TABLE 15-25. (Continued)

Summary of Categorized Current Dioxin Analyses for
Endocrine Variables
(Ranch Hands and Compansons)

Adjusted
Unknown Low High
_ versus versus versus
Variable : All - Background Background Background
Questionnalie '
Current Thyroid Function
(Self-Administered) (D) NS NS ns ns
History of Thyroid Disease .
(Interviewer-Administered) (D) NS NS ns ns
Physical Examination ' :
Thyroid Gland (D) NS ns NS ns
Testes (D) 0.010 ns ns +0.001
Laboratory .
T3 % Uptake (C) ** (0.005) ** (NS) ** (ns) ** {-0.001)
T3 % Uptake (D) ** (NS) ** (NS) ** (ns} ** (ns) .
TSH (C) NS* NS ' NS +0.010
TSH (D) NS NS ns ' NS
FSH (C) NS NS NS NS
FSH2 (D) NS NS NS ns
FSHP (D) : NS NS NS -
Testosterone® (C) . NS NS - NS ‘ ns
TestosteroneS+d (C) <0.001 +0.001 ns -0.010
Testosterone (D) ** (NS) ** (ns) ** (ns) ** (NS)
Fasting Glucose (C) . e (<0.001) *+* (ng) ¥ (NS) % (4+<0,001)
Fasting Glucose (D) <0.001 © ns* NS +<(0.001 N i
2-Hour Postprandial Glucose (C) NS ns . ns NS
2-Hour Postprandial Glucosed (C) 0.010 -0.035 ns +0.041
2-Hour Postprandial Glucose® (D) NS : NS NS NS
2-Hour Postprandial Glucosef (D). : ns ns +0.035
Composite Diabetes Indicator (D)  ** (0.003) ** (ns) *(NS)  ** (+<0.001)

8] ow FSH contrasted with normal FSH for last three columns.
bHigh FSH contrasted with normal FSH for last three columns.
CNegative difference considered adverse for this varieble.

dAdJusted results from models without percent body fat presented for this- vanable. see Appendlx Table N-2 for a detailed
description of these analyses,
®Impaired contrasted with normal for last three columns,
fDiabetic contrasted with normal for last three columns.
C: Continuous analysis.
D: Discrete anelysis. :
+: Relative risk 1.00 or greater for discrete analysis; difference in means nonnegative for continuous analysm
-: Difference in means negative, : - C
NS/ns: Not significant (p>0.10). g R
NS*:/ns* Marginally significant (0.05<p<0.10), ‘ ’ : T
w* (NS)/** (ns): Categorized current dioxin-by-covariate interaction (p<0.05); not s1gmfica.nt when imeracdon is. deleted refek o
.+ ,Appendix Table N-1 for. a.detatled.description of this interaction., -+ a :
bl ﬁppgw'zed .current dioxin-by-cevariate itteraction (p£0.05); significant when interaction is delelad hnd p-\ralue is given - |
perentheses; refer to Appendix Table N-1 for:a detailed description of this intaraction. : 3
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assumptions. The adjusted relative nsk was margmally 31gn1ﬁcam for Ranch Hands with an
early tour under the maximal assumpnon The adjusted analyses of categonzed current -
dioxin found that Ranch Hands in the high ‘current dioxin category were 3.8 times more 11kely :
to have an abnormal testes than Compansons in the background category. ' ’

Laboratory Exammatlon Variables

Seven laboratory examination variables were analyzed 1O assess current endocrine
function; T3 % uptake, TSH, FSH, testosterone, fasting glucose, 2-hour. postprandial glucose,

and a composite diabetes indicator. Each variable was analyzed in continuous and discrete
forms, except for the compos1te dlabetes indicator, Whlch was only analyzed d13cretely

Model I: Ranch Hands - Inmal Dioxm

Adjusted analyses found that initial dioxin was significantly associated with increases
in diabetes, fasting glucose, and 2-hour postprandial glucose; significant decreases were
noted in T3 % uptake and testosterone. Under both the minimal and maximal assumptions,
the adjusted initial dioxin analyses found a significant negative relationship with T3 % uptake.
in its continuous form. The analyses of discretized T3 % uptake were not significant. No

significant findings were noted for either the unadjusted or adjusted initial dioxin analyses of
TSH and FSH. '

For the continuous analysis of testosterone, the interaction of initial dioxin and
personality type was s1gmﬁcant under both assumptions. Stratifying by personality type, a
significant negative association was seen between testosterone and initial dioxin for type A
Ranch Hands. This contrasted with a nonsignificant positive association for type B Ranch
Hands. Excluding the interaction, contrary results arose based on which covariates were
used for adjustment. No significant results were found for the maximal analysis when
adjusting for percent body fat, age, and race, but a highly significant negative association was
found when percent body fat was deleted from the model. The minimal analysis displayed
similar results. Despite these findings, the prevalence of abnormally low testosterone levels
was not significantly associated with initial dioxin for any of the analyses of discretized
testosterone.

The longitudinal analyses found that Ranch Hands with higher levels of initial dioxin had
less of a decrease in testosterone between 1982 and 1987 than Ranch Hands with lower .
levels of initial dioxin. These results are inconsistent with the previously discussed findings,
which showed that higher levels of dioxin were associated significantly with lower levels of
testosterone, when percent body fat was not in the ad]usted model. :

The unadjusted initial dioxin analysis of 2~hour postprandial glucose in its continuous
form was not 51gn1ﬁcant under the minimal assumption, but the maximal analysis revealed a
51gn1ﬁcant positive association. The adjusted minimal analysis detected a significant - '
interaction between initial dioxin and percent body fat, but stratified results did not show a
significant initial dioxin effect for either normal/lean Ranch Hands or for obese Ranch Hands.
Ignoring the interaction, adjusted results for both assumptions were not significant when
percent body fat was retained in the final model. However, comparable to the testosterone
findings, the association between initial dioxin and 2-hour postprandial glucose: became
significant when percent body fat was removed from the model.
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a dioxin effect for either variable. There was no significant current dioxin-by-time interaction
in the longitudinal analyses of T3 % uptake, TSH, and testosterone.

Model 3: Ranch Hands and Comparisons by Current Dioxin Category :

The adjusted analyses of categorized current dioxin found that Ranch Hands in the high.
current dioxin category (>33.3 ppt) had significantly higher incidences of diabetes and
abnormally high levels of fasting glucose relative to the background category. Adjusted
analyses also found that these Ranch Hands had significantly higher mean levels of TSH,
fasting glucose, and 2-hour postprandial glucose than the background category, and
significantly lower mean levels of T3 % uptake and testosterone. For all laboratory variables,
Ranch Hands in the low current dioxin category (15 ppt to 33.3 ppt) never differed
significantly from the background group (exclusive of interaction analyses). The unknown
versus background contrast was often in the opposite direction of the high versus background

contrast. Ranch Hands in the unknown current dioxin category (0 ppt to 10 ppt) had a
‘significantly higher mean level of testosterone. and a 31gn1ficantly lower mean postprandial
glucose level than the background group. : . .

For T3 % uptake in its continuous form, the unadjusted and adjusted analyses found a
significant overall difference among current dioxin categories, with the mean T3 % uptake for
the high current dioxin category significantly less than the background mean. - The interaction
" between current dioxin and age was significant for both the continuous and discrete adjusted
analyses of T3 % uptake. The interaction for the continuous analysis occurred partly because
the difference in mean T3 % uptake for the low versus background contrast was significantly
negative for participants born in or after 1942, but it was marginally positive for individuals
born before 1942, This same pattern was seen for the dlscrete analys1s, but neither age-
specific contrast was mgmﬁcant -

The mean TSH for the high current dloxm category was 31gn1flcantly greater than the
background mean in the adjusted analy31s _ _

The mean testosterone for Ranch Hands in ‘the high current dioxin category was
significantly less than the background mean; and .the mean for the unknown category was.
significantly more than the background mean, adJustlng for the age-by-race interaction.
However, when percent body fat was included in the model, neither of these findings was
significant. The unadjusted analysm of discretized testosterone found relatively more
abnorrnally low testosterone levels in the high category than in the other three current dioxin
categories, but no mgmficant contrasts were noted. . The adjusted analysis for discretized
testosterone revealed a significant interaction between personality type and current dioxin.
Stratified results showed a significant increased risk of an abnormally low testosterone level
for the high current dioxin catcgory rclatlve to the background category for type A :
participants, _ \

In the adjusted analyses of fasting glucose, there was a significant interaction between
categorized current dioxin and lifetime alcohol history for older Ranch Hands. Stratified
results showed that. the mean difference between the high current dioxin category and the
background category increased with levels of lifetime alcohol consumption.
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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, no consistent
evidence for immunologic abnormalities has emerged. An apparent impairment in cell-
mediated immunity was found after an environmental exposure (33) but was not confirmed in
followup observations (34), A more recent report examining immunologic indices and, for the
first time, correlating the results with the body burden of dioxin based on adipose tissue
levels, found no evidence for any immune system impairment (35). These findings are
consistent with those recently reported in the AFHS (5). : C ¥

Earlier studies of the effects of TCDD on the human immune systein have been limited
by unreliable indices of dioxin exposure and/or insufficient followup to reflect a latency effect.
Though the severe consequences of advanced immune suppression in humans (overwhelming
infection and malignancy) are well established, reliable clinical and laboratory indices to
detect more subtle compromise in immune function are not well understood. In this regard,
two recent publications have made valuable contributions to consistency in laboratory
methodology and quality control (36, 37).

More detailed summaries of the pertinent scientific literature for the immunologic
assessment can be found in the report of the previous analyses of the 1987 cxamiriatibn_ data

(5). )

Summary of Previous Analyses of the 1987 Examination Data _ _

For the assessment of the 1987 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
analyzed. Ranch Hands had a higher frequency of individuals with possibly abnormal
reactions on skin testing than the Comparisons. The.analysis of the composite skin test
results, adjusting for covariate information, contained a significant group-by-lifetime cigarette
smoking history interaction. Followup analyses showed that, among those individuals with
the hcaviggt__smoking. histories, Ranch Hands had a higher frequency of possibly abnormal
readings when contrasted with Comparisons. Within the other strata, there were no
significant differences. 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. Exploration of these. ‘
interactions revealed that the Black Ranch Hands had higher adjusted means than the Black
Comparisons for ‘the natural killer assay measures. The adjusted mean values for Black
Ranch Hands, non-Black Comparisons, and non-Black Ranch Hands were numerically similar
in these analyses. Black Comparisons had lower mean values than the other three groups.
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 the Ranch Hands and Comparisons. =~ °~ - = o
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FIGURE 16-1.

Medical Significance of the Immunologic Data

Rationale of the Measurement

Diseasé/Sjmdroﬁw/Condition Endpoint

Immunologic Measure

Skin Tests
Candida
Mumps

Tricophyton
Staphage-lysate

Marker- Studies ”

CD2 (T11)
CD20 (B1) f‘_ |

CD4T"(L§u3a+b)

CDSB (OKTS)

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-cell memory and ability of effector cells to
mount a response.

Measures CD2 cells coincident with sheep
rosette receptor on cell surface (most are CD4
and CD8 cells). CD2 posmve cells represent
total T cells.

Measnres peripheral blood B cells; no reacuon _

with T cclls granulocytes, or monocytes.

‘Measures T cells that exhibit :heiperﬁnducer

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

cytotoxic functions. Responsible for appropriate
down regulation of an immune response after -

“antigen has been cleared.

Antigen reactivity or sensitivity. Lack of
response to all antigens indicates anergy which
may occur in ovcrwhclmmg infections,
widespread malignancy, unmunosuppressmn, or
malnutrition.

Decrease mhy'fesult in-cellular immune
deficiency; increased with lymphoprohfemuve
disorders. .

Decrease may result in humoral immune
deficiency with impaired production of
antibodies; increased in lymphoprohferanve
disorders.

Markedly decreased in AIDS due to HIV
infection of CD4+ cells; mcreascd in
autmmmune diseases.

- Variable in autoimmune diseases; increased in

some viral illnesses and immunodeficiencies.
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FIGURE 16-1. (Continued)

Medical Significance of the Immunologic Data

Immunologic Measure

Rationale of the Measurement Disease/Syndrome/Condition Endpoint

‘Immunoglobulins

IeG

IgA
IgM

Functional Studies
PHA

Each measures ability of specific B-cell subgroup Increased in hyperglobulinemia or myeloma
to secrete specific antibody class of molecules.  (monoclonal). Decreased in selective or total

Antibodies normally rise in response to infec- B-cell immunodeficiency. Polyclonal increases
- tions or immunizations with bacteria, fungi, and in chronic inflammation and liver disease

viruses. Major immune mechanism against - (cirrhosis).

bacteria. _

Measures functional capability of T cells to Decreased with impaired natural defenses due

become activated by mitogen and undergo prolif- to stress, surgery, age, malnuirition, burns,

eration. Relies on integrity and in vitro uremia, malignancy, some infections.
interaction of several different cell types . : '
including macrophages and T-lymphocytes.







statistics of skewness and kurtosis were used in conjunction with the Kolmogorov D statistic
for deciding whether to use the original scale or the natural logarithm scale (38).

Participants taking anti-inflammatory (except aspirin) or immunosuppressant
medication, or who had recently received x-ray treatment or chemotherapy for cancer were
excluded from all analyses of laboratory data.

Quantitative Studies: Cell Surface Marker (Phenotypic) Studies

Quantification of the different cell populations was carried out with the use of mouse
monoclonal antibodies. Seven cell surface markers and a ratio of cell markers were analyzed
in the evaluation of the immunologic system. The unit of measurement (for all variables
except the CD4/CDR ratio) was cells/mm3. These variables were treated as continuous data,
and were subjected to the natural logarithm transformation for statistical analysis.

Quantitative Studies: TLC

Statistical analysis on TLC was performed. The unit of measurement was cells/mm3. A
natural logarithm transformation was applied to the TLC data for statistical analyses.

Functional Stimulation Tests

Cell function responses to stimulation by phytohemagglutinin (PHA), mixed lymphocyte
culture (MLC), and natural killer cell assays were also analyzed in the immunologic
evaluation. ' '

The following three PHA variables were analyzed: unstimulated PHA response for 2
mitogen harvest days, an overall PHA net response (adjusting for 3 mitogen concentrations
and 2 harvest day effects), and the maximum PHA net response among the 3 mitogen
concentrations and 2 harvest days. Each observation was the result of the averaging of
quadruplicate readings. ' '

MLC of donor lymphocytes was also used to stimulate in vitro cell proliferation of
participant lymphocytes; the following two MLC variables were analyzed: unstimulated MLC
response and MLC net response. :

The following four variables from the natural killer cell assays were analyzed:

« Natural Killer Cell Assay (NKCA):
(1) NKCA 50/1 net response
(2) NKCA 50/1 percent release /
« Natural Killer Cell Assay with Interleukin 2 (NKCI):
(3) NKCI 50/1 net response
(4) NKCI 50/1 percent release.
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Statistical Methods Lo :

. Chapter 4, Statistical Methods, describes most of the basic statistical methods used in
the immunologic evaluation. For both the 1985 and 1987 studies, large variation was ‘
expected from batch and blood draw day variability. Because of the variation, these
covariates were generally incorporated into the unadjusted and the adjusted models of the
respective immunologic assessments for those studies. - For the serum dioxin analyses of the
Ranch Hand immunologic measurements, these covariates were subjected to a prescreening
procedure to determine whether the unadjusted and adjusted models would incorporate batch- -
to-batch and blood draw day-to-day covariates. The prescreening was performed because of = .
- the reduced sample sizes available for the stepwise modeling procedure applied to the
models involving only the Ranch Hands. - In addition, the batch-to-batch and blood draw day-
to-day covariates would absorb many of the available degrees of freedom if routinely forced
into a particular analysis model. S : L :

To address these data issues, a main effects prescreening model with the following
terms was used for each immunologic measurement: log (initial dioxin), batch-to-batch
variation, blood draw day-to-day variation, age, race, current alcohol use, lifetime alcohol
history, current cigarette smoking, and lifetime cigarette smoking history. The models were
used to evaluate the significance of the batch-to-batch and blood draw day-to-day covariates
using the data from the maximal cohort (i.e., the larger data set). As a result of that analysis,
the batch-to-batch and blood draw day-to-day covariates were used for the unadjusted and
adjusted analyses of the following measures: CD14, CD25, HLA-DR, CD4/CD§,
unstimulated PHA, PHA net response, maximum PHA net response, unstimulated MLC
response, MLC net response, NKCI 50/1 net-response, and NKCI 50/1 percent release. The
unadjusted and adjusted analyses of CD20 and -NKCA 50/1 net response were adjusted only
for batch-to-batch variation. Batch-to-batch and bleod draw day-to-day variation were not . -
used in the unadjusted and adjusted analyses of CD2, CD4, CD8, TLC, and NKCA 50/1
percent release. | ‘ o o _

Table 16-1 summarizes the statistical analyses performed for the serum dioxin analyses
of the immunologic assessment. The first part of the table describes the dependent variables
analyzed. The second part of the table provides a further description of the candidate -
covariates examined. Abbreviations are used extensively in the body of the table and are
defined in footnotes. B : :

Data for four pai'ticipants (two Ranch Hands and two Comparisons) were judged

clinically unreasonable and were excluded prior to analysis. Some participants were excluded . |

from the immunologic evaluation as stated above, and some: dependent variable and covariate
data were missing for other participants. Table 16-2 summarizes the number of participants
excluded for medical reasons and the number of participants with missing data, by
assumption and Ranch Hand and Comparison group. Variables used to evaluate skin and
immunologic testing are detailed separately in this table, since different subsets of .
participants received these two types of tests.

Appendix O contains graphic displays of immunology system dependent variables
versus initial dioxin for the minimal and maximal Ranch Hand cohorts, and immunology
variables versus current dioxin for Ranch Hands and Comparisons. Graphics for dioxin-by-
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TABLE 16-1. (Continued)

Statistical Analysis for the Immunologic Assessment

-Dependent Variables

S Data - Data Candidate Statistical
Variable (Units) Source Form Cutpoints Covariates - Analyses-
CD14 Cells LAB - C -- AGE,RACE, U:GLM.

(cells/mm3) T CSMOK,PACKYR, = A:GLM
ALC,DRKYR, S
BATCH,
DAY(BATCH)

CD25 Cells LAB C - AGE,RACE, U:GLM_
(cells/mm3) ; CSMOK,PACKYR, A:GLM

ALC,DRKYR, : '
BATCH,
DAY(BATCH)

HIL.A-DR Cells LAB  C - AGE,RACE, U:GLM

(cells/mm3) CSMOK,PACKYR, A:GLM-
: ALCDRKYR, L
BATCH,
DAY(BATCH)
CD4/CD8 Ratio LAB C -- AGE,RACE, U:GLM
: CSMOK,PACKYR, A:GLM
ALCDRKYR, L:GLM
BATCH, :
DAY(BATCH)

Total Lymphocyte LAB C -- AGE,RACE, U:GLM
Count (TLC) CSMOK,PACKYR, A:GLM
(cells/mm?3) ALCDRKYR,

‘ BATCH,
DAY(BATCH)
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Statistical Analysis for the Immunologic Assessment

.. TABLE 16-1. (Continued)

Dependent Variables

Data Data Candidate Statistical

Variable (Units) Source  Form Cutpoints Covariates . Analyses

Natural Killer - LAB C - AGE,RACE, - U:GLM
Cell Assay - CSMOK,PACKYR, A:GLM
(NKCA) 50/1 ALC,DRKYR,

Net Response BATCH,
(cpm) DAY(BATCH)

NKCA 50/1 LAB C -- AGE,RACE, U:GLM
Percent CSMOK,PACKYR, . A:GLM
Release 'ALC,DRKYR,

BATCH,
DAY(BATCH)

Natural Killer LAB C -- AGE,RACE U:GLM
Cell Assay : CSMOK,PACKYR, . A:GLM
With Interieukin ALC,DRKYR, :
(NKCI) 50/1 BATCH,

Net Response DAY(BATCH)
(cpm) :

NKCI 50/1 LAB C -- AGE.,RACE U.GLM
Percent CSMOK,PACKYR, A:GLM
Release ALC,DRKYR,

BATCH,
DAY(BATCH)
IgA LAB C -- AGE,RACE, U.GLM
(mg/dl) CSMOK,PACKYR, = A:GLM
. : ALC,DRKYR S _
1gG "LAB C -- AGE,RACE, U:GLM
(mg/dl) ' : CSMOK,PACKYR, A:GLM
' ALC,DRKYR :

IgM LAB C - AGE,RACE, U.GLM

(mg/dl) CSMOK,PACKYR, A:GLM
' ALC,DRKYR
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'TABLE 16-1. (Continued)

Statistical Analysis for the Immunologic Assessment

Data Source: -
Data Form:

Statistical 'Analyses:

Statistical Methods:

Abbreviations

LAB--1987 SIRL laboratory results .

MIL--Air Force military records

PE--1987 SCRF physical examination
Q-SR--1987 NORC questionnaire (self-reported)

D--Discrete analysis only

C--Continuous analysis only

D/C--Appropriate form for analysis (either discrete
or continuous) - '

U--Unadjusted analyses
A--Adjusted analyses
L--Longitudinal analyses

GLM--General linear models analysis
LR--Logistic regression analysis
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TABLE 16-2. (Continued)

Number of Participants Excluded and With Missing Data for the
Immunologic Assessment

Categorized
_ ~ Variable  (Ranch Hands Only) ~Ranch

Variable Use Minimal  Maximal Hand Comparison
Immunologic Test

Analysesd
CD2 Cells DEP 2 2 3 "
CD4 Cells DEP 3 3 3 0
CDS8 Cells DEP 3 4 3 0
CD20 Cells DEP 2 2 2 0
CD25 Cells DEP 1 1 1 2
HLA-DR Cells DEP 0 0 0 1
CD4/CD8 Ratio DEP 4 5 4 0
Unstimulated PHA

Response (day 1) DEP 0 2 2 3
Unstimulated PHA . :

Response (day 2) DEP 4 5 5 2
PHA Net Response :

(day 1, conc. 1) DEP 0 4 4 '3
PHA Net Response S

(day 1, conc. 2) DEP 0 4 4 3
PHA Net Response

(day 1, conc. 3) DEP 0 4 4 2
PHA Net Response

(day 2, all conc.) DEP 5 6 6 2
Overall PHA Net o o S

Response DEP 5 10 10- 4.
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covariate interactions determined by various statistical models are also presented in
Appendix O. Chapter 4-provides a guide to assist in interpreting the graphics.

Three statistical analysis approaches were used to examine the association between an
immunology dependent variable and serum dioxin levels.” One model related a dependent
variable to each Ranch Hand’s initial dioxin value (extrapolated from current dioxin values
using a first-order pharmacokinetic model). A second model related a dependent variable to
each Ranch Hand’s current serum dioxin value and each Ranch Hand’s time since tour. The
phrase “time since tour” is often, referred to as “time” in discussions of these results. Both'
of these models were implemented under the minimal and maximal assumptions (i.e., Ranch
Hands with current dioxin above 10 ppt and above 5 ppt, respectively). The third model
compared the dependent variable for Ranch Hands having current dioxin values categorized
as unknown, low, and high with Comparisons having background levels. The contrast of the
entire Ranch Hand group with the complete Comparison group can be found in the previous
report of analyses of the 1987 examination (5). All three models were implemented with and
without covariate adjustment. Chapter 4 provides a more detailed discussion of the models.

RESUi.TS

Exposure Analysis

Physical Examination Variable
Skin Reaclion Test |

Model 1: Ranch Hands - Log, (Initial Dioxin)

Under both the minimal and maximal assumptions, the unadjusted analysis of the
composite skin reaction test displayed a nonsignificant negative association with inijtial dioxin
(Table 16-3 [a) and [b]: p=0.519 and p=0.207, respectively).

Similarly, the adJusted analys1s of the composite skin reaction test was not sxgmﬁcant
for an association with jnitial dioxin under either the minimal or the maximal assumption
(Tablc 16-3 [c] and [d]: p=0.201 and p=0.207, respccnvely)

Model 2: Ranch Hands - Log, (Current Dioxin} and Time

Under both the minimal and maximal assumptions, the interaction between current. -
dioxin and time since tour was not significant (Table 16-3 [e] and [f): p=0.474 and p=0.418,
respectively); hence, the relative risks were not significantly different between the two time
strata. The relative nsks for each time stratum were not s1gmﬁcam : :

‘Under the minimal assumption, the adjusted analysis contained a significant interaction
among current dioxin, time, and age (Table 16-3 {g]: p=0.013). To investigate the
interaction, adjusted-analyses were petformed separately for Ranch Hands born in or after -
1942 and those born before 1942. For the yourger Rarich Hands, the interaction of current
dioxin and time was not s1gn1ficant (Appendix Table O-1:" p=0.198). Fot the older Ranch
Hands, the current diokin-by-tité ifiteraction was significant (p=0. 024) For older Ranch
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TABLE 16-3. (Continued)

Analysis of Composite Skin Test Diagnosis

Ranch Hands - Logs (Current Dioxin) and Time - Unadjusted

Percent Possibly Abnormal/(n)

- Time o - Est. Relative |
Assumption  (¥rs.) Low  Medium  High Risk (95% C.1.)a2 p-Value
e) Minimal i S : 0.474b
(n=397) <18.6 7.0 9.0 25 0.78 (0.44,1.39) 0.393¢
, - (87) (100) (40) : C
>18.6 49 6.7 55 1.02 (0.64,1.61) - 0.946€
(41) (104) (55)
f) Maximal | - 0.418D
(n=570) <18.6 10.0 78 6.1 0.77 (0.52,1.15)  0.202¢
(80) -(142) (66)

>186 . 13 65 53 . 096 (0.681.35 0.814¢
(69) (138) (75) .

Ranch Hands - Log; (Current Dioxin) and Time - Adjusted

Time Adj. Relative | : ) Covariate
Assumption (Yrs.) Risk (95% C1.)2  p-Value Remarks
g) Minimal ‘ | 0.341*%b  CURR*TIME*AGE (p=0.013)

(n=394)  <18.6  0.64 (0.351.16)** 0,143%%c ALC*CSMOK (p=0.004)
>18.6 092 (0.551.54)%% = 0762%%¢

h) Maximal 0.418b -
(n=570) <18.6 0.77 (0.52,1.15) 0.202¢
>18.6 0.96 (0.68,1.35) 0.814¢

3Relative risk for a twofold increase in dioxin.
bTest of significance for homogeneity of relative risks (current dioxin continuous, time categorized).
“Test of significance for relative risk equal to 1 {current dioxin continuous, time categorized).
**Log; (current dioxin)-by-time-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,
Note: Minimal--Low: >10-14.65 ppt; Medium: >14.65-45.75 ppt: High: >45.75 ppt.
: Maximal--Low: >5.9.01 ppt; Medium: >9.01-33.3 ppt; ngh >33.3 ppt.
CURR: . Logy (current dioxin),
TIME: Time since tour.
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Hands with time since tour less than or equal to 18.6 years, there was a nonsignificant
negative association with current dioxin and for those whose time was greater than 18.6
years, there was a nonsignificant positive association. Without the interaction of current
dioxin, time, and age in the model, the adjusted relative risks were not significantly different
between the two time strata (Table 16-3 [g): p=0.341) and the adjusted risks within time
strata also were not significant.

Under the maximal assumption, none of the covariates or associated interaction terms
were retained in the adjusted analysis; therefore, the unadjusted and adjusted results are the
same (as seen in Table 16-3 [f] and [h], respectively). :

Model 3: Ranch Hands and Comparisons by Current Dioxin Category

In the unadjusted analysis of the relative frequency of participants with a possibly
abnormal composite skin test reaction, the overall contrast of Ranch Hands classified in the
unknown, low, and high current dioxin categories and Comparisons in the background current
dioxin category was nonsignificant (Table 16-3 [i]: p=0.331).

In the adjusted analysis of the composite skin test reaction, the overall contrast for
Ranch Hands in the unknown, low, and high current dioxin categories versus: Comparisons in
the background current dioxin category was also nonsignificant (Table 16-3 [j]: p=0.332).
The contrast for Ranch Hands in the low current dioxin category versus the Comparisons in
the background current dioxin category was marginally significant (p=0.099, Adj. RR=1.81,
95% C.L.: [0.89,3.67]). ' ' ,

In the 1987 examination report, the composite skin test displayed unadjusted and
adjusted relative risks that were greater than 1 for the Ranch Hand versus Comparison
analyses. Although the relative risks of the three Ranch Hand versus Comparison contrasts
were nonsignificant, each relative risk exceeded 1. The risks, however, were not indicative of
a dose-response pattern.

Laboratory Examination Data: Quantitative Studies—Cell Surface Marker (Phenotypic)
Studies - o

CD2 Cells

Model 1: Ranch Hands - Log; (Initial Dioxin)

For the unadjusted analyses under both the minimal and maximal assumptions, the
associations between CD2 cell counts and initial dioxin were not significant in the adjusted
analysis (Table 16-4 [a] and [b]: p=0.747 and p=0.628, respectively).

Under the minimal assumption, the adjusted analysis contained a significant interaction
between initial dioxin and current alcohol use (Table 16-4 [c]): p=0.003). Stratifying by
current alcohol use (zero to one drink per day, over one drink per day), there was a significant
negative association between CD2 cell counts and initial dioxin for Ranch Hands who had
more than one drink per day (Appendix Table O-1: p=0.002). For the other current drinking
stratum, therg was a nonsignificant positive association (p=0.442). Under the maximal
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Analysis of CD2 Cells (cells/fmm3)

TABLE 16-4. (Continued)

Ranch Hands - Logs (Current Dioxin) and Time - Unadjusted

Mean8/(n)
Current_Dioxin

Time Slope _

Assumption - (Yrs.) Low . Medium High (Std. Error)® p-Value

¢) Minimal | o 0.739¢
(n=195) <186 1,640.5 1,6022° 16264  -0.019 (0.033) 0.5634
(R2=0.007) _ . (22) (49) (22) _

>18.6 1,737.4 16972  1,659.0  -0.005 (0.028) 0.8704
(25) 47 (30) : _

f) Maximal 0.880¢
(n=273) <186 1,581.1  1,6370  1,556.5  0.001 (0.024) 09614
(R2=0.004) : (39 . - (70) @

>18.6 1,630.8 1,659.9  1,7180  0.006 (0.023) 0.7864
(24) (67) (43) : . -
Ranch Hands - Log2 (Current Dioxin) and Time - Adjusted
Adj; Mean?/(n) |
S Time - Adj. Slope Covariate

Assumption (Yrs.) Low  Medium _High (Std. Error)b p-Value Remarks

g) Minimal - | . 04485 AGE (p=0.103)

. (n=194) <186 1,6794 15984 15889  -0.036 (0.033) 02899  CSMOK (p=0.011) ;
(R2=0,090) (22) 49 (22 DRKYR (p=0.058)

>186 17428 16656 1,684.1 -0.003 (0.029) 0.9074
(25) (46) &lD) o

h) Maximal | | 0.717¢"  CSMOK (p<0.001)
(n=272) <186 17186 17576 16541 ' -0007{0.024) 0.773¢  * AGE*DRKYR
(R2=0.126) (39  (700°  (30) - o (p<0.001)

>186 18289 11,7660 1,822/6, . . 0.005(0.022) 0.835¢  RACE*ALC
(24) . (66) . (43) Pt e (p=0 050)

"‘Transformed from natural logarithm scale.

Slope and standard error based on natural logamhm CD2 cells versus logy dnoxm
CTest of sxgmfica.nce for current dioxin-by-time interaction (current dioxin conunuous and time categonz.ed)
dTest of significance for slope different from 0 (current dioxin commuous. time categonzed)

Note:

Maximal--Low: >5-9.01 ppt; Medium: >9.01-33.3 ppt; High: >33.3 ppt.
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assumption, the association between CD2 cells and initial dioxin was not significant (Table
16-4 [d]: p=0.874).

Model 2: Ranch Hands - Log; (Current Dioxin) and Time
_ In the unadjusted analysis relating CD2 cells to current dioxin and time since tour, the
models under both the minimal and maximal assumptions did not contain significant current
dioxin-by-time interactions (Table: 16-4:[¢] and f]: ' p=0.739 and p=0.880; respectively),
_indicating that the relationships between CD2 and current dioxin did not differ between time
strata. In the adjusted analysis, the models based on the minimal and maximal assumptions
also contained nonsignificant current dloxm-by-umc interactions (Table 16-4 [g] and [h]:
p=0.448 and p=0.717, respectively).

Model 3: Ranch Hands and Comparlsons by Current Dioxin Category

- In the unadjusted analysis of CD2 cell counts, the mean levels. of the four current dioxin
categones did not differ significantly (Table 16-4 [i]: p=0.712). '

The adjusted analysis of the CD2 cell counts displayed a significant interaction between
categorized current dioxin and age and a significant interaction between categorized current
dioxin and lifetime alcohol history (Table 16-4 [j]: p=0.015 and p=0.014, respectively). To
investigate the interactions, age was dichotomized for Ranch Hands and Comparisons born in

or after 1942 and those born prior to 1942 and lifetime alcohol history was trichotomized as 0 ..

dnnk-years, greater than Q but less than 40 drink-years, and over 40 drink-years. For
participants born in or after 1942 with a lifétime. alcohol history of zero drink-years, the high-
versus background contrast was of borderline significance (Appendix Table O-1: p=0.082)
with the Comparisons having a higher adjusted CD2 ‘mean than the Ranch Hands. However,
the contrast ‘was based on eight Comparisons and three Ranch Hands. For participants born
in or after 1942 with a lifetime alcohol h1story of greater than 0 but less than 40 drink-years,
the unknown versus background contrast was. significant (p=0.032), with the Comparisons
having the higher adjusted CD2 mean. All other contrasts were nonsignificant. A followup
model was examined without the two interactions cited above. For that model, the overall
contrast was nonsignificant (Table 16-4 [j]: p=0.825).

CD4 Cells

Model 1: Ranch Hands - Log; (Initial Diaxm) :

Under both the minimal and the maximal assumptions, the unad;ustcd anaJyscs of the
CD4 cell counts were not significant for an association with initial dioxin (Table 16-5 [a] and
[b): p=0.809 and p=0.157, respectively). For the adjusted analyses, the minimal and
maximal assumptions also exhibited nonsignificarit associations between. the CD4 cell counts
and initial dioxin (Table 16-5 [c] and [d]: p=0.936 and p=0.324, respectwely)

Model 2: Ranch Hands - Log; (Current Dioxin) and Time

For the unadjusted analyses of CD4, under both the minimal and maximal assumptions,
the interaction of current dioxin and time since tour ‘was not s1gn1ﬁcant (Table 16-5 [e] and
{f]: p=0.510 and p=0.453, respecuvely) Therefore, the assoc1at1ons (i.e., slopes) did not
differ significantly between the two time strata. =~
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For the adjusted analyses of CD4 cell counts under the minimal assumption, there was
a significant interaction among current dioxin, time, and lifetime alcohol history (Table 16-5
[g]l: p=0.038). To examine the interaction, Ranch Hands with lifetime alcohol history values
were dichotomized into less than or equal to 40 drink- -years or greater than 40 drink-years.
For the former lifetime alcohol history stratum, the interaction between current dioxin and
time was significant (Appendix Table O-1: p-O 013); there was a significant negative
association (p=0.035) with current dioxin for time less than or equal to 18.6 years, and a
' nonsignificant positive association with current dioxin for time over 18.6 years (p=0. 200).
For the latter lifetime alcohol history stratum, the interaction of current dioxin and time was
margmally significant (Appendix Table O-1: p=0.054) with a nonsignificant positive
association between CD4 cells and current dioxin for time of 18.6 years or less and a
nonsignificant negative association for time over 18.6 years (p=0.191 and p=0.163,
respectively). Without the interaction of current dioxin, time, and lifetime alcohol h1story in
the adjusted model, the interaction between current dioxin and time was not slgmﬁcant
(Table 16-5 [g]: p=0.213). .

Under the maximal assumption, the adjusted analysis contained a significant interaction
among current dioxin, time, and age (Table 16-5 {h]: p=0.024). The interaction was explored
for Ranch Hands born in or after 1942 and those born prior to 1942. For the older Ranch
Hands, the association between CD4 and current dioxin differed significantly between the
time strata (Appendix Table O-1: p=0.043); for time of 18.6 years or less there was a
nonsignificant negauve association (p=0.114), and for time greater than 18.6 years there was |
a nonsignificant positive association (p=0.207). For the younger Ranch Hands, the
interaction of current dioxin and time was nons:gmficant for CD4 (p=0.753). An adjusted
model without the interaction of current dioxin, time, and age displayed a nons1gmficant
current dioxin-by-time interaction (Table 16-5 [h]: p=0.243). i

Model 3: Ranch Hands and Comparisons by Currem Dioxin Category ;

For the unadjusted and the adjusted analysis of CD4 cell counts, the. overall contrasts of
the four current dioxin categories were not significant (Table 16-5 [i] and [j]: p=0.351 and ~ |
p=0.406, respectively) and none of the Ranch Hand versus Companson contrasts were
significant (p>0.20 for all).

CD8 Cells

‘Model 1: Ranch Hands - Log; (Initial Dioxin)

For both the minimal and the maximal assumptmns, the assoc1at10n between the CD8
cell counts and initial dioxin was not significant in the unadjusted analys1s (Table 16-6 [a]
and [b]: p=0.934 and p=0.705, respectively).

Under the minimal assumption, the adjusted analysis of the CD8 cell counts contained a .}
significant interaction between initial dioxin and lifetime alcohol history (Table 16-6 [c]: '
p<0.001). The interaction was investigated by trichotomizing the Ranch Hands into the 1
following lifetime alcohol history strata: O drink-years, above O drink-years to 40 drink-years, 3
and over 40 dnnk-years For Ranch Hands with a lifetime history over 40 drink-years, there -}
was a significant negative association between CD8 cell counts and initial dioxin (Appendix
Table O-1: p=0.016). For the nondrinkers, there was a nonsignificant positive
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TABLE 16-7. (Continued)

Analysis of CD20 Cells (cells/mm3)

Ranch Hands - Logy (Current Dioxin) and Time - Unadjusted

. Mean®/(n)

. Time Slope -
Assumption {Yrs,) Low = - Medium High (Std. Error)b p-VaIpc
) Minimal 0.825¢

(n=195) <186 1228 161,0 168.3 0.052 (0.066) 0.4364

(R2=0.388) (22) @) - (22 -

>18.6 140.4 168.7 1755 0.071 (0.063) 0.2624
(25) @7 (30)

f) Maximal | _ 0.302¢
(n=273) <186 1629 .. 1516 1523 0.007 (0.043) 0.8774
(R2=0.345) (39) (70) (30) |

>18.6 140.3 142.5 170.6 0.069 (0.042) 0.099d

(24) - (6T) (43)

Ranch Hands - Logp (Current Dioxii)) and Time - AdjuSted

Adj. Meanf’/(q)

Time Adj. Slope : Covariate

Assumption (Yrs.) - Low Medium High (Std. Error))  p-Value Remarks

g) Minimal o o _ 0.371°  CSMOK (p=0.023)
(n=194) - <186 1282 1652 1739 0.047 (0.061) 04464  ALC (p=0.041)
(R2=0.485) (22) 49  (22) - DRKYR (p=0.004)

>18.6 1327 1559 19220 - 0121 (0.059) 0.043d . R
: (25) 46) - 30y - - o '

h) Maximal ' o 0.171°  -RACE (p=0.032)
(n=272) <186 2034 1865 1867 - -0.008 (0.040) ~ 0.845¢°  CSMOK (p=0.001)
(R2=0.473) (39) (700 (30) ' ~ ALC (p=0.051)

: >18.6 187.5 1644 2022 0.068 (0.039) 0.083 - AGE*DRKYR
24) (66)  (43) 7 {p=0.003)

8Transformed from natural logarithm scale. ‘
bSlope and standard error based on natural logarithm CD20 cells versus logy dioxin.
®Test of significance for current dioxin-by-time interaction (current dioxin continuous. and. time categorized).

dTest of significance for slope different from 0_(current dioxin continuous, time categorized).
Note: Minimal--Low: >10-14.65 ppt; Medium: >14.65-45.75 ppt; High: >45.75 ppt.
Maximal--Low: >5-9.01 ppt; Medium: >9.01-33.3 ppt; High: »33.3 PPL.
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Model 2: Ranch Hands - Log; (Current Dioxin) and Time

In the unadjusted analysis of the relationship between CD20 cell counts with current
dioxin and time since tour, the interaction of current dioxin and time was not significant for -
both assumptions (Table 16-7 [e] and [f]: p=0.825 and p=0.302, respectively). Under the
maximal assumption, Ranch Hands with early tours (i.e., time>18.6 years), displayed a-
marginally significant positive association between CD20 and current dioxin (p=0.099).

Under the minimal assumption, the adjusted analysis of the association between CD20
cells with current dioxin and time indicated that the interaction between current dioxin and
time was not significant (Table 16-7 [g]: p=0.371). Current cigarette smoking, current
alcohol use, and lifetime alcohol history were covariates retained in the adjusted model. For
Ranch Hands with time over 18.6 years, there was a significant positive association between
CD20 cells and current dioxin (p=0.043).

Under the maximal assumption, the adjusted analysis of the CD20 cell counts also
indicated that the interaction between current dioxin and time was not significant (Table 16-7
[h]: p=0.171). Therefore, the adjusted slopes for the association between CD20 cells and
current dioxin were not significantly different between time strata. For Ranch Hands with
time over 18.6 years, there was a positive relationship between CD20 cells and current dioxin
that was marginally significant (Table 16-7 [h]: p=0.083).

Model 3: Ranch Hands and Comparisons by Current Dioxin Category

The simultaneous contrast of the CD20 unadjusted means for the four current dioxin
categories was nonsignificant (Table 16-7 [i}: p=0.269). The unadjusted means for the
background, unknown, low, and high current dioxin categories were 148.9, 154.3, 161.7, and
171.1 cell/mm?3. The CD20 mean for Ranch Hands with high current dioxin was marginally -
higher than the CD20 mean of the Comparisons (p=0.066).

In the adjusted analysis of the CD20 cell counts using the four categories, there was a
significant interaction between categorized current dioxin and age (Table 16-7 [j]: p=0.014).
To explore the interaction, the results were examined separately for Ranch Hands and
Comparisons born in or after 1942 and those born prior to 1942 (Appendix Table O-1). For
the younger participants, the overall contrast of the adjusted CD20 cell means was not
significant (p=0.307); however, all Ranch Hand -categories had lower adjusted mean CD20
counts than Comparisons and Ranch Hands with unknown current dioxin had a marginally
lower adjusted mean count (p=0.069; 170.2 versus 200.4 cells/mm3). For the older
participants, the overall contrast of the adjusted CD20 cell means for the four current dioxin
categories was significant (p=0.006). The adjusted means for the background, unknown, low,
and high current dioxin were 156.9,179.9, 186.3, and 215.9 cells/ymm3. The three contrasts - -
were at least marginally significant (unknown versus background, p=0.047; low versus
background, p=0.053; high versus background, p=0.002). A followup model without the
interaction of age and categorized current dioxin displayed a nonsignificant overall contrast
(Table 16-7 [j]: p=0.485) and individual contrasts (p>0.10 for all).
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. TABLE 16-8.

Analysis of CD14 Cells (cells/mm3)

Ranch Hands - Logj (Initial Dioxin) - Unadjusfed

: Initial : : Slope :
Assumption _ Dioxin . n Mean® - (Std, Error)b p-Value
a) Minimal " Low a5 297 - 0.011 (0.054) 0.842
(n=197) - Medium - 98 31.1 . L
(R2=0.651) - High . 54 . 29.6 _
b) Maximal ‘Low . 65 312 -0017 (0.036) 0.633
(n=275) * Medium 137 289 . -
(R2=0.568) High 73 276

Ranch Hands - Logy (Initial Dioxin) - Adjusted

_ . Initial _ _ Adj. .Adj, Siope _ -Covariate
Assumption Dioxin n Mean?  (Std. Error)? _p-Value Remarks
c¢) Minimal Low 45 bl W Rk IN'[T"‘PACKYR (p=0.014)
(n=196) Medium 97 W IS o - INIT*ALC (p=0.008)
(R2=0.728) High = 54 e RACE (p=0.032)
. o CSMOK*PACKYR
(p=0.015) :
| CSMOK*ALC (p=0. 009)
d) Maximal Low 65 324 -0.012 (0.036) 0.728 DRKYR (p=0.147)
(n=274) Medivm 136 284 ' CSMOK (p=0.013)

(R2=0.596) ~ High 73 . 282

8Transformed from natural logarithm scale.
l”Slope &nd standard error based on natural logarithm CD14 cells versus logs dioxin. '
“‘""'LogQ (initial dioxin)- by-covanate lmeractwn (p50 01);- adjusted mean, u.djusted slope. standard error, and’ p-value

‘not presented.
Note: Mijnima]--Low: 52:93 ppt; Medium >93.292 ppt, ngh >292 ppt. .
ngmg],--[.ow 25-56.9 ppt; Mcdmm >56,9*218 PP H:gh >218 PPt
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