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NOTICE 

\ '~ 
This report presents the results of analyses comparing the serum dioxin assays with 

physical examination data collected in 1987. This serum dioxin report is an addendum to the 
Ranch Hand versus Comparison group contrasts contained in the 1987 examinatipn report 
published in February 1990. That report was the third in a series of epidemiologic studies to 
investigate the health effects in Air Force personnel foUowjp,g exposure to herbicides. The 
results of preceding studies (the 1982 Baseline and 1985 examinations) were presented in 
the Baseline Morbidity Study Results (February 1984) and the Air Force Health Study First 
Followup Examination Results (October 1987). Given the relationship of the serum dioxin 
analyses to the previous studies, portions of these earli~!d(!icuments have been reproduced 
or paraphrased in this report. The purpose of this notice isLtoi acknowledge the authors of 
these documents and to refer the reader to the 1987 examination report for additional 
background details regarding this study. No further references are made. 
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EXECUTIVE SUMMARY 

SERUM DIOXIN ANALYSIS OF THE 1987 AIR FORCE 
HEALTH STUDY EXAMINATIONS 

This publication is the fourth morbidity repprt resulting from the Air Force Health Study 
(AFHS), an epidemiologic investigation of the possible association between occupational 
exposure to Herbicide Orange (and its dioxin contaminant) and adverse health experienced 
by Air Force personnel who served in Operation Ranch Hand units in Vietnam from 1962 to 
1971. A Comparison group was formed from Air Force veterans who flew or maintained 
C-130 aircraft in Southeast Asia during the same time period. The 1982 Baseline 
examination, summarized in the first report, WaS followed by additional studies in 1985 and 
1987. Additional evaluations are planned for 1992, 1997, and 2002. 

The 19 chapters of this report present conclusions drawn from statistical analyses of 
approximately 300 health-related endpoints in 12 clinical areas: general health, malignancy, 
neurology, psychology, gastrointestinal, dermatology, cardiovascular, hematology, renal, 
endocrine, immunology, and pulmonary., The analyses focused on dioxin measurements in 
serum collected from 1,670 participants as part of the 1987 examination. 

This report summarizes the first large-scale study of dose-response effects based on 
an accurate measurement of current dioxin levels. This investigation is· an important 
enhancement of the AFHS and supplements previous AFHS reports, which focused on group 
contrasts between exposed (Ranch Hand) and unexposed (Comparison) cohorts. 

Three statistical models were used to evaluate associations between the health of 
study participants and their serum dioxin levels: 

• Modell: Estimated initial dioxin levels, using Ranch Hand participants only 

• Model 2: Current serum dioxin levels and time since military service in Vietnam, 
using Ranch Hand participants only 

• Model 3: Categories of current dioxin levels, using both Ranch Hand and 
Comparison participants. 

Analyses based on model 1 depend directly on ftrst-otder kinetics and a constant dioxin 
decay rate, while those based on model 2 assume nothing about dioxin elimination other than 
that Ranch Hands were exposed in Vietnam and that their body burdens have decreased in 
an unspecified manner over time: All health data were analyzed using both of these models 
to reduce the likelihood that an effect would be'missed because of incorrect assumptions 
regarding dioxin elimination. Models 1 and 2 were iinplemented under two assumptions­
minimal and maximal. The minimal assumption included only Ranch Hands with current 
dioxin levels above 10 parts per trillion (ppt) (p=521);. the maximal assumption expanded the 
analysis to include all Ranch Hands with current dioxin levels above 5 ppt (n=742). 
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In addition, model 3, using both Ranch Hands and Comparisons, assessed the health 
consequences of current dioxin levels above background. This assessment required no 
assumptions about when or how increased dioxinl:!odyburdens were attained. 

Statistical analyses were often applied to clinical ,endpoints in continuous (i.e;, original 
measurement) and discrete (Le., measurement~ ,grpq~djnto categories bas.ed on abnormal 
levels) forms. Analyses were also performed. t'i',jaccount.fox: the effects,that demographic and 
personal characteristics may have on the cli~jcl!!\, WIl~Sl,lreinentS. Such analyses are termed 
"adjusted analyses."", ">1' ,. " 

The general health assessment found thathi'gh-erlleveIS of: body fat and the erythrocyte 
sedimentation rate were significantly related tOI'\!!o,aNbelin,itii\d''!nd current serum levels of 
dioxin. The findings for body fat are consis~ntwithtithe't.s_al!ionbetween dioxin and 
diabetes mellitus in the endocrine assessment. and :lipids in the gastrointestinal assessment. 
The sedimentation rate findi~gs raise the pos~il?l!j~:':lPllf(M,q~tJe.,chmnic inflammatory 
response may be related to higher levels of dioxtn :,eltpq~l/~' . . . 

The malignancy assessment determined that serul11:di'llIlttn41e¥cds 'Were not Significantly 
associated with the incidence of skin neoplasms; exoeptrf0111aimiri'Creuse, of 'basal cell 
carcinoma on sites other than the ear, face, head, or neck in Ranch Hand enlisted flyers. 
However, these results may be the result. of a mu,ltiplei~~ti'j; ~llc~I',\wca\lse they were 
not not~ for the enlisted. groundcrew who, as a gro. .up., p~41p'~jt.~.··' ~~.'~.:p. t~erum. di. 'oxinthan 
the enhsted flyers. PreVlOUS AFHS reports showec\)I)'lItit~~Ii~' '.4 WiouP lJad a 
significantly increased risk of basal cell carcinomatell\~!l¢!f9riR,It)~~~QIl:.m>up; .however, 
the skin neoplasm findings in this report did not support a posifive:,dose~response. . 
relation~hip. The se~m dioxin analyses d~tectedsignificall~~iIl9r~sec\ri$~~of?e.ni~n, but 
not malignant, s~steInlc ne~plasms (ap~roxlmateIY. 7S~ Qf.:m .. :~~~~p,11l~~g,u~R,,~ch 
Hands and 70% In Compansons were hpomas). Therewas'fjtle·\}eH~8its&'ofI1OH"· 
Hodgkin's lymphoma in a Ranch Hand at the 1987 examination; ,. 

The neurological analyses revealed nO consist~nt,evi4,e,l).9n~i·~!.~tba~"E\if!~inwas 
a~sociated with new:ol~gical dise~se.. Theadjustedanl\1~~~§I%~' ",v~APd'neur?logical 
disorders were not Significant. DlOxln was found to be'slgnlfican y ~$bclated with ' 
coordination and a central nervous system index,butOraltll\l;I:1i~N'fift;h1lmi\: alfd!penpheral ' 
nerve status were not associated with dioxin. " ','n:'! \lOdltgm\)~) 

Higher serum dioxin levels were unrelated ~o, ;yeli.i,f'~ps.~l~3&1!r!~ported $leep 
disorders. Results of the two clinical psychological~tes.~,'(tJt~..$~~tD~lte.cl<JList-90- , 
Revised [SCL-90-R] and the Millon Clinical Multiaxjal"JI\'y,e~~i~]~:,l1(Me 
inconsistent. Most of the adjusted results for the SQ{l.-Q@CR,:Ng~'~l'lat,~ignificant. 
Many of the adjusted MCMI results were significantl'.!lillJl~Jlb~'JIl,~/;An4 .correlation 
between test scales of tbe MCMI limit the clini{l:al, il,llpoJ'llmQJJlo(l~b~M,tUtr\¢al differences. 

The serum dioxin levels showed no associatiolJ! wi~hi Venfiei1Uv:ef: tlis'ealies. However, 
the laboratory results showed II consistentpatteth':suig~tiv~~~a:~oo~liH!'bld ~ffect 'on lipid 
metabolism, possibly related to .the positive association between dimdn and body fat 
observed in the general health assessment. 
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Dennatologic endpoints were not consistently associated with dioxin concentrations. 
For Ranch Hands with a later tour of duty in Vietnam (time since tour!>.18.6 years), there 
were significant Or marginally significant positive associations between current levels of 
dioxin and post-Southeast Asia acne and several of the other acne-related physical 
examination variables. However, the corresponding adjusted relative risks for Ranch Hands 
with an early tour (time since tour>18.6 years) were not significant or were significantly less 
than 1. 

The cardiovascular findings offered no consistent evidence of an adverse dioxin effect 
among nondiabetics. There was a significantly increased risk of essential hypertension for 
Ranch Hands in the high current dioxin category (>33.3 ppt) relative to Comparisons in the 
background category (!O.lO ppt) when the effect of body fat was not considered. By contrast, 
the analyses of verified heart disease (excluding essential hypertension) found that the 
adjusted relative risk was significantly less than 1 for Ranch Hands in the high current dioxin 
category. The analyses of systolic blood pressure and diastolic blood pressure in their 
continuous fonns found that the adjusted mean level for both variables was significantly 
higher for Ranch Hands in the high current dioxin category relative to Comparisons in the 
background category when the effect of body fat wasnot considered. However, the 
corresponding analyses of the percentage of participants with abnonnally high systolic or 
diastolic, blood pressures did not show ,an. association ,~ith dioxin. The assessment of 
peripheral vascular function foulld significant ,associations between dioxin and decreases in 
the peripheral pulses. . 

The hematologic result~ 'revealed no evidence that overt hematopoietic toxicity was. 
related to dioxin exposure. The white blood cell .countrevealed statistically significant 
associations consistent with a positive dose-response effectin all three models; consistently 
significant results were not found for the other variables. A significant increased risk of an 
elevated platelet count was found for Ranch Hands in the high current dioxin category relative 
to the Comparisons in the background category. These findings suggest the presence of a 
low-level, chronic inflammatory response related to higher levels of dioxin exposure. 

The analyses did not indicate any relationship between renal health and dioxin. Under 
the maximal assumption (but not the minimal). the initial dioxin analyses found a significantly 
increased risk of urinary occult blood cells, but results were not significant for the other 
models. Statistically significant results. were not noted for the other variables. 

The endocrine assessment established a strong positive association between glucose 
intolerance and dioxin, but concluding that dioxin directly causes diabetes would be 
prematute. The initial and current levels of setuin dioxin both were associated Significantly 
with an increased incidence of diabetes. Significant positive associations also were noted for 
the analyses of fasting glucose and 2-hour postprandilliglucose. These findings may be 
related to the association between dioxin and bOdy 'fat observed in the general health 
assessment. The basis of theserelationshipswlUbe investigated during subsequent phases 
of this study. 

Assessment of testicular size as evaluated ;at.·the phySical examination revealed 
significant positive associations in all three models'between serum dioxin and decreased 
size. The serum dioxin analyses did not reveal a significant association with abnonnally low 
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levels of serum testosterone, but the analyses found a significant negative correlation with 
testosterone when the effect of body fat was not considered. The clinical meaning of these 
findings is unclear. The results for thyroid stimulating hotmone and T3 % uptake treated as 
continuous variables were consistent with subclinical decreases'in thyroid function related to 
dioxin exposure. However, the corresponding analyses on the percentage of patticipants with 
abnormally high levels for these variables did not shaw an asstlciation with dioxin. 

The immunologic assessment did not find any clinically significant alterations related to 
the current or initial levels of serum dioxin. An evaluatiOlfof iinrrtilrtoglobulins found a 
significant association between initial dioxin level and'inCreilsed IgA'levels, consistent with a 
subtle inflammatory response. The analyses of the other imrtlunoglo.bUliits(fgO and IgM) did 
not indicate the presence of any dioxin-related effects. AnMysesl'Ol"the other laboratory 
variables revealed several statistically significant findings,but,tIIl:Weither"were internally 
inconsistent or were not in a direction expected in an impaitedillfinl\JrlS'~~tem. , Serumdioxin 
was not significantly associated with delayed hypersensitivi\y"SlMnlSte§t''ilesponse. The 
previous report of the 1987 examination data had showed that sigIlidclin'lIY'1ltbieRaoch 
Hands had possibly abnormal skin-test reactions than Compat;.soh$'.',Tllese 'hew analyses 
suggest that the previously noted group difference may not berellltetH(j'diox':liC' ' ' 

. ,'f· 

, , -' -
, "t ,}-," ~ 'r"i:I' , -',., ,'·-1 -,': ,. 

Analys~s of th~ pulmonary ~isease history found no eviden~e,:~C,j~;~rxi~rxladonship for 
t?e five resprratory Illnesses stu~l~d. However, based, on physical e1ta~~tl~nresults, the ' 
nsk of thorax and lung abnormahttes for Ranch Hands In the high 'current diOXIn category was 
significantly increased relative to Comparisons in the bac~ground gaiegory. Abnormal 
spirometric measurements were often significantly assocfafed'Wf.tlY:t&5'Xfno!levels, but the 
differences in the mean levels between high- andlow .. ex}lt)~"~C!l1S'lints!:weie not' 
clinically important. These findings may be related to thC'lissbcla~8JttfM~ee~:'diol!:in and 
body fat noted in the general health assessment because obe'srt~"i~JRffdWltVtciF causeia 
rehduction

f 
in
h 

vitaldcapacity. These relationships will beirlV~~~~t~~~«\~fit(~~15~e9clent, ' 
p ases 0 t e stu y. " 0, ,,,,' ",iii" ',' ',' 

""{ ,:l,niJrv./r: ,~'i:: 'J'I;' 

Extrapolation of the serum dioxin results to the generaipoRul!ltlon of ground troops who 
se~ed .in Vietnam is difficult bec~us~ Ran~h Handan,d, Igro ..... it«~ .. ~~\~'x~tJsure"situations were 
qUIte different. Based on serum dIOXIn; te~ttn~ resu. itS'd.O. n .. t ... 'Ji> ... Y.: '.:~tH~ .. ,IfI: ... e .. $ .. 1. ~ia.'.n .. ground 
troops tested currently have levels of dIOXIn smrllat tobI\CkgrauA~8m!ti'~elt the ground 
troops who served in herbicide-sprayed areas of Vietniuri"liidl~ft'jlt~!levej8'irtdisti'hguishable 
from those of men who never left the United States. The AFHS subgroup most like the 
ground troops in terms of current dioxin levels is thoseRMOll Jliia.nRs:c:Who currently have 
background levels of dioxin (designated as the "unkoow.!\11~Cl\ltg(llWljai .me model 3 
analyses). Therefore, if the results of the AFHS ateappli,cdrt.\l!"the;gooet.31population of 
Vietnam veterans, the focus should be on the unknQwn'lB,an:~qj;'iY~S:US background 
Comparison contrasts. However, extrapolating the~Sl)lts :oti:tht$t!lil.IlIll\YSes to Vietnam 
veterans should still be made cautiously. In genml, ;the:l!Ji\iuBt.ru'I'l'lCll~eL3 analyses found 
that Ranch Hands in the unknown category did not.shQWa~stgnifi¢JlI'lt,hel,\/,th detriment 
relative to Comparisons in the background category. 

Small but significant mean differences inacontinuous*'meaS1:lredhealth variable when 
there are no corresponding differences in the percemageoi,abnomnahtests are difficult to 
assess in any study. For example, in the dis~te/analysisiofsell\!Un.testosterone. abnormally 
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low levels were not significantly associated with dioxin. However, the adjusted continuous 
analysis found a significant negative association between dioxin and testosterone when the 
effect of body fat was not considered. TIle continuous and discrete analyses of systolic and 
diastolic blood pressure also exhibited conflicting results. Observations such as these could 
represent an early subclinical effect, or they could be the result of a multiple testing artifact. 
Significant trends in the mean with inCreasing levels of dioxin are interpreted as a dioxin­
related effect if a corresponding trend is seen in the proportion above or below the nonnal 
range. These observations emphasize the importance of continued evaluation of a broad 
spectrum of health endpoints in the subsequent physical examination phases of the AFHS. 

The serum dioxin analyses in this report detected significant associations with lipid­
related health indices. In particular, diabetes and body fat were associated positively with 
dioxin. Cholesterol, high-density lipoprotein (HDL), cholesterol-HDL ratio, and 2-hour 
postprandial glucose also were associated ~ignificantly with dioxin. Erythrocyte 
sedimentation rate, white blood cell count, platelet count, and IgA were positively associated 
with dioxin, suggesting the presence of It chronic dose-related inflammatory response. Other 
variables, such as the spirometric indices in the pulmonary assessment and benign systemic 
neoplasms in the malignancy assessment showed significant associations with dioxin that 
may be related to body fat (approximately 75% of the benign neoplasms in Ranch Hands and 
70% in Comparisons were lipomas) .. These .findings and their possible relationship to dioxin 
elimination will be explored. in future examination cycles. The serum dioxin analyses also 
revealed a significant positive association between dioxin and decreased testicular size, but 
the importance of this finding is unclear (fertility and other reproductive outcomes will be 
assessed in a separate report). Results for other variables revealed no consistent pattern, 
within or across clinical areas, indicative ofahealth detriment due to dioxin exposure. 

In summary, many of the findings in this report reveal a consistent relationship between 
dioxin and body fat. Two hypotheses may explain the observed relationships. In one, dioxin 
could cause an increase in body fat, or the level of body fat could influence the dioxin decay 
rate, which in turn alters physiologic outcomes, such as blood pressure, serum lipid 
alterations, and blood sugar levels. An alternative hypothesis involves dioxin as a direct 
cause of two or more of the observed endpoints, including body fat. Whether dioxin causes 
these observed effects directly or is a step·in an extended causal pathway cannot be 
determined from these data. Additional analyses following the physical examination 
scheduled for 1992 may help resolve this question. 
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CHAPTER 1 

INTRODUCTION 

AIR FORCE HEALTH STUDY 
The Air Force Health Study (AFHS) is an epidemiologic investigation to detenrtine 

whether occupational exposure to Herbicide Orange in a group of U;S. Air Force personnel is 
associated with adverse health effects. During the Vietaam conflict, Herbicide Orange was 
the primary herbicide used in a military operation, code-named Operation Ranch Hand, which 
disseminated the herbicide through aerial spraying for purposes of defoliation and crop 
destruction. 

As documented in prespecified analytical plans and predecessor reports, the AFHS is 
based on a cohort design in a nonconcurrent prospective setting. The study design consisted 
of a baseline morbidity assessment that is to be complemented by five followup morbidity 
evaluations over a 20-year period. The baseline morbidity evaluation, conducted in 1982, 
was performed by the, Air Force. Followup evaluations were conducted in .1985 and 1987. 
The 1985 and 1987evaluations(~~!'l known.i\s ,the thir~-. and·fifth-year studies, 
respectively) were pyrfQnne~" under, co~tract.~: ,tbe Airf,Qr'ie,:,by Scien<;e Applications 
International Corporation (SAIC), inconjunctiail with,~~~pp,s"9~im!i; allct Re~e;trchFoundation 
(SCRF) and the National OpinionResearchCenter(NORC)';,iFuture evaluations are planned 
for 1992,1997, and 2002 (i.e.,theJO-:yeat, I5·year, and,2p-yearfogowupstudies, 
respectively)." ; ,.. ,':,"J "'. ' ".";",,:;':I'4J' "/."': " . 

, , . ' . " !,. . " 1: "" , ':' : 

For the Baseline and the 1985 and 1987studies, the major !OC~~oft~,e" analyses was to 
compare the health status of the Ranch Hands (i.e., the exposed colioI't) with that of the 
Comparisons (i.e., the unexposed coliort). An ancillary analySis used an approximate 
estimate of exposure (low, medium, and high) that wasconstrncted for each Ranch Hand 
using historical military record information with herbicide procurement' and. usage records. 
For the most part, the constructed exposure index failed to display consIstent and/or 
meaningful dose-response relationships. 

During the conduct of the 1987 physic~ examination, the Air Force i(litiated a .' 
cpllaborative study with the Centers for Dise.ase Control (CDC) to measure dtoxin levels in 
the serumof Rancb Hands and Comparisolls.rhe purposeofthis,report is to'perform a 
thorough statistical evaluation to assess do~e-resppnse .relationships between various 
measures of dioxin and approximately 300 health-relatede/lpp@ints in 12 clinical areas. The 
statistical analyses 'associated with the serum data win' (;valuate the association between a 
specified health endpoint and dioxin among the Ranch Hands, as well as contrast the health 
of various categories of Ranch Hands having differing seil'dm dioxin levels with the health of 
Comparisons having. background levels of dioxin in their. blood. The analysis of dose­
response relationships based on serum assays· provides, an important enhancement over the 
previous AFHS investigations. This research is the first large-scale study of dose-response 
effects based on an accurate measurement of current dioxin. The results of this study 
supplement the findipgs of previous AFHS reports, ,whi~,h have focused on group C()lltrl\sts 
between exposed and unexposed cohorts, rather than on' the dose-response relationships in 
this report. 

1-1 



Of the 995 Ranch Hands who were f\llly c@mpliant to the 1987 physical examination, 932 
had serum specimens analyzed by CDC; 64 of these 932 specimens were reported by CDC as 
not quantifiable by the analytical method. Two 9f tlte 932 participants provided blood but 
were not part of the 1987 examination. The Ranch Hand participants used for the statistical 
analyses of the serum data excluded. the 66 Ranch Hands specified above. Thus, the serum 
levels of the remaining 866 Ranch Hands were candidates f@r evaluating the association 
between health status and level of dioxin. Current :dioxin levels exceeded 5 ppt for 742 of the 
Ranch Hands, and exceeded 10 pptfor 521 Ranch Hands. These two Ranch Hand groups are 
the maXiimai and minimal cohorts, described latedn.this chapter. 

Of the 1,299 Comparisons who completed the 1987 physical examination, 1,198 had 
serum specimens analyzed by CDC. Dioxin assay information on a randomly selected subset 
of 888 Comparisons was received from CDC by January 1990, at which time statistical 
analyses involving Comparison' data began. Eighty-three of)cb~{jl87·,Comparisons who 
completed the physical examination had a current dioxin leYehePoned bY'CDC as not 
quantifiable. Therefore, 804 Comparisons were candidatesfel,uSe,ill, tltestatistical analyses. 

An additional 314 Comparison dioxin assay results weresubse9,uently received. Of '. 
these results, 311 were based on Comparisons who had dOrt'lpleted'dre'j>hysicai examination, 
and 3 were reanalyses of specimens of3 Comparisons wh6c()tnil1ered"tneexamination 'but 
whose dioxin result was indeterminalit.' ." .',c' ,:, , .'. 

Chapter 2, pioxin Assay, contains a more complete dis~ussio~ :£(ih~dioxin assay, the 
888 and the subsequently received 314 Comparison assay results. 

"',' ,-

Questionnaire Methodology . '. (1:'. 

One source' of infonnation used in the statisticaianaJ~sCil$l,f,0/l'~ AlilHS was the 
participant questionnaire; For the 1982 Baseline study,,,thelilw'~Pi()nttaire'was administered 
at the participant'$ home .. The questionnaires of the 198~(;IIIl·qj·IJ~~7·JQlio'l}\UP .cycles were 
administered at the physical examination site .. New 1<';ll1t~9jnll:ll~,f~~;paitillipants. who refused 
to take part in the 1982 and 1985 examinations had tilegp~jci>1l.~!p~,~esPlilnding ,to the Baseline 
questionnaire either at their residence or at the physical examination site. The instruments 
provid~d baseline ?r updat~d inf~rmation on such ite~~, aS~\He'Pq~phiccharllcteri~tics, 
educa,tton, .occ.u.patto~, m. edlcal hl.stO,!,' stUdy. CO~Plj~.n¢ .. ~ .. ,.~~~lc .. :.,e .... *.tP. C?O.S. u ...... re .... s, re.p. rod. uettv.e. . 
e~pene?ce, personalIty type, sleep dls~rders, and r!*.t~l:t91~!f~~.~n canc~r. F~r a ~etaIied 
~IScus,slOn of t~e, developme?t, eXfansl?~, and Im~~e~erljll~t)h ,pt, tile q\leslJonna~e (I.e., '. 
mtervIewer trrunlng, scheduhng 0 partt~lpant~, daJJJl,~plfff~P~~', M<I data processIng), the 
reader is referreii to Chapter 3, QuestionnaireMet~W9~~~~~:%1'~$ 1987 examination ,(1). 

Physical Examination Methodology", 'll ." 

Another major source of information for the. an'aJ.y.s'tsrin the AFHS resulted from the 
various health evaluations performed at SCRF in'il!9:8;1 i: ,'il'h8' evaluations consisted of the 
following major elements: " " ." 

.. Review-of-systems questionnaire, 

• Psychological testing 
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• Physical examination 

• Laboratory testing 

• Specialized testing (e.g., phlebotomy for measurement of serum dioxin) 

• Psychological and medical outbriefings. 

The, logistical efforts involved in contacting, transporting, and examining the study 
participants for the 1987 phase of the AFHS are described in Chapter 4, Physical 
Examination Methodology, of the AFHS 1987 examination report (1). 

During the clinical examinations, data were collected in the laboratory and by a general 
and two subspecialty (dermatologiCal and neurological) examinations. In the clinical 
laboratory, cutpoints between normal and abnormal measurements are in most cases well 
defined. In the physical examinations that were conducted by multiple examiners, however, 
some subjective variation in data collection would be anticipated. By adhering to a strict 
examination protocol and by blinding the examiners to the exposure status of all participants, 
a group billS was avoided. 

The format of the physical examination was designed to address th~ wide range of body 
organ systems suggested by the scientific literl\tllreon'bothhuman and animal studies, the 
spectrum of health problems reported by VietnalnVeterans' .fisted in the Agent Orange 
Repository of the Department of Veterans Affairs; and concerns expresseidil'lthepress. The 
examiners were kept strictly unaware of the exposure status of eachpartieipant and were 
required to conduct their examinations in a standardized and consistent manner. Each 
participant was provided with all of his examination results by a specialist in internal 
medicine and a clinical psychologist. Whenever a condition requiring prompt medical followup 
or further evaluation was identified by one of these debriefers, arrangements and i' 

appointments were made with a referral physician before the participant departed from the 
clinic. In this manner, continuing treatment of important medical conditions was not 
overlooked. 

Quality Control 
Throughout the 1987 examination, a number of steps were taken to maintain stringent 

quality control (QC) and quality review standards. In general, qualityassUl'ance (QA) 
activities were defined and implemented in the areas of administrative, QA; questionnaire, ," 
physical,and psychological examination QC; laboratory QC measures; data management QC; 
and statistical QC. Chapter 6, Quality Control, of the AFHS report on the 1987 examination 
contains detailed descriptions of these quality control efforts (1). 

Administrative Quality Control 
For the 1985 and 1987 examinations, and the associllted serum dioxin analyses 

presented in this report, an internal Quality Review Comn'littee (QRC) was convened by the 
prime contractor. QRC members provided independent reviews and comments on draft report 
materials submitted to the Air Force. The QRC also provided advice on issues that might 
affect study quality. ' 
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Questionnaire, Physical, and Psychological Quality Control 
For administration of the 1987 questionnaires, interviewers were provided specific 

training and detailed instructions by NORC on conducting the interviews. In addition, 
schedulers were trained to perform initial contlj.,Otswith;,individuals to invite them to 
participate in the 1987 examination cycle. Conversion specialists were used to contact 
refusals or to identify replacements for unwilling CQ,tfi~lIrisons. Site supervisors monitored a 
sample of interviews from each interviewer. If necessary, immediate onsite retraining was 
provided for interviewers to ensure proper administrllJi6n ,Of the questionnaire. A rigorous 
review process for monitoring the completeness and, quall&' of responses to the questionnaire 
items was followed. 

After the questionnaires were reviewed forcomplel~g~SSl!:pddatavalidity, the 
questionnaire and physical examination reco1'\ls werep~vj4~~Q.J!te. ~~ Force for medical 
coding of the reported information. Once the m~calcp4.,i*i:,WIlS cgPlpleted, the questionnaire 
information was provided to NORC for data prpces~ini!,X~ql/,s'e4itlllld data verification 
procedures were performed and discrepancies were ~I',sp~y~d ,ollapase-by-case basis. All 
corrections were documented and entered into the data b~s~F 9J\,~eports were generated 
monthly and the review process· was continued until no errors or ,discrepancies were found. 

The physical examination provided most of the health stamHnfprm,ation u.sed for clinical 
and statistical evaluation. Hence, a number of steps were"t!i.\Ce,J,l::tQ,g\1arantc:e theguality and 
completeness of ,the information generated during theph¥~i9:,M; ~('\\tmgatiOJi.' The steps 
included a stringent selection process for all personrteldit;e,e,lilY!JI'IM~:Y~i~iththestudy 
participants; a complete pretest of the physicalexaminati()n;lllt~rv\eWI,psychological test, 
and laboratory test procedures before the start of the study; reft;e~fi!'1training fot diagnostic 
procedures (e.g., to diagnose chloracne); weekly review.qfp~piB~t cl:jtique forms; timely 
review, and revision if necessary, of items report~on,lb«pb~~iR.ob~_A~pon forms;. and 
daily monit?ring Of. clinic~l examin~tion activiti~s by tile o~i~ile,t\#;!~,Ri:9:~ m9pit9r and the 
SCRF Medical Project Director.' ",!".' i,' !,,! "" ' 

Clinical Laboratory and Immunology Laboratory Quality Control, 
Multiple actions were implemented in the. area ofQ~ f()1'\!h¢,pliniclillaboratory. An 

integrated medical laboratory management informatign, systefu:,'w.I\S"useO to provide direct 
device to data base interfa.ces .. for. aut.om.a. ted teSti.· q~ oql1.jl\m~. ilIi._. ' .' ... -r -rg~n.t 9:. ,lI.l.I.·b. flltiO.1l 
standards were maintailled for all automated equiPlUel)t;:,lilQIl~l!fl~i~~$,Were used to .. 
monitor test quality; formal analysis and review qf:~~:'4#'~i~4J;)1t})fpnll.~QIl,a. weekly 
ba~is; alld CUSUM and FI~ CU~UM techniq~e,~ w.e~;4-~~~!1R '.~~l!l:il'rati9n problems. A, 
stringent QC procedure was also Implement,ed ;Ill .. ·' th. ,e .. j~111\\1.·. '.Ai. ..:. " .1'1. 9~g. IY". co. PlP. on .. ent 0.( the .. 
AFHS to address problems in assay perform~n.c~'irFa~eqb*jl' I~)!ng~~$alysis, and results 
reporting. Chapter 6 of the 1987 examination report provides anjndepth discussion of the 
clinical and immunologic QC procedures (1). 

Data ManagementQuality Control" , ... ,. i ;;W" " 
, " j' ,.'" ~, ,-'h" J, ",' <' ,.' 

The QC program for the data managem~nt,II'<Ji~i~yj~qp~\~~e4:p( multiple checks at all 
steps of the. examination, qatacollection,lUld, d!IJapr,w,eSsmi!:,c~~!~, pata QC procc;dures for 
data collection, conversion, and integration were develp,ped befote the clinical e~aminations 
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began. Pretesting of forms, procedures, and logistical arrangements was conducted 3 weeks 
before the examinations actually began. 

Five interwoven layers of QC were instituted. to ensure data integrity: data processing 
system design; design and administration of all exams or questionnaires; data completeness 
checks; data validation techniques; and quality control medical records coding. 

Statistical Analysis Quality Control 
QC was exercised in the following areas addressing the statistical analysis: 

construction of data bases for the statistical analysis of each clinical chapter, the statistical 
analysis, and the preparation of the clinical chapters containing the results of the statistical 
analyses. Each clinical area data base was examined for extreme and improbable values. 
Discrepancies were resolved through contact with the organization responsible for the data 
item of interest (e.g., SCRF or NORC). Technical issues related to statistical analysis were 
discussed, and resolved through frequent telephone and/or written communications between 
the SAIC statisticians and the Air Force principal investigators. The content of the report 
was verified for accuracy and validity among t4e reported text and tables, and for consistency 

i with the output results generated by the statistical software. .. 

Statistical Models 
The serum dioxin measurements were. used in Wee different ways to assess the 

relationships between current health status and: dioxin. Withi1tl a speCified clipical area, the 
results of three analyses performed for 'eaohdependent .variable were deseribtld under 
sections titled: 

• Modell: Ranch Hands - Log2 (Initial Dioxin) 
, I; 

• Model 2: Ranch Hands - Log2 (Current Dioxin) and Time 

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

Models I and 2 used serum dioxin values for only the R.anch Hands. For model· I, the 
dependent variable for each Ranch Hand was regressed on an initial dioxin level. The initial 
dioxin value was estimated retrospectively from a first-order pharmacokinet!c half~life model 
using the measured current dioxin, the estimated half-lifeof7:t ye~ (2) and time since the 
end of each Ranch Hand's tour of duty in Vietnam. For model 2, rl)gfession relationships , 
were developed between the dependent variable for each Ranch Hand and the measured 
current dioxin level and time since the end of the tour in Vietnam. . The latter model was 
implemented as. an alternative to model 1 which was based on as~utninga panicularhalf-life 
model. Both of these models were implemented with and without adjustment for covariate 
information. While the overall analysis in model 2 specifically assesses the effect of 
differences between time strata, a current dioxin effect can· be seen in the time stratified 
portions of the analyses as well. 

Models 1 and 2 were also applied under two assumptions concerning exposure: the 
minimal assumption and the maximal assumption. uhdedhe'minimal assumption, the 
analyses are based on those Ranch Hands with current dioxin levels above 10 ppt. The basis 
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for the minimal assumption is that Ranch Hands currently having dioxin levels at or below 10 
ppt are assumed not to have been exposed to dioxin during their Ranch Hand tour. Under the 
maximal assumption, the analyses are based on Ranch Hands with current dioxin levels 
above ,5 ppt. The maximal assumption pres\l~es,that Ranch Hands with levels between 5 
ppt and 10 ppt were only exposed to such an e'xten~that their body burden of dioxin has just 
recently decayed to levels equivalent to norrpaI ba(il~BJ;O\lnd. Ranch Hands with current dioxin 
levels at or below 5 ppt were excluded from 'the analyses because of concerns raised by the 
CDC regarding the validity of the half-life model to extrapolate initial dioxin levels using such 
low dioxin levels. The minimal assumption is aJl atteltlPt'to focus the analyses on Ranch 
Hands who are more likely to have been exposed durillg, their tour. The maximal assumption 
focuses on those participants known to be part of Operation Ranch Hand but the analyses 
may include some participants who possibly may not,have been exposed to dioxin during their 
tours. Each assumption defines the size of the Ranch,:Handf'gtTOups being analyzed. The use 
of the terms "minimal" and "maximal" should not be'4ttte'i1preted as identifying those 
participants with a particular level or magnitude of dioxiil1xposure; 

" ' 

The analyses identified under model 3 compare the health of. Ranch Hands with current 
dioxin values categorized as unknown (current dioxinat ot~rtlw.)O ppt), low (current dioxin 
above 15 ppt but not above 33.3 ppt), and high (currentdioxiil aboVe 33.3 ppt) with 
Comparisons having background levels (current dioxin at or below, 10 ppt). "Unknown" is 
used as a description for Ranch Hands with currellt serum dioxin levels at background. Ranch 
Hands with current dioxin levels at or below 10 ppt were,plae~i!l"aiseparate category (i.e., 
unknown) because the exposure resulting from their VietnalX\"~I1t:QOllld not be differentiated 
from background levels. Separating the uilknown andJow ell,p~s~~a~egOries by 5ppt 
reduces concerns about the assignment of a Ranch Hand to eith'ejr of the categories when the 
current level is very near a defined cmpoint, To remove, any doubt about possible exposure in 
the Compari~on group, any <?omparisons having ~ c~rre~t dipxi!l}eyel ,~bove lOppt were 
excluded. Eighteen Compansons had a current dlOxm levelabdve,f~~~ptC4apter 3 
graphically displays distributions of serum levels fOI'Ranch 'Hand~JI.)ld Comparisons. 

Organization of the Report 
" ,"', " 

This report is organized as follows: 

;}j,~~, > ;'i .'liY'~'~ ,,"! :"," 

• Chapter 1 (Introduction) provides sutDWat)[ 1?~9J<i~9P.nsliJtW'ljIffil~fi.Qn on AFHS and the 
serum dioxin analysis; and discusses spec~~~(~eQ~p!~~J~e~~/J~sues that may affe,ct 
the results of the different clinical arei\as~e$~~~9;t;s";;' " , ,"'" '" " ' " 

• Chapter 2 (Dioxin Assay) describes the bIOQJll,",',':,,'~"', :!k,liJi!, t!ixledure used to determine the 
serum dioxin measurements; the analyti,' cal'dt~, ,1t'h~,' , !W~td, ,"todliterrlline the dioxin level 
from the serum; and QC procedures aSS00i~ua!:~~lthe setUmdioxin data. 

• Chapter 3 (Relationship of EStimates, ',,', ,J,f,'~t8~I~,~I~,.WU,",',';',~P,',o.s~,re)ndex) provides a 
comparison of the constructed exposure lJlHH'r\\~,l!l prevIous reports, to the 
estimates of dioxin body burden used in this report., ' 

• Chapter 4 (Statistical Methods) documents the$tatistical methods used in the 
indiv~dual clinical area assessme~ts;":lI'ld\(~h~,s~a~I~t,l9alprocedures and results of the 
half-hfe analyses performed by. the AlrJ'il1'9~ •. ,:,", 
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• Chapter 5 (Covariate Associations) examines the associations between dioxin and 
the individual covariates used in the different clinical assessments. 

• Chapters 6 through 17 present the results and medical discussion for each clinical 
area from the statistical analyses of the dependent variables using the three models 
described earlier in this chapter. Each chapter contains a brief overview of pertinent 
scientific literature. More detailed summaries can be found in the report of the 1987 
examination (1). 

• Chapter 18 (Conclusions) summarizes the findings and medical discussion of the 
statistical analyses performed for each of the 12 clinical areas. 

• Chapter 19 (Future Directions) summarizes the anticipated future activities, and 
possible modifications to the existing instruments and methodologies used to 
investigate the association between health status and dioxin exposure. 

INTERPRETIVE CONSIDERATIONS 
When interpreting the data presented in this report, careful consideration must be given 

to bias, interactions, consistency, multiple testing, dose-response patterns, trends, power 
limitations, strength of association, and biological credibility. Problems in evaluating negative 
results, extrapolating to other populations, and summarizing results also should be 
considered. 

Bias 
With the introduction of the dioxin assay as the measure of exposure, important sources 

of bias are reduced to violations of the underlying assumptions ·of the three models upon 
which all analyses in this report are based. Closely associated with violation of assumptions 
is the possibility that an important covariate may have been overlooked. 

Biased results will be produced if the assumptions underlying any of the three statistical 
models are violated. Of the three models, model 1 (see Chapter 4, Statistical Methods) is 
the most vulnerable to this kind of bias, since it depends directly on two unvalidated 
assumptions: (a) that dioxin elimination is by fust~order pharmacokinetics and (b) that all 
Ranch Hands have the same dioxin half-life (7.1 years). If dioxin elimination is fust-order, 
but some Ranch Hands have a shorter half-life than others (as suggested by unpublished 
analysis of paired dioxin measurements on 36 Ranch Hands, see Chapter 4, pages 4-9 
through 4-12), then there would have been misclassification of initial dioxin exposure. If the 
clinical endpoint is not associated with a factor (e.g., relative weight change) that affects the 
elimination rate, then estimates of the odds ratio for common diseases associated with low 
and high levels of initial dioxin will, in general, be biased toward unity. However, if the 
clinical endpoint is associated with a factor that affects the elimination rate, then the odds 
ratio will be biased away from unity. 

The validity of the constant half-life assumption cannot be assessed until the half-life 
study is expanded to all 500 Ranch Hands with current levels above background (above 10 
.ppt). Paired dioxin measurements on each of these 500 Ranch Hands, one derived from 
frozen serum samples collected in 1982 and the other from serum collected in 1987, will 
permit investigation of half-life variability with changes in weight, percent body fat, and 
disease since exposure. ASsessment of the fust-order elimination assumption will be based 

1-7 



on up to five dioxin meaS\!I'Cments collected,~ally oneac~ of 20 males who were exposed 
during a factory explosion, near Seveso, Italy (~); 'The,~dditional Air Force and Seve~ data 
will be available in 1991. 

. ". , .. ,. -' ,,'. , . 

Estimates of health effects derived fron'lm~~l~ 11'$0 f(>lIld be biased if, for example, ' 
some Ranch Hands were fast dioxineliminator$(hlive a short dioxin half-life) and some were 

-:" ~, " 

slow eliminators (have a long half-life)." If this phQnotnenon was associated with a covariate 
(e.g., relative weight change between 1982 and",l987).lackof adjustment for this covariate ", 
would bias estimates of the slope or relative risk:to\\l~\'the,nUll values (slope=O and relative 
risk=1). Further investigation of this possibility~ijl'otreuryd1Jring the expanded half-life 
study, which is SCheduled to begin in early V~~l",~,~j~1M' .. fPncemarises regarding 
estimates of effect derived from model 3. If, fore~~$l~;~I~,e,,~~ effe,ct was~xpr~ssed many 
years after exposure, such an effef:t w,ould: 'PfPpa~I)l'~'~PI,1 ~nttll c~ntt:astslD dlseas.e rates, 
between the background group and Ranch Hands mtlieitiiiih"<i1U11«!ntdioxm category With the 
earliest tours of duty. The categorized current dioxin,anaiYSCls'werenot adjusted for time 
since tour, however. Hence, it might not be possibIMIil,Ufe'QtJm¢1'I an effect with that model 
because time since tour was not \lse4 for adjustment.\,:;J)j§d~~~PJn~}llingispartially overcome 
by analyses based. on. model ~, which are adjustedtQJ1.r~i!ll4.r\$l~~fi~~9,\lI: and the interaction 
between current dioxm and time. , ". : ." ",,:,.. , 

Information bias, represented by overreportingdisease.I~¥mptoms, was precluded by 
verifying all diseases and conditions with medical records. ·]t;iS'P0ssible that Ranch Hand 
conditions may be more verifiable because they may . more often 
than Comparisons; this would be revealed by .group. and content of 
medical records. Because currently there is no . potential 
source of bias remains unexplored, This only , . 
estimates of health effects derived from model not used in 
the model 1 and model 2 analyses. Information intrOduced 
thro~gh data entry or machine e:ror is n~gligible: AI~;lai;)<]rat0W"l.\esl1'ltll:,were su~ject to strict 
quahty control procedures. MedIcal codmg data wert!vel>1f!i\!'d'I~~l~~W'by medical record 

• ' '.:" -. ''If'' .",,-~ '. :j "j-J'- ;)'1 -". , review. ' ,,', '.' ,P ~'" ~_d ,-.;-",.111.1 '.iI1i; L.,., . ,,' , < 

:Eid '.!1:>L,!'r.A .,;.: 

Adjustments forCovariates and Interacti~ns 
In previous reports, the focus was on ovc:rall, gJ~!!HI 

and all Comparisons, which took advantage of the· . 
'il!~"I,'~"'" Ranch Hands 

matching variables age, race, and occupation . . 
present dioxin analyses within Ranch Ha.nd:Hlllldtl):e~;~ 
within Ranch Hands and Comparisons are nOItl.lCl!)~Q.:~q~M!rt1i1'\1;i! 
occupation is a strong confounder because it' is mgn~Yi 
Rancb Hands and is related to some neHllUl 

between officers and enlisted personnel. E<illcaltion 
tion and certain psychometric results. 

!F)~~t~~~d;~st'~he '\ c( . The 
analyses 
MilitlJ,fY 

. dioxin levels in . 
differences 
military occupa-

In addition, some co"arilJ.tes(e.g., ~ljJ~~!l"lselves be. associated with 
current dioxin level. and, pe~haps, ~~lW~~j;~;~a be related to the 

dependent health vll1iable.; Illthi:~~~~~::\~=~!!f:~!~i!I.~m~~:l~~~.for suc~ \I ....... . covariate are. notva!id, ~ince th~ . '. . (c;urrent or initial 
dioxin) and the covariate is not met (4)... . the. data with . 
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and without ~djustment for the covariate; bOth analyses potentially are biased. Thus, 
unadjusted analyses must be viewed with caution and circumspection. Because some 
covariates may act in an intervening manner relating the "treatment" to the dependent 
variable, some adjusted analyses of covariance are themselves subject to bias. Bias intro­
duced by intervening covariates is unavoidable in an observational study. 

The adjusted models assessed the statistical significance of interactions between dioxin 
and thecovariates 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 (Le., chance occurrences not of biological or clinical 
relevance). This should be considered when significant dioxin-by-covariate interactions are 
interpreted. It is important that the size ofthe p-value associated with each dioxin-by­
covariate interaction be weighed carefully. For this reason models without the dioxi!l-by­
covariate interaction were implemented to address the possibility that some interactions may 
arise from multiple testing (see Chapter 4). 

Consistency 
Ideally, an adverse health effect in Ranch Hands attributable to herbicide or dioxin 

would be revealed by internally and externally consistent findings. An internally consistent 
finding does not contradict prior information, other findings, or medical knOWledge. An 
externally consistent finding has been established either previously in theory or empirically 
as related to exposure. 

The findings of positive trends of increasing abnormalities with increasing levels of 
current dioxin with regard to lipids, percent body fat, and diabetes are internally, consistent. 
The observed associations between dioxin and Millon Clinical Multiaxial I!lventory scale 
scores appear inconsistent and isolated. They are not cO!lsistent between themselves or 
with known patterns of psychological disorder. .' 

Multiple T~tihg 
Numerous dependent variables were consid~repbecause of the lack of a.predefined 

medical endpoint. Each dependent variable was ati~yzed iii m.anydifferent ways to 
accommodate covariate inforri1ation and diffe,*ntstl\~sticIll,Jrtb4eIs.In the hypothetical case 
when Ranch Hand physical health 'is not related to4ioldn,'lIj)out 5 percent of the many 
statistical tests ·of hypotheses (dioxin 'effectS and ai6xin-by~cbvariate interactions) shown in 
this report should be expected to detect an assOciation' 'between dioxin and health in Ranch 
Hands (p-values<0.05). Observing significant results due to multiple testing, even when 
there is no relationship between dioxin and health, is Known as the multiple-testing artifact 
and is common in large studies. U~fortunately., t~<m! is. no statistical procedure available to 
distinguish between those statistically significant,r~.sulis .that arise due to the multiple 
testing artifact and those that may be due to a bona t14e4~oxin ·effect. Instead, in order to 
weigh arid interpret the findings, the authors have considered the strength of the association, 
consistency, dose-response patterns, and biologiC 'credibility. .. 
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