
Trends 
Assessing consistent and meaningfu~ trends is essential when interpreting any large 

study with multiple endpoints, clinical areas, .and c.ovariates. However, caution must be used 
when assessing trends. Increased numbers of abnomnalities or means with increased dioxin 
levels across medically related variables within a 'clinioal, area might indicate a dioxin effect. 
In this case, it is important to note that there is a moderate-to-strong correlation between 
some endpoints. Hence, the strength of the trends . also must. be considered when assessing 
the suspected association. 'i,i .' 

Power Limitations 
The fixed size of the Ranch Hand cohort liDlits thellbtlity of this study to detect a dioxin 

association. This liDlitation is most obvious conceming"speeifi6 types of cancer, such as soft 
tissue sarcoma and non-Hodgkin's lymphoma, which'lii'e%b:urlcomlnon'that fewer than two 
cases are expected in this study,indicating thatthisstudy'~~S':vU:tuallyno statistical power 
to detect low-to':moderate associations (relative risks le~s\HIiliSrwith dioxin. On the other 
hand, these sample sizes are sufficient to detect very sthll1Fm~hlf' Shifts in the continuously 
distributed variables (see Chapter 4). For example; with ~~d':tcF'FgG, this study has 
approximately 90 percent power to detect a mean shifH)fl:p'ef.eeWf,~The detection of 
significant mean shifts without a corresponding indication' oQh\)feitsed 'Ranch Hand 
abnormalities or disease is considered to be of little importahcej~t!itri1aybe an artifact of 
multiple testing. This study has good power to detect relative'risks :0f 2.0 or more with 
respect to diseases, such as heart disease and basal cell carclnQrDa,occurring at prevalences 
of at least 5 percent in unexposed populations. . 

In an attempt to overcome the lack of power to detcor:groul!! ditlferences for specific types 
of systeDlic cancer, all types of systeDlic cancer were combfn'¥i:in~liiisingle variable. It is 
still possible, however, that an increased risk could exist for 'll-patUcularlyraretype of cancer, 
allowing that increased risk to be Dlissed in this study. .....• . 

Strength of Association ".,(' ." 
Ideally, an adverse effect, if it exists, would be teVeaJ.ell"H.Y-1I:'stt'orrgassociation 

between categorized current dioxin and adiSease(cOnditiolb,th~r?-,s, b>,a statistically 
significant relative risk greater than 2.0 for RanchHlIii~s~t1't~t!lftf#h~cUrrent;dioxincategory 
relative to the unexposed Comparisons (5). Statistically sig~i~jcant relative risks less than 
2.0 are considered to be less important th!ID largl;\rri*s 1?¢cau~ the reilltiv~, ,risks less. than 
2.0 can easi~y arise ~ue to unperceived bias Or. ~r:*)1.\*~Jf~$,.j,~J~px~ Id,s~s great.er than 5.0 

are less ~u~Ject to thiS con~em ... Th.'. e. n .. u.m. be .. rs. ) .... :.~.,.n. ? .... '.;.$.'.'.:.·~.;.; ... ,~.m.;.: .. J .. ~~.!iP.J,tb ..... ,.'.Jl .... m.b ..... ;t.,.e~ardlng ~nalyses 
of aSSOCiation between a dichotomous endpoll~~(~~~a$~I\~~',i~~~¥~);, aqd di.chotomlzed , 
exposure (exposed, unexposed). No such rulesh~Ye ~~ltlll.~~i~l\~9 .~garding the analYSiS 
of continuously distributed endpoints (such ~s,chC?!e~\~~J;).,8M$I}~ . .cqntinuously distributed 
exposure (such as initial or current dioxin inm~elsJIj,I}~,2) .. " . 

Biological Credibility' ... . . ,," 
The assessment of biological credibilityreq'Uire$¢~riMq~ration of the following question, 

In biological terms, can it be understood. how the:e)()i!is~'l,iiider sfudycould produce the 
effect of interest? While a lackofbiologlca)'btedi~ility.01:' ~Veriac()ritrlldiction ofbiological 
knowledge can lead to the disri1issal of asignifical1~resU1tNhe'fllilure to perceive a 

, , ,._ f,e,' ;'." .,; '.' c , 
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mechanism may reflect only ignorance of the state of nature. On the other hand, it is easy to 
ascribe biological mechanisms that relate almost any exposure to almost lilly canCer. Thus, 
while peItinent, the response to this question is not always convincing. 

Interpretation of Negative Results 
A 1985 study (6) presents minimal sample-size criteria for proof of safety and hazard in 

studies of environmental and occupational exposures. The study was directed at rectifying 
widespread misconceptions about proof of safety in the medical. and scientific establishments 
and in other groups involved in public health and safety. Thus, a lack of significant results 
relating dioxin to a particular disease only means that this study is unable to detect a 
relationship between dioxin and health. This does not imply that a relationship does not 
exist, but that, if it does exist, it was not detected, A lack of significant results does not 
mean that dioxin is safe or that there is no relationship between dioxin and health, because 
this study is not designed, nor was it intended, to establish safety. This study was designed 
to determine whether a hazard existed for the exposed personnel and not whether dioxin was 
"safe." 

Interpretation, of the Coemcient of .peter~inllt'Qn ," ,\." 
The coefficient of determination, R2,meas.Ui'C!S'the.lproportionate reduction of the total 

variation in a continuously distributed health,v,lIrlable y,·associated with the set of ' 
independent variables.·in a lineat:re.gression; ,.'A lal!gevalueof R2 does not necessarily imply 

; that the fitted model is a useful one. Large values of R2 would occur, for example, if y is 
regressed on an independent variable with only two observed values. On the other hand, 
very small values of R 2 are generally seen in observational studies becaUSe little or no 
control has ,been applied in the assignment of the values of the "treatment" (initial or current 
'dioxin) or the conditions under which the "treatment" has been applied. In this study, the 
dioxin measurements were taken many years after exposure and are themselves subject to 
measurement error. Thus, in most analyses, the vRIues of R2 in this study are small. 

Clinical Interpretation. of Discrete versus Continuous Data 
Small but significant mean differences in a,continuously measured health variable (e.g., 

systolic blood pressure), between exposed and unexposed groups when there are no 
corresponding differences in the percentage of abnormal tests are difficult to assess in any 
study. In, this stUdy, Significant mean differences' are sometimes observed without a 
corresponding group difference,in the.proportion outside the normal range. Such contrasting 
situations may be interpreted as spurious Q,utcomes of .no clinical consequence, or as a 
subclinical dioxin effect. . Significant trends in th.emean with .increasing levels of dioxin are 
interpreted as a· dioxin-related ~fect if a eorresponding trend is seen in the proportion above 
or below the normal range. 

Minimal versus Maximal Results 
The minimallilld maximal assumptions 'for Ranch Hands having background dioxin 

" levels (SIO ppt) were imposed to address theunkndwn exposure history of this subgroup. 
There were 345 Ranch H~ds in this "unkrt()w.n':ca~egory .. In tbe minimal a,nalyses, all of 
these were excluded from the data set. In the 'maximal analyses, only tho~ with less than or 
equal to 5 ppt (n=124) were excluded. The lrtten! of these two analyses was to "trap" the 
true dioxin versus health relationship between them. The results of the maximal analyses 
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appear to be statistically significant more often than those of the minimal analyses. This 
could be due to the larger sample size of the maximatcohort or it could be due .to the 
uncertainty of true exposure in Ranch Hands between S ppt and 10 ppt.There are no 
additional data available at this time with which to resolve these two interpretations. 

Graphics 
The histograms, scatter plots, and graphical descriptions of interactions were included 

as aids to interpretation. The graphics alone are, not sufficient to assess the relationship 
between dioxin and health. For example, a trend maybe seen in a plot, but it could be 
statistically nonsignificant because the number of abnormalities is. small. On the other hand, 
a statistically significant result can be clarified by, the gtaphics, especially if the result 
depends on a few data points that appear far from the 'lXlain"cluster. Such pOints are termed 
"outliers" by statisticians. Outside of the initial quality oonttOl,review activities, no 
additional effort was made to identify statistically significant outliers in this report. 

The Checkmark Pattern 
In many model 3 analyses, the "unknown" Ranch Hand group has the lowest 

percentage of abnormalities; this phenomenon is ternied'''the'e~ktnarkpattem.'' These 
patterns are interesting but .are without explanation at thiuimer,some reanalyses were 
accomplished with adjustment for military rank (officers,. enlisted" personnel), but the 
checkmark pattern remained after adjustment. Thisefieot,wiU'R a subject of continued focus 
in future reports. 

Extrapolation to Army Ground Troops .""'" . ' 
E~trap.olation .of t,he serum dioxin results to the ~~~~W1M~\\WiO~ Qfgrou~d tt<?"Ps who 

se~ed ~n Vietnam IS difficult beca.us~ Ranc~ Handan4. · ... MtP ....• '."u.n.'~ .. ;.r~., ,1\.~ .. I'Posur. e situations were 
quite different. Based on serum dioxm testing resul~'~RP.~?~lSl?C;(7,~ an" others (8), 
nearly all ground troops tested have current levels of dioxm sltmlarto background levels. 
Even ground troops who served in herbicide-sprayed areas of V~!'tnam had current levels 
indistinguishable from levels in men who never left the\'t,Tnl~r,gfate.s '(~1ih means of 4,2 ppt 
and 4.1 ppt, respectively). The AFHS subgroup most ;~cl':t!Te,;~undi~dops in terms of 
current dioxin levels are Ranch Hands who currently,hav'ibaO~8fC!un:d( levels of dioxin (10 ppt 
or less-de.signated as the "unknown" currert~ diox~n:~atogQ~lll";,~e'model 3 ~alyses). 
Therefore, If the results of the AFHS are appbed to ,the,ge"~~:tt?l"pul,alli~n of Vietnam. 
veterans, the focus should be on the unknown Ranch1{:an~ve~Qs<background Compll1'lson 
contrast in the model 3 analyses. However, extrapolatinr,~the)rtsUltsof these analyses to 
Vietnam veterans should still be made cautiously. Th~~ei'qlay·,be;'d.mographic distinctions 
between the unknown group of Ranch Hands and othetViibltlfilmveteransthat may be related 
to health. Also, if Ranch Hands in the unknown cUlTCnt,Qioxincategory showed a significant 
health detriment relative to Comparisons in the backgrollnd category, but there was no 
significant detriment for Ranch Hands in the high CUlTCnt di,C!~iJHIAtegory. the \:)iological 
plausibility of such an effect would be questiona,bl~(~911~~!l ,,~~~. WOllld not indicate ~ dose­
response effect. In general, the adjusted. model ~ iln.~)y,sM." ,lfpllnd.}hat Ra.pch Hands m the 
unknown current dioxin category did not show ,a, si~ii{f{c~!hearth detriment relative to 
Comparisons in the background current dioJ.(in ca,t~gi;)ry" this W~ J,a,rticularly true for the 
variables that exhibited a significant high versus ~~kgiOWlffCQntrast. 

, , .,,'. -,. I.' , 
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Summary of Results 
Many readers of this report will attempt to tally statistically significant results across 

clinical areas and study cycles. A study of this scope with a multitude of endpoints and no 
prescribed strength of association to declare an effect demands, and at the same time defies, 
meaningful summary tabulation. Such summaries can be misleading because they ignore 
correlations between the endpoints, correlations between study-cycle results, and the 
nonquantifiable medical importance of each endpoint. In fact, many endpoints are redundant 
(e.g., psychological scales and indices developed from combining multiple variables) so as not 
to miss a dioxin effect and some (such as those arising from measures of pulmonary function) 
were not suspected beforehand to be related to dioxin exposure. 

In addition, such tabulations combine endpoints that medically are not comparable. For 
example, a diminished sense of smell is of less medical importance than the presence of 
malignant neoplasm. Statisticians have attempted to summarize multidimensional repeated 
measures data with growth curve analyses. Such methods were not used in this study 
because they apply to continuously distributed data only, do not account for medical 
importance, and reduce the data too much. 

Nevertheless, given the lack of adequate summary statistics, the tally of significant 
results will occur. Such summaries can be misleading and must be interpreted carefully. 

CONCLUSION 
The interpretation of the AFHS requires careful consideration of potential biases, 

interactions, consistency of results, the multiple-testing artifact, dose-response patterns, 
trends, power limitations, strength of association, and biological credibility. 
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CHAPTER 2 

DIOXIN ASSAY 

SAMPLE ACQUISITION 
Blood for the serum dioxin assay was drawn on the morning of the second day of the 

physical examination in 1987. Participants who volunteered to give blood for the dioxin assay 
fasted after midnight (water was allowed). Blood was drawn from the participants with a 15-
gauge needle into a blood pack unit without anticoagulant. The blood pack units had been 
tested previously by the Centers for Disease Control (CDC) and were found to be free of 
dioxin contamination. Participants selected for the immunology studies had 250 ml of blood 
drawn; all others had 350 ml of blood drawn. After drawing, the bags were clamped, labeled, 
placed upright at room temperature, and allowed to clot for 7 hours. Appendix B-1 contains 
the Scripps Clinic and Research Foundation's (SCRF) procedure for the dioxin blood 
collection and processing. 

The unit bags were centrifuged for 15 minutes at 4500 RPM at a temperature of 4'C to 
lO'C. The serum wa.s then transferred to transfer packs (also dioxin-free) from the spun unit 
bag by a plasma extractor. The transfer packs were spun for 15 minutes at 4500 RPM. The 
serum was then placed into four Wheaton bottles: two 4-ounce bottles for the serum dioxin 
analysis, a 5 ml bottle for the lipid profile, and a 10 ml bottle for reserve serum. Samples 
were logged and stored at -20'C or less until shipment. Frozen samples, packed in dry ice in 
styrofoam boxes, were shipped twice weekly from SCRF, La Jolla, California, to Brooks Air 
Force Base, Texas. At Brooks Air Force Base, inventory was taken and the specimens were 
stored at -70'C until shipment to the CDC. All samples were coded so that the CDC was 
blinded to the group status (Ranch Hand, Comparison) of each specimen. 

ANAL YTICAL METHOD 
The serum samples were analyzed for dioxin in analytical runs that consisted of a 

method blank, three unknown samples, and a quality control pool sample (1, 2). Cholesterol 
esters, triglycerides, and high-density lipoprotein cholesterol were determined in duplicate by 
standard methods. Total phospholipids were determined in duplicate by modifying (3) the 
Folch et al. procedure (4). Fresh cholesterol was determined in duplicate by an enzymatic 
method (5). For each analysis, the results of the duplicate analyses were averaged and the 
mean was used. These results were used to calculate the concentrations of (a) total lipids 
using the summation method (6), (b) low-density lipoprotein cholesterol, and (c) very low­
density lipoprotein cholesterol (7). 

QUALITY CONTROL 
Quality assurance was maintained with matrix-based materials that are well 

characterized for dioxin concentration and isotope ratios to ensure that the analytical system 
was in control. Quality control (QC) charts were maintained for each of these materials (five 
serum pools). The concentration in the QC sample from each analytical run must be within 99 
percent confidence limits established for the QC material (8, 9). The unlabeled and carbon-13 
labeled internal standard isotope ratios must be within 95 percent confidence limits. All 
analytical runs for the dioxin and lipid measurements were in control. No dioxin was detected 

2-1 



Report 
Field 
Value 

G 
GML 
GND 
GNQ 
NR 

TABLE 2-1. 

Report Field Definition 

Definition 

Good result 
Good result, missing lipids 
Good result, below limit of detection 
Good result, below limit of quantitation 
No result 

in the blanks (on-column injection of 100 femtograms from a standard solution produces 
detectable signals that are greater than three times the background noise)_ 

DATA DELIVERED TO THE Am FORCE BY THE CENTERS FOR DISEASE 
CONTROL 

The dioxin data used in this report were derived from a data base of results on 932 
Ranch Hands and 888 Comparisons delivered by the CDC in January 1990. The CDC sent 
data on whole-weight and lipid-weight dioxin concentrations to the Air Force together with 
the total sample weight, weights of lipid fractions, total lipid weight, the detection limit, 
quantitation limit, and all associated QC information, including results from blank samples. 
Table 2-1 defines a "report" field in the data base. 

Some participants (150 Ranch Hands and 50 Comparisons) participated in a pilot dioxin 
study in April 1987 (8). Four of these (three Ranch Hands and one Comparison) had a 
missing dioxin result (report=NR), the rest had good results (report=G). The remaining 147 
Ranch Hands and 49 Comparisons were included in the dioxin data base from which the 
analysis data set for this report was derived. Of these, 145 Ranch Hands and 48 
Comparisons were also fully compliant to the 1987 physical examination. Forty-seven of the 
pilot study participants (43 Ranch Hands and 4 Comparisons) also had blood drawn for the 
dioxin assay at the 1987 physical examination (May 1987 through March 1988). If a 
participant was assayed during the pilot study but not at the 1987 physical examination, or if 
he was assayed at the pilot study and at the 1987 physical examination, then his pilot study 
assay was used. 

Table 2-2 shows counts of study participants by group, report, and compliance to the 
1987 physical examination. 
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TABLE 2-2. 

Sample Sizes by Group, Report, and Compliance to the 
1987 Physical Examination 

Rlinch Hand !:;Qmllarison 

Fully Fully 
Report Compliant Noncompliant Compliant Noncompliant 

G 858 2 761 1 
GML 0 0 1 0 
GND 8 0 43 0 
GNQ 20 0 51 0 
NR 44 0 31 0 

Total 930 2 887 1 

Missing dioxin results (report=NR or GML) and nonquantitatable dioxin results 
(report=GNQ) were excluded from analysis in this report. The resulting effective sample 
sizes (866 Ranch Hands and 804 Comparisons) were determined by the condition that the 
participants were fully compliant to the 1987 physical examination. Table 2-3 summarizes 
this sample size reduction. 

TABLE 2-3. 

Sample Sizes Used in This Report 

Fully compliant to 1987 physical 
examination and assayed for dioxin 

Less 

Total 

Report 

GNQ 
NR 

GML 

Ranch Hand 

2·3 

930 

(20) 
(44) 

(0) 

866 

Comparison 

887 

(51 ) 
(31 ) 

(1) 

804 



TABLE 2-4. 

Dioxin Result Summary of 866 Ranch Hands and 804 Comparisons 

Ranch Hands Comparisons 

Stratum n Median Range n Median Range 

Officer 319 7.8 0-42.6 291 4.7 0-18.5 
Enlisted Flyer 148 18.1 0-195.5 127 4.0 0-12.8 
Enlisted Groundcrew 399 24.0 0-617.8 386 4.0 0-54.8 

Total 866 12.8 0-617.8 804 4.2 0-54.8 

Table 2-4 summarizes, by military occupation and group, the dioxin results among the 
866 Ranch Hands and 804 Comparisons whose results were used in analyses of dioxin 
versus health in this report. 

The 95th, 98th, and 99th percentiles of the Ranch Hand dioxin distribution were 110.8, 
168.0, and 211.0 ppt; the corresponding Comparison percentiles were 8.3, 10.2, and 14.2 ppt. 

CDC subsequently provided 314 Comparison dioxin results after January 1990 (the 
beginning date for statistical analyses involving Comparison data). Of these 314 dioxin 
results, 253 had a report field value of G or GND, 24 had a report field value of GNQ, and 37 
had a report field value of NR (no result). Of the 253 Comparisons, the median current dioxin 
result was 4.1 ppt, the range of levels was between 0 ppt and 13.6 ppt, and the first and third 
quartiles were 2.9 ppt and 5.8 ppt. The percentages of the 253 Comparisons and of the 804 
Comparisons analyzed in this report, having levels less than 10 ppt, were 97 .8 and 97.6, 
respectively. A statistical contrast of the dioxin distributions of these 253 and the 804 
Comparisons included in this report revealed no significant difference (p=0.15), as expected. 

The phrase "serum dioxin" is used throughout this report and is defined as the serum 
lipid-weight concentration of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). Its relationship 
with dioxin concentrations in other compartments, such as adipose tissue, is a subject of 
continuing research. The lipid-weight dioxin measurement, also called "current dioxin body 
burden" in this report, is a derived quantity calculated from the formula ppt = ppq o 102.6/W, 
where ppt is the lipid-weight concentration, ppq is the actual weight of dioxin in the sample in 
femtograms, 102.6 corrects for the average density of serum, and W is the total lipid weight of 
the sample (9). The correlation between the serum lipid-weight concentration and adipose 
tissue lipid-weight concentration of TCDD has been observed to be 0.98 in 50 persons from 
Missouri (10). Using the same data, Patterson et al. calculated the partitioning ratio of dioxin 
between adipose tissue and serum on a lipid-weight basis as 1.09 (95% C.l.: [0.97,1.21]). 
On the basis of these data, a one-to-one partitioning ratio of dioxin between lipids in adipose 
tissue and the lipids in serum cannot be excluded. Measurements of dioxin in adipose tissue 
generally have been accepted as representing the body burden concentration of dioxin. The 
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high correlation between serum dioxin levels and adipose tissue dioxin levels in their study 
suggests that serum dioxin is also a valid measurement of dioxin body burden. 
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CHAPTER 3 

THE RELATIONSHIP BETWEEN THE EXPOSURE INDEX AND 
DIOXIN BODY BURDENS IN RANCH HANDS 

INTRODUCTION 
An increased prevalence of adverse health effects at higher levels of exposure 

represents the classic dose-response relationship sought in any smdy of environmental or 
occupational exposure to potentially toxic substances. In previous Air Force Health Smdy 
(AFHS) reports, the potential relationship between clinical endpoints and herbicide exposure 
in Ranch Hands was assessed using a calculated estimate of TCDD exposure, hereafter 
called the exposure index. 

The exposure index was constructed solely from available historical data to measure the 
potential exposure of a Ranch Hand to any of four 2,3,7,8-tetrachlorodibenzo-p-dioxin 
(TCDD)-containing herbicides: Herbicides Orange, Purple, Pink, and Green (1). The index 
was only an estimate of exposure, because the actual concentration of TCDD in the 
herbicides varied with type and lot as well as with individual work habits and duties. The 
calculation of the index was necessary because actual measures of dioxin exposure on 
individuals during or just after their Southeast Asia tours were not feasible at that time. 

Exposure Index Definition 
The exposure index for a Ranch Hand was defined as the product of a TCDD weighting 

factor and the gallons of TCDD herbicides sprayed during his tour divided by the number of 
Ranch Hands sharing his duties during his tour. The TCDD weighting factor reflected the 
estimated relative concentration of TCDD in the herbicides sprayed; these were 2 ppm in 
Herbicide Orange, 33 ppm in Herbicide Purple, 66 ppm in Herbicide Pink, and 66 ppm in 
Herbicide Green, as determined from archived samples (1). Based on procurement records 
and historical spray records, a combination of Herbicides Green, Pink, and Purple was 
sprayed between January 1962 and June 1965. The estimated mean concentration of TCDD in 
this combination during that period was 48 ppm. The "Herbs" tape and other data sources 
(1) indicate that only Herbicide Orange was sprayed by Operation Ranch Hand after 1 July 
1965. Normalizing to Herbicide Orange, the weighting factor was defined as 24 for a Ranch 
Hand with a tour of duty before 1 July 1965 and as 1 for a Ranch Hand with a tour of duty after 
1 July 1965. 

A table showing gallons of TCDD-containing herbicide sprayed for each month of the 
Ranch Hand operation was constructed using data derived from the Herbs tape, 
Contemporary Historical Evaluation and Combat Reports, and quarterly operations reports. 
Gallons of Herbicides Purple, Pink, and Green were converted to Herbicide Orange 
equivalents based on the TCDD weighting factor. Appendix B-2 contains this tabl .... 

The tour dates and military occupation of each Ranch Hand were verified by review of 
military records. The study design reduced the many occupational categories (specified by an 
Air Force Specialty Code) to five: (1) officer-pilot, (2) officer-navigator, (3) officer-nonflying, 
(4) enlisted flyer, and (5) enlisted groundcrew. After computing the index for each Ranch 
Hand, he was placed in one of three exposure categories ("low," "medium," and "high") 
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Occupation 

Officer 

Enlisted 
Flyer 

Enlisted 
Groundcrew 

Total 

TABLE 3-1. 

Exposure Index Categorization of 866 Fully Compliant 
Ranch Hands With TCDD Results 

Effective Herbicide 
Exposure Orange Gallons Number of Ranch Hand 
Index Corresponding to Participants in 
Category Exposure Index Category Exposure Index Category 

Low <35,000 109 
Medium 35,000-70,000 104 
High >70,000 106 

Low <50,000 43 
Medium 50,000-85,000 57 
High >85,000 48 

Low <20,000 127 
Medium 20,000-27,000 139 
High >27,000 133 

866 

according to the tertiles of the index in three occupational categories: officer, enlisted flyer, 
and enlisted groundcrew. The officer category consisted of officers who were pilots, 
navigators, or nonflyers. Table 3-1 shows counts of the 866 Ranch Hands who subsequently 
had serum levels determined and who were fully compliant to the 1987 examination according 
to their assigned exposure index category. Nonflying officers were assigned an exposure 
index value of zero and were placed in the "low" category of exposure. 

The index was not useful for assessing the exposure of any specific individual because it 
did not account for variation in exposures due to work habits and duties. For example, it was 
known that some Ranch Hand enlisted ground personnel primarily were occupied with 
administrative duties and probably had little actual contact with herbicides. Other enlisted 
Ranch Hands periodically greased an emergency dump valve inside the spray tank. To do 
this, the Ranch Hand had to enter the spray tank and apply the grease to a valve at the 
bottom of the tank which contained at least 2 inches of herbicide. 

In past reports, every clinical endpoint was evaluated for a dose-response effect versus 
the calculated exposure index. Few significant trends were found. Those that were found 
were not consistent with other findings or were medically implausible or both. 
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The Dioxin Assay 
The dioxin assay provides a direct measurement of current dioxin burden which, 

together with assumptions regarding the decay process, provides an approximate measure of 
TCDD exposure in Ranch Hands and Comparisons. The assay is preferred over the 
calculated exposure index, because it is a direct rather than indirect measure of TCDD 
exposure. Confidence in the assay as a measure of TCDD exposure is heightened by the 
following: (a) Ranch Hand results are generally greater than those of the Comparisons, and 
(b) Ranch Hand results are logically placed relative to those of industrially exposed 
individuals and people exposed to TCDD in Seveso, Italy (2). Additionally, differences in 
TCDD body burdens between the three occupational groups within the Ranch Hand group are 
in accordance with recent information regarding the relative exposure of the occupational 
cohorts gleaned from interviews of two Ranch Hand crew chiefs, administered before any 
Ranch Hands were assayed for TCDD. Based on those interviews, it appears that Ranch 
Hand groundcrew had more opportunity for cutaneous exposure than enlisted flyers or officers 
and that enlisted flyers had more opportunity than officers for cutaneous exposure and 
inhalation of herbicide spray. These aspects will be investigated during an analysis of a 
questionnaire administered to all assayed Ranch Hand enlisted ground personnel before they 
received their serum dioxin assay results. These men were asked whether they entered the 
spray tank to service the dump valve and if so, how often. Other questions addressed daily 
exposures reported by crew chiefs during in-person interviews at Brooks Air Force Base, 
Texas, in 1988. 

The relative position of the Ranch Hand results in contrast to other study cohorts lends 
credence to the assay as a measure of TCDD exposure. The Ranch Hand serum dioxin 
results are less than those observed in people exposed in Seveso, Italy, and are greater than 
those observed in U.S. Army ground troops and the Air Force Comparison cohort. Ranch 
Hand dioxin results are also generally less than those observed in a National Institute for 
Occupational Safety and Health study of workers who produced trichlorophenol and its 
derivatives (3). 

The Exposure Index versus the Dioxin Assay 
The relationship between the assay results and the exposure index provides an 

indication of the extent to which Ranch Hands have been misclassified by the exposure index. 
Figure 3-1 shows a scatter plot of the extrapolated initial dioxin concentrations of the 742 
Ranch Hands in the maximal cohort (having current dioxin greater than 5 ppt; see Chapter 4, 
Statistical Methods) versus the continuously distributed exposure index. The extrapolated 
initial dioxin concentration (I) was computed from the current dioxin level (C) and the time in 
years between the end of the Vietnam tour and the dioxin blood draw (T) with the formula I = 
C'2P, where P = T fl.!. 

Both distributions are highly skewed, hence the concentration of observations near the 
origin. Figure 3-2 shows the bivariate scatter plot of the logarithms of these quantities. The 
logarithms are taken to the base 2 and I was added to the exposure index prior to taking the 
logarithm. 

The corresponding scatter plots of current dioxin versus the exposure index and the 
logarithms of these quantities in all 866 Ranch Hands fully compliant to the 1987 examination 
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having a dioxin result are shown in Figures 3-3 and 3-4. Figures 3-5 through 3-7 show the 
logarithmic scatter plots within each of the three occupational strata (officer, enlisted flyer, 
enlisted groundcrew). One ppt was added to each current dioxin concentration value before 
taking the logarithm. 

The relationship between the assay result and the exposure index is weak in view of 
these scatter plots; the same situation holds within each of the three occupational categories, 
as evident from the plots. Using only nonzero dioxin and exposure index values, Table 3-2 
presents correlations between the logarithm of the dioxin results and the logarithm of the 
exposure index. 

Because the categorized exposure index, rather than the continuously distributed index 
shown in the plots, was used in the assessment of exposure trends in prior reports, the 
relationship between this categorized index and categories of current dioxin is also of 
interest. Table 3-3 shows a cross-tabulation of Ranch Hands using the prior exposure index 
versus current dioxin levels. The cutpoints for the low, medium, and high current dioxin levels 

TABLE 3-2. 

Correlations Between Log (Current Dioxin) and Log (Exposure Index) in 
Ranch Hands With Current Dioxin and Exposure Greater Than Zero 

Stratum N Correlation 

Officer 295 0.10 
Enlisted Flyer 143 0.33 
Enlisted Groundcrew 347 0.12 
All 

Current 
Dioxin 
Level 

0-5 ppt 
Low 
Medium 
High 
Total 

785 -0.10 

TABLE 3-3. 

Categorized Exposure Index versus Current Dioxin 
Levels in Ranch Hands 

EXIlQSllrl: Indl:x 

Zero Low Medium High 

7 52 28 37 
6 76 52 51 
6 109 134 121 
0 23 86 78 

19 260 300 287 

3-6 

p-Value 

0.082 
<0.001 

0.024 
0.003 

Total 

124 
185 
370 
187 
866 



6 

5 
-., c:: 
..2 
<II 4 CI 

c:: 
.2 

E 
3 ->< ... G) 

.:., 'tJ 
c:: £, 

'" ., .. 2 '" :l ., 
'" 0 

Il. 
>< M W 

1 

o 
o 100 200 300 400 500 600 700 

Current Dioxin (ppt) 

FIGURE 3-3. Current Dioxin versus the Exposure Index in Ranch Hands (N=866) 



~ 

>< 
GI 
"0 
c 
GI ... 
:::J 
(/J 

0 
Q, 

w >< 00 w 
~ 

CI 
0 

..J 

30 

" " " " " " " " " " 20 " " "" 
"if "" " "fw:P " 

" " 
" " 

" 
" 

" " IE. " " ~ " " " "" " " " " 10 " " 
" " "" "" " 

o 
o 2 4 6 8 

Log (Current Dioxin) 

FIGURE 3-4. Logarithm of Current Dioxin versus Logarithm of the 
Exposure Index in Ranch Hands (N-S66) 

10 



->< 
Q) 
'0 
c 
Q) ... 
:::I 
Ul 
0 

w a. 

'" >< 
W -
01 
0 

..J 

30 I I I I I 

'" '" 
6 6 

'" 20 '" )\. '" 6 r- {), "'''' 6 

'" '" '" '" '" '" 6 '" '" 6 '" '" """'R "' ,t,"'iSj> "'t£, ~6 ~ '" ~'" ~ 6£ ~ffJe"c, 6"''t. f: 
6 

'" 
6 

",,,, "'~~~/&~66& '" 6 't,66jt'" f,fl!",s' I:> 6 6 '" I:> 
6 ~ '" '" tGr; '" f: '" 6", '" '" '" 

'" ",I:> 'l. 6 

10 I-

o I . 1. I I 

o 1 2 3 4 5 
Log (Current Dioxin) 

FIGURE 3-5. Logarithm of Current Dioxin versus Logarithm of the 
Exposure Index in Ranch Hand Officers (N-319) 

-

-

6 



->< 
Q) 
'lJ 
C 

Q) .. 
::I 
til 
0 
a. 

Y' >< - W 
0 ~ 

CI 
0 

...I 

30 I I 
, 

I 

6 6 

20 6 6 -
6 6 

6 6 
6 6 6 

6 6 6 6 
6 6 6 66 E; 6 6 

6 
6 6 6 I!!. 6 nUl 611 6

6 6 \t 66 6 
6 6 6 ~6 'h 6 6,f1A Sf! ~4'\ 6"" CI'&, ~ d' 6 

6 6 fI " IS ",6 6 §J 6 ~ 66 6 6 6 
6 6 " 6 6 

10 -

o I 
" 

I I 

o 2 4 6 
Log (Current Dioxin) 

FIGURE 3-6. Logarithm of Current Dioxin versus Logarithm of the 
Exposure Index in Ranch Hand Enlisted Flyers (N=148) 

-

-

8 



~ 

)( 
Q) 
"C 
C 

Q) ... 
::J 

'" 0 
a. 'f )( - W -
Cl 
0 

...J 

30 

6 
6 

20 
66 

6 "" 

6 6 
666£; ",,6 II!. h G 

6 6 
6 ti' '" 

.;, " q,. "" Ii>, d '''If 6 fj{¥A 6lll 6 6 

'Z\" t# " 6 6" t>P " /', a " 6 6[:, 

" " 11» /', " 6 /i>,!', 6 " " 
"" " " 6 

6 

10 
6 " 66 III " 

o 
o 2 4 6 8 

Log (Current Dioxin) 

FIGURE 3-7. Logarithm of Current Dioxin versus Logarithm of the 
Exposure Index in Ranch Hand Enlisted Groundcrew (N=399) 

10 



are those used in tabular displays for the maximal assumption (see Explanation of Tables 
section in Chapter 4). The 0-5 ppt level was, of course, excluded under the maximal 
assumption. ... y. 

Table 3-4 presents a breakdown within each of the three, occupational strata. 

Tables 3-5 and 3-6 show the relationship between initial dioxin 'body burden levels and . 
the categorized exposure index. Ranch Hands with current dioxin less than or equal to 5 ppt 
were assigned a "missing" initial dioxin level. The cutpoints f0rthe low, medium, and high 
initial dioxin levels are those used in tabular displays for the maximal assumption (see 
Explanation of Tables section in Chapter 4). ' 

The logarithm of the current dioxin concentration is approximately 100normally 
distributed. Figure 3-8 shows the distribution of the logarithm of one plus the current dioxin 
concentration among the 804 Comparisons fully compliant to the 1987 examination and having 

Occupation 

Officer 

Enlisted 
Flyer 

Enlisted 
Groun,dcrew 

TABLE 3~4. 

Categorized Exposure Index versuS C.urrent Dioxin Levels in 
Ranch Hailds by Occupatl()t. ,c,," 

Current E2\llIlSlml 1n~1I ' 
Dioxin 
Level Zero Low. Medium High 

i 

0-5 ppt 7 25 19 22 
Low 6 38 41" 33 
Medium 6 26 44 50 
High 0 1 0 1 

Total 19 90 104 106 

0-5 ppt 0 9 3 4 
Low 0 11 4 6 
Medium 0 21 35 20 
High 0 2 15 18 

Total 0 ,43· 57 48 

0-5ppt 0 18 C~, ·6-, 11 
Low 0 27 I,,) 7 12 
Medium 0 62 55 51 
High 0 20 71 59 

'·">-;'4.Jf:f~}~ ft!.: ~;".H'1.i:: ,( i 

:'. 
Total 0 127 139··, 133 

3,-12 

Total 

73 
118 
126 

2 

319 

16 
21 
76 
35 

148 

35 
46 

168 
150 

399 



TABLE. 3-5. 

Categorized Exposure Index versus Initial Dioxin 
Level in Ranch Hands 

Initial BXI2QslJrc Index 
Dioxin 
Level Zero Low Medium High Total 

Missing 7 52 28 37 124 
Low 5 87 53 40 185 
Medium 7 99 138 127 371 
High 0 22 81 83 186 

Total 19 260 300 287 866 

TABLE 3-6 • 
.. . , 

Categorized Exposure Index versus Initial Dioxin Level in 
Ranch Hands by Occupation 

Initial EX~Qsure Index 
Dioxin 

Occupation Level Zero Low 
I 

Medium High Total 

:Officer Missing 7 25 19 22 73 
Low 5 44 39 30 118 
Medium 7 20 '\ 46 53 126 
High 0 1 0 1 2 

Total 19 90 104 106 319 

Enlisted Missing 0 9 ,3 4 16 
i Flyer Low 0 11 6 3 20 

Medium 0 ' 21 34 21 76 
High 0 2 14 20 36 

, 
I Total 0 43 57 48 148 

\ \ 

Enlisted Missing 0 18 6 11 35 
Groundcrew Low 0 32 8 7 47 

i , 
Medium 0 58 58 53 169 
High 0 19 67 62 148 

Total 0 127 139" 133 399 , , 
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'a dioxin assay result. A normal distribution was fit to these data and a multiple of the 
,probability density function is plotted on the same graph. The fit is improved when the 
histogram is restricted to those Comparisons (n=762) having positive concentrations, as 

,shown in Figure 3-9; The histogram of the logarithm of one plus current dioxin body burden in 
: Ranch Hands is shown in Figure 3-10 with a multiple of the probability density function of the 
fitted normal distribution shown on the same plot. 

:SUMMARY 
The indirectly calculated exposure index derived solely from personnel records and 

,historical information has wide precedent in epidemiology. These data suggest that the work 
: history-based exposure index methodology should be reconsidered in studies with exposures 
,of short duration and low relative risks. The correlation between the AFHS exposure index 
and the dioxin body burden (current or initial levels) is weak although statistically significant. 

, Cross tabulations of dioxin body burden levels versus the categorized exposure index, shown 
in Tables 3-2 through 3-6, indicate considerable misclassification if the dioxin measure 

. (initial or current dioxin) is taken as the standard.' 

The dioxin measure is the preferred index! of,expo~ure because (a) it is a direct, rather 
: than indirect measure of exposure, (b) the Ran"h Hand \~vels appear logically placed relative 
to other cohorts, and (c) the within-occupatiort.!stratum levels appear to agree with exposure 
patterns described in Ranch Hand crew chief ij1terviews 'conducted before the assay became 

. available to participants in the AFHS. ' 

Estimates of initial dioxin exposure will be improved with increased knowledge 
, regarding its elimination in humans. New data in the Ranch Hand cohort and in people 
exposed to dioxin in Seveso, Italy, will be collected. The Seveso data will be used to 
evaluate the first-order elimination assumption. Variation in half-life with disease and 
changes in weight and body fat will be assessed with Ranch Hand data if the first-order 
elimination assumption (see Chapter 4) is suppo~ted by the Seveso data. 
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CHAPTER 4 

ST A TISTICAL METHODS 

This chapter summarizes statistical methods that were used for investigating 
relationships between serum dioxin measurements and health status of Ranch Hands and 
Comparisons. Current body burden dioxin levels were detennined by the Centers for Disease 
Control (CDC) from serum samples taken from Ranch Hands and Comparisons. A variety of 
statistical procedures were applied to evaluate the relationships between specific health 
endpoints and dioxin, as measured from these serum samples. 

MODELS AND ASSUMPTIONS 

Prior Knowledge Regarding Dioxin 
This study presents statistical analyses based on assumptions and models that were 

conceived in 1988 after the publication of the Ranch Hand dioxin pilot study and half-life 
substudy. At that time, available data regarding the elimination of dioxin in humans 
suggested that 

• Measurements following the ingestion of dioxin by an individual showed that dioxin 
elimination appeared to be by first-order mechanisms (I). 

• Air Force data on 36 Ranch Hand veterans with dioxin body burdens measured in 
blood drawn in 1982 and in 1987 produced a median half-life estimate of7.1 years (2). 
The lack of correlation between individual half-lives and current dioxin levels 
supported the first-order elimination assumption. 

• Assay results on 932 Ranch Hands and 888 Comparisons showed that the 
concentrations were lognormally distributed with the Ranch Hand distribution 
significantly shifted to the right of the Comparison distribution. The Comparison 
median was 4.2 ppt; the 98th percentile of the Comparison distribution was 10.17 ppt. 
The Ranch Hand median was 12.8 ppt and the 98th percentile was 168 ppt. Based on 
these data, levels at or below 10 ppt were considered background. 

The term "elimination" denotes the overall removal of dioxin from the body. Some 
analyses in this report assume that the amount of dioxin in the body (C) decays exponentially 
with time according to the model C = I·exp(-rT), where I is the initial level, r = log2/H, H is 
the half-life, and T is the time between the end of the Vietnam tour and the dioxin blood draw 
at the 1987 physical examination; this exponential decay law is termed first-order elimination 
in this report. 

The flTst-order elimination assumption is not equivalent to assuming a one compartment 
model for dioxin distribution within the body. While a multicompartment model incorporating 
body composition and 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) binding to tissue 
receptors would provide a detailed description of dioxin concentrations in different 
compartments, published multicompartment models for TCDD distribution within the body 
predict flTst-order elimination of TCDD, overwhelmingly due to fecal excretion (3). Direct 
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assessment of the first-order assumption With'seriIH,diQ!>in results taken over many years on 
a number of exposed individuals has not been, as yet, «~e4 out. 

'!#il'f;~ 
The term "body burden" refers to the serum Iip1d.wciiglit concentration of TCDD, 

expressed in parts per trillion (4, 5). The also called 
current dioxin body burden in this repon, is a the formula 
ppt = ppq'102.6/W, where ppt is the lipid-weight· actual weight of 
dioxin in the sample in femtograms, 102.6 corrects of serum, and W is 
the total lipid weight of the sample (4). 

The relationship between the serum lipid-weight ~~,;~~[~~ti'~1!:i~ dioxin and lipid-
weight concentrations in adipose tissue is a subject The correlation 
between the serum lipid-weight concentration and adip()I!~ 
of dioxin has been observed by Patterson et al. to be 
Using the same data, Patterson et al. calculated the owt'titlbtl 
adipose tissue and serum on a basis 

"-"'"'i$''' concentration 
illl~;~iriMisSOUri (6): 
"'( between 

On the 
basis of these data, a one-to-one ratio tissue 
and the lipids in serum cannot be excluded. Mc~asure~mcmtis\i tissue 
generally have been accepted as representing the body burcjen.conceJit:ration of dioxin. The 
high correlation between serum dioxin levels and adipose ti.Ssl)e; dioxin levels in the 
Patterson et al. study suggests that serum dioxin is ,al~q. a,y:~I~'Pil~~~w,e'llt of dioxin body. 
burden. , , J; ,>d .cr '''\:It'nf)'(~,(¥!_ ,'-', . 

, i\ i',,:, <{ ,,;,0,,:,, __ h~,t~, 

Fundamental Limitations of the Serum Dioxin D~ta;,:;," ~,:pt' e", 
There are two evident limitations to the available qa~a,::)d I),); iill,;,nb'J . 

" OJ '~>'!b\(~·~J;.::tB d 

elimination assumption, no over many 
years are .available yet with which to evaluate· . of the first-
order elimination model in humans. . ,i'" :"q(.: 'i 

2) At this time, it has not been determined :-vhethef~lilI~~~~s'With dioxin burdens 
at or below 10 ppt were exposed and theIr boiW bt&denk'l'llltl'iiecayed to background 
levels since their duty in Vietnam or whether they were not exposed at all during 

'jl,~.}( ':}ni!f;~f" iJ. 

, . ':') ;~)!,;,\'i,(::' : 'i 
Health versus Dioxin in Ranch Hands . ',,"N'1-;,\(I·.. i.i 

Because fIrst-order .elimination is suggllsted,,,but n~tc!}'~lid.~todldirectly in humans, the 
dioxin versus health relationship was assessed withi'n Ranch Hands using two models. The. 
fIrst model directly depends upon the fIrSt-order elimination assumption; the second does not. 

In. combin.a. tion, thes.e. two mode.ls ci.r.c .. umve.II ... ~ .th ... e. fV.lt:R ... \}Pi.~~I~' ..... lH .. ~.· ... limit.a. tiQP . . b
y
. a.sse~Sing. the dioxin versus health relationship. With aricj Wit\lp"f:~JRJ~ I'r.· \niiation. Table 4-1 

shows the~e two mcidel~, their assumptioris, adva~#~ll'el!I,Il" .l~£ -{;lintages for a con- . 
tinuousl distributedhealtll variable' . ' '." ,~l'!'A}1,· , ,.. . y .. '. y "",. ""'1""") "",IFI"" ' •. ' , . , ' '" ."~-:~'''f, l"c 'f~, \, 
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In Table 4-1, the phrase "single dioxin dose" is a simplification of the process by which 
Ranch Hands accumulated dioxin during their tour of duty in Vietnam. This process, which 
undoubtedly varied from individual to individual, is unknown. However, the Ranch Hand tours 
generally were shon (1 to 3 years) relative to the time elapsed since their tours. Hence, 
additional knowledge regarding the accumulation of dioxin during an individual Ranch Hand's 
tour, were it to become available, likely would not change conclusions drawn from any of the 
statistical analyses presented in this repon. 

Analyses based on model 1 are dependent directly on the first-order elimination 
assumption, while those based on model 2 are not. With model lone assumes that 
elimination is first-order and that the half-life is 7.1 years for all Ranch Hands. With model 2 
one assumes nothing about the kinetics of dioxin elimination other than Ranch Hands 
received a dose in Vietnam and that their body burdens have decreased in an unspecified 
manner with time. Thus, with model lone assumes "everything" is known about dioxin 
elimination in Ranch Hands; with model 2 one assumes "nothing" about dioxin elimination in 
Ranch Hands. All health data were analyzed with both models to reduce the likelihood that 
an effect would be missed due to incorrect assumptions regarding dioxin elimination. 

The introduction of the time-by-current dioxin interaction term (b3 Tlog2 [CD in model 2 
allows investigation of the dioxin health relationship with respect to time. For example, such 
an effect would be detected by model 2 if there was no relationship between health and dioxin 
in the first few years after exposure and a strong positive relationship many years after 
exposure. In this case, if the effect were strong enough, it would be detected by the 
interaction coefficient (b3) being significantly different from zero. Following that, analyses 
within time strata would find the coefficient (b l ) of log2 (C) significantly different from zero 
and positive for large values of time (T); no significant difference between b l and 0 for small 
values of T would be found. It is imponant to note that a significant effect of this kind could 
be due to the passage of time or to a higher initial dioxin level received by Ranch Hands in the 
later time stratum or both of these. 

Analyses based on models 1 and 2 were carried out both adjusted and unadjusted for 
covariates. 

No additional data or other information exist to determine whether any of the Ranch 
Hands with background levels (::;10 ppt) of current dioxin (n=345) received a dose above 
background levels in Vietnam. To accommodate this lack of knowledge, all analyses based 
on models 1 and 2 were carried out with these Ranch Hands excluded. Additionally, since 10 
ppt may be considered arbitrary or too conservative, all analyses based on models 1 and 2 
were carried out with Ranch Hands having less than or equal to 5 ppt (n= 124) excluded. 
With the second approach, it is assumed that Ranch Hands currently having more than 5 ppt 
(the approximate Comparison median) were exposed in Vietnam and those with less than 5 
ppt were not. These two assumptions are termed "minimal" (Ranch Hands with more than 
10 ppt were exposed in Vietnam) and "maximal" (Ranch Hands with more than 5 ppt were 
exposed in Vietnam). 
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TABLE 4·1. (Continued) 

Models 1 and 2 for Assessing Health versus Dioxin in-Ranch Hands Only: 
Assumptions, Advantages, and Disadvantages 

where 

y = health variable . . . 
T = time between the end of the Vietnam Ranch Hand tour of duty and the 1987 physical 

examination " 
C = current dioxin body burden, determined in 1987 
e = zero mean normal error 

Assumptions: j Ranch· Hands received a single dioxin dose in Vietnam and 
backgrou~dexpo$ure; thereafter .. 

Advantages: 

Ranch Hand dioX:inbody burdertS changed with time (T)in the same 
wayforallilldividuals; . '. 

The dioxin verSIl,s health relationship. may change with time (T). 

The error variance does not change with values of the health 
variable (y), the current dioxin bOdy burden (C), time (T), or the 
product of time and the logarithm of the current dioxin body burden 
(T log2[C]). 

Does not depend on any particular elimination law or half· life 
assumptions. 

Assesses time"related effects. 

Disadvantages:' Less easily interpreted than: nrodel 1. 
'. ' , , , .. ' ~ 

Less efficient thanmod,ol 1 if first·orderelimination and constant 
half-life are valid assumptions and y is fineatly related to log2(1). 

Biased if any of the assumptions are violated. 



In summary. to address the second fundamentiilllli'mifatioR, two assumptions about 

Ranch H~ds withcw;ent dioxin body burdens less ~ .. ~.".9;!lA ... O. '.19 ... · .... ' \.Jt"ll.! .. ~e.) ,These minimal 
and maxImal assumptions are d '~;~Il,~j" s"'~ > '. . ... 

\ 'miqmul'.8 

• Minimal assumption: Ranch Hands with less t~,'!,.o..~efJua~·(,!:!'O ppt were not 
exposed to dioxin in Vietnam .', ," ' 

• Maximal assumption: Ranch Hands withles~tlta~~ ._~)~ fj)pt '\-IIerenot. 
exposed to dioxin in Vietnam. " . . 

The terms minimal and maximal were given 
under the minimal than under the maximal 
the approximate median and 98th percentile of the 
Based on this Comparison dioxin distribution.cur\'C;I1~ 
background levels." " 

were exposed 
, correspond to 

~!ilf~'Mit, gistribution. 
~~,,'J""" 10 ppt are called 

To assess the dioxin versus health relationship,~, MbiJ~:a1W.IIi~lg the,second 
fundamental limitation. all analyses based on. models out under the 
minimal and again under the maximal assumptions: ' Ranch 
Hands with less than or equal to 10 ppt were the maximal 
assumption. Ranch Hands with less than or equal to the analyses. 

Table 4-2 shows counts of.exposed Ranch Hliinifsrbrtalli~:=:;~~an~d~~m:aximal 
assumptions with initial and current dioxin tric;hcltoJmille4~ II Ranch 
Hands under the maximal assumption are termed thl~'''l(n, those under the 
minimal assumption are termed the "minimal cohort:'" !tw,een the end of tour and 
the 1987 physical examination is dichotomized at' IPOlldhlg approximately to 
the year 1969). the approximate median of the . cUItpC):ints for stratifying 
dioxin levels (I and C) were the approximate 25th 1!f'.;~"."'U were specific to a 
particular cohon. 

Health versus Dioxin in Ranch Hands and ~O~Jlllt!'-fiJlile~~~D( I 
Finally. an assessment of the health consequencesofouillrent dioxin body burdens above 

background was carried out with a third model(I1l~~~~tM.ire(bnol assumptions about 
when or how increased dioxin body burdens were att1tti1g'~s applied to both Ranch 
Hand and Comparison data. ,This model .ass,e~~ep,JI'~~~lltegorized current dioxin 
body burden (D) with four levels. found in 1)ble h~";*lV'lI~/! ~liJ"IIJl!l ' 

The cutpoint between the low and high'categ0il1eS'lISi\'4,~~t~4Sl the approximate median 
dioxin level of Ranch Handshaving more than 15l'P..k~.Halldshaving between 10 ppt 
and 15 ppt were excluded from these categorized dioxin analwses in an attempt to avoid 
misclassification of Ranch Hands to the unknown and low categories due to various sources 
of variation in the dioxin measurement. 

Table 4-4 shows counts of panicipants within each level of categorized current dioxin. 
The relationship between current health and categorized dioxin body burden was based on 
the model shown in Table 4-5. 
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TABLE 4-2. 

Ranch Hand Sample Sizes Under the Minimal and Maximal Assumptions 

Assumption 

Minimal 

Maximal 

Value 

Background 
Unknown 
Low 
High 

Initial Dioxin (I) Curr~nl Dioxin (C) 
Stratum T~18.6 
Name Stratum Count Stratum Count 

Low 52<15.93 130 1O<C5.14.65 72 

Medium 93<15.292 260 14 .65<C~5.75 128 

High 292<1 131 45.75<C 54 

Total 521 254 

Low 25<I~56.9 185 5<C~9.01 106 

Medium 56.9<l~18 371 9.01 <C~33 . 3 191 

High 218<1 186 33.3<C 83 

Total 742 380 

TABLE 4-3. 

Current Dioxin Body Burden (D) Categorized in Ranch Hands 
and Comparisons for Model 3 

Defmition 

Comparisons with up to 10 ppt 
Ranch Hands with up to 10 ppt 
Ranch Hands with more than 15 and up to 33.3 ppt 
Ranch Hands with more than 33.3 ppt 

4·7 

T>18.6 
Count 

58 

132 

77 

267 

79 

179 

104 

362 



where 

TABLE 4-4. 

Counts of Participants by Level of Categorized Current Dioxin (D) 

Level Count 

Background 786 
Unknown 345 
Low 196 
High 187 

Total 1,514 

TABLE 4-5. 

Model 3 for Assessing Health versus Categorized Current Dioxin 
Body Burden in Ranch Hands and Comparisons 

y = health variable 
D = categorized current dioxin 
e = zero mean normal error 

Assumptions: 

Advantage: 

Dioxin body burden has accumulated with time. 
The error variance does not change with categorized current dioxin 
body burden (0). 

Requires no assumption regarding the time course of dioxin 
accumulation or elimination. 

Disadvantages: Makes no use of prior belief that Ranch Hands received an 
unusually large dioxin dose in Vietnam. 
Does not address time-related effects. 
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In addition to assessing the overall mean change in the health variable (y) with levels of 
categorized current dioxin (D), the mean values of y within the unknown, low, and high 
categories were contrasted with the mean values of y within the background category. 

Figure 4-1 summarizes the current dioxin levels used in models 1,2, and 3. 

Data Error 
After the serum dioxin analyses were well underway, an error was discovered with 

respect to the race of one Comparison. The participant (subject 36410) was listed in the data 
base as a non-Black when in fact he was a Black. The Comparison was a 49-year-old at the 
Baseline examination and he was a member of the enlisted groundcrew cohort. His current 
serum dioxin value was 3.97 ppt as determined from the assay performed on the 1987 
examination serum sample. The following abnormal medical conditions were noted for this 
individual: hepatomegaly, reported and verified hypertension, hyperpigmentation, and acne. 
The data error was corrected for the cardiovascular, malignancy, and dermatology 
assessments. Because the individual was a Comparison only the model 3 analyses of the 
other clinical area assessments were affected. 

Bias Calculations 
In any epidemiologic study, investigators must be concerned with avoiding spurious 

conclusions that are attributable to limitations in study design or analysis. The introduction 
of the dioxin assay as the measure of exposure in this study has provided the best available 
information regarding dioxin exposure in Ranch Hands and Comparisons. Uncertainties 
remain, however, regarding the choice of statistical models with which to assess the relation­
ship between dioxin and health. 

Biased results will be produced if the assumptions underlying any of the three statistical 
models are violated. Of the three models, model 1 is the most vulnerable to this kind of bias, 
since it depends directly on two unvalidated assumptions: (a) that dioxin elimination is first­
order and (b) all Ranch Hands eliminate dioxin at the same rate (all Ranch Hands have the 
same dioxin half-life of 7.1 years). Air Force investigators currently are gathering additional 
data to evaluate both assumptions. The original half-life study on 36 Ranch Hands is being 
expanded to approximately 500 Ranch Hands. Assuming that dioxin elimination is first­
order, this larger study will allow an assessment of half-life variability with weight changes, 
percent body fat changes, and disease since exposure. Additionally, the Air Force is 
collaborating with the CDC and Italian health authorities to assay serum collected 
periodically from people exposed in the Seveso accident. These data will consist of five 
dioxin measurements taken over a period of 10 years on 20 males who were adults at the 
time of the accident and will allow, for the first time, a direct assessment of the first-order 
elimination assumption in humans. 

Until the Ranch Hand half-life study is expanded, the only available information 
regarding half-life variation in Ranch Hands is that derived from the smaller cohort of 36 
subjects. Unpublished analyses of half-life heterogeneity among those 36 Ranch Hands 
suggest that half-life varies with relative weight changes between 1982 and 1987. With 
relative weight changes dichotomized at the median (2.7%), the 18 Ranch Hands below the 
median have an estimated half-life of 9.7 years (95% c.1. : [6.8,17.3]) and the 18 Ranch 
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Hands above the median have an estimated half-life of 6.2 years (95% C.L: [5.0,8.0]). The 
analysis showed a significant difference between these two half-lives (p=O.02). The two 
confidence intervals overlap because they are not derivable from the test for equality of half­
lives. "Apparent" half-life decreases may be due to weight gain because of dilution of the 
body burden when it is redistributed to the new adipose tissue. Conversely, when there has 
been weight loss, the body burden may be redistributed in less adipose tissue and the serum 
concentration increases. 

If these results are generalized to all Ranch Hands, statistical inference based on model 
1 will be biased. For example, if the first-order elimination assumption is valid, but the 
constant half-life assumption is not, and there is no misclassification with regard to health 
status, odds ratios expressing the relationship between health and dioxin based on model 1 
will be biased toward unity. That is, a misspecification of a constant half-life when, in fact, 
half-life changes with weight changes, will lead to misc1assification with regard to dioxin 
level and therefore reduce our ability to detect an association between health and dioxin. To 
evaluate this possibility, the bias induced in the odds ratio under the maximal assumption and 
the computation of initial dioxin body burden assuming a constant half-life of 7.1 years (when 
in fact 50 percent of Ranch Hands have a dioxin half-life of 6 years and the other 50 percent 
have a dioxin half-life of 10 years) was calculated (7). In carrying out this calculation, it was 
assumed that initial dioxin had been dichotomized to high and low, with Ranch Hands 
assigned to the high category if their calculated initial dioxin level was greater than 218 ppt 
and assigned to the low category if their level was less than 218 ppt. The sample sizes of the 
real maximal cohort were used in the calculation; 186 Ranch Hands had a high initial dose and 
556 had a low initial dose. With these assumptions, 76.3 percent of Ranch Hands assigned 
to the high category and 6.1 percent assigned to the low category truly had an initial dose 
above 218 ppt. The resultant bias in the odds ratio due to this misc1assification depends on 
the true value of the odds ratio and the disease prevalence in the low category. For example, 
if the true odds ratio is 2.0 and the disease prevalence in the low initial dioxin category is 5 
percent, this misc1assification will produce an odds ratio of 1.7. Table 4-6 shows other values 
of the biased odds ratio produced by this misc1assification for true odds ratios from 1 to 3 and 
the disease prevalence in the low initial dioxin category held fixed at 5 percent. There is no 
bias under assumptions if there is no association between initial dioxin and disease (true 
odds ratio equal to 1.0). 

Model 2 also may be biased if, as suggested by the weight change analysis on the 36 
Ranch Hands in the half-life study, 50 percent of Ranch Hands are fast dioxin eliminators 
(having a short half-life) and 50 percent of Ranch Hands are slow eliminators (with a longer 
half-life). If this attribute is not taken into account in the analysis (such as through 
adjustment for relative weight change), then the odds ratio relating disease to dioxin 
exposure will be biased toward unity. Again, disease status is assumed to be determined 
without error. For example, if slow eliminators experience an effect that does not become 
expressed until 20 years after exposure, if fast eliminators do not experience the effect, and if 
the analysis is not adjusted for relative weight change, then the ability of the model to detect 
the effect will be attenuated by the lack of adjustment. The extent of this bias toward the null 
depends on the nature of the four-factor interaction between health, current dioxin, time, and 
relative weight change, as well as upon the disease prevalence among Ranch Hands with low 
dioxin levels at each combination of categories of time and relative weight change. Bias 
calculations for this scenario, therefore, are more complicated and speculative than those 
presented for model 1 and were not pursued further. 
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TABLE 4-6. 

Biased Odds Ratios Produced by a Misspecification of the Half-Life in the 
Calculation of the Initial Dioxin Body Burden in Modell, Assuming a 

Disease Prevalence of 5 Percent in Ranch Hands Having a 
Low Calculated Initial Dose 

True Odds 
Ratio 

1.0 
1.5 
2.0 
2.5 
3.0 

Biased Odds 
Ratio 

1.0 
1.3 
1.7 
2.0 
2.2 

Model 3 requires fewer assumptions than models 1 or 2, but is susceptible to bias due 
to misclassification or incorrect modeling. Biased results most likely are to occur with model 
3 due to the failure to adjust for an important covariate. Every attempt, however, has been 
made in this report to adjust for all known important covariates. 

The Correlation Between Initial Dioxin and Current Dioxin 
The extrapolated initial dioxin dose is correlated highly with current dioxin level 

(correlation coefficient >0.98 for both the minimal and maximal cohorts). The same high 
correlation is, of course, seen between the logarithms of these quantities. The reason for the 
high correlation is that the initial dioxin dose is the current dioxin body burden multiplied by 2 
raised to the power Tn .1. This high correlation is simply an expression of the fact that if the 
first-order model is valid and if dioxin half-life is constant, then models 1 and 2 nearly are 
redundant because the variation of time (T) is relatively small (see Figure 4-2). 

FACTORS DETERMINING ANALYTICAL METHOD 
For a specified questionnaire-based or clinical measurement determined from the 

physical or laboratory examination, the selection of an analytical method was dependent on 
each of the following: 

• Dependent Variable Form - Continuous or discrete 

• Serum Dioxin Estimate 

• Analysis Type 

- Initial dioxin, current dioxin and time since tour, or 
categorized current dioxin incorporating group 
membership 

- Unadjusted, adjusted, or longitudinal 
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• Analysis Cohort(s) - Ranch Hands: minimal assumption, Ranch Hands: 
maximal assumption, and defined subsets of Ranch 
Hands and Comparisons for the categorized current 
dioxin variable. 

Appendix Table C-l specifies 30 separate analysis situations based on dependent 
variable form, serum dioxin estimate, analysis type, and analysis cohort. For each of the 30 
situations, the statistical method is specified. 

ANALYSIS METHODOLOGIES 
As in previous Air Force Health Study reports, current health dependent variables can 

be either continuous or discrete. For the former case, the general linear model approach is 
the basis for applying such techniques as simple and multiple linear regression, analysis of 
variance, analysis of covariance, and repeated measures analysis. This approach permits 
model fitting of the dependent variable as a function of dioxin, relevant covariates, dioxin-by­
covariate interactions, and interactions between covariates. As part of the previous analyses 
of 1987 data, the health variables were examined to ensure that assumptions underlying 
statistical methods were met. Transformations used to enhance normality for specific 
continuous health variables in the previous analyses of 1987 data also were used for the 
serum dioxin analysis. For these continuous analyses, SAS® GLM (8) was used. When a 
"best" model was fitted, tests of significance for a dioxin effect were made. Associations 
with a p-value less than or equal to 0.05 are described as significant, and associations with a 
p-value greater than 0.05 but less than or equal to 0.10 are termed marginally significant or 
borderline significant. If there was a significant interaction between the dioxin variable and 
any covariate, the dioxin effect was assessed using stratification by different levels of the 
covariate(s) involved in the interaction. 

Discrete dependent variables were analyzed by methods parallel to those used for 
continuous variables. For dichotomous variables, logistic regression was performed using 
BMDp®-LR (9). For polychotomous dependent variables, log-linear modeling was 
performed using BMDP®-4F (9) by incorporating the full k-factor interaction term involving 
the k covariates used in the model. For the log-linear modeling approach, covariate 
information must be categorized. Because of this required categorization of the covariate(s), 
the marginals were fixed in the log-linear model (10), effectively converting the log-linear 
model into a logit model. For the log-linear model, the significance of the relative risk for a 
particular categorized dioxin variable (i.e., categorized initial dioxin, categorized current 
dioxin and categorized time, or categorized current dioxin for specified subsets of Ranch 
Hands and Comparisons) was determined by examination of the appropriate model, as 
determined by the model that includes all statistically significant effects and a dioxin 
measure, or by examination of the significant interactions. Adjusted relative risks were 
derived from the coefficients of the appropriate model. 

Selected longitudinal analyses were performed investigating changes in health status 
between 1982 and 1987, for each of the three dioxin analysis models. The variables selected 
for longitudinal study were chosen prior to all 1987 examination data analyses. In the 
longitudinal analysis of discrete variables, only those participants whose health was 
classified as normal in 1982 were included in the analysis of the participants' health at the 
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1987 examination. Analysis was performed in this manner to investigate any temporal 
effects of dioxin in the subgroup at risk (Le., those participants who could become abnormal 
over the time span). The rate of abnormalities under this restriction approximates an 
incidence rate between 1982 and 1987. The dependent variable in this type of analysis was 
the health of participants at the 1987 examination whose health was normal in 1982. The 
independent variable(s) were the appropriate dioxin measures. 

For some variables, measurements in 1985 were substituted for 1982 measurements 
because the variable was not analyzed at the 1982 examination or inherently was different 
from the 1987 variable. For example, to enhance comparability, the longitudinal analyses for 
the neurological assessment were based on changes between 1985 and 1987 because SCRF 
conducted both of these examinations. 

Both the general linear model and the logistic regression model approaches were 
applied using covariate information in either the discrete or the continuous form. Table 4-7 
provides a summary of the basic statistical methods for the serum dioxin analyses. 

MODELING STRATEGY 
In each clinical category, many covariates were considered for inclusion in the statistical 

models relating specific health endpoints and dioxin. The large number of covariates, 
consequent interaction terms, and resulting difficulties of interpretation obligated the adoption 
of a strategy for identifying a moderately simple model using a stepwise strategy, as defined 
below. Interpretation of possible dioxin relationships was then made in the context of this 
simpler model. 

In general, based on one of the adjusted analysis models described in Appendix Table 
C-l , an initial model was constructed containing any requisite two or three-factor interaction 
terms. As a first step, screening was performed at the 0.15 significance level to eliminate 
unnecessary two- and three-factor interactions. A hierarchical stepwise deletion strategy 
was applied at the 0.15 significance level on the set of main effect covariates (to address 
possible confounding effects between the covariates and dioxin) and at the 0.05 significance 
level for interactions. In general, the only effects not subject to the deletion strategy were the 
serum dioxin variables of interest (i.e., initial dioxin; current dioxin, time since tour, and 
current dioxin-by-time interaction; categorized current dioxin). With the objective of 
producing the simplest model, other lower-order effects were retained in the model only if 
involved in significant higher-order interactions. Significant interactions between covariates 
were retained as terms in the model. 

The modeling strategy was refined slightly for adjusted statistical analyses of discrete 
dependent variables for particular clinical areas where a large number of covariates and/or 
sparse number of abnormalities were encountered. In these situations, the starting model 
included all main effects and excluded all interactions. Main effects were stepped out of the 
model if the associated p-value was greater than 0.15 and interactions were entered into the 
model if the associated p-value was less than or equal to 0.05. The alternative strategy was 
used to avoid overspecification of the model and minimize collinearity among terms that can 
lead to imprecise parameter and standard error estimates. 
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TABLE 4·7. 

Summary of Statistical Procedures 

Chi·square Contingency Table Test 

The chi-square test of independence (11) is calculated for a contingency table by the 
following fomlUla: 

where the sum is taken over all cells of the contingency table and 

fo = observed frequency in a cell 

fe = expected frequency under the hypothesis of independence. 

Large values indicate deviations from the null hypothesis and are tested for significance 
by comparing the calculated X2 to the tables of the chi-square distribution. 

Fisher's Exact Test 

Fisher's exact test (11) is a randomization test of the hypothesis of independence for a 
2 x 2 contingency table. This technique was used for small samples and sparse cells. 
This is a permutation test based on the exact probability of observing the particular set 
of frequencies, or of one more extreme. 

Correlation Coefficient (Pearson's Product· Moment) 

The population correlation coefficient (12), p, measures the strength of the linear 
relationship between two random variables X and Y. A commonly used sample-based 
estimate of this correlation coefficient is 

r = r,(Xi - X)(Yi - y) 
[r,(Xi _X)2r,(Yi - y)21~ 

where the sum is taken over all (x,y) pairs in the sample. A Student' s t-test based on 
this estimator is used to test for a significant correlation between the two random 
variables of interest. For the sample size of 521 (the size of the Ranch Hand cohort 
under the minimal assumption), a sample correlation coefficient of ±O.086 is sufficient to 
attain a statistically significant correlation at a 5 percent level for a two-sided 
hypothesis test. Assuming normality of X and Y for the sample size of 742 under the 
maximal assumption, a sample coefficient of ±O.on is sufficient. 
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TABLE 4-7. (Continued) 

Summary of Statistical Procedures 

General Linear Models Analysis 

The form of the general linear model (13) for two independent variables is 

where 

Y = dependent variable (continuous) 

ex = level of Y at Xl = 0 and X2 = 0, i.e., the intercept 

Xl,x2 = measured value of the first and second independent variables, respectively, 
which may be continuous or discrete 

~J,~2 = coefficient indicating linear association between Y and Xl , Y and X2, 
respectively; each coefficient reflects the effect on the model of the 
corresponding independent variable adjusted for the effect of the other 
independent variable. 

~12 = coefficient reflecting the linear interaction of Xl and X2, adjusted for linear 
main effects 

E = error term. 

This model assumes that the error terms are independent and normally distributed with 
a mean of 0 and a constant variance. Extension to more than two independent variables 
and interaction terms is immediate. 

Simple linear regression, multiple linear regression, analysis of variance, analysis of 
covariance, and repeated measures analysis of variance are all examples of general 
linear models analysis. 

Logistic Regression Analysis 

The logistic regression model (11, 14) enables a dichotomous dependent variable to be 
modeled in a regression framework with continuous and/or discrete independent 
variables. For two risk factors, such as dioxin and age, the logistic regression model 
would be 
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TABLE 4-7. (Continued) 

Summary of Statistical Procedures 

where 

P = probability of disease for an individual with risk factors XI and X2 

logit P = In (P/I-P), i.e., the log odds for disease 

XI = first risk factor, e.g., dioxin 

X2 = second risk factor, e.g., age. 

The parameters are interpreted as follows: 

ex = log odds for the disease when XI = 0 and X2 = 0 

131 = coefficient indicating the dioxin effect adjusted for age 

132 = coefficient indicating the age effect adjusted for dioxin 

1312 = coefficient indicating the interaction between dioxin and age, adjusted for 
linear main effects 

E = error term. 

In the absence of an interaction (1312 = 0) for a dichotomous risk factor (e.g., 

Comparisons, Ranch Hands), exp(l3l) reflects the adjusted odds ratio for individuals in 
group I (XI = I) relative to group 0 (XI = 0). If the probability of disease is small, the 
odds ratio will be approximately equal to the relative risk. In the absence of an 
interaction for a continuous risk factor (e.g., initial dioxin in its continuous form), 
exp(l3l) reflects the adjusted odds ratio for a unit increase in the risk factor. If the risk 

factor is expressed in logarithmic (base 2) form, exp(l3d reflects the adjusted odds ratio 
for a twofold increase in the risk factor. 

Throughout this report, the adjusted odds ratios will be referred to as adjusted relative 
risks. Correspondingly, in the absence of covariates (i.e., unadjusted analysis), the 
odds ratios will be referred to as estimated relative risks. 

This technique will also be used for longitudinal analyses of dichotomous dependent 
variables to examine changes in health status between 1982 (or 1985) and 1987 in 
relation to the dioxin measures. 
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TABLE 4-7. (Continued) 

Summary of Statistical Procedures 

Log-linear Analysis 

Log-linear analysis (11) is a statistical technique for analyzing cross-classified data or 
contingency tables. A saturated log-linear model for a three-way table is 

In (Zijk) = Vo + V lei) + V2U) + V3(k) + V l2(ij) + V23(jk) + V 13(ik) + V 123(ijk) 

where 

Zijk = expected cell count 

V lei) = specific one-factor effect 

V 12(ij) = specific two-factor effect or interaction 

V 123(ijk) = three-factor effect or interaction. 

The simplest models are obtained by including only the significant V-terms. Adjusted 
relative risks are derived from the estimated V-terms from an adequately fitting model. 
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In the analysis of a particular health variable, when no dioxin-by-covariate interactions 
were significant at the 0.05 level, adjusted means (15) or relative risks were presented. If a 
dioxin-by-covariate interaction was significant at the 0.05 level, the behavior of the dioxin 
variable was explored for different levels (categories) of the covariate to identify 
subpopulations for which a dioxin relationship might exist. Further, for illustrative purposes, 
if any dioxin-by-covariate interaction was significant at a level between 0.01 and 0.05, the 
adjusted means or relative risks also were presented, after dropping the interaction terms 
from the model. 

In some instances a followup model also was performed that excluded a highly 
significant interaction (p<O.OI). This optional model was run at the discretion of the analyst 
in an attempt to simplify the interpretation that may be complicated by an interaction difficult 
to explain from a clinical perspective. 

For all models that included a dioxin-by-covariate interaction, the stratified results 
presented in the appendices display adjusted relative risks, confidence intervals, and 
associated p-values determined from a model that included the interaction term. However, in 
the model 2 analyses the p-values for the stratified current dioxin-by-time since tour 
interaction terms were determined from separate models for each covariate stratum; similarly 
in the model 3 analyses, the overall p-values were determined from separate models. 

The adjusted models assessed the statistical significance of interactions between dioxin 
and the covariates to determine whether the relationship between dioxin and the dependent 
variable (health-related endpoint) differed across levels of the covariate. In many instances 
the clinical importance of a statistically significant dioxin-by-covariate interaction is unknown 
or uncertain. The clinical relevance of a statistically significant interaction would be 
strengthened if the same interaction persisted among related endpoints. It is recognized that 
due to the large number of dioxin-by-covariate interactions that were examined for 
approximately 300 variables, some of the dioxin-by-covariate interactions judged significant 
at the 0.05 level might be spurious; i.e., chance occurrences not of biological/clinical relevance. 
This should be considered when significant dioxin-by-covariate interactions are interpreted. 
It is important that the size of the p-value associated with each dioxin-by-covariate 
interaction be weighed carefully; for this reason, if the p-value for a dioxin-by-covariate 
interaction was between 0.01 and 0.05, the adjusted means or relative risks (omitting the 
interaction) were reported. 

For the neurology, cardiovascular, renal, and endocrine clinical assessments, additional 
analyses were performed when certain covariates were retained in the final model. These 
covariates were variables that may have been affected by dioxin exposure and included 
diabetic class (neurology and renal), percent body fat (cardiovascular and endocrine), and 
cholesterol (cardiovascular). Due to the association between these covariates and dioxin, 
both the statistical and clinical interpretation of other health variables can be affected. 
Analyses were consequently performed with these covariates in the final model, and with the 
covariates removed from the model. Tabular results with these covariates in the model are 
given in the body of the clinical chapter; results with these covariates removed are given in 
the associated chapter appendix. 
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POWER 
Conducting a statistical test using a type I error, also called alpha level, of 0.05 means 

that, on the average in 5 cases out of 100, a false conclusion would be made that an . 
association (dioxin effect) exists when, in reality, there is no association. The other possible 
inference error (called a type II error) is the failure to detect an association when one actually 
exists. The probability of a type II error for a statistical test is 1 minus the power of the test. 
The power of the test is the probability that the test will reject the hypothesis of no dioxin 
effect when an effect does in fact exist. The power of a test depends on the distribution of the 
dioxin data, the sample size, the disease prevalence rate, and the true dioxin effect measured 
in terms of the relative risk. 

Table 4-8 contains the approximate power for detecting specified relative risks for a 
given prevalence rate (discrete dependent variable), using initial dioxin in its continuous form 
and an alpha level of 0.05 for a two-sided test under the minimal assumption (n=521). The 
corresponding power under the maximal assumption is slightly higher. Figure 4-3 presents a 
graphical display of the power at different prevalence rates, where the different curves 
represent relative risks of 1.1, 1.2, 1.3, 1.4, and 1.5. Power calculations were performed using 
the logarithm (base 2) of initial dioxin, and consequently the relative risk is for a twofold 
increase in initial dioxin. These calculations also assume approximate prevalences at the 
mean log2 (initial dioxin) value of 7.49, corresponding to an initial dioxin level of 180 ppt. 

TABLE 4-8. 

Power to Detect an Initial Dioxin Effect Based on the Minimal 
Assumption at a 5 Percent Significance Level 

(Discrete Dependent Variable) 

Prevalence R!:lative Risk 
Rate of 

Disease 1.10 1.20 1.30 1.40 1.50 1.75 

0.005 0.05 0.07 0.09 0.12 0.17 0.33 

0.01 0.06 0.09 0.13 0.20 0.29 0.56 

0.02 0.07 0.12 0.21 0.34 0.49 0.82 

0.03 0.08 0.16 0.29 0.46 0.64 0.93 

0.04 0.08 0.19 0.36 0.57 0.75 0.97 

0.05 0.09 0.22 0.43 0.65 0.83 0.99 

0.10 0.13 0.36 0.66 0.88 0.97 1.00 

0.15 0.16 0.47 0.79 0.95 0.99 1.00 

0.20 0.18 0.55 0.86 0.97 1.00 1.00 
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