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No significant associations between current dioxin and CD3 with CD25 were found in 
the unadjusted and adjusted analyses of Models 4, 5, and 6 (Table 19-14(g,h): p>0.39 for 
all analyses). The adjusted Model 6 analysis revealed a significant current dioxin-by-lifetime 
cigarette smoking history interaction (p=0.042). Stratified results are presented in Appendix 
Table 0-2-11. Race, current cigarette smoking, and lifetime cigarette smoking were 
included inlhe adjusted analyses for Models 4 and 5. In Model 6, race, current cigarette 
smoking, and the physical activity index were retained in the final model. 

Double Labelled Cells: CDS with CD20 Cells 

Because 4. 7 percent (40/849) of the CD5 with CD20 measurements were 0 cells/mm3, 

the analysis was conducted in two parts. First, the proportion of CD5 with CD20 cell counts 
equal to 0 was examined for an association with exposure. Second, only nonzero 
measurements were explored for an association with exposure. 

For Model 1 analysis, no associations between the proportion of CD5 with CD20 cell 
counts equal to zero and group were observed (Table 19-15(al,bl): pe?:0.31). 

Based on the nonzero CD5 with CD20 cells counts, the Model 1 unadjusted analysis 
detected a significant difference between Ranch Hand and Comparison enlisted groundcrew 
(Table 19-15(a2): p=0.046). Ranch Hand enlisted groundcrew had a significantly higher 
mean CD5 with CD20 cell count (65.2 cells/mm3) than Comparison enlisted groundcrew 
(54.7 cells/mm3). However, after adjusting for age and current alcohol use, the Model 1 
results were nonsignificant (Table 19-15(b2): p>0.16 for all contrasts). 

The unadjusted Model 2 analysis of the dichotomized CD5 with CD20 cell counts was 
nonsignificant (Table 19-15(c2): p=0.248). However, after adjusting for current cigarette 
smoking, lifetime cigarette smoking history, and lifetime alcohol history, the Model 2 
analysis showed a marginally significant negative association between the proportion of zero 
CD5 with CD20 cell counts and initial dioxin (Table 19-15(dl): p=0.068, Adj. RR=0.57). 

The Model 2 unadjusted and adjusted analyses did not reveal a significant association 
between nonzero CD5 with CD20 measurements and initial dioxin (Table 19-15(c2,d2): 
p>0.13). The Model 2 analysis was adjusted for age, current cigarette smoking, lifetime 
cigarette smoking history, current alcohol use, and the physical activity index. 

No significant associations were found between the proportion of zero CD5 with CD20 
cell counts and categorized dioxin or current dioxin (Table 19-15(el-hl): p>0.12 for all 
unadjusted and adjusted contrasts). 

The Model 3 unadjusted analysis detected a marginally significant difference in mean 
CD5 with CD20 cell counts between Ranch Hands in the high initial dioxin category and 
Comparisons (Table 19-15(e2): p=0.084, 59.2 cells/mm3 versus 50.6 cells/mm3 

respectively). After adjusting for age and current alcohol use, the Model 3 results were 
nonsignificant (Table 19-15(t'2): p>0.11). 
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Table 19-15. 
Analysis of Double Labelled Cells: CDS with CD20 

(Zero vs. Nonzero) 

·al) MODEL 1: RANCH HANDS VS. COMPARISONS- UNADJUSTED 
:.:.:-:::: . . 
.·.··.·:·::···: 
·:~::::::·:;-. 

Occupational Pen:ait Est. Relative Risk 
Category Group n Zero (95% C.L) p-Value 

AU Ranch Hand 367 5.2 1.20 (0. 64,2.26) 0.693 
Comparison 482 4.4 

Officer Ranch Hand 154 6.5 1.04 (0.43,2.52) 0.999 
Comparison 176 6.2 

Enlisted Flyer Ranch Hand 66 3.0 0.62 (0.11,3.48) 0 .895 
Comparison 83 4.8 

Enlisted Groundcrew Ranch Hand 147 4.8 1.81 (0.60,5.49) 0.441 
Comparison 223 2.7 

bl) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Adj. Relative Imk 
Category (95% C.I.) p-Valne Covariate Remarks' 

All 1.18 (0.62,2.24) 0.625 AGE (p<0.001) 

Officer 1.06 (0.43,2.61) 0 .906 
PACKYR (p=0.033) 
CSMOK (p=0.080) 

Enlisted Flyer 0.64 (0.11,3.64) 0 .613 ALC (p = 0.138) 

Enlisted Groundcrew 1.80 (0.58,5 .60) 0 .310 

a Covariates and associated p-values correspond to final model based on all participants with available data. 
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Occupational 
Category 

AU 

Officer 

Enlisted Flyer 

.. 
Table 19-15. (Continued) 

Analysis of Double Labelled Cells: CDS with CD20 (cells/mm3) 

(Nonzero Measurements) 

a2) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

i::=J ... :.· 
DitTerence of Means 

Group n Mean• (95% C.l.)b 

Ranch Hand 348 54.2 2.4-
Comparison 461 Sl.8 

Ranch Hand 144 47.9 3.6 -
Comparison 165 44.3 

Ranch Hand 64 48.0 -2.6 -
Comparison 79 50.6 

Enlisted Groundcrew Ranch Hand 140 65.2 10.5 -
Comparison 217 54.7 

.. ·.·:·· b2) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Adj. Difference of Adj. 

p-Valuec 

0.424 

0.430 

0 .802 

0 .046 

::· 

Category Group n Mean.a Means (95% C.l&)b p-Valuec. Covariate Remamc1 

AU Ranch Hand 34S SS.I 4.2- 0.162 AGE (p < 0 .001) 
Comparison 4S6 S0.9 ALC (p=0.006) 

Officer Ranch Hand 144 52.8 4.4 -- 0.342 
Comparison 163 48.4 

Enlisted Ranch Hand 62 53.0 -0.6 -- 0.939 
Flyer Comparison 79 53.6 

Enlisted Ranch Hand 139 58.6 6.6 - 0 .174 
Groundcrew Comparison 214 52.1 

a Transformed from the natural logarithm scale. 

b Adjusted for examination group (batch-to-batch) variation. 

c Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 

d P-values based on difference of means on natural logarithm scale. 

c Adjusted for examination group (batch-to-batch) variation and covariates specified under "Covariate Remarks" 
column. 

f Covariates and associated p-values correspond to final model based on all participants with available data. 

Note: Analysis based on measurements above 0 cells/mm3 only. 
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Table 19-15. (Continued) 
Analysis of Double Labelled Cells: CDS with CD20 

(Zero vs. Nonzero) 

<=:·=:: ct) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

Initial Dioxin Category Summary Stamtks 

Percent 

Analysis Results for Log2 (Initial Dio:xin)2 

Estimated Relative Risk 
Initial Dioxin n Zero (95% C.I.)b ~Value 

Low 64 7.8 0 .72 (0.41,1.29) 0.248 

Medium 67 6.0 

High 72 4.2 

dl) MODEL 2: RANCH BANDS - .INITIAL DIOXIN - ADJUSTED 

Analysis Results for Logz (Initial Dioxin)c 

D Adj. Relative Risk (95% C.J.)b p-Valoe 

200 0.57 (0.30,1.09) 0.068 

Covariate Remarks 

PACKYR (p < 0.001) 
DRKYR (p=0.087) 
CSMOK (p=0.008) 

a Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

b Relative risk for a twofold increase in initial dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

Note: Low = 39-98 ppt; Medium = > 98-232 ppt; High = > 232 ppt. 
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Table 19-15. (Continued) 
Analysis of Double Labelled Cells: CDS with CD20 (cells/mm3

) 

(Nonzero Measurements) 

c2) MODEL 2: RANCH HANDS- INITIAL DIOXIN- UNADJUSl'ED 

Initial Dioxin Category Summary Statistics Analysis Results for Logz (lnim.l Dioxin)b 

·Initial Dioxin D Meer 
Low 59 48.l 

Medium 63 59.4 

High 69 64.1 

Adj. 
Mean1111 

49.6 0.457 

61.4 

62.0 

Slope 
(Std. Ermr)c 

0.089 (0.058) 

~Value 

0.131 

d2) MODEL l: RANCH HANDS - lNITIAL DIOXIN - AD.JUSTED 

Initial .Dioxin Category Summary 
Statistics 

·~:···: ,.: .... :: Aoal_ysb Results ·for Log2 (lnitialDioxin)d 

Adj. 
Initial Dioxin n Meanad 

Low 59 62.4 

Medium 62 57.9 

High 68 52.0 

a Transformed from natural logarithm scale. 

' :~ .. 

Adj. Slope 
(Std. Error)c p-Value 

0.533 -0.040 (0.066) 0.542 

Covariate Remarks 

AGE (p=0.066) 
CSMOK (p=0.030) 

PACKYR (p=0.117) 
ALC (p=0.038) 

PHYACT (p=0.134) 

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and examination group (batch-to-batch) variation. 

c Slope and standard error based on natural logarithm of CD5 with CD20 versus log2 (initial dioxin). 

d Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, examination group (batch-to-batch) variation, and covariates 
specified under "Covariate Remarks" column. 

Note: Analysis based on measurements above 0 cells/mm3 only. 
Low = 39-98 ppt; Medium = > 98-232 ppt; High = > 232 ppt. 
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Table 19-15. (Continued) 
Analysis of Double Labelled Cells: CDS with CD20 

(Zero vs. Nonzero) 

el) MODE{):3: 'RANCH~. ANDCOMPARISONS'BYDIOXIN CATEGORY - >PNADJUSTED 
.:_ :::::-._-::°}:_:::::.: 

nioxin:.cat~& :. :::,:;\Jt::i 
Comparison 

Background RH 

Low RH 

High RH 

Low plus High RH 

n ·. 

404 

141 

95 

108 

203 

.. ·. Percent 

Zero 

4.5 

2.8 

8.4 

3.7 

5.9 

:Est• Relative Risk 
· (95% C~I~rt' 

0 .52 (0.17,1.58) 

1.96 (0.81,4.72) 

0.96 (0.31,2.93) 

1.45 (0.68,3.12) 

0.246 

0.134 

0.939 

0.338 

fl) 'MODEL3: \RANCH HANDS :ANDCOMPARISONSBYDIOXIN CATEGORY..,.... ADJUs'.tED· 

Adj~ Relative Risk 
-:.· 

;.<·"-, 

DioXin alt~ry > .·. D (9.5%c}f~)ac p-Value Covariate RemarkS 
Comparison 400 AGE (p<0.001) 

PACKYR (p=0.010) 

Background RH 140 0.49 (0.16,1.53) 0.219 CSMOK (p=0.072) 

Low RH 95 2.05 (0.82,5.13) 0.126 
ALC (p=0.078) 

High RH 106 1.29 (0.41,4.07) 0.666 

Low plus High RH 201 1.70 (0.77,3.77) 0.187 

a Relative risk and confidence interval relative to Comparisons. 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin :s; 10 ppt. 
Background (Ranch Hand): Current Dioxin :s; 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin :s; 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 19-15. (Continued) 
Analysis of Double Labelled Cells: CDS with CD20 (cells/mm3) 

(Nonzero Measurements) 

e.2) MODEL 3: .RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Difference of Adj. 
Adj. Mean 'VS. Comparisons 

Dioxin Category n Mean1 Meanab (95~ CJ.t ~Valued 

Comparison 386 49.7 50.6 

Background RH 137 48.5 49.8 -0.8 - 0.842 

Low RH 87 50.3 51.8 1.2 - 0.808 

High RH 104 58.8 59.2 8.6 - 0.084 

Low plus High RH 191 54.8 53.7 5.1 - 0.189 

fl) MODEL 3: RANCH BANDS AND COMPARISONS BY DIOXIN CATEGORY - AD.JUSTED 

Difference or Acij. 
Adj. Mean vs. Comparisons 

Dioxin Category D . Meanae (95% C.I.)c p-Valued. Covariate Remarks 

Comparison 382 49.7 AGE (p<0.001) 
ALC (p=0.007) 

Background RH 136 51.4 1.7 - 0.681 

Low RH 87 56.2 6.5 - 0.207 

High RH 102 55.2 5.5 - 0.242 

Low plus High RH 189 55.7 6.0 - 0.115 

a Transformed from natural logarithm scale. 

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and examination group (batch-to-batch) variation. 

c Difference of adjusted means after transformation to original scale; confidence interval on difference of 
adjusted means not presented because analysis was performed on natural logarithm scale. 

d P-value is based on difference of means on natural logarithm scale. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, examination group (batch-to-batch) variation, and covariates 
specified under "Covariate Remarks" column. 

Note: Analysis based on measurements above 0 cells/mm3 only. 
RH = Ranch Hand. 
Comparison: Current Dioxin :s; 10 ppt. 
Background (Ranch Hand): Current Dioxin :s; 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin s; 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 19-15. (Continued) 
Analysis of Double Labelled Cells: CDS with CD20 

(Zero vs. Nonzero) 

gl) .MODEIS 4, 51 AND 6: RANCH HANDS - CURRENT DIOXIN - UNADJUSTED 
- ." Cunent Dioxin Category Analysis Results ror.Logz 

Percent Zero/(o) (Con:ent Dioxin + 1) .:· ... 

Est. Relative Risk 
Model a Low Medium High (95% C.J.)b p-Val.ue 

4 2.6 6.5 5.0 1.04 (0.73,1.47) 0.834 
(116) (107) (121) 

5 3.6 4.3 6.0 1.06 (0.78,1.44) 0 .699 
(112) (116) (116) 

6c 3 .6 4.3 6.0 1.03 (0.74,1.43) 0 .883 
(112) (116) (116) 

bl) MODELS 4, 5, AND 6: RANCH HANDS - CURRENT DIOXIN - ADJUSTED 

Analysis Results for Loli (Current Dioxin + 1) 

ModeP 
Adj. Relative Risk 

(95% C.I.)b p-Value 

4 344 1.02 (0.72,1.44) 0 .912 

5 344 1.05 (0.78,1.42) 0.738 

344 1.00 (0.72,1.39) 0.367 

a Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5 : Log2 (whole-weight current dioxin + 1). 

Covariate Remarks 

PACKYR (p=0.054) 

PACKYR (p=0.054) 

PACKYR (p = 0.041) 

Model 6 : Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

b Relative risk for a twofold increase in current dioxin. 

c Adjusted for log2 total lipids. 

d Adjusted for log2 total lipids in addition to covariates specified under "Covariate Remarks" column. 

Note: Model 4 : Low = ~ 8.1 ppt; Medium= > 8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low= ~ 46 ppq; Medium = >46-128 ppq; High = > 128 ppq. 

19-83 

.,. 



=··· 
" 

Table 19-15. (Continued) 
Analysis of Double Labelled Cells: CDS with CD20 (cells/mm3) 

(Nonzero Measurements) 

/< ,.gl) MODELS 4, St. AN.D6: .RANCH:HANDS -::- •,CURRENT:DIOXIN - UNAD.JUSTEiD ··•·. 

4 

5 

48. l 
(113) 

50.9 
(108) 

51.7 
(108) 

CUIT,t:~~;~eg~IY ····.•· .. ·.··.·.:.:.••.=:.•.:.·.···.··········.··.· .. '.·.i.·.·.·.·.·.·.·.;.: . .··.·. :~:··::·:· . :;:. ·. ::::·: 
:·::::;:;:;:;:.·. ··.·.·.•.·.;.·.·.···· . . .... 

•tL: ·.· .. ·.·•.• .... •.:.•M<.·:. 2./-»: ·.·um···· 
~;~J;~: }~. CUI 

.... rmJ·< 
48.8 62.7 
(100) (115) 

45.0 
(111) 

45. l 
(111) 

65.6 
(109) 

64.7 
(109) 

. Analysis Results for Logi 

::::: tf::_....... (CUITellt Dioxin + 1) ./ 

0.274 

0.275 

0 .276 

Slope 
(Std~ Em>r)d 

0.078 (0.033) 

0 .069 (0.028) 

0 .062 (0.031) 

~Value 

0.017 

0 .016 

0.044 

. . h2) MODELS4~ S, AND(): RANCH HANDS ...;... CURRENT DIOXIN- ADJUSTED : 
Current Diom cirtegory . 

Acljusted M~/(n) . 
.. 
:::::::-"· :. 

ModeJC/ .Low Medium ,< .· High 

4 48.2 51.8 60.0 
(112) (100) (113) 

5 50.9 47.0 63.9 
(107) (111) (107) 

6e 51.8 47 .2 62.7 
(107) (111) (107) 

...::::::·;:rnm•t'J\t•< · A~=esi:s:X:~~ 
··.>Adj.SI~ 

·. R2 ·. {Std. Error)4 ~Value • 

0.321 0.063 (0.033) 0.060 

0.322 0.058 (0.029) 0.044 

0.324 0.048 (0.031) 0.120 

:·: . 

Covariate Rt.Darks . 
AGE (p=0.012) 
ALC (p=0.002) 

AGE (p=0.011) 
ALC (p=0.002) 

AGE (p=0.010) 
ALC (p=0.002) 

a Transformed from natural logarithm. scale. 

b Adjusted for examination group (batch-to-batch) variation. 

c Model 4 : Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 
Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

d Slope and standard error based on natural logarithm. of CDS with CD20 versus log2 (current dioxin + 1). 

e Adjusted for log2 total lipids. 

f Adjusted for examination group (batch-to-batch) variation and covarites specified under "Covariate Remarks" 
column. 

Note: Analysis based on measurements above 0 cells/mm3 only. 
Model 4 : Low = ~ 8.1 ppt; Medium= >8.1-20.5 ppt; High = > 20.5 ppt. 
Models 5 and 6: Low = ~ 46 ppq; Medium = >46-128 ppq; High = > 128 ppq. 
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The unadjusted analyses of Models 4 through 6 each displayed a significant positive 
association between nonzero CD5 with CD20 cell counts and current dioxin (Table 
19-15(g2): p = 0.017, p=0.016, and p=0.044 respectively). For Model 4, the unadjusted 
mean CD5 with CD20 cell counts for the low, medium, and high current dioxin categories 
were 4S.l, 4S.S, and 62.7 cells/mm3

; for Model 5 the corresponding means were 50.9, 45.0, 
and 65.6 cells/mm3; and for Model 6 the means were 51.7, 45.1, and 64.7 cells/mm3• 

Similarly, the adjusted analysis of Model 4 revealed a marginally significant positive 
association between nonzero CD5 with CD20 cell counts and Model 5 displayed a significant 
positive association (Table 19-15(h2): p=0.060 and p=0.044 respectively). The adjusted 
Model 4 means for the low, medium, and high current dioxin categories were 4S.2, 51.S, 
and 60.0 cells/mm3

• Similarly, the Model 5 adjusted means were 50.9, 47.0, and 63 .9 
cells/mm3• The adjusted Model 6 analysis was nonsignificant (p =0 .120). Models 4 through 
6 were adjusted for age and current alcohol use. 

Double Labelled Cells: CD4 with CDS Cells 

Because 10.6 percent (90/849) of the CD4 with CDS measurements were 0 cells/mm3, 

the analysis was conducted in two parts. First, the proportion of CD4 with CDS cell counts 
equal to 0 was examined for an association with exposure. Second, only nonzero 
measurements were explored for an association with exposure. 

For the first analysis, no associations between the proportion of CD4 with CDS 
measurement equal to zero and group, initial dioxin, or current dioxin were observed 
(Table 19-16(al-hl): p>0.26). The Model 2 adjusted analysis did detect significant 
interactions between initial dioxin and race and between initial dioxin and current cigarette 
smoking (Table 19-16(dl): p=0.016 and p=0.028). Stratified analyses of these interactions 
are presented in Appendix Table 0-2-12. 

Similarly, the analysis based on nonzero CD4 with CDS cell counts did not find any 
significant associations with group, initial, or current dioxin (Table 19-16(a2-h2): p > 0.19 
for all analyses) . The Model 2 adjusted analysis detected a significant interaction between 
initial dioxin and lifetime alcohol history Table 19-16(d2): p=0.020), and the Model 3 
adjusted analysis detected significant categorized dioxin-by-age, categorized dioxin-by-race 
and categorized dioxin-by-occupation interactions (Table 19-16(f2): p=0.001 , p=0.031 , and 
p=0.029 respectively). Stratified analyses of each of these interaction are presented in 
Appendix Table 0-2-12. 

Double Labelled Cells: CD3 with CD16+ 56 Cells 

Because 3.4 percent (29/849) of the CD3 with CD16+56 measurements were 0 
cells/mm3, the analysis was conducted in two parts. First, the proportion of CD3 with 
CD16+56 cell counts equal to 0 was examined for an association with exposure. Second, 
only nonzero measurements were explored for an association with exposure. 

For Model 1, no associations between the proportion of CD3 with CD16+56 cell 
counts equal to zero and group were observed (Table 19-17(al ,bl): p>0.32). 
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Table 19-16. 
Analysis of Double Labelled Cells: CD4 with CDS 

(Zero vs. Nonzero) 

al) MODEL 1: RANCH .HANDS VS. COMPARISONS - UNADJUSTED 

Occupational Percent Ea. Relative Risk 
Category Group n Zero (95~ C.I.) p-Value 

All Ranch Hand 367 10.6 1.01 (0.65,1.56) 0.999 
Comparison 482 10.6 

Officer Ranch Hand 154 11.0 1.09 (0.54,2.20) 0.952 
Comparison 176 10.2 

Enlisted Flyer Ranch Hand 66 9.1 1.98 (0.53, 7 .31) 0.480 
Comparison 83 4.8 

Enlisted Groundcrew Ranch Hand 147 10.9 0.82 (0.43,1.56) 0.654 
Comparison 223 13.0 

bl) MODEL l: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Adj. Relative Risk 
Category (95% C.I.) p-Value Covariate~ 

All 1.04 (0.67,1.62) 0.864 AGE (p=0.005) 

Officer 1.14 (0.56,2.30) 0 .723 

Enlisted Flyer 2.12 (0.57,7.88) 0.263 

Enlisted Groundcrew 0.80 (0.42,1.54) 0.505 

a Covariates and associated p-values correspond to final model based on all participants with available data. 
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Occupational 
Category 

All 

Officer 

Enlisted Flyer 

Table 19-16. (Continued) 
Analysis of Double Labelled Cells: CD4 with CDS (cells/mm3) 

(Nonzero Measurements) 

a2)MODEL1: RANCH HANDS VS. COMPARISONS - UNADJUsrED 

Difference of Means 
Group n Mean• (95% C.I.)b 

Ranch Hand 328 30.0 -0.5-
Comparison 431 30.5 

Ranch Hand 137 29.0 -1.6 -
Comparison 158 30.6 

Ranch Hand 60 30.5 1.1 --
Comparison 79 29.4 

p-Valuec 

0.765 

0.498 

0 .733 

Enlisted Groundcrew Ranch Hand 131 30.9 0 .1 - 0 .946 
Comparison 194 30.8 

b2) MODEL I: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Adj. Difference of Adj. 
Category Group D Meana Means (95% C.J.)b p-Valuec Covariate Remartsd 

AU Ranch Hand 328 30.0 -0.4- 0.769 AGE (p=0.059) 
Comparison 430 30.4 CSMOK (p < 0.001) 

Officer Ranch Hand 137 28.9 -1.5 -- 0.498 
PACKYR (p=0.030) 

Comparison 158 30.4 

Enlisted Ranch Hand 60 29.7 0 .7 - 0.814 
Flyer Comparison 79 29.0 

Enlisted Ranch Hand 131 31.3 0.2 -- 0.927 
Groundcrew Comparison 193 31.1 

a Transformed from the natural logarithm scale. 

b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 

c P-values based on difference of means on natural logarithm scale. 

d Covariates and associated p-values correspond to final model based on all participants with available data. 

Note: Analysis based on measurements above 0 cells/mm3 only . 
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Low 

Medium 

High 

200 

Table 19-16. (Continued) 
Analysis of Double Labelled Cells: CD4 with CD8 

(Zero vs. Nonzero) 

64 

67 

72 

12.5 

7.5 

13.9 

. . . . .... . 

0.93 (0.65,1.33) 0.686 

dl}MODELl:: RANCRHANDS--:JNfllAL DIOXIN - ADnJSTED 

0.96 (0.68,1.37)** 0.829** INIT*RACE (p=0.016) 
INIT*CSMOK (p=0.028) 

DRKYR (p=0.087) 

a Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

b Relative risk for a twofold increase in initial dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

** Log2 (initial dioxin)-by-covariate interactions (0 .01 <p:5;0.05); adjusted relative risk, confidence interval, 
and p-value derived from a model fitted after deletion of these interactions; refer to Appendix Table 0-2-12 
for further analysis of these interactions. 

Note: Low = 39-98 ppt; Medium = > 98-232 ppt; High = >232 ppt. 
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Low 

Medium 

High 

Table 19-16. (Continued) 
Analysis of Double Labelled Cells: CD4 with CDS (cells/mm3) 

(Nonzero Measurements) 

56 

62 

62 

25.6 

27.3 

28.7 

25.7 

27.4 

28.6 

0.006 0.036 (0.037) 

Initial Dioxlli ·riategoiY Sul'nnimy : 
> ~cs ..... . 

Adj~ <: 
I .. Mean¥ 

. Adj. Slope .Jl1 
( 

· (s..t Error)c · P.va1ue 

0.337 

Low 56 

60 

61 

26.4** 

27.5** 

27.1** 

0 .107 0.018 (0.037)** 0.628** INIT*DRKYR (p=0.020) 

Medium 
CSMOK (p=0.008) 

High 

a Transformed from natural logarithm scale. 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Slope and standard error based on natural logarithm of CD4 with CD8 versus log2 (initial dioxin). 

d Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

** Log2 (initial dioxin)-by-covariate interaction (0.01 <p~0.05); adjusted mean, adjusted slope, standard error, 
and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table 0-2-12 for 
further analysis of this interaction. 

Note: Analysis based on measurements above 0 cells/mm3 only. 
Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt. 
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Table 1'-16. (Continued) 
Analysis of Double Labelled Cells: CD4 with CDS 

(Zero vs. Nonzero) 

:.·: et) .:M()DEL:J: .. RANCJI: :~. AND COMPARISONS BY DIOXIN CATEGORY '.-J:UNAD.JUSTED 
::::.:::>t~::::::::::::::::;:_ .-:. ·.• 

Dioxi.ll)cS:,f.~- , ·.·· .. ,.,,. .? Ii .·. 

Comparison 

Background RH 

Low RH 

High RH 

Low plus High RH 

404 

141 

95 

108 

203 

··:· .,"PeiCeJlt :::<::.:<::::::·,:: 

, .,zero , :::+: ,, 
10.6 

10.6 

10.5 

12.0 

11.3 

'F.st.. 'Relative Risk 
(95% C~I~r" . . ,. 

1-.-04 (0.55,1.96) 

1.03 (0.49,2.14) 

1.04 (0.53,2.05) 

1.04 (0.60, l. 79) 

0.905 

0.945 

0.902 

0.900 

D}'M()])EL 3: · RANCH~AND CO~ARISONS:BY mOXINiCATEGORY -'AD.JUSTED 
., .·:· ·: ·' .,. > : :Adj;;: Relative ,Risk 

Di~iiiJ.::C.~t~ ' ' '.!~'. . .. n ./ ./ · · (95% C~l~)ae ... ) p;.Value · 

Comparison 

Background RH 

Low RH 

High RH 

Low plus High RH 

404 

141 

95 

108 

203 

1.15 (0.61,2.18) 0.671 

1.18 (0.56,2.49) 0.662 

0.94 (0.48,1.86) 0.867 

1.04 (0.60,1.79) 0.893 

a Relative risk and confidence interval relative to Comparisons. 

.,,. iCovariate:Refuarks :·\·. 

AGE (p=0.017) 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Adjusted for percent body fat at the .time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

Note: RH =Ranch Hand. 
Comparison: Current Dioxin ::;; 10 ppt. 
Background (Ranch Hand): Current Dioxin ::;; 10 ppt. 
Low (Ranch Hand): CUrrent Dioxin > 10 ppt, 10 ppt < Initial Dioxin ::;; 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 19-16. (Continued) 
Analysis of Double Labelled Cells: CD4 with CDS (cells/mm3

) 

(Nonzero Measurements) 

X::.-:!-i.'.::::·:::.':: :;; :::•::::::::·:-.;:::;::ii··,!!::,;;:;_:::.::.:.::·:=--• l:l•~!J!!i!:-i:_,/_::f,:_,::·-··_,!'_,.:•-i __ ,:_,.::-:•_, •. ·,;_,i.•,;•_,~_:_._i,_:_=_:.·_._:_;_._•,_:_: __ :_i_i_i=_;_:_:_:._•_M·_i_i_!_i_J_i,a,:_!._,j,._:_,,_,:,J_, •. •,;,:_:: __ ,;_;=,_,i_·_-_,:_:_.•,.::•_'_•_•.·,:_,=:_,._-,!.•,•_,L_:_!:_i,·_,_~._-_-_:_._•_•ean·,:_•·_'._._,a_•: __ ._P_·=,:_:·_,_'._~_·_~_,·_,.:_,•_',•-_,.•_,•_,•_,;::_._,:,:_•,'._•_,/,:_,_,!_:_,J_,/_,J_,l_._i_._,/:_,iu_,._·,··::·-·::=,._'.,:,·_:,._-_,:_,;_,::_,·_,:_,;_,:-_,;,._-_,:_,··_,;_,:-_,:_,:·,: __ ,;_,;_,:_ieren::__:~_:_:_,i_s_-,:_••-_•_ .. ,· _,; _,L_:•:_•_,e, .. •-_:_:~ .• ,-_:.• .. ,i __ ,. _com. ,•·,• _-_•- ,• ___ -_:_., • . _.0,.,·I•·,•-_•. _•_r_~-·-~•--,'.:i>'_!_:_~_,c_,'.·_,;_,=_•·_, __ ,:·:,m __ ,:~:•-:_,•_=.• __ ,•,•_:· __ ,._,•.=,•_'._ •. _.: •. :_;_•_._-,ns_,:::_=_::_._! __ :,.-,: _,:_,:,•_•_,J_._i_,l,J_-,! __ :_=:,:_. __ ,J,i_.::-,1-.; ___ ·:•_:_::i,l_-_•_:i',:_-,:_•_:_._•_,•,i_=,:·_,;,/_• .• _.::;·_,i_,;_-_._·:_,J·_,;,:_ ,'._:_,J~_•_:=_·=_=,!._•,l_;.•_.,:•=•_i!_,_._.!_["_._!_._•_•_.-_.,~_ ... _:_i_i_J __ e: _:_!_._d _,•-:: _.:•_,_,:._-_.::_•_,:_,i,,_:: __ :_,[_:,._-_._•_,•._,•.-,:::-:::·::::: .;~~~-~!:~~rj'.:.=.:•_::•,•:::,:::.•.·::::::•:=•i::=::',·:'.=ii:··· ··•·:·•ij ·····-·· =tu~ :1u \"-_,.~ r./Y~-
Comparison 

Background RH 

Low RH 

High RH 

Low plus High RH 

361 

126 

85 

95 

180 

29.4 29.4 

31.5 31.7 

26.5 26.4 

27.9 27.9 

27.2 27.2 

2.35 --

-3.00 --

-1.46 --

-2.20 --

0.283 

0.190 

0.518 

0.211 

: · g)~9Plti!J·•~~:•:::~¢.·•~$'•~•·¢~~9~$•!'¥:••P~2~••@~~J:l¥@+•~$~P·•'i · 
.,,, =::::::: ;•·.:-~ ·: •• . :••=,-.,•.-_,•:._-=::··, :: @.::: :::• ••••=•••:•l=:::•;,=::::~~i~fitlii~~~ ·i::.J=.•]::::::I:•::::•( •:\:9: 7

: • : \• =:,:\t .,: • ... . ....... = =••:=I: 

_:;i::~i~ii••··:-:-:::: l!li//rnl!l!fi ii~!;~. · Mean~;:ru ... - re~~~ea l/!!/:i/J/!/j•/!•/i.:1¢~;~J::~~:;::;:;;:;•.:· 
Comparison 

Background RH 

Low RH 

High RH 

Low plus High RH 

360 31.8** 

126 34.8** 

85 29.0** 

95 29.7** 

180 29.4** 

a Transformed from natural logarithm scale. 

2.93 --** 

-2.86 --** 

-2.10 --** 

-2.46 --** 

0 .230** 

0.251** 

0.390** 

0.192** 

DXCAT*AGE (p=0.001) 
DXCAT*RACE (p=0.029) 
DXCAT*OCC (p=0.031) 

CSMOK (p<0.001) 
PACKYR (p=0.042) 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Difference of adjusted means after transformation to original scale; confidence interval on difference of 
adjusted means not presented because analysis was performed on natural logarithm scale. 

d P-value is based on difference of means on natural logarithm scale. 

e Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

** Categorized dioxin-by-covariate interactions (p :::;;0.05); adjusted mean, difference of adjusted means, and 
p-value derived from a model fitted after deletion of these interactions; refer to Appendix Table 0-2-12 for 
further analysis of these interactions. 

Note: Analysis based on measurements above 0 cells/mm3 only. 
RH = Ranch Hand. 
Comparison: Current Dioxin ::;:;; 10 ppt. 
Background (Ranch Hand): Current Dioxin ::;:;; 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin ::;:;; 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 19-16. (Continued) 
Analysis of Double Labelled Cells: CD4 with CDS 

(Zero vs. Nonzero) 

4 9.5 12.1 11.6 1.02 (0.81,1.29) 0.852 
(116) (107) (121) 

5 10.7 9.5 12.9 1.03 (0.84,1.27) 0 .763 
(112) (116) (116) 

10.7 
(112) 

9.5 
(116) 

12.9 
(116) 

1.02 (0.81,1.27) 0.884 

:.,, )}( ::''? 1i~FM0~~-'4FS:fm~.ND:=§f.?~qH'~s:s-,~.URRE~;l\DIO:Xl~_(_.:_ .AtJ.JY~-r.-'': ·::, :::=::::: 

i'l~~f ~'%11;r11:~i•iiiil!J;J~i;;~i1Wl;tj::r1~ 
4 339 0.97 (0.76,1.23) 0.769 AGE (p=0.045) 

5 339 0.98 (0.80,1.21) 

339 0.96 (0.77,1.21) 

a Model 4 : Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 

0.882 

0.736 

DRKYR (p=0.070) 

AGE (p=0.048) 
DRKYR (p=0.068) 

AGE (p=0.044) 
DRKYR (p=0.067) 

Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

b Relative risk for a twofold increase in current dioxin. 

c Adjusted for log2 total lipids. 

d Adjusted for log2 total lipids in addition to covariates specified under "Covariate Remarks" column. 

Note: Model 4: Low = ::;; 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = ::;; 46 ppq; Medium = >46-128 ppq; High = > 128 ppq. 
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Table 19-16. (Continued) 
Analysis of Double Labelled Cells: CD4 with CDS (cells/mm3

) 

(Nonzero Measurements) 

'""' :::•,•:·::'••:i:•:~)M~~=!f•i?i•H·i~i '!~iJIJ~Jti:i9~:~!9~.ift~~$1iP·::JP''':':::· 

4 

5 

6d 

4 

5 

6e 
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··:.. 31.3 27.6 27.8 0.002 -0.021 (0.027) 0.443 
(105) (94) (107) 

22.1 21.2 18.9 0.001 -0.021 (0.041) 0.614 
(112) (116) (116) 

22.4 21.3 18.6 0.001 -0.028 (0.044) 0 .522 
(112) (116) (116) 
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30.7 27.9 28.2 0.083 -0.011 (0.027) 0.697 AGE (p=0.071) 
(105) (94) (107) CSMOK (p<0.001) 

PACKYR (p=0.045) 

21.6 20.1 19.6 0.063 0.005 (0.041) 0.906 AGE (p=0.021) 
(Ill) (114) (114) CSMOK (p=0.001) 

DRKYR (p=0.103) 

22.0 20.2 19.2 0.064 -0.002 (0.044) 0.956 AGE (p=0.023) 
(Ill) (114) (114) CSMOK (p=0.001) 

DRKYR (p=0.103) 

a Transformed from natural logarithm scale. 

b Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 
Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

c Slope and standard error based on natural logarithm of CD4 with CD8 versus log2 (current dioxin + 1). 

d Adjusted for log2 total lipids. 

e Adjusted for log2 total lipids in addition to covariates specified under "Covariate Remarks" column. 

Note: Analysis based on measurements above 0 cells/mm3 only. 
Model 4: Low = :S; 8.1 ppt; Medium= >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = :S; 46 ppq; Medium= >46-128 ppq; High = > 128 ppq. 

~--
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Table 19-17. 
Analysis of Double Labelled Cells: CD3 with CD16+ 56 

(Zero vs. Nonzero) 

All 

Officer 

Enlisted Flyer . 

Enlisted Groundcrew 

All 

Officer 

Enlisted Flyer 

Enlisted Groundcrew 

Ranch Hand 367 
Comparison 482 

Ranch Hand 154 
Comparison 176 

Ranch Hand 66 
Comparison 83 

Ranch Hand 147 
Comparison 223 

1.29 (0.61,2.73) 

0.94 (0.32,2.80) 

1.40 (0.09,22.86) 

1.75 (0.57,5.35) 

3.8 
3.1 

3.9 
4.5 

1.5 
1.2 

4.8 
2.7 

p-Value 

0.503 

0.913 

0.814 

0.325 

··:;: ·.: }/\ttt::::: .. :. 
<·:~~it.Je . 

1.24 (0.59,2.59) 0.713 

0.85 (0.29,2.51) 0.985 

1.26 (0.08,20.56) 0.999 

1.81 (0.60,5.49) 0.441 

AGE (p=0.076) 
PACKYR (p=0.037) 

a Covariates and associated p-values correspond to final model based on all participants with available data. 
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Table 19-17. (Continued) 
Analysis of Double Labelled Cells: CD3 with CD16+56 Cells (cells/mm3

) 

(Nonzero Measurements) 

AU Ranch Hand 353 
Comparison 467 

Officer Ranch Hand 148 
Comparison 168 

Enlisted Flyer Ranch Hand 65 
Comparison 82 

Enlisted Groundcrew Ranch Hand 140 
Comparison 217 

Occ. . upati~:.;,;:1 . ·:.:.::···_:_·.:_<::.::·· . 
'· ·.. ..,..... . ::;: '< -:,:·<·.:. 

Category' . . :: /GJ:'-Oup . 
AU Ranch Hand 350 91.5 

Comparison 463 93.3 

Officer Ranch Hand 148 98.l 
Comparison 167 93.3 

Enlisted Ranch Hand 63 84.9 
Flyer Comparison 82 89.9 

Enlisted Ranch Hand 139 88.9 
Groundcrew Comparison 214 95.8 

a Transformed from the natural logarithm scale. 

b Adjusted for examination group (batch-to-batch) variation. 

72.2 
71.7 

74.8 
68.2 

77.3 
65.0 

64.8 
72.9 

-1.8-

4.8-

-5.0 -

-6.9 --

0.4-

6.6 -

12.3 --

-8.1 -

0.771 

0.637 

0.720 

0.475 

0.931 

0.449 

0.424 

0.465 

AGE (p<0.001) 
RACE (p<0.001) 

CSMOK (p=0.025) 
ALC (p=0.053) 

c Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 

d P-values based on difference of means on natural logarithm scale. 

e Adjusted for examination group (batch-to-batch) variation and covariates specified under "Covariate Remarks" 
column. 

f Covariates and associated p-values correspond to final model based on all participants with available data. 

Note: Analysis based on measurements above 0 cells/mm3 only . 
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Table 19-17. (Continued) 
Analysis of Double Labelled Cells: CD3 with CD16+56 

(Zero vs. Nonzero) 
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Low 

Medium 

High 

203 

64 

67 

72 

**** 

3.1 

1.5 

8.3 

1.60 (0.95,2.70) 

**** 

0 .070 

INIT*OCC (p=0.005) 
PHYACT (p=0 .046) 

a Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

b Relative risk for a twofold increase in initial dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

**** Log2 (initial dioxin)-by-covariate interaction (p::f0.01); adjusted relative risk, confidence interval, and 
p-value not presented; refer to Appendix Table 0-2-13 for further analysis of this interaction. 

Note: Low = 39-98 ppt; Medium= > 98-232 ppt; High = > 232 ppt. 
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Table 19-17. (Continued) 
Analysis of Double Labelled Cells: CD3 with CD16+ 56 Cells (cells/mm3

) 

(Nonzero Measurements) 

Low 

Medium 

High 

Low 

Medium 

High 

62 

66 

66 

62 

64 

65 

121.1 

122.4 

94.4 

79.0 

77.7 

60.0 

a Transformed from natural logarithm scale. 

81.6 

81.0 

58.3 

0.438 

0.523 -0.129 (0.081) 0.115 

-0.138 (0.071) 0.055 

occ (p=0.076) 
RACE (p=0.066) 

CSMOK (p=0.022) 
PACKYR (p=0.035) 
DRKYR (p=0.006) 

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and examination group (batch-to-batch) variation. 

c Slope and standard error based on natural logarithm of CD3 with CD16+56 versus log2 (initial dioxin). 

d Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, examination group (batch-to-batch) variation, and covariates 
specified under "Covariate Remarks" column. 

Note: Analysis based on measurements above 0 cells/mm3 only. 
Low = 39-98 ppt; Medium= >98-232 ppt; High = >232 ppt. 
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Comparison 

Background RH 

Low RH 

High RH 

Low plus High RH 

Table 19-17. (Continued) 
Analysis of Double Labelled Cells: CD3 with CD16+ 56 

(Zero vs. Nonzero) 

404 3.5 

141 2.8 0.79 (0.25,2.47) 

95 2.1 0 .62 (0.14,2.78) 

108 6.4 1.92 (0.74,4.96) 

203 4.4 1.30 (0.55,3.07) 

0.685 

0.529 

0.177 

0.553 

·/:):: fl):M~PEL:S:•·tltANcl(~/~CdMPARisQNS:BY::p10~ .cA.T¥GO~Y·'= ·AJ¥U$TEri · ; . 
. ::. ·='.•.• ·=·· ••:::: ... ·... == =· <>=·!:it:=:f~<ut:i!td#~v~t'!iS~J>:'·:·><ff,:<i::f:,<·rn =·:•::=> ::::•'''•.•·•,•.,·.· ··== ::.·.=.' :::··· 
. bioifu.: t~i~~· ·'='= · }\n Jf .:: · .·,. <!.?~ :~•I•~ · ·::::f:p.;ya1ue=,· ':l~~e,item.~·., .. 
Comparison 403 PACKYR (p=0.033) 

Background RH 141 0 .77 (0.25,2.41) 0.652 

Low RH 95 0 .70 (0.15,3 .17) 0.642 

High RH 108 1.85 (0.71,4.81) 0.204 

Low plus High RH 203 1.35 (0.57,3.20) 0.501 

a Relative risk and confidence interval relative to Comparisons. 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under RCovariate RemarksR column. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin :=;; 10 ppt. 
Background (Ranch Hand) : Current Dioxin :=;; 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin :=;; 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 19-17. (Continued) 
Analysis of Double Labelled Cells: CD3 with CD16+56 Cells (cells/mm3) 

(Nonzero Measurements) 

Comparison 

Background RH 

Low RH 

High RH 

Low plus High RH 

390 

137 

93 

101 

194 

72.2 72.l 

77.6 78.8 6.7- 0.355 

78.9 78.3 6.2- 0.458 

62.4 62.0 -10.1 -- 0.158 

69.8 69.3 -2.8 - 0.645 

'•:;:'::.;::~f:MQ~~p:3; :~:~$:~·:¢Q¥PAR!$QN~;:]}.)7:DI()XIN :CA~R'f ffi;\.\DJ[jsmD ••• ?• 

·: ·······.::·:::;:;; ....••.•...... ···:•::::: ... :;::••;::;;:;·: ... :,.;·•:•:•:··::::::.:;·::.,;.'. ....... :,:,1:::::f\dj. ··=:':i•i•1••:··~t1~~~i!!i!llJ:::;;;; .... ,., .•• ;; •....••• :::·:ii•:.:·:· ..... ···.:;.:·•:'. ·:::;., .. :•··=····:;····:•::ii•!•.:=··,········===···,:::.•::: .•..••... ,:.·: . .-: .... · .. · 
·Dio*'-iii:Categ~f.Y< ••• •m:=:,1i~=== •·::r=~ean.~:: :;•::::.:::::•=• t/{95~/clii)~t ••:::: :;::; • fiJ4viiliiec} : · · =<=•·•::::::=covariate'R~· · · 
Comparison 387 100.9 AGE (p=0.002) 

Background RH 136 106.0 

Low RH 93 101.3 

High RH 99 85.0 

Low plus High RH 192 92.5 

a Transformed from natural logarithm scale. 

5.1 - 0.603 

0.4 - 0.974 

-15.9 -- 0.103 

-8.4 - 0.294 

RACE (p<0.001) 
CSMOK (p=0.089) 

ALC (p=0.004) 

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and examination group (batch-to-batch) variation. 

c Difference of adjusted means after transformation to original scale; confidence interval on difference of 
adjusted means not presented because analysis was performed on natural logarithm scale. 

d P-value is based on difference of means on natural logarithm scale. 

e Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, examination group (batch-to-batch) variation, and covariates 
specified under "Covariate Remarks" column. 

Note: Analysis based on measurements above 0 cells/mm3 only. 
RH = Ranch Hand. 
Comparison: Current Dioxin ~ 10 ppt. 
Background (Ranch Hand): Current Dioxin ~ 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin ~ 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 19-17. (Continued) 
Analysis of Double Labelled Cells: CD3 with CD16+56 

(Zero vs. Nonzero) 

4 2.6 0.024 

5 

(116) 

2.7 
(112) 

2.7 
(112) 

0 .010 

0.042 

4 344 **** **** CURR*PHYACT (p=0.004) 

5 344 **** **** CURR*PHYACT (p=0.008) 

344 **** **** CURR*PHYACT (p=0.008) 

a Model 4 : Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 
Model 6: Log2 (whole-weight current dioXin + 1), adjusted for log2 total lipids. 

b Relative risk for a twofold increase in current dioxin. 

c Adjusted for log2 total lipids. 

d Adjusted for log2 total lipids in addition to covariates specified under "Covariate Remarks" column. 

**** Log2 (current dioxin + 1)-by-covariate interaction (p::;;0.01); adjusted relative risk, confidence interval, 
and p-value not presented; refer to Appendix Table 0-2-13 for further analysis of this interaction. 

Note: Model 4: Low = ::;; 8.1 ppt; Medium= >8.1-20.5 ppt; High = >20.S ppt. 
Models 5 and 6: Low = ::;; 46 ppq; Medium = >46-128 ppq; High = > 128 ppq. 
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Table 19-17. (Continued) 
Analysis of Double Labelled Cells: CD3 with CD16+56 Cells (cells/mm3

) 

(Nonzero Measurements) 

· :t:,t ,,, .:::: gi>=::ijcm:F;LS:::it~· $~: :~:6: 1tANcit=irANDs:ift::c~~:iii.P~· _;. ·~~~~:::[,,:=:=.rn::::.·· 

~!l~f~~!1fftr~l:t!ll!~ 
4 83.4 82.1 56.6 0.302 -0.102 (0.041) 0.014 

5 

(113) (104) (114) 

85.6 
(109) 

82.0 
(109) 

75.8 
(114) 

75.5 
(114) 

58.9 
(108) 

60.6 
(108) 

0.304 -0.093 (0.035) 0 .009 

0.308 -0.074 (0.038) 0 .053 

4 101.9 96.9 71.1 0.339 -0.086 (0.042) 0.040 AGE (p=0.056) 
(112) (104) (112) RACE (p=0.038) 

5 106.7 
(108) 

101.6 
(108) 

90.3 
(114) 

88.8 
(114) 

76.3 0.340 -0.077 (0.036) 0.032 
(106) 

77.3 0.343 -0.060 (0.039) 0.122 
(106) 

a Transformed from natural logarithm scale. 

b Adjusted for examination group (batch-to-batch) variation. 

c Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 
Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

ALC (p=0.009) 

AGE (p=0.052) 
RACE (p=0.041) 
ALC (p=0.010) 

AGE (p=0.043) 
RACE (p=0.054) 
ALC (p=0.010) 

d Slope and standard error based on natural logarithm of CD3 with CD16+56 Cells versus log2 (current dioxin). 

c Adjusted for log2 total lipids. 

f Adjusted for examination group (batch-to-batch) variation and covariates specified under "Covariate Remarks" 
column. 

Note: Analysis based on measurements above 0 cells/mm3 only. 
Model 4: Low = ~ 8.1 ppt; Medium= >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = ~ 46 ppq; Medium= >46-128 ppq; High = > 128 ppq. 
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Based on the nonzero CD3 with CD16+56 cells counts, the Model 1 unadjusted and 
adjusted analyses were nonsignificant (Table 19-17(a2,b2): p>0.42 for all analyses). 

The unadjusted Model 2 analysis of the dichotomized CD3 with CD16+56 cell counts 
revealed a marginally significant positive association with initial dioxin (Table 19-17(cl): 
p=0.070, Bst. RR=l.60). The adjusted Model 2 analysis displayed a highly significant 
interaction between initial dioxin and occupation (Table 19-17(dl): p=0.005). Model 2 also 
was adjusted for the physical activity index. Stratified analyses of the interaction with 
occupation revealed a significant positive association between initial dioxin and the 
proportion of zero CD3 with CD16+56 cell counts for the enlisted groundcrew (Appendix 
Table 0-2-13(a): p=0.048, Adj. RR=2.30). The percentages of zero CD3 with CD16+56 
cell counts for the low, medium, and high initial dioxin categories of enlisted groundcrew 
were 0.0, 2.8, and 0.2 percent. 

The unadjusted Model 2 analysis of the nonzero CD3 with CD16+56 cell counts 
revealed a marginally significant inverse association with initial dioxin (Table 19-17(c2): 
p=0.055). The mean cell counts, adjusted for percent body fat at the time of duty in SEA 
and change in percent body fat from the time of duty in SEA to the date of the blood draw 
for dioxin, were lowest for Ranch Hands in the high initial dioxin category (low = 81.6 
cells/mm3

, medium= 81.0 cells/mm3
, and high= 58.3 cells/mm3

). After adjusting Model 
2 for occupation, race, current cigarette smoking, lifetime cigarette smoking history, and 
lifetime alcohol history, the association between CD3 with CD16+56 cell counts and initial 
dioxin was nonsignificant (Table 19-17(d2): p=0.115). When occupation was removed from 
the final adjusted model, the association became significant (Appendix Table 0-3-13(b): 
p=0.004). 

The Model 3 unadjusted and adjusted analyses of the proportion of zero CD3 with 
CD16+56 cell counts did not find any significant associations with categorized dioxin 
(Table 19-17(el,fl): p>0.17). The adjusted Model 3 analysis accounted for lifetime 
cigarette smoking history. 

Both the unadjusted and adjusted Model 3 analyses of the nonzero CD3 with CD16+56 
cell counts were nonsignificant (Table 19-17(e2,f2): p>0.10). Model 3 was adjusted for 
age, race, current cigarette smoking, and current alcohol use. 

The unadjusted analyses of Models 4 through 6 revealed significant positive associations 
between the proportion of zero CD3 with CD16+56 cell counts and current dioxin (Table 
19-17(gl): p=0.024, Est. RR=l.53; p=0.010, Est. RR=l.56; and p=0.042, Est. 
RR=l.46). The percentages of zero CD3 with CD16+56 cell counts for the low, medium, 
and high current dioxin categories were 2.6, 2.8, and 5.8 percent for Model 4, and 2.7, 1.7, 
and 6.9 percent for Models 5 and 6. The adjusted analyses of Models 4 through 6 each 
exhibited a highly significant current dioxin-by-physical activity index interaction 
(Table 19-17(hl): p=0.004, p=0.008, and p=0.008 respectively). Stratified analyses of 
these interactions display highly significant positive associations between the proportion of 
zero CD3 with CD16+56 cell counts and current dioxin for sedentary Ranch Hands 
(Appendix Table 0-2-13(b-d): p=0.002, p=0.001, and p=0.003 for Models 4, 5, and 6). 
The percentages of zero CD3 with CD16+56 cell counts for sedentary Ranch Hands in the 
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low, medium, and high current dioxin categories were 0.0, 2.0, and 1:1 percent for Model 
4, and 0.0, 1.9, and 8.1 percent for Models 5 and 6. 

The unadjusted analyses of Models 4 through 6 revealed significant and marginally 
significant inverse associations between the nonzero CD3 with CD16+56 cell counts and 
current dioxin (Table 19-17(g2): p=0.014, p=0.009, and p=0.053 for Models 4, 5, and 6). 
The mean CD3 with CD16+56 cell counts decreased with increasing levels of current dioxin 
(Model 4: low = 83.4, medium = 82.1, and high = 56.6 cells/mm3; Model 5: low = 
85.6, medium = 75.8, and high = 58.9 cells/mm3; Model 6: low = 82.0, medium = 75.5, 
and high = 60. 6 cells/mm3). Similarly, the adjusted analysis of Models 4 and 5 revealed 
significant inverse associations between nonzero CD3 with CD16+56 cell counts 
(Table 19-17(h2): p=0.040 and p=0.032 respectively). The adjusted Model 4 means for the 
low, medium, and high current dioxin categories were 101.9, 96.9, and 71.1 cells/mm3• 

Similarly, the Model 5 adjusted means were 106.7, 90.3, and 76.3 cells/mm3
• The adjusted 

Model 6 analysis was nonsignificant (p=0.122). Models 4 through 6 each were adjusted for 
age, race, and current alcohol use. 

Total Lymphocyte Count 

The unadjusted and adjusted Model 1 analyses of total lymphocyte count revealed no 
significant differences between Ranch Hands and Comparisons (Table 19-18(a,b): p>0.12 
for all contrasts). Occupation and current cigarette smoking were significant covariates in 
the adjusted model. 

The unadjusted Model 2 and Model 3 unadjusted analyses showed no significant 
associations between dioxin and total lymphocyte count (Table 19-18(c,e): p>0.28 for all 
analyses). A highly significant interaction between initial dioxin and the physical activity 
index was present in the adjusted analysis of Model 2 (Table 19-18(d): p=0.009). A 
categorized dioxin-by-age interaction was significant in the adjusted analysis of Model 3 
(Table 19-18(f): p=0.046). Stratified analyses of these interactions are presented in 
Appendix Table 0-2-14. The adjusted Model 3 analysis, after the categorized dioxin-by-age 
interaction was removed, displayed no significant results (Table 19-18(f): p>0.50 for all 
contrasts). Age and current cigarette smoking were included in the adjusted Model 2 
analysis. In Model 3, current cigarette smoking and current alcohol use were retained. 

There were no significant associations between current dioxin and total lymphocyte 
count in the unadjusted and adjusted analyses of Models 4, 5, and 6 (Table 19-18 (g,h): 
p>0.56 for all analyses). Current cigarette smoking was a significant covariate in the 
adjusted analyses of Models 4, 5, and 6. Current hlcohol use .also was included in the 
Model 6 adjusted analysis. 

lgA 

Analysis of lgA did not reveal a significant difference in means between Ranch Hands 
and Comparisons in either the unadjusted or adjusted analyses of Model 1 (Table 19-
19(a,b):p > 0.52 for all unadjusted and adjusted analyses). The covariates age, occupation, 
and current alcohol use were retained for in the final adjusted model. 
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Table 19-18. 
Analysis of TLC (cells/mm3) 

a) MODEL h RANCH HANDS VS. COMPARISO:NS ::-- UNADJUSTED 

Occupational .. :·: . Dift'erence :of Means 
Category ·. 

.. ·.; 

·:~:t·:· Group D Meanait ··· (95% C.J.)C p-Valued 

All Ranch Hand 367 2,059.4 9.3- 0.851 
Comparison 482 2,050.1 

Officer Ranch Hand 154 2,002.3 121.2 -- 0.129 
Comparison 176 1,881.1 

Enlisted Flyer Ranch Hand 66 2,002.4 -105.6 -- 0.531 
Comparison 83 2,108.0 

Enlisted Groundcrew Ranch Hand 147 2,175.3 75.3 -- 0 .373 
Comparison 223 2,100.0 

b) MODEL 1; RANCH BANDS VS. COMPARISONS - ADJUSTED 

Occupational Adj. Difference of Adj. 
Category Group D Meanae Means (95% C.l.)c p-Valued Covariate Remarksr 

All Ranch Hand 367 2,063.9 20.1- 0.672 occ (p=0.037) 
Comparison 481 2,043.8 CSMOK (p<0.001) 

Officer Ranch Hand 154 2,021.4 59.5 - 0.413 
Comparison 176 1,961.9 

Enlisted Ranch Hand 66 1,974.4 -134.4 -- 0.230 
Flyer Comparison 83 2,108.8 

Enlisted Ranch Hand 147 2,152.6 48.1 -- 0.525 
Groundcrew Comparison 222 2,104.5 

a Transformed from the natural logarithm scale. 

b Adjusted for examination group (batch-to-batch) variation. 

c Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 

d P-values based on difference of means on natural logarithm scale. 

c Adjusted for examination group (batch-to-batch) variation and covariates specified under "Covariate Remarks" 
column. 

r Covariates and associated p-values correspond to final model based on all participants with available data. 
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Initial Dioxin 

Low 

Medium 

High 

Table 19-18. (Continued) 
Analysis of TLC (cells/m.m3

) 

c) MODEL 2: · RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

Analysis Results for l'°IJ (IDitial Dioxin)b 

D Meao1 ... 

64 1,914.3 

67 2,036.6 

72 2,176.2 

Adj. 
M~ 

1,941.7 

2,070.0 

2,142.0 

0.452 

Slope 
(Std. Error)C 

0 .024 (0.022) 

d) MODEL 2: RANCH HANDS- INITIAL DIOXIN - ADJUSTED 

:p-Value 

0.282 

Initial.Dioxin Category Summary 
Statistics 

Analym .Results for l'°ll (Initial Dioxiri)d · 

Adj. 
Initial Dioxin n Mean8'1 

Low 64 ****· 

Medium 67 **** 

High 72 **** 

a Transformed from natural logarithm scale. 

Adj. Slope 
.R1 (Std. Error)c p-Value Covariate Remarks 

0.578 **** **** INIT*PHYACT (p=0.009) 
AGE (p=0.061) 

CSMOK (p <0. 001) 

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and examination group (batch-to-batch) variation. 

c Slope and standard error based on natural logarithm of TLC versus log2 (initial dioxin). 

d Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, examination group (batch-to-batch) variation, and covariates 
specified under "Covariate Remarks" column. 

**** Log2 (initial dioxin)-by-covariate interaction (p~0.01); adjusted mean, adjusted slope, standard error, and 
p-value not presented; refer to Appendix Table 0-2-14 for further analysis of this interaction. 

Note: Low = 39-98 ppt; Medium= > 98-232 ppt; High = > 232 ppt. 
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Table 19-18. (Continued) 
Analysis of TLC (cells/mm3

) 

e) MODEL 3: RANCHHANDS AND COMPARISONS BY DIOXIN CA'IEGORY - UNADJUSTED 

Diffettnee of Adj. 

Dioxfu .. categorj; 
·.·. .... ,,:MeaJia Adj • Mean .vs~· Comparisom .. , 

p-Valti~~f Mean a!> ('5% C.J.)C D 

Comparison 404 2,022.0 2,021.7 

Background RH 141 2,054.3 2,059.2 37.5 -- 0.587 

Low RH 95 1,949.3 1,956.9 -64.8 - 0.409 

High RH 108 2,073.9 2,065.1 43.4 -- 0.568 

Low plus High RH 203 2,014.6 2,013.7 -8.0 -- 0.894 

,,. f) MODEL 3: RANCHHANDS AND COMPARISONS BY DIOXIN CATEGORY...;; ADJUSTED 

·····:-· 

Adj. 
Dioxin Category n Meanae 

Comparison 400 2,022.4** 

Background RH 140 2,066.7** 

Low RH 95 1,998.6** 

High RH 106 2,034.4** 

Low plus High RH 201 2,017.4** 

a Transformed from natural logarithm scale. 

Difference of Adj. 
Mean vs. Comparisom 

(95% -C~J.)C p-Valued . 

44.3 -** 0.507** 

-23.8 --** 0.757** 

12.0 -** 0.870** 

-5.0 -** 0 .931** 

Covariate .Remarks 

DXCAT*AGE (p=0.046) 
CSMOK (p<0.001) 

ALC (p=0.139) 

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and examination group (batch-to-batch) variation. 

c Difference of adjusted means after transformation to original scale; confidence interval on difference of 
adjusted means not presented because analysis was performed on natural logarithm scale. 

d P-value is based on difference of means on natural logarithm scale. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, examination group (batch-to-batch) variation, and covariates 
specified under "Covariate Remarks" column. 

** Categoriz.ed dioxin-by-covariate interaction (0.01 <p S0.05); adjusted mean, difference of adjusted means, 
and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table 0-2-14 for 
further analysis of this interaction. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin S 10 ppt. 
Background (Ranch Hand): Current Dioxin s 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin s 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 19-18. (Continued) 
Analysis of TLC (cells/mm3

) 

g) MODELS 4, 5, AND 6: RANCH HANDS - CURRENT DIOXIN - UNADJUSTED 

Current Dioxin Category Analysis Results for Log2 
~~~~;?~;~~~W::\·~:'.::' ·_,·.~:::='.::;::::::· Mean.,/(n) , (Current Dioxin.+ 1) .; ·:"~.;:.::~=:::::: 

Slope .•.. 
ModeJC ·Low Medium High Rz (Std. Error)d p-Value 

4 2,033.3 2,002.2 2,048.6 0 .269 0.005 (0.014) 0.702 
(116) (107) (121) 

5 2,045.9 1,960.1 2,087.1 0.270 0.005 (0.012) 0.657 
(112) (116) (116) 

6e 2,070.2 1,962.9 2,067.5 0.274 -0.001 (0.013) 0.957 
(112) (116) (116) 

h) MODELS 4, 5, AND 6: RANCH HANDS - CURRENT DIOXIN - ADJUSTED 

l- .. :~\=1>-.. 
Current Dioxin Category Analysis Results for l.Ggi 

Adjusted Meart(n) (Cumm Dioxin+ 1) 

Adj. Slope 
ModeJC Low · Medi.um High "R2 (Std. Error)d p-Value Covariate Remarks 

4 2,025.8 2,035.4 2,037.8 0.352 0 .005 (0.013) 0.684 CSMOK (p<0.001) 
(116) (107) (121) 

5 2,042.2 1,983 .1 2,079.4 0.352 0.006 (0.011) 0 .566 CSMOK (p<0.001) 
(112) (116) (116) 

6e 2,064.7 1,988.3 2,068.0 0.361 0.002 (0.012) 0 .869 CSMOK (p<0.001) 
(111) (116) (114) ALC (p=0.148) 

a Transformed from natural logarithm scale. 

b Adjusted for examination group (batch-to-batch) variation. 

c Model 4: Log2 Oipid-adjusted current dioxin + 1). 
Model 5 : Log2 (whole-weight current dioxin + 1). 
Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

d Slope and standard error based on natural logarithm of TLC versus log2 (current dioxin + 1). 

e Adjusted for log2 total lipids. 

f Adjusted for examination group (batch-to-batch) variation and covariates specified under "Covariate Remarks" 
column. 

Note: Model 4: Low = s; 8.1 ppt; Medium= >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = s; 46 ppq; Medium= >46-128 ppq; High = > 128 ppq. 
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Table 19-19. 
Analysis of lgA (mg/di) 

a) MODEL1: RANCH HANDS VS. COMPARISONS ..:.:. UNADJUSTED· 

Occupational Difference of Meam 
Category .Group :.·.·.· :p .. · Meer (95% C~J.)b p-Valoec · 

All Ranch Hand 936 217.2 -1.2 - 0.787 
Comparison 1,264 218.4 

Officer Ranch Hand 363 211.4 -2.7 -- 0 .701 
Comparison 492 214.1 

Enlisted Flyer Ranch Hand 160 214.0 -0.8 - 0.943 
Comparison 200 214.8 

Enlisted Groundcrew Ranch Hand 413 223 .6 0.3 - 0 .962 
Comparison 572 223.3 

b) MODEL 1~ RANcH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Adj. Difference 'of Adj. 
·Category Group n Mean a Means (95% C.J.)b p-Valoec Covariate Remarks0 

AU Ranch Hand 926 215.5 -1.5- 0.729 AGE (p<0.001) 
Comparison 1,246 217.0 occ (p=0.001) 

Officer Ranch Hand 363 206.4 -4.3 - 0.528 
ALC (p=0.063) 

Comparison 485 210.7 

Enlisted Ranch Hand 157 212.8 0.7 -- 0 .954 
Flyer Comparison 200 212.1 

Enlisted Ranch Hand 406 228.4 0 .3 -- 0 .970 
Groundcrew Comparison 561 228.1 

a Transformed from the natural logarithm scale. 

b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 

c P-values based on difference of means on natural logarithm scale. 

d Covariates and associated p-values correspond to final model based on all participants with available data. 
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Table 19-19. (Continued) 
Analysis of lgA (mg/di) 

-2h,;._:.... c) MODEL 2: RANCHHANDS - INITIAL DIOXIN - UNADJUSTED if:, 

Initial Dioxin Category Swmnary-Statisti~ 

Adj. 

Analysis Results for Logz (Initial Di.oxin)b 

Initial Dioxin n Meana Mean*> 
SJope 

(Std. ErrorY 

Low 

Medium 

High 

171 

172 

168 

213.4 

221.8 

222.7 

213.2 

222.3 

222.5 

0 .010 0.020 (0.016) 

d) MODEL 2: RANCH BANDS - INITIAL DIOXIN - ADJUSl'ED 

Initial Dioxin Category Smmnary 
Statistics 

Adj. 

Analysis Results for Log1 (Initial Dioxin)d 

Adj. Slope 

p-Va1ue 

0.211 

Initial Dioxin D. M~ -R 2 {Std. EIT'Ol')c ~Value Covariate Remarks 

Low 171 234.3 

Medium 172 249.1 

High 168 253 .5 

a Transformed from natural logarithm scale. 

0 .035 0.032 (0.016) 0.052 AGE (p=0.080) 
RACE (p=0.001) 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Slope and standard error based on natural logarithm of lgA versus log2 (initial dioxin). 

d Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

Note: Low = 39-98 ppt; Medium= >98-232 ppt; High = >232 ppt. 
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Table 19-19. (Continued) 
Analysis of lgA (mg/di) 

.e) M()DEL 3: RANCH BANDS AND COMPARISONS BY DIOXIN CATEGORY.- -UJli!ApJUSTED 

. . . 

· Dio:xiii categ<>ry •·• 
Comparison 

Background RH 

Low RH 

High RH 

Low plus High RH 

::: .. -~_·: __ ~- ~ '._ .. :.1_;_:._=ir··:, ---· .,_,,,,,,,.,,,. · t'=f=•=':···. · ... ·. ·· 

n.··:• · ·····\Mean3 

1,051 

367 

256 

255 

511 

220.4 

214.6 

216.9 

221.6 

219.3 

-Adj. 
. Meana> 

220.4 

216.5 

215.6 

220.2 

217.8 

·· Differeace··of Adj. 

Mean vs. Cmnparisom '· .. 
. . (95% C~J.)C : / . 

-3.9 --

-4.8 -

-0.2 -

-2.6 --

. .·.·.· 

p-Vat~i~ 

0.529 

0.490 

0.987 

0.648 

. f) MODEL :3: RANCIJ:HANDS AND COMPARISONS .BY DIOXIN CATEGORY-Ap.JUSTED . 

Difference or Adj • 
Adj. . .. Mean vs. Comparisons / 

Dioxin Category n M~ae . . (95%C.Li ··.· p-VaJued . Covariate Remarks 

Comparison 1,051 228.2** DXCAT*RACE (p=0.027) 
AGE (p<0.001) 

Background RH 367 226.4** -1.8 --** 0.780** occ (p=0.009) 

Low RH 256 221.7** -6.5 --** 0.365** 

High RH 255 226.2** -2.0 --** 0.795** 

Low plus High RH 511 224.0** -4.2 --** 0.453** 

a Transformed from natural logarithm scale. 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Difference of adjusted means after transformation to original scale; confidence interval on difference of 
adjusted means not presented because analysis was performed on natural logarithm scale. 

d P-value is based on difference of means on natural logarithm scale. 

e Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

** Categorized dioxin-by-covariate interaction (0.01 <p s;0.05); adjusted mean, difference of adjusted means, 
and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table 0-2-15 for 
further analysis of this interaction. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin s; 10 ppt. 
Background (Ranch Hand): Current Dioxin s; 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin s; 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Modelb 

4 

5 

6d 

. ,, 
.... 

Modelb 

4 

5 

6c 

Table 19-19. (Continued) 
Analysis of lgA (mg/di) 

g) MODELS 4, 5, AND 6: RANCH BANDS - CURRENT DIOXIN - UNADJUSl'ED 

Current Dioxin Category Analysis Results Ior.Logz 
Mean11J(n) (Current Dio.DD+ 1) 

Slope 
Low Medi nm High Ri (Std. Enor)C p-Value 

213.1 217.4 221.4 0.002 0.013 (0.011) 0.218 
(289) (295) (294) 

213.4 221.5 217.1 0.001 0.007 (0.009) 0.455 
(294) (292) (292) 

210.1 221.3 220.0 0.006 0 .016 (0.010) 0.099 
(293) (292) (292) 

h) MODELS 4, ~ AND 6: RANCH HANDS - CURRENT DIOXIN - AD.JUSTED 

Current Dioxin Category Analysis Results for Logz 
Adjusted Mear/(n) (Current Dioxin+ 1) 

Atlj. Slope 
Low · Medium High R1 (Std. Error)C .p-Value Covariate Remarks 

230.5 229.3 232.0 0.026 0.008 (0.012) 0.530 AGE (p<0.001) 
(289) (295) (294) occ (p=0.046) 

RACE (p=0.027) 

230.7 233.0 225.8 0.025 0.001 (0.010) 0.945 AGE (p<0.001) 
(294) (292) (292) occ (p=0.023) 

RACE (p=0.030) 

225.7 232.0 229.8 0.033 0.014 (0.011) 0.202 AGE (p=0.001) 
(292) (292) (292) occ (p=0.064) 

RACE (p=0.027) 
PACKYR (p=0.098) 

a Transformed from natural logarithm scale. 

b Model 4: Log2 Oipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 
Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

c Slope and standard error based on natural logarithm of lgA versus log2 (current dioxin + 1). 

d Adjusted for log2 total lipids. 

e Adjusted for log2 total lipids in addition to covariates specified under "Covariate Remarks" column. 

Note: Model 4: Low = ~ 8.1 ppt; Medium= >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = ~ 46 ppq; Medium = >46-128 ppq; High = > 128 ppq. 
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The unadjusted analysis of Model 2 did not reveal any significant 'results 
(Table 19-19(c): p=0.211). The adjusted analysis, however, showed a marginally significant 
positive association between IgA and initial dioxin (Table 19-19(d): p=0.052, Slope=0.032). 
The adjusted means in the low, medium, and high initial dioxin categories are 234.3 mg/di, 
249.1 mg/di, and 253.5 mg/di respectively. Age and race were included in the final adjusted 
model of Model 2. 

The unadjusted analysis of Model 3 did not show a significant relationship between 
categorized dioxin and IgA (Table 19-19(e): p~0.49 for all unadjusted contrasts). However, 
adjusting for covariates revealed a significant categorized dioxin-by-race interaction (Table 
19-19(t): p=0.027). Age and occupation also were significant in the final model. Removal 
of the interaction showed no significant association between categorized dioxin and IgA 
(Table 19-19(t): p>0.36 for all adjusted contrasts). Stratified results of the categorized 
dioxin-by-race interaction are displayed in Appendix Table 0-2-15. 

Models 4 and 5 showed no significant relationships between IgA and current dioxin in 
the unadjusted and adjusted analyses (Table 19-19(g,h): p>0.21 for unadjusted and adjusted 
analyses). Age, occupation, and race were significant in each of the final adjusted models of 
Models 4 and 5. After excluding occupation from the final model in Model 4, the results 
became marginally significant (Appendix Table 0-3-14(b): p=0.062, Slope=0.020). The 
unadjusted analysis of Model 6 showed a marginally significant association between current 
dioxin and IgA (Table 19-19(g): p=0.099, Slope=0.016). The unadjusted means in the low, 
medium, and high current dioxin categories were 210.1 mg/di, 221.3 mg/di, and 220.0 
mg/di respectively. The adjusted analysis of Model 6 did not reveal a significant relationship 
between IgA and current dioxin (Table 19-19(h): p=0.202). Covariates in the final adjusted 
model were age, occupation, race, and lifetime cigarette smoking history. After excluding 
occupation from the final adjusted model of Model 6, a significant positive relationship 
between IgA and current lipid-adjusted dioxin was revealed (Appendix Table 0-3-14(b): 
p=0.019, Slope=0.024). 

IgG 

The unadjusted analysis of Model 1 displayed a marginally significant difference in 
mean IgG values between Ranch Hands (1,032.1 mg/di) and Comparisons (1,051.7 mg/di) 
(Table 19-20(a): p=0.058). Similarly, the adjusted analysis of Model 1 revealed a 
marginally significant difference in means between Ranch Hands and Comparisons (Table 
19-20(b): p=0.092). The adjusted means for Ranch Hands and Comparisons were 1,123.2 
mg/di and 1,141.5 mg/di. Age, occupation, race, current cigarette smoking, and lifetime 
cigarette smoking history were significant in the final adjusted model. 

The Model 2 unadjusted and adjusted analyses of IgG were nonsignificant (Table 19-
20(c,d): p > 0.55 for unadjusted and adjusted analyses). Occupation, race, current cigarette 
smoking, and current alcohol use were included in the adjusted analysis. The unadjusted 
analysis of Model 3 did not reveal a significant relationship between IgG and categorized 
dioxin (Table 19-20(e): p>0.14 for all unadjusted analyses). After adjusting for covariates 
in Model 3, a significant interaction between categorized dioxin and occupation was revealed 
(Table 19-20(t): p=0.024). Age, race, current cigarette smoking, lifetime cigarette smoking 
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Table 19-20. 
Analysis of IgG (mg/di) 

a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational . Difference of Means 
Category Group D Mean• {95% C.J.)b p-Valoec 

All Ranch Hand 936 1,032.1 -19.6 - 0.058 
Comparison 1,264 1,051.7 

Officer Ranch Hand 363 1,014.5 -22.l - 0 .157 
Comparison 492 1,036.6 

Enlisted Flyer Ranch Hand 160 1,003.7 -43 .0 - 0.104 
Comparison 200 1,046.7 

Enlisted Groundcrew Ranch Hand 413 1,059.2 -7.4 - 0.643 
Comparison 572 1,066.6 

b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Adj. Difference .of Adj. 
Category Group n Mean a Means (95% C.L)t> p-Valoec Covariate Remarksd 

All Ranch Hand 935 1,123.2 -18.3 - 0.092 AGE (p=0.010) 
Comparison 1,262 1,141.5 occ (p=0.001) 

Officer Ranch Hand 362 1,101.2 -23.5 - 0.169 
RACE (p < 0 .001) 

Comparison 492 1,124.7 
CSMOK (p < 0.001) 
PACKYR (p=0.029) 

Enlisted Ranch Hand 160 1,100.6 -41.1 -- 0.119 
Flyer Comparison 200 1,141.7 

Enlisted Ranch Hand 413 1,160.6 -4 .8 - 0 .770 
Groundcrew Comparison 570 1,165.4 

a Transformed from the natural logarithm scale. 

b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 

c P-values based on difference of means on natural logarithm scale. 

d Covariates and associated p-values correspond to final model based on all participants with available data. 
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Table 19-20. (Continued) 
Analysis of lgG (mg/di) 

.c) MOD.EL 2: RANCH BANDs - JNiTiu. DIOXIN- UNADJUSTED 
Initial .Dioxin <;afy.goey Suou:nary Sta&tics Analy~ Results .. for Logz .~tialDioxin)b 

::: ... . ). slope .... .... ;:::>:: ... .-:/\·::::··· 
. ,.;. :>:::;::·::· ·•· Adj • 

Jnltial Dioxin D M:ean• Meaitb (Std. Error)C p-Value 

Low 171 1,035.4 1,035.2 0.001 0.005 (0.008) 0.551 

Medium 172 1,045.2 1,045.3 

High 168 1,028.3 1,028.3 

d) MODEL.2: RANCH.HANDS - JNITIALDIOXIN - ADJUSTED : . 

. Initial Dioxin Category .. Summary 
:Statistics 

Adj. 
Initial Dioxin D Mean ad 

Low 169 1,134.l 

Medium 169 1,141.3 

High 166 1,101.3 

a Transformed from natural logarithm scale. 

Adj/Slope ::_\:r> 
Rl (Std. Error)c p-Value Covariate R~ 

0.109 -0.001 (0.009) 0.943 occ (p=0.057) 
RACE (p<0.001) 

CSMOK (p=0.002) 
ALC (p=0.015) 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Slope and standard error based on natural logarithm of IgG versus log2 (initial dioxin). 

d Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

Note: Low = 39-98 ppt; Medium= >98-232 ppt; High = >232 ppt. 
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Table 19-20. (Continued) 
Analysis of IgG (mg/di) 

e) MODEL.3: RANCH HANDS ANDCOMPARISONSBYDIOXIN ·CATEGORY-UNADJUSTED 

Difference of Adj. 
Aclj. Mean vs. Comparisons 

·:·::·:: 
Dioxin Category n M.eana Mean ab (95% ·C.J.)c p;.V.alued .. ·:·.··:::·· 

Comparison 1,051 1,051.8 1,051.7 

Background RH 367 1,026.8 1,030.4 -21.3 - 0.140 

Low RH 256 1,036.4 1,035.0 -16.8 -- 0.310 

High RH 255 1,036.2 1,033.0 -18.7 - 0 .258 

Low plus High RH 511 1,036.3 1,034.0 -17.7 - 0.165 

f) MODEL ·3: RANCH HANDS ~COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Difference or Adj. • ... ;:··:.··· 

Aclj. Mean l'S. Comparisons 
Dioxin Category D Mt!&llae (95% C.L)c p-Valued Covariate Remarks 

Comparison 1,035 1,138.7** DXCAT*OCC (p=0.024) 
AGE (p=0.097) 

Background RH 364 1,126.9** -11.8 -** 0.451** RACE (p<0.001) 

Low RH 253 1,111.2** -27.5 -** 0.112** 
CSMOK (p<0.001) 
PACKYR (p=0.143) 

High RH 251 1,115. l** -23.6 -** 0.189** ALC (p=0.123) 

Low plus High RH 504 1,113.1 ** -25.6 -** 0.060** 

a Transformed from natural logarithm scale. 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Difference of adjusted means after transformation to original scale; confidence interval on difference of 
adjusted means not presented because analysis was performed on natural logarithm scale. 

d P-value is based on difference of means on natural logarithm scale. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

** Categori7.ed dioxin-by-<:ovariate interaction (0.01 <p~0.05); adjusted mean, difference of adjusted means, 
and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table 0 -2-16 for 
further analysis of this interaction. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin ~ 10 ppt. 
Background (Ranch Hand): Current Dioxin ~ 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin ~ 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 19-20. (Continued) 
Analysis of IgG (mg/di) 

g) MODEis 4, 5~ AND 6: ·RA.Neu HANDS - CURRENT'DIOXIN.::.. UNAD.JUSl'ED 

CmTent Dioxin Cat . ·.. egory :·. Analysis Results for .Log2 
(Corre0t·· Dioxin·+ •· t) Meanl/(il)::: :;: 

: : 

Low Mediuni (::~·:.·:· High 
.slope 

(Ste[ Error)c p-Value 

1,027.l 1,020.9 1,049.1 0.001 0.004 (0.005) 0.508 
(289) (295) (294) 

1,031.2 1,028.l 1,037.7 <0.001 -0.001 (0.005) 0.892 
(294) (292) (292) 

1,018.9 1,027.l 1,051.2 0.012 0.005 (0.005) 0.290 
(293) (292) (292) 

b) MODELS 4! 5,. AND 6: <RANCH HANDS - CURRENT DIOXJN - ADJUSTED ··' 

Cumm DiQxin Category Analysis Results for Log2 
Acljusted Meana/(n) :( . · (Current :· Dioxin,+ 1) 

Aclj. SJope 
Low Medium High a2 :. (Std. Error)C p-Valoe CoY&riate Remarks 

1,133.l 1,114.0 1,135.1 0.085 -0.003 (0.006) 0.598 occ (p=0.038) 
(288) (292) (289) RACE (p<0.001) 

CSMOK (p<0.001) 
ALC (p=0.021) 

1,137.2 1,119.5 1,121.2 0 .086 -0.007 (0.005) 0.206 occ (p=0.018) 
(292) (290) (287) RACE (p<0.001) 

CSMOK (p<0.001) 
ALC (p=0.024) 

1,123.7 1,115.8 1,129.7 0.091 -0.002 (0.006) 0.714 occ (p=0.030) 
(291) (290) (287) RACE (p<0.001) 

CSMOK (p<0.001) 
ALC (p=0.033) 

a Transformed from natural logarithm scale. 

b Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 
Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

c Slope and standard error based on natural logarithm of lgG versus log2 (current dioxin + 1). 

d Adjusted for log2 total lipids. 

e Adjusted for log2 total lipids in addition to covariates specified under "Covariate Remarks" column. 

Note: Model 4: Low = ~ 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = ~ 46 ppq; Medium= >46-128 ppq; High = > 128 ppq. 
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history, and current alcohol use also were retained in the final adjusted model. Removal of 
the interaction exhibited a significant difference in means between the low plus high Ranch 
Hand category (1,113.l mg/di) and the Comparisons (1,138.7 mg/di) (Table 19-20(f): 
p=0.060). After excluding occupation from the final model, this contrast became 
nonsignificant (Appendix Table 0-3-15(b): p=0.104). Additionally, the contrast between 
low Ranch Hands and Comparisons became marginally significant after occupation was 
removed from the final model: p=0.096). 

The unadjusted and adjusted analysis of Models 4 through 6 did not reveal any 
significant associations between current dioxin and IgG (Table 19-20(g,h): p>0.20 for all 
unadjusted and adjusted analyses). Occupation, race, current cigarette smoking, and current 
alcohol use were significant in each of the final adjusted models. 

lgM 

The Model 1 unadjusted analyses of IgM did not reveal any significant associations 
between Ranch Hands and Comparisons (Table 19-2l(a): p>0.14). The adjusted analyses 
revealed a significant group-by-race interaction and a group-by-physical activity index 
interaction (Table 19-2l(b): p=0.034 .and p=0.005 respectively). Removal of these 
interactions did not reveal a significant difference in mean IgM values between Ranch Hands 
and Comparisons (Table 19-2l(b): p>0.12 for adjusted analyses). Age and current alcohol 
also were significant in the final adjusted model. Stratified tables of the interactions are 
displayed in Appendix Table 0-2-17. 

The Model 2 unadjusted and adjusted analyses did not reveal any significant associations 
between initial dioxin and IgM (Table 19-2l(c,d): p>0.14 for unadjusted and adjusted 
analysis). Age, race, occupation, and the physical activity index were included in the final 
adjusted model. The unadjusted analysis of Model 3 did not reveal a significant relationship 
between categorized dioxin and IgM (Table 19-2l(e): p>0.58). Adjusting for covariates in 
Model 3 revealed a highly significant interaction between categorized dioxin and physical 
activity index (Table 19-2l(f): p=0.001). Stratified results of this interaction are shown in 
Appendix Table 0-2-17. Very active Ranch Hands had significantly higher IgM values than 
Comparisons, while sedentary and moderately active Ranch Hands generally had slightly 
lower IgM values than Comparisons. Age, race, and current alcohol use also were 
significant in the final adjusted model. 

The unadjusted analysis of IgM for Models 4 through 6 did not reveal any significant 
associations with current dioxin (Table 19-2l(g): p>0.69). The adjusted analysis of 
Model 4 revealed a significant current dioxin-by-current alcohol use interaction 
(Table 19-2l(h): p=0.033). Age, race, and the physical activity index also were significant 
in the final model. Removal of the interaction did not reveal any significant findings. 
Stratified results of the current dioxin-by-current alcohol use interaction are presented in 
Appendix Table 0-2-17. Models 5 and 6 did not reveal any significant results in the 
adjusted analysis (Table 19-2l(h): p > 0.68). Age, race, current alcohol use, and the physical 
activity index were significant in Models 5 and 6. 
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Table 19-21. 
Analysis of lgM (mg/di) 

a)-MODEL 1: RANCH HANDS VS. COMPARISONS -lJNADJUSTED 

Occupational , ·.-·:·· Difference of Means 
Category Group D Mean.,. (95% c~J.)b p-Valuec 

All Ranch Hand 936 103.9 -1.6- 0.498 
Comparison 1,264 105.S 

Officer Ranch Hand 363 104.3 0.9 -- 0.825 
Comparison 492 103.4 

Enlisted Flyer Ranch Hand 160 100.3 -9.2 -- 0.141 
Comparison 200 109.5 

Enlisted Groundcrew Ranch Hand 413 104.9 -1.2 -- 0 .748 
Comparison 572 106.1 

b) MODEL 1: 'RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Adj. Difference of Adj. 
Category ·Group n Mean3 Means (95% C.I.)b p-Valuec Covariate Remarbd 

All Ranch Hand 926 97.0** -1.3 -·· 0.579** GROUP*RACE 
Comparison 1,246 98.3** (p=0.034) 

Officer Ranch Hand 363 98.1 ** 0.6 -** 0.868** 
GROUP*PHYACT 

Comparison 485 97.5** 
(p=0.005) 

AGE (p<0.001) 
Enlisted Ranch Hand 157 94.2** -8.8 --** 0.127** ALC (p=0.019) 
Flyer Comparison 200 103.0** 

Enlisted Ranch Hand 406 97.2** -0.2 --** 0.950** 
Groundcrew Comparison 561 97.4** 

a Transformed from the natural logarithm scale. 

b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 

c P-values based on difference of means on natural logarithm scale. 

d Covariates and associated p-values correspond to final model based on all participants with available data. 

** Group-by-covariate interactions (p~0.05) ; adjusted mean, difference of adjusted means, and p-value derived 
from a model fitted after deletion of these interactions; refer to Appendix Table 0-2-17 for further analysis 
of these interactions. 
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Table 19-21. (Continued) 
Analysis of lgM (mg/di) 

c) MODEL 2: RANCH BANDS - INITIAL DIOXIN - UNADJUSTED 

InitiahJ>iOxin Category Summary Statistics , Analysis Results fOl' Logz (Initial Dioxin)b 

Slope 
Initial Dioxin n Mean2 

Adj. 
Mead"' .R2 (Std. Enor:f p-Valoe 

Low 171 100.l 99.8 0.004 0.023 (0.019) 0.230 

Medium 172 99.4 99.l 

High 168 107.7 108.2 

; : 

«. d) MODEL 2: RANCH BANDS - .INITIAL DIOXIN - ADJUSfED 

Initial Dioxin Category Summary 
Statistics 

.. ~···· .;. 

.Adj. 
Initial Dioxin .. n ~ 

Low 171 93.7 

Medium 172 96.0 

High 168 104.7 

a Transformed from natural logarithm scale. 

Aiaalym .Results for Log2 (Initial Dioxin)d 

Adj. Slope 
.R2 (Std. Error)c p-Value 

0.057 0.032 (0.022) 0.145 

Covariate. .Remarks 

AGE (p=0.021) 
RACE (p=0.089) 
occ (p=0.055) 

PHYACT (p=0.002) 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Slope and standard error based on natural logarithm of IgM versus log2 (initial dioxin). 

d Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

Note: Low = 39-98 ppt; Medium= >98-232 ppt; High = >232 ppt. 
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Table 19-21. (Continued) 
Analysis of lgM (mg/di) 

e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Difference of Adj. . .:.;-· .. 
Adj. Mean vs. Comparisons 

Dioxin Category n Mean a Mean ab (95% c.1.)c p-Vatued 

Comparison 1,051 104.8 104.8 

Background RH 367 106.7 105.4 0.6 - 0.863 

Low RH 256 102.0 102.7 -2.1 -- 0.610 

High RH 255 102.5 103.4 -1.4 -- 0.731 

Low plus High RH 511 102.3 103.l -1.7 - 0.581 

t) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Diff ereoce of Adj. 
Adj. Mean vs. Comparisons 

Dioxin Category n Meanae (95% C.l.)c p-Valued Covariate Remarks 

Comparison 1,035 **** DXCAT*PHY ACT 
(p=0.001) 

Background RH 365 **** **** **** 
AGE (p=0.015) 

RACE (p=0.002) 
Low RH 253 **** **** **** ALC (p=0.023) 

High RH 251 **** **** **** 

Low plus High RH 504 **** **** **** 

a Transformed from natural logarithm scale. 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Difference of adjusted means after transformation to original scale; confidence interval on difference of 
adjusted means not presented because analysis was performed on natural logarithm scale. 

d P-value is based on difference of means on natural logarithm scale. 

e Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

**** Categorized dioxin-by-covariate interaction (ps;0.01); adjusted mean, difference of adjusted means, and 
p-value not presented; refer to Appendix Table 0 -2-17 for further analysis of this interaction. 
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Table 19-21. (Continued) 
Analysis of IgM (mg/di) 

g) MODELS 4, 5, AND(;: .RANCH HANDS - CURRENT DIOXIN - UNADJUSTED 

Currmt Dioxin Category Analysis Results for ~ 
Meanal(n) (Current Dioxin + 1) 

Slope 
Low Malium High R1 ·•. (Std. Error)C p-Value 

105.8 104.8 101.7 <0.001 0.001 (0.013) 0.914 
(289) (295) (294) 

105.3 105.6 101.4 <0.001 --0.002 (0.011) 0 .825 
(294) (292) (292) 

104.0 105.4 103.1 0.005 0.005 (0.012) 0.698 
(293) (292) (292) 

h) MODELS 4, S, AND 6: RANCH BANDS - CURRENT DIOXIN - ADJUSTED 

CUITeDt Dioxin Category Analysis Results for Logz 
Adjusted Mear/(n) (Cun-ent Dioxin + 1) 

Adj. Slope 
Low Medium High R2 (Std. Error)c p-Value Covariate Remarks 

95.2** 96.5** 91.4** 0 .038 -0.001 (0.013)** 0.954** CURR*ALC (p=0.033) 
(288) (292) (289) AGE (p=0.011) 

RACE (p=0.001) 
PHY ACT (p=0.016) 

94.7 96.9 91.0 0.033 --0.005 (0.011) 0 .685 AGE (p=0.009) 
(292) (290) (287) RACE (p=0.001) 

ALC (p=0.041) 
PHYACT (p=0.015) 

92.7 96.2 92.3 0.039 0.004 (0.012) 0.761 AGE (p=0.019) 
(291) (290) (287) RACE (p=0.001) 

ALC (p=0.027) 
PHYACT (p=0.016) 

a Transformed from natural logarithm scale. 

b Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 
Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

c Slope and standard error based on natural logarithm of lgM versus log2 (current dioxin + 1). 

d Adjusted for log2 total lipids. 

e Adjusted for log2 total lipids in addition to covariates specified under "Covariate Remarks" column. 

** Log2 (current dioxin + !)-by-covariate interaction (0.01 <p ~0.05); adjusted mean, adjusted slope, standard 
error, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table 0-
2-17 for further analysis of this interaction. 
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Lupus Panel: Antinuclear Antibody (ANA) 

The Model 1 unadjusted analysis of the antinuclear antibody (ANA) revealed a 
marginally significant difference between Ranch Hands and Comparisons (Table 19-22(a): 
p=0.092, Est. RR=0.81). The analysis of ANA yielded positive results for 13.7 percent of 
Ranch Hands and 16.4 percent of Comparisons. Stratifying by occupation also revealed a 
marginally significant difference between Ranch Hands and Comparisons in the enlisted 
groundcrew category (Table 19-22(a): p=0.073, Est. RR=0.69). Within the enlisted 
groundcrew category, 10.9 percent of Ranch Hands and 15.0 percent of Comparisons yielded 
positive ANA results. Similar to the unadjusted analysis, the Model 1 adjusted analysis 
revealed a marginally significant difference between Ranch Hands and Comparisons overall 
and for the enlisted groundcrew (Table 19-22(b): p=0.067, Adj. RR=0.80 and p=0.058, 
Adj. RR=0.069 respectively). Age was significant in the final adjusted model. 

Model 2 did not display a significant association between initial dioxin and ANA (Table 
19-22(c,d): p>0.59 for both the unadjusted and adjusted analyses). Age, race, and lifetime 
alcohol history were significant in the final adjusted model. In Model 3, the unadjusted 
analysis exhibited a significantly lower percentage of positive ANA results in the high Ranch 
Hand category (11.4%) and low plus high Ranch Hand combined category (13.1 %) than in 
Comparisons (17.1%) (Table 19-22(e): p=0.030, Est. RR=0.63 and 0.047, Est. RR=0.73, 
respectively). Adjusting for covariates in Model 3 revealed a highly significant categorized 
dioxin-by-lifetime alcohol history interaction (Table 19-22(f): p=0.002). Age also was 
significant in the final adjusted model. Stratified results of the interaction between lifetime 
alcohol history and categorized dioxin are presented in Appendix Table 0-2-18. 

The unadjusted analyses of Models 4 and 5 did not reveal any significant relationships 
between current dioxin and ANA (Table 19-22(g): p>0.13). The unadjusted analysis of 
Model 6 revealed a marginally significant inverse relationship between ANA and current 
dioxin (Table 19-22(g): p=0.099, Est. RR=0.90). Adjusting for covariates in Models 4 
through 6 revealed significant current dioxin-by-race and current dioxin-by-lifetime alcohol 
history interactions in each model (Table 19-22(h): Model 4, p=0.023 and p=0.002; 
Model 5, p=0.014 and p=0.003; Model 6, p=0.016 and p=0.003). Age also was 
significant in the final adjusted model of Models 4 through 6. Removal of the interactions 
did not reveal any significant associations between current dioxin and ANA. Stratified 
results of the current dioxin-by-race and current dioxin-by-lifetime alcohol history 
interactions for Models 4, 5, and 6 are presented in Appendix Table 0-2-18. 

Lupus Panel: Thyroid Microsomal Antibody 

Model 1 revealed a marginally significant overall difference between Ranch Hands and 
Comparisons in the unadjusted analysis of the thyroid microsomal antibody (Table 19-23(a): 
p=0.054, Est. RR=l.61). The results were positive for 4.4 percent of Ranch Hands and 
2.8 percent of Comparisons. Adjusting for covariates in Model 1 revealed three highly 
significant interactions: group-by-current cigarette smoking, group-by-current alcohol use, 
and group-by-lifetime alcohol history (Table 19-23(b): p=0.001, p=0.002, and p<0.001 
respectively). The physical activity index also was included in the fmal adjusted model. For 
further investigation, stratified analyses were performed on each interaction. These results 
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Table 19-22. 
Analysis of Lupus Panel: Antinuclear Antibody (ANA) 

a) MODEL 1: RANCH HANDS VS. COMP~NS - UNADJUSI'ED 

Percent "&t. Relative Risk 
Occupational Category Group D Present (95% C.L) p-Value 

All Ranch Hand 936 13.7 0.81 (0.64,1.03) 0.092 
Comparison 1,264 16.4 

Officer Ranch Hand 363 15.7 0.86 (0.59,1.23) 0 .454 
Comparison 492 17.9 

Enlisted Flyer Ranch Hand 160 16.3 0 .98 (0.56,1.72) 0.999 
Comparison 200 16.5 

Enlisted Groundcrew Ranch Hand 413 10.9 0 .69 (0.47,1.02) 0 .073 
Comparison 572 15.0 

b) MODEL 1: RANCH.BANDS VS. COMPARISONS - ADJUSTED 

Adj. Relative Risk 
Occupational Category (95% C.I.) p-Value Covariate Rem~ 

AU 0.80 (0.63,1.02) 0.067 AGE (p<0.001) 

Officer 0.84 (0.59,1.22) 0 .365 

Enlisted Flyer 0.97 (0.55,1.71) 0 .921 

Enlisted Groundcrew 0.69 (0.47,1.01) 0.058 

a Covariates and associated p-values correspond to final model based on all participants with available data. 
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Table 19-22. (Continued) 
Analysis of Lupus Panel: Antinuclear Antibody (ANA) 

c) MODEL 2: RANCH BANDS - INITIAL DIOXIN - UNAD.JUS'ml> 

:Initial ,~om-category Summary Statistics A.na1ysis Results for LO(;z (lnitia1 Dio~~/:' 

Emmated Relative Risk Paunt . 
Initial Dioxin n :·: Present (95% C.L)b p-Value 

Low 171 16.4 0.95 (0.77,1.16) 0.599 

Medium 172 10.5 

High 168 12.5 

d) MODEL.2: RANCHHANDS - INITIAL DIOXIN - ADJUSTED 

Analysis .Results for lA>gi (lnitia1 Dioxin)c 

D Adj. Relative .RWc•(95~ C.l.)b p-Value 

498 1.02 (0.82,1.27) 0.865 

Covariate Remal-ks 

AGE (p=0.005) 
RACE (p=0.149) 

DRKYR (p=0.002) 

a Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

b Relative risk for a twofold increase in initial dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks• column. 

Note: Low = 39-98 ppt; Medium= >98-232 ppt; High= >232 ppt. 
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Table 19-22. (Continued) 
Analysis of Lupus Panel: Antinuclear Antibody (ANA) 

·.e) ·MODEL:J.~:<RANCH HANDS AND :COMPARISONS :BYDIOXIN =CATEGORY - UNADJUSTED 

Comparison 

Background RH 

Low RH 

High RH 

Low plus High RH 

1,051 

367 

256 

255 

511 

. •. ••·• • . :perc-elrt 
.• : PreSent 

17.1 

15.5 

14.8 

11.4 

13.l 

· ~. Relative Risk 
t::::·5[ .: (95%>C;J~)ab 

0.88 (0.63,1.22) 0.445 

0.84 (0.58,1.23) 0.378 

0.63 (0.41,0.96) 0.030 

0.73 (0.54,1.00) 0.047 

. f) MODEL 3: RANCH.HANDS :A?oID COMPARISONS Bf DIOXIN CATEGORY-"=ADJUSTED .. 

Dioxin cit~iy 
. Adj~ •Rdative Risk ":'.·:···:· 

.,: n :(95% c.1~)3C p-V:alue · Covariate Remar.kS .·· ···· 
Comparison 1,033 DXCAT*DRKYR (p=0.002) 

Background RH 

Low RH 

High RH 

Low plus High RH 

361 

250 

248 

498 

**** **** 

**** **** 

**** **** 

**** **** 

a Relative risk and confidence interval relative to Comparisons. 

AGE (p<0.001) 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for. dioxin, and covariates specified under "Covariate Remarks" column. 

**** Categorized dioxin-by-covariate interaction (p ~0.01); adjusted relative risk, confidence interval, and 
p-value not presented; refer to Appendix Table 0-2-18 for further analysis of this interaction. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin ~ 10 ppt. 
Background (Ranch Hand): Current Dioxin ~ 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin ~ 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 19-22. (Continued) 
Analysis of Lupus Panel: Antinuclear Antibody (ANA) 

g) MODELS.-4; 5, AND 6: RANCH HANDS - CURRENT DIOXIN - UNADJUSTED 

Current Dioxin Caffg@ry 
Pel:'Cellt. Presentl(n) 

Analysis Results for Log2 
.. =(Current Dioxin+ 1) 

F.st.;· Relative Risk 
Mod.eP Low mgb . : .(95% C.J.)b p-Value 

4 

5 

ModeP 

4 

16.6 
(289) 

15.3 
(294) 

15.4 
(293) 

14.9 
(295) 

16.1 
(292) 

16.1 
(292) 

10.9 
(294) 

11.0 
(292) 

11.0 
(292) 

0 .90 (0.79,1.03) 

0.93 (0.84, 1.04) 

0 .90 (0.80,1.02) 

h) MODELS 4, 5., AND 6: RANCH HANDS - CURRENT DIOXIN - ADJUSTED 

Analysis Results for Log2 (Current Dioxin + 1) 

Adj. Relative Risk 
D / (95%C.J.)b p-VaJue Covariate Remarks 

859 0 .95 (0.82,1.09)** 0.431 ** CURR*RACE {p=0.023) 

0.137 

0 .233 

0.099 

CURR*DRKYR (p=0.002) 
AGE (p<0.001) 

5 859 0.97 (0.86,1.09)** 0.554** CURR*RACE (p=0.014) 
CURR*DRKYR (p=0.003) 

AGE (p <0.001) 

6d 858 0.94 (0.83,1.07)** 0.341 ** CURR*RACE (p=0.016) 
CURR*DRKYR (p=0.003) 

AGE (p<0.001) 

a Model 4: Log2 {lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 
Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

b Relative risk for a twofold increase in current dioxin. 

c Adjusted for log2 total lipids. 

d Adjusted for log2 total lipids in addition to covariates specified under "Covariate Remarks" column. 

** Log2 (current dioxin + 1)-by-covariate interactions (pS0.05); adjusted relative risk, confidence 
interval, and p-value derived from a model fitted after deletion of these interactions; refer to Appendix 
Table 0-2-18 for further analysis of these interactions. 

Note: Model 4: Low = s 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = S 46 ppq; Medium = >46-128 ppq; High = > 128 ppq. 
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Table 19-23. 
Analysis of Lupus Panel: Thyroid Microsomal Antibody 

a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED ·.• . . 

Percent Est. Relative Risk. 
Occupational Category Group n Pttsent (95% C.l.) p-Value 

AU Ranch Hand 936 4.4 1.61 (1.02,2.55) 0.054 
Comparison 1,264 2.8 

Officer Ranch Hand 363 4.1 1.20 (0.59,2.45) 0.739 
Comparison 492 3 .5 

Enlisted Flyer Ranch Hand 160 5.0 3.46 (0.90,13.25) 0.108 
Comparison 200 1.5 

Enlisted Groundcrew Ranch Hand 413 4.4 1.69 (0.84,3.40) 0 . 189 
Comparison 572 2.6 

b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Adj. Relative Risk 
Occupational Category (95% C.1.) p-Valoe Covariate Rem&M 

AU •••• •••• GROUP*CSMOK (p=0.001) 

Officer **** **** 
GROUP*ALC (p=0.002) 

GROUP*DRKYR (p <0.001) 

Enlisted Flyer **** **** PHYACT (p=0.088) 

Enlisted Groundcrew **** **** 

a Covariates and associated p-values correspond to final model based on all participants with available data. 

****Group-by-covariate interactions (p::;;0.01); adjusted relative risk, confidence interval, and p-value not 
presented; refer to Appendix Table 0-2-19 for further analysis of these interactions. 
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Table 19-23. (Continued) 
Analysis of Lupus Panel: Thyroid Microsomal Antibody 

.-. .·•· .. . ·.•. 

c) MODEL 2: RANCH HANDS-, INMAVDIOXIN 7 UNADJUSTED J. 

Initial DioBn. Category Summary Statistics : Analysis Results for ~ (Initial Dioxm)• ·. . .......... ,., 
~Relati~Ri~· . . ··•: \it{' p~ 

. Initial Dioxin . . . .. n .:.:::: .:Present 7 =·· (95~' C.I.)~\ p-Value 

Low 

Medium 

High 

I::· ... 
~: n 

498 

171 

172 

168 

6.4 

4.1 

5.4 

0.91 (0.67,1.24) 0.559 

d) MODEL 2.: RANCH HANDS- .INITIAL DIOXIN=- ADJUSTED . 

Ana]ysis ~esults for ~ (Initial Dioxin)~ . ,, ... 

Atlj. Rdative Risk (95% C.I.)b ~Vallie 

0.82 (0.59, 1.14)** 0.228** 

Covariate RemarkS 

INIT*DRKYR (p=0.014) 
INIT*CSMOK (p=0.025) 

PACKYR (p=0.031) 
ALC (p<0.001) 

PHYACT (P=0.034) 

:·-. 

a Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

b Relative risk for a twofold increase in initial dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

** Log2 (initial dioxin)-by-covariate interactions (0.01 <p~0.05); adjusted relative risk, confidence interval, 
and p-value derived from a model fitted after deletion of these interactions; refer to Appendix Table 0 -2-19 
for further analysis of these interactions. 

Note: Low = 39-98 ppt; Medium = > 98-232 ppt; High = > 232 ppt. 
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Table 19-23. (Continued) 
Analysis of Lupus Panel: Thyroid Microsomal Antibody 

e) MODEL .3: RANCH BANDS AND COMPARISONS BY DIOXIN CA'IEGORY - UNADJUSTED 

Percmt F.&t. Relative Risk 
Dioxin Cateiory n { .. Present (95%C.LYo p-Value 

Comparison 1,051 2.8 

Background RH 367 3.5 1.31 (0.67,2.56) 0.431 

Low RH 256 5.9 2.14 (l.13,4.07) 0.020 

High RH 255 4.7 1.74 (0.87,3.47) 0.119 

Low plus High RH 511 5.3 1.94 (l.13,3.33) 0.016 

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Adj. Relative Risk 
Dioxin Category n (95% C.I.~ p-Value 

Comparison 1,033 

Background RH 361 **** **** 

Low RH 250 **** **** 

High RH 248 **** **** 

Low plus High RH 498 **** **** 

a Relative risk and confidence interval relative to Comparisons. 

Covariate Remarks 

DXCAT*CSMOK (p=0.001) 
DXCAT*ALC (p<0.001) 

DXCAT*DRKYR (p<0.001) 
AGE (p=0.120) 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

**** Categoriz.ed dioxin-by-covariate interactions (p::;0.01); adjusted relative risk, confidence interval, and 
p-value not presented; refer to Appendix Table 0-2-19 for further analysis of these interactions. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin :::;; 10 ppt. 
Background (Ranch Hand): Current Dioxin :::;; 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin :::;; 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 19-23. (Continued) 
Analysis of Lupus Panel: Thyroid Microsomal Antibody 

g) MODELS 4., s; AND 6: RANCH BANDS - CURRENT DIOXIN - UNADJUSTED 

CUJ:1:ent Dioxin. Category 
'P~nt Prese]iti(n) '· 

t Analysls.ReSUlts-for Log :::: 
'· /\, · (CIDTent ,Diom +1r:f:< .. · .. 
&t.. Relative RiSk · ., 

ModeP 
··::-

Low ~1'.~~~)· Medium High (95% C.J.)b ~Value 

4 3.5 
(289) 

5 3.1 
(294) 

3.1 
(293) 

5 .8 
(295) 

5.8 
(292) 

5.8 
(292) 

4.4 
(294) 

4.8 
(292) 

4.8 
(292) 

1.08 (0.87,1.34) 

1.10 (0.91 ,1.32) 

1.06 (0.86,1.29) 

h) MODELS 4,. .~ AND 6: .RANCH BANDS - CURRENT DIOXIN - AD.JUSTED 

. . . Analysis Results .ror.Logz (Current Dioxin + 1) .. 
· Adj/ Relative ~k . · .·.·. 

ModeP n · ·{95% c.1.)1t ···· p-V&lue 

4 868 1.09 (0.88, 1.34)** 0.449** 

5 868 1.10 (0.92,1.32) 0.302 

867 1.07 (0.88,1.30) 0.507 

a Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 

Covariate Remarks 

CURR*ALC (p=0.044) 
PACKYR (p=0.009) 

PACKYR (p=0.009) 
ALC (p=0.014) 

PACKYR (p=0.013) 
ALC (p=0.014) 

Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

b Relative risk for a twofold increase in current dioxin. 

c Adjusted for log2 total lipids. 

d Adjusted for log2 total lipids in addition to covariates specified under wcovariate Remarksw column. 

0.478 

0.327 

0.587 

** Log2 (current dioxin + 1)-by-covariate interaction (0.01 <p::;;0.05); adjusted relative risk, confidence 
interval, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix 
Table 0-2-19 for further analysis of this interaction. 

Note: Model 4: Low = ::;; 8.1 ppt; Medium= >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = ::;; 46 ppq; Medium= >46-128 ppq; High = > 128 ppq. 
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;. ' -..... 

are displayed in Appendix Table 0-2-19. Ranch Hands with more tha:iJ. 40 drink-years had 
significantly higher percentage of thyroid microsomal antibody than Comparisons overall and 
in each of the occupational categories. 

I' The unadjusted analysis of Model 2 did not reveal a significant association between the 
I t thyroid microsomal antibody and initial dioxin (Table 19-23(c): p=0.559). The adjusted 

analysis revealed significant initial dioxin-by-lifetime alcohol history and initial dioxin-by­
current cigarette smoking interactions (Table 19-23(d): p=0.014 and p=0.025). Lifetime 
cigarette smoking history, current alcohol use, and the physical activity index also were 
significant in the final adjusted model. Removal of the interactions did not reveal a 
significant association between initial dioxin and the presence of the thyroid microsomal 
antibodies (p = 0. 228). Stratified results of each interaction are presented in Appendix 
Table 0-2-19. 

In Model 3, the unadjusted analysis exhibited a significantly higher percentage of 
positive thyroid microsomal antibody test results in the low Ranch Hand category (5.9%) and 
the low plus high Ranch Hand category (5.3%) than in the Comparison group (2.8%) 
(Table 19-23(e): p=0.020, Est. RR=2.14 and p=0.016, Est. RR=l.94 respectively). 
Adjusting for covariates in Model 3 revealed three highly significant interactions with 
categorized dioxin: categorized dioxin-by-current cigarette smoking, categorized dioxin-by­
current alcohol use, and categorized dioxin-by-lifetime alcohol history (Table 19-23(f): 
p=0.001, p<0.001, and p<0.001 respectively). Age also was retained in the final adjusted 
model. Stratified results of each interaction are shown in Appendix Table 0-2-19. Ranch 
Hands who were current or former smokers, light current drinkers (0-1 drink/day), and 
heavy lifetime drinkers (>40 drink-years) had higher percentages of thyroid microsomal 
antibodies present than Comparisons. 

The unadjusted analyses of Models 4 through 6 did not show any significant 
relationships between current dioxin and thyroid microsomal antibodies (Table 19-23(g): 
p>0.32 for unadjusted analyses). Adjusting for covariates in Model 4 revealed a significant 
current dioxin-by-current alcohol use interaction (Table 19-23(h): p=0.044). Lifetime 
smoking history also was significant in the final adjusted model. Removal of the interaction 
did not reveal a significant association between current dioxin and the presence of thyroid 
microsomal antibodies. Stratified results of the interaction in Model 4 are presented in 
Appendix Table 0-2-19. The adjusted analyses of Model 5 and 6 did not display any 
significant results (Table 19-23(h): p>0.30 for adjusted analyses). 

Lupus Panel: MSK Smooth Muscle Antibody 

The analysis of mouse stomach kidney (MSK) smooth muscle antibody in Model 1 did 
not show any significant results (Table 19-24(a,b): p>0.31 for unadjusted and adjusted 
analyses). Age, race, and occupation were accounted for in the final adjusted model. 

In Model 2, the unadjusted and adjusted analyses revealed significant inverse 
relationships between MSK smooth muscle antibodies and initial dioxin (Table 19-24(c,d): 
p=0.035, Est. RR=0.60 and p=0.022, Adj. RR=0.57). The percentage of participants 
testing positive for the smooth muscle antibody in the low, medium, and high initial dioxin 
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Table 19-24. 
Analysis of Lupus Panel: MSK Smooth Muscle Antibody 

a) MODEL.I: ,RANCH HANDS VS. COMPARISONS -JJNADJU~~ : 

.. Percent F&t. Rebltive Risk 
~nalCategory . .::::.:::: GroQp:,? =•=n ·•=·•·=Present •• (95% =·c.I;)> ~Value / 

AU Ranch Hand 936 3.0 0.94 (0.58,1.54) 0.914 
Comparison 1,264 3.2 

Officer Ranch Hand 363 4.7 1.29 (0.66,2.55) 0.567 
Comparison 492 3.7 

Enlisted Flyer Ranch Hand 160 1.9 0.75 (0.18,3.17) 0.968 
Comparison 200 2.5 

Enlisted Groundcrew Ranch Hand 413 1.9 0.65 (0.28,1.51) 0.416 
Comparison 572 3.0 

b):MODEL l!.·.RANCHHANDs .vs. COMPARISONS-AD.JUSTED 

Adj. Relative Risk ·:;.-.:.;::::. 

OccupationapCategory (95% c~.> .. ;;::·· · p-Val~ Cov.afiate Remarksa 

AU 0.94 (0.58,1.54) 0.805 AGE (p=0.139) 

Officer 1.28 (0.65,2.51) 0.481 
RACE (p=0.060) 
occ (p=0.150) 

Enlisted Flyer 0.75 (0.18,3.20) 0.700 

Enlisted Groundcrew 0.64 (0.28,1.51) 0.312 

a Covariates and associated p-values correspond to final model based on all participants with available data. 
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Table 19-24. 
Analysis of Lupus Panel: MSK Smooth Muscle AntJ1>ody 

·=·=· . ·.::.=r··: .: 
c) MODEL 2:. RANCH HANDS - INITIAL DIOXIN --'UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis .ResoJts for LoL (lniti8I Dioxin)• 

Initial Dioxin n 

Low 171 

Medium 172 

High 168 

Percent 
Present 

3 .5 

3.5 

1.2 

&timated Relative. Risk 
(95% C~I.)b 

0.60 (0.36,1.00) 

p-Value 

0.035 

d) MODEL 2: RANCHHANDS - INITIAL DIOXIN...:... ADJUSTED 

Analysis Results for LoL (Initial Dioxin)c. 

n Allj. Relative Risk (95% C.I.)b ~Value Covariate Remarks 

511 0 .57 (0.33,0 .97) 0.022 PHYACT (p=0.015) 

a Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the ti.me of duty 
in SEA to the date of the blood draw for dioxin. 

b Relative risk for a twofold increase in initial dioxin. 

c Adjusted for percent body fat at the ti.me of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under ·eovariate Remarks· column. 

Note: Low = 39-98 ppt; Medium= > 98-232 ppt; High= > 232 ppt. 
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Table 19-24. (Continued) 
Analysis of Lupus Panel: MSK Smooth Muscle Antibody 

e) MODEL .3! RANCH HANDS AND COMPARISONS BY DIOXIN CA1EGORY - -UNADJUSTED 

Percent &t. Relative Risk 
Dioxin Categ0ry n Preseut (95" C.L~ ]>-Value 

Comparison 1,051 3.1 

Background RH 367 3.8 1.32 (0.69,2.51) 0.405 

Low RH 256 4 .3 1.37 (0.68,2. 75) 0.383 

High RH 255 1.2 0 .34 (0.10,1.11) 0.073 

Low plus High RH 511 2.7 0.83 (0.44,1.57) 0.563 

f) MODEL 3: RANCH HANDS .AND COMPARISONS BY DIOXIN CATEGORY - ADJUSI'ED 

Adj. Relative Risk ~ . .::· 
Dioxin Category n (95% C.I.fC p-Value Covariate Remarb. 

Comparison 1,051 AGE {p=0.048) 
RACE {p=0.140) 

Background RH 367 1.27 (0.67,2.43) 0.467 

Low RH 256 1.27 (0.63,2.58) 0.503 

High RH 255 0.37 (0.11,1.23) 0.105 

Low plus High RH 511 0.84 (0.44, 1.60) 0.594 

a Relative risk and confidence interval relative to Comparisons. 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin ~ 10 ppt. 
Background (Ranch Hand): Current Dioxin ~ 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin ~ 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 19-24. (Continued) 
Analysis of Lupus Panel: MSK Smooth Muscle Antibody 

:: g) 'l\-f:QD.ELS 4, 5, AND 6f :~CU.BANDS - CURRENT. DIOXIN - UNADJUSTED( 

· . . Current ·Dioxin Categorjt .. 
.. . Percent .~!((n)> ··· .. 

.Analysis Results fof L9J:i 

. ("-~ Di . ·+·· •:.,.=.1··.)· :: .·. 
:·:· ~UITQH ODJt·::. } . ·;:;. 

4 

5 

3.8 4.1 1.7 
(289) (295) (294) 

3.7 
(294) 

3 .8 
(293) 

3.8 
(292) 

3.8 
(292) 

2.1 
(292) 

2.1 
(292) 

··•·=F£:Rdative.·Risk· 
:< : .((95% C.l~)b .. 

0 .78 (0.59,1.03) 

0.85 (0.68,1.05) 

0.81 (0.64,1.02) 

h)MODELS 4, 5, AND 6:>RANCH HANDS ..... Cl1R.RENT DIOXIN- AD.JPSTED 

:•.• 1\.D81~ Results for Logz ·(C~!t Dioxin + 1) 
A:dJ. Relative JtiSk < · 

(95% C.I.)~/ ' p-Value .. 

878 0.80 (0.60,1.07) 0.131 

5 878 0.87 (0.69,1.09) 0.232 

877 0.83 (0.65, 1.06) 0.151 

a Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 

. ..=-·· .. · .. · .. · 

· Covariate RematkS 
AGE (p=0.097) 

AGE (p=0.081) 

AGE (p=0.096) 

Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

b Relative risk for a twofold increase in current dioxin. 

c Adjusted for log2 total lipids. 

d Adjusted for log2 total lipids in addition to covariates specified under "Covariate Remarks" column. 

Note: Model 4: Low = ~ 8.1 ppt; Medium= >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = ~ 46 ppq; Medium = >46-128 ppq; High = > 128 ppq. 
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categories were 3.5 percent, 3.5 percent, and 1.2 percent. The physical activity index was 
significant in the final adjusted model. 

The unadjusted analysis of Model 3 revealed that the percentage of participants testing 
positive was marginally significantly lower for MSK smooth muscle antibodies in the high 
Ranch Hand category (1.23) than in the Comparison group (3.13) (Table 19-24(e): 
p=0.073, Est. RR=0.34). The results of the adjusted Model 3 analysis were nonsignificant. 
Age and race were covariates included in the final adjusted model. 

The unadjusted analyses of Models 4 and 6 displayed marginally significant inverse 
associations between the smooth muscle antibody and current dioxin (Table 19-24(g): 
p=0.070, Est. RR=O. 78; p=0.082, Est. RR=0.81). The percentage of participants testing 
positive for the smooth muscle antibody in the low, medium, and high categories were 3.8, 
4.1, and 1.7 percent for Model 4 and 3.8, 3.8, and 2.1 percent for Model 6. The unadjusted 
analysis of Model 5 was nonsignificant (p=0.143). The adjusted analyses of Models 4 
through 6 did not reveal any significant associations between current dioxin and smooth 
muscle antibody (Table 19-24(h): p>0.13 for adjusted analyses). Age was retaii:ted in each 
of the final adjusted models for Models 4 through 6. 

Lupus Panel: MSK Mitochondrial Antibody 

Due to a sparse number of abnormal findings, the adjusted analyses for Models 1 
through 6 were not performed. 

The unadjusted Model 1 analysis did not reveal any significant differences between 
Ranch Hands and Comparisons in the presence of MSK mitochondrial antibodies 
(Table 19-25(a): p>0.62). Because only one Ranch Hand (in the low initial dioxin category) 
had an MSK mitochondrial antibody present, no unadjusted Model 2 analysis was performed. 
The unadjusted analyses of Models 3 through 6 did not exhibit any significant associations 
between the presence of MSK mitochondrial antibodies and categorized dioxin or current 
dioxin (Table 19-25(e,g): p>0.11 for all analyses). 

Lupus Panel: MSK Parietal Antibody 

The unadjusted analysis of the parietal antibody did not detect a significant difference 
between Ranch Hands and Comparisons in Model 1 (Table 19-26(a): p>0.26 for unadjusted 
analysis). The adjusted analysis of Model 1 revealed a significant group-by-race interaction 
(Table 19-26(b): p=0.014). Age, current cigarette smoking, and current alcohol use also 
were included in the final adjusted model. Removal of the group-by-race interaction in 
Model 1 revealed a marginally significant difference between Ranch Hands and Comparisons 
within the officer category (Table 19-26(b): p=0.084, Est. RR=l.87). Stratified analyses of 
the interaction are shown in Appendix Table 0-2-20. 

Models 2 and 3 did not reveal any significant associations between initial dioxin and the 
parietal antibody test in the unadjusted and adjusted analyses (Table 19-26(c-f): p>0.22). 
No covariates were significant in the Model 2 adjusted analysis. Age, current cigarette 
smoking, and current alcohol use were retained in the final adjusted model for Model 3. 
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Table 19-25. 
Analysis of MSK Mitochondrial Antibody 

a) MODEL l: RANCH HANDS VS~ COMPARISONS - UNADJUSTED . 

Percent F.st. Relative Risk 
Occupationa1 Category Group D Present (95% C.I.) p-Value 

AU Ranch Hand 936 0.2 0.90 (0.15,5.40) 0.999 
Comparison 1,264 0.2 

Officer Ranch Hand 363 0.6 2. 72 (0.25,30.12) 0.791 
Comparison 493 0.2 

Enlisted Flyer Ranch Hand 160 0.0 
Comparison 200 0.0 

Enlisted Groundcrew Ranch Hand 413 0.0 0.28 (0.01,5.76) 0.627 
Comparison 572 0.3 

b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSI'ED 

Occupational Category 
Adj. Relative Risk 

(95% C.I.) p-Value Covariate Remarks 

AU 

Officer 

Enlisted Flyer 

Enlisted Groundcrew 

-: Adjusted analysis not performed due to the sparse number of abnormalities. 
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Table 19-25. (Continued) 
Analysis of MSK Mitochondrial Antibody 

c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

Initial Dioxin Category Summary Statistics 

Percent 

Analysis Results for Logz (Initial DioxinY 

Initial Dioxin n .('::Hf Present 

Low 

Medium 

High 

171 

172 

168 

0.6 

0.0 

0.0 

Fstimated Relative Risk 
(95~ C.J.)b p-Value 

d) .MODEL"2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Logz (Initial Dioxin) 

n Adj. Relative Risk (95% C;I.) p-Value Covariate Remarks 

a Adjusted for percent body fat at the time of duty and change in percent body fat from the time of duty to the 
date of the blood draw for dioxin. 

b Relative risk for a twofold increase in initial dioxin. 

--: Adjusted analysis not performed due to the sparse number of abnormalities. 

Note: Low = 39-98 ppt; Medium = > 98-232 ppt; High = > 232 ppt. 
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Table 19-25. (Continued) 
Analysis of MSK Mitochondrial Antibody 

e) MODEL 3; RANCH BANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Percent F.st. Relative Risk 
Dioxin Categot)' 

.. · 
Present (95% C.L)*> p;:Value D 

Comparison 1,051 0 .3 

Background RH 367 0.3 1.41 (0.14, 14.30) 0 .770 

Low RH 256 0.4 1.04 (0.10,10.50) 0 .971 

High RH 255 0.0 

Low plus High RH 511 0.2 0.49 (0.05,5.04) 0.545 

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category 

Comparison 

Background RH 

Low RH 

High RH 

Low plus High RH 

Adj. Relative Risk 
n (95% C:.I.) p-Value 

a Relative risk and confidence interval relative to Comparisons. 

Covariate Remades 

b Adjusted for percent body fat at the time of duty and change in percent body fat from the time of duty to the 
date of the blood draw for dioxin. 

-: Adjusted analysis not performed due to the sparse number of abnormalities. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin ~ 10 ppt. 
Background (Ranch Hand): Current Dioxin ~ 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin ~ 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 

19-139 



Table 19-25. (Continued) 
Analysis of MSK Mitochondrial Antibody 

g) MODELS 4, 5,•AND 6: RANCH BANDS- CURRENTDIOXIN ~UNADJUSTED 

CWTent Dioxin Category Analysis Results for Log2 
Percent Present/(n) (Current Dioxin+ 1) 

E.U.; .Rdative Risk 
... :.:::. 

ModeP- Low Medium High (95% C.I~)b p-Value 

4 0.3 0.3 0.0 0.44 (0.15,1.26) 
(289) (295) (294) 

5 0.7 0.0 0.0 0.58 (0.32,1.04) 
(294) (292) (292) 

6c 0.7 0.0 0.0 0.63 (0.31,1.26) 
(293) (292) (292) 

h) MODELS 4, 5, AND 6: RANCH BANDS - CURRENT DIOXIN - ADJUSTED 

· Analysis Results for .~=(Current Dioxin + 1) 

Model3 

4 

5 

n 
Adj. Relative Risk 

(95% C.I.)b p-Value 

a Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 

Covariate Remarks 

Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

b Relative risk for a twofold increase in current dioxin. 

c Adjusted for log2 total lipids. 

--: Adjusted analysis not performed due to the sparse number of abnormalities. 

Note: Model 4: Low = ::::;; 8.1 ppt; Medium= >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = ::::;; 46 ppq; Medium = >46-128 ppq; High = > 128 ppq. 
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Table 19-26. 
Analysis of Lupus Panel: MSK Parietal Antibody 

Ranch Hand 936 2.4 0.90 (0.52,1.55) 
Comparison 1,264 2.6 

Officer Ranch Hand 363 3.0 1.51 (0.63,3.59) 0.479 
Comparison 492 2.0 

Enlisted Flyer Ranch Hand 160 1.9 0.94 (0.21,4.25) 0.999 
Comparison 200 2.0 

Enlisted Groundcrew Ranch Hand 413 1.9 0.58 (0.25,1.33) 0.265 
Comparison 572 3.3 

... : .. ···.·>. -:·:· 
;:-.·:::::·:·:.· .-:-: .· ... ::: . . 

· ·,,,,~\tille:·· :!·i))jj: .;;::,;· · :~9vanii~!~~·a · 
AU 0.87 (0.50,1.51)** 0.618** GROUP*RACE (p=0.014) 

. Officer 

Enlisted Flyer 

Enlisted Groundcrew 

1.87 (0.92,3.80)** 

1.14 (0.36,3.62)** 

1.18 (0.57 ,2.46)** 

AGE (p=0.105) 
O.OS4** CSMOK (p=0.085) 

0.828** 

0.659** 

ALC (p=0.031) 

a Covariates and associated p-values correspond to final model based on all participants with available data. 

**Group-by-covariate interaction (0.01 <p~0.05); adjusted relative risk, confidence interval, and p-value 
derived from a model fitted after deletion of this interaction; refer to Appendix Table 0-2-20 for further 
analysis of this interaction. 
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Table 19-26. (Continued) 
Analysis of Lupus Panel: MSK Parietal Antibody 

·.-.-.·.·-:-· ·.-. ·;· -;· .-.·. ·.·:·:·:·:· .·•·• :-;: ·.:;:;:::::::: -..... ·.·. -·.,.. ;-: ; :=· ·:·. :-. ;·. . ·:<· ·:~:::::::::::::::::<:-·:·:;.-- . . .·•·• - ' . . .... 

;:f,;::;:::;:::\': :,:·:/ ,·:,·:f:{tc> ·'MODElj·:~;:)'j)~CHpANl>s:, : ' ;:'!N!'!1.AL DI()~':' : ':'}~~HID 

.:::::J:~~~~~?11:~,~~11::11;;1:~;m1:1::: :11:1::::111:1:1 .:11:1:11: 111~1·~~::=1:1~~~:1~~!Jlit':::~_,_:~_ .. _ .. °'.• .. ~ .. ~~~~:=::::·:·::·:.:: .. 't . 
···· ·· ·· ' · '•)i:: . . .. . · .. ·· . · · P.ettmt· ·. .. ? .... F:Sfunated Rd8ti RiSk . . . . · % ' : / : :: ... 

:::::~;~·.:~jhi)-,iJ•. -~· ::1:1·:::::.::::::·:111::::;;: .. '::.'~:::1r···::·; :. ::._ :.:.:::;::).·:)):,\; (9S%'.{¢0~)~0::::)·.,·'"··· .: .. ,.:_ ... ·:::_\···,:,· ... ·:. ... ,JA.y~~-

Low 

Medium 

High 

.... :=::::: ·<> 
·. ·.·-:-.. ·.· 

-::::::.· .. ;: 

511 

171 

172 

168 

0.88 (0.59,1.33) 

3.5 

2.9 

1.8 

0.88 (0.59,1.33) 0.533 

0.533 

a Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

h Relative risk for a twofold increase in initial dioxin. 

Note: Low = 39-98 ppt; Medium= >98-232 ppt; High = >232 ppt. 
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Table 19-26. (Continued) 
Analysis of Lupus Panel: MSK Parietal Antibody 

.... .· ··.·•· ·.·:<··.·:·;·.·:-.-:·:·.· ·.· .. ·.···.- .• 
·. \•:·. · / ··· .·.·: ., .. :::·,:::,.,.,.,.·.·.·.·.·.·.·.·.··:•:o· ··.·. :•:•:•::: •'""''''{;}' ://.:.••.•·.•/./.\.••.••~ .. ei'ceDt :• ···:·.· ...... ,·.· ....... . ·.;.;. -;- .· .. ·.·.-.· ... -. :-:-:-:-:-:-:-:·:·:· .•. · ·-·:-:-;.·.· ·.·.·.-.·.·.·.· .. . 

•moxm•cafiiot¥?>\··•·lt<J:tf • ?\:n: :••·• ::•?%.:f •Present 
Comparison 1,051 2.4 

Background RH 367 1.4 0.60 (0.23,1.60) 0.312 

Low RH 256 3.1 1.29 (0.57,2.91) 0.537 

High RH 255 2.4 0.94 (0.38,2.33) 0.891 

Low plus High RH 511 2.7 1.11 (0 .57 ,2.17) 0.753 

:)•·f)MODEJj•3:f{RANCJl:~s .. :;ANi>.:COMPARISONSJlY:DIOXIN.CATEOORY.;:::. ADJUSTED .. 

. ·: . i.·' :,::·.'.''.:.:: .. <, ,;::::.;::Jt~:cJ.it'-'rJative•Risk HJ. '>: :'::::.,, .. , .. ,'°,.... , 
•Dfuxin :f.::ategoij ':•::: .. {?.:·,in\?·. ···.+(~$% •e~I.fC p-Vatue::'\. :. :.:;:.::··,::.·_. .. ·:~variate .Remarks ... :::ii:~\~~{. .-.-·-::-·:-:·:··:· :·:-:-

Comparison 1,035 AGE (p=0.027) 
CSMOK (p=0.073) 

Background RH 365 0.55 (0.21,1.45) 0.226 ALC (p=0.064) 

Low RH 253 1.21 (0.54,2.74) 0.643 

High RH 251 1.01 (0.40,2.51) 0.989 

Low plus High RH 504 1.12 (0 .57 ,2.18) 0.750 

a Relative risk and confidence interval relative to Comparisons. 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin ~ 10 ppt. 
Background (Ranch Hand): Current Dioxin ~ 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin ~ 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 19-26. (Continued) 
Analysis of Lupus Panel: MSK Parietal Antibody 

~~~f~~; ·~.=·,•_,·.·.·,_,=·.'.: ... :._.';·_·= .. _.·_·.· .• =.•.:, .. ·.·.·.:·:··.·_,._:::_:·.-.· .. :.·.··.·.• .. =•.• __ ,1·· .. :·····:.·_

1

._·_•.·_,

1

_=_:_ •. ::·_.==.•.::··.··· .. •·-~_i_l . . '.,~-•-.·~ .• _·.·,;
1

_·.='.-'~.,cfi.'_• •. ··.·, .. ,-,;_;_~-~-;·,:_i __ ,;_:.·,:.:_'.•_,l.: ... •1 .. ··.·,~•.,1•.1 . . i .,• .... • ... ':.• ... ·'i .,i ... ·'•· .. ,in.,,1.1 .• :_•_•._:.: •. ,.l._t:i M {i@ ... ?:t:~~i~·::j;::,::m.::::.;m::),,:·:1::1·::.::;~. ?\:: : \7J70 . -/7 
·::· {i: r..:•: 

4 0.7 
(289) 

3.7 2.0 1.17 (0.87,1.57) 0.319 

5 0.3 
(294) 

0.3 
(293) 

(295) (294) 

4.1 
(292) 

4.1 
(292) 

2.1 
(292) 

2.1 
(292) 

1.16 (0.89, 1.51) 

1.16 (0.87,1.55) 

··:-. ··:·:-:-:-::. 
:·:··:: 

. . . 

•· · .,.,.: :JJ~1:tm~a~:4~·:f~~-Log2JC~~t~;:~ +l) 

\ .:i(~~=:c~I~)~ ': '''.,,. }' ].,_~;t~e :=·::= .f .·•C1>variate ReJ:nar;kS Mod~} . 
4 878 1.29 (0.94,1.77) 0.118 AGE (p=0.012) 

5 878 1.25 (0.95,1.66) 

877 1.29 (0.95,1.76) 

a Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 

0.114 

0.104 

CSMOK (p=0.072) 

AGE (p=0.013) 
CSMOK (p=0.075) 

AGE (p=0.011) 
CSMOK (p=0.069) 

Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

b Relative risk for a twofold increase in current dioxin. 

c Adjusted for log2 total lipids. 

d Adjusted for log2 total lipids in addition to covariates specified under "Covariate Remarks" column. 

Note: Model 4: Low = ~ 8.1 ppt; Medium= >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = ~ 46 ppq; Medium = > 46-128 ppq; High = > 128 ppq. 
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The unadjusted and adjusted analysis in Models 4 through 6 did not reveal any 
significant associations between current dioxin and the existence of parietal cell antibodies 
(Table 19-26(g,h): p>0.10). The covariates age and current cigarette smoking were 
included in each of the final models for Models 4, 5, and 6. 

Lupus-Panel: Rheumatoid Factor 

The unadjusted Model 1 analysis of rheumatoid factor disclosed no significant 
differences between Ranch Hands and Comparisons (Table 19-27(a): p>0.11 for all 
contrasts). In the adjusted analysis, the relative risk was marginally significant for officers 
(Table 19-27(b): p=0.082, Adj. RR=0.72), but was nonsignificant for all other occupational 
categories (p>0.37). 

A significant negative association between initial dioxin and rheumatoid factor was 
revealed in the unadjusted Model 2 analysis (Table 19-27(c): p=0.028, Est. RR=0.80). The 
percentage of Ranch Hands with the lupus panel rheumatoid factor present were 18.1, 12.2, 
and 13.1 percent for the low, medium, and high initial dioxin categories. In the adjusted 
analysis, initial dioxin-by-age and initial dioxin-by-occupation interactions were significant 
(Table 19-27(d): p=0.007 and p=0.037). Stratified results are presented in Appendix Table 
0-2-21. After removing the interactions from the model, the adjusted relative risk was 
marginally significant (p=0.058, Adj. RR=0.80). 

In the unadjusted Model 3 analysis, the difference in the percentage of participants with 
a positive rheumatoid factor between the high Ranch Hand category (10.6%) and the 
Comparison category (16.8%) was significant (Table 19-27(e): p=0.012, Est. RR=0.57). 
All other contrasts were nonsignificant (p>0.21). In the adjusted analysis, the categorized 
dioxin-by-occupation and categorized dioxin-by-physical activity index interactions were 
significant (Table 19-27(f): p=0.004 and p=0.019). Stratified results are presented in 
Appendix Table 0-2-21. After removing the interactions from the model, the high Ranch 
Hand versus Comparison contrast remained significant (p=0.035, Adj. RR=0.62) and the 
other contrasts remained nonsignificant (p>0.31). Age and current alcohol use were 
covariates retained in the final adjusted model. 

The inverse association between current dioxin and a positive rheumatoid factor was 
significant in the unadjusted and adjusted analyses of Models 4 and 5 (Table 19-27(g,h): 
p=0.038, Est. RR=0.87 and p=0.023, Est. RR=0.88 for the unadjusted analyses of Models 
4 and 5; p=0.013, Adj. RR=0.83 and p=0.008, Adj. RR=0.85 for the adjusted analyses of 
Models 4 and 5). The adjusted analysis of Model 6 was marginally significant 
(Table 19-27(h): p=0.053, Adj. RR=0.88). However, when occupation was removed from 
Model 4, the association became marginally significant (Table 0-13-17(c): p=0.072, Adj. 
RR=0.88). The association became nonsignificant (Appendix Table 0-3-17: p=0.207) in 
Model 6 after removing occupation from the final model. Models 4, 5, and 6 each were 
adjusted for age, occupation, and the physical activity index. 
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Table 19-27. 
Analysis of Lupus Panel: Rheumatoid Factor 

a) MODEL 1: RANCHHANDS VS. COMPARISONS - UNADJUSTED 

AU 

Officer 

Enlisted Flyer 

Enlisted Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

936 
1,264 

363 
492 

160 
200 

413 
572 

15.2 
16.7 

15.2 
19.5 

13.8 
17.0 

15.7 
14.2 

Est. Relative Risk 
{95%C.I.) 

0.89 (0.71,1.13) 

0 .74 (0.51,1.06) 

0 .78 (0.44,1.39) 

1.13 (0.80, 1.61) 

••:~Value 
0.367 

0.118 

0.484 

0.551 

·b)MODELl: RANCBHANDSVS.:COMPARISoNS-AllJUSTED 

Adj. Relative Risk 
Occupational Category (95% C.I.) p-Value Covariate~ 

AU 0.90 (0.71,1.14) 0.371 AGE (p=0.005) 

Officer 0 .72 (0.50,1.04) 0.082 
ALC (p=0.097) 

Enlisted Flyer 0 .81 (0.45,1.45) 0.472 

Enlisted Groundcrew 1.16 (0.81,1.67) 0.405 

a Covariates and associated p-values correspond to final model based on all participants with available data. 
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Table 19-27. (Continued) 
Analysis of Lupus Panel: Rheumatoid Factor 

c) MODEL :2! RANCHHANDS - INl'I1AL DIOXIN - UNADJUSTED 

Initial Dioxfn•Category Summary Statistics Analysis Results for lA>gi (Initial Dioxin)• 

Estimated Relative. Risk . Percent 
Initial Dioxin Present (9S% C.I.)11 p-Value 

Low 171 18.l 0.80 (0.65,0.98) 0.028 

Medium 172 12.2 

High 168 13.1 

d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSl'ED 

Analysis Results for LoL (lnitia1 Dioxin)c 

D Adj • .Relative Risk (95% C.I.)b p-Value 

511 0.80 (0.64,1.01)** 0.058** 

Covariate Remarks 

INIT*OCC (p=0.007) 
INIT*AGE (p=0.037) 

a Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

b Relative risk for a twofold increase in initial dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

** Log2 (initial dioxin)-by-covariate interactions (p~0.05); adjusted relative risk, confidence interval, 
and p-value derived from a model fitted after deletion of these interactions; refer to Appendix Table 0-2-21 
for further analysis of these interactions. 

Note: Low = 39-98 ppt; Medium = > 98-232 ppt; High = > 232 ppt. 
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Table 19-27. (Continued) 
Analysis of Lupus Panel: Rheumatoid Factor 

e) MODEL3~ RANCH HANDS AND COMPARISONS BY DIOXIN CA1EGORY - 'UNADJUSTED 

Dioxin Category n 

Comparison 1,051 

Background RH 367 

Low RH 256 

High RH 255 

Low plus High RH 511 

Percent 
Present 

16.8 

16.1 

18.4 

10.6 

14.5 

&t. Raative Risk 
(95% C.L)z 

0.96 (0.70,1.33) 

1.11 (0. 78' 1.58) 

0.57 (0.37,0.88) 

0.83 (0.62,1.11) 

p-Value 

0.823 

0.575 

0.012 

0.211 

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category 

Comparison 

Background RH 

Low RH 

High RH 

Low plus High RH 

n 

1,035 

365 

253 

251 

504 

Adj. Relative RiSk 
(95% C.I.fC p-V.alue 

0.95 (0.68,1.32)** 0.744** 

1.08 (0.75,1.55)** 0.670** 

0.62 (0.40,0.97)** 0.035** 

0.86 (0.63,1.16)** 0.312** 

a Relative risk and confidence interval relative to Comparisons. 

DXCAT*OCC (p=0.004) 
DXCAT*PHYACT (p=0.019) 

AGE (p=0.084) 
ALC (p=0.093) 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under ftCovariate Remarks ft column. 

** Categoriz.ed dioxin-by-covariate interactions (p~0.05); adjusted relative risk, confidence interval, and 
p-value derived from a model fined after deletion of these interactions; refer to Appendix Table 0-2-21 for 
further analysis of these interactions. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin ~ 10 ppt. 
Background (Ranch Hand): Current Dioxin ~ 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin ~ 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 19-27. (Continued) 
Analysis of Lupus Panel: Rheumatoid Factor 

· ..••.. /.-.•.·.•.:.·.·········.•.••.·• .. •·.·········!····· .. · .~~~Diot. -~~(egn· )~/ · · . .· ••· \; ATc·'~fSlihDi.~01.~+· :l.;Og1 ... :> .. ~·· ... : .. / }• ( : .i:--.~ •C,"' ) ·: .......... iJf ··a~;.;:.;_:~··•· ... ••·'··.·.·.·····••· 
; • ~-i : ? ... MediulD. i • :. •: > High ·•• ···• < (95% C~L)b .•:•· \.t j>.;Value ··· 

4 16.6 17.6 11.2 0.87 (0.76,0.99) 0.038 

5 

(289) (295) (294) 
18.0 17.l 10.3 

(294) (292) (292) 
18.l 

(293) 
17.l 

(292) 
10.3 
(292) 

0.88 (0.79,0.98) 0.023 

0.91 (0.81,1.03) 0.126 

.. h)MODELS4, 5~ AND6:•.RAfllCHBANDS-CURRENT DIOXIN-ADJUSTED .. · 
::..· ·Awd.YsisRestilts for .Log2 (ClJrteiitDioxin + 1) .. Adj=~t~~;;v.' . p-Value . .·.·.· .·.·. . : Covariate lt~ 

4 878 0.83 (0.72,0.96) 0.013 AGE (p=0.094) 

5 878 0.85 (0.75,0.96) 

877 0.88 (0.77,1.00) 

a Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5 : Log2 (whole-weight current dioxin + 1). 

0.008 

0.053 

occ (p=0.070) 
PHYACT (p=0.070) 

AGE (p=0.084) 
occ (p=0.068) 

PHYACT (p=0.071) 

AGE (p=0.056) 
occ (p=0.074) 

PHYACT (p=0.067) 

Model 6 : Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

b Relative risk for a twofold increase in current dioxin. 

c Adjusted for log2 total lipids. 

d Adjusted for log2 total lipids in addition to covariates specified under "Covariate Remarks" column. 

Note: Model 4: Low = ::;; 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = ::;; 46 ppq; Medium= >46-128 ppq; High = > 128 ppq. 
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Lupus Panel: B Cell Clones Detected by Serum Protein Electrophoresis 

In the unadjusted and adjusted Model 1 analyses of B cell clones detected by serum 
protein electrophoresis, no significant differences between Ranch Hands and Comparisons 
were found (Table 19-28(a,b): p ;;::0.12 for all contrasts). Age was the only significant 
covariate in the adjusted model. 

The association between initial dioxin and B cell clones detected by serum protein 
electrophoresis was nonsignificant in the unadjusted and adjusted Model 2 analyses (Table 
19-28(c,d): p=0.838 and p=0.325). Age and the physical activity index were included in 
the final adjusted model. 

In the unadjusted Model 3 analyses of B cell clones detected by serum protein 
electrophoresis, the contrast between the background Ranch Hand and the Comparison 
categories was marginally significant (Table 19-28(e): p=0.072, Est. RR=l.97). The 
remaining unadjusted contrasts and all of the adjusted contrasts were nonsignificant (Table 
19-28(e,f): p>0.13). In the final adjusted model, age and occupation were retained. 

The association between current dioxin and B cell clones detected by serum protein 
electrophoresis was nonsignificant in the unadjusted and adjusted analyses of Models 4, 5, 
and 6 (Table 19-28(g,h): p>0.14 for all analyses). The current dioxin-by-current alcohol 
use interaction was significant in Models 5 and 6 (Table 19-28(h): p=0.030 and p=0.037). 
Stratified results for these interactions are presented in Appendix Table 0-2-22. Age also 
was significant in all three adjusted models. 

Lupus Panel: Other Antibodies (ANA and MSK) 

Unadjusted and adjusted results from the Model 1, 2, and 3 analyses of other antibodies 
(ANA and MSK) were nonsignificant (Table 19-29(a-f): p;;::0.15 for all analyses). Race was 
included in each of the adjusted models. The physical activity index also was retained in 
Models 1 and 3. 

In Models 4, 5, and 6, the unadjusted analyses of other antibodies (ANA and MSK) 
showed no significant association with current dioxin (Table 19-29(g): p>0.42 for all 
models). The adjusted analyses of Models 4 and 5 retained no significant covariates; 
therefore, the results are id.entical to the unadjusted results. In the adjusted analysis of 
Model 6, the current dioxin-by-race interaction was significant (Table 19-29(h): p=0.046). 
Results for each race stratum are presented in Appendix Table 0-2-23. After removing the 
current dioxin-by-race interaction from the final model, the association between current 
dioxin and other antibodies (ANA and MSK) was nonsignificant (p=0.417). 
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Table 19-28. 
Analysis of Lupus Panel: B Cell Clones Detected by Serum Protein Electrophoresis 

... :: a) MODEL l: •RANCH HANDS vs; .COMPARISONS - UNADJUSTED •· 

Percent Fa. .Relative Risk 
Occupational Category Group n Pttsent (95% C.I.) p-Value 

AU Ranch Hand 936 2.4 1.36 (0.75,2.47) 0.392 
Comparison 1,264 1.7 

Officer Ranch Hand 363 3.3 2.07 (0.84,5.11) 0 .168 
Comparison 492 1.6 

Enlisted Flyer Ranch Hand 160 3.8 1.26 (0.40,3 .98) 0.922 
Comparison 200 3.0 

Enlisted Groundcrew Ranch Hand 413 1.0 0 .69 (0 .21 ,2.31) 0 .754 
Comparison 572 1.4 

b) MODEL l: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Aqj. Relative Risk 
Occupational Category (95% C.I.) p-Value Covariate Remarks8 

All 1.35 (0.74,2.45) 0.328 AGE (p=0.010) 

Officer 2.05 (0.83,5.08) 0.120 

Enlisted Flyer 1.25 (0.39,3.95) 0.706 

Enlisted Groundcrew 0 .69 90.21,2.30) 0.546 

a Covariates and associated p-values correspond to final model based on all participants with available data. 
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Table 19-28. (Continued) 
Analysis of Lupus Panel: B Cell Clones Detected by Serum Protein Electrophoresis 

::: c) MODEL :2: RANCHBANDS - INITIAL DIOXIN - UNADJUSTED ·· 

I.aitial Dioxin Category Summary Statistics 

Percent 

.Analysis Results for Loft (lnitia1 Dioxin)a 

F.stimated Rdative Risk 
Initial Dioxin n Present (954.li C.,l.)b p-Value 

Low 171 1.2 1.05 (0.66,1.68) 0.838 

Medium 172 2.9 

High 168 1.8 

d) MODEL 2: RANCH BANDS:_ INITIAL DIOXIN ,:_ ADJUSTED 

Analysis Results for Log1 (lnitia1 Dioxint 

n Adj. Relative Risk (95% CJ.)b ~: .. ::::. p-Value .·.; 

511 1.30 (0.78,2.17) 0.325 

Covariate Remarks 

AGE (p<0.001) 
PHYACT (p=0.102) 

a Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

b Relative risk for a twofold increase in initial dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

Note: Low = 39-98 ppt; Medium= >98-232 ppt; High = >232 ppt. 
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Table 19-28. (Continued) 
Analysis of Lupus Panel: B Cell Clones Detected by Serum Protein Electrophoresis 

e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

· Percent &t. Relative Risk 
Dioxin Category . ~:;.:::._ n ?:tI Present (95% C.I.)ab p-Value 

Comparison 1,051 1.9 

Background RH 367 3.3 1.97 (0.94,4.12) 0.072 

Low RH 256 1.6 0. 77 (0.26,2.29) 0.640 

High RH 255 2 .4 1.13 (0.45,2.88) 0.789 

Low plus High RH 511 2.0 0 .95 (0.44,2.07) 0.906 

f) MODEL.3: RANCH HANDS ~ COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Adj. Relative Risk 
Dioxin Category D (95% c.1.rc p-Value Covariate Re.mar.ks 

Comparison 1,051 AGE (p=0.045) 
occ (p=0.071) 

Background RH 367 1.79 (0.84,3.83) 0 .134 

Low RH 256 0.70 (0.23,2.07) 0.514 

High RH 255 1.36 (0.51,3.64) 0 .534 

Low plus High RH 511 0 .97 (0.44,2.13) 0 .943 

a Relative risk and confidence interval relative to Comparisons. 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin S: 10 ppt. 
Background (Ranch Hand): Current Dioxin s: 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin s: 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 19-28. (Continued) 
Analysis of Lupus Panel: B Cell Clones Detected by Serum Protein Electrophoresis 

· ·Ct.trreDt :D!Oxh(~my ······.· ···•· ·~ysm'Re.sults:for lA>g:f/ t 
·· Pen:enfPreSm.t/(n) · · :,·' ·:::: ·) ···· (CiiriintDi ·• ·+ ·1r · 

• p •P P H p •• p • w. ···•• . • • • . > •• ••P••P•P••• p .Ed.~~ti:ve·~Sk~ · : : ? : ? 

;·M~l~ii •. > Low •:t t '.! : :: ~edi~ · :r .. . =i/lli::: ··. · ···••. <95%. :C~L>b .. .. .· • · ~VJilue. .. 
4 2.4 3.1 2.0 0.85 (0.63,1.16) 0.297 

(289) (295) (294) 
5 2.7 3.1 1.7 0.88 (0.69,1.12) 0.306 

(294) (292) (292) 
6c 2.7 3.1 1.7 0.82 (0.63,1.07) 0.147 

4 

5 

(293) (292) (292) 

878 

869 

868 

..... << · ADalysiSResults:f~ :~ (Cun.'.erit:J)ioxiJl :±l) . : \: 
Alij. :Rd.&ti,ve ~. · ·· . •. i\ · · < ·.· ·· · . .... < • :· · .· 

.:):(95~ C~L) . · :~y~;- =·:···:-. .11()~:- ·R~::::~=ri;:: ·.· 
0.91 (0.66,1.27) 0.572 AGE (p=0.006) 

0.92 (0.71,1.20)** 0.543** 

0.87 (0.65,1.16)** 0.340** 

CURR*ALC (p=0.030) 
AGE (p=0.005) 

CURR*ALC (p=0.037) 
AGE (p=0.006) 

a Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 
Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

b Relative risk for a twofold increase in current dioxin. 

c Adjusted for log2 total lipids. 

d Adjusted for log2 total lipids in addition to covariates specified under "Covariate Remarks" column. 

** Log2 (current dioxin + 1)-by-covariate interaction (0.01 <p~0.05); adjusted relative risk, confidence 
interval, and p-value derived from a model fitted after deletion of this Interaction; refer to Appendix 
Table 0-2-22 for further analysis of this interaction. 

Note: Model 4: Low = ~ 8.1 ppt; Medium= >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = ~ 46 ppq; Medium = >46-128 ppq; High = > 128 ppq. 
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Table 19-29. 
Analysis of Lupus Panel: Other Antibodies (ANA and MSK) 

a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Percent Fa. Relative Risk 
Occupational Category Group n Present (95% C.L) p-Value 

AU Ranch Hand 932 3.1 0.76 (0.48,1.21) 0.300 
Comparison 1,261 4.0 

Officer Ranch Hand 362 3.0 0.64 (0.31,1.32) 0.297 
Comparison 490 4.7 

Enlisted Flyer Ranch Hand 159 4.4 0.88 (0.33,2.35) 0.988 
Comparison 200 5 .0 

Enlisted Groundcrew Ranch Hand 411 2 .7 0.85 (0.40,1.81) 0 .808 
Comparison 571 3.2 

b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Adj. Relative Risk 
Occupational Category (95% C.I.) p-Valoe Cov.ariate Remamsa 

AU 0.76 (0.48,1.21) 0.246 RACE (p=0.032) 

Officer 0.64 (0.31,1.33) 0 .228 
PHYACT (p=0.042) 

Enlisted Flyer 0.89 (0.33,2.40) 0 .814 

Enlisted Groundcrew 0.84 (0.39,1.80) 0.653 

a Covariates and associated p-values correspond to final model based on all participants with available data. 
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Table 19-29. (Continued) 
Analysis of Lupus Panel: Other Antibodies (ANA and MSK) 

c) MODEL 2: RANCH HANDS - INmAL DIOXIN - UNADJUSTED 

Inithil Dioxin Category Siunmary Statistics 

Percent Estimated Rdative Risk 
Initial. Dioxin D ·''. Jlresent ,, (9S% C.I.)b p-:V:alue 

Low 170 1.2 1.15 (0.77,1.71) 0 .508 

Medium 172 4.7 

High 167 3.0 

d) MODEL 2: RANCH HANDS - INITIAL DIOXIN -ADJUSTED 

Analysis ·Results for ~ (Initial Dioxint 

n Aclj . .Relative 'Risk (95% C.I.)b p-Value Covariate Remarks 

509 1.12 (0.76,1.67) 0.569 RACE (p=0.137) 

a Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

b Relative risk for a twofold increase in initial dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High= >232 ppt. 
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Table 19-29. (Continued) 
Analysis of Lupus Panel: Other Antibodies (ANA and MSK) 

e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN-CATEGORY - UNADJUSTED 

-
Dioxin Category n 

Comparison 1,048 

Background RH 365 

Low RH 255 

High RH 254 

Low plus High RH 509 

Percent 
Present 

4.3 

3.3 

2.4 

3.5 

2.9 

En. Relative Risk 
(95% C.l.)ill 

0.77 (0.40,1.49) 

0.53 (0.22,1.26) 

0.81 (0.39,1.68) 

0.67 (0.37' 1.21) 

p-Valoe 

0.444 

0.150 

0.566 

0.184 

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Adj. Relative Risk 
Dioxin Category n (95% C.l.)ac p-Valoe Covariate Remarks 

Comparison 1,046 RACE (p=0.080) 
PHYACT (p=0.051) 

Background RH 365 0 .77 (0.40,1.49) 0.438 

Low RH 255 0.54 (0.23,1.29) 0 .168 

High RH 254 0.78 (0.38,1.63) 0.510 

Low plus High RH 509 0.66 (0.37,1.21) 0.180 

a Relative risk and confidence interval relative to Comparisons. 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin s: 10 ppt. 
Background (Ranch Hand): Current Dioxin s: 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin s: 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 19-29. (Continued) 
Analysis of Lupus Panel: Other Antibodies (ANA and MSK) 

: .. '"-.: g) MODELS 4, .5, .AND 6: RANCH BANDS - CURRENT DIOXIN - UNADJUSTED 

Current: Dioxin Category Analysis Results. for Logz . 
Percent P.resart/(n) <:(Current Dioxin + 1) · · · 

Mode.r- Low Medium High 
Est. Raative Risk 

(95% C.L)b p-V.alue 
4 

5 

3.1 
(287) 
3.4 

(292) 

3.4 
(291) 

2.7 
(294) 

2.7 
(291) 
2.8 

(291) 

3.4 
(293) 
3.1 

(291) 
3.1 

(291) 

1.07 (0.83,1.39) 

1.05 (0.83, 1.31) 

1.10 (0.87,1.41) 

b) MODELS 4, 5~ AND 6: RANCH BANDS - CURRENT DIOXIN - ADJUSTED 

AnalysiS Results for Logz (Cun:ent Dioxin + 1) 

ModeJI D 

4 874 

5 874 

873 

Adj/ Relative Risk 
°{95% C.L)b 

1.07 (0.83,1.39) 

1.05 (0.83,1.31) 

1.11 (0.87,1.41)** 

p-Value 

0.595 

0.697 

0.417** 

a Model 4 : Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 

Covariate RtJllal'b 

CURR*RACE (p=0.046) 

Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

b Relative risk for a twofold increase in current dioxin. 

c Adjusted for log2 total lipids. 

0.595 

0.697 

0 .424 

d Adjusted for log2 total lipids in addition to covariates specified under "Covariate Remarks" column. 

** Log2 (current dioxin + 1)-by-covariate interaction (0.01 <p ~0.05); adjusted relative risk, confidence 
interval, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix 
Table 0-2-23 for further analysis of this interaction. 

Note: Model 4: Low = ~ 8.1 ppt; Medium= >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = ~ 46 ppq; Medium = >46-128 ppq; High = > 128 ppq. 
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.. 
Lupus Panel: Summary Index 

The unadjusted and adjusted Model 1 analyses of the lupus panel summary index 
showed no significant differences between Ranch Hands and Comparisons (Table 19-30(a,b): 
p>0.12 for all contrasts). Age and race were significant covariates in the adjusted analysis. 

A marginally significant negative association between the lupus panel summary index 
and initial dioxin was discovered in the unadjusted analysis of Model 2 (Table 19-30(c): 
p=0.067, Est. RR=0.88). However, the association became nonsignificant after adjusting· 
for age and current alcohol use (Table 19-30(d): p=0.658). 

In the unadjusted Model 3 analysis of the lupus panel summary index, the contrasts 
between the high Ranch Hand category and Comparisons and between the low plus high 
Ranch Hand category and Comparisons were significant (Table 19-30(e): p=0.002, Est. 
RR=0.62 for high Ranch Hands vs. Comparisons; p=0.021, Est. RR=0.77 for low plus 
high Ranch Hands vs. Comparisons). The percentage of participants with abnormal lupus 
panel index results were 41.4 percent for Comparisons, 31.1 percent in the high Ranch Hand 
category, and 35.8 percent in the low plus high Ranch Hand category. The contrasts of the 
background Ranch Hand and low Ranch Hand categories versus Comparisons were 
nonsignificant (p>0.68). In the adjusted analysis, the high Ranch Hand versus Comparison 
and the low plus high Ranch Hand versus Comparison contrasts remained significant (Table 
19-30(f): p=0.019, Adj. RR=0.70 for high Ranch Hands vs. Comparisons; p=0.040, Adj. 
RR=O. 79 for low plus high Ranch Hands vs. Comparisons). The background Ranch Hand 
and low Ranch Hand contrasts remained nonsignificant (p>0.39). Age, race, and current 
cigarette smoking were included in the final adjusted model. 

A significant negative association between current dioxin and the lupus panel summary 
index was detected in the unadjusted analyses of Models 4, 5, and 6 (Table 19-30(g): 
p=0.028, Est. RR=0.90 for Model 4; p=0.042, Est. RR=0.92 for Model 5; p=0.030, Est. 
RR=0.91 for Model 6). However, after adjusting each model for age and lifetime cigarette 
smoking history, the associations became nonsignificant (Table 19-30(h): p=0.248 for Model 
4; p=0.259 for Model 5; and p=0.294 for Model 6). 

Longitudinal Analysis 

Longitudinal analyses for the CD4-CD8 ratio examined the paired difference between 
the measurements from 1985 and 1992. These paired differences measured the change in the 
ratio over time. Each of the three models used in the longitudinal analysis were adjusted for 
age and the CD4-CD8 ratio measured in 1985. The ai:µtlyses of Models 2 and 3 also were 
adjusted for percent body fat at the time of ducy in SEA and change in percent body fat from 
the time of duty in SEA to the date of the blood draw for dioxin. 

CD4-CD8 Ratio 

Results from the Model 1 and Model 2 longitudinal analyses1 of the ratio of CD4 to CDS 
were nonsignificant (Table 19-3l(a,b): p>0.10 for all analyses). 
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Table 19-30. 
Analysis of Lupus Panel: Summary Index 

a) MODEL-:l; RANCH HANDS VS. COMPARISONS -UNADJUSTED 

.• Percmt Est. .Relative Risk 
OccupationaJ Category Group D Abnormal (95% C.I.) p-Value 

AU Ranch Band 933 37.1 0.88 (0.74,1.05) 0.170 
Comparison 1,263 40.1 

Officer Ranch Hand 363 41.0 0.90 (0.68,1.18) 0.481 
Comparison 492 43.7 

Enlisted Flyer Ranch Hand 159 38.4 0.97 (0.64,1.49) 0.989 
Comparison 200 39.0 

Enlisted Groundcrew Ranch Hand 411 33.l 0.83 (0.64,1.09) 0 .196 
Comparison 571 37.3 

b) MODEL 1: RANCH HANDS VS. COMPARISONS -- AD.JUSTED 

Adj. Relative Risk 
Occupational Category (95% C.I.) p-Value Covariate Remama : .. 

AU 0.87 (0.73,1.04) 0.124 AGE (p<0.001) 

Officer 0.88 (0.67,1.16) 0.368 
RACE (p=0.042) 

Enlisted Flyer 0.97 (0.63,1.49) 0.875 

Enlisted Groundcrew 0.83 (0.63,1.09) 0 .179 

a Covariates and associated p-values correspond to final model based on all participants with available data. 
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Table 19-30. (Continued) 
Analysis of Lupus Panel: Summary Index 

c) MODEL 2: RANCH HANDS - INITIAL .DIOXIN - UNAD.JUS'l'ED 

Initial Dioxin;Category Summary Statistics 

Percent 

Analysis Results for Logz (Initial Dio:xin)a 

InitiaJ Dioxin n Abn.ormaJ 

Low 

Medium 

High 

170 

172 

167 

40.6 

33.7 

32.9 

F.stimakd .Raative Risk 
(95% C.L)b 

0.88 (0.76,1.01) 

~Vatue 

0.067 

d) MODEL 2: RANCH BANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for ~ (Initial Dioxin)c 

D Adj. Relative Risk (95% C.1.)b p-Value 

502 0 .97 (0.83,1.13) 0 .658 

Covariate Remarks 

AGE (p<0.001) 
ALC (p=0.123) 

a Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

b Relative risk for a twofold increase in initial dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in SEA 
to the date of the blood draw for dioxin, and covariates specified under wcovariate Remarksw column. 

Note: Low = 39-98 ppt; Medium = > 98-232 ppt; High = > 232 ppt. 
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Table 19-30. (Continued) 
Analysis of Lupus Panel: Summary Index 

,· . . . 

e) MODEL 3.: RANCH HANDS AND COMPARISONS BY DIOXIN CA'IEGORY - UNADJUSTED 

Dioxin Category D 

Comparison 1,050 

Background RH 366 

Low RH 255 

High RH 254 

Low plus High RH 509 

Pen:eat 
Abnonnal 

41.4 

39.6 

40.4 

31.1 

35.8 

Est. Rdative Risk 
(95% C.I.f" 

0.96 (0.75,1.22) 

0.94 (0.71,1.25) 

0.62 (0.46,0.84) 

0 .77 (0.62,0.96) 

••X· ,v, 

p-Value 

0.720 

0.685 

0.002 

0.021 

f) 'MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY·- ADJUSTED 

Atlj. Relative Imk 
Dioxin Category D (95% C.I.~ p-Value ~ate Remarks 

Comparison 1,048 AGE (p<0.001) 
RACE (p=0.081) 

Background RH 366 0.90 (0. 70, 1.15) 0.397 
CSMOK (p=0.101) 

Low RH 255 0.89 (0.67 ,l.18) 0.408 

High RH 254 0.70 (0.52,0.94) 0.019 

Low plus High RH 509 0.79 (0.63,0.99) 0.040 

a Relative risk and confidence interval relative to Comparisons. 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in SEA 
to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin ~ 10 ppt. 
Background (Ranch Hand): Current Dioxin ~ 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin ~ 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 19-30. (Continued) 
Analysis of Lupus Panel: Summary Index 

g) MODELS 4, 5, AND 6: RANCH~ - CURRENT DIOXIN - UNADJUSTED 

.. :~=~~:~ Current Dioxin Category Analysis Results for Logz : 
·.:·· 

·:·:·: Percent Abnonnal/(n) ,_. ::~:·:···· :·:: (Current Dioxin + 1) ···:· ., 
·::·=· :::: 

Est. Relative Risk. 
Moder Low Medium High {95% C.L)b p-Value 

4 39.9 41.5 30.7 0.90 (0.82,0.99) 
(288) (294) (293) 

5 39.6 42.6 29.9 0.92 (0.85,1.00) 
(293) (291) (291) 

6c 39.7 42.6 29.9 0.91 (0.83,0.99) 
(292) (291) (291) 

h) MODELS 4, 5, AND 6: RANCH.BANDS - CURRENT DIOXIN - ADJUSTED 

Analysis Rfsutts for~ (Current Dio~ + 1) 

Modela. n 
Adj. Relative Risk 

(95% C.I.)b p-Value 

4 874 0.94 (0.85,1.04) 0.248 

5 874 0.95 (0.88,1.04) 0.259 

0.95 (0.87,1.04) 0.294 

a Model 4 : Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 

Covariate Remarks 

AGE (p<0.001) 
PACKYR (p=0.068) 

AGE (p<0.001) 
PACKYR (p=0.067) 

AGE (p<0.001) 
PACKYR (p=0.061) 

Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

b Relative risk for a twofold increase in current dioxin. 

c Adjusted for log2 total lipids. 

0 .028 

0.042 

0 .030 

d Adjusted for log2 total lipids in addition to covariates specified under "Covariate Remarks" column. 

Note: Model 4: Low = ~ 8.1 ppt; Medium= >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = ~ 46 ppq; Medium= >46-128 ppq; High = > 128 ppq. 
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Table 19-31. 
Longitudinal Analysis of CD4-CD8 Ratio 

a) MODEL 1: RANCH HANDS VS. COMPARISONS 
.... :.: 
. ·=·· 

;:-· .. Mean•/(n) 
Examination Exam. Difference 

Occupational Mean of.Exam. 
Category Group 1985 1987 1992 Change'> Mean Change ~Valuec 

All Ranch Band 1.635 1.951 1.552 -0.083 0.029 0.109 
(303) (284) (303) 

Comparison 1.600 1.903 1.488 -0.112 
(401) (386) (401) 

Officer Ranch Hand 1.640 1.910 1.553 -b.087 0.007 0.534 
(126) (120) (126) 

Comparison 1.591 1.934 1.498 -0.093 
(144) (137) (144) 

Enlisted Flyer Ranch Hand 1.570 1.959 1.493 -0.078 0.007 0.536 
(58) (55) (58) 

Comparison 1.497 1.845 1.413 -0.084 
(69) (67) (69) 

Enlisted Ranch Hand 1.662 1.992 1.579 -0.082 0.056 0.227 
Groundcrew (119) (109) (119) 

Comparison 1.647 1.902 1.509 -0.138 
(188) (182) (188) 

a Transformed from narural logarithm scale. 

b Difference between 1992 and 1985 examination means after transformation to original scale. 

c P-value is based on analysis of narural logarithm of CD4-CD8 ratio; results adjusted for narural logarithm of 
CD4-CD8 ratio in 1985 and age in 1992. 

Note: Summary statistics for 1987 are provided for reference purposes for participants who attended the 1985, 
1987, and 1992 examinations. 
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Table 19-31. (Continued) 
Longitudinal Analysis of CD4-CD8 Ratio 

. Initial Di~'.nn Category Sum~. Statistics . 
. . < / < •.. . . ·. • · Mean~/(~) :.···• •·• 

•A. ~1..r;~ Results for Log (lniti81 Dfu.Dn.)b 
. . ~'"""' . . . 2 . . . . 

. Initial 
.. ·. •,·.) .. ::tfititt:t;} . .Exaulhiatioii. ..• . 

•Dioxin .·· 

Low 1.675 1.942 
(52) (50) 

Medium 1.654 2.139 
(58) (56) 

High 1.627 1.935 
(64) (56) 

a Transformed from natural logarithm scale. 

. . •. • .•.-_._. ·.: . 
. . ··. :·:.·· 

v:·:: . :~~}'.tr:=<·'.· . 
" · ... ¥W 2··.Adj. Slope 

·:;f·\ f (Std>Error) 

1.535 -0.0086 (0.0165) 
(52) 

1.656 
(58) 

1.577 
(64) 

0.602 

b Results based on difference between natural logarithm of CD4-CD8 ratio in 1985 and natural logarithm of 
CD4-CD8 ratio in 1992 versus log2 (initial dioxin); results adjusted for percent body fat at the time of duty in 
SEA, change in percent body fat from the time of duty in SEA to the date of blood draw for dioxin, natural 
logarithm of 1985 CD4-CD8 ratio, and age in 1992. 

Note: Low = 39-98 ppt; Medium = > 98-232 ppt; High = > 232 ppt. 
Summary statistics for 1987 are provided for reference purposes for participants who attended the 1985, 
1987, and 1992 examinations. 
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Table 19-31. (Continued) 
Longitudinal Analysis of CD4-CD8 Ratio 

·. '· \:. f, c) MODEV3:kRANCH :iIANDs :ANJ> ·coMPARISONS BY DIOXJN CATEGORY .. 

Mean9/(n) 
Examination 

Dioxin Category 1985 1987 

Comparison 1.590 1.896 
(359) (350) 

Background RH 1.609 1.863 
(117) (112) 

Low RH 1.643 1.991 
(78) (76) 

High RH 1.656 2.018 
(96) (86) 

Low plus High RH 1.650 2.005 
(174) (162) 

a Transformed from natural logarithm scale. 

1992 

1.478 
(359) 

1.483 
(117) 

1.565 
(78) 

1.610 
(96) 

1.590 
(174) 

Exam. 
Mean Cbangeb 

-0.112 

-0.126 

-0.078 

-0.047 

-0.061 

Difference of · 
Exam. 

Mean Change .. p-Valuec 

-0.014 0 .624 

0.034 0.087 

0.066 0.303 

0.051 0 .078 

b Difference between 1992 and 1985 examination means after transformation to original scale. 

c P-value is based on analysis of natural logarithm of CD4-CD8 ratio; results adjusted for percent body fat at 
the time of duty in SEA, change in percent body fat from the time of duty in SEA to the date of the blood draw 
for dioxin, natural logarithm of CD4-CD8 ratio in 1985, and age in 1992. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin ~ 10 ppt. 
Background (Ranch Hand): Current Dioxin ~ 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin ~ 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
Summary statistics for 1987 are provided for reference purposes for participants who attended the 1985, 
1987, and 1992 examinations.' 
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The Model 3 longitudinal analysis exploring differences of examiilation mean .change 
between 1985 and 1992 for the CD4-CD8 ratio disclosed marginally significant differences 
for low Ranch Hands versus Comparisons and low plus high Ranch Hands versus 
Comparisons (Table i9-3l(c): p=0.087, Diff. of Exam. Mean Change=0.034 and p=0.078 
Diff. of Exam. Mean Change=0.051 respectively). These results indicated that the decrease 
in the CD4"CD8 ratio between 1985 and 1992 was greater for Comparisons than for Ranch 
Hands. Between 1985 and 1992, differences in CD4-CD8 ratio for background and high 
Ranch Hands did not differ significantly from Comparisons. 

DISCUSSION 

Immunologic competence was assessed by analyzing data from skin tests for delayed 
hypersensitivity response, cell surface marker studies on a randomized subset of the study 
population, immunoglobulin quantitation, and autoantibody detection. The absence of a 
response to a series of skin test antigens is usually indicative of an impaired immune defense 
mechanism (anergy). Anergy can occur in elderly individuals in the setting of certain viral, 
bacterial, and fungal infections or with advanced protein deficiency, underlying malignancy, 
or treatment with corticosteroids, other immunosuppressive agents, or chemotherapy. Skin 
tests for delayed cutaneous hypersensitivity (DCH) are occasionally used to test for anergy as 
a prognostic indicator in individuals in compromised states such as those with AIDS or those 
at risk of infection following surgery. 

Evaluation of the human immune system is divided into separate segments for humoral 
and cellular immunity. Circulating in the plasma phase of blood, the humoral segment 
consists of the immunoglobulin and·complement proteins, some of which are also prominent 
at exposed sites of the body such as mucosa! surfaces. The •serum immunoglobulins are 
secreted by plasma cells in the bone marrow and are regulated in a sequence of events 
modulated by macrophages and memory lymphocytes. The immunoglobulins serve as a 
defense against bacterial infections and the blood-borne phase of viral infections. 

Quantitative analysis of IgA, lgG, and lgM, give an overall view of B-cell integrity 
when related to the expected reference range of values. Selective deficiency of one or more 
of these antibody classes, whether congenital or acquired, may be associated with increased 
susceptibility to infections. Elevations of these immunoglobulins in a polyclonal pattern are 
frequently an indication of chronic infections (perhaps due to impairment of another segment 
of the immune response), of chronic inflammation such as in autoimmune disease, or of 
faulty regulation of B-cell responses such as occurs in cirrhosis. Selective elevation of a 

r monoclonal segment of any immunoglobulin (detected by visual examination of serum protein 
t electrophoresis as B cell clones) is a strong indicator of faulty regulation or actual autonomy 

of plasma cells or lymphocytes and may be an early hallmark of numerous conditions 
including plasmacytoma, multiple myeloma, chronic lymphocytic leukemia and ·lymphoma, 
and smoldering myeloma. Occasionally there may be a cluster of more than one small spike 
of immunoglobulin in the presence of other normal immunoglobulins. Invariably, this type 
of oligoclonal banding is associated with some alteration of the immune system (e.g., 
primary bone marrow involvement, inappropriate regulation, ·or immunosuppression as in 
organ transplant recipients). Thus, both quantitative and qualitative parameters of the serum 
immunoglobulins can give information on the integrity of B-cell responses. 
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Further evidence for the integrity of the immune system in aging Individuals is the 
presence or absence of various autoantibodies. These autoantibodies measured in the lupus 
panel are considered to be abnormalities when present. While they can be specific and 
sensitive markers for autoimmune diseases (especially at high titers), they also occur as 
almost renegade substances when the immune system ages and as such are markers for 
deterioration of the B-cell regulatory process of immunity. 

Cellular immunity consists of both granulocytic and lymphocytic processes. 
Abnormalities of granulocytes can frequently be discerned from examination of the peripheral 
blood smear as part of the complete blood count. In addition, the infectious history of 
individuals is usually sufficient to ascertain whether granulocytic deficiency is a 
consideration. Chapter 16, Hematologic Assessment, discusses the effect of dioxin on the 
components of these cells. 

The lymphocytic segment of the immune response can be broadly evaluated by skin 
testing against multiple fungal, bacterial, or viral agents. The response to skin tests is 
dependent in part on the infection exposure history of the patient, and so is probably better 
used in the diagnosis of specific diseases than in an overall examination of lymphocyte 
tUnction, although it does have the particular merit of demonstrating the presence or absence 
of the response in vivo, where it must be effective for the patient to l:emain healthy. 

The total number of circulating lymphocytes provides information relative to the basic 
cellular quantity of cells present and available in the body for mounting an immune response. 
Examination of the surface marker proteins on the surfaces of these lymphocytes by flow 
cytometry is an excellent means of evaluating whether the regulatory interactions between T 
cells, B cells, and monocytes are intact. An alteration in the percentages of any of these 
categories can be considered presumptive evidence of an inability to recognize and destroy 
foreign infectious agents or tumor cells. The marker for total T cells was CD3, which is 
further broken down into the subpopulations of CD4 (helper cells) and CDS (suppressor 
cells); CD4 and CDS should be mutually exclusive. The ratio of CD4 to CDS describes 
whether the regulation is in balance. Expected values for the CD4 to CDS ratio are roughly 
0.9 to 3.5. Ratios substantially below 1.0 are to be expected in patients immunosuppressed 
with cyclosporine and also those with active human immunodeficiency virus infection that 
involves primarily the CD4 positive cells. Activation of T cells results in the new synthesis 
of IL-2 receptor molecules on the surface of lymphocytes. This IL-2 receptor also is 
designated CD25, and its presence in excess is an indicator of recent stimulus to the immune 
system by virtually any type of antigen-for example, infectious organisms or transplanted 
organs. The surface marker for B cell CD20 gives an indication of the balance between 
cellular immunity and the ability to mount a B-cell response with production of specific 
antibodies. The CD14 marker is specific for monocytes that are essential for the correct 
transfer of stimulatory information from the (foreign) antigen processing segment to the 
antibody turn-on segment of a B-cell response. The CDS marker frequently is found on 
abnormal subsets of B cells that predominate in chronic lymphocytic leukemia or that are 
responsible for autoimmune disease. The CD16 and CD56 markers are found on natural 
killer (NK) lymphocytes that provide a strong line of defense against the growth of 
neoplasms. Various combinations of these markers also were studied to detect double 
labeled cells that could indicate abnormalities such as very immature lymphocytes (e.g., CD4 
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with CDS, which should be mutually exclusive subsets). Additional dciuble labeled studies 
were configured to provide better resolution of normal subsets (e.g., CD3 with CD25 to 
focus on true T cells that are activated). 

Interpretation of alterations in the relative amounts of B cells, T cells and their subsets, 
and monocytes is based on the expectation that all aspects of the immune system must be 
intact to prevent infections and to guard against development of tumors with unusual surface 
antigens. The antibodies specific for tumors can either help to destroy them by binding 
complement and lysing the cells or stabilize them if those antibodies attach to the tumor 
surface without binding complement, thereby blocking immune recognition and destruction of 
tumor cells. The T cells also have antigen receptors on their surfaces that similarly call into 
play the destructive power of the entire lymphocyte cell line in an antitumor attack. T cells 
stimulated by IL-2 have even greater capacity to attack and destroy foreign cells. NK cells 
have still greater destructive capacity, but they act on a nonspecific basis and are probably 
simply recruited into regions of foreign antigens and tumors by the other recognition factors. 

The immunologic evaluation performed on study participants went far beyond typical 
medical examinations employed for general health assessments. This evaluation included 
elements of measurement frequently used individually to define specific diseases. As a test 
panel battery, this assessment provided an in-depth, broad review of immunologic parameters . 
designed to detect abnormalities or variances that may or may not carry clinical import. 

This thorough evaluation of the immune system did not reveal any relationships between 
dioxin exposure and physiologic abnormalities that could be considered clinically significant. 
Some individual elements showed statistical significance, although the magni,tude of such 
relationships was small and certainly not to be interpreted as conveying health risk. An 
inverse relationship was found with dioxin exposure and the presence of autoantibodies to 
MSK smooth muscle, rheumatoid factor, and the lupus panel summary index. Although a 
negative test is usually considered to be normal, it is likely that a certain percentage of 
individuals would test as positive. The statistically significant negative association may 
indicate a highly sensitive but clinically insignificant first indication of a generalized immune 
suppression. Clarification of the relevance of these findings to a hypothesis of dioxin­
induced immune suppression will require analysis of data from future physical examinations. 

Conversely, because a normally active immune system does show development of some 
autoantibodies with age, finding fewer than expected autoantibodies may reflect some 
diminished capacity of the immune system to respond to stimuli. This interpretation is not 
typically evoked in otherwise healthy individuals; however, in this population study, fewer. 
than expected autoantibodies may be a highly sensitive indication of immune suppression 
secondary to dioxin exposure. This issue cannot be resolved in the current cycle of study but 
should be evaluated in future e.icaminations to determine clinical significance, if any. 

Other findings correlating with dioxin exposure, including low IgG, presence of thyroid 
microsomal antibody, and alterations in lymphocyte surface markers, were also difficult to 
attribute to specific clinical deficiencies, because they were mild variations. A mild 
relationship between serum lgA concentrations and dioxin continued from the previous study 
in 1987. Although the magnitude of this effect was small, its statistical significance coupled 
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with continuity over time suggests a possible relationship that should be further evaluated 
because elevated lgA may indicate liver disease, chronic inflammation, or selective immune 
dysfunction (albeit mild). 

In many instances, statistical correlations exist between immunologic parameters and the 
covariates lfge, tobacco use, alcohol consumption, and exercise. Consequently, it is 
important to account for this potential source of variation between Ranch Hands and 
Comparisons. Recent work has demonstrated the particular effect of tobacco use on the 
immune response (S3-S7). 

In summary, these findings do not provide evidence of a clinically significant dose­
response effect for body burden of dioxin on parameters of immunologic assessment. The 
minor statistically significant relationships that do have a small magnitude bear long-term 
evaluation for trend development, but at present they cannot be interpreted to indicate 
specific health impairment due to immune system dysfunction. 

SUMMARY 

The immunology assessment was based on physical examination data and laboratory 
data. Each of the variables was analyzed for associations with group (Model 1), initial lipid­
adjusted dioxin (Model 2), categorized initial dioxin (Model 3), current lipid-adjusted dioxin 
(Model 4), and current whole-weight dioxin (Models Sand 6). Tables 19-32 through 19-3S 
summarize the results. A summary of group-by-covariate and dioxin-by-covariate 
interactions is provided in Table 19-36. 

Model 1: Group Analyses 

In the unadjusted analyses of Model 1, the immunoglobulin IgG and the lupus panel 
ANA test showed marginally significant inverse relationships with group. The lupus panel 
thyroid microsomal antibody showed a significant positive association with group. The 
officer Ranch Hands had significantly or marginally significantly higher mean CD3 cell, CD4 
cell, and CDS cell counts than the officer Comparisons. The enlisted flyer Ranch Hands had 
marginally significantly lower mean CDS cell and CD16+S6 cell counts than the enlisted 
flyer Comparisons. CDS with CD20 double labelled cells for measurements above zero 
showed enlisted groundcrew Ranch.Hands to have significantly higher mean CDS with CD20 
values than the enlisted groundcrew Comparisons. The enlisted groundcrew Ranch Hands 
had a marginally significantly lower percentage of positive ANA test results than the enlisted 
groundcrew Comparisons. 

Adjusting for covariates in Model 1 revealed a marginally significant positive 
association between group and CD20 cells and significant inverse associations between group 
and the immunoglobulin lgG and group and the lupus panel ANA test. Officer Ranch Hands 
had a marginally higher percentage of abnormal findings for the composite skin test diagnosis 
and the lupus panel MSK parietal antibody than the officer Comparisons. The officer Ranch 
Hands had a significantly lower percentage of positive rheumatoid factor findings than the 
officer Comparisons. The enlisted flyer Ranch Hands had significantly or marginally 
significantly lower mean CDS cell, CD14 cell, CD2S cell, and CD3 with CD2S cell values 
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Table 19-32. 
Summary of Group Analyses (Model 1) for Immunology Variables 

(Ranch Hands vs. Comparisons) 

UNADJUSI'ED 

Variable All Off'"tcer Enlisted Flyer Enlisted Groundcrew 

Physical Examination 

Composite Skin Test Diagnosis (D) NS NS NS NS 

Laboratory: Cell Surface Marker 

CD3 Cells (C) NS +0.039 DS NS 

CD4 Cells (C) NS NS* DS NS 

CDS Cells (C) NS +0.03S NS NS 

CDS Cells (C) DS NS ns* NS 

CD14 Cells (C) DS NS DS DS 

CD16+S6 Cells (C) DS NS ns* DS 

CD20 Cells (C) NS NS DS NS 

CD25 Cells (C) NS NS DS NS 

CD4-CDS Ratio (C) NS NS NS NS 

Double Labelled Cells: CD3 with NS NS DS NS 
CD2S (C) 

Double Labelled Cells: CDS with NS NS DS NS 
CD20 (D: Zero vs. Nonz.ero) 

Double Labelled Cells: CDS with NS NS DS +0.046 
CD20 (C: Nomero Measurements) 

Double Labelled Cells: CD4 with NS NS NS DS 

CDS (D: Zero vs. Nonz.ero) 

Double Labelled Cells: CD4 with DS DS NS NS 
CDS (C: Nomero Measurements) 

Double Labelled Cells: CD3 with NS DS NS NS 
CD16+S6 (D: Zero vs. Nonz.ero) 

Double Labelled Cells: CD3 with NS NS NS ns 
CD16+S6 (C: Nonz.ero 
Measurements) 

Laboratory: 
TLC 

TLC (C) NS NS DS NS 

Laboratory: 
lmmunoglobulins 

lgA (C) DS DS DS NS 

IgG (C) ns* DS DS DS 

IgM (C) DS NS DS DS 
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Table 19-32. (Continued) 
Summary of Group Analyses (Model 1) for Immunology Variables 

(Ranch Hands vs. Comparisons) 

UNADJUSTED ... \-: 

Variable All Of6cer Enlisted Flyer Enlisted Groundcrew 

Laboratory: 
Lupus Panel 

ANA Test (D) 
• 

Thyroid Microsomal Antibody (D) 

MSK Smooth Muscle Antibody (D) 

MSK Mitochondrial Antibody (D) 

MSK Parietal Antibody (D) 

Rheumatoid Factor (D) 

B Cell Clones Detected by Serum 
Protein Electrophoresis (D) 

Other Antibodies (ANA and MSK) 
(D) 

Summary Index (D) 

C: Continuous analysis. 
D: Discrete analysis. 

ns* ns 

NS* NS 

ns NS 

ns NS 

ns NS 

ns ns 

NS NS 

ns ns 

ns ns 

+: Difference of means nonnegative for continuous analysis. 
Analysis not presented due to sparse number of abnormalities. 

NS or ns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (O.OS<p~0.10). 
Note: P-value given if p~0.05. 

ns ns* 

NS NS 

ns ns 

ns 

ns ns 

ns NS 

NS ns 

ns ns 

ns ns 

A capital "NS" denotes a relative risk 1.00 or greater for discrete analysis or difference of means 
nonnegative for continuous analysis; a lower case "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 
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Table 19-32. (Continued) 
Summary of Group Analyses (Model 1) for Immunology Variables 

(Ranch Hands vs. Comparisons) 

Physical ~ination 

Composite Skin Test Diagnosis (D) 

Laboratory: Cell Surface Marker 

CD3 Cells (C) 

CD4 Cells (C) 

CD5 Cells (C) 

CD8 Cells (C) 

CD14 Cells (C) 

CD16+56 Cells (C) 

CD20 Cells (C) 

CD25 Cells (C) 

CD4-CD8 Ratio (C) 

Double Labelled Cells: CD3 with 
CD25 (C) 

Double Labelled Cells: CD5 with 
CD20 (D: Zero vs. Nonrero) 

Double Labelled Cells: CD5 with 
CD20 (C: Nonrero Measurements) 

Double Labelled Cells: CD4 with 
CD8 (D: Zero vs. Nonzero) 

Double Labelled Cells: CD4 with 
CD8 (C: Nonzero Measurements) 

Double Labelled Cells: CD3 with 
CD16+56 (D: Zero vs. Nonzero) 

Double Labelled Cells: CD3 with 
CD16+56 (C: Nonzero 
Measurements) 

Laboratory: 
TLC 

TLC (C) 

Laboratory: 
Immunoglobulins 

IgA (C) 

lgG (C) 

lgM (C) 

NS 

NS 

NS 

NS 

ns 

**(ns) 

ns 

**(NS*) 

**(NS) 

**(NS) 

**(NS) 

NS 

NS 

NS 

ns 

NS 

ns 

NS 

ns 

ns* 

**(ns) 

NS* NS NS 

NS ns NS 

NS ns NS 

NS ns NS 

NS ns* NS 

NS -0.021 NS 

NS ns ns 

**(NS) **(ns) **(NS) 

NS -0.015 NS 

**(NS) **(NS) **(NS) 

NS -0.022 NS 

NS ns NS 

NS ns NS 

NS NS ns 

ns NS NS 

ns NS NS 

NS ns ns 

NS ns NS 

ns NS NS 

ns ns ns 

**(NS) **(ns) **(ns) 
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Table 19-32. (Continued) 
Summary of Group Analyses (Model 1) for Immunology Variables 

(Ranch Bands vs. Comparisons) 
.·;.;.··-:·:·.::·:· 

·;_ ;.: ·>~: 
·· ····.·.·::· :-:·:•:.· 

VariabJe , 

Laboratory: 
Lupus~el 

ANA Test (D) 

Thyroid Microsomal Antibody (D) 

MSK Smooth Muscle Antibody (D) 

MSK Mitochondrial Antibody (D) 

MSK Parietal Antibody (D) 

Rheumatoid Factor (D) 

B Cell Clones Detected by Serum 
Protein Electrophoresis (D) 

Other Antibodies (ANA and MSK) 
(D) 

Summary Index (D) 

C: Continuous analysis. 
D: Discrete analysis. 

ns* 

**** 

ns 

**(ns) 

ns 

NS 

ns 

ns 

Difference of means negative for continuous analysis. 

ns 

**** 

NS 

**(NS*) 

ns* 

NS 

ns 

ns 

Analysis not performed due to sparse number of abnormalities. 
NS or ns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p~0. 10). 

ADJUSTED 
.. ::t:::: 

... 

Enlist~ Ftyer EliliSted Groundcrew 

ns ns* 

**** **** 

ns ns 

**(NS) **(NS) 

ns NS 

NS ns 

ns ns 

ns ns 

**(NS) or **(ns): Group-by-covariate interaction (p~0.05); not significant when interaction is deleted; refer to 
Appendix 0-2 for further analysis of this interaction. 

**(NS*): Group-by-covariate interaction (p~0.05); marginally significant when interaction is deleted; refer to 
Appendix 0-2 for further analysis of this interaction. 

**** Group-by-covariate interaction (p ~0.01); refer to Appendix 0-2 for further analysis of this interaction. 
Note: A capital "NS" denotes a relative risk 1.00 or greater for discrete analysis or difference of means 

nonnegative for continuous analysis; a lower case "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 
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Table 19-33. 
Summary of Initial Dioxin Analyses (Model 2) for Immunology Variables 

{Ranch Hands Only) 

Variable 

Physical Examination 

Composite Skin Test Diagnosis (D) 

Laboratory: 
Cell Surface Markers 

CD3 Cells (C) 

CD4 Cells (C) 

CDS Cells (C) 

CD8 Cells (C) 

CD14 Cells (C) 

CD16+S6 Cells (C) 

CD20 Cells (C) 

CD2S Cells (C) 

CD4-CD8 Ratio (C) 

Doubled Labelled Cells: CD3 with 
CD2S (C) 

Doubled Labelled Cells: CDS with 
CD20 (D: Zero vs. Nonz.ero) 

Doubled Labelled Cells: CDS with 
CD20 (C: Nonz.ero Measurements) 

Doubled Labelled Cells : CD4 with CD8 
(D: Zero vs. Nonz.ero) 

Doubled Labelled Cells: CD4 with CD8 
(C: Nonz.ero Measurements) 

Doubled Labelled Cells: CD3 with 
CD16+56 (D: Zero vs. Nonz.ero) 

Doubled Labelled Cells: CD3 with 
CD16+56 (C: Nonzero Measurements) 

Laboratory: 
TLC 

TLC (C) 

Laboratory: 
lmmunoglobulins 

lgA (C) 

lgG (C) 

IgM (C) 

Unadjusted 

ns 

NS 

NS 

NS 

NS 

NS 

OS 

NS* 

NS 

NS 

NS 

OS 

NS 

OS 

NS 

NS* 

os* 
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NS 

NS 

NS 

NS 

Adjmted 

ns 

**(ns) 

ns 

**(ns) 

**** 

NS 

**(NS) 

**(ns) 

ns 

ns 

ns 

ns* 

ns 

**(ns) 

**(NS) 

**** 

ns 

**** 

NS* 

ns 

NS 



Table 19-33. (Continued) 
Summary of Initial Dioxin Analyses (Model 2) for Immunology Variables 

(Ranch Hands Only) 

Variable 

Laboratory: 
Lupus Panel 

ANA Test (D) 

Thyroid Microsomal Antibody (D) 

MSK Smooth Muscle Antibody (D) 

MSK Mitochondrial Antibody (D) 

MSK Parietal Antibody (D) 

Rheumatoid Factor (D) 

B Cell Clones Detected by Serum Protein 
Electrophoresis (D) 

Other Antibodies (ANA and MSK) (D) 

Summary Index (D) 

C: Continuous analysis. 
D: Discrete analysis. 

Relative risk < 1.00 for discrete analysis. 

Unadjusted 

ns 

ns 

-0.035 

-0.030 

ns 

-0.028 

NS 

NS 

ns* 

Analysis not performed due to sparse number of abnormalities. 
NS or ns: Not significant (p > 0.10). 
NS* or ns*: Marginally significant (0.05 <p~0.10). 

Adjusted 

NS 

**(ns) 

-0.022 

ns 

**(ns*) 

NS 

NS 

ns 

**(NS) or **(ns): Log2 (initial dioxin)-by-covariate interaction (p ~0.05); not significant when interaction is 
deleted; refer to Appendix 0 -2 for further analysis of this interaction. 

**(ns*): Log2 (initial dioxin)-by-covariate interaction (p ~0.05); marginally significant when interaction is 
deleted; refer to Appendix 0-2 for further analysis of this interaction. 

**** Log2 (initial dioxin)-by-covariate interaction (p~0 .01); refer to Appendix 0-2 for further analysis of this 
interaction. 

Note: P-value given if p ~0.05 . 

A capital "NS" denotes a relative risk 1.00 or greater for discrete analysis or slope nonnegative for 
continuous analysis; a lower case "ns" denotes relative risk less than 1.00 for discrete analysis or slope 
negative for continuous analysis. 
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Table 19-34. 
Summary of Categorized Dioxin Analyses (Model 3) for Immunology Variables 

(Ranch Hands vs. Comparisons) 

' 
·:··· UNADJUSTED 

f . .· .. 
~ · .. Background Ranch Low Ranch High Ranch Low plus High 

Hands vs. Bands vs. Bands vs. Ranch Bands vs. 
V.ariable Comparisons Comparisons . Comparisons Comparisons 

Physical Examination 

Composite Skin Test +0.024 NS ns NS 
Diagnosis (D) 

Laboratory: 
Cell Swface Markers 

CD3 Cells (C) NS ns NS NS 

CD4 Cells (C) NS ns NS NS 

CD5 Cells (C) NS ns NS NS 

CD8 Cells (C) NS ns ns ns 

CD14 Cells (C) NS -0.033 ns ns* 

CD16+56 Cells (C) ns ns ns ns 

CD20 Cells (C) NS ns NS NS 

CD25 Cells (C) NS ns NS NS 

CD4-CD8 Ratio (C) NS NS NS NS 

Double Labelled Cells: CD3 NS NS NS NS 
with CD25 (C) 

Double Labelled Cells: CDS ns NS ns NS 
with CD20 (D: Zero vs. 
Nonz.ero) 

Double Labelled Cells : CD5 ns NS NS* NS 
with CD20 (C: Nonz.ero 
Measurements) 

Double Labelled Cells: CD4 NS NS NS NS 
with CD8 (D: Zero vs. 
Nonz.ero) 

Double Labelled Cells: CD4 NS ns ns ns 
with CD8 (C: Nonzero 
Measurements) 

Double Labelled Cells: CD3 ns ns NS NS 
with CD16+56 (D: Zero vs. 
Nonz.ero) 

Double Labelled Cells: CD3 NS NS ns ns 
with CD16+56 (C: Nonz.ero 
Measurements) 

Laboratory: 
TLC 

TLC (C) NS ns NS ns 
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Table 19-34. (Continued) 
Summary of Categorized Dioxin Analyses (Model 3) for Immunology Variables 

(Ranch Hands vs. Comparisons) 

Variable 

Laboratory: 
Immunoglobulins 

IgA (C) 

lgG (C) 

lgM (C) 

Laboratory: 
Lupus Panel 

ANA Test (D) 

Thyroid Microsomal Antibody 
(D) 

MSK Smooth Muscle 
Antibody (D) 

MSK Mitochondrial Antibody 
(D) 

MSK Parietal Antibody (D) 

Rheumatoid Factor (D) 

B Cell Clones Detected by 
Serum Protein Electrophoresis 
(D) 

Other Antibodies (ANA and 
MSK) (D) 

Summary Index (D) 

C: Continuous analysis. 
D: Discrete analysis. 

··~· 

. Background .Ranch. 
Bands vs. c . . ompansom 

DS 

ns 

NS 

DS 

NS 

NS 

NS 

ns 

ns 

NS* 

ns 

ns 

UNAD1USl'ED . 

Low Ranch mgh.Rancb 
Hands vs. Bands vs. 

. comparisom Comparisom 

DS DS 

ns ns 

DS DS 

ns -0.030 

+0.020 NS 

NS ns* 

NS 

NS ns 

NS -0.012 

ns NS 

ns ns 

DS -0.002 

+ : Difference of means nonnegative for continuous analysis. 

Lowplusmgh 
Ranch Hands· vs. 

Comparisons 

ns 

ns 

ns 

-0.047 

+0.016 

ns 

ns 

NS 

ns 

ns 

ns 

-0.021 

Relative risk < 1.00 for discrete analysis or difference of means negative for continuous analysis. 
Analysis not presented due to sparse number of abnormalities. 

NS or ns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p~0. 10). 
Note: P-value given if p~0.05. 

A capital "NS" denotes a relative risk 1.00 or greater for discrete analysis or difference of means 
nonnegative for continuous analysis; a lower case "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 
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Table 19-34. (Continued) 
Summary of Categorized Dioxin Analyses (Model 3) for Immunology Variables 

(Ranch Hands vs. Comparisons) 

ADJUSTED 

Background Ranch Low Ranch BighRanch Low plus High 
Hands:vs. Bands vs. Bands vs. Ranch Hands vs. 

Variable Comparisons Comparisons Comparisoos Comparisons 

Physical Examination 

Composite Skin Test **(+0.047) **(NS) **(ns) **(NS) 
Diagnosis (D) 

Laboratory: 
Cell Surface Markers 

CD3 Cells (C) **(NS) **(ns) **(NS) **(NS) 

CD4 Cells (C) **(NS) **(ns) **(NS) **(NS) 

CD5 Cells (C) **(NS) **(ns) **(NS) **(NS) 

CDS Cells (C) **(NS) **(ns) **(ns) **(ns) 

CD14 Cells (C) **** **** **** **** 

CD16+56 Cells (C) **(ns) **(ns*) **(ns) **(ns*) 

CD20 Cells (C) +0.013 NS NS NS 

CD25 Cells (C) **(NS) **(ns) **(NS) **(NS) 

CD4-CDS Ratio (C) NS NS NS NS* 

Double Labelled Cells: CD3 **(NS) **(ns) **(NS) **(NS) 
with CD25 (C) 

Double Labelled Cells: CD5 ns NS NS NS 
with CD20 (D: Zero vs. 
Nonzero) 

Double Labelled Cells: CD5 NS NS NS NS 
with CD20 (C: Nonzero 
Measurements) 

Double Labelled Cells: CD4 NS NS ns NS 
with CDS (D: Zero vs. 
Nonzero) 

Double Labelled Cells: CD4 **(NS) **(ns) **(ns) **(ns) 
with CDS (C: Nonzero 
Measurements) 

Double Labelled Cells: CD3 ns ns NS NS 
with CD16+56 (D: Zero vs. 
Nonzero) 

Double Labelled Cells: CD3 NS NS ns ns 
with CD16+56 (C: Nonzero 
Measurements) 

Laboratory: 
TLC 

TLC (C) **(NS) **(ns) **(NS) **(ns) 
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Table 19-34. (Continued) 
Summary of Categorized Dioxin Analyses (Model 3) for Immunology Variables 

(Ranch Hands vs. Comparisons) 

. ·;::·:: 

Variable 

Laboratory: 
Imm.unoglobulins 

lgA (C) 

lgG (C) 

IgM (C) 

Laboratory: 
Lupus Panel 

ANA Test (D) 

Thyroid Microsomal Antibody 
(D) 

MSK Smooth Muscle 
Antibody (D) 

MSK Mitochondrial Antibody 
(D) 

MSK Parietal Antibody (D) 

Rheumatoid Factor (D) 

B Cell Clones Detected by 
Serum Protein Electrophoresis 
(D) 

Other Antibodies (ANA and 
MSK) (D) 

Summary Index (D) 

C: Continuous analysis. 
D: Discrete analysis. 

Background.Ranch 
Hanek-vs. 

; Comparisons 

**(ns) 

**(ns) 

**** 

**** 

**** 

NS 

DS 

**(ns) 

NS 

DS 

DS 

AD.JUSTED 

High Jlanch Low plus High 
Hands vs. Bands vs. Ranch Hands vs. 

Comparisons Compamons Comparisons 

**(ns) **(ns) **(ns) 

**(ns) **(ns) **(ns*) 

**** **** **** 

**** **** **** 

**** **** **** 

NS DS DS 

NS NS NS 

**(NS) **(-0.035) **(ns) 

DS NS DS 

DS DS DS 

DS -0.019 -0.040 

+ : Relative risk ;:::: 1.00 for discrete analysis or difference of means nonnegative for continuous analysis. 
Relative risk < 1.00 for discrete analysis. 
Analysis not performed due to sparse number of abnormalities. 

NS or ns: Not significant (p>0.10). 
NS*: Marginally significant (0.05 <p ~0.10). 
**(NS) or **(ns*): Categoriz.ed dioxin-by-covariate interaction (p~0.05); not significant when interaction is 

deleted; refer to Appendix 0-2 for further analysis of this interaction. 
**(ns*): Categoriz.ed dioxin-by-covariate interaction (p ~0.05); marginally significant when interaction is 

deleted; refer to Appendix 0-2 for further analysis of this interaction. 
**(0.035): Categorized dioxin-by-covariate interaction (p ~0.05); significant (p=0.035) when interaction is 

deleted; refer to Appendix 0-2 for further analysis of this interaction. 
**** Categoriz.ed dioxin-by-covariate interaction (p~0.01); refer to Appendix 0-2 for further analysis of this 

interaction. 
Note: P-value given if p ~0.05. 

A capital "NS" denotes a relative risk 1.00 or greater for discrete analysis or difference of means 
nonnegative for continuous analysis; a lower case "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 
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Table 19-35. 
Summary of Current Dioxin Analyses (Models 4, S, and 6) for Immunology Variables 

(Ranch Hands Only) 

Variable 

Physical Examination 

Composite Skin Test Diagnosis (D) 

Laboratory: 
Surface Cell Markers 

CD3 Cells (C) 

CD4 Cells (C) 

CDS Cells (C) 

CDS Cells (C) 

CD14 Cells (C) 

CD16+S6 Cells (C) 

CD20 Cells (C) 

CD2S Cells (C) 

CD4-CDS Ratio (C) 

Double Labelled Cells: 
CD3 with CD2S (C) 

Double Labelled Cells: CDS with 
CD20 (D: Zero vs. Nonzero) 

Double Labelled Cells: CDS with 
CD20 (C: Nonzero Measurements) 

Double Labelled Cells: CD4 with 
CDS (D: Zero vs. Nonzero) 

Double Labelled Cells: CD4 with 
CDS (C: Nonzero Measurements) 

Double Labelled Cells: CD3 with 
CD16+S6 (D: Zero vs. Nonzero) 

Double Labelled Cells: CD3 with 
CD16+S6 (C: Nonzero 
Measurements) 

Laboratory: TLC 

TLC (C) 

Laboratory: 
Immunoglobulins 

IgA (C) 

lgG (C) 

lgM (C) 

Model 4: 
Lipid-Adjusted 
CUJTeDt Dioxin 

-0.00S 

DS 

NS 

NS 

DS 

DS 

DS 

NS 

DS 

NS 

DS 

NS 

+0.017 

NS 

DS 

+0.024 

-0.014 

NS 

NS 

NS 

NS 
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UNADJUSTED 

Model.5: 
Whole-Weight 
Current Dioxin 

-0.012 

DS 

NS 

NS. 

DS 

NS 

DS 

NS 

DS 

NS 

DS 

NS 

+0.016 

NS 

DS 

+0.010 

-0.009 

NS 

NS 

DS 

DS 

Model 6: 
Wbole-:Weight Cwnnt 

Dioxin Adjusted for Total 
Lipids 

-0.014 

DS 

DS 

DS 

DS 

DS 

DS 

NS 

DS 

NS 

DS 

NS 

+0.044 

NS 

DS 

+0.042 

ns* 

DS 

NS* 

NS 

NS 



Table 19-35. (Continued) 
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Immunology Variables 

(Ranch Hands Only) 

Variable 

Laboratory: 
Lupus Panel 

ANA Test (D) 

Thyroid Microsomal Antibody (D) 

MSK Smooth Muscle Antibody (D) 

MSK Mitochondrial Antibody (D) 

MSK Parietal Antibody (D) 

Rheumatoid Factor (D) 

B Cell Clones Detected by Serum 
Protein Electrophoresis (D) 

Other Antibodies (ANA and MSK) (D) 

Summary Index (D) 

C: Continuous analysis. 
D: Discrete analysis. 

Model 4: 
Lipid-Adjusted 
CUITeDt Dioxin 

ns 

NS 

ns* 

ns 

NS 

-0.038 

ns 

NS 

-0.028 

UNADJUSTED 

Model 5: 
Whole-Weight 
Current Dioxin 

ns 

NS 

ns 

ns 

NS 

-0.023 

ns 

NS 

-0.042 

Model 6: 
Whole-;;Weight Current . 

· · Dioxin Adjusted for Total 
Lipids 

ns* 

NS 

ns* 

ns 

NS 

ns 

ns 

NS 

-0.030 

+: Relative risk ~ 1.00 for discrete analysis or slope nonnegative for continuous analysis. 
Relative risk < 1.00 for discrete analysis or slope negative for continuous analysis. 

NS or ns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p~0. 10). 
Note: P-value given ifp~0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or slope nonnegative for 
continuous analysis; a lower case "ns" denotes relative risk less than 1.00 for discrete analysis or slope 
negative for continuous analysis. 
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Table 19-35. (Continued) 
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Immunology Variables 

(Ranch Hands Only) 

Variable 

Physical Examination 

Composite Skin Test Diagnosis (D) 

Laboratory: 
Surface Cell Markers 

CD3 Cells (C) 

CD4 Cells (C) 

CD5 Cells (C) 

CDS Cells (C) 

CD14 Cells (C) 

CD16+56 Cells (C) 

CD20 Cells (C) 

CD25 Cells (C) 

CD4-CDS Ratio (C) 

Double Labelled Cells: 
CD3 with CD25 (C) 

Double Labelled Cells: CD5 with 
CD20 (D: Zero vs. Nooz.ero) 

Double Labelled Cells: CD5 with 
CD20 (C: Nooz.ero Measurements) 

Double Labelled Cells: CD4 with 
CDS (D: Zero vs. Nooz.ero) 

Double Labelled Cells: CD4 with 
CDS (C: Nooz.ero Measurements) 

Double Labelled Cells: CD3 with 
CD16+56 (D: Zero vs. Nooz.ero) 

Double Labelled Cells: CD3 with 
CD16+56 (C: Nooz.ero 
Measurements) 

Laboratory: TLC 

TLC (C) 

Laboratory: 
Immunoglobulins 

lgA (C) 

lgG (C) 

IgM (C) 

Model 4: 
Lipid-Adjmted 
Current Dioxin 

-0.029 

ns 

NS 

NS 

**(ns) 

ns 

NS 

NS 

ns 

NS 

ns 

NS 

NS* 

ns 

ns 

**** 

-0.040 

NS 

NS 

ns 

**(ns) 
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ADJUSTED 

Model S: 
Whole-Weight 
Current Dioxin 

-0.037 

NS 

NS 

NS 

ns 

NS 

ns 

NS 

NS 

NS 

NS 

NS 

+0.044 

ns 

NS 

**** 

-0.032 

NS 

NS 

ns 

ns 

Model 6: 
Whole-Weight Current 

Dioxin Adjusted for Total 
Lipids 

**(-0.047) 

ns 

ns 

ns 

ns 

ns 

NS 

NS 

**(ns) 

ns 

**(ns) 

NS 

NS 

ns 

ns 

**** 

ns 

NS 

NS 

ns 

NS 



Table 19-35. (Continued) 
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Immunology Variables 

(Ranch Bands Only) 

Variable 

Laboratory: 
Lupus Panel 

ANA Test (D) 

Thyroid Microsomal Antibody (D) 

MSK Smooth Muscle Antibody (D) 

MSK Mitochondrial Antibody (D) 

MSK Parietal Antibody (D) 

Rheumatoid Factor (D) 

B Cell Clones Detected by Serum 
Protein Electrophoresis (D) 

Other Antibodies (ANA and MSK) (D) 

Summary Index (D) 

C: Continuous analysis. 
D: Discrete analysis. 

Model4: 
Lipid-Adjusted 
Current Dioxin 

**(ns) 

**(NS) 

DS 

NS 

-0.013 

DS 

NS 

DS 

+: Slope nonnegative for continuous analysis. 

ADJUSTED 

Model 5: 
Whole-Weight 
Current Dioxin 

**(ns) 

NS 

DS 

NS 

-0.008 

**(ns) 

NS 

DS 

Model 6: 
Whole-Weight Current 

Dioxin Adjusted for Total 
lipids 

**(ns) 

NS 

DS 

NS 

ns* 

**(ns) 

**(NS) 

DS 

Relative risk < 1.00 for discrete analysis or slope negative for continuous analysis. 
-: Analysis not performed due to sparse number of abnormalities. 
NS or ns: Not significant (p >0.10). 
NS* or ns*: Marginally significant (0.05 < p ~ 0.10). 
**(NS) or **(ns): Log2 (current dioxin + 1)-by-covariate interaction (p~0.05); not significant when 

interaction is deleted; refer to Appendix 0 -2 for further analysis of this interaction. 
**(0.047): Log2 (current dioxin + !)-by-covariate interaction (p~0.05); significant (p=0.047) when 

interaction is deleted; refer to Appendix 0 -2 for further analysis of this interaction. 
**** Log2 (current dioxin + ! )-by-covariate interaction (p ~0.01) ; refer to Appendix 0 -2 for a detailed 

description of this interaction. 
Note: P-value given if p~0.05 . 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or a nonnegative slope for 
continuous analysis; a lower case "ns" denotes relative risk less than 1.00 for discrete analysis or slope 
negative for continuous analysis. 
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Table 19-36. 
Summary of Group-by-Covariate and Dioxin-by-Covariate Interactions from Adjusted 

Analyses of Immunology Variables 

Model 

CD14 Cells 
CD20 Cells 
CD2S Cells 
CD4-CD8 Ratio 

Variable 

Double Labelled Cells: CD3 with CD2S Cells 
lgM 

Lupus Panel: Thyroid Microsomal 
Antibody 

Lupus Panel: Parietal Antibody 

CD3 Cells 
CDS Cells 
CD8 Cells 
CD16+S6 Cells 

CD20 Cells 
Double Labelled Cells: CD4 with CD8 (D: Zero vs. 

Nonrero) 
Double Labelled Cells: CD4 with CD8 (C: Nonzero 

Measurements) 
Double Labelled Cells: CD3 with CD16+S6 

(D: Zero vs. Nonzero) 
TLC 
Lupus Panel: Thyroid Microsomal 

Antibody 

Lupus Panel: Rheumatoid Factor 

Composite Skin Test Diagnosis 
CD3 Cells 
CD4 Cells 
CDS Cells 
CD8 Cells 
CD14 Cells 
CD16+S6 Cells 

CD25 Cells 

19-185 

Covariate 

Occupation 
Lifetime Alcohol History 
Occupation 
Physical Activity Index 
Occupation 
Race, Physical Activity Index 

Current Cigarette Smoking, 
Current Alcohol Use, Lifetime 
Alcohol History 

Race 

Occupation 
Occupation 
Occupation 
Occupation, Physical Activity 
Index 
Age 
Race, Current Cigarette 
Smoking 
Lifetime Alcohol History 

Occupation 

Physical Activity Index 
Current Cigarette Smoking, 
Lifetime Alcohol History 

Age, Occupation 

Current Alcohol Use 
Age, Occupation 
Age, Occupation 
Age, Occupation 
Age, Occupation 
Age 
Occupation, Lifetime Alcohol 
History, Physical Activity 
Index 
Age, Occupation, Lifetime 
Cigarette Smoking History, 
Lifetime Alcohol History 



Table 19-36. (Continued) 
Summary of Group-by-Covariate and Dioxin-by-Covariate Interactions from Adjusted 

Analyses of Immunology Variables 

Model · Variable 

Double Labelled Cells: CD3 with CD25 Cells 

CD4 with CDS (C: Nonzero Measurements) 
TLC 
lgA 
IgG 
IgM 
Lupus Panel: Antinuclear Antibody (ANA) 
Lupus Panel: Thyroid Microsomal 

Antibody 

Lupus Panel: Rheumatoid Factor 

CDS Cells 
Double Labelled Cells: CD3 with CD16+56 

(D: Zero vs. Nonzero) 
IgM 
Lupus Panel: Antinuclear Antibody (ANA) 

Lupus Panel: Thyroid Microsomal 
Antibody 

Double Labelled Cells: CD3 with CD16+56 
(D: Zero vs. Nonzero) 

Lupus Panel: Antinuclear Antibody (ANA) 

Lupus Panel: B Cell Clones Detected by Serum 
Protein Electrophoresis 

Composite Skin Test Diagnosis 
CD25 Cells 

Double Labelled Cells: CD3 with CD25 Cells 

Double Labelled Cells: CD3 with CD16+56 
(D: Zero vs. Nonzero) 

Lupus Panel: Antinuclear Antibody (ANA) 

Lupus Panel: B Cell Clones Detected by Serum 
Protein Electrophoresis 

Lupus Panel: Other Antibodies (ANA and MSK) 

C: Continuous analysis. 
D: Discrete analysis. 

a Group Analysis (Ranch Hands vs. Comparison). 
b Ranch Hands-Log2 (Initial Dioxin). 
c Categorized Dioxin. 

' Covariate 

Occupation, Lifetime Cigarette 
Smoking History, Lifetime 
Alcohol History 
Age, Race, Occupation 
Age 
Race 
Occupation 
Physical Activity Index 
Lifetime Alcohol History 
Current Cigarette Smoking, 
Current Alcohol Use, Lifetime 
Alcohol History 
Occupation, Physical Activity 
Index 

Occupation 
Physical Activity Index 

Current Alcohol Use 
Race, Lifetime Alcohol 
History 
Current Alcohol Use 

Physical Activity Index 

Race, Lifetime Alcohol 
History 
Current Alcohol Use 

Occupation 
Lifetime Cigarette Smoking 
History 
Lifetime Cigarette Smoking 
History 
Physical Activity Index 

Race, Lifetime Alcohol 
History 
Current Alcohol Use 

Race 

d Ranch Hands-Log2 (Current Lipid-Adjusted Dioxin + 1). 
c Ranch Hands-Log2 (Current Whole-Weight Dioxin + 1). 
f Ranch Hands-Log2 (Current Whole-Weight Dioxin + 1), Adjusted for Total Lipids. 
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than the enlisted flyer Comparisons. The enlisted groundcrew Ranch Rands had a marginally 
significantly lower percentage of positive lupus panel ANA test findings than the enlisted 
groundcrew Comparisons. 

Model 2: Initial Dioxin Analyses 

In the unadjusted analysis of Model 2, marginally significant positive associations with 
initial dioxin were revealed for CD20 cells and the CD3 with CD16+56 double labelled cells 
when dichotomized as zero and nonzero. Significant or marginally significant inverse 
associations with initial dioxin were revealed for the MSK smooth muscle antibody, the lupus 
panel rheumatoid factor, the lupus panel summary index, and the analysis of nonzero 
measurements of CD3 with CD16+56 double labelled cells. The adjusted analysis revealed 
significant or marginally significant inverse associations between initial dioxin and MSK 
smooth muscle antibody, rheumatoid factor, and the discretized form (zero vs. nonzero) of 
CD5 with CD20 double labelled cells. A significant positive association between initial 
dioxin and lgA was revealed in the adjusted analysis . 

Model 3: Categorized Dioxin Analyses 

In Model 3, the unadjusted analyses of composite skin test diagnosis and B cell clones 
each revealed a significantly higher percentage of abnormalities in the background Ranch 
Hands than the Comparisons. The unadjusted analysis of CD14 cells showed the low Ranch 
Hands to have significantly lower mean CD14 cell counts than the Comparisons. However, 
the lupus panel thyroid microsomal antibody test showed the low Ranch Hands to have 
significantly higher positive findings than the Comparisons. A significantly or marginally 
significantly lower percentage of abnormalities were noted in the high Ranch Hands than the 
Comparisons for the lupus panel ANA test, MSK smooth muscle antibody, rheumatoid 
factor, and the lupus panel summary index. The high Ranch Hands exhibited a higher mean 
value than the Comparisons for the double labelled cells CD5 with CD20 for measurements 
above zero. The unadjusted analysis revealed significantly or marginally significantly lower 
values for the low plus high Ranch Hands than the Comparisons for CD14 cells, the lupus 
panel ANA test, and the lupus panel summary index. The low plus high Ranch Hands 
exhibited a significantly higher percentage of positive results for the lupus panel thyroid 
microsomal antibody than the Comparisons. 

The adjusted analysis of Model 3 revealed a significantly higher percentage of 
composite skin test abnormalities in the background Ranch Hands than the Comparisons. 
Similarly, the mean CD20 cell count was higher in the background Ranch Hands than the 
Comparisons. The adjusted analysis of Model 3 revealed marginally significantly lower 
mean CD16+56 cell values in the low Ranch Hands than the Comparisons. The lupus panel 
rheumatoid factor test and the lupus panel summary index each showed a significantly lower 
percentage of positive findings in the high Ranch Hands than the Comparisons. The adjusted 
analysis of CD15 +56 cells and immunoglobulin lgG revealed marginally significantly lower 
means in the low plus high Ranch Hands than the Comparisons. The percentage of 
abnormalities in the lupus panel summary index was significantly lower in the low plus high 
Ranch Hands than the Comparisons. A marginally significantly higher mean CD4 to CD8 
ratio existed in the low plus high Ranch Hands than the Comparisons. 
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Models 4, S, and 6: Current Dioxin Analyses 

The unadjusted analysis of Models 4, S, and 6 revealed significant or marginally 
significant inverse associations between current dioxin and composite skin test diagnosis, 
CD3 with CD16+S6 double labelled cells with measurements above zero, and the lupus 
panel summary index. The unadjusted analysis of Models 4 through 6 showed positive 
relationships between current dioxin and the double labelled cells CDS with CD20 with 
measurements above zero and the double labelled cells CD3 with CD16 with values 
dichotomized as zero and nonzero. The unadjusted analysis of Model 4 showed marginally 
significant or significant inverse associations with the lupus panel MSK smooth muscle 
antibody and rheumatoid factor. The lupus panel rheumatoid factor was inversely associated 
with current dioxin in Model S. The unadjusted analysis for Model 6 revealed a marginally 
significant positive association between current dioxin and the immunoglobulin lgA. Model 
6 also showed a marginally significant inverse relationship between current dioXin and the 
lupus panel ANA test and MSK smooth muscle antibody. 

In the adjusted analysis of each of Models 4 through 6, the composite skin test diagnosis 
and lupus panel rheumatoid factor showed significant or marginally significant inverse 
relationships with current dioxin. In the adjusted analysis of Models 4 and S, the nonzero 
double labelled cells CDS with CD20 measurements showed a marginally significant or 
significant increase with current dioxin. The double labelled cells CD3 with CD16+S6 for 
measurements above zero also displayed significant inverse relationships with current dioxin 
in Models 4 and S. 

CONCLUSION 

In general, the composite skin test diagnosis results did not differ significantly between 
Ranch Hands and Comparisons and were not positively associated with initial or current 
dioxin levels. For the most part, the cell surface marker variables and total lymphocyte 
couut did not display significant associations with serum dioxin. The longitudinal analyses of 
the CD4-CD8 ratio did not consistently show significant differences between the 1992 ratio 
relative to the 198S measurement of the ratio. 

Marginally significant positive associations were found between lgA and initial dioxin. 
A negative association would be expected in immunologic deficiency; however, the increased 
IgA levels could represent a chronic inflammatory response to dioxin exposure and thus 
suggest long-term evaluation. 

The statistically significant inverse relationships revealed between dioxin and a few of 
the lupus panel autoantibodies also are inconsistent with a harmful effect from dioxin. The 
presence of these autoantibodies, such as MSK smooth muscle antibody, rheumatoid factor, 
and the lupus panel summary index, is generally considered to be abnormal. However, the 
presence of fewer than expected of these autoantibodies also may be abnormal. This may 
suggest a possible early immune alteration that may not carry clinical significance. These 
findings should be investigated and clarified in further followups. 
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The indices of immune responses analyzed in this chapter provided a comprehensive 
reflection of in vivo and in vitro immune function in the study population. No clinically 
significant indicators reflecting a consistent relationship between serum dioxin and deficiency 
in immune function were found. 
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INTRO DU.CTI ON 

Background 

CHAPTER20 
PULMONARY ASSESSMENT 

Apart from local irritative symptoms occurring in industrial accidents, there is no 
clinical evidence that the human lung is a target organ for 2,3,7 ,8-tetrachlorodibenzo-p­
dioxin (TCDD, or dioxin) toxicity. A single case of hypersensitivity pneumonitis was 
described in a Vietnam veteran occupationally exposed to herbicides (1), though there was no 
scientific basis to support a causal relationship to TCDD. The respiratory failure that has 
been reported in rare cases of extreme phenoxy herbicide intoxication appears to be related to 
central nervous system depression rather than primary pneumotoxicity (2,3). 

Research into the pulmonary toxicity of dioxin in laboratory animals has focused on the 
physicochemical properties of the cytosolic aryl hydrocarbon (Ah) receptor and the 
cytochrome P-450 enzyme system in mice (4), rats (5,6), and rabbits (7-11). 

Several lines of research have heightened interest in the possibility that TCDD might 
cause pneumotoxicity in man. In one study (12), cytosol preparations were examined from 
human lung tissue specimens obtained at surgery. Only 10 of 53 specimens had detectable 
Ah receptors, and those were at concentrations far less (10% to 30%) than those found in 
Jung cytosols from laboratory animals. In mice, the induction of cytochrome P-450 enzymes 
by TCDD in Jung was found to be similar to that in liver (13). In rats (14,15), the 
intratracheal administration of TCDD was associated with significant dose-related increases 
in hepatic enzymes as well, establishing the transpulmonary absorption of dioxin and hence, 
the potential for pneumotoxicity. 

Lung disease has been included infrequently a8 a clinical endpoint in epidemiologic 
studies of humans exposed to phenoxy herbicides. In one report (16), standard pulmonary 
function tests were included in clinical examinations of 367 employees 30 years after an 
industrial explosion associated with high-level exposure to 2,4,5-trichlorophenoxyacetic 
acid (2,4,5-T) and, by contamination, to TCDD. Although tissue levels were not available, 
55 percent of the exposed cohorts developed chloracne, testimony of the severity of 
exposure. Alone among the objective laboratory indices, pulmonary function as assessed by 
the forced expiratory volume, expelled at 1 second (FEV1) percent-predicted values was 
significantly (p=0.0005) compromised in the exposed cohort of current smokers but not in 
former smokers or in those who had never smoked. 

In a more recent report ( 17), the authors investigated the prevalence of chronic 
respiratory disease in a cohort of 281 workers occupationally exposed to TCDD in chemical . 
factories. The body burden ·Of <ilioxin was objectively determined by serum TCDD levels 
with a mean level of 220 pptin the exposed cohort versus 7 ppt in the controls. No · 
significant differences were documented in the historical incidence of respiratory disease or 
in the standard indices of lung function in the exposed cohort relative to the controls. In the 
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most recent reports of the Air Force Health Study (AFHS) (18,19), no significant differences 
were found between the Ranch Hand and Comparison cohorts in most historical, physical 
examination, and pulmonary function indices. As a non-specific exception, in the 1987 
serum dioxin study, for a physical examination variable thorax and lung abnormalities, Ranch 
Hands in the low and high current dioxin categories exhibited higher percentages of 
abnormalities than Comparisons. 

Although several animal experiments have documented the occurrence of lung cancers 
associated with TCDD toxicity in rats (20) and.in mice (21), several large-scale 
epidemiologic studies in humans exposed occupationally (22,23), as a consequence of 
industrial accidents (24,25), or by military service (18,19,26-28) found no increase in the 
occurrence of lung cancer in populations at risk. In one report, Marine Vietnam veterans 
were found to be at increased risk for the development of lung cancer (29). A more recent 
proportionate mortality study conducted by the Veterans' Administration reviewed the data 
and concluded that the apparent increased risk might have been related to a lower than 
expected mortality from lung cancer in the control group of Marines that did not serve in 
Vietnam (30). 

Summary of Previous Analyses of the Air Force Health Study 

1982 Baseline Study Summary Results 

The 1982 Baseline examination explored historical pulmonary disease by questionnaire 
and active pulmonary function by standardized spirometric technique. These areas were of 
significant interest because of suggested operational inhalation of Herbicide Orange by all 
Ranch Hand enlisted flyers and enlisted groundcrew. 

The questionnaire revealed no group differenc.es for historical diagnoses of tuberculosis 
and fungal infections, pneumonia, cancer, or chronic sinusitis and upper respiratory disease. 
At the physical examination, the unadjusted means for FEV1 (percent predicted), forced vital 
capacity (PVC), and the ratio of FEV1 to PVC were almost identical between Ranch Hands 
and Comparisons. Adjusted mean values were not calculated due to significant interactions 
(group-by-age for FEV1 and PVC, group-by-smoking for the ratio of FEV1 to PVC). 

Detailed exposure analyses· showed two significant associations in the enlisted flyer and 
enlisted groundcrew strata, but neither was indicative of a linear dose response. Attempts to 
adjust the means of the pulmonary function values for age and smoking revealed several 
interactions, but results were essentially negative. Overall, there were no pulmonary 
diseases, pulmonary function data, or associations of concern. 

1985 Followup Study Summary Results 

Because of the essentially negative pulmonary analyses from the Baseline examination, 
pulmonary function (spiro!,11.etric) studies were not performed during the 1985 followup 
examination. Collection of pulmonary data was limited to a questionnaire history of 
respiratory disease, physical examination of the thorax and lungs, and pulmonary 
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abnormalities detected on a routine chest x ray. Mortality due to respiratory disease also was 
evaluated. 

There were no significant group differences found for reported history of asthma, 
bronchitis, pleurisy, or tuberculosis based on the unadjusted analyses. Adjustments for age 
and lifetime smoking did not alter the findings of group similarity, although there was a 
significant group-by-lifetime smoking interaction for pleurisy and tuberculosis. 

Similarly, there were no significant group differences in the unadjusted analyses for the 
radiological and clinical respiratory findings of thorax and lungs, asymmetrical expansion, 
hyperresonance, dullness, wheezes, rales, and x ray interpretations. These findings were 
supported by the adjusted analyses, although there was a group-by-age interaction for rales. 
Also, the exposure index analyses revealed no consistent dose-response pattern. 

1987 Followup Study Summary Results 

The pulmonary assessment was based on five self-reported respiratory illnesses, seven 
clinical observations, and eight laboratory measurements. No evidence of.an herbicide effect 
was detected in the assessment of the reported respiratory illnesses. The health of the two 
groups was reasonably comparable based on the clinical and laboratory variables, although 
Ranch Hands had a significantly higher percentage of thorax and lung abnormalities on 
examination than did Comparisons, based on the unadjusted analysis, and a marginally higher 
percentage after adjustment for covariates. No significant group differences were detected in 
the adjusted analyses when significant interactions involving group were ignored. 
Exploration of these group-by-covariate interactions did not reveal a consistent pattern 
indicating an herbicide effect. The adverse effects of smoking on pulmonary status were 
evident in all analyses. 

Serum Dioxin Analysis of 1987 Followup Study Summary Results 

In general, there was no association between initial dioxin and the discrete variables. 
For the continuous variables, however, there appeared to be a negative association with 
initial dioxin, especially under the maximal assumption. The associations with·current dioxin 
did not differ significantly between the two time strata for any of the variables, under either 
assumption. In the categorized current dioxin analyses, the percentage of abnormalities did 
not differ significantly among the four current dioxin categories for any of the questionnaire 
and physical examination variables, except under the adjusted. analysis of thorax and lung 
abnormalities. In this case, Ranch Hands in the low and high categories had .a higher 
percentage of abnormalities than did Comparisons in the background category; but Ranch 
Hands in the unknown category had a lower percentage of abnormalities than did 
Comparisons in the background category. For the continuous variables, the means differed 
among the current dioxin categories. For PVC, FEV" and forced expiratory flow·maximum 
(FEFmax), the mean for the Ranch }iands in the unknown category tended to be .greater than 
the mean for the Comparisons in the background category, but the means for the Jow .and 
high categories were less than the mean for the background category. In the analysis of the 
ratio of observed FEV1 to observed PVC, this trend was reversed. 

20-3 



' -

In the longitudinal analysis of the ratio of observed FEV1 to observed FVC, there was a 
significant positive association with current dioxin and a significant difference among the 
current dioxin categories. 

In summary, the historical, physical examination, and laboratory data analyzed in the 
1987 serum dioxin followup study revealed no evidence for an increased occurrence of 
pulmonary disease in the Ranch Hand cohort in relation to the body burden of dioxin. 
Analysis of two laboratory variables, FVC and the ratio of observed FEV1 to observed FVC, 
yielded results that were consistent with subtle dose-response effects related to the body 
burden of dioxin in Ranch Hands. Body habitus and, more specifically, percent body fat 
may play a role in these associations between dioxin and pulmonary function indices. 

Parameters for the Pulmonary Assessment 

Dependent Variables 

The Pulmonary Assessment was based on questionnaire, physical examination, and 
laboratory data collected at the 1992 followup examination. 

Medical Records Data 

In the self-administered family and personal history section, each study participant was 
asked whether he had ever experienced the following conditions: asthma, bronchitis, or 
pneumonia. This self-reported information was combined with information from the 1992 
physical examination, the 1985 and 1987 questionnaires and physical examinations, and the 
Baseline questionnaire and examination and was subsequently verified by a review of the 
participant's medical records. These three variables were individually analyzed as measures 
of the pulmonary health status of each participant. Participants with occurrences of asthma, 
bronchitis, or pneumonia before duty in SEA were excluded from the analyses of these 
variables. 

Physical Examination Data 

Part of the Pulmonary Assessment was based on the results of the physical examination 
of the thorax and lungs. A composite variable, thorax and lung abnormalities, was 
constructed based on the presence or absence of asymmetrical expansion, hyperresonance, 
dullness, wheezes, rales, or chronic obstructive pulmonary disease, as well as the physician's 
assessment of abnormality. This variable was coded as "abnormal" if any of these 
conditions were present and "normal" if none of these conditions were present. No 
participants were excluded for medical reasons from the analysis of this variable. 

Laboratory Examination Data 

The assessment of .the laboratory examination data included the analysis of pulmonary 
abnormalities detected on a routine chest x ray. This variable was coded as "normal" or 
"abnormal." The assessment also included the analysis of pulmonary physiologic data 
collected during the physical examination employing standard spirometric techniques. 
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Numerous indices were derived including FVC-a measurement of the amount of air in liters 
expelled from maximum inspiration to full expiration, and FEV1 in liters-an index derived 
from the PVC that quantifies the amount of air expelled at 1 second. The values used for 
these variables were the percentages of predicted values rather than the actual volume or flow 
rate. The ~culations of these percentages included an adjustment for age and height, as 
prescribed by the American Thoracic Society. The Scripps Clinic and Research Foundation 
(SCRF) laboratory used the same predictive values regardless of race. For these indices, 
lower values indicated greater compromise in the lung function. In addition, the ratio of 
observed FEV, to observed PVC was calculated as an index reflective of obstructive airway 
disease. These variables were analyzed as continuous variables. 

Loss of vital capacity and obstructive abnormality were classified as none, mild, 
moderate, or severe and were analyzed as part of the Pulmonary Assessment. Results judged 
to be between none and mild were classified as "mild" for all analyses. A similar 
methodology was used for results between mild and moderate (i.e., classified as "moderate") 
and between moderate and severe (i.e., classified as "severe"). Due to the low frequencies 
in the moderate and severe categories, these two categories were combined in the analysis as 
necessary. 

As a guide for determining abnormal pulmonary function, readings below the 95th 
percentile were considered abnormal for FVC and FEV,. For men older than 36 years of 
age, the corresponding percent predicted is 74 percent for the FVC and 73 percent for the 
FEV,. An PVC or FEV1 below40 percent of that predicted was considered severely 
impaired, as recommended by the American Thoracic Society. The division between mild, 
moderate, and severe impairment was arbitrarily defined by dividing the interval between 
severe impairment and the lower limit of normal into two equal bands. That is, the cutpoint 
between mild and moderate impairment was at 57 percent of the predicted value. Although 
the ratio of observed FEV1 to observed FVC and the appearance of the flow volume curve 
are useful to the physician interpreting the test, there was insufficient data to support 
arbitrary lower limits of normal or cutpoints to classify impairment as mild, moderate, or 
severe. 

No participants were excluded for medical reasons from the analysis of these variables. 

Covariates 

The effects of age, race, military occupation, current cigarette smoking (cigarettes/day), 
lifetime cigarette smoking history (pack-years), body fat (percent), and exposure to industrial 
chemicals (yes, no) were used in adjusted statistical analyses evaluating the pulmonary 
dependent variables. Current cigarette smoking was used as a candidate covariate for the 
physical examination and laboratory variables. Current cigarette smoking and lifetime 
cigarette smoking history were based on self-reported questionnaire data. Fo11 lifetime 
cigarette smoking history, the respondent's average smoking was estimated over his lifetime, 
assuming 365 packs of cigarettes equal 1 pack-year. The exposure to industrial.chemicals 
covariate represented lifetime exposure based on self-reported questionnaire data :t!i'om this 
examination combined with previous examinations. '· 
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Age, current cigarette smoking, lifetime cigarette smoking history, and body fat were 
used in the continuous form for modeling purposes in all general linear models and logistic 
regression analyses. These covariates were discretized for clarity of presentation (e.g., 
interaction summaries). 

Statistical Methods 

Chapter 7, Statistical Methods, describes the basic statistical methods used throughout 
this report. Table 20-1 summarizes the statistical analyses performed for the Pulmonary 
Assessment. The first part of this table lists the dependent variables analyzed, the source of 
the data, the form of the data, cutpoints, the candidate covariates, and the statistical methods . 

. The second part of the table further describes the candidate covariates. Abbreviations used 
in the body of the table are defined at the end of the table. Table 20-2 provides the number 
of participants with missing dependent variable and covariate data and those excluded due to 
pre-SEA conditions. 

Analyses of data collected at the 1987 followup study indicated that dioxin was 
associated with. military occupation. In general, enlisted personnel had higher levels of 
dioxin than officers, with enlisted groundcrew having higher levels than enlisted flyers. 
Consequently, adjustment for military occupation in statistical models using dioxin as a 
measure of exposure may improperly mask an actual dioxin effect. However, occupation 
also can be a surrogate for socioeconomic effects. Failure to adjust for occupation could 
overlook important risk factors related to lifestyle. If occupation was found to be 
significantly associated with a dependent variable in the 1992 followup analyses and was 
retained in the final statistical models using dioxin as a measure of exposure, the dioxin 
effect was evaluated in the context of two models. Analyses were performed with and 
without occupation in the final models to investigate whether conclusions re.garding the 
association between the health endpoint and dioxin differed. 

Similarly, body fat exhibited a significant positive association with dioxin in the serum 
dioxin analysis of the 1987 followup data. Body fat also was found to be significantly 
associated with dioxin in the 1992 followup analyses, as discussed in Chapter 9, General 
Health. Consequently, clinical endpoints in the Pulmonary Assessment may be related to 
dioxin due to the association between dioxin and body fat. To investigate this possibility, the 
dioxin effect was evaluated in the context of two models whenever body fat was retained in 
the final model. Analyses again were performed with and without body fat in the model to 
investigate whether conclusions regarding the association between the health endpoint and 
dioxin differed. 

The results of the analyses without occupation and body fat in the final adjusted model 
are presented in Appendix P-3 and are discussed in the text only if the level of significance 
differs from the original final adjusted model (significant versus nonsignificant). 

Longitudinal Analysis 

Longitudinal analyses we.re performed to evaluate associations between exposure and the 
change in the ratio of obse.rved FEV1 to observed PVC between the 1982 Baseline 
examination and the 1992 followup. Chapter 7, Statistical Methods, contains a further 
discussion of methods used in the longitudinal analysis. 
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Table 20-1. 
Statistical Analyses for the Pulmonary Assessment 

Dependent Variables 

I>ata I>ata Candidate Statistical 
Variable (Units) Source Form Cutpoints Covariates Analysis 

Asthma MR-V D Yes AGE,RACE,OCC, U:LR,CS 
No PACKYR,BFAT,IC A:LR 

Bronchitis MR-V D Yes AGE,RACE,OCC, U:LR,CS 
No PACKYR,BFAT,IC A:LR 

Pneumonia MR-V D Yes AGE,RACE,OCC, U:LR,CS 
No PACKYR,BFAT ,IC A:LR 

Thorax and Lung PE D Yes AGE,RACE,OCC, U:LR,CS 
Abnormalities No CSMOK,PACKYR, A:LR 

BFAT,IC 

X Ray Interpretation LAB D Abnormal AGE,RACE,OCC, U:LR,CS 
Normal CSMOK,PACKYR, A:LR 

BFAT,IC 

Forced Vital Capacity (FVC) LAB c AGE,RACE,OCC, U:GLM,TT 
(percent of predicted) CSMOK,PACKYR, A:GLM 

BFAT,IC 

Forced Expiratory LAB c AGE,RACE,OCC, U:GLM,TT 
Volume in 1 Second (FEV1) CSMOK,PACKYR, A:GLM 
(percent of predicted) BFAT,IC 

Ratio of Observed FEY 1 to LAB c AGE,RACE,OCC, U:GLM,TT 
Observed FVC CSMOK,PACKYR, A:GLM 

BFAT,IC L:GLM 

Loss of Vital Capacity LAB D Moderate or AGE,RACE,OCC, U:PR,CS 
Severe CSMOK,PACKYR, A:PR 

Mild BFAT,IC 
None 

Obstructive Abnormality LAB D Moderate or AGE,RACE,OCC, U:PR,CS 
Severe CSMOK,PACKYR, A:PR 

Mild BFAT,IC 
None 
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Table 20-1. (Continued) 
Statistical Analyses for the Pulmonary Assessment 

Covariates 

Variable (Abbreviation) Data Source Data·Fonn Cut points 

Age (AGE) MIL DIC Bom~1942 

Bom<1942 

Race (RACE) MIL D Black 
Non-Black 

Occupation (OCC) MIL D Officer 
Enlisted Flyer 
Enlisted Groundcrew 

Current Cigarette Smoking Q-SR 
(CSMOK) (cigarettes/day) 

Lifetime Cigarette Smoking History Q-SR 
(PACKYR) (pack-years) 

Body Fat (BF AT) (percent) PE 

Industrial Chemicals Exposure (IC) Q-SR 

Data Source: LAB = 
MIL = 
MR-V = 

PE 

Abbreviations 

1992 laboratory results 
Air Force military records 
Medical records (verified) 
1992 physical examination 

DIC 

DIC 

DIC 

D 

Q-SR = Health questionnaires (self-reported) 

Data Form: C = Continuous analysis only 
D = Discrete analysis only 

0-Never 
0-Former 
>0-20 
>20 

0 
>0-10 
>10 

Lean or Normal: 
Obese: >253 

Yes 
No 

DIC = Appropriate form for analysis (either discrete or continuous) 

Statistical Analyses: U 
A 
L 

= Unadjusted analyses 
= Adjusted analyses 

Longitudinal analyses 

~253 

Statistical Methods: CS 
GLM 
LR 
PR 
TT 

= Chi-square contingency table analysis (continuity-adjusted for 2 x 2 tables) 
= General linear models analysis 
= Logistic regression analysis 
= Polytomous logistic regression analysis 

Two-sample t-test 
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Table 20-2. 
Number of Participants with Missing Data for, or Excluded from, 

the Pulmonary Assessment 

Dioxin 
Group (Ranch Hands Only) 

Variable Ranch 
Variable Use Hand Comparison Initial Current 

X Ray Interpretation DEP 1 0 1 1 

FVC DEP 1 1 0 1 

FEV1 DEP 1 0 1 

Ratio of Observed DEP 1 0 1 
FEV 1 to Observed 
FVC 

Loss of Vital Capacity DEP 1 0 

Obstructive DEP 1 1 0 
Abnormality 

Current Cigarette cov 0 2 0 0 
Smoking 

Lifetime Cigarette cov 2 0 1 
Smoking History 

Pre-SEA Asthma EXC 10 8 6 10 

Pre-SEA Bronchitis EXC 26 28 15 25 

Pre-SEA Pneumonia EXC 49 55 25 49 

Abbreviations: DEP = Dependent variable (missing data). 
cov = Covariate (missing data). 
EXC = Exclusion. 

Note: 952 Ranch Hands and 1,281 Comparisons; 
520 Ranch Hands for initial dioxin; 894 Ranch Hands for current dioxin; 
894 Ranch Hands and 1,063 Comparisons for categorized dioxin. 

One Ranch Hand missing total lipids for current dioxin. 
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Categorized Dioxin 

Ranch 
Hand Comparison 

1 0 

1 1 

1 

1 

1 1 

1 1 

0 2 

2 

10 7 

25 23 

49 43 



RESULTS 

Dependent Variable-Covariate Associations 

Result§ from the tests of association between the pulmonary dependent variables and 
covariates are presented in Appendix Table P-1-1. These associations are based on combined 
group data, and participants with pre-SEA duty occurrences of asthma, bronchitis; or 
pneumonia were excluded from the association analyses of the respective dependent 
variables. 

A statistically significant association was found between post-SEA asthma and lifetime 
cigarette smoking history (p=0.049). A higher percentage of participants with 10 or fewer 
pack-years had a history of post-SEA asthma (4.6%), as compared to participants who never 
smoked (2.6%) and participants with more than 10 pack-years (2.6%). 

The association between post-SEA bronchitis and lifetime cigarette smoking history also 
was significant (p < 0. 001). The percentage of participants with a history of bronchitis 
increased as the number of pack-years increased (0 pack-years: 13.5%, >0-10 pack-years: 
16.7%, > 10 pack-years: 21.4%). Bronchitis also was significantly associated with industrial 
chemicals ·exposure (p=0.026). Of participants who reported exposure to industrial 
chemicals, 19.4 percent had a history of post-SEA bronchitis versus 15.6 percent in 
participants without reported exposure. 

A history of post-SEA pneumonia was found to be significantly associated with age and 
lifetime cigarette smoking history (p=0.010 and p=0.003 respectively). Of older 
participants, 12.1 percent had a history of post-SEA pneumonia versus 8.5 percent of 
younger participants. A history of pneumonia was more prevalent among participants with 
greater than 10 pack-years (13.l %) as compared to participants who never smoked (9.4%) 
and those with 10 or fewer pack-years (8.1 %). 

Statistically significant associations were found between the occurrence of thorax and 
lung abnormalities and age, occupation, current cigarette smoking, and lifetime cigarette 
smoking history (p < 0.001 for each analysis). Results indicated that the prevalence of thorax 
and lung abnormalities increased with age, number of cigarettes per day, and number of 
pack-years. Within the occupation categories, the enlisted flyers exhibited the highest 
percentage of abnormalities (17.0%) compared to the enlisted groundcrew (13.4%) and 
officers (8. 5 % ) . The highest percentage of abnormalities among all strata of significant 
covariates occurred in participants who smoke more than 20 cigarettes per day (38.7%). Of 
interest, over the 10-year course of these examinations, the percentage of participants who 
currently smoke has steadily decreased from 42 percent in 1982 to 25 percent in 1992. 

Association tests for x ray interpretation revealed significant relationships with age and 
lifetime cigarette smoking history (p<0.001 and p=0.009 respectively). A higher 
percentage of older participants (16.1 %) than younger participants (10.0%) had an abnormal 
x ray interpretation. A direct relationship also was found with lifetime cigarette smoking 
history. The percentage of abnormal x ray interpretations increased with the number of 
pack-years (0 pack-years: 11.1 %, 0-10 pack-years: 12.0%, > 10 pack-years: 16.0%). 
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The following covariates were significantly associated with FVC (percent of predicted): 
age, race, occupation, current cigarette smoking, lifetime cigarette smoking history, and 
body fat (p < 0.001 for all analyses). For age, current cigarette smoking, lifetime cigarette 
smoking history, and body fat, the association with FVC was inverse in nature such that as 
the covariate increased, the percent of predicted FVC decreased. The mean percent of 
predicted FVC was lower for Blacks (88.0) than for non-Blacks (101.1). The means also 
were lower for enlisted participants (flyers: 99.1 , groundcrew: 99.3) than for officers 
(102.0). For FVC, lower values indicate greater compromise in lung function. 

Associations involving FEV 1 (percent of predicted) are similar to the covariate 
associations involving FVC. All associations between FEV1 and each of the continuously­
scaled covariates were inverse (age: r =-0. 213, p < 0. 001, current cigarette smoking: 
r=-0.210, p<0.001, lifetime cigarette smoking history: r=-0.295, p<0.001, body fat: 
r=-0.048, p=0.024). Non-Blacks exhibited a higher mean FEV17 (95.5) than Blacks (86.8), 
and the enlisted flyer mean (91.8) was the lowest of the occupation strata (p < 0.001 for race 
and occupation). For FEV17 lower values indicated an adverse health effect in pulmonary 
function. 

The ratio of observed FEV 1 to observed FVC displayed highly significant covariate 
associations with age, race, occupation, current cigarette smoking, lifetime cigarette smoking 
history, and body fat (p<0.001 for all analyses). Due to the distribution of the data, a 
natural logarithm (1-X) transformation was used. Because of this transformation, a negative 
correlation between the covariate and the transformed variable implies a positive association 
between the covariate and the ratio of observed FEV 1 to observed FVC and vice versa. 
Positive correlations were displayed between the transformed variable and age (r=0.326), 
current cigarette smoking (r=0.192), and lifetime cigarette smoking history (r=0.299). 
These positive correlations between the covariate and the transformed variable suggest that as 
the covariate increases, the ratio of FEV1 to FVC tends to decrease. The association 
between body fat and the transformed variable was negative (r=-0.182) indicating that as 
body fat increases, the ratio of FEV1 to FVC also tends to increase. The mean ratio for 
Blacks (0. 797) was higher than for non-Blacks (0. 759), and among the occupational strata, 
the mean ratio was higher for enlisted groundcrew (0.773) than for officers (0.754) and 
enlisted flyers (0.748). In general, higher values of the ratio of FEV1 to FVC (approaching 
1) are medically preferable. However, if the increase in the ratio is due primarily to the 
decrease in FVC (the denominator), then the increase in the ratio represents an artificial 
increase in pulmonary function (which appears to be the case for these data). 

Statistically significant associations were found between loss of vital capacity and each 
of the following covariates: age (p=0.001), race (p<0.001), current cigarette smoking 
(p=0.001), lifetime cigarette smoking history (p=0.003), and body fat (p=0.001). 
Participants born before 1942 exhibited a higher prevalence of loss of vital capacity (mild: 
7.43, moderate or severe: 1.63) than those born during or after 1942 (mild: 4.23, 
moderate or severe: 0.63) . Black participants demonstrated a higher prevalence of loss of 
vital capacity (mild: 17.63, moderate or severe: 6.13) than non-Black participants (mild: 
5.33, moderate or severe: 0.93). Results also indicate that the prevalence of mild and 
moderate or severe loss of vital capacity increases as the number of cigarettes per day and 
number of pack-years increase. Participants in the obese body fat category exhibited higher 
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prevalences of both mild (8.4%) and moderate or severe (2.1 %) losses of vital capacity than 
participants in the normal or lean category (mild: 5.2%, moderate or severe: 0.9%). 

When tested for association, obstructive abnormality was found to be significantly 
associated with age (p<0.001), occupation (p<0.001), current and lifetime cigarette 
smoking (p-<0.001), and body fat (p=0.023). The prevalence of obstructive abnormalities 
was higher for older participants (mild: 45.6, moderate or severe: 10.3) than for younger 
participants (mild: 23.8, moderate or severe: 2. 7). The enlisted flyers exhibited a higher 
prevalence of both mild and moderate or severe obstructive abnormalities than the officers 
and the enlisted groundcrew. Percentages of obstructive abnormalities also increased as the 
number of cigarettes smoked each day increased and as the number of pack-years increased. 
The prevalence of obstructive abnormalities was higher for participants with lean or normal 
body fat (mild: 37.3%, moderate or severe: 7.6%) than for participants in the obese body fat 
category (mild: 33.2%, moderate or severe: 5.5%). 

Exposure Analysis 

The following section presents results of the statistical analyses of the dependent 
variables shown in Table 20-1. Dependent variables are grouped into three sections: those 
derived and verified from a review of medical records, data obtained during the 1992 
physical examination, and data derived from the laboratory portion of the 1992 followup 
examination. 

Unadjusted and adjusted analyses of six models are presented for each variable. 
Model 1 examines the relationship between the dependent variable and group (Ranch Hand or 
Comparison). Model 2 explores the relationship between the dependent variable and an 
extrapolated initial dioxin measure for Ranch Hands who had a 1987 dioxin level greater than 
10 ppt. If a participant did not have a 1987 dioxin level, a 1992 level was used. A 
statistical adjustment for the percent of body fat at the participant's time of duty in SEA and 
the change in the percent body fat from the time of duty in SEA to the date of the blood 
draw for dioxin is included in this model to account for body-fat-related differences in 
elimination rate (31). Model 3 dichotomizes the Ranch Hands in Model 2 based on their 
initial dioxin measures; these two categories of Ranch Hands are referred to as the "low 
Ranch Hand" category and the "high Ranch Hand" category. These participants are added 
to Ranch Hands and Comparisons with current serum dioxin levels (1987, if available; 1992, 
if the 1987 level was not available) at or below 10 ppt to create a total of four categories. 
Ranch Hands with current serum dioxin levels at or below 10 ppt are referred to as the 
"background Ranch Hand" category. The relationship between the dependent variable in 
each of the three Ranch Hand categories and the dependent variable in the "Comparison" 
category is examined. A fourth contrast, exploring the relationship of the dependent variable 
in the low Ranch Hand category and the high Ranch Hand category combined, also is 
conducted. This combination is referred to in the text and tables as the "low plus high 
Ranch Hand" category. As in Model 2, a statistical adjustment is made for percent body fat 
at the participant's time of duty in SEA and the change in the percent body fat from the time 
of duty in SEA to the date of the blood draw for dioxin. 
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Models 4, 5, and 6 examine the relationship between the dependent variable and 1987 
dioxin levels in all Ranch Hands with a dioxin measurement. If a participant did not have a 
1987 dioxin measurement, a 1992 measurement was utilized in determining the current 
dioxin level. The measure of dioxin in Model 4 is lipid-adjusted, whereas whole-weight 
dioxin is used in Models 5 and 6. Model 6 differs from Model 5 in that a statistical 
adjustment for total lipids is included in Model 6. Further details on dioxin and the 
modeling strategy are found in Chapters 2 and 7 respectively. 

Results of investigations for group-by-covariate and dioxin-by-covariate interactions are 
referenced in the text, and tabular results are presented in Appendix P-2. As described 
previously, additional analyses were performed when occupation or body fat was retained in 
the final model for Models 2 through 6. Results excluding occupation and body fat from 
these models are tabled in Appendix P-3, and dioxin-by-covariate interactions with 
occupation and body fat excluded from these models are presented in Appendix P-4. Results 
from analyses excluding occupation and body fat are discussed in the text only if a 
meaningful change in the results occurred (that is, changes between significant results, 
marginally significant results, and nonsignificant results). 

Verified Medical. Records Variables 

Asthma 

The Model 1 unadjusted and adjusted analyses of post-SEA asthma exhibited no 
significant associations between group and post-SEA asthma (Table 20-3(a,b): p>0.12 for all 
contrasts). The final adjusted model included significant occupation-by-body fat and age-by­
body fat interactions. 

Similar to the results for Model 1, the analysis of post-SEA asthma within Models 2 and 
3 found no significant results (Table 20-3(c-f): p>0.15 for all analyses). The final adjusted 
model for Model 2 included the significant interactions of age-by-lifetime cigarette smoking 
history and race-by-body fat. The interactions of age-by-race, race-by-lifetime cigarette 
smoking history, race-by-body fat, and occupation-by-body fat were significant in the Model 
3 final adjusted model. 

Current dioxin levels were examined for a significant relationship with post-SEA asthma 
in Models 4, 5, and 6. All unadjusted analysis results were nonsignificant (Table 20-3(g): 
p > 0.61 for all analyses) . Adjusted analyses of Models 4 and 6 revealed a significant current 
dioxin-by-age interaction (Table 20-3(h): p=0.049 and p=0.037 respectively). Results 
stratified by age categories are presented in Appendix Table P-2-1. Results for Models 4 and 
6 reported in Table 20-3(h) were derived from the final model after deletion of the current 
dioxin-by-age interaction. No significant associations between the history of asthma and 
current dioxin were uncovered from the adjusted analyses of Models 4, 5, and 6 (Table 
20-3(h): p > 0.67 for all contrasts). The interactions of age-by-race and race-by-body fat 
were significant for Models 4, 5, and 6; occupation-by-body fat was also significant in 
Model 4, and occupation was significant in Model 5. 
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Table 20-3. 
Analysis of Asthma 

a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational · Percent Est. Relative Risk 
Category Group D Yes (95% C.I.) p-VaJue 

All Ranch Hand 942 3.9 1.49 (0.93,2.39) 0.124 
Comparison 1,273 2.7 

Officer Ranch Hand 364 4.4 1.72 (0.82,3.63) 0 .209 
Comparison 500 2.6 

Enlisted Flyer Ranch Hand 160 1.9 0.95 (0.21 ,4.29) 0 .999 
Comparison 202 2.0 

Enlisted Groundcrew Ranch Hand 418 4.3 1.47 (0.75,2.88) 0 .346 
Comparison 571 3.0 

b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Adj. Relative Risk 
Category (95% C.I.) p-VaJue Covariate Remarksa 

All 1.44 (0.89,2.32) 0.139 AGE*BFAT (p=0.048) 

Officer 1.73 (0.82,3.64) 0 .149 
OCC*BFAT (p=0.002) 

Enlisted Flyer 0.61 (0 .11,3.36) 0 .574 

Enlisted Groundcrew 1.42 (0.72,2.79) 0.310 

a Covariates and associated p-values correspond to final model based on all participants with available data. 
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Table 20-3. (Continued) 
Analysis of Asthma 

c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

Initial Dio:Wr Category Summary Statistics Analysis Results for Log1 (Initial Dioxin)3 

Initial Percent 
Dioxin n Yes 

Estimated Relative RiSk 
(95% C.l.)b p-Value 

Low 

Medium 

High 

171 

172 

171 

4.7 

1.7 

5.3 

1.17 (0.84,1.62) 0.357 

d) MODEL 2: RANCH HANDS - lNITIAL DIOXIN - ADJUSTED 

n 

514 

Analysis Results for Log2 (Initial Dioxint 

Adj. Relative Risk 
(95% C.L)b p-Value 

1.11 (0.77,1.62) 0.573 

Covariate Rema00 

AGE*PACKYR (p=0.027) 
RACE*BFAT (p=0.010) 

a Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

b Relative risk for a twofold increase in initial dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

Note: Low = 39-98 ppt; Medium = > 98-232 ppt; Higli = > 232 ppt. 
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Table 20-3. (Continued) 
Analysis of Asthma 

e) M()DEL 3: RANCH HANDS ANJ)COMPARISONS BY DIOXIN CATEGORY;;::_ UNADmSTED 
·\}:/: .. Percent . Est. Relative Risk 

Dioxin Category . n ,· .. Yes > \ (95% C.l.)ab p-Value 

Comparison 1,056 2.7 

Background RH 370 4.3 1.59 (0.85,2.97) 0.150 

Low RH 257 3.9 1.46 (0.70,3.04) 0.314 

High RH 257 3.9 1.43 (0.69,3.00) 0.336 

Low plus High RH 514 3.9 1.45 (0.81,2.59) 0.215 

f) MODEL 3: RANCH IlANDSAND COMPARISONS BYDIOXIN'CATEGORY ..-ADJUSTED 

... ·: Adj. ·Relative Risk .; .. 
Dioxin Category n (95% C.l.)ac p-Value .·· :· . ..:: Covariate Remarks 

Comparison 1,054 AGE*RACE (p=0.025) 
RACE*PACKYR (p=0.017) 

Background RH 369 1.48 (0.77,2.84) 0.237 
RACE*BFAT (p=0.014) 
OCC*BFAT (p=0.011) 

Low RH 257 1.29 (0.58,2.85) 0.534 

High RH 257 1.28 (0.58,2.82) 0.547 

Low plus High RH 514 1.28 (0.69,2.38) 0.431 

a Relative risk and confidence interval relative to Comparisons. 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin =f 10 ppt. 
Background (Ranch Hand) : Current Dioxin =f 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin =f 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 20-3. (Continued) 
Analysis of Asthma 

g) MODELS 4, 5, AND 6: RANCH HANDS - CURRENT DIOXIN - UNAWUSTED 

Current Dioxin Category Analysis Results for Log2 :;: 

Percent Y es/(n) (Current Dioxin + 1) :)~·;· 
Est. Relative Risk 

Model3 Low Medium High (95% C.L)b p-Value 

4 3.4 4.7 4 .1 1.05 (0.84,1.32) 0.653 
(292) (296) (296) 

5 4.7 3.1 4 .4 1.00 (0.82,1.21) 0.973 
(297) (293) (294) 

6c 4.7 3.1 4.4 1.06 (0.85,1.30) 0.619 
(296) (293) (294) 

h) MODELS 4, 5, AND 6: RANCH HANDS - CURRENT DIOXIN - ADJUSTED 

Analysis Results for Log2 (Current Dioxin + 1) 

Adj. Relative Risk 
Model3 n (95% C.l.)b p-Valoe 

; .. 
Covariate Remarks 

4 884 1.06 (0.80,1.42)** 0.674** CURR*AGE (p=0.049) 
AGE*RACE (p=0.010) 
RACE*BFAT (p=0.007) 
OCC*BFAT (p=0.036) 

5 884 0.99 (0.78,1.27) 0.962 AGE*RACE (p=0.010) 
RACE*BFAT (p=0.006) 

occ (p=0.037) 

6d 883 1.01 (0.80,1.27)** 0.965** CURR*AGE (p=0.037) 
AGE*RACE (p=0.008) 
RACE*BFAT (p=0.004) 

a Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 
Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

b Relative risk for a twofold increase in current dioxin. 

c Adjusted for log2 total lipids. 

d Adjusted for log2 total lipids in addition to covariates specified under "Covariate Remarks " column. 

** Log2 (current dioxin + ! )-by-covariate interaction (0.01 <p~0.05); adjusted relative risk, confidence 
interval, and p-value derived from a model fitted after deletion of the interaction; refer to Appendix 
Table P-2-1 for further analysis of this interaction. 

Note: Model 4: Low = ~ 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = ~ 46 ppq; Medium= >46-128 ppq; High = > 128 ppq. 
CURR = Log2 (current dioxin + 1). 
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Bronchitis 

Differences between Ranch Hands and Comparisons were marginally significant in the 
Model 1 unadjusted and adjusted analyses of post-SEA bronchitis (Table 20-4(a,b): p=0.098, 
Est. RR=l.21; and p=0.092, Adj. RR=l.21 respectively). The percentage of Ranch Hands 
with a history of bronchitis (19 .4 % ) was greater than the corresponding percentage of 
Comparisons (16.6%). When group differences were examined within occupation categories, 
enlisted flyers exhibited significant results in both the unadjusted and adjusted analyses 
(Table 20-4(a,b): p=0.037, Est. RR=l.78; and p=0.033, Adj. RR=l.75 respectively). A 
significantly higher percentage of Ranch Hand enlisted flyers had a history of bronchitis 
(26.9%) than the Comparison enlisted flyers (17.2%). No significant differences were found 
within the officer and enlisted groundcrew categories (Table 20-4(a,b): p>0.23 for all 
remaining contrasts). The covariates and interactions in the adjusted final model were 
industrial chemicals exposure, an occupation-by-body fat interaction, and an age-by-lifetime 
cigarette smoking history interaction. 

None of the unadjusted analyses for Models. 2 and 3 exhibited a significant association 
between post-SEA bronchitis and .initial dioxin (Table 20-4(c,e): p>0.11 for all analyses). 
No significant covariates were retained in the Model 2 final adjusted model. In the Model 3 
adjusted analyses, a significantly higher percentage of background Ranch Hands had a history 

. of bronchitis (21.4%) than Comparisons (17.5%) (Table 20-4(f): p=0.036, Adj. RR=l.40). 
When occupation and body fat were removed from the final model, the results became 
marginally significant (Appendix Table P-3-2: p=0.065, Adj. RR=l.33). All other Model 3 
adjusted contrasts were nonsignificant (Table 20-4(f): p > 0.84 for all remaining contrasts). 
Significant covariates for Model 3 included lifetime cigarette smoking history, industrial 
chemicals exposure, and the interaction of occupation-by-body fat. 

The unadjusted analyses for Models 4 and 5 uncovered no significant relationship 
between post-SEA bronchitis and current dioxin (Table 20-4(g): p>0.14 for both analyses). 
The unadjusted analysis of Model 6 displayed a marginally significant inverse association 
between current dioxin and post-SEA bronchitis (Table 20-4(g): p=0.089). The adjusted 
analysis of each model displayed a significant current dioxin-by-industrial chemical exposure 
interaction. Stratified results for each level of the interaction are presented in Appendix 
Table P-2-2. The final adjusted models, presented after deletion of the interaction, each 
indicate a significant inverse association between bronchitis and current dioxin (Table 20-
4(h): p<0.031, Adj. RR::;;0.89 for all analyses). Occupation was a significant covariate in 
Models 4, 5, and 6, and lifetime cigarette smoking history also was included in Models 4 
and 5. When occupation was removed from the final models, the results for Model 4 
became marginally significant (Appendix Table P-3-2: p=0.076, Adj. RR=0.90), and the 
results for Model 5 became nonsignificant (p=0.138). 

Pneumonia 

In the unadjusted analysis of Model 1, the percentage of Ranch Hands with a history of 
pneumonia (8.5%) was sigl),ificantly lower than the corresponding percentage of Comparisons 
(12.0%) (Table 20-5(a):.p=0.0.12, .Est. RR=0.68). Group contrasts evaluated within each 
occupation category exhibited similar results for the officer category (Table 20-5(a): Ranch 

20-18 



Table 20-4. 
Analysis of Bronchitis 

a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSI'ED 

Occupational Percent Est. Relative Risk 
Category Group n Yes (95% C.I.) ~V-alue 

AU Ranch Hand 926 19.4 1.21 (0.97,1.51) 0.098 
Comparison 1,253 16.6 

Officer Ranch Hand 354 15.8 1.00 (0.68, 1.45) 0.999 
Comparison 491 15.9 

Enlisted Flyer Ranch Hand 156 26.9 1.78 (l.07,2.96) 0.037 
Comparison 198 17.2 

Enlisted Groundcrew Ranch Hand 416 19.7 1.20 (0.86,1.66) 0.319 
Comparison 564 17.0 

b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Adj. Relative Risk 
Category (95% C.I.) ~Value Covariate Remarksa 

AU 1.21 (0.97,1.51) 0.092 IC (p=0.066) 

Officer 0.99 (0.68 , 1.44) 0.943 
OCC*BFAT (p=0.006) 

AGE*PACKYR (p=0.031) 
Enlisted Flyer 1.75 (1.05,2.93) 0.033 

Enlisted Groundcrew 1.22 (0.88,1.70) 0.237 

a Covariates and associated p-values correspond to final model based on all participants with available data. 
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Table 20-4. (Continued) 
Analysis of Bronchitis 

c) MODEL 2: RANCH BANDS - INmAL DIOXIN - UNADJUSTED 

Initial Dioxin·Category Summary Statistics 

Initial Percent 

Analysis Results for Log2 (Initial Dioxin)11 

Estimated Relative Risk 
Dioxin Yes 

Low 

Medium 

High 

165 

172 

168 

17.6 

18.6 

17.3 

.(95% C.I.)b p-Value 

1.00 (0.84,1.19) 0.979 

d) MODEL 2: RANCH BANDS - INITIAL DIOXIN - ADJUSTED 

n 

505 

Analysis Results for Log1 (Initial Dioxin)a 

Adj •.. Relative Risk 
(95% C.l.)b p-Value 

1.00 (0.84,1.19) 0.979 

. : 

Covariate Remarks 

a Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 39-98 ppt; Medium = > 98-232 ppt; High = > 232 ppt. 
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Table 20-4. (Continued) 
Analysis of Bronchitis 

e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSI'ED 

Dioxin Category D 

Comparison 1,040 

Background RH 364 

Low RH 251 

High RH 254 

Low plus High RH 505 

Percent 
Yes 

17.5 

21.4 

17.9 

17.7 

17.8 

Est. Relative Risk 
(95% C.I.)ab 

1.27 (0.94,1.72) 

1.04 (0. 72, 1.49) 

1.02 (0.71,1.47) 

1.03 (0.78,1.36) 

• 

p-Value 

0.116 

0.847 

0.902 

0.838 

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Adj. Relative Risk 
Dioxin Category n (95% C.I.)ac p-Valoe Covariate Remarks 

Comparison 1,038 PACKYR (p=0.027) 
IC (p=0.050) 

Background RH 363 1.40 (1.02, 1.91) 0 .036 
OCC*BFAT (p=0.002) 

Low RH 251 0.98 (0.68,1.41) 0.917 

High RH 254 0.96 (0.66,1.40) 0.841 

Low plus High RH 505 0 .97 (0.73,1.29) 0.844 

a Relative risk and confidence interval relative to Comparisons. 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks " column. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin ~ 10 ppt. 
Background (Ranch Hand): Current Dioxin ~ 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin ~ 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 20-4. (Continued) 
Analysis of Bronchitis 

...... . ....... 

:. . . . 

···· . ~fi~~~::Results for Loiz . ~~rt~:~~~ Category 
.. ·.·.· .·.·.· ~~r~nt{Yes/(n) . : :~£Urrent Dioxin + l} · . 

:·:·:-.: ::::;:;:::::;::;:::::::: ·.· 

LOw ···· {;:: !!l~hm 
···· &t~ ttl.tive Risk 

> . (9~~efo>b ··· ·.·i)SValue 
4 20.9 18.7 

(287) (289) 

5 22.2 17.9 
(293) (285) 

21.9 17.9 
(292) (285) 

18.4 
(293) 

17.9 
(291) 

17.9 
(291) 

0.92 (0.81,1.03) 

0.94 (0.85,1.04) 

0.91 (0.82, 1.01) 

0.143 

0.238 

0.089 

h) MODELSA; ;5p AND 6: RANCHHANDS-'·CTJRRF;N]J>J:OXIN -ADJUSTED ... 

Modela ·· ·.·.·. n .... 

4 868 0.84 (0.74,0.96)** 0.011 ** 

5 868 0.89 (0.79,0.99)** 0.031 ** 

868 0.84 (0.74,0.94)** 0.004** 

a Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 

CURR*IC (p=0.029) 
occ (p=0.022) 

PACKYR (p=0.119) 

CURR*IC (p=0.020) 
occ (p=0.036) 

PACKYR (p=0.107) 

CURR*IC (p=0.020) 
occ (p=0.014) 

Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

b Relative risk for a twofold increase in current dioxin. 

c Adjusted for log2 total lipids. 

d Adjusted for log2 total lipids in addition to covariates specified under "Covariate Remarks" column. 

** Log2 (current dioxin + 1)-by-covariate interaction (0.01 <p~0.05); adjusted relative risk, confidence 
interval, and p-value derived from model after deletion of this interaction; refer to Appendix Table P-2-2 
for further analysis of this interaction. 

Note: Model 4: Low = ~ 8.1 ppt; Medium= >8. 1-20.5 ppt; High= >20.5 ppt. 
Models 5 and 6: Low = ~ 46 ppq; Medium = > 46-128 ppq; High = > 128 ppq. 
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Table 20-5. 
Analysis of Pneumonia 

~tego~.o .••...•. :_.·.ruil···:",·,.•·,·········.······· · j!!J:.;:\ (/ ·.·.·.·· ... \··<· ,.:··/ ,.,: . ·.·· 
'--" &;f • .) •• Gi-oup ..::> •: n 

.. Percl:en~ : •:•': Est. Relative rusk•·•·: ; .. ;; t 
Yes {{ ·· · ·· (95%°'cl.)_::;:· ... · pEV~~e / 

All 

Officer 

Enlisted Flyer 

Enlisted Groundcrew 

Occupation31 ··:> 
Categor:f 

All 

Officer 

Enlisted Flyer 

Enlisted Groundcrew 

Ranch Hand 903 
Comparison 1,226 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

346 
473 

151 
195 

406 
558 

., ·Adj; ·ReJ~ive R.iSk···· 
·.·.· ' .. (9$~/CJ:.) _ ..... . · .. 

0.68 (0.51,0.91) 

0.57 (0.36,0.90) 

0 .99 (0.50,1.94) 

0.68 (0.43,1.07) 

8.5 0.68 (0.51,0.92) 0.012 
12.0 

8.4 
13.5 

11.3 
11.3 

7.6 
10.9 

0.59 (0.37,0.93) 0 .029 

1.00 (0.51,1.95) 0.999 

0.67 (0.43,1.06) 0.108 

. - - . . . . . . - . - . .. · ··· ~;~Ia; ·•:· 
0.008 

0.017 

0.965 

0.096 

RACE {p=0.070) 
BFAT (p =0.071) 

AGE*PACKYR (p=0.032) 

a Covariates and associated p-values correspond to final model based on all participants with av3.ilable data. 
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Table 20-5. (Continued) 
Analysis of Pneumonia 

· =. ~~~~J.·:~~~£~t~~~.:~Hm&~·~~~~·.: · :: :: • .. .-.: ~~~.~1 ·~!F•~i.=.•~~~!:l.)1&~>,~ ::::==::::="" •:•::=:.::, 

•,•.:, .. •.:iiiti<·a?I\.·,••.•,• .. •.• .. =••=•=•=•=•=•=•=•:::::::=/ ''·'· <? :?•:. :(:: :::==:::: ., ... =, ... =, ... =,·.=,·:., ... =, ... =,:.·:.·.·. ·.:··.~ .. ·.e··:r··:··:C·· ... ·:e:·:·n:·:· t·=·=.:.,=·=·::::=:::=:::: ·.··.:,••.==,•·.•·.:·.r.:,•.'.,•.· .. =.=·=·=····,: < : E .... . =·=.~Ea::'=··1='.'ii,'.,·,.'R,·.·· . ·e·=·:t;.;..·· =~.~. ·= .. ·e· ··,',=.·.n, · ~ ·.· .. ·=· ""·''·.· ttt.\L << [)) '' '' :::=:::::=: ··=,;:: : .I.Ill :::::-:;:::::::.::::::::::::·::; .·.- ·.· .·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·. .£.· ;:::; ::::'.:'. - <·:-:.:- -~UIU .:.U: UIU·Y:· :n.:i,:,.I\.; · · · · · · · · · · · ;.:-:-:-:-:- · · -· · · · · · · · ;:;:;:::::;:::.'.} · · · · · · · · · · · 

. . .................... ·.·.··.· ... · .. ,.,,,,, .• .... ,•.·.:·.···.=··:'·•.•.'.·,'.·.•.•.,•.·,·.,•.n•·.@ . . '.• ... ·.:.•,=.•,•,•,:,:,••,•.,•,·,•,·.·.•.·,·.•,•.•.• .. :,•.: ·=·=·=·=·=·=·=·=·=·=·· .. ·==•=:::::===•=• •=•===•=====:=•=== ?i . . ..... , ..... ,.:::::::::::::•:\?\ •,,.•.·.':.••.·,·:.·.· ... •.=.• ..... •,•,·.•,'.·,. ·.·.· ......... ,,,.·.·.·. ·.·.· .. ,,,., ........ . iji~ijij =• ::: =•·= ::: ............. =: ::== T¥f$ t •.•. , .•. :...... ••> • •:m::·ll~$•%, .. ¢~J>.~ :. : ::••::.:::::r.: '=Ix,~:•:: r: 
Low 

Medium 

High 

160 

168 

167 

9.4 

6.0 

7.2 

0.87 (0.67,1.14) 0.309 

:;1:: :111: : ii
1

.,:'.·.=· .... : ... :.· .•.. ·,:.:,i i •. 1 .. a .•. • .•.•.... •.•.=·=.··.?········ll·····.·•.(!9••.•i .. ~s=,.•.•.•.•,·• .. ·.=~.· .. •.··•··• ... ·.·, •..• ·:.···:• .·tc.·.· .. i.·: ,·.··· ..• ~·l·.'.·.Aria•.):.~.•,•.=,··.=·==.•• .. ··•.=·•=.···=·=····
1

=·~=··y.=·.=·.=·=·····,·.,·•= .. ·:•.•.=.=··i ..• : •. = •. =.=.•.=·=···=1.,1i~nlf~•}Pi.,·•==·•.:i• ....•.• ,·.·.•.=.•='rti~1~1*~1;;:::: l.!lillirll:ll !I~ 
· ·•· •··==·=·=· •,iii{ •••• !: . . , ,,.,.·. '" , ):•·=•> •> < : •JBya1u:cf> : <f • .ctivitilit~ ij~ifui~t.U•' f l= 

495 0.87 (0.67,1.14) 0.309 

a Adjusted for percent body fat at the time of duty in SEA, and change in percent body fat from the time of 
duty in SEA to the date of the blood draw for dioxin. 

b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 39-98 ppt; Medium = > 98-232 ppt; High = > 232 ppt. 

20-24 



Comparison 

Background RH 

Low RH 

High RH 

Low plus High RH 

Table 20-5. (Continued) 
Analysis of Pneumonia 

·-;.;.:- :::::::::= :~J~:~~[:~~1:\~i~~i~i~j~l:pe;~elit;;:::. · 
<::::··. . t.n . )ifft:hi?!~1j/;\;1~1tt-;: x~ :-:-·. 

1,020 

350 

243 

252 

495 

. . . 

12.5 

10.6 

8.2 

6.7 

7.5 

·••••·Estl Rd~tive· lllik 
. \. <?~~ ~.I~)~ } 

0.85 (0.58,1.26) 

0.62 (0.38,1.01) 

0.49 (0.29,0.83) 

0.55 (0.37 ,0.81) 

-··:·: .-. ·:<·:· 

0.424 

0.055 

0.008 

0.002 

Dioxin.C?tegocy}} 
·-·· Adj. R~tfve·.~k : 

n : - (95% C,il.)'f' p-Value 
·.;.·.:-:· :·:<::::::::::· -· 

· C;v~rl~te R~~b 
·,·'.<·:-:·.· 

Comparison 1,018 

Background RH 349 0.85 (0.57,1.26) 0.421 

Low RH 243 0.59 (0.36,0.97) 0.038 

High RH 252 0.50 (0.29,0.86) 0.012 

Low plus High RH 495 0.55 (0.37,0.81) 0.002 

a Relative risk and confidence interval relative to Comparisons. 

BFAT (p=0.098) 
AGE*PACKYR (p=0.029) 

b Adjusted for percent body fat at the time of duty in SEA, and change in percent body fat from the time of 
duty in SEA to the date of the blood draw for dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin ~ 10 ppt. 
Background (Ranch Hand): Current Dioxin ~ 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin ~ 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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. ·::'. :;: : ·: .. : . ::;:~:~:~:;: 
-·-:-:-:-:- . __ :=r .·. 
.:; ·.;:;:;::::· ::::. 

M~~~} 

··-.-.·. 
:)f: 

.. : 

Table 20-5. (Continued) 
Analysis of Pneumonia 

:-:-:-·-:-:-·-·.:.:-.:-:-:··-·· · :-'.;. 

·-:-:::-·-

.Medium. .;.; ,,,: ... #fgli. :::· 

4 10.3 10.2 5.9 0.87 (0.73,1.03) 0.104 
(273) (283) (289) 

5 11.9 8.2 6.3 0.90 (0.78,1.04) 0.145 
(278) (281) (286) 

11.9 8.2 6.3 0.89 (0. 77' 1.04) 0.156 
(277) (281) (286) 

. . . ··-···· · · 

• > h) MODELS.4, ·S.,AND 6: .RANcn~s :._ CURREN:f:DJOXIN - AfuU~jED, 

:: ::~::t~;;~(:~:=.~::;:;'.:::: 
::.:·: ::::::::·:-::::::::: 

Mod~:!:: 
.•=·===· ··= ·••·:•••••:•·•••••:•••••········~~~~~~.·~~~·~1~••rgi .. ~~~r1.:~t···~~xin .,~ 1) Adj~ ~~l~~iv¢ RiS~ \ ... ,. ' <== .,. . ' •·•' / .· : .. 

. {95~f t.li)b . : ~~~lo~· · · . . · .. ·. • \ Covariate ·Re11liaifk8 / 

4 844 0.86 (0.72,1.03) 0.095 AGE*PACKYR (p=0.009) 

5 844 0.89 (0.77,1.03) 0.127 AGE*PACKYR (p=0.009) 

843 0.90 (0.76,1.05) 0.173 AGE*PACKYR (p=0.008) 

a Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 
Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

b Relative risk for a twofold increase in current dioxin. 

c Adjusted for log2 total lipids. 

d Adjusted for log2 total lipids in addition to covariates specified under "Covariate Remarks" column. 

Note: Model 4: Low = =:;; 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = =:;; 46 ppq; Medium= > 46-128 ppq; High = > 128 ppq. 
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Hands: 8.4%, Comparisons: 13.5%, p=0.029, Est. RR=0.59) . Adjusted results also 
indicated a significant overall and officer group difference (Table 20-5(b): p=0.008, Adj . 
RR=0.68 and p=0.017, Adj. RR=0.57 respectively), and a marginally significant difference 
was found between Ranch Hands and Comparisons within the enlisted groundcrew stratum 
(Table 20-5_(b): p=0.096, Adj. RR=0.68). In each of these analyses, more Comparisons 
had a history ·of post-SEA pneumonia than did Ranch Hands. An age-by-lifetime cigarette 
smoking history interaction, race, and body fat were retained in the final model. 

The results of the Model 2 unadjusted analysis of post-SEA pneumonia were 
nonsignificant (Table 20-5(c): p=0.309, Est. RR=0.87). No covariates were significant in 
the adjusted model; thus, the unadjusted and adjusted results are identical. However, the 
Model 3 initial dioxin unadjusted and adjusted analyses detected several significant 
relationships. The contrast between Comparisons and Ranch Hands in the low initial dioxin 
category was marginally significant for the unadjusted analysis and significant for the 
adjusted analysis (Table 20-5{e,t): p=0.055, Est. RR=0.62 and p=0.038, Adj. RR=0.59 
respectively). Fewer Ranch Hands in the low initial dioxin category had a history of 
pneumonia (8.2%) than the Comparisons (12.5%). The contrasts involving participants in 
the high Ranch Hand and low plus high Ranch Hand categories similarly demonstrated a 
significantly lower percentage of Ranch Hands with a history of post-SEA pneumonia than 
Comparisons (Table 20-5(e,t): p:::;;0.012 and Est. RR :::;;0.55 for each contrast). Body fat 
and an age-by-lifetime cigarette smoking history interaction were retained in the Model 3 
adjusted analysis. 

For the unadjusted and adjusted analyses of post-SEA pneumonia for Models 4, 5, and 
6, the adjusted analysis of Model 4 revealed a marginally significant negative association 
between history of pneumonia and current dioxin (Table 20-5(h): p=0.095, Adj. RR=0.86). 
All other analyses exhibited nonsignificant relationships between current dioxin and the 
occurrence of pneumonia (Table 20-5{g,h): p > 0.10 for all analyses) . The interaction of age­
by-lifetime cigarette smoking history was significant in the final adjusted Models 4, 5, and 6. 

Physical Examination Variable 

Thorax and Lung Abnormalities 

In the unadjusted and adjusted analyses of Model 1, significant differences between 
Ranch Hands and Comparisons in the occurrence of thorax and lung abnormalities were 
found overall and for the enlisted flyers specifically (Table 20-6(a): p=0.011, Est. RR=l.40 
and p=0.012, Est. RR=2.11 respectively; Table 20-6(b): p=0.033, Est. RR= 1.36 and 
p=0.021, Est. RR=2.07). For the overall category, the percentages of thorax and lung 
abnormalities were higher for Ranch Hands (14.2%) than for Comparisons (10.5%). 
Similarly, for enlisted flyers, the percentages were 22.8 for Ranch Hands and 12.3 for 
Comparisons. Significant covariates in the adjusted analysis of thorax and lung abnormalities 
included an age-by-lifetime cigarette smoking history interaction, occupation, and current 
cigarette smoking. 

Model 2 unadjusted and adjusted analyses found no significant relationship between 
initial dioxin and thorax and lung abnormalities (Table 20-6(c,d): p > 0.28 for all analyses). 
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All 

Officer 

Enlisted Flyer 

Enlisted Groundcrew 

Occ~tionaJ · · 
Ca~~fy. 

All 

Officer 

Enlisted Flyer 

Enlisted Groundcrew 

Table 20-6. 
Analysis of Thorax and Lung Abnormalities 

Ranch Hand 952 
Comparison 1,281 

Ranch Hand 367 
Comparison 502 

Ranch Hand 162 
Comparison 203 

Ranch Hand 423 
Comparison 576 

.-. ·-·- -:-

Adj~ Rdative Risk 
·.·. •\. ... (95% C.1~) 

1.36 (1.03,1.81) 

1.40 (0.83,2.36) 

2.07 (1.12,3.82) 

1.11 (0.74,1.67) 

14.2 1.40 (1.09,1.81) 0.011 
10.5 

10.1 1.41 (0.88,2.27) 0.197 
7.4 

22.8 2.11 (l.21,3.68) 0.012 
12.3 

14.4 1.16 (0.81, 1.67) 0.480 
12.7 

:=·:-;-· 

0.033 occ (p<0.001) 

0
_
206 

CSMOK (p<0.001) 
AGE*PACKYR (p=0.027) 

0.021 

0.602 

a Covariates and associated p-values correspond to final model based on all participants with available data. 
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Table 20-6. (Continued) 
Analysis of Thorax and Lung Abnormalities 

·.&tifu~ted:R~lati~~ :iusk : {· 
... . , (95~i=C.I.)~> 

Low 

Medium 

High 

174 

173 

173 

10.3 

15.6 

12.7 

1.11 (0.92, 1.35) 

.. ·:·.-:· 

"' r: > ;::: · •/· ·.· .. Ariaij~~ :il~~ts roih~g~·' ~riiti~l.J)~o~f: · 

. f Adj. Rela?!e Ris~< · ./ :., .. =~.· .•. =.•·.:•.·.:···· .. ···:··· ··· ..•. . . · .· ..• 

· ·· ·· (~5% t.~t)b ·::: : :: t· · p.:.V:filue < ...... ... /l/.:· n 

520 1.11 (0.87,1.42) 0.399 

0.284 

AGE (p < 0.001) 
occ (p=0.027) 

CSMOK (p < 0.001) 
PACKYR (p=0.109) 

a Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

b Relative risk for a twofold increase in initial dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

Note: Low = 39-98 ppt; Medium = > 98-232 ppt; High = > 232 ppt. 
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.. 
Table 20-6. (Continued) 

Analysis of Thorax and Lung Abnormalities 

e) MODEL 3: ' .RANCl:I~SiA.Niii::COMPARISONS BY QIQXIN'CATEooRY - UNADJUSl'EI) 

Dioxin Category 
::: :~f:(: -'.· .·. -··· :<_)~~:;:::.:-:. 

·+}:.::::{ ·. f{(i:if\ :::::"::: 
Percent 

Yes 
='EstJRel~~:·Risk,. 

Afirt. := : <9s% c.~1~>~ ·. ·= . .:: J>:Value 

Comparison 

Background RH 

Low RH 

High RH 

Low plus High RH 

1,063 

374 

260 

260 

520 

10.4 

15.2 

11.9 

13.8 

12.9 

1.48 (1.04,2.09) 

1.14 (0.74,1.75) 

1.44 (0.96,2.17) 

1.29 (0.93,1.78) 

0.028 

0.547 

0.078 

0.133 

f) MODEL 3: RANCH iIA.NDS AND COMPARISONS BYDlO"XlN«::!ATEGORY - ADJUSTED 

.· = : = ~clJ. llelative Risk ., , t=/====i===··===: , . 

} (~$~ C.l.)ac p-Valne:, } =· ·. ·:::··· ·•· <:ovariate.Reinarks Dioxin Category 

Comparison 

Background RH 

Low RH 

High RH 

Low plus High RH 

1,061 

373 

260 

260 

520 

1.68 (1.12,2.50) 0.011 

1.'10 (0.69,1.75) 0.683 

1.26 (0.80,1.99) 0.316 

1.18 (0.82, 1.69) 0.368 

a Relative risk and confidence interval relative to Comparisons. 

AGE (p<0.001) 
occ (p=0.001) 

CSMOK (p <0.001) 
PACKYR (p=0.003) 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin =::; 10 ppt. 
Background (Ranch Hand): Current Dioxin =::; 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin =::; 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 20-6. (Continued) 
Analysis of Thorax and Lung Abnormalities 

·.; ··=·::•-{:):::::::::·· :::::::::: -~~t::-JJio~ :citej~ry~~j /~:~ 

' < ? \. ferce .... ,.',·.· .. nt. ·,YJ.•.·.·· es/(i:i) ::{,, .\ · · ::::;::;:; ::;::;:-:::;..: 

i (.\ ... :., ... ~~IY~,;R~~·foi;::L0g2 
. \{, (Curi:entDioXin .+ 1)'·. r\c··:. ·::::::::: .;.·=···:-:- -·-·.·.-.··· 

MOdd3 . > . rJ~: <1i. , . ~fun i:_ !i:::i:: i~i " :·: •&t:frli~~ti!Ji; a~ .n 

. ·:: / :\: <:(95~ · di)~@: 

·.·.·.·.·.·.····· 
.::;::·· ··:·::::::::::::>"::::::::·:: ·.:· .. 

· .}::.P..Y~Iue : 
4 

5 

16.3 
(295) 

15.3 
(300) 

15.1 
(299) 

11.3 
(300) 

12.5 
(297) 

12.5 
(297) 

14.l 
(299) 

13.8 
(297) 

13.8 
(297) 

0.94 (0.82,1.07) 

0.95 (0.85,1.07) 

0.94 (0.84,1.06) 

0.334 

0.408 

0.339 

: h) l\fQ:PEl1.S 4, .. s. AM>. 6: ~CHJIANDS - CURRENT QIOXIN - ADruSTEQ •< 

AnalJ'~.~ ¥es~ !Or Log2 -(Cutrent :·Di~xin ·+ lf · 
Adj~ · R.~1atiVe ·rusk ' + '' · . . ::.::;.:.:,, · · ..... ,. 

Modef- ··•n •··•·· . : (95% C:•M~L ;::·,:.irValue ··· : >/?t• (::ovariate Remarks. 

4 893 0.93 (0.79,1.09)** 

5 893 0.95 (0.83 ,1.08) 

892 0.97 (0.83 , 1.12) 

a Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 

0.369** 

0.446 

0 .665 

CURR*CSMOK (p=0.039) 
AGE (p < 0.001) 

PACKYR (p=0.108) 
OCC*CSMOK (p=0.010) 

AGE (p < 0.001) 
PACKYR (p=0.057) 

OCC*CSMOK (p=0.042) 

AGE (p < 0.001) 
PACKYR (p=0.054) 

OCC*CSMOK (p=0.039) 

Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids . 

b Relative risk for a twofold increase in current dioxin. 

c Adjusted for log2 total lipids . 

d Adjusted for log2 total lipids in addition to covariates specified under "Covariate Remarks" column. 

** Log2 (current dioxin + 1)-by-covariate interaction (0.01 < p ~0.05); adjusted relative risk, confidence 
interval, and p-value derived from a model after deletion of this interaction; refer to Appendix Table 
P-2-3 for further analysis of this interaction. 

Note: Model 4 : Low= ~ 8.1 ppt; Medium= > 8.1-20.5 ppt; High = > 20.5 ppt. 
Models 5 and 6: Low = ~ 46 ppq; Medium = > 46-128 ppq; High = > 128 ppq. 
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~ . · .. 

Significant differences between background Ranch Hands and Comparisons in the occurrence 
of thorax and lung abnormalities were uncovered in the Model 3 unadjusted and adjusted 
analysis (Table 20-6(e,t): p=0.028, Est. RR=l.48 and p=0.011, Adj. RR=l.68 
respectively). The background Ranch Hands exhibited a higher percentage of thorax and 
lung abnormalities (15.2%) than Comparisons (10.4%). The unadjusted analysis also 
revealed a marginally significant difference between participants in the high Ranch Hand 
category, and Comparisons (Table 20-6(e): p=0.078, Est. RR=l.44). Both Models 2 and 3 
were adjusted for age, occupation, current cigarette smoking, and lifetime cigarette smoking 
history. 

When occupation was removed from the final adjusted analysis for Model 2, the results 
became marginally significant (Appendix Table P-3-4: p=0.087, Adj. RR=l.22). The 
significant result found in the Model 3 adjusted analysis of background Ranch Hands versus 
Comparisons became marginally significant (p=0.059). Also, the contrast of Ranch Hands 
in the high dioxin category versus Comparisons was marginally significant (p=0.068, Adj. 
RR=l.52) when occupation was removed from Model 3. 

The association between current dioxin and thorax and lung abnormalities was 
nonsignificant in the analyses of Models 4, 5, and 6 (Table 20-6(g,h): p>0.33 for all 
analyses). Each of the three final adjusted models included age, lifetime cigarette smoking 
history, and an occupation-by-current cigarette smoking interaction. Model 4 also had a 
significant current dioxin-by-current cigarette smoking interaction (p=0.039). Results 
stratified by each level of the interaction are presented in Appendix Table P-2-3. Adjusted 
results in Table 20-6 for Model 4 were derived from the final model after deletion of the 
current dioxin-by-current cigarette smoking interaction. 

Laboratory Examination Variables 

X Ray Interpretation 

Results from the Model 1 analysis of x ray interpretation exhibited no significant 
differences between Ranch Hands and Comparisons for the overall analysis or within any of 
the occupation strata (Table 20-7(a,b): p>0.27 for all contrasts). Age, occupation, and a 
lifetime cigarette smoking history-by-body fat interaction were retained in the final model. 

No significant relationship between initial dioxin and x ray interpretation was detected 
in the analyses of Models 2 and 3 (Table 20-7(c-t): p>0.16 for all analyses). Model 2 was 
adjusted for age, occupation, and current cigarette smoking. Model 3 exhibited a significant 
categorized dioxin-by-occupation interaction (p=0.011) .. R,esults stratified by each level of 
occupation are presented in Appendix Table P-2-4. Model 3 was also adjusted for age and 
body fat. 

Similar to Models 1 through 3, all unadjusted results for Models 4 through 6 for x ray 
interpretation were nonsignificant (Table 20-7(g): p>0.19 for all models). When adjusted 
for significant covariates, the final models for 4, 5, and 6 each included .'a current dioxin-by­
current cigarette smoking interaction (Table 20-7(h): p=0.009, p=0.031, p=0.021 
respectively). Stratified results for each in.ode! are presented in Appendix Table P-2-4. 



Table 20-7. 
Analysis of X Ray Interpretation 

a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational Percent Est. Relative Risk 
Category Group n Abnormal (95% C.I.) p-Value 

AU Ranch Hand 951 13.5 1.00 (0.78,1.28) 0.999 
Comparison 1,281 13.4 

Officer Ranch Hand 367 12.3 0.97 (0.65,1.47) 0 .982 
Comparison 502 12.6 

Enlisted Flyer Ranch Hand 162 19.1 1.42 (0.82,2.47) 0.271 
Comparison 203 14.3 

Enlisted Groundcrew Ranch Hand 422 12.3 0.87 (0.60,1.27) 0.531 
Comparison 576 13.9 

. b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Adj. Relative Risk 
Category (95% C.I.) p--Value Covariate Remarksa 

All 0.98 (0.76,1.25) 0.861 AGE (p <0.001 ) 

Officer 0.96 (0.64, 1.45) 0 .846 
occ (p=0.018) 

PACKYR*BFAT (p=0.030) 
Enlisted Flyer 1.34 (0.77,2.35) 0 .302 

Enlisted Groundcrew 0.86 (0.59,1.25) 0.432 

3 Covariates and associated p-values correspond to final model based on all participants with available data. 
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Table 20-7. (Continued) 
Analysis of X Ray Interpretation 

c) MODEL 2: RANCH BANDS - INTI1AL DIOXIN - UNADJUSTED 

Initial Dio.xin· Category Summary Statistics 

Initial Percent 

Analysis Results for Log2 (Initial Dioxin)a 

Estimated Relative Risk 
Dioxin n Abnormal 

Low 

Medium 

High 

174 

173 

172 

10.9 

16.8 

9.9 

(95% C.J.)b p-Value 

0 .93 (0. 76, 1.14) 0.490 

d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - .ADJUSTED 

n 

519 

Analysis Results for Log2 (Initial Dioxin)c 

Adj. Relative Risk 
(95% C.l.)b p-Value 

0.85 (0 .67,1.07) 0.162 

Covariate Remarks 

AGE (p=0.028) 
occ (p=0.001) 

CSMOK (p=0.052) 

a Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

b Relative risk for a twofold increase in initial dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

Note: Low = 39-98 ppt; Medium = > 98-232 ppt; High = > 232 ppt. 
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Table 20-7. (Continued) 
Analysis of X Ray Interpretation 

e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Percent Est. Relative Risk 
Dioxin Category n Abnormal (95% C.I.)ab p-Value 

Comparison 1,063 13.7 

Background RH 374 14.4 1.06 (0.75,1.48) 0.756 

Low RH 260 13.5 0.98 (0.66,1.45) 0.901 

High RH 259 11.6 0.83 (0.54,1.26) 0.376 

Low plus High RH 519 12.5 0.90 (0.66,1.23) 0.515 

0 MODEL 3: RANCH BANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Adj. Relative Risk 
Dioxin Category D (95% c.1.)ac p-Value Covariate Remarks 

Comparison 1,063 DXCAT*OCC (p=O.Oll) 
AGE (p < 0.001) 

Background RH 374 1.12 (0.79,1.59)** 0.530** 
BFAT (p=O.lll) 

Low RH 260 0 .92 (0.62 ,1.38)** 0.690** 

High RH 259 0.79 (0.51 ,1.21)** 0.279** 

Low plus High RH 519 0 .86 (0.62, 1.18)** 0 .343** 

a Relative risk and confidence interval relative to Comparisons. 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

** Categorized dioxin-by-covariate interaction (0.01 <p~0.05); adjusted relative risk, confidence interval, and 
p-value derived from a model after deletion of this interaction; refer to Appendix Table P-2-4 for further 
analysis of this interaction. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin ~ 10 ppt. 
Background (Ranch Hand): Current Dioxin ~ 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin ~ 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
DXCAT = Categorized Dioxin. 
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Table 20-7. (Continued) 
Analysis of X Ray Interpretation 

g) MODELS 4, 5, AND 6: RANCH HANDS - CURRENT DIOXIN - UNADJUSTED 

CUITent Dioxin Category Analysis Results for Log2 
Percent Abnormal/(n) (CUJTeDt Dioxin + 1) 

Est. Relative Risk 
Model a Low Medium High (95% C.I.)b '•, ·. 

,:;:,:::;:· p-Value 

4 12.9 14.0 13.1 0.94 (0.82,1.07) 0.339 
(295) (300) (298) 

5 14.0 12.8 13.2 0.97 (0.87,1.09) 0.651 
(300) (297) (296) 

6c 14.0 12.8 13.2 0.92 (0.82,1.04) 0.197 
(299) (297) (296) 

h) MODELS 4, 5, AND 6: RANCH HANDS - CURRENT DIOXIN - ADJUSTED 

Analysis Results for Log2 (Current Dioxin + 1) 

Model a n 
Adj. Relative Risk 

(95% C.l.)b p-Value Covariate Remarks 

4 892 **** **** CURR*CSMOK (p=0.009) 
AGE (p=0.006) 
occ (p=0.035) 

PACKYR (p=0.108) 

5 892 0.95 (0.84,1.09)** 0.478** CURR*CSMOK (p=0.031) 
AGE (p=0.005) 
occ (p=0.054) 

PACKYR (p=0.104) 

6d 892 0.88 (0.77,1.02)** 0.085** CURR*CSMOK (p=0.021) 
AGE (p=0.002) 
occ (p=0.016) 

a Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 
Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

b Relative risk for a twofold increase in current dioxin. 

c Adjusted for log2 total lipids. 

d Adjusted for log2 total lipids in addition to covariates specified under "Covariate Remarks" column. 

** Log2 (current dioxin + !)-by-covariate interaction (0.01 <p~0.05); adjusted relative risk, confidence 
interval, and p-value derived from a model after deletion of this interaction; refer to Appendix Table P-2-4 
for further analysis of this interaction. 

**** Log2 (current dioxin + !)-by-covariate interaction (p~0.01); adjusted relative risk, confidence interval, 
and p-value not presented; refer to Appendix Table P-2-4 for further analysis of this interaction. 

Note: Model 4: Low = ~ 8.1 ppt; Medium= >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = ~ 46 ppq; Medium= >46-128 ppq; High = > 128 ppq. 
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Table 20-7(h) displays adjusted results from Models 5 and 6 after deletion of the current 
dioxin-by-current cigarette smoking interactions. For Model 4, the stratified analyses did not 
exhibit a significant association between current dioxin and an abnormal x ray interpretation 
except for Ranch Hands who smoked more than 20 cigarettes a day (p=0.002, Adj. 
RR=0.48)._ For this category, the percentage of abnormal x ray interpretations decreased as 
the level of current dioxin increased (low = 34. 6 % , medium = 10. 7 % , high = 2. 8 % ) . 
Model 6 displayed a marginally significant negative association between current dioxin and 
x ray interpretation after deletion of the interaction between current dioxin and current 
cigarette smoking (Table 20-7(h): p=0.085, Est. RR=0.88). Models 4 and 5 also were 
adjusted for age, occupation, and lifetime cigarette smoking history, and Model 6 also 
included age and occupation. When occupation was removed from Model 6, the results 
became nonsignificant (Appendix Table P-3-5: p=0.491). 

FVC 

The unadjusted and adjusted Model 1 analyses of FVC revealed no significant 
differences in group means across or within occupational categories (Table 20-8(a,b): 
p>0.25 for all analyses). The adjusted analysis contained occupation, current cigarette 
smoking, body fat, an age-by-lifetime cigarette smoking history interaction, and a race-by­
lifetime cigarette smoking history interaction. 

The unadjusted analysis of Model 2 did not detect a significant association between 
initial dioxin and FVC (Table 20-8(c): p=0.305). However, the Model 2 adjusted analysis 
revealed a significant negative association between initial dioxin and FVC (Table 20-8(d): 
p=0.034). The means decreased from 94.8 percent of predicted for the low initial dioxin 
category to 94.3 and 91.5 percent for the medium and high initial dioxin categories. Age, 
race, body fat, an occupation-by-industrial chemical exposure interaction, and a lifetime 
cigarette smoking history-by-industrial chemicals exposure interaction were significant in 
Model 2. 

For the unadjusted Model 3 analysis , the contrast of Comparisons versus Ranch Hands 
in the low plus high dioxin category was marginally significant (Table 20-8(e): p=0.089). 
The Ranch Hands in the low plus high dioxin category had a lower mean FVC (99.2 percent) 
than the Comparisons (100.5 percent). All Model 3 adjusted contrasts were nonsignificant 
(Table 20-8(t): p > 0 .18). Current cigarette smoking, body fat, an age-by-lifetime cigarette 
smoking history interaction, a race-by-lifetime cigarette smoking history interaction, and an 
occupation-by-industrial chemicals exposure interaction were significant in Model 3. When 
occupation and body fat were removed from the final model, Ranch Hands in the high dioxin 
category had marginally significant mean lower FVC values than Comparisons (Appendix 
Table P-3-6: high Ranch Hands: Adj. mean=93.8 percent; Comparisons: Adj. mean=95.4 
percent; p=0.089). For FVC, lower values indicate greater compromise in lung function. 

The unadjusted analysis of FVC versus current dioxin demonstrated significant negative 
associations (Table 20-8(g): p =:;;0.015 for Models 4, 5, and 6). However, when each model 
was adjusted for covariate effects, all associations were nonsignificant (Table 20-8(h): 
p>0.22 for all analyses). Models 4, 5, and 6 were adjusted for age, body fat, and the 
interactions of lifetime cigarette smoking history-by-race, current cigarette smoking-by-

20-37 



Table 20-8. 
Analysis of FVC (Percent of Predicted) 

a) MODEL l: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational Difference of Means 
Category Group D Mean (95% C .I.) p-Value 

All Ranch Hand 951 JOO.I -0.3 (-1.5, 0.9) 0.607 
Comparison 1,280 100.5 

Officer Ranch Hand 366 101.6 -0.8 (-2.7,1.2) 0.439 
Comparison 502 102.4 

Enlisted Flyer Ranch Hand 162 99.8 1.3 (-1.7,4 .3) 0.393 
Comparison 203 98.5 

Enlisted Groundcrew Ranch Hand 423 99.0 -0.5 (-2.3,1.3) 0.597 
Comparison 575 99.5 

b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Adj. Difference of Adj. 
Category Group n Mean Means (95% C.I.) p-Value Covariate Remarks3 

All Ranch Hand 950 95.3 -0.2 (-1.4,0.9) 0.665 occ (p=0.027) 
Comparison 1,278 95.6 CSMOK (p <0.001) 

Officer Ranch Hand 365 96.4 -0.4 (-2.2, 1.4) 0.677 
BFAT (p < 0.001) 

Comparison 502 96.8 
AGE*PACKYR (p=0.012) 

PACKYR*RACE (p=0.001) 
Enlisted Flyer Ranch Hand 162 96.0 1.6 (-1.2,4.4) 0.255 

Comparison 203 94.4 

Enlisted Ranch Hand 423 94.3 -0.8 (-2.5 ,0.9) 0.341 
Groundcrew Comparison 573 95.1 

a Covariates and associated p-values correspond to final model based on all participants with available data. 
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Table 20-8. (Continued) 
Analysis of FVC (Percent of Predicted) 

c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

Initiat-Dioxin Category Summary Statistics Analysis Results for Log1 (Initial Dioxin)a 

Initial 
Dioxin n Mean 

Low 174 99.l 

Medium 173 99.8 

High 173 97.2 

Adj. Mean3 

98.8 0.040 

99.7 

97.6 

Slope 
(Std. Error) 

-0.471 (0.458) 

J>-Value 

0.305 

d) MODEL 2: RANCH BANDS - INITIAL DIOXIN - ADJUSTED 

Initial Dioxin Category Summary 
Statistics 

Initial Adj. 
Dioxin n Meanb 

Low 174 94.8 

Medium 173 94.3 

High 173 91.5 

R1 

0.167 

Analysis Results for Log2 (Initial Dioxin)b 

Adj. Slope Covariate 
(Std. Error)b J>-Value Remarks 

-1.068 (0.502) 0.034 AGE (p=0.001) 
RACE (p<0.001) 
BFAT (p=0.007) 

OCC*IC (p=0.003) 
PACKYR*IC (p=0.015) 

a Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of ducy in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

Note: Low = 39-98 ppt; Medium = > 98-232 ppt; High = > 232 ppt. 
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Table 20-8. (Continued) 
Analysis of FVC (Percent of Predicted) 

e) MoDEL3~ . RANCHHANDSAND COMPARISONS BY DIOXIN CATEGORY"'-UNADJUSI'ED 

· Difference of Adj. .::::" :: .. -:~:: : ....... : 

Adj. · Meait -vs.. Comparisons · 
Dioxin ¢ateg6cy · ···· n Mean Mean3 (95%C.I.) p-Value 

Comparison 1,062 100.5 100.5 

Background RH 373 102.0 101.2 0 .7 (-1.0,2.3) 0.439 

Low RH 260 99.0 99.2 -1.3 (-3 .2,0.7) 0.196 

High RH 260 98.3 99.2 -1.3 (-3.2,0.6) 0.179 

Low plus High RH 520 98.7 99.2 -1.3 (-2.8,0.2) 0 .089 

f) MODEL 3~ RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY-,., ADJUSTED }i 

Difference of Adj: ...•.... 
Adj. Mean -vs. Comparisons\ 

Dioxin Category D Meanb (95% C.I.) p-Value Covariate· Remarks 

Comparison 1,060 95.7 CSMOK (p<0.001) 
BFAT (p<0.001) 

Background RH 372 96.1 0.3 (-1.3,1.9) 0.698 
AGE*PACKYR (p=0.007) 

PACKYR*RACE (p<0.001) 
Low RH 260 95.5 -0.3 (-2.1,1.5) 0.766 OCC*IC (p=0.022) 

High RH 260 94.5 -1.3 (-3.1,0.6) 0 .183 

Low plus High RH 520 95 .0 -0.8 (-2.2,0.7) 0.298 

a Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin ~ 10 ppt. 
Background (Ranch Hand) : Current Dioxin ~ 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin ~ 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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ModeF 

4 

5 

6b 

, 

Model3 

4 

5 

6c 

Table 20-8. (Continued) 
Analysis of FVC (Percent of Predicted) 

g) MODELS 4, 5, AND 6: RANCH HANDS - CURRENT DIOXIN - UNADJUSTED 

Current Dioxin Category 
.tr···~ ·· Analysis Results for Log2 

Mean/(n) ·· .. •.• (Current Dioxin + 1) 
·.~=f:: .. Slope 

Low Medium High R2 (Std. Error) p-Value 

102.2 99.5 98.4 0.011 -1.023 (0.323) 0 .002 
(295) (299) (299) 

102.5 99.4 98.2 0 .012 -0.919 (0.277) 0.001 
(300) (296) (297) 

102.2 99.4 98 .6 0.016 -0.728 (0.299) 0 .015 
(299) (296) (297) 

h) MODELS 4, 5, AND 6: RANCH HANDS - CURRENT DIOXIN - ADJUSTED ::::· ... 

Current Dfoxin Category Analysis Results for Log2 

Adjusted Mean/(n) (Current Dioxin + 1) 
·.· 

Adj. Slope 
Low Medium High Ri. (Std. Error) p-Value Covariate Remarks 

95.9 95 .2 94.6 0 .179 -0.385 (0.360) 0 .286 AGE (p<0.001) 
(294) (299) (299) BFAT (p<0.001) 

PACKYR*RACE (p=0.026) 
CSMOK*OCC (p < 0.001) 

OCC*IC (p=0.002) 
PACKYR*IC (p = 0 .034) 

96.1 95 .0 94.4 0.180 -0 .367 (0.305) 0 .228 AGE (p < 0 .001) 
(299) (296) (297) BFAT (p < 0.001) 

PACKYR*RACE (p = 0.027) 
CSMOK*OCC (p=0.001) 

OCC*IC (p=0.002) 
PACKYR*IC (p=0.034) 

95 .7 94 .9 94.7 0.183 -0 .172 (0.329) 0.600 AGE (p=0.001) 
(298) (296) (297) BFAT (p < 0.001) 

PACKYR*RACE (p = 0.032) 
CSMOK*OCC (p=0.001) 

OCC*IC (p=0.002) 
PACKYR*IC (p=0.035) 

a Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5 : Log2 (whole-weight current dioxin + 1). 
Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

b Adjusted for log2 total lipids. 

c Adjusted for log2 total lipids in addition to covariates specified under "Covariate Remarks" column. 

Note: Model 4: Low = $ 8.1 ppt; Medium= > 8.1-20.5 ppt; High = > 20.5 ppt. 
Models 5 and 6: Low = $ 46 ppq; Medium = > 46-128 ppq; High = > 128 ppq. 
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occupation, occupation-by-industrial chemicals exposure, and lifetime cigarette smoking 
history-by-industrial chemicals exposure. When occupation and body fat were removed from 
the final models of 4, 5, and 6, each association between current dioxin and FVC became 
highly significant (Appendix Table P-3-6: p:S:0.002 for all ~odels). Similar to the 
unadjusted analysis, the association between FVC and current dioxin was negative such that 
the mean PVC decreased for increasing levels of current dioxin, indicating a higher risk of 
lung dysfunction for higher levels of current dioxin. 

No significant differences in means between Ranch Hands and Comparisons were 
revealed in the unadjusted or adjusted analysis of percent of predicted FEV1 (Table 20-9(a,b): 
p>0.32 for all analyses). Covariates retained in the final model were body fat, and the 
interactions of current cigarette smoking-by-occupation, age-by-lifetime cigarette smoking 
history, and race-by-lifetime cigarette smoking history. 

The unadjusted Model 2 analysis and the unadjusted and adjusted Model 3 analyses did 
not detect any significant associations between initial dioxin and FEV1 (Table 20-9(c,e,f): 
p>0.25 for all analyses). The adjusted analysis for Model 2 exhibited a significant initial 
dioxin-by-current cigarette smoking interaction (Table 20-9(d): p=0.002). Results stratified 
by each level of the interaction .are displayed in Appendix Table P-2-5. The stratified 
analyses exhibited a significant negative association between initial dioxin and FEV 1 for 
Ranch Hands who never smoked (p=0.001). The adjusted means for this stratum were 98.6, 
96.4, and 90.8 percent for the low, medium, and high levels of initial dioxin respectively. 
The association was nonsignificant within the other current cigarette smoking strata 
(Appendix Table P-2-5: p>0.10). The adjusted slopes of the individual smoking strata 
increased with a rise in the level of smoking. The final adjusted model for Model 2 also 
included the covariates age, race, lifetime cigarette smoking history, body fat and industrial 
chemicals exposure. Model 3 was adjusted for industrial chemicals exposure, and the 
interactions of age-by-lifetime cigarette smoking history, age-by-body fat, lifetime cigarette 
smoking history-by-race, current cigarette smoking-by-occupation, and body fat-by­
occupation. 

All analyses of Models 4, 5, and 6 resulted in nonsignificant associations between 
current dioxin and FEV1 (Table 20-9(g,h): p ;a::0.19 for all analyses). Final adjusted models 
each included race, lifetime cigarette smoking history, an age-by-body fat interaction, and a 
current cigarette smoking-by-occupation interaction. Models 4 and 6 also included an 
occupation-by-industrial chemicals exposure interaction, while Model 5 also included 
industrial chemicals exposure. 

Ratio of Observed FEV1 to Observed FVC 

Due to the distribution of the data, a natural logarithm (1-X) transformation was used. 
Because of this transformation, a negative slope (Models 2, 4, 5, and 6) implies a positive 
association between dioxin and the ratio of observed FEV1 to observed FVC. 
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Table 20-9. 
Analysis of FEV1 (Percent of Predicted) 

a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupationa1 . Difference of Means 
Category Group D Mean (95% C.l.) p-Value 

All Ranch Hand 951 94.6 -0. 7 (-2.2,0. 7) 0.329 
Comparison 1,280 95.3 

Officer Ranch Hand 366 95.7 -1.1 (-3.4,1.2) 0.352 
Comparison 502 96.8 

Enlisted Flyer Ranch Hand 162 91.3 -0.9 (-4.4,2.7) 0.638 
Comparison 203 92.2 

Enlisted Groundcrew Ranch Hand 423 94.8 -0.2 (-2.4,1.9) 0.826 
Comparison 575 95.1 

b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Adj. Difference of Adj. 
Category Group n Mean Means (95% C.I.) p-Value Covariate Remarks• 

All Ranch Hand 950 91.1 -0.4 (-1.7,0.9) 0.531 BFAT (p<0.001) 
Comparison 1,278 94.5 CSMOK*OCC (p=0.038) 

Officer Ranch Hand 365 92.6 -0.5 (-2.6,1.6) 0.659 
AGE*PACKYR (p=0.002) 

Comparison 502 93.0 
PACKYR*RACE (p=0.015) 

Enlisted Flyer Ranch Hand 162 90.5 -0.1 (-3.4,3.1) 0.938 
Comparison 203 90.6 

Enlisted Ranch Hand 423 90.3 -0.5 (-2.5,1.5) 0.633 
Groundcrew Comparison 573 90.8 

a Covariates and associated p-values correspond to final model based on all participants with available data. 
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Table 20-9. (Continued) 
Analysis of FEV 1 (Percent of Predicted) 

c) MODEL 2: ~CHHANDS- INITIAL DIOXIN - UNADJUsTEQ ? 

mroal Dioxin Category Stun#ia~ Statistics . . .. Arullysis Re;ults.for LOgi (Initial Dioxin)• .. ·.·.·.·. SloJk (} . 
Initial 
Dioxin . 

Low 

Medium 

High 

n 

174 

173 

173 

Mean 

93.9 

93 .7 

95.4 

Adj. 
.Meana 

93.9 

93.7 

95.4 

< R2 (Std;Error) .? · p-Value 

0.006 0.125 (0.568) 0 .826 

d) MODEL 2: RANCH HANDS --' INITIAL DJOXIN - ADJUSTED 

Initial Dioxin Category Summary· 
Statistics 

Initial 
... : .. 

Adj. 
Dioxin n Meanb . 

Low 174 **** 

Medium 173 **** 

High 173 **** 

0.159 

Analysis Results for Log2 (Initial Dioxin)b 

Adj. Sfol_)e 
(Std~ Error) p-Value 

**** **** 

Covariate Remarks 

INIT*CSMOK (p=0.002) 
AGE (p < 0.001) 

RACE (p < 0.001) 
PACKYR (p<0.001) 

BFAT (p=0.019) 
IC (p=0.082) 

a Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw fo~ dioxin, and covariates specified under "Covariate Remarks" column. 

**** Log2 (initial dioxin)-by-covariate interaction (p~0.01); adjusted mean, adjusted slope, standard error, and 
p-value not presented; refer to Appendix Table P-2-5 for further analysis of this interaction. 

Note: Low = 39-98 ppt; Medium = > 98-232 ppt; High = > 232 ppt. 
INIT = Log2 (initial dioxin). 
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Table 20-9. (Continued) 
Analysis of FEV 1 (Percent of Predicted) 

e) MODEL 3: RANCH BANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Difference of Adj. 
Adj. Mean vs. Comparisons 

Dioxin Category n Mean Mean a (95% C.I.) p-Value 

Comparison 1,062 95.3 95.3 

Background RH 373 94.7 94.6 -0.7 (-2.8,1.3) 0.492 

Low RH 260 93.9 93.9 -1.4 (-3.7,1.0) 0.257 

High RH 260 94.7 94.9 -0.4 (-2.8,2.0) 0.743 

Low plus High RH 520 94.3 94.4 -0.9 (-2.7,0.9) 0.345 

0 MODEL 3~ RANCH BANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Difference or Adj. 
Adj. Mean vs. Comparisons 

Dioxin Category n Meanb (95% C.I.) p-Value Cov.ariate Remarks 

Comparison 1,060 91.5 IC (p=0.066) 
AGE*PACKYR (p=0.003) 

Background RH 372 90.5 -1.0 (-2.9,0.9) 0.315 
AGE*BFAT (p=0.001) 

PACKYR*RACE (p=0.009) 
Low RH 260 91.4 -0.1 (-2.2,2.1) 0.932 CSMOK*OCC (p=0.009) 

High RH 260 90.9 -0.6 (-2.8,1.6) 0.583 BFAT*OCC (p=0.008) 

Low plus High RH 520 91.2 -0.3 (-2.0,1.3) 0.684 

a Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin ~ 10 ppt. 
Background (Ranch Hand): Current Dioxin ~ 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin ~ 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 20-9. (Continued) 
Analysis of FEV 1 (Percent of Predicted) 

4 95.0 94.0 94.4 <0.001 0.231 (0.405) 0.568 
(295) (299) (299) 

5 95.3 93.7 94.5 <0.001 0.107 (0.347) 0.757 
(300) (296) (297) 

94.7 93 .6 95.2 0.008 0.437 (0.374) 0.243 
(299) (296) (297) 

·.········>·•·<· \} ~)MQP'.fil;~:·4; • s; ~~~ ::~Pll~$ . ·:p~~lm?~:: : :~$~.ff}\··········. 

••;•••t:t•;··~=~ID.Jl~~1r~!tMll•i••••!:••l••: 
. -:-: . -·:· :·' ·:::-:::·:.: -:· ::\~~:~~?~: ~~: :~:: :: ; : : '.~j :'.~~:j:~i~~;:: :'.:'.-: ·::;: ~~:~~ ~~~~i~~i!~[)~~~~~~~::j~:1:~ :::~~~~~:]~:;i 

:M1oc:1~rn ·.: ~tjw : .NiciJJllii :.: ... ~ijI 
4 

5 

89.3 90.0 90.1 0.190 0.447 (0.448) 0.318 
(294) . (299) (299) 

89.3 
(299) 

89.0 
(298) 

89.4 
(296) 

89.5 
(296) 

90.2 0.185 0.301 (0.379) 0.428 
(297) 

90.7 0.192 0.536 (0.409) 0.190 
(297) 

a Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 

RACE (p<0.001) 
PACKYR (p<0.001) 

AGE*BFAT (p=0.020) 
CSMOK*OCC (p=0.001) 

OCC*IC (p=0.050) 

RACE (p<0.001) 
PACKYR (p<0.001) 

IC (p=0.082) 
AGE*BFAT (p=0.021) 

CSMOK*OCC (p=0.001) 

RACE (p<0.001) 
PACKYR (p<0.001) 

AGE*BFAT (p=0.023) 
CSMOK*OCC (p=0.001) 

OCC*IC (p=0.044) 

Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

b Adjusted for log2 total lipids. 

c Adjusted for log2 total lipids in addition to covariates specified under "Covariate Remarks" column. 

Note: Model 4: Low = =::;; 8.1 ppt; Medium= >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = =::;; 46 ppq; Medium= >46-128 ppq; High = > 128 ppq. 
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For the Model 1 unadjusted and adjusted analyses of the ratio of observed FEV 1 to 
observed FVC, all mean differences between Ranch Hands and Comparisons were 
nonsignificant (Table 20-lO(a,b): p>0.19 for all contrasts). Lifetime cigarette smoking 
history, body fat, industrial chemical exposure, and the interactions of current cigarette 
smoking-by_-race and age-by-occupation were included in the final model. 

The Model 2 unadjusted analysis exhibited a significant inverse association between the 
ratio of observed FEV1 to observed FVC and initial dioxin (Table 20-lO(c): p=0.008). 
After Model 2 was adjusted for age, race, occupation, current cigarette smoking, lifetime 
cigarette smoking history, and industrial chemicals exposure, the association between the 
FEV1 to FVC ratio and initial dioxin became nonsignificant (Table 20-lO(d): p=0.165). 
Model 3 unadjusted analyses indicated significant differences in means between Comparisons 
and background Ranch Hands and between Comparisons and Ranch Hands in the high dioxin 
category (Table 20-lO(e): p=0.009 and 0.022, Est. difference in means = -0.012 and 
0.012). Adjusted contrasts revealed a marginally significant difference between Comparisons 
and background Ranch Hands (Table 20-lO(t): p=0.070, Est. difference in means = 
-0.007). Covariates that displayed significance in Model 3 were a categorized dioxin-by-age 
interaction, lifetime cigarette smoking history, industrial chemicals exposure, and age-by­
occupation, age-by-body fat, current cigarette smoking-by-race, and body fat-by-occupation 
interactions. Results in Table 20-lO(t) are those from Model 3 after deletion of the 
categorized dioxin-by-age interaction from the final adjusted model. Stratified results for 
each level of age are displayed in Appendix Table P-2-6. 

Analyses of Models 4 through 6 indicated significant positive associations between the 
ratio of observed FEV1 to observed FVC and current dioxin (Table 20-lO(g,h): p<0.001 for 
all analyses) . For Model 4, the adjusted mean ratios were 0.767, 0.755, and 0.782 for the 
low, medium, and high current dioxin categories respectively; for Model 5, the adjusted 
.mean ratios were 0.766, 0.774, 0.785, and for Model 6 the adjusted mean ratios were 0.765 , 
0.773, and 0.785. Due to the transformation used, the negative slope between 1 minus the 
FEV 1 to FVC ratio and current dioxin for each model indicates an increasing trend in the 
FEV1 to FVC ratio as current dioxin increased. Each adjusted model included race, current 
cigarette smoking, lifetime cigarette smoking history, industrial chemicals exposure, and an 
age-by-body fat interaction. 

Loss of Vital Capacity 

The Model 1 unadjusted analysis of loss of vital capacity did not detect any overall 
group differences (Table 20-ll(a): p>0.26). However, after stratifying by occupation, a 
marginally significant difference was detected between enlisted flyer Ranch Hands and 
Comparisons for the mild versus no loss of vital capacity contrast (Table 20-ll(a): p=0.089, 
Est. RR=0.46). The percentage of enlisted flyer Ranch Hands with mild loss of vital 
capacity was lower than the percentage of Comparisons (4.3 3 vs. 8.93 ). All other 
unadjusted contrasts, including those performed for moderate or severe loss versus no loss of 
vital capacity, were nonsignificant (Table 20-ll(a): p > 0.37 for all). Paralleling the 
unadjusted analysis, the adjusted analysis of mild loss versus no loss of vital capacity was 
also significant for the enlisted flyers (Table 20-ll(b): p=0.048, Adj. RR=0.39). All other 
adjusted analyses were not significant (p>0.24). The Model 1 analysis was adjusted for 
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Table 20-10. 
Analysis of Ratio of Observed FEV1 to Observed FVC 

. :.:::::: ::·:· ·.· ..• ·.;· .• ;- ~). ifi.i~ ='~· ~m-§·.y§~·:@P.M.i.fS§9N§ Bi .~~~;;~.· .•. :••:::L ::: ... :::::-::::-: .• 
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All Ranch Hand 951 0.760 -0.002 - 0.569 
Comparison 1,280 0.762 

Officer Ranch Hand 366 0.752 -0.004 -- 0.450 
Comparison 502 0.755 

Enlisted Flyer Ranch Hand 162 0.741 -0.012 -- 0.193 
Comparison 203 0.753 

Enlisted Groundcrew Ranch Hand 423 0.774 0.003 -- 0.496 
Comparison 575 0.771 

All Ranch Hand 950 0.772 -0.001 0.853 PACKYR (p<0.001) 
Comparison 1,278 0.772 BFAT (p<0.001) 

365 0.770 -0.002 -- 0 .633 
IC (p=0.068) 

502 0.772 
AGE*OCC (p<0.001) 

CSMOK*RACE 

Officer Ranch Hand 
Comparison 

Enlisted Ranch Hand 162 0.768 -0.008 -- 0 .232 (p=0.003) 
Flyer Comparison 203 0.776 

Enlisted Ranch Hand 423 0.775 0.004 0.371 
Groundcrew Comparison 573 0.772 

a Transformed from the natural logarithm (1-X) scale. 

b Difference of means after transformation to original scale; confidence .interval on difference of means not presented 
because analysis was performed on natural logarithm (1-X) scale. 

c P-values based on difference of means on natural logarithm (1-X) scale. 

d Covariates and associated p-values correspond to final model based on all participants with available data. 

20-48 



Low 

Medium 

High 

: ·.::-;.. 

Low 

Medium 

High 

Table 20-10. (Continued) 
Analysis of Ratio of Observed FEV1 to Observed FVC 

174 

173 

173 

174 

173 

173 

0.781 

0.780 

0.799 

0.761 

0.758 

0.791 

0.201 

0.762 

0.759 

0.789 

0.052 -0.029 (0.011) 0.008 

Analysi$ Reslllts :for. Log-tQnitial Dioxin)d := . ········ · :·;. -:;: --· ·.·.-•, ._ .·. . -.· -. ' ..... ·.·. . . ·.·. ·.·. ·.·.-.". .f~~//</< 
. ·.::'.::ti\: .. ·:::::> ·t}t 

. , Adjfr~pe : 
CStd. 'E@r)c, tv41~~.( =Y c~~ariati:R=isrnv 
--0.016 (0.012) 0.165 AGE (p<0.001) 

RACE (p=0.004) 
occ (p=0.133) 

CSMOK (p=0.134) 
PACKYR (p<0.001) 

IC (p=0.043) 

a Transformed from natural logarithm (1-X) scale. 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Slope and standard error based on natural logarithm of (1 - ratio of observed FEV1 to observed FVC) versus 
log2 (initial dioxin). 

d Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

Note: Low = 39-98 ppt; Medium = > 98-232 ppt; High = > 232 ppt. 
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Table 20-10. (Continued) 
Analysis of Ratio of Observed FEV 1 to Observed FVC 

:-: -:-:-· · .... ·· . ·.· 

Dioxin c~uiocy/·· ·• - -! : : !!.!t::_:'.! .ji•iiii._-::Mean3 

Comparison 

Background RH 

Low RH 

High RH 

Low plus High RH 

1,062 

373 

260 

260 

520 

0.762 

0.746 

0.763 

0.778 

0.770 

0.762 

0.750 -0.012 --

0.762 0.000 --

0.774 0.012 --

0.768 0.006 --

. . . . 

0.009 

0.990 

0.022 

0.136 

f) MODEL 3: RANCH HANDS-AND COMPARISONS -BY_:OIO~~A1'EGORY - ADJUSTED \ 

__ . ·:·:·:·: ·-·:····:-:=:·_;:.::.·::\:::;·Difference of Adj. : .:-:::::_:.::~;;)i:)~;iL~~}(r< ·.· . 

0 .- Jl~~}' -Mean (;~·%C~~~:) :~yi1~e11:- '\ )· C~variate Remarks :: ::O' Dioxin Category · 

Comparison 1,060 0.773** 

Background RH 372 0.766** -0.007 --** 

Low RH 260 0.776** 0 .003 --** 

High RH 260 0.777** 0.004 --** 

Low plus High RH 520 0.776** 0.003 --** 

a Transformed from natural logarithm (1-X) scale. 

DXCAT*AGE (p=0.047) 
PACKYR (p<0.001) 

0.070** IC (p =0.007) 
AGE*OCC (p <0.001) 

0.536** AGE*BFAT (p=0.006) 
0.400** CSMOK*RACE (p=0.018) 

BFAT*OCC (p=0.016) 
0.344** 

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty 
in SEA to the date of the blood draw for dioxin. 

c Difference of adjusted means after transformation to original scale; confidence interval on difference of 
adjusted means not presented because analysis was performed on natural logarithm (1-X) scale. 

d P-value is based on difference of means on natural logarithm (1-X) scale. 

e Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column. 

** Categorized dioxin-by-covariate interaction (0.01 < p ~0.05); adjusted mean, difference of adjusted means, 
and p-value derived from a model after deletion of this interaction; refer to Appendix Table P-2-6 for further 
analysis of this interaction. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin ~ 10 ppt. 
Background (Ranch Hand): Current Dioxin ~ 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin ~ 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 20-10. (Continued) 
Analysis of Ratio of Observed FEV1 to Observed FVC 

-:· 
. .·:-:-

··:·:· 
·-:-.. , . .. 

·::::·· ·:'.::::::: ... ·.:::. 

.M~d~: .. 
4 

5 

·.·3, f:·cfirr~t Dio~ ·dtig6t:§ >> 

. %!!.[_ .. ,;,.). :p,, M~~((n)): /':?: :,;;:, 
.::-:::;::::=:::::-. \/::.. ··.-··.:{ :-:·:·:. .·:-:-:.:· .. ·:-:-:-:-: ·::· ·• ::::::::.;.:··::::::::-. 

:fo*·L·> .2 Medifun:C ::::::::;~Ii 
0.746 
(295) 

0.746 
(300) 

0.743 
(299) 

0.758 
(299) 

0.757 
(296) 

0.757 
(296) 

0.776 
(299) 

0.778 
(297) 

0.780 
(297) 

0.041 -0.046 (0.007) <0.001 

0.035 -0.037 (0.006) <0.001 

0.042 -0.043 (0.007) <0.001 

~~IJ.1Si~:.~ts, ~o[,.Log~ ·.·.·.·.·.· '·''·''·''·''·········.''·''·.'·'.·· .·.··.· . 
(qirrerit Dioxm + lf ' · .. . .. 

::;:;j~~lue :, ,} f Coyal:~~i~e~;b . 
4 0.767 0.755 0.782 0.233 -0.025 (0.007) 0.001 RACE (p=0.002) 

(294) (299) (299) CSMOK {p=0.001) 
PACKYR (p<0.001) 

IC (p=0.014) 
AGE*BFAT (p=0.006) 

5 0.766 
(299) 

0.774 
(296) 

0.785 
(297) 

0.232 -0.020 (0.006) 0.001 RACE (p=0.001) 
CSMOK (p=0.001) 

PACKYR (p<0.001) 
IC (p=_0.016) 

AGE*BFAT (p=0.007) 

0.765 
(298) 

0.773 
(296) 

0.785 
(297) 

0.232 -0.022 (0.007) 0.001 RACE (p=0.002) 

a Transformed from natural logarithm (1-X) scale. 

b Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 
Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

CSMOK (p=0.001) 
PACKYR (p<0.001) 

IC (p=0.015) 
AGE*BFAT (p=0.007) 

c Slope and standard error based on natural logarithm of (1 - ratio of observed FEV 1 to observed FVC) versus 
log2 (current dioxin + 1). 

d Adjusted for log2 total lipids. 

e Adjusted for log2 total lipids in addition to covariates specified under "Covariate Remarks" column. 

Note: Model 4: Low = ::;;; 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = ::;;; 46 ppq; Medium = >46-128 ppq; High = > 128 ppq. 
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Table 20-11. 
Analysis of Loss of Vital Capacity 

Ranch Hand 951 93.5 5.4 I.I 0.81 (0.57,1.17) 0. 78 (0.36,1. 71) 
Comparison 1,280 92.2 6.5 1.3 

Officer Ranch Hand 366 94.6 4.6 0.8 0.86 (0.46, 1.60) 0.628 1.02 (0 .23,4.59) 0 .978 
Comparison 502 93.8 5.4 0.8 

Enlisted Flyer Ranch Hand 162 94.5 4.3 1.2 0.46 (0.19,1.13) 0 .089 0.47 (0.09,2.46) 0.371 
Comparison 203 88.6 8.9 2.5 

Enlisted Ranch Hand 423 92.4 6.4 1.2 0.96 (0.58,1.60) 0 .880 0.85 (0.27,2.60) 0.770 

N Groundcrew Comparison 575 92.0 6.6 1.4 
0 

I 
Vl 
N 

All 0.248 0.538 AGE (p<0.001) 

Officer 0.80 (0.42, 1.53) 0.503 1.01 (0.22,4.60) 0 .989 CSMOK (p=0.003) 
BFAT (p<0.001) 

Enlisted Flyer 0.39 (0.16,0.99) 0.048 0.37 (0.07,1.99) 0 .244 IC (p =0.114) 

Enlisted 1.05 (0.62,1.78) 0 .861 0.95 (0.30,3.02) 0 .930 RACE*PACKYR (p=0.011) 

Groundcrew 

a Covariates and associated p-values correspond to final model based on all participants with available data. 



. : · . ·,•_: ·.' · 

Table 20-11. (Continued) 
Analysis of Loss of Vital Capacity 

c) MOD£L2: RANCHHANl>S ;;;...;INJTIALi>IQXINh•.lJNADJUSTEU · .. · 

.•... Initia(Dioxin category Summary Statistics/•·. >Atjatysis Res~lts •for LOgf(Jn~tiatDigxin)h ·• :. ···· < . ... r 
< M:tld ~~> Nc>ll~\· : · Mdd~i~fe<_~r . $~v;f~ .. ;~; · ~~h~ ·:i: Percent 

Initial Dio~in 
Category n None 

Low 

Medium 

High 

::}······ 

520 

174 

173 

173 

92.0 

94.2 

92.5 

A.dj. a~l~t•v~ iii~lc ·.···· · 
················· (9sc?iC~i)b J 

1.16 (0.85,1.59) 

Mild 

6.3 

4.1 

6.4 

0 .353 

:Est: ' ke1~h~kiii~k· t · ·······< :Est/Retati:Ve·:Rssk:• .••.. ···• ............ .. 
···•· Mbd. 6r Sev •. (95~/C,l~)~ ;.'.".. p-Va_lue ..•. •·••• • • : (95% q,J.)j,. : .... v~Y,~Jq~j. 

1.7 

1.7 

1.2 

1.05 (0.80,1.37) 0.720 0.80 (0.45,1.43) 0.452 

Analysis Results for Logz (Initial .Dioxin)~ 
···· ;: Moderate or. Severe: vs• None .... . 

~: -· --------------
Adj. Relative itisk ....... ·· · ·.· . •· 

.(9,5~ .. CJ.)~ :< / .· : P~Y'1Jq~>./' 

0.80 (0.36,1.77) 0.574 

·:·., .. 

AGE (p=0.013) 
BFAT (p=0.056) 

RACE*PACKYR (p=0.010) 
OCC*IC (p=0.022) 

a Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty in SEA to the date of the blood draw for 
dioxin. 

b Relative risk for a twofold increase in initial dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in SEA to the date of the blood draw for dioxin, 
and covariates specified under "Covariate Remarks" column. 

Note: Low = 39-98 ppt; Medium = > 98-232 ppt; High = >232 ppt. 



Comparison 

Background RH 
Low RH 
High RH 
Low plus High 
RH 

1,062 

373 
260 
260 
520 

92.0 

94.1 
92 .7 
93.1 
92.9 

6.5 

5.4 
5.4 
5 .8 
5.6 

Table 20-11. (Continued) 
Analysis of Loss of Vital Capacity 

0 .5 
1.9 
1.2 
1.5 

0.94 (0.56,1.57) 0 .802 
0.77 (0.43,1.40) 0.397 
0.77 (0.43,1.38) 0 .384 
0.77 (0.49,1.21) 0 .263 

0.41 (0.09,1.79) 
1.19 (0.43,3.30) 
0.65 (0.19,2.28) 
0.91 (0 .38,2.16) 

0.233 
0.738 
0.504 
0 .833 

•...•• : ;: • t•M:htlefatKHfr•SeVefii WM N6ifo •. )?·•···· ( > •: /: ::•:·:·.·•·:· ..... 
.... · --~.....,...,.· . .,. . . · .. .,. .. · .... .,. ....... ~-···;,;.;;•·.·•·.,.·······;,;.;;•·•' ·•.,.·•· ·•"'":· .·•·•.,.·•·• ·• ·"'":·:·:·:;,;.;;······-····· ·····•••:• :•:•·•:•· .... ·.· . . ·· . . ··.·.·· ·.·.· . . ·.· .. ·· . . ·· . . ·.·.·.·.· .. ·.· .. ·.· .. ··.·.·.· ... ·. . ........... ;.·.; ··.; · .. ; ; .. ;; ... ;.;.;.;.;.;.::•:·.•· .. :.·.:.: ... ·••.·.· .. •.··.···.····.·.•·.··.:,• .. ·.·.•.•.•.• .. :.•.•.•.•.·.•.•• .. • .. :·· .•.' .. •.·.•.•.•.· .·.····.•.·.·.•· ....• · .•.·.•.· .•.•.• .. ·.•· .. :.· .. ·.·.·• .. · .•.·.•.·.:.: .. :.· .. ·.• .. :.·.•.·.·.·.·.•.·.:,•: .. •.•,'.•,•.•.'.·.·• .. ·.•.··.·.··.: ... ·.• .•·.•.•.•.•.•.•.•.•.•.•.•.•·.:,•.•.•.•.•.• .. •.•.• .. •.• .• ·.•.•.·.·.·.•· ... •.·• .. •.•.· ·• •·.·••· ·.·•· 'A··• d .. · •·••· .R ....... ..... 1 ..... · .. .., ... · · .. · ·.·R ..... , ... k .. . ·. · ... ' .... . · · ....... ..... •· ·•••• ·•·······••<·• ·· .·. .. . ..... · ..... .:A_,. .. ·.·, .· .. ·.· . . ·.·.·.· · . . ·.· .. ·•·· ·.·.· · .. · · .. ·.·,.·.·.k·.·.· .. · ·. · .. ·.·.·.·.·.·.·.·.·.·.· .. ·.·.·.·.·. ·.·.·.· .... · · .. · 

n• f r UF. :: : ~: .?~~!~ • .. }~ }t ;:: . .: .;; : : ;: : • ·.·. .. ••• .• ·.:··· .••..• •• ••. • ..• r ..•. •.· •• · .. ·.•.·· ..• a; •. · ..• • ..• • ••• ........ ru.: .. ·.:· .. •• .. • ... • .. • .. ··( ...•. ~ .• 9·.·.·.·.· .. ·.··.·sR.:·.·.·.·.: ···.m .• ··e··.· .. ·.~.·l.·.· .··a .. · ••. · •• ·."'.· •• t.·.:.:' ·.:· •. ..• ·v.··.: •. l.· •• · .• e·;····:·.·· ..... :· .... ••.·· .• r .... · .. ·c ..• ·•·.· ..• •.· ...• • .• • •.• s ..••.• · .• ·.• •. .••.•... · .• ··.:·.· .•• • .•. :.•.·· .• •• ••.... · ...• • ..• •.·.· •> • • ? . . .. .... . . ·.· .. .. ... ........ ..... · .... · ·.·.·. . .·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.· urx · u~?w g;1p~n·• ::•:•t··· mtY*'-Y:~:· .:::: . .=wt:. '""" • PtY~!µ~ ·::•· ·.:::····. (;~~~tl.~•~. B.~filij~~·::·i·.·: :•:: 
Comparison 

Background RH 
Low RH 

High RH 

Low plus High RH 

1,060 

372 0.94 (0.55,1.62) 

260 0 .67 (0.36,1.23) 

260 0.84 (0.46,1.54) 

520 0.75 (0.47,1.19) 

3 Relative risk and confidence interval relative to Comparisons. 

0.833 0.43 (0.10,1.95) 

0.196 0.97 (0.34,2.77) 

0.582 0 .74 (0.20,2.67) 

0.220 0.87 (0.36,2.11) 

0.277 

0.952 

0.643 

0.754 

AGE (p <0.001) 
CSMOK (p=0.006) 

BFAT (p=0.007) 
IC (p =0.145) 

RACE*PACKYR (p=0.004) 

b Adjusted for percent body fat at the time of duty in SEA and change in body fat from the time of duty in SEA to the date of the blood draw for dioxin. 
c Adjusted for percent body fat at the time of duty in SEA, change in body fat from the time of duty in SEA to the date of the blood draw for dioxin, and 
covariates specified under "Covariate Remarks" column. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin ~ 10 ppt. 
Background (Ranch Hand): Current Dioxin ~ 10 ppt. 
Low (Ranch Hand) : Current Dioxin ~ 10 ppt, 10 ppt < Initial Dioxin ~ 143 ppt. 
High (Ranch Hand): Current Dioxin ~ 10 ppt, Initial Dioxin > 143 ppt. 



Table 20-11. (Continued) 
Analysis of Loss of Vital Capacity 

· ·· ···· current ):)1ox1n c~t~g6f)i sfrmniary statistics .. >< · 
Percent 

·current 
Dioxin 

· Mod/ or Sev. tateg~ry n •· None :Mud · 
tsi~ lt;l~ti;~ ~i~~ . 

< ••• : (~5% . C.n)~. 

4 Low . 295 94.6 4.7 0 .7 1.12 (0.93 ,1.36) 
Medium 299 92.6 6.0 1.3 
High 299 93.0 5 .7 1.3 

5 Low 300 94.7 4.7 0.7 1.13 (0. 96, l.34) 
Medium 296 92.6 6.1 1.4 
High 297 92.9 5.7 1.4 

Low 299 94.7 4.7 0 .7 1.14 (0.95,1.36) 
Medium 296 92.6 6.1 1.4 
High 297 92.9 5.7 1.4 

a Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 
Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

b Relative risk for a twofold increase in current dioxin. 

c Adjusted for log2 total lipids. 

Note: Model 4: Low = ~ 8.1 ppt; Medium = > 8.1-20.5 ppt; High = > 20.5 ppt. 
Models 5 and 6: Low = ~ 46 ppq; Medium = >46-128 ppq; High = > 128 ppq. 

·· it~Dael;ti~~ Risk · 
· .:::. J~$~fC::: ·~~>~·>r> ..... ;:p~Y(liµ~,f 

1.09 (0.72,1.66) 0.681 

0.150 1.08 (0 .75 , 1.56) 0.668 

0.151 1.11 (0.76,1.63) 0.584 
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Table 20-11. (Continued) 
Analysis of Loss of Vital Capacity 

. . 

Analysis Resu~(S (or Log2 (Current J~i~xin + 1) 

Mild vs. None Moderate '~r Severe vs. None • 

Model a .n 
A()J. Relative Risk 
..• ; (95% c.t)~ , . . . . :: ... p7ya1ue 

4 892 1.12 (0.90, 1.40)** 0.297** 1.05 (0.62, 1. 78)** 0.852** 

5 892 1.12 (0.93,1.36)** 0.229** 1.05 (0.67,1.66)** 0.826** 

891 1.15 (0.94,1.40) 0 .187 1.05 (0.64, 1. 72) 0.839 

a Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 
Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

b Relative risk for a twofold increase in current dioxin. 

c Adjusted for log2 total lipids in addition to covariates specified under "Covariate Remarks" column. 

,-"l1,111.::.:.t.r.r·.i:.r.1.',i 
' ·:::.;.;::::::::::::::;:::;::::::::;:;:; . ..:: 

., , 9of.,fl#t~ ·:8¢ili~itts :·:: ·J,: 
CURR*RACE (p=0.019) 

CURR*CSMOK (p=0.016) 
AGE (p=0.003) 

BFAT (p=0.002) 
RACE*PACKYR (p=0.026) 

CURR*CSMOK (p=0.049) 
AGE (p=0.004) 

BFAT (p=0.003) 
RACE*PACKYR (p=0.034) 

CSMOK (p=0.067) 
AGE*BFAT (p=0.040) 

RACE*PACKYR (p=0.030) 

** Log2 (current dioxin + 1)-by-covariate interaction (0.01 <p:S;0.05) ; adjustive relative risk, confidence interval, and p-value derived from a model 
after deletion of this interaction; refer to Appendix Table P-2-7 for further analysis of this interaction. 

Note: Model 4: Low = :S; 8.1 ppt; Medium= >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = S: 46 ppq; Medium = >46-128 ppq; High = > 128 ppq. 



age, current cigarette smoking, body fat, industrial chemicals exposure, and a race-by­
lifetime cigarette smoking history interaction. 

All Model 2 and 3 unadjusted and adjusted analyses of the relationship of loss of vital 
capacity wi!fi initial dioxin were nonsignificant (Table 20-ll(c-f): p>0.19). Analyses 
included contrasts between none and mild loss of vital capacity and between none and 
moderate or severe loss of vital capacity. Age, body fat, and a race-by-lifetime cigarette 
smoking history interaction were included in both models. Additionally, an occupation-by­
industrial chemicals exposure interaction was significant for Model 2, and current cigarette 
smoking and industrial chemicals exposure were retained in Model 3. 

Analysis of current dioxin versus loss of vital capacity proved nonsignificant for all 
unadjusted and adjusted contrasts examined for Models 4, 5, and 6 (Table 20-ll(g,h): 
p>0.15 for all contrasts). Adjusted results presented in Table 20-ll(h) for Models 4 and 5 
are from the final model after significant covariate interactions involving current dioxin were 
deleted from the model. The current dioxin-by-race and current dioxin-by-current cigarette 
smoking interactions, as well as age, body fat, and a race-by-lifetime cigarette smoking 
history interaction exhibited significance in Model 4. A current dioxin-by-current cigarette 
smoking interaction, a race-by-lifetime cigarette smoking history interaction, age, and body 
fat displayed significant covariate effects in Model 5. Results stratified by each current 
dioxin-by-covariate level for Models 4 and 5 are presented in Appendix Table P-2-7. Model 
6 was adjusted for current cigarette smoking and age-by-body fat and race-by-lifetime 
cigarette smoking history interactions. Also, as presented in Appendix Table P-3-9, when 
body fat was removed from the adjusted model for Models 4, 5, and 6, the positive 
association between loss of vital capacity for none versus mild becomes significant or 
marginally significant (p < 0.06) for all three models. 

Obstructive Abnormality 

All group differences tested nonsignificant for both the unadjusted and adjusted analyses 
of obstructive abnormality (Table 20-12(a,b): p>0.10 for all contrasts). For the adjusted 
analysis of obstructive abnormality, the interaction between group and lifetime cigarette 
smoking history was significant (Table 20-12(b): p=0.021). Results stratified by levels of 
lifetime cigarette smoking history are presented in Appendix Table P-2-8. Results presented 
in Table 20-12(b) are the adjusted analysis results obtained after excluding this interaction 
from the model. Other significant effects included age, industrial chemicals exposure, and 
occupation-by-current cigarette smoking, occupation-by-lifetime cigarette smoking history, 
and body fat-by-current cigarette smoking interactions. 

The unadjusted analysis of Model 2 revealed a significant decreased risk of mild 
obstructive abnormalities for increasing levels of initial dioxin (Table 20-12(c): p=0.044, 
Est. RR=0.86). However, after adjusting for industrial chemicals exposure and age-by­
lifetime cigarette smoking history, current cigarette smoking by-body-fat, and lifetime 
cigarette smoking history-by-body fat interactions, Model 2 did not detect a significant 
association between initial dioxin and either of the obstructive abnormalities classifications. 
For the Model 3 unadjusted analysis, the associations between categorized dioxin and the 
obstructive abnormalities classifications were nonsignificant (Table 20-12( e): p > 0 .13 for all 

20-57 



N 
0 

I 
Vl 
00 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 951 55.5 
Comparison 1,280 57.5 

Ranch Hand 366 51.9 
Comparison 502 55.2 

Ranch Hand 162 43.2 
Comparison 203 50.2 

Ranch Hand 423 63.3 
Comparison 575 62.3 

1.17 (0.86,1.28)** 

1.08 (0.79,1.47)** 

1.24 (0. 77 ,2.01)** 

0.97 (0.71,1.31)** 

Table 20-12. 
Analysis of Obstructive Abnormality 

36.8 
35.9 

40.7 
38.8 

44.4 
41.9 

30.5 
31.1 

0.624** 

0.638** 

0.379** 

0.821 ** 

7.7 
6.6 

7.4 
6.0 

12.4 
7.9 

6.2 
6.6 

·:.: ·-:·:·=·=·>:·:·:-:·.-::: 

1.06 (0.89,1.27) 0.493 

1.11 (0.84,1.48) 0.454 

1.23 (0.80,1.91) 0.344 

0.96 (0.73,1.27) 0.786 

I.OS (0.81,1.69)** 0.396** 

1.20 (0.65,2.21)** 

1.77 (0.81,3.87)** 

0.93 (0.53,1.65)** 

0.552** 

0.155** 

0.809** 

a Covariates and associated p-values correspond to final model based on all participants with available data. 

1.21 (0.87,1.69) 0.256 

1.31 (0.75,2.28) 0.335 

1.82 (0.88,3. 77) 0.106 

0.91 (0.54, 1.54) 0.737 

GROUP*PACKYR (p=0.021) 
AGE (p<0.001) 

IC (p=0.034) 
OCC*CSMOK (p=0.011) 

OCC*PACKYR (p=0.031) 
CSMOK*BFAT (p=0.002) 

**Group-by-covariate interaction (0.01 <p~0.05); relative risk, confidence interval, and p-value derived from a model after deletion of this interaction; 
refer to Appendix Table P-2-8 for further analysis of this interaction. 
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Table 20-12. (Continued) 
Analysis of Obstructive Abnormality 

Initial Dioxin 
Category 

Low 

Medium 

High 

• ··· 1~Jtiaf i>io~iri category summary st~tistfos :>· 

... ·::. 

::. ' .·. 

"···· 
174 

173 

173 

: 

Noiie 

51.2 

57.8 

68 .2 

Percent ·· 

40.2 

32.9 

28.3 

8.6 

9.3 

3.5 

.\· .. \Analysis Resuits tor .'.Lo~{d~ut?t J.~io~~~~~ :. :; ). '· ?( '\ 

Mild ~s> None > · · ::: . ·•· :· ~od~rlli~ . ot ·S~ye~~ v~i,. 1'{6n~ .: 

Est~ Relative• Risk . n-v._a· iu· .. _.·e ···· r::::i!i!i! .. i::::: Est/ Relativ~ R!sk) . ·> . · = • ·•· 

•·\ •'(95%c: t)~ '/ ~ ·.·, : '•'•' ··:: (95%C·L)~. p .. Va\u~t• 
0.86 (0. 74, 1.00) 0.044 0.80 (0.60, 1.06) 0.115 

520 0.98 (0.82,1.16) 0.795 0.97 (0.70,1.34) 0.850 IC (p=0.006) 
AGE*PACKYR (p=0.036) 
CSMOK*BFAT (p=0.031) 
PACKYR*BFAT (p=0.012) 

a Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty in SEA to the date of the blood draw for 
dioxin. 

b Relative risk for a twofold increase in initial dioxin. 

c Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in SEA to the date of the blood draw for dioxin, 
and covariates specified under "Covariate Remarks" column. 

Note: Low = 39-98 ppt; Medium = > 98-232 ppt; High = > 232 ppt. 



N 
0 

I 

~ 

Dioxin C:::lltegcu,·y 
Comparison 

Background RH 
Low RH 
High RH 

·:.: .. 

Low plus High RH 

·. ·.•. 

.. ... 
1,062 

373 
260 
260 
520 

None . 
57.5 

51.2 
55.0 
63 .1 
59.0 

Table 20-12. (Continued) 
Analysis of Obstructive Abnormality 

Percent Mild .. vs. None 

\ Mild . ...... Mod, or Sev. , ... 
35.4 7 .1 

39.9 8.9 
36.2 8.8 
31.5 5 .4 
33 .9 7 .1 

Est. Relative RJsk 
· (95td "·C ·1 )3b . . --ro· .•. ! :-;· 

1.21 (0.94,1.56) 
1.08 (0.81 ,1.45) 
0 .85 (0.63 ,1.14) 
0 .96 (0.76,1.20) 

p·Value 

0.136 
0.604 
0.268 
0.701 

Moderate or S~vere "s .. None 
Est. Relative .Risk . . .. 

·•:.-"' .. , . (95% .. C!~.)~~\\., : p~Value · . 

1.30 (0.83,2.03) 
1.29 (0.78,2.14) 
0 . 74 (0.40, 1.35) 
1.00 (0.66,1.53) 

0.251 
0.328 
0.321 
0.987 

· . ::. · ::..=.: : .: . .... . . . · ,.,.· .· ... •.·.•,• .... ·.•.• .•,'.' .·.•·."·'.•.'•.'•."··· .. •.'.•'.•.•,_•: " .. · : . ......- , . . ..... M·11·d •>s' " ... : :N· · o· · n· e· ... :)\:: >> :: ... ::::.. ... .. 'Mo· de· r" a.· .. te· "o·· · -~••·s·· e""~e' ·r· .... • •·s No .. ·n· :,;. t ::::::::.:•:\.':>:::::::.\::::. "· ........... ,::::,....... "·::::• .. :::::::•::-:::::·:::::... ::·::::::::·::: ::;:y: ........... ............. ::::•::: .. ······ . .... ........................ .. ...... .. . ........................ ......... t ... .... :::.· ... ........ . .. . .... .... ............ ::.::::·:. . . . ........ ........ ........ 'c :-: .. . J .; .. .. ~. ..... • .. .. .-,.::: ....................... .... . . ... ........... ....... ·/: .:·:::-:.:::· ......... ...................................... . .. 
•.·.· :::;::::::: .··.·.·-·.·.·.·.·.·.·.·.·. :::::;:::::::;:;:::;:: ,_, ..... ,., •,· .·.·.·.·.·.·.·.·.·.·.·. . .. . ' .. . . .. ' .. .. . .. .. . .. ' ·=:>····::;:::; ·:::;:::: ' " . ..... .... . .. ... ..... .. ... ... ... . . . . .. .. .. ,.. .. ..- ........ ;::::::::::::: .:.:.:::.:-: :-:.:.:-:.:-:-:-:.:-:.:.:-: -:.··::.::::'.::;:::.:-:.= ..... ,: 

Comparison 

Background RH 
Low RH 

High RH 
Low plus High RH 

1,060 

372 

260 

260 
520 

1.14 (0.86, 1.51)** 
0.96 (0.70,1.32)** 
1.05 (0.74,1.47)** 
1.00 (0. 78, 1.29)** 

0.360** 
0.822** 
0.798** 
0.997** 

a Relative risk and confidence interval relative to Comparisons. 

1.30 (0.78,2 .16)** 
1.08 (0.62, 1.89)** 
0 .85 (0.44,1.66)** 
0. 98 (0.62, 1.56)** 

0.307** 
0.785** 

0.631** 
0.938** 

DXCAT*PACKYR (p=0.026) 
AGE (p<0.001) 

OCC*CSMOK (p=0.003) 
OCC*BFAT (p=0.010) 

CSMOK*BFAT (p=0.008) 
BFAT*IC (p=0.037) 

b Adjusted for percent body fat at the time of duty in SEA and change in body fat from the time of duty in SEA to the date of the blood draw for dioxin. 
c Adjusted for percent body fat at the time of duty in SEA, change in body fat from the time of duty in SEA to the date of the blood draw for dioxin, and 
covariates specified under "Covariate Remarks" column. 

** Categorized dioxin-by-covariate interaction (0 .01 <p ~0.05); adjusted relative risk, confidence interval, and p-value derived from a model after deletion of 
this interaction; refer to Appendix Table P-2-8 for further analysis of this interaction. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin ~ 10 ppt. 
Background (Ranch Hand) : Current Dioxin ~ 10 ppt. 
Low (Ranch Hand) : Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin ~ 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
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Table 20-12. (Continued) 
Analysis of Obstructive Abnormality 

4 Low 
Medium 
High 

295 50.5 41.0 8.5 
8.7 
6.4 

0.84 (0.76,0.92) <0.001 0.80 (0.67,0.96) 0.015 

5 Low 
Medium 
High 

Low 
Medium 
High 

299 
299 

300 
296 
297 

299 
296 
297 

53.2 38.1 
63.6 30.1 

51.7 40.3 
52.0 38.5 
63.6 30.3 

51.8 40 .1 
52.0 38.5 
63.6 30.3 

a Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 

8.0 
9.5 
6.1 

8.0 
9.5 
6.1 

Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

b Relative risk for a twofold increase in current dioxin. 

c Adjusted for log2 total lipids. 

0.88 (0.81,0.96) 

0.86 (0.79,0.94) 

Note: Model 4: Low = ::; 8.1 ppt; Medium= >8.1-20.5 ppt; High= >20.5 ppt. 
Models 5 and 6: Low = ::; 46 ppq; Medium = >46-128 ppq; High = > 128 ppq. 

0.003 0.84 (0.72,0.98) 0.022 

0.001 0.83 (0.71,0.97) 0 .018 



N 
0 

I 
0\ 
N 

4 892 0.88 (0.77,1.01) 

5 892 0.91 (0.82,1.02) 

6d 891 0.91 (0.81, 1.03) 

a Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 

Table 20-12. (Continued) 
Analysis of Obstructive Abnormality 

0.061 0.86 (0.67,1.09) 

0 .123 0.88 (0 .72,1.08) 

0.135 0.89 (0.72,1.11) 

Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

b Relative risk for a twofold increase in current dioxin. 

c Adjusted for log2 total lipids in addition to covariates specified under "Covariate Remarks" column. 

Note: Model 4: Low = ::;; 8.1 ppt; Medium= >8.1-20 .5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = ::;; 46 ppq; Medium = >46-128 ppq; High = > 128 ppq. 

0.206 

0.228 

0.303 

:.::::>:::;:::;:;::; ;.;.;.;.·.:-;-:-:-:-;.·.:-:·:·:·:-:-:· -:.;-:.:-:-:-:·:-:.;··.·'.·:·:.:-· ... :-:-·-· .. ·.:.:.:···· ... ·.·· 
:'.:::::::::;::::::::;:>:;:::;:·:-;.;.·.·.·.···· 

AGE (p<0.001) 
PACKYR (p<0.001) 
RACE*IC (p=0.026) 

OCC*CSMOK (p=0.003) 
CSMOK*BFAT (p=0.004) 

AGE (p<0.001) 
PACKYR (p<0.001) 
RACE*IC (p=0.026) 

OCC*CSMOK (p=O.OOj) 
CSMOK*BFAT (p=0.004) 

PACKYR (p <0.001) 
AGE*BFAT (p=0.003) 
RACE*IC (p=0.024) 

OCC*CSMOK (p=0.003) 
CSMOK*BFAT (p=0.004) 



analyses) . Similar, nonsignificant results were found for the adjusted analysis for Model 3 
(Table 20-12(t): p>0.30 for all contrasts) . The adjusted Model 3 analysis detected a 
significant categorized dioxin-by-lifetime cigarette smoking history interaction (Table 20-
12(t): p=0.026). Stratified analyses for this interaction are presented in Appendix Table P-
2-8. The results presented in Table 20-12 for the adjusted analysis for Model 3 were derived 
after deletion· of the categorized current dioxin-by-lifetime cigarette smoking history 
interaction. Model 3 was also adjusted for the covariates and interactions of age, · occupation­
by-current cigarette smoking, occupation-by-body fat, current cigarette smoking-by-body fat, 
and body fat-by-industrial chemicals exposure. 

Each unadjusted analysis of Models 4 through 6 revealed a significant inverse 
association between obstructive abnormality and current dioxin for the contrasts of mild 
versus none and moderate or severe versus none (Table 20-12(g): p:S::0.022, Est. RR < 0.88 
for all analyses). However, after adjustment for covariate effects for each model, only the 
mild versus none contrast for Model 4 demonstrated a marginally significant association 
(Table 20-12(h): p=0.061, Est. RR=0.88). When body fat was excluded from the adjusted 
analysis of Models 4, 5, and 6, the inverse association between current dioxin and mild 
obstructive abnormalities became significant for all three models (Appendix Table P-3-lO(c): 
p ~ 0. 05 for all analyses) and marginally significant for the relationship between current 
dioxin and moderate or severe abnormalities for Models 4 and 5 . Significant effects for each 
model included lifetime cigarette smoking and race-by-industrial chemicals exposure, 
occupation-by-current cigarette smoking, current cigarette smoking-by-body fat interactions. 
Age was also significant for Models 4 and 5, and an age-by-body fat interaction was 
significant for Model 6. 

Longitudinal Analysis 

Longitudinal analyses were conducted on the ratio of observed FEV 1 to observed FVC 
to examine whether changes over time differed with respect to group membership (Model 1), 
initial dioxin (Model 2) , and categorized dioxin (Model 3). Models 4 , 5, and 6 were not 
examined in longitudinal analyses because current dioxin, the measure of exposure in these 
models , changes over time and is not available for all participants for 1982, 1985, or 1992. 
The longitudinal analyses for this variable investigated the difference between the measures 
for the 1982 examination and the 1992 examination. Summary statistics for the 1987 
examination are provided for reference purposes. This measurement was not collected for 
the 1985 followup examination. 

The longitudinal analysis for the ratio of observed FEV1 to observed FVC examined the 
paired difference between the measurements for 1992 and 1982. These paired differences 
measured the change in the ratio over time. A logarithmic transformation was applied to 1 
minus this ratio prior to calculating the paired differences for analysis purposes. Each of the 
three models used in the longitudinal analysis were adjusted for age and the dependent 
variable as measured in 1982 (see Statistical Methods, Chapter 7). The analyses of Models 2 
and 3 also were adjusted for percent body fat at the time of duty in SEA and change in 
percent body fat from the time of duty in SEA to the date of the blood draw for dioxin. 
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Laboratory Examination Variable 

Ratio of Observed FEV1 to Observed FVC 

The M.odel 1 analysis of the change in the ratio of observed FEV1 to observed FVC did 
not uncover a significant overall difference between Ranch Hands and Comparisons 
(Table 20-13(a): p=0.420). However, stratifying the Model 1 analysis by occupation 
detected a significant group difference for the enlisted flyers (Table 20-13(a): p=0.021). Of 
the enlisted flyers, the Ranch Hands had an examination mean change of -0.069 between 
1992 and 1982, compared to -0.055 for the Comparisons. 

The results for the Model 2 analysis did not reveal a significant association between the 
change in the ratio of observed FEV1 to observed FVC and initial dioxin (Table 20-13(b): 
p=0.374). Similarly, the Model 3 analysis did not detect a significant relationship between 
the change in the ratio and categorized dioxin (Table 20-13(c): p>0.37 for all contrasts). 

DISCUSSION 

Although the presence of pulmonary disease may be apparent based on the history and 
physical examination, definitive diagnosis often requires the collection of laboratory data 
analyzed in the current section. In addition, because the lung is often involved secondarily in 
numerous infectious, inflammatory, and neoplastic disorders, the assessment of lung disease 
should include the type of comprehensive multisystem review conducted in these 
examinations and reported in other chapters. 

Historical information on the occurrence of pulmonary disease must be interpreted with 
caution in the absence of medical record verification. Many of the cardinal symptoms of 
lung disease, including dyspnea, chest pain, and exercise intolerance, are common to 
cardiovascular disease as well (particularly ischemic heart disease) and are misinterpreted 
frequently as to cause. Wheezing, assumed by the patient to be indicative of asthma, may in 
fact be reflective of hemodynamic compromise in congestive heart failure. "Pneumonia" and 
"pneumonitis" are often confused by patients in relating the medical history. Thus, all 
episodes of pulmonary disease were verified by medical records and only verified 
occurrences were analyzed. 

The physical examination variables studied can provide valuable clues to the presence of 
pulmonary disease; however, in lacking specificity, these data are limited in confirming a 
diagnosis. Wheezes and hyperresonance, for example, will occur in obstructive airway 
disease in asthma or in emphysema secondary to cigarette use. Dullness to percussion, a 
finding common to many disorders, will occur in consolidation from atelectasis, infections, 
pleural thickening, or pleural effusion. 

In view of the limitations of the history and physical examination noted above, added 
emphasis is placed on screening laboratory data in the diagnosis of respiratory disease. The 
chest x ray, when normal, is highly reliable in excluding pulmonary parenchymal disease, 
though several exceptions must be recognized. Solitary lesions less than 6 millimeters, 
miliary granulomatous infection, and early interstitial disease, among others, may be present 
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Table 20-13. 
Longitudinal Analysis of Ratio of Observed FEV1 to Observed FVC 

a) MODEL l: RANCH HANDS VS. COMPARISONS 
··:·:· .•. - ··,, ... _;:;·;::·::.··.-:;: Meana/(n) 

Occupational 
Examination Exam. Difference of Exam. 

Category Group 1982 .... 1987 1992 Mean Changeb Mean Change p-Valuec 

All Ranch Hand 0.814 0.816 0.761 -0.054 -0.002 0.420 
(900) (868) (900) 

Comparison 0.815 0.817 0.763 -0.052 
(1,060) (1,034) (1,060) 

Officer Ranch Hand 0.806 0.809 0.751 -0.055 0.000 0 .983 
(339) (333) (339) 

Comparison 0.812 0.813 0.757 -0.055 
(403) (391) (403) 

Enlisted Flyer Ranch Hand 0.810 0.801 0.742 -0.069 -0.014 0.021 
(159) (153) (159) 

Comparison 0.806 0.805 0.751 -0.055 
(173) (172) (173) 

Enlisted Ranch Hand 0.822 0.827 0.776 -0.047 0.001 0.798 
Ground crew (402) (382) (402) 

Comparison 0.820 0.285 0.772 -0.048 
(484) (471) (484) 

a Transformed from natural logarithm of (1-X) scale. 

b Difference between 1992 and 1982 examination means after transformation to original scale. 

c P-value is based on analysis of natural logarithm of 1-ratio; results adjusted for natural logarithm of I-ratio in 
1982 and age in 1992. 

Note: Summary statistics for 1987 are provided for reference purposes for participants who attended the 
Baseline, 1987, and 1992 examination. Data were not collected for the 1985 examination. 
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Table 20-13. (Continued) 
Longitudinal Analysis of Ratio of Observed FEV 1 to Observed FVC 

Low 0.815 0.817 0.759 -0.0031 (0.0034) 0.374 
(167) (166) (167) 

Medium 0.813 0.810 0.757 
(169) (165) (169) 

High 0.834 0.842 0.792 
(168) (162) (168) 

a Transformed from natural logarithm of (1-X) scale. 

b Results based on difference between natural logarithm of I-ratio in I992 and natural logarithm of I-ratio in I982 
versus log2 (initial dioxin); results adjusted for percent body fat at the time of duty in SEA, change in percent body 
fat from the time of duty in SEA to the date of the blood draw for dioxin, natural logarithm of I-ratio in I982, and 
age in 1992. 

Note: Low = 39-98 ppt; Medium= >98-232 ppt; High = >232 ppt. 
Summary statistics for I 987 are provided for reference purposes for participants who attended the Baseline, 
I 987, and I 992 examinations. Data were not collected for the I 985 examination. 
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Table 20-13. (Continued) 
Longitudinal Analysis of Ratio of Observed FEV1 to Observed FVC 

Comparison -0.052 

Background RH -0.058 -0.007 0.378 

Low RH -0.056 -0.004 0.590 

High RH -0.047 0.005 0.743 

Low plus High RH -0.051 0.001 0.577 

a Transformed from natural logarithm of (1-X) scale. 

b Difference between 1992 and 1982 examination means after transformation to original scale. 

c P-value is based on analysis of natural logarithm of 1-ratio; results adjusted for percent body fat at the time of duty 
in SEA, change in percent body fat from the time of duty in SEA to the date of the blood draw for dioxin, natural 
logarithm of I-ratio in 1982, and age in 1992. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin ~ 10 ppt. 
Background (Ranch Hand): Current Dioxin ~ 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin ~ 143 ppt. 
High (Ranch Hand): Current pioxin > 10 ppt, Initial Dioxin > 143 ppt. 

Summary statistics for 1987 are provided for reference purposes for participants who attended the Baseline, 
1987, and 1992 examinations. Data were not collected for the 1985 examination. 
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but not detectable radiographically. Furthermore, it is recognized clinically that the chest 
x ray is not sensitive to the detection of obstructive airway disease in an early stage. On the 
other hand, the chest x ray may reveal an early occult malignancy in an asymptomatic patient 
and afford a rare opportunity for cure. 

Spirometry has been used as a clinical tool to measure static lung volumes and to detect 
respiratory disease for more than a century. Dynamic indices, relating changes in lung 
volume to time, were first developed more than 50 years ago and, with computerization, 
have been refined to a high degree of accuracy and reproducibility. To be valid, spirometry 
requires that particular attention be paid to technician training and to eliciting the full 
cooperation of the patient. In spirometry, a premium is placed on using identical techniques 
in longitudinal studies. These factors received special emphasis in this study. 

The spirometric indices evaluated in this chapter are designed to measure lung volume 
(PVC) and respiratory air flow (FEV1). Static lung volume is principally determined by 
height and is independent of weight, while dynamic volume measurements depend in part on 
physical strength. Accordingly, all indices require correction for age and height. In the 
current study, an apparent increase in the FEV1 to PVC ratio was driven more by a reduction 
in the static index, PVC, associated with restrictive or infiltrative lung disease, than by any 
significant changes in the dynamic index, FEV1• 

Respiratory disease may be divided into two general categories in clinical practice. 
"Restrictive" disease is characterized by reduced vital capacity as seen in interstitial fibrosis 
or reduced lung volume postsurgical resection. In "obstructive" airways disease associated 
with cigarette use (usually chronic obstructive pulmonary disease), the flow-dependent index, 
FEVI> is abnormally prolonged. 

The analyses of dependent variable-covariate associations confirm observations that are 
well established in clinical practice. Lifetime cigarette smoking history was a highly 
significant risk factor with respect to the development of bronchitis and pneumonia and for 
all of the laboratory indices analyzed. Of interest, over the 10-year course of these 
examinations, the percentage of participants has steadily decreased from 42 percent in 1982 
to 25 percent in 1992. Stratification by occupation confirms that, as a group, officers are 
significantly less likely to. develop lung disease than enlisted personnel. With advancing age, 
an increase in respiratory disease was confirmed by history and on physical examination, as 
was an age-related decline in the static and dynamic indices of pulmonary function. Related 
to racial variations in body habitus, Blacks have a slight reduction in vital capacity relative to 
non-Blacks. Finally, the analyses of body fat confirmed the well-recognized reduction in 
vital capacity and its derivatives associated with obesity. 

The analyses of historical variables yielded inconsistent results. Bronchitis was more 
common and pneumonia less common in Ranch Hands than in Comparisons. Of interest, but 
of uncertain cause, Ranch Hand enlisted flyers appeared to be at selective risk relative to 
Comparisons with respect to the history of bronchitis (19 .4 % vs. 16.6 % ) and the frequency 
of abnormalities noted on physical examination (22.8% vs. 12.3%) and chest x ray (19.1 % 
vs. 14.3%). There was, however, no evidence for any relationship with the current body 
burden of dioxin. 
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Although in the analyses of static and dynamic laboratory variables, no significant group 
differences were defined, within the Ranch Hand cohort there was evidence for a dioxin 
effect similar to that documented in the 1987 examinations and the subsequent serum dioxin 
analysis . A slight reduction in FVC was noted in those participants with high versus low 
extrapolate~ initial dioxin and in all models employing current serum dioxin as well. Similar 
directional changes were noted in the FVC derived index of the ratio of observed FEV 1 to 
observed FVC. Although consistent with a dose-response effect, the differences in the means 
were slight and of doubtful physiologic significance. Clinically, a reduction in FVC is noted 
often in obese patients, and these results may reflect in part the strong positive association 
between current serum dioxin and body fat noted in Chapter 9, General Health. 

Longitudinal analyses of the ratio of observed FEV 1 to observed FVC did not reveal any 
significant differences between the Ranch Hand and Comparison cohorts. In the enlisted 
flyer category, Ranch Hands had a slightly greater reduction in the ratio than did 
Comparisons, but the difference (-0.069 vs. -0.055) is not physiologically significant. There 
was no evidence for any trend in relation to the extrapolated initial or current serum dioxin 
levels. 

In summary, the historical, physical examination, and laboratory data analyzed revealed 
no evidence for an increase in pulmonary disease in the Ranch Hand cohort relative to the 
Comparisons. Selected results were consistent with a subtle dose-response effect related to 
dioxin exposure, although body habitus-and more specifically, body fat-may play a role in 
these associations. 

SUMMARY 

The Pulmonary Assessment comprised analyses of the following health endpoints: the 
occurrence (after duty in SEA) of asthma, bronchitis, and pneumonia; thorax and lung 
abnormalities; x ray interpretation; FVC (percent of predicted); FEV1 (percent of predicted); 
ratio of observed FEV1 to observed FVC; loss of vital capacity; and obstructive abnormality. 
Statistical examinations were performed for each variable with group (Model 1), initial 
dioxin (Model 2), categorized dioxin (Model 3), current lipid-adjusted dioxin (Model 4) , and 
current whole-weight dioxin (Models 5 and 6). Summarized results are presented in Tables 
20-14 through 20-17. A summary of group-by-covariate and dioxin-by-covariate interactions 
is provided in Table 20-18. 

Model 1: Group Analysis 

The history of bronchitis differed significantly between Ranch Hand and Comparison 
enlisted flyers for both the Model 1 unadjusted and adjusted analyses (p= 0.037 and p=0.033 
respectively), with a higher percentage of enlisted flyer Ranch Hands than enlisted flyer 
Comparisons having a history of post-SEA bronchitis. Similar results were found for thorax 
and lung abnormalities. Ranch Hand enlisted flyers exhibited a significantly higher 
percentage of thorax and lung abnormalities than did Comparison enlisted flyers (p=0.012 
unadjusted and p = 0.021 adjusted). In addition, the history of pneumonia differed 
significantly between groups across all occupations for both the unadjusted and adjusted 
analyses (p= 0.012 and p = 0.008 respectively); however, a higher percentage of Comparisons 
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Table 20-14. 
Summary of Group Analyses (Model 1) for Pulmonary Variables 

(Ranch Hands vs. Comparisons) 

UNADJUSTED 

Variable All Officer Enlisted Flyer Enlisted Groundcre.w 

Verified Medical Records 

Asthma (D) 

Bronchitis (D) 

Pneumonia (D) 

Physical Examination 

Thorax and Lung 
Abnormalities (D) 

Laboratory 

X Ray Interpretation (D) 

FVC3 (C) 

FEV1
3 (C) 

Ratio of Observed FEV 1 

to Observed FVC3 (C) 

Loss of Vital Capacityb (D) 

Loss of Vital Capacityc (D) 

Obstructive Abnormalityb (D) 

Obstructive Abnormalityc (D) 

NS 

NS* 

-0.012 

+0.011 

NS 

ns 

ns 

ns 

ns 

ns 

NS 

NS 

a Negative difference considered adverse for this variable. 
b Mild contrasted with none. 
c Moderate or severe contrasted with none. 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk ~ 1.00. 

Relative risk < 1.00. 
NS or ns: Not significant (p >0.10). 
NS* or ns*: Marginally significant (0.05 <p :$;0.10). 
Note: P-value given if p :$;0.05. 

NS 

NS 

-0.029 

NS 

ns 

ns 

ns 

ns 

ns 

NS 

NS 

NS 

ns 

+0.037 

NS 

+0.012 

NS 

NS 

ns 

ns 

ns* 

ns 

NS 

NS 

NS 

NS 

ns 

NS 

ns 

ns 

ns 

NS 

ns 

ns 

ns 

ns 

A capital "NS" denotes a relative risk 1.00 or greater for discrete analysis or difference of means 
nonnegative for continuous analysis; a lower case "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 

20-70 



Table 20-14. (Continued) 
Summary of Group Analyses (Model 1) for Pulmonary Variables 

(Ranch Hands vs. Comparisons) 

AD.JUSTED 

Variable All Officer Enlisted Flyer Enlisted Groundcrew 

Verified Medical Records 

Asthma (D) 

Bronchitis (D) 

Pneumonia (D) 

Physical Examination 

Thorax and Lung 
Abnormalities (D) 

Laboratory 

X Ray Interpretation (D) 

Fvca (C) 

FEV1a (C) 

Ratio of Observed FEV 1 

to Observed Fvca (C) 

Loss of Vital Capacicyb (D) 

Loss of Vital Capacityc (D) 

Obstructive Abnormalicyb (D) 

Obstructive Abnormalityc (D) 

NS 

NS* 

-0.008 

+0.033 

ns 

ns 

ns 

ns 

ns 

ns 

**(NS) 

**(NS) 

a Negative difference considered adverse for this variable. 
b Mild contrasted with none. 
c Moderate or severe contrasted with none. 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk ~ 1.00. 

Relative risk < 1.00. 

ns 

-0.017 

NS 

ns 

ns 

ns 

ns 

ns 

NS 

**(NS) 

**(NS) 

Analysis not performed due to sparse number of abnormalities. 
NS or ns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05 <p S:0.10). 

+0.033 NS 

ns ns* 

+0.021 NS 

NS ns 

NS ns 

ns ns 

ns NS 

-0.048 NS 

ns ns 

**(NS) **(ns) 

**(NS) **(ns) 

**(NS) or **(ns): Group-by-covariate interaction (p ~0.05); not significant when interaction is deleted; refer to 
Appendix P-2 for further analysis of this interaction. 

Note: A capital "NS" denotes a relative risk 1.00 or greater for discrete analysis or difference of means 
nonnegative for continuous analysis; a lower case "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 
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Table 20-15. 
Summary of Initial Dioxin Analyses (Model 2) for Pulmonary Variables 

(Ranch Hands Only) 

Variable 

Verified Medical Records 

Asthma (D) 

Bronchitis (D) 

Pneumonia (D) 

Physical Examination 

Thorax and Lung 
Abnormalities (D) 

Laboratory 

X Ray Interpretation (D) 

Fvca (C) 

FEV1a (C) 

Ratio of Observed FEV 1 

to Observed FVC31> (C) 

Loss of Vital Capacityc (D) 

Loss of Vital Capacityd (D) 

Obstructive Abnormalityc (D) 

Obstructive Abnormalityd (D) 

a Negative slope considered adverse for this variable. 

Unadjusted 

NS 

NS 

ns 

NS 

ns 

ns 

NS 

+0.008 

NS 

ns 

-0.044 

ns 

Adjusted 

NS 

NS 

ns 

NS 

ns 

-0.034 

**** 
NS 

NS 

ns 

ns 

ns 

b Positive association betw~n variable and log2 (initial dioxin); however, slope is negative in analysis due to natural 
logarithm (1-X) transformation; directionality of association in table is opposite of analysis slope. 
c Mild contrasted with none. 
d Moderate or severe contrasted with none. 
C: Continuous analysis. 
D: Discrete analysis. 
+: Slope negative for variable; however, due to transformation used in analysis, directionality of association is 

positive. 
Relative risk < 1.00; slope negative for continuous analysis. 

NS or ns: Not significant (p>0.10). 
**** Log2 (initial dioxin)-by-covariate interaction (p~0.01); refer to Appendix P-2 for further analysis of 

this interaction. 
Note: P-value given if p~0.05. 

A capital "NS" denotes a relative risk 1.00 or greater for discrete analysis or slope nonnegative for 
continuous analysis; a lower case "ns" denotes relative risk less than 1.00 for discrete analysis or slope 
negative for continuous analysis, except as noted above for the ratio of observed FEV1 to observed FVC. 
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Table 20-16. 
Summary of Categorized Dioxin Analyses (Model 3) for Pulmonary Variables 

(Ranch Hands vs. Comparisons) 

,:·· 
·:.: UNADJUSTED 

:·:·:·'.··" . 

•,•, .. · Background Ranch Low Ranch 
Bands 'VS. Hands vs. 

Variable Comparisons Comparisons 

Verified Medical Records 

Asthma (D) NS NS 

Bronchitis (D) NS NS 

Pneumonia (D) ns ns* 

Physical Examination 

Thorax and Lung +0.028 NS 
Abnormalities (D) 

Laboratory 

X Ray Interpretation (D) NS ns 

Fvca (C) NS ns 

FEV1a (C) ns ns 

Ratio of Observed FEV 1 -0.009 NS 
to Observed Fvca (C) 

Loss of Vital Capacityb (D) ns ns 

Loss of Vital Capacityc (D) ns NS 

Obstructive Abnormalityb (D) NS NS 

Obstructive Abnormalityc (D) NS NS 

a Negative difference considered adverse for this variable. 
b Mild contrasted with none. 
c Moderate or severe contrasted with none. 
C: Continuous analysis. 
D: Discrete analysis. 

High Ranch 
Hands 'VS. 

Comparisons 

NS 

NS 

-0.008 

NS* 

ns 

ns 

ns 

+0.022 

ns 

ns 

ns 

ns 

··:::··· :=t 

Low .plus High 
Ranch Hands vs. 

Comparisons 

NS 

NS 

-0.002 

NS 

ns 

ns* 

ns 

NS 

ns 

ns 

ns 

NS 

+: Relative risk ;;:::: 1.00 for discrete analysis or difference of means nonnegative for continuous analysis. 
Relative risk < 1.00 for discrete analysis or difference of means negative for continuous analysis. 

NS or ns: Not significant (p > 0 .10). 
NS* or ns*: Marginally significant (0.05 <p ~0.10). 
Note: P-value given if p ~0.05 . 

A capital "NS" denotes a relative risk 1.00 or greater for discrete analysis or difference of means 
nonnegative for continuous analysis; a lower case "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 
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Table 20-16. (Continued) 
Summary of Categorized Dioxin Analyses (Model 3) for Pulmonary Variables 

(Ranch Hands vs. Comparisons) 

··--::.::::::·. 
··:.:-::·· -

··· Background Randt L:,\v Ranch 
Hands -vs. Hands vs. 

High Ranch 
Hands'vs. 

Variable . . ··•.•. Comparisons · · ( Comparisons Compai"isollS 

Verified Medical Records 

Asthma (D) 

Bronchitis (D) 

Pneumonia (D) 

Physical Examination 

Thorax and Lung 
Abnormalities (D) 

Laboratory 

X Ray Interpretation (D) 

Fvca (C) 

FEV1
3 (C) 

Ratio of Observed FVC 
to Observed FEV I a (C) 

Loss of Vital Capacityb (D) 

Loss of Vital Capacityc (D) 

Obstructive Abnormalityb (D) 

Obstructive Abnormalityc (D) 

NS 

+0.036 

ns 

+0.011 

**(NS) 

NS 

ns 

**(ns*) 

ns 

ns 

**(NS) 

**(NS) 

a Negative difference considered adverse for this variable. 
b Mild contrasted with none. 
c Moderate or severe contrasted with none. 
C: Continuous analysis. 
D: Discrete analysis. 
+ : Relative risk ~ 1.00. 

Relative risk < 1.00. 
NS or ns: Not significant (p>0.10). 

NS NS 

ns ns 

-0.038 -0.012 

NS NS 

**(ns) **(ns) 

ns ns 

ns ns 

**(NS) **(NS) 

ns ns 

ns ns 

**(ns) **(NS) 

**(NS) **(ns) 

L<>w:pllls High 
Randi Hands vs • 

Comparisons· 

NS 

ns 

-0.002 

NS 

**(ns) 

ns 

ns 

**(NS) 

ns 

ns 

**(NS) 

**(ns) 

**(NS) or **(ns): Categorized dioxin-by-covariate interaction (p~0.05); not significant when interaction is 
deleted; refer to Appendix P-2 for further analysis of this interaction. 

**(ns*): Categorized dioxin-by-covariate interaction (p ~0.05); marginally significant when interaction is 
deleted; refer to Appendix P-2 for further analysis of this interaction. 

Note: P-value given if p~0.05. 
A capital "NS" denotes a relative risk 1.00 or greater for discrete analysis or difference of means 
nonnegative for continuous analysis; a lower case "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 
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Table 20-17. 
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Pulmonary Variables 

(Ranch Hands Only) 

... !. 

Variable 

Verified Medical Records 

Asthma (D) 

Bronchitis (D) 

Pneumonia (D) 

Physical Examination 

Thorax and Lung 
Abnormalities (D) 

Laboratory 

X Ray Interpretation (D) 

Fvca (C) 

FEV1a (C) 

Ratio of Observed FEV 1 

to Observed FVCab (C) 

Loss of Vital Capacityc (D) 

Loss of Vital Capacityd (D) 

Obstructive Abnormalityc (D) 

Obstructive Abnormalityd (D) 

Model 4: 
Lipid-Adjusted 
CUITent Dioxin 

NS 

ns 

ns 

ns 

ns 

-0.002 

NS 

+<0.001 

NS 

NS 

-<0.001 

-0.015 

a Negative slope considered adverse for this variable. 

UNADJUSTED 

Model S: 
Whole-Weight 
Current Dioxin 

NS 

ns 

ns 

ns 

ns 

-0.001 

NS 

+<0.001 

NS 

NS 

-0.003 

-0.022 

Model 6: 
Whole-Weight Current 

Dioxin Adjusted for Total 
Lipids 

NS 

ns* 

ns 

ns 

ns 

-0.015 

NS 

+<0.001 

NS 

NS 

-0.001 

-0.018 

b Positive association between variable and log2 (current dioxin + 1); however, slope is negative in analysis due 
to natural logarithm (1-X) transformation; directionality of association in table is opposite of analysis slope. 
c Mild contrasted with none. 
d Moderate or severe contrasted with none. 
C: Continuous analysis. 
D: Discrete analysis. 
+: Slope negative for variable; however, due to transformation used in analysis, directionality of association is 

positive. 
Relative risk < 1.00 for discrete analysis; slope negative for continuous analysis. 

NS or ns: Not significant. 
ns*: Marginally significant (0.05 <p ~0.10). 
Note: P-value given if p ~0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or slope nonnegative for 
continuous analysis; a lower case "ns" denotes relative risk less than 1.00 for discrete analysis or slope 
negative for continuous analysis, except as noted above for the ratio of observed FEV 1 to observed FVC. 
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Table 20-17. (Continued) 
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Pulmonary Variables 

(Ranch Hands Only) 

Variable 

Verified Medical Records 

Asthma (D) 

Bronchitis (D) 

Pneumonia (D) 

Physical Examination 

Thorax and Lung 
Abnormalities (D) 

Laboratory 

X Ray Interpretation (D) 

FVCa (C) 

FEV1a (C) 

Ratio of Observed FEV 1 

to Observed FVCab (C) 

Loss of Vital Capacityc (D) 

Loss of Vital Capacityd (D) 

Obstructive Abnormalityc (D) 

Obstructive Abnormalityd (D) 

Model 4: 
Lipid-Adjusted 
Current Dioxin 

**(NS) 

**(-0.011) 

ns* 

**(ns) 

**** 
ns 

NS 

+0.001 

**(NS) 

**(NS) 

ns* 

ns 

a Negative slope considered adverse for this variable. 

ADJUSTED 

Model 6: 
Model 5: Whole-Weight Current 

Whole-Weight Dioxin Adjusted for Total 
Current Dioxin Lipids 

ns **(NS) 

**(-0.031) **(-0.004) 

ns ns 

ns ns 

**(ns) **(ns*) 

ns ns 

NS NS 

+0.001 +0.001 

**(NS) NS 

**(NS) NS 

ns ns 

ns ns 

b Positive association between variable and log2 (current dioxin + 1); however, slope is negative in analysis due 
to natural logarithm (1-X) transformation; directionality of association in table is opposite of analysis slope. 
c Mild contrasted with none. 
d Moderate or severe contrasted with none. 
C: Continuous analysis. 
D: Discrete analysis. 
+: Slope nonnegative for variable; however due to transformation used in analysis, directionality of association 

is positive. 
Relative risk < 1.00. 

NS or ns: Not significant. 
ns*: Marginally significant (0.05 <p s: 0.10). 
**(NS): Log2 (current dioxin)-by-covariate interaction (p s:0.05); not significant when interaction is deleted; 

refer to Appendix P-2 for further analysis of this interaction. 
**(ns*): Log2 (current dioxin + 1)-by-covariate interaction (0.01 <p~0.05); marginally significant when 

interaction is deleted; refer to Appendix P-2 for further analysis of this interaction. 
**( . .. ): Log2 (current dioxin + !)-by-covariate interaction (0.01 <pS:0.05); significant when interaction is 

deleted and p-value given in parentheses; refer to Appendix P-2 for further analysis of this interaction. 
**** Log2 (current dioxin + 1)-by-covariate interaction (p s:0.01); refer to Appendix P-2 for further analysis 

of this interaction. 
Note: P-value given if pS:0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or a nonnegative slope for 
continuous analysis; a lower case "ns" denotes relative risk less than 1.00 for discrete analysis or slope 
negative for continuous analysis, except as noted above for the ratio of observed FEV 1 to observed FVC. 
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Table 20-18. 
Summary of Group-by-Covariate and Dioxin-by-Covariate Interactions from Adjusted 

Analyses of Pulmonary Variables 

Model Variable 

Obstructive Abnormality (D) 

FEV1 (C) 

X Ray Interpretation (D) 
Ratio of Observed FEV1 to Observed FVC (C) 
Obstructive Abnormality (D) 

Asthma (D) 
Bronchitis (D) 
Thorax and Lung Abnormalities (D) 
X Ray Interpretation (D) 
Loss of Vital Capacity (D) 

Bronchitis (D) 
X Ray Interpretation (D) 
Loss of Vital Capacity (D) 

Asthma (D) 
Bronchitis (D) 
X Ray Interpretation (D) 

C: Continuous analysis. 
D: Discrete analysis. 
a Group Analysis (Ranch Hands vs. Comparison). 
b Ranch Hands-Log2 (Initial Dioxin). 
c Categorized Dioxin. 
d Ranch Hands-Log2 (Current Lipid-Adjusted Dioxin + 1). 
c Ranch Hands-Log2 (Current Whole-Weight Dioxin + 1). 

Covariate 

Lifetime Cigarette ·smoking History 

Current Cigarette Smoking 

Occupation 
Age 
Lifetime Cigarette Smoking History 

Age 
Industrial Chemicals Exposure 
Current Cigarette Smoking 
Current Cigarette Smoking 
Race, Current Cigarette Smoking 

Industrial Chemicals Exposure 
Current Cigarette Smoking 
Current Cigarette Smoking 

Age 
Industrial Chemicals Exposure 
Current Cigarette Smoking 

f Ranch Hands-Log2 (Current Whole-Weight Dioxin + 1), Adjusted for Total Lipids. 
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than Ranch Hands had a history of post-SEA pneumonia. Results are analogous for the 
officer stratum for the analysis of pneumonia (p=0.029 unadjusted and p=0.017 adjusted). 
The unadjusted analysis of loss of vital capacity, mild versus none, revealed marginally 
significant results for enlisted flyers, and the adjusted analysis displayed significant 
differences._ Both analyses showed lower percentages of mild loss of vital capacity for the 
Ranch Hands than for the Comparisons. The adjusted analysis of obstructive abnormalities 
revealed a significant interaction between group and lifetime cigarette smoking history. 

In the longitudinal analysis, the change in the ratio of observed FEV1 to observed PVC 
between 1982 and 1992 differed significantly for enlisted flyers (p=0.021). The ratio 
decreased, and the change in the ratio was significantly greater for Ranch Hands than for 
Comparisons. 

Model 2: Initial Dioxin Analysis 

For the Model 2 unadjusted analyses, significant inverse associations were revealed 
between initial dioxin and the ratio of observed FEV1 and observed PVC and mild 
obstructive abnormalities (p=0.008 and p=0.044 respectively). However, after adjusting for 
significant covariates, these associations were no longer significant. The adjusted analyses 
did find a significant association between initial dioxin and PVC (p=0.034). The negative 
association between dioxin and PVC is indicative of an adverse health effect for increasing 
levels of dioxin. 

Model 3: Categorized Dioxin Analysis 

Contrasts involving dioxin measurements on Ranch Hands and Comparisons were 
examined in the analysis of Model 3. The adjusted analysis of post-SEA bronchitis showed a 
significantly higher percentage of background Ranch Hands than Comparisons with a history 
of bronchitis (p=0.036). The unadjusted analysis of post-SEA pneumonia revealed a 
significantly higher percentage of Comparisons than Ranch Hands in the high and low plus 
high initial dioxin categories had a history of post-SEA pneumonia (p =0.008 ·and p =0. 002 
respectively). After adjustment for covariate effects, the differences remained significant for 
the high and low plus high categories and also were significant for the low Ranch Hands 
versus Comparisons, where a higher percentage of Comparisons than Ranch Hands in the 
low dioxin category had a history of post-SEA pneumonia. For the unadjusted and adjusted 
analyses of thorax and lung abnormalities, the background Ranch Hands exhibited a 
significantly higher percentage of thorax and lung abnormalities than the Comparisons 
(p=0.028 and p=0.011 respectively). The background Ranch Hand and high Ranch Hand 
contrasts for the unadjusted analysis of the ratio of observed FEV1 to observed PVC were 
significant (p=0.009 and p=0.022 respectively). However, after adjusting for covariates, 
these contrasts were no longer significant. 

Models 4, 5, and 6: Current Dioxin Analyses 

Current dioxin effects upon pulmonary health variables were analyzed in Models 4 
through 6. The .adjusted analyses of post-SEA bronchitis revealed a significant inverse 
association between the history of bronchitis and current dioxin (p=0.011, p=0.031, and 
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p=0.004 respectively). For Models 4, 5, and 6, the analyses of x ray interpretation revealed 
a significant current dioxin-by-current cigarette smoking interaction. Model 6 revealed a 
marginally significant association between x ray interpretation and current dioxin after 
removal of the interaction from the final model. The unadjusted analysis of FVC exhibited a 
significant ¢verse association with current dioxin for Models 4 through 6; however, after 
adjusting for significant covariates, the analyses were no longer significant. The unadjusted 
and adjusted analyses of the ratio of observed FEV1 to observed FVC both exhibited highly 
significant positive associations with current dioxin for Models 4 through 6 (p$;0.001 for all 
analyses). This relationship between the ratio and current dioxin could be indicative of a 
positive health effect; however, the increase in the FEV1 to FVC ratio as dioxin increases 
appears to be driven by the significant decrease in FVC for increasing dioxin levels. 
Unadjusted analyses of obstructive abnormality for Models 4 through 6 each revealed a 
significant inverse association with current dioxin (p $; 0. 022 for all contrasts). However, 
after adjustment for covariates, only the Model 4 mild versus none contrast remained 
marginally significant. 

CONCLUSION 

For the medical records and physical examination pulmonary variables, the group 
analysis revealed significant relationships for bronchitis and thorax and lung abnormalities 
only. For enlisted flyers, significantly more Ranch Hands than Comparisons had post-SEA 
bronchitis and thorax and lung abnormalities. However, the initial dioxin, categorized 
dioxin, and current dioxin analyses for these variables did not confirm a dioxin dose-response 
relationship. 

For the laboratory variables, a statistically significant inverse relationship was revealed 
between percent of predicted FVC and initial and current dioxin for Ranch Hands. 
However, when Ranch Hands were contrasted with Comparisons, no significant differences 
were detected. Also, the analysis of the ratio of observed FEV1 to observed FVC within 
Ranch Hands revealed a significant direct relationship with initial dioxin indicating that the 
ratio increases (becomes closer to 1) for increasing levels of initial dioxin, which may be due 
to the diminishing magnitude of FVC in the denominator of the ratio. 

In the longitudinal analysis of the ratio of observed FEV1 to observed FVC, there was a 
significant group difference for the enlisted flyers. The Ranch Hand enlisted flyers had a 
larger decrease in the ratio between 1982 and 1992 than the Comparison enlisted flyers. 

In summary, the historical, physical examination, and laboratory data analyzed for the 
Pulmonary Assessment revealed no consistent evidence of an increased prevalence of 
pulmonary disease in the Ranch Hand cohort in relation to body burden of dioxin. 
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CHAPfER21 

CONCLUSIONS 

INTRODUCTION 

This section summarizes the conclusions drawn from the statistical analyses of data 
from the 1992 followup examination of the Air Force Health Study (AFHS). The 1992 
followup was an extension of the Baseline, 1985, and 1987 followup examinations. Health 
endpoints measured at the 1992 examination were analyzed for associations with dioxin 
(TCDD) exposure and body burden of serum dioxin, and were examined longitudinally in 
relation to data from the previous examination cycles. 

STUDY PERFORMANCE ASPECTS 

Participation at the 1992 followup examination remained high. Of the 1, 148 eligible 
Ranch Hands, 952 participated in the 1992 followup examination, while 912 of the 1,191 
eligible Comparisons from the Baseline examination participated in the 1992 followup. Of 
the 571 Comparisons identified as replacements for Original Comparisons, 369 participated 
in the 1992 followup. Ninety-one percent of living Ranch Hands and 92 percent of living 
Comparisons who. were fully compliant at the Baseline examination returned for the 1992 
followup examination. Each of the 952 Ranch Hands and 1,281 Comparisons at the 1992 
followup completed the physical examination, but two participants refused to complete the 
questionnaire. Despite requirements in the Study Protocol, 62 of 279 non.compliant 
Comparisons were not replaced as they should have been. However, the total number of 
fully compliant participants would have increased by less than 3 percent and any biasing 
effect is considered negligible. 

POPULATION CHARACTERISTICS 

Overall, Ranch Hands and Comparisons had similar personal characteristics and 
lifestyle habits. However, notable exceptions included duration of combat service, reported 
herbicide exposure, and high-density lipoprotein (HDL). Ranch Hands tended to serve in 
combat longer than Comparisons, because Ranch Hands were stationed in combat areas for 
their entire time of duty in Southeast Asia (SEA), whereas Comparisons returned to stations 
outside of combat areas between missions. A possible explanation for a greater percentage 
of Ranch Hands than Comparisons reporting herbicide exposure may have been the tendency 
of Ranch Hands to report their exposure during their time of duty in SEA, although the 
questionnaire was designed to capture post-SEA exposure only. The relationship between 
group and HDL is not clear-the group means are not significantly different, but the 
percentage of Ranch Hands considered abnormal (less than 35 mg/dl) is significantly greater 
than the percentage of Comparisons. In Ranch Hands, most of the significant associations 
between dioxin and the covariates can be attributed to, or partially explained by, the effects 
of occupation, age, or body fat. 
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STATISTICAL MODELS 

The analysis of the 1992 followup examination results employed six statistical models 
to evaluate the relationship between the health status of study participants and their dioxin 
exposure and serum dioxin levels. The first model specifies contrasts between Ranch Hands 
and Compansons using group as a proxy for exposure and does not incorporate serum dioxin 
measurements. The remaining five models all incorporate serum dioxin measurements in 
either current or initial form. The six models are summarized as follows: 

• Model 1: Ranch Hands versus Comparisons 

• Model 2: Estimated initial serum dioxin levels using Ranch Hand participants 
with greater than 10 ppt of current lipid-adjusted dioxin 

• Model 3: Ranch Hands categorized according to serum dioxin levels versus 
Comparisons with 10 ppt of current lipid-adjusted dioxin or less 

• Model 4: Current lipid-adjusted serum dioxin using Ranch Hands only 

• Model 5: Current whole-weight serum dioxin using Ranch Hands only 

• Model 6: Current whole-weight serum dioxin, adjusted for total lipids, using 
. Ranch Hands only. 

In Model 1, the use of group and occupation as a surrogate for exposure is not subject 
to the possible biases based on health conditions that can occur with serum dioxin estimates. 
However, an implicit underlying assumption is that Ranch Hands were exposed and 
Comparisons were not exposed. Model 2 is based on initial dioxin levels that were 
extrapolated from current lipid-adjusted dioxin measurements above background levels (10 
ppt), assuming first-order kinetics and a constant dioxin decay rate. Model 3 is less 
dependent on the· accuracy of the initial dioxin estimation algorithm, but all Ranch Hands 
with high serum dioxin levels are treated alike without exµphasizing the unusually large 
dioxin doses received by some Ranch Hands. Models 4, 5, and 6 are based on current 
dioxin measurements from the 1987 examination and assume nothing about dioxin elimination 
other than that Ranch Hands were exposed in Vietnam and their body-burdens have 
decreased over time in an unspecified manner. However, current dioxin may not be a good 
surrogate for exposure if e1imination rates differ among individuals. 

Statistical analyses often were applied to clinical endpoints in continuous form (i.e., 
original measurements) as well as in discrete form (i.e., measurements grouped into 
categories based on abnormal levels). Analyses also were performed to account for the 
effects that demographic and personal characteristics may have had on the clinical 
measurements. Such analyses.care termed "adjusted analyses." 
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CLINICAL RESULTS 

This section provides the conclusions from the analyses of the twelve clinical areas­
general health, neoplasia, neurology, psychology, gastrointestinal, dermatology, 
cardiovasc~lar, hematology, renal, endocrine, immunology, and pulmonary. Appendix 
Tables Q-1-1 through Q-1-24 of Appendix Q-1 present the results for each of the six models 
for more than 300 health endpoints analyzed in the 12 clinical chapters. Appendix Q-2 
presents graphical displays of 26 selected continuous health measurements versus the 
logarithm (base 2) of current lipid-adjusted serum dioxin. These graphics represent 
scatterplots, unadjusted for any covariates, of the data used in Model 4 analyses. 

General Health Assessment 

General health was assessed by five measures, selected for sensitivity to the overall 
state of health rather than specific to any organ system; the five measures were: self­
perception of health, appearance of illness or distress as assessed by a physician, relative age 
as assessed by a physician, percent body fat, and sedimentation rate. 

At the 1992 examination, Ranch Hands perceived themselves as less healthy than 
Comparisons, just as they had at the 1982 and 1985 examinations (though not at the 1987 
examination). Enlisted groundcrew, who experienced the highest levels of dioxin exposure, 
were particularly inclined to view their health negatively. A highly significant association 
between the current level of serum dioxin and a negative self-perception of health also was 
found in Ranch Hands. Because participants were aware of their serum dioxin levels, the 
possibility of bias in these results should be considered. Participants who knew they 
possessed an elevated dioxin level, or whose occupation implied a greater risk for exposure 
(i.e., enlisted groundcrew), may have consciously or subconsciously percei_ved their health as 
poorer than that of their Comparisons. Indeed, apart from the self-perceived health status, 
the examining physicians, in their objective observations, recorded no significant group 
differences as to the appearance of illness or distress and appearance in terms of relative age. 

The prevalence of obesity was similar in the Ranch Hand and Comparison cohorts. 
However, in Ranch Hands, a highly significant positive association between percent body fat 
and current serum dioxin was found in all of the occupational categories. These results 
imply a difference in the dioxin pharmacokinetics in obese versus lean participants; but 
clinically, it is difficult to explain the higher levels of serum dioxin in obese participants 
relative to any health detriment. It is not clear whether a causal relationship exists between 
dioxin exposure and increased body fat. 

In previous AFHS examinations, sedimentation rate, a sensitive, but nonspecific index 
of general health usually associated with serious underlying disease, was significantly higher 
in Ranch Hands than in Comparisons. However, the 1992 examination revealed only a slight 
clinically insignificant difference in the Ranch Hand enlisted groundcrew and their 
Comparisons. Analyses showed a statistically significant dose-response effect in the 
association between sedimentation rate and current serum dioxin in Ranch Hands, but the 
biological significance is uncertain. 
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· The longitudinal analyses revealed that results from the 1992 examination contrasted 
with those of previous examinations. Between 1982 and 1987, the percentage of Ranch 
Hands and Comparisons reporting fair or poor self-perceptions of health was greatly reduced 
and the difference between the groups had narrowed. However, in the 1992 examination, the 
change in ~elf-perception of health between 1982 and 1992 was significantly associated with 
calculated initial serum dioxin levels (of which participants had become aware). The 
potentially negative effect of known exposure status and serum dioxin level may have 
affected the more recent results. 

In conclusion, the general health of the Ranch Hands and Comparisons appeared 
comparable by all objective indices; however significant, although possibly biased, group 
differences were evident in self-perceived health status. Percent body fat and sedimentation 
rate displayed significant associations with current serum dioxin levels, but the biological 
significance is uncertain. 

Neoplasia Assessment 

In the neoplasia assessment, skin and systemic neoplasms were evaluated by behavior, 
cell type, and location or site. As the anatomic point of contact with industrial toxins and as 
the only organ system with a clearly defined clinical endpoint (i,e., chloracne) for TCDD 
exposure, the skin deserves the special emphasis it has received in this study. Although 

· there is no evidence that TCDD exposure causes-or that chloracne is associated with-basal 
cell carcinomas, the Ranch Hand cohort was found· to be at increased risk for the occurrence 
of these skin cancers in each of the three prior examination cycles. 

In the analyses of the 1992 examination, Ranch Hands continued to have a slightly 
higher prevalence of benign and malignant skin neoplasms than did Comparisons, including 
basal cell skin cancers at all sites. However, these group differences are no longer 
statistically significant. Consistent with results from the 1987 examinations, many analyses 
revealed a significant inverse dose-response with current serum dioxin levels. 

Consistent with all previous examinations, none of the analyses revealed any 
significant group differences in the prevalence of systemic malignancies in the Ranch Hand 
and Comparison cohorts; neither did the analyses disclose an increased risk of any systemic 
malignancy in association with either the current or extrapolated initial levels of serum dioxin 
in Ranch Hands. Longitudinal analyses discovered no significant group differences in the 
incidence of benign or malignant ~plasms including those thought by some to be related to 
herbicide exposure (i.e., Hodgkin's disease, non-Hodgkin's lymphoma, and soft tissue 
sarcoma [STS]). 

In summary, at the end of a ·decade of surveillance, Ranch Hands. and Comparisons 
appear to be at equal risk for the development of all fonns of neoplastic disease and there is 
no evidence to suggest a positive dose-response relationship between body burden of dioxin 
and neoplastic disease. 
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Neurological Assessment 

The neurological assessment examined historical neurological disorders in addition to 
central nervous system (CNS), cranial, and peripheral nerve indices, all of which can provide 
specific cl~es to the anatomical site of neurological lesions and clarify the need for additional 
diagnostic studies. The neurological examination is highly sensitive in detecting the presence 
of peripheral neuropathy, a suspect clinical condition related to TCDD exposure. 

The prevalence of historical neurological disorders was s~ar in the Ranch Hand and 
Comparison cohorts. In contrast, but of doubtful clinical significance, an inverse dose­
response was noted in the analyses relating current serum dioxin to the history of hereditary 
and degenerative disorders. 

In the analyses of the physical examination variables, Ranch Hand enlisted 
groundcrew, the occupation category with the highest current levels of dioxin, had 
significantly more cranial nerve index abnormalities than Comparison enlisted groundcrew, 
but there was no evidence of a dose~response relationship in the serum dioxin analyses. In 
relation to the extrapolated initial level of .serum dioxin, no significant associations were 
noted for any of the directly measured physical· examination variables. The analyses 
employing current serum dioxin yielded inconsistent results. A positive association was 
noted in relation to the cranial nerve motor variable smile and the peripheral nerve variables 
pin prick and patellar reflex, while inverse dose-response patterns were defmed for smell and 
the Babinski reflex. 

In summary, the neurological assessment found the prevalence of neurological disease 
comparable between the Ranch Hand and Comparison groups, and showed no consistent 
evidence of a dose-response effect with either estimated initial dioxin exposure or current 
TCDD levels. 

Psychological Assessment 

Verified psychological conditions and the Symptom Check List-90-Revised 
(SCL-90-R) inventory of nine primary symptom dimensions and three global indices of 
distress were examined in the psychological assessment. The SCL-90-R was retained in the 
1992 examination because of its effectiveness as a co-measure of variables included in the 
verified questionnaire as well as to maintain psychometric continuity across the four phases 
of the AFHS completed to date (Baseline, 1985, 1987, and 1992). 

Among the SCL-90-R inventory variables, Ranch Hands exhibited higher 
psychological distress than Comparisons on the index scores measuring anxiety, obsessive­
compul.sive behavior, paranoid ideation, somatization, and global severity. A significant 
group contrast also was exhibited for the verified condition of other neuroses. However, 
when Ranch Hands were categorized according to serum dioxin levels, significant group 
differences were revealed only in the contrasts of Ranch Hands with background serum 
dioxin levels versus Comparisons. The serum dioxin analyses also did not support a dose­
response relationship, because there were no significant fmdings in any of the analyses 
relating extrapolated initial dioxin and current serum dioxin levels with psychological distress 

21-5 



indicators. Each of the analyses produced a smaller number of significant results from the 
adjusted analyses than from the unadjusted analyses due to the adjustment for important 
confounding effects such as education and occupation. 

In conclusion, the differences revealed between the Ranch Hand and Comparison 
cohorts, together with a lack of any effects attributable to dioxin, suggest that factors other 
than dioxin exposure continue to influence a relatively small but notable.number of 
abnormalities in Ranch Hand test scores. Previous studies in clinical medicine continue to 
indicate the need for caution when interpreting the outcome of large statistical studies. The 
possibility that a small subset of physically or psychologically vulnerable Ranch Hands may 
have suffered psychological injury in the context of their exposure to dioxin cannot be 
definitively ruled out at this time. 

Gastrointestinal Assessment 

The historical, physical examination, and laboratory parameters included in the 
gastrointestinal assessment are well established in clinical practice as screening tools for 
investigating digestive disorders in outpatients. There are limitations of reliance solely on 
data from the patient history and physical examination when diagnosing digestive disorders 
because digestive symptoms are frequently nonspecific and intermittent. However, data 
collected in the laboratory can provide early insight into the presence of occult liver disease. 

Few of the laboratory analyses revealed any significant differences between the Ranch 
Hand and Comparison cohorts. Ranch Hands had a slightly higher mean alkaline 
phosphatase than Comparisons, but the difference in the means cannot be considered 
biologically significant. Analyzed in the discrete form, which is clinically more relevant, the 
group difference was not significant. 

The serum dioxin analyses indicated that estimated initial dioxin exposure was 
generally not associated with historical liver disorders or current laboratory measurements. 
However, the analyses revealed that current dioxin levels were often highly associated with 
lipid-related health indices. In continuous (but not in discrete) form, two of the four liver 
enzymes studied, ALT and GGT, revealed highly significant positive associations with 
current serum dioxin levels. Similar results were noted with serum triglycerides and serum 
cholesterol, which contributed to a negative association between current serum· dioxin and the 
cholesterol-HDL ratio. These results may be explained in part because the analyses of 
extrapolated initial serum dioxin were adjusted for differential half-life elimination related to 
percent body fat, whereas no adjustment was made in the analyses of current serum dioxin. 

Analyses of the historical and clinical examination variables revealed no evidence of 
any overt hepatic disease related to the current body burden of dioxin. Most of the 
statistically significant associations that occurred in relation to the extrapolated initial level of 
serum dioxin were limited to laboratory indices. These associations more often were found 
in the continuous, rather than the more clinically relevant discrete, analyses, While the 
observed dose"response findings are not accompanied by clinical disease, they may still 
represent subclinical effects. 

21-6 



' . 

Over a decade of observation, the longitudinal analyses yielded significant results in 
several of the laboratory indices. In particular, ALT, serum triglyceride, and cholesterol 
levels tended to increase over time in Ranch Hands more than in Comparisons. Although 
these results are consistent with a subtle effect of herbicide exposure on lipid metabolism, the 
difference ~as more pronounced in the enlisted flyer category than it was in the more 
exposed enlisted groundcrew category. 

In summary, the gastrointestinal data confirm observations that would be anticipated 
in a clinical practice and reflect no apparent increase in organ-specific morbidity in Ranch 
Hands relative to Comparisons nor do they represent an association with serum dioxin levels. 
Although a subclinical dioxin effect on lipid metabolism cannot be excluded, some of the 
results may be related in part to body habitus and percent body fat. 

Dermatology Assessment 

The dermatologic assessment was based on occurrence of acne, location of acne, 
other dermatologic abnormalities, and a dermatology index based on the presence of 
comedones, acneifonn lesions, acneiform scars, and inclusion cysts , depigmentation, and 
hyperpigmentation. 

In the study of biological effects of herbicides in humans, the dermatologic 
examination assumes special importance. Of the organ systems analyzed in this report, only 
the skin has a clinical endpoint (chloracne) that has been related conclusively to dioxin 
exposure. Experimental dose-response studies in animals and humans have_ confirmed that 
the topical concentrations of dioxin required to produce overt lesions are far greater than the 
concentrations to which participants in the current study were likely to have been exposed 
during their times of duty in SEA. It is therefore not surprising that, in the four examination 
cycles to date, no cases of chloracne have been detected. 

In general, the dermatology variables showed no significant differences between 
Ranch Hands and Comparisons. Although the lifetime occurrence of acne, as self-reported 
by the questionnaire, was similar in both groups, Ranch Hand enlisted groundcrew, those 
most heavily exposed to dioxin, appeared to be at increased risk for the development of acne 
subsequent to time of duty in SEA. There is a possibility of bias associated with 
self-reporting, however, because no group differences were found in the physical 
examination indices. 

In the analyses of extrapolated initial and current serum dioxin, Ranch Hands with 
current serum dioxin levels above the background level demonstrated lower occurrence of an 
abnormal dermatology index than did Comparisons. The dermatology index also exhibited a 
significant negative association with current serum dioxin in Ranch Hands. Although 
nonsignificant, all other dermatologic indices displayed negative associations with current 
dioxin. These results provide evidence against a dose-response effect. 

In summary, there is no consistent evidence to suggest an adverse dioxin effect on the 
dermatologic system at levels received by the Ranch Hand cohort in SEA. 
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Cardiovascular Assessment 

The cardiovascular assessment examined historical, physical examination, and 
questionnaire indices, divided into central and peripheral cardiovascular functions used to 
alert clinicians to the presence of underlying cardiovascular disease. 

The verified historical indices (history of heart disease, hypertension, and myocardial 
infarction) were similar in Ranch Hands and Comparisons, but the analyses employing serum 
dioxin measurements revealed inconsistent results. In Ranch Hands, an increase in current 
dioxin levels was associated with a decrease in the prevalence of verified heart disease and 
an increase in the history of essential hypertension. Although a plausible biologic 
explanation for this phenomena is lacking, these results are consistent with findings from the 
1987 examination. 

In general, the analyses of the central cardiac function variables were not positively 
associated with serum dioxin. Although Ranch Hand enlisted flyers displayed a significantly 
higher prevalence of bradycardia than did Comparison enlisted flyers, bradycardia exhibited a 
significant inverse dose-response with initial and current dioxin. Several other electrocardio­
graph (ECG) indices, including right bundle branch block (RBBB), non-specific ST- and T­
wave changes, and arrhythmias, displayed significant positive associations with current serum 
dioxin levels, but none of these endpoints also displayed a group difference between Ranch 
Hands and Compatjsons to confirm the dose-response relationship. 

The analyses of the peripheral vascular function variables displayed significant group 
differences for a few of the pulse endpoints among enlisted groundcrew personnel (the 
occupational category with the highest exposure) and between Ranch Hands with the highest 
current level of serum dioxin and their Comparisons. However, none of these relationships 
were reinforced by a significant association with initial or cuttent serum .dioxin. In the 
longitudinal analyses of the pulses endpoints, Ranch Hands were slightly more likely than 
Comparisons to develop peripheral pulse deficits over time. Again, the analyses using 
extrapolated initial serum dioxin levels as a measure of exposure did not show consistent 
evidence of a dose-response relationship. 

Dorsalis pedis pulse abnormalities were far more prevalent in both Ranch Hands and 
Comparisons in the 1985 examii\ation than they were in the 1992 examination. The change 
in results between the two examinations may relate to the use of different and more accurate 
Doppler instrumentation in the 1992 examinations. During the 10 years of observation, both 
Ranch Hands and Comparisons have demonstrated a similar reduction in systolic blood 
pressure and incidence of hypertension. This trend may reflect the beneficial effects of risk 
factor identification and life-sfyle modification consequent to participation in this study. 

In summary, consistent with the results of prior examinations, Ranch Hands were 
found to be at slightly greater risk than Comparisons to develop selected ,peripheral pulse 
deficits, suggesting some effects from dioxin. These fmdings are based on the 1992 analysis 
of hypertension and ST- and T-wave changes, taken in conjunction with the 1994 AFHS 
mortality update showing an increasCc! number of deaths caused by diseases of the circulatory 
system among Ranch Hand nonflying enlisted personnel. By all other objective and 
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subjective indices, the development of cardiovascular disease does not appear to be associated 
with dioxin exposure or current serum dioxin levels. 

Hematologic Asses.mlent 

-
The 13 laboratory endpoints analyzed in the hematology assessment provided a 

comprehensive evaluation of the three peripheral blood lines (erythrocytes, leukocytes, and 
platelets). These variables are relied upon heavily to reflect disease of the hematopoietic 
system and also to alert the clinician to the presence of disease in other organ systems. 

Of the laboratory variables examined, only platelet count exhibited significant 
associations with the dioxin exposure indices. Ranch Hands in the enlisted flyer and enlisted 
groundcrew categories possessed statistically significant higher mean platelet counts than 
Comparisons, although the differences cannot be considered clinically significant. Ranch 
Hands with high extrapolated initial dioxin levels also had significantly greater mean platelet 
count measurements than Comparisons. These results are consistent with those from the 
1987 examination, but the biological significance is uncertain. 

In the 1987 examination, the mean white blood cell (WBC) counts, platelet counts, 
and erythrocyte sedimentation rates (ESR) were each higher in Ranch Hands than in 
Comparisons, raising the possibility of a subclinical inflammatory response associated with 
prior dioxin exposure. In the current srudy, no group differences were noted in either the 
WBC or, as reported in the General Health Assessment (Chapter 9), the ESR. Furthermore, 
in the current study, current serum dioxin was inversely related to the prevalence of 
abnormally elevated WBC counts. 

In the longitudinal analyses , a gradual reduction was documented in the total platelet 
count in each group and across all occupations. Ranch Hands continue to have a greater 
reduction in the total platelet count over time than do Comparisons, but the means from the 
current examination are nearly equal. 

In summary. there is no evidence from the current study to suggest an association 
between hematopoietic toxicity and prior dioxin exposure. Based on the analyses of WBC, 
ESR, and total platelet count, there is no longer any evidence that a subclinical inflammatory 
reaction may be present in Ranch Hands as was thought possible in the 1987 examination. 

Renal Assessment 

The renal assessment was based on the medical history of kidney disease, physical 
examination for kidney stones, and five laboratory indices. Pertinent to the interpretation of 
these analyses is the frequent finding in ambulatory medicine of isolated abnormalities in the 
routine urinalysis of healthy individuals who, in fact, have no disease of the genitourinary 
system. No significant group difference or association with serum dioxin was noted in the 
history of urinary tract disease, as measured by a verified history of kidney disease and the 
presence of renal calculi detected by plain films of the abdomen. 
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Although the prevalence of microhematuria (urinary red blood cell counts) was similar 
in both groups, Ranch Hands with the highest levels of extrapolated initial serum dioxin had 
a significantly higher prevalence of microhemaruria than did Comparisons. These results are 
similar to those from the 19~7 examination. Although not statistically significant, the 
analyses e~ploying current serum dioxin yielded results consistent with a dose-response 
effect; however, the longirudinal analyses indicated that the prevalence of microhemaruria has 
decreased in the Ranch Hand cohort since 1985. Clinically, the finding of hematuria can 
signal the presence of "silent" renal calculi or neoplastic disease; however, the analyses of 
kidney stones do not support the presence of silent renal calculi. 

In the analysis of urinary WBC counts (pyuria), the enlisted groundcrew Ranch 
Hands-those most highly exposed to dioxin-had twice the prevalence of pyuria than did 
Comparisons. Longirudinal analyses also showed that the enlisted groundcrew Ranch Hands 
are twice as likely as the enlisted groundcrew Comparisons to develop pyuria over time, but 
the similar prevalence of pyuria in Ranch Hands with low and high levels of serum dioxin 
does not support a dose-response effect. 

The analysis of urine specific gravity documented a statistically significant positive 
association with current serum dioxin, but the magnirude of the association was not clinically 
significant. Analyses of serum creatinine and proteinuria revealed no differences between the 
cohorts. 

In summary, the renal assessment displayed no consistent evidence for any detriment, 
with the possible exception of hematuria, related to current body burden of dioxin or to the 
estimated severity of prior exposure. 

Endocrine Assessment 

In the endocrine assessment, analyses were performed on 36 historical medical 
records, physical examination, and laboratory variables-five of which were analyzed 
separately for diabetics, nondiabetics, and all participants. These indices provide a 
comprehensive assessment of thyroid, gonadal, and endocrine pancreatic function in the 
population under srudy. 

Analyses of thyroid functions did not reveal significant differences between the Ranch 
Hand and Comparison cohorts. Similarly, the prevalence of diabetes mellirus in the two 
groups was not significantly different, although significant positive associations were found 
between current serum dioxin levels and the onset of diabetes, specifically in the early stages 
requiring only dietary intervention or oral hypoglycemic therapy. 

In assessing glucose metabolism, along with examining the possibility that dioxin may 
be a risk factor for the development of diabetes, significant results•were lilnited to the 
current serum dioxin analyses. Diabetic ,Ranch Hands with high levels,efcurrent serum 
dioxin had significantly higher•fasting glucose levels than those with '!ewer 'levels of dioxin. 
Nondiabetics, on the other hand, exhibited an inverse association between fasting glucose and 
current serum dioxin and a positive association between 2-hour postprandial glucese and 
current serum dioxin. Although not statistically significant, serum ~levels in <;liabetics, 

21-10 



in contrast to nondiabetics, were inversely related to dioxin levels, indicating that serum 
insulin decreases as dioxin levels increase in diabetics. These results are consistent with a 
fundamental impairment of islet cell responsiveness to hyperglycemia with compromised 
insulin production and point to a potential mechanism for an effect of dioxin on glucose 
metaboliSJl!. However, the analyses of serum C peptide and serum proinsulin yielded no 
significant results and did not reveal the biochemical mechanisms by which dioxin might 
have an effect on insulin production and glucose metabolism. 

Analyses of gonadal function detected a significant inverse dose-response relationship 
between current serum dioxin and total serum testosterone in Ranch Hands. These results 
are consistent with those from the 1987 examination, but the clinical significance is 
uncertain. 

The longitudinal analyses yielded results that would be anticipated over time with no 
significant differences between Ranch Hands and Comparisons. Age-related increases were 
documented in fasting glucose, 2-hour postprandial glucose, and the incidence of diabetes, 
while serum testosterone decreased with age. 

In summary, after 10 years of observation, the prevalence of endocrine disease 
remains similar in Ranch Hands and Comparisons. Although cause and effect remain to be 
established, the current endocrine assessment provides further evidence for an association 

· between glucose intolerance and dioxin exposure. The possibility is raised that, in a subset 
of individuals predisposed to diabetes, dioxin may impair insulin production. 

Immunologic Assessment 

Immunologic competence was assessed by analyzing physical examination and 
laboratory data from skin tests for delayed bypersensitivity response, cell surface marker 
studies on a randomized subset of the study population, immunoglobulin quantitation, and 
autoantibody detection. This evaluation went far beyond typical medical examinations 
employed for general health assessments, and included elements of measurement used 
frequently to defme specific diseases. 

Overall, the immunologic assessment did not reveal any relationships that could be 
considered clinically significant between dioxin exposure and physiologic abnormalities. The 
MSK smooth muscle antibody, rheumatoid factor, and lupus panel summary index displayed 
inverse associations with dioxin exposure, but did not support a dose-response relationship; 
additionally, the magnitude of these associations was small and could not be interpreted as 
conveying a health risk. 

A marginally significant positive association was found between serum lgA 
concentrations and extrapolated initial dioxin levels. Although the magnitude of this effect 
was small, its statistical significance coupled with continuity over time suggests a possible 
relationship that should be evaluated further because elevated IgA may indicate liver disease, 
chronic inflammation, or selective immune dysfunction. 
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· The longitudinal analyses of the CD4-CD8 ratio did not consistently show significant 
differences between the 1985 and 1992 measurements in relation to dioxin exposure. 

In summary, these fmdings do not provide evidence of a clinically significant dose­
response effect for body burden of dioxin on parameters of immunologic assessment. The 
minor, statistically significant relationships that do have a small magnitude bear potential for 
Jong-term evaluation to identify trends, but currently cannot be interpreted to indicate specific 
health impairment caused by immune system dysfunction. 

Pulmonary Assessment 

The pulmonary assessment consisted of three historical variables, physical 
examination of thorax and lung abnormalities, and six laboratory measurements. Because the 
Jung is often involved secondarily in numerous infectious, inflammatory, and neoplastic 
disorders, the assessment of lung disease includes a comprehensive multisystem review 
conducted during the examinations and reported in other chapters. All episodes of 
pulmonary disease were verified by medical records review. 

In the group analyses, Ranch Hands had. a significantly higher prevalence of 
bronchitis and thorax and lung abnormalities. Conversely, pneumonia was less common in 
Ranch Hands than in Comparisons, though not statistically significant. Of interest, but of 
uncertain cause, Ranch Hand enlisted flyers appeared to be more at risk than Comparisons, 
respecting history of bronchitis and thorax and Jung abnormalities; however, there was no 
evidence from the analyses of extrapolated initial and current serum dioxin measurements to 
confirm a dose-response relationship. 

For the laboratory variables, a statistically significant inverse relationship was 
revealed between percent of predicted forced vital capacity (FVC) and initial and current 
serum dioxin in Ranch Hands. However, when Ranch Hands were contrasted with 
Comparisons, no significant differences were detected. The ratio of observed forced 
expiratory volume in 1 second (FEV1) to observed FVC in Ranch Hands also revealed a 
significant relationship with initial dioxin, indicating that the ratio increased (became closer 
to 1) for increasing levels of extrapolated initial dioxin; this effect may be due to the 
diminishing magnitude of FVC in the denominator of the ratio. Although consistent with a 
dose-response effect, the changes in the ratio were slight and of doubtful physiologic 
significance. 

In the longitudinal analysis of the ratio of observed FEV1 .to observed FVC, a 
significant group difference was shown for the enlisted flyers. The Ranch Hand enlisted 
flyers had a larger decrease in the ratio between 1982 and 1992 than did the Comparison 
enlisted flyers, but the difference is not physiologically significant;,· and there was no 
evidence for any trend in relation.to the extrapolated initial or current serum .dioxin levels. 

In summary, the historical; physical examination, and laboratory· data analyzed for the 
pulmonary assessment revealed no consistent evidence ofl!ll increased,prevalence of 
pulmonary disease in the Ranch Hand cohort relative to the Companson ,eohort or in relation 
to body burden of dioxin. 
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INTERPRETIVE CONSIDERATIONS 

There are certain facts that need to be understood in drawing conclusions from the 
statistical analysis of the 1992 followup examination results. For example, there are often 
difficultie~ associated with multiple testing. With multiple models applied against hundreds 
of variables, the likelihood of a statistical test indicating some artifactual association is high. 
But longitudinal comparisons of previous examinations may show a consistent association, 
supporting a non-artifactual relationship. However, longitudinal tests of the same population 
are clearly not independent tests. If a chance association was present at the first physical 
examination, it would tend to persist in subsequent examinations. 

Conversely, depending on putative site and mode of action, the association would be 
expected to increase with time (if latency or other chronic effects predominate) or decrease 
with time (if current dioxin level predominates in the mechanism). It is also important to 
note that some conditions do not appear with reasonable frequency until middle age or later, 
and, in the early years of the study, an eventual significant increase in relative risk in a 
population easily might be masked by data too sparse for meaningful analysis. 

The putative site and mode of action in the body could itself either cause or obscure a 
relationship. Receptors might be activated only after a certain dioxin threshold value bad 
been exceeded-that is , a value exceeding the body's capability to safely store dioxin. If, on 
the other hand, dioxin caused a competitive inhibition of receptor actions normally stimulated 
by other substances, there might be a "no-threshold" effect. Depending on the nature (lipid 
or non-lipid) and type of function of the hypothetical receptor site, an increase in body fat 
over time might either cause an increase in dioxin effect because of a greater volume of 
distribution or a dC?Crease in dioxin effect because of a lesser concentration at the receptor 
site. 

Strength of association is also an issue in a study of a population this size. A study 
with a population of 2,233 lacks power to determine increases in relative risks for rare 
events, because rare events are unlikely to occur in a group this small. While certain 
occupational toxins have truly pathognomonic pathology (e.g., mesothelioma for asbestos, 
hepatic angiosarcoma for vinyl chloride) virtually non-existent in the absence of the toxin, 
other toxins merely increase the risk of non-pathognomonic pathology. For example, in the 
absence of a dioxin-pathognomonic lesion, this study would likely not discern an increase in 
the relative risk for a rare tumor. By assessing the pathology observed in association with 
other known environmental risk factors (e.g., tobacco use, alcohol use) it is sometimes 
possible to provide an upper bound for the magnitude of effect missed. However, this study 
has inherent limits in detecting modest increases in relative risk for infrequent pathology. 

A final difficulty is the presence of a true association that is non-causal. An example 
might be a condition not caused by dioxin, but resulting in or from an altered biological 
dioxin half-life. In this case, a correlation might be high in the total absence of causality. 

Clearly, there are many issues to be considered in interpreting data for this study. 
With these issues in mind, certain assessments were made by looking at a number of factors . 
Among these factors are longitudinal trends, biological plausibility, consistency with animal 
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toxicology, the presence of a plausible dose-response relationship, and strength of 
association. But, meeting all of these criteria would not guarantee causality, nor would 
failing these criteria guarantee the lack of a dioxin effect. It can be argued, however, that 
the good faith application of these particular filters should be the starting point for generating 
hypotheses for experimental examination through in vitro and in vivo testing, as well as 
through further epidemiological analysis of these· and other dioxin exposed groups. 

SUMMARY 

Based on the statistical findings of the 1992 examination, and subject to the 
qualifications considered above, the principal investigators have drawn the following 
conclusions. 

Glucose Intolerance 

The results indicate a statistically and potentially clinically significant association 
between serum dioxin and glucose intolerance. This association exhibits a dose response 
relationship, and is present both for non-:diabetic individuals (as manifested by elevated 
insulin levels) and diabetic individuals · (as manifested by increased prevalence and severity of 
diabetes, and decreased age of onset). This association was found with type II diabetes only. 
This association was also present longitudinally and occurs in other epidemiological studies in 
addition to the AFHS. 

Cardiovascular Mortality 

There is a statistically significant increase in cardiovascular mortality in the most 
heavily exposed subgroup, the enlisted groundcrew. This association persists longitudinally 
throughout the three examination cycles. Inclusion of this group with lesser exposed Ranch 
Hand subgroups results in a statistically nonsignificant overall relative risk. Less clinically 
severe criteria for altered cardiac functions including ECG findings of prior myocardial 
infarction, non-specific ST- and T-wave changes, and RBBB displayed significant positive 
associations with dioxin, although these associations did not cause significant group 
differences between all Ranch Hands and all Comparisons. Peripberal vascular function 
variables displayed significant subgroup differences. for both the enlisted groundcrew and the 
high current dioxin category in relation to the Comparisons. Both groups had a greater 
prevalence of new pulse deficits arising since the 1985 followup examination than did their 
Comparisons. 

Serum Lipid Abnormality 

There is a highly significant .positive statistical association ·between dioxin ·and 
cholesterol, dioxin and triglycerides, and dioxin and the cholesterol-HDL ratio in most 
models using either current dioxin levels or dioxin levels extrapolated to the end of the tour 
of duty in SEA. In such models, the correlation between HDL cholesterol and dioxin was 
highly. significant and negative. These lipid findings were consistent with the 1987 fmdings, 
but were not consistent with the 1982 examination when serum cholesterol in Ranch Hands 
was significantly lower than in Comparisons. 

21-14 



Liver Enzymes 

. Both lipid-adjusted and whole-weight current dioxin showed elevated mean aspartate 
aminotransferase (AST), ALT, and GGT associations. For ALT and GGT this association 
was highl¥ significant. This association had not been present in previous examinations. 
Although these elevations were statistically significant, mean enzyme levels remained well 
within normal limits and the prevalence of abnormally elevated liver enzymes was not 
statistically increased. Thus, although this laboratory finding is statistically significant, the 
AFHS population did not show any clinically adverse outcomes. 

Increase in lgA 

A marginally significant increase in IgA with increased serum dioxin was found. 
This paralleled similar fmdings of increased IgA, first noted in the 1987 followup. Although 
this elevation was marginally significant, mean IgA levels remained well within normal 
limits, and the prevalence of significant abnormally elevated IgA was not statistically 
increased. Thus, although this fmding is statistically significant, the AFHS population did 
not show any clinically adverse outcomes. 

Decrease in Serum Testosterone 

A statistically significant inverse effect was seen between total serum testosterone and 
current dioxin in Ranch Hands. This paralleled similar findings first noted in the 1987 
followup. Although this decrease was statistically significant, mean serum testosterone levels 
remained well within normal limits, and the prevalence of abnormally low serum testosterone 
was not statistically increased. Thus, although this fmding is statistically significant, the 
AFHS population did not show any clinically adverse outcomes. 

Decrease in MSK and Lupus Panel Positives 

Significant and marginally significant decreases in the prevalence of positive reactions 
to MSK, lupus, and rheumatoid factor tests in relation to dioxin were seen in the 1992 
followup. When present, these tests are indicative of potential autoimmune disorders. Their 
absence is therefore not normally considered pathologic, but a decreased prevalence could 
nonetheless indicate some degree of immune suppression. More specific tests of immune . 
suppression were not significantly associated with dioxin. 

No Significant Difference in Incidence or Prevalence of Neoplastic Disease 

It has been theorized that dioxin can act as either an inducer or promoter of neoplastic 
disease. A detailed analysis of all forms of neoplastic disease over the course of a decade 
show no significant group differences in the incidence of benign or malignant neoplasms, 
including those neoplasms most often associated with herbicide exposure in the Ranch Hand 
population (e.g., Hodgkin' s Disease, non-Hodgkin's lymphoma, soft tissue sarcoma). In the 
1992 followup, there was again no significant group differences. The marginally significant 
differences in site-specific incidence that were found more often favored a decrease in 
relative risk associated with dioxin exposure rather than an increased risk. As previously 
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stated, because of its size, this study does lack power to ascertain modest increases in 
relative risk for uncommon neoplasms. As the population continues to age, the combination 
of an increase in background rate of neoplastic disease, increased time for latent effects of 
past exposure, and increased time of total exposure may combine to increase the power of 
this study to determine neoplastic effects. 

In summary, glucose intolerance, serum lipid abnormality, and cardiovascular 
abnormality and mortality, are areas demonstrating associations that, if causality were 
established, would represent the most important dioxin-associated health problems seen in the 
AFHS to date. These three areas appear to have the greatest magnitude of effect in terms of 
absolute increase in risk, in common areas known to contribute to years of potential life lost 
and to overall healthcare costs. Clearly, there are biological interrelationships among all 
three of these variables that will make the task of establishing causality, as well as 
establishing primary versus secondary causality, challenging. From a public health 
perspective, these three areas demand the greatest attention. 
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CHAPTER22 

FUTURE DIRECTIONS 

A careful review of the results of the past four physical examinations provides an 
opportunity to refine and focus the remaining two examinations of the Air Force Health 
Study. The current and prior examination outcomes have identified several medical tests 
requiring more intense evaluation and other analyses that can be reduced or eliminated in the 
1997 and 2002 studies without sacrificing scientific value. 

Immunological testing of skin test reactivity, T-cell type, and T-cell function were 
important parts of all four examinations, and high-quality data in this area were gathered in 
the 1985, 1987, and 1992 studies. After exhaustive evaluation, there appear to be some 
effects that may be dioxin-related. Therefore, many of these measurements will remain in 
the 1997 study. However, the skin test reactivity measurement is medically redundant with 
the battery of cell function tests, and thus will be eliminated from the next examination. 
Additionally, many of the highly nonspecific tests in the protein profile and lupus panel will 
be eliminated. Many of these tests are poorly understood by clinical pathologists and 
immunologists and should be removed from consideration. 

The Doppler evaluation of the large artery pulses (radial and femoral) also will be 
eliminated, reducing examination time and stress on the participants. Our data does not 
indicate any dioxin-mediated effect on these arteries. However, the relationship between 
dioxin and diabetes makes it imperative that the smaller arteries of the legs and feet remain a 
key part of the exa!11ination. 

Because no association was found between testicular abnormality detected during 
ultrasound and dioxin, the ultrasound evaluation of the testicles will be eliminated. 

Additional dioxin assays will be performed on willing Ranch Hands who have 
participated in our srudies of dioxin half-life. A fourth measurement, taken from blood 
collected in 1997, will further refine our estimate of half-life, allow study of the fit of the 
first order elimination model, and permit better estimates of the initial dose in Ranch Hands 
with elevated current dioxin levels. 

The 1997 examination will be expanded to include additional measurements of the 
cellular metabolism of glucose. The possible development of a laboratory measurement of 
specific enzymes involved in glucose transport into the cell would be an important addition to 
the current evaluation of diabetes. 
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