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In 1979 the United States Air Force (USAF) made the commitment to Congress and 
to the White House to conduct an epidemiologiC study of the possible health 
effects from chemical exposure in Air Force personnel who conducted aerial 
herbicide dissemination missions in Vietnam (Operation RANCH HAND). The pur­
pose of ,this epidemiologic investigation is to determine whether long-term 
health effects exist and can be attributed to occupational exposure to herbi­
cides. This study uses a matched cohort design in a nonconcurrent prospective 
set st1,ldles. This 
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compai-!!9on indtvidlllile obtdnllld byqueet10nnaire and 2269 Rancll Handel's and 
comparison individuals undergoing an extensive physical examination. 

This balileline report cClOcllldee that there is 1nsufficientev!dence to support 
a oauee and effect relationship between herbioide· expOSlll'e end advel'.se heal th 
in the lIancll HaM. group at .th1s time. The study has disclosed numerous medi­
cal fimUn!!ll, mostly of a minor or unc!etEjrmined nature, that require detallEjd! 
faHow-up. , In fllll QontEjxt;, thEj basd1ne.lIl.tudy rEjsults should be viewed as J 

reassuring to tl1e Ranch Handers and to the.1r families at this time. 
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EXECUTIVE SUMMARY 

BASELINE MORBIDITY STUDY 

The' RanCh Hand II epidemiologic study uses a matched cohort desIgn in a 
nonconcurrent prospective setting, and incorporates mortality, morbidity, and 
fOllow-up studies.; The purpose of this report is to present the baseline 
morbidity study. 

The morbidity study design matched each living Ranch Hander (by age, job, 
and race) to the first living and compliant member of a randomly selected com­
parison mortality set of 5 indIviduals, producing a 1: 1 contrast. The compar­
ison group was formed from numerous flying organizations which transported 
oargo to, from, and within Vietnam, but were not involved in aerial spray 
operations of Herbicide Orange. Of the potential study participants, 99.5% 
were located., Early in the physical examination phase of the study , it was 
discovered that 18% of the entire comparison group was ineligible to partici­
pate because. of inappropriate seleotion. Thereafter, study el1g1blli ty was 
certified only after a hand-review of per'sonnel records. Next-'ln":l1ne compli­
ant compar.isons entered the study as replacements artel" fully' completing the 

'questionnaire and physioal examination. Statistioal analyses of these rep1aoe-
ment individuals later showed that they differed from the origina.l'oomparisons 
in a variety of subtle and often opposite ways. AS a conservative measure to 
avoid, possible bias by the inclusion' of the replacements in the analyses, a 
management decision was made to base the statistical tests in this report pri­
marily upon contrasts of the Ranch Hand group to the original comparison group. 

The preponderance of data was' obtained from the in-home interviews and the 
physical examination, each conducted under contract to the Air Force by Louis 
,Harris and Associates, Inc., ,New York NY i and the Kelsey-Seybold ClInic, P .k., 
Houston TX, respectively. 'All contacts wi th the participants were carried out 
with utmost. professionalism and sens1tivi ty. Other morbidi tydata sources 
included reviews of medical records, military personnel documents, and birth 
certificatesi in-home questionnaires and ·tEllephonequestionnaires of the study 
partiCipant's wives, former wives and, occasionally, their next-of-kin. All 

. aspects of the study were voluntary., As a contract requirement, data collec­
ti on personnel were blind as to the exposure status of the participants. 
Ninety-seven percent of the Ranch Handers and 93% of the comparisons partici-'­
pated in the in-home. interView. For the physical examination, 87% of the Ranch 
Handers and 76% of the comparison group participated, a total of 2,272 'indi­
viduals. This differen,tial attendance at the examination may have introduced a 
potential partiCipation bias that, in a military population predominantly en­
gaged in flying duties, is multifactorial and compleX. All study phases were 
monl tored by stringent quali ty control standards. Statistical analyses of the 
data consisted primarily of.log-11near models, logistic regression ,techniques, 
generalized linear models, .matched covariate analyses, and Kolmogorov-Smirnov, 
chi-sq uare, and t tes ts • 

The physIcal examination and tAe in-home questionnaire data were analyzed 
by major organ system. In terms of general health, more Ranch Hander.sper­
ceived themselves to be in fair or poor health than did their comparisons. No 
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group differences were detected for hematocrit or percent body fat determina­
tions. Unadjusted group differences in sedimentation rate were not observed; 
however, significantly more young comparisons had abnormalities in sedimenta­
tion rate than did their Ranch Hand counterparts. There were no statistically 
significant differences in the occurrence of malignant or benign systemic tu­
mors between the groups. One case of soft tissue sarcoma was found in a com­
parison member. Significantly more nonmelanotic skin 'cancer was noted in the 
Ranch Hand' groUp, but these analyses have not yet considered (adjusted for) 
suniight; exposure, the prime etiology of these cancers. Such nonmelanotic skin 
cancer (predominantly basal. oell carcinoma) is the most common 'neoplasm in the 
White population of the United States. Up to the statistical limits of the 
study there were no consistent data that showed that the Ranch Handel'S were 
developing uncommon cancers, or cancer in unusual sites, or at an unusual age. 
Measures of fertility and reproductive outcome showed mixed results. It is 
emphasized that the fertility and reproductive results are preliminary at this 
time as they are based largely upon subjective self. reports that await full 
medical record. andb'irth certificate verificat'ion. Four measures of fertility: 
number of childless marriages, couples with the deSired number of children, the 
infertility index and the fertility index, showed no ·difference between the 
Ranch Hand and comparison groups. A semen specimen obtalmid from those willing 
and able to prOVide one showed no group differences with respect to total sperm 
count or perCent abnormal sperm. There wereno'significant findings in concep­
tion outcomes fOr miscarriages, stillbirths, induced abortions, or live births. 
For Uve birth outcomes no differences were observed ··for prematuri ty, learning 
disabiU ty, or infant deaths. There was no signiflcantdisparity between 
groups for the claSSifications of severe or moderate b.1rthdefects. By paren­
tal history, however, Ranch Hand offspring showed. signifIcantly more minor 
birth defects (birthmarks, etc). RepOrted neonatal deaths and physical handi­
caps were also significantly excessive in the Ranch Hand group when contrasted 
to the total compar isongroup. All fertl1i ty andreproducttve ·findings In the 
Ranch Hand group showed inconSistent relationships to the herbicide exposure 
index. Medical ·recorcjs and birth certificates' are currentlyhelng Chronicled 
for complete verification of all historical findings. A comprehensive neuro­
logical examination showed .. no conSistent abnormalities In the Oranlal nerves, 
peripheral nerves or central nervous system function ·of the Ranch Handel'S. As 
expected, there was a profound influence of diabetes and alcohol in both groups 
upon nUmerous neurolo.gical tests. Detailed psycl'lologiC data were obtained 
on all participants at both . the in-home interView and the physical examina­
tIon. It is emphasized that the majority of psychological data was' derived 
from self reported responses cjuring lnterviewandhas not been fully assessed 
for the effect of differential reporting. A variety of subjectiVe deficits 
(fatigue, anger, fear, anxiety,etc) were signifioantly more common .in the high 
Bchool educated Ranch Handel'S. Educational level significantly and consis­
tently tnfluenced most subjective .test results. In sharp contrast, more objec­
tive performance testing by the Halstead-Reitan battery and IQ testing did not 
reveal any significant in·tergroup differences. The roles of overreporting and. 
the Post Vietnam Stress Syndrome in these .analyses " have' not as yet been 
assessed. Liver function tests and cHnical hIstory data showed mixed resUlts. 
Ranch Handel'S had some elevated liver enzyme tests and lower chOlesterol lev~ 
els.'More Ranch Handel'S were found to have hepatomegaly and verified histories 
of 'prior hepatic dIsease than their counterpart oomparisons; Illxposure to 
alcohol, degreasIng chemioals, and industrlalohemioals1n :general, influenced 



the 11 vel' test results • Ranch Handel's reported significantly more symptoms 
resembling porphyria cutanea tarda than the comparisons, but these data have 
not been verified by medical record reviews nor were they substantiated by 
laboratory t.esting or by physical examination. Exposure index analyses were 
essentially negative. In the· dermatologic evaluation, no cases of chloracne 
were diagnosed clinically or by biOpSY. A thorough questionnaire analysis of 
acne showed that the incidence, severity, duration, and anatomic location did 
not differ between groups, and suggested that the histor ical occurrence of 
chloracne was highly unlikely in the Ranch Handel's. Evaluation of the cardio­
vascular system showed equal proportions of abnormal! ties in blood pressures, 
electrocardiograms, past electrocardiograms, and heart sounds in both groups. 
Ranch Handel's are not having premature heart attacks or generalized heart dis­
ease. However, the Ranch Handel's showed significant deficits in 2 specific 
peripheral leg pulses and all leg pulses as a group. These puzzling findings 
were highly correlated with age and smoking pat terns, and verifi ed past heart 
disease. The assessment of the immune system py laboratory testing was compro­
mised by excessive test variability. An independent review committee deter­
mined which test data were suitable for statistical analysis. As an unexpected 
finding, the test data were significantly influenced by the age and smoking 
history of the participant; no group dHferences were detected after adjustment 
for these factors. A hematologic test battery revealed. three. red cell abnor­
mali ties in the Ranch Hand group, but these were difficult to place into a 
clinical or epidemiologic context. Evaluation of renal, pulmonary, and 
endocrine functions generally disclosed small and inconsistent proport.1ons of 
abnormalities between groups, and were deemed clinically unimportant. Art 
unrefined assessment· of all summed and weighted organ system abnormalities by 
group did not show an aggregation of multisystem disease or malfunction. 

Any interpretation of these study data, in whole or in part, must carefully 
consider the methodical steps required for a proper inference of causali ty. It 
is specifically pointed out that many group differ·encies were largely based upon 

• subjecti ve data, and that a subtle effect of differential reporting is sug­
gested but has not been fully evaluated. For objective data, group differences 
were generally within normal ranges and were not correlated to the herbicide 
exposure index, nor fell wi thin the expected latency periods following Vietnam 
service. The proposed clinical end points of dioxin exposure, chloracne, soft 
tissue sarcoma, and porphyria cutanea tarda, were not found in the Ranch Hand 
group (study power limitations recognized). Overall, substantial credence is 
given to the objective study findings, particularly after observing the .consis­
tent duplication of the classical effects of risk factors such as age, smoking, 
alcohol, etc., in almost all clinical areas. Addi tional work wi th these base­
line data is still required in the areas of data base refinement, statistical 
testing and bias analysis, exposure index refinement, establishment of the 
follow-up eliamination requirements, and collaboration with other dioxin 
research studies. 

This baseline report concludes that there is insufficient evidence to sup­
port a cause and etfect relationship between herbicide . exposure and adverse 
health In the Ranch Hand group at this time. The study has diSClosed numerous 
medical findings, mostly of a minor or undetermined nature, that require 
detailed follow-uP. In full context. the baseline study results should be 
viewed as reassuring to the Ranch Handel'S and their families at this time. 

i11 



PREFACE 

In October 1976, the United States Air Force (USAF) Surgeon General made 
the commitment to the Congress and to the White House to conduct an 
ep1demiologic study of the. possible adverse health effects ar1sing from the 
herbicide exposure of: Air Force personnel who conducted aerial d1ssemination 
missions in Vietnam (Operation Ranch Hand). The purpose of this epidemiologic 
1nvestigation is to determ1ne whether long-term adverse health effects eXist, 
and whether they can be attributed to pccupational exposure to herbicides and 
their contaminants. The study protocol for .this effort inoorporates a matohed 
cohort design placed in a nonconcurrent prospective setting. The study 
approach includes mortality. morbidity, lind follow-up elements linked tightly 
in time 1n order to produoe the most data in. the shortest time. The. study 
addresses the question: Have there been, are there currel'ltly, or will there be 
agy adverse health effects among former Ranch Hand personnel cau$9dl)y repeated 
ocoupational expOsure to 2,4, 5-Trichlorophenoxyacetio . acid (2.4,5, -T) 
containing herbicides and the contaminant,' 2,3.7 ,6-Tetrachlorodil)enzo-p-dioxin 
(TCDD)? . At the. request of the Principal. InVllstigators (see Appendix I) the 
study protocol was extensively and independently reviewed. The review agencies 
included: The University of Texas .School of Public Health, Houston TX; the 
USAF SCientific Advisory Board; the Armed Forces Epidemiologioal Board; and the 
Natt onal Research Council of the Nattonal Academy of Sciences. In 1960, the 
SOienoe Panel Of. the Agent Orange .Working .Group was oreatedas an ad.ditional 
peer review agency. This group.' redesignat.ed . as .' the. Advisory Commi Uee on 
Speoial Studies Relating to the PoesibleLong-Term Health Effeots of Phenoxy 
Herbicides and Contaminants, .hasco.nsented ,to the oversight responsibili ty of 
the Ranch Hand study and continues to monitor the conduct of this epidem1010gic 
1nvestigatton (see AppendiX II). 

The Air Foroe Health Study (Ranch Hand II) protocol empha!lizes the 
subopt1mal statistical' power of: the mortality study •.. The !I1ortal1ty study was • 
mOtivated by' the deSire to \lse a full spectrum epidemiologic approach to the 
herbicide . question. Addi tionally, the investigators were scientifically 
obliged to pursue the !I1ortal1 ty study because of previous and emerging' studies 
(some w1 th s!l1all sample sizes) which suggested. the possibili ty . of a soft tissue 
s/lrcoma end point (Honohar, 1961; Hardell, 1979; Erikson, 1979). Within the 
inherent sample size limitation of the Ranoh Hand population,detectionofsuch 
a rare condition will be missed unless there is marked case olu!!tering and 
correspondingly high relative risks. . . 

Also, because of sample size limitations as well as the myriad of proposed 
cl1nicalend points. a case-control d.es1gn was nO.t entertained. In, the 
morbidity phase. of the study. the investigato.rs have attempted "to enhance 
statistioal power and analytic sens1tivi ty where possible 'by using (1) precise 
matching prooedures with a replaoement strategy to maintain statistical power 
while averting a loss-to-stUdy bias, (2) exaoting qual! ty control procedures, 
(3) mortal1ty-morbidity l1hkages.(4). 1;1 .. lengthy follow-up study. (5) 
state-of-the-art statistioal methOdOlOgy, (6) continuously distributed physical 
examination variables, and (7) data . collection . focused on verifiable end' 
pOinte.' . 

iv 



The mortal! ty analyses have not revealed any adverse death experience in 
the herbicide/dioxin exposed cohort. The results of the analyses were 
consistent: at this time, there is no indication that Ranch Hand personnel 
have experienced any increased mortal! ty or any unusual patterns of death in 
time or by cause. They are not dying, in increased numbers, at earlier ages, or 
by unexpected causes. 

The fact that only, a relatively small number of Ranch Hand, deaths were 
available for analysis is reassuring in itself. However, the fact that adverse 
effects have not yet been detected does not' imply that an effect will not 
become manifest at a future time or after 90variate-adjusted' analyses. For 
this reason, further analyses are intended and mortality in the' study 
population will be ascertained annually for ,the next 20 years. 

The morbidity portion of the study was conducted in two phases; an in-home, 
face-to-face interView, and a comprehensive physical and psychological 
examination. Both phases were conducted by civilian ,organizations under 
oontract to the Air Force, using materials and procedures prescribed by the 
contract. One thOusand, one hundred seventy four (97,%) ,of the Ranch Hand group 
and 1 ,156 (93%) of the initlally s,elected comparison group partiCipated in the 
questionnaire., An additional 376 comparison subjects were interviewed as 
replacel!lent subjects, bringing the total number, of comp;;lrison' participants to 
1 ,532. Two tho.usand, sevenhundr!9d eight current and former wi ves of the' study 
partiCipants were interviewed. One thousand forty five (87%) of the Ranch Hand 
group participated in the phySical examination, and 936 (76%) of, the initially 
selected' compar iso.n subj ects participated. ,Two hundred eighty-eight 
replacement subjects also participated in the examination prooess, giving a 
total of 2,269 participants, resulting in 1,024 matched pairs for analysis. 

The first chapter of this report is devoted to a discussion of the 
background of the study and the next seven chapters present a summary of the 

,methodology used in gathering, analyzing, and interpreting the data. The 
results and discussion of these analyses, organized by organ system and/or 
disease end pOint, are contained in the remaining chapters. 

This report assumes that readers are familiar with statistical and 
epidemiologic techniques. It also assumes that the reader has a familiarity 
with the herbicide/dioxin issue and a detailed knowledge of the protocol of the 
Air Force study, the baseline questionnaire, and the baseline mortality 
results. In the interest of brevi ty, the reader is referred to the protocol 
published as US Air Force School of Aerospace Medioine Technical Report 82-44, 
the baseline, questionnaires published as US Air Force School Aerospaoe MediCine 
Technical Report 82-42, and the Baseline Mortality Study Results, 30 June 1983. 
These reports are available from the National ,Technical Information Service, 
5285 Port Royal Road, Springfield, Virginia 22161. 
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Cnapter 1 

BACKGROUND 

In January .1962, President John F. Kennedy approved a program to aerially 
disseminate herbicides in the Republic of Vietnam (RVN). This program, code 
named Ranch Hand, was conducte.d in support of tactical military operations and 
had 2 missions: defoliation and crop destruction. During the 9-year duration 
of the operation, approximately 19 million gallons of herbicides were sprayed 
on an estimated 10-20% of South Vietnam (Young, 1978; Buckingham, 1982). Of 
the 6 herbicides used, Herbicide Orange was the primary defoliant, and approxi­
mately 11 million gallons were dispersed. Because of the controversial nature 
of the mission and enemy propaganda which raised political sensitivity to 
ohemical warfare oharges, the Ranch Hand operation was subjected to intense 
scrutiny from the start. Initial concerns were focused on the military, polit­
ical, and ecological ramifications of the spray operations (Buckingham, 1982). 
Since 1977, the issue has shifted to a health concern. Numerous U.S. military 
personnel from all services have claimed exposure to herbicides, particularly 
Herbicide Orange and its dioxin contaminant, during their duty in the RVN. 
These possible exposures, coupled with olaims of attributable adverse health, 
have resulted in class action litigation and substantial controversy within the 
Government, Veterans' groups, the scientific community, and the p~blic. 

The o. S. Air Force Medical Service expressed its concern for the health of 
Air Force. personnel exposed to herbicides in October ,1978,' .wnen the Deputy 
Surgeon General, Major General Garth M. Dettinger, told the U.S. House of Rep­
resentati ves' Veterans Affairs Commi ttee that the USAF would evaluate the 
health of Ranch Hand pe,sonnel. An epidemiologic study design was .prepared by 
the USAF School of Aerospace Medicine to meet tnil1 commitmel;lt. Following 
extensive peer review,a final study protocol.was published, (Lathrop, Wolfe, 
Albanese, Moynahan ,1982) and the epidemiologic study was ini ti.ated. 

Since 1978, numerous governmental agencies, universi ties, and industrial 
firms have planned or launched additional animal and human studies. An immedi­
ate scientific issue wa's identified in tnese studies, specifically, the charac­
teristics of the RVN exposure. SUccinctly, these questions are: (1) Who was 
exposed to which herbicide? (2) By what means can these individuals be 
accurately identified for' study? (3) How mUCh, or to what degree,were they 
exposed (route of administration, influence of personal hygiene measure, etc.)? 
These areas merit careful consideration because the process of population or 
exposure estimation may generate substantIal misclassification errors that 
would call for inordinateaample a1 zes in a contemplated study. Government and, 
ci vilian scientists and the Congress have recently inquired of the Air Force 
Health 'Study as to whether it might clarify the exposure controversy, in ground 
personnel. The answer is a qualified Yes. 

Tnedose-response principle suggests tnat if the Ranch Hand population was 
more exposed to herbicides and dioxin than ground personnel, then tneRanch 
Handers should manifest stronger and/or earlier, indications of adverse health, 
if they have occurred or will occur in the future. This principle is con­
strained by statistical power but, as noted in Chapter VII, the Ranch Hand 
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~orbidity study has su~st~ntial power in some clinical areas. The fact is that 
the average Ranch Ilander was substantially exposed to the herbicidell and 
dioxin (relative to other military personnel in RVN) on almost a daily ocoupa­
tional baSis. ExpOllure calculaticlOS hllve esqmated that an aVerlllge Ranch 
Ilaneler in hill tour received, at a minimYm, 1000 qmes mar!! expoll\.lre to Ilerb­
icide Orllnge than woulel!!n IIverllge unclothed mlln, s1;lllnqing in an open q elel di­
rec1;1.y beneath a spraying aircraft. UnfortYnat\!lY, the relaHve degrell Of 
Ranch !land IIxposurll v~s-a-vls ground personnel haS bj;1en consil'ltelltly under­
valued, and even rever-sed by various advocacy grouplland the media, 

It is our ,firm belief that the Ranch llandPopulation is the ~ost her~iclde­
exposed mUitary cohort to have served In the RVN. The fact of tl1e 
L!nequi yooal el!posure in a totll1+Y ascertained popL!1.ation, whenmatcl1ed to an 
eqtjally clear-,ctjt nonexposed cOhort, provides as ieleal an epidemiologio settin!,! 
as possible from a liar time environment, Findings of adverse l1eaHh, or lack 
thereof, in the Ranch Iland gro1lP should serve aSa significant epidemiologic 
pointer to the health effeots iSllue in exposed ground personnel. 

STUDY DESIGN 

This study uses a matched cohort design ina nonconcurrent prospective 
set ting, incorporating mort~li ty. morbidi ty, and foHow-up sttjdies. A, detailed 
popullltion ascertainment process has identified 1269 Ranoh !land Personnel who 
s,erveel in the ilVNdur'ing the period 1962-1971. A, comp<,\rison group was formed 
by identifying all, ill!:!i vieluals as/ligneel to selected~tr Force organizational 
uni1;s wah a mission of flying cargo to, from, and in the RVN durfng the same 
period. Complete d,etailson the selection of the oomparlson POPUlation are 
olted In the study protoool. By a computerized nearest neigh~or se1e,ction 
prooess, up to 10 oomlYarison individuals were matched 'to each Ranch Hander by 
job cl;lte!,!ory,riace, and age to the olosest month of'birth. A,n average of' 8.? 
oomparison inc:li vi!:!ualS for each Ranch Hllnder were determined by ,record review 
to be fully sui table for ~tudy. From each matched comparison set, 5 lndi vidu­
als were randomly selected for the J!lortali ty stl.!dy (1: 5' Clesign). Rea1ll tsor'the 
Mortal1 ty Study lIere released to the public on 3.0 Jl\ne1983. Eaqh ~1 ving Ranch 
Handel' and the first living member of hls oompariso,nset lIere selecteq to par­
tlcipate in a morbidity study conSisting of an in-home 'inte~view I;In!:! a, qompre­
hensive physioal examin,ation. Data collection for both the Questionnaire and 
physical examination was accomplished by contract. Th,e fOllOw-I.IP $tU(iy COh­
siats of mortality and morb1!:!ity components. Every Ranch Hander and, his, set of 
cOJ1lpal'isons w111 be the $ubjects of annual mortality updates for 'the next 20 
years, so that any emerging mortality patterns or, disease clulilters may be de­
teoted with maximl;ll senstti Vi ty. In addi t10n, fo1:low-up Questlonnl;lires and 
physical examinations will be offered to all pl;lrticipantil in subSequent yelll's 
3, 5, 10, 15 ,and 20, ill order to brl;lcket the latenoy periods all,socia,ted with 
possi bl;e at tri but able diseaee. 



Chapter II 

POPULATION 

The exposed population, termed "Ranch Hand", was defined as those individu­
als who were formally assigned to the USAF organizations responsible for the 
aerial dissemination of herbicides and insecticides in the Republic of Vietnam 
from 1962 through 1971. These individuals were identified from histor'ical data 
sources (morning reports, military personnel records, and historical computer 
tapes) at the National Personnel Records Center (NPRC), St. Louis, Missouri and 
the USAF Human Resources Laboratory, Brooks Air Force Base, Texas. A total of 
1264 Ranch Hand personnel were identified through this initial, process. The 
comparisonpopulatlon was defined as those individuals who were assigned to a 
variety of cargo-mission organizations throughout Southeast Asia during the 
same time period. Cargo-mission aircrew members and support personnel were 
selected because 'of sufficient populationslze, similar training and military 
background experiences, and psychological simUarities to the Ranch Hand group. 
The comparison population was not occupationally exposed to herbicides or 
insecticides in. the Republic of Vietnam. Identification of this population 
(24,971 individuals) was completed using' the same historical data sources as 
were used to identify the Ranch Hand population. 

1. Original Match 

Before matching the Ranch' Hand and comparison populations, all individuals 
killed in action (KIA) were removed from : the data base. The rationale for 
their removal is the assumption that combat death in the Ranqh Hand group waS 
independent of herbicide expol3ure. Twenty-two Ranch Handers were identified as 
KIA. KIA's were also removed from the comparison group for comparability pur-
poses. The remaining. Ranch .. Hand. population was matched to the comparison 
population with an iterative nearest-neighbor computer program (Lathrop, Wolfe, 
Albanese, MoYnahan,. 1982). This· procedure attempted to match 10 comparison 
individuals with .each Ranch Hander' to the closest month of birth"race (Black 
versus non-Biack),' and occupatioAal code (l-officer--pllot, 2-officer--naviga­
tor, 3-officer--nonflying, 4-enlis,ted--flyer, aAd 5-.enlisted--ground). Table 
II-1 presents the total number of study partic.ipantsby occupation code, and 
race. 



Non-Black 

Black 

Table II '"'1 

DISTRIBUTION OF THE INITIALLY MATCHED STUDY POPULATION BY 
OCCUPATION AND RACE 

OCCl.!patlon Code 

1 - Officer-Pilot 
2 - Officer-Navigator 
3 - Officer-Nonflylng 
4. - Enlisted-Flyer 
5 - Enlisted-Ground 

1 ,. Offleer-Pl1ot 
2 - Officer-Navigator 
3 -Otflcer-Nonflying 
4 - ElIlisted-Flyer 
5 - Enlisted-Ground 

TOTAL 

Subtotal 

Subtotal 

Number 
Rancll Hand Comparisons 

349 3318 
78 780 
25 250 

187 1871 
528 5277 

1167 11.496 

6 16 
,2 20 

1 5 
15 146 

-2!. 510 
~ 

75 ' 697 

1242 12.193 

T·he total Ranch Hand population cOllsis,ts of 37% officersa'Rd 63% enlisted 
personnel. Seventy~seven .perc.ent of tlletotal'Ra.ncll 'HaM. ·oftlcerpopulaiUon 
are pl1ots.17% navigatora. alld6% otlleroff1cers; 26% of the'bdtalRanch·Hand 
enlisted population are fligllt ellglneersand 74% are 'intHstednonfly'lng person­
nel. 

Following tile match. tile maJorIty of Ranch Handel's llad 1,0 comparisons. The 
exceptions were the non-Black pllotswllollada mesn of only 9.5. compsrisonsper 
exposed individual due to tile extreme ages of several individuals. alld the 
Black pl10tssnd .other Black of·ficers wllo llad means of 2.7 snd 5.0 comparisons. 
respectively. Six percent of tile exposed populatIon was found to be Black and' 
88'; of ·tllis populat i onwasenli sted. Of tlleseelll1 ated p.ersonnel 77 % were occu­
pational code 5 • Enlisted - Otller~ All subjects are males .• Tile me.allage of tile 
study subJec·ts is approx1mately45 years. 

2. Ineligibility 

In December 198·1. tile USAF PrIncipal Investigators were advIsed by tile 
questlollnaire contractor tllat several comparison subjectsllad reported' no 

. experience in Soutlleast Asia. suggestIng tllat inapproprlate selection of some 
coinpartsonsubjects lladoccurred. Manual review of tile comparlsonpoPUlaUons 



military personnel records revealed tnat 18% of tne 12,193 comparison individu­
als in tne or iginal matcn were indeed ineligible for study. Tne inadvertent 
inclusion of several non-Southeast Asia military organizations nad resulted in 
tne selection of tnese inappropriate individuals. The percent loss to tne 
total 1,10 matcned comparison population due to· ineligibility by occupation 
code, race, and average age is presented in Table 11-2. 

Table II-2 

PERCENT INELIGIBLE BY OCCUPATION CODE AND RACE, 
WITH AVERAGE AGE OF INELIGIBLES BY OCCUPATION CODE 

Race 

Non-Black 
Black 
Total 

1 
(12%) 414 
(13%) 2 
(12%) 416 

Average Age in 48 
Years (a~ of Nov 83) 

Percent Loss and Occupation Code Counts 
o· Ine g e ompar f li ibl C i sons . 

2 3 ij 5 
(12%) 90 1(34%) 84 , (12%) 230 1(24%) 1254 

(5%) 1 (60%) 3 (10%) 15 (23$) 115 
(11%) 91 (34%) 87 (12%) 245 (24%) 1369 

48 46 48 42 

TOTAL 
'(18%) 2072 
(20%) 136 
(18%) 2208 

44 

Tab·le II-2· shows that of tne 18% loss to -the total matcned population 18% 
occurred in tne non-Black and 20% occurred in tne Black population subsets. 
TMrty-four percent of all participants in occupation code 3· (nonflying offi~ 
cer) and· 24% fnoccupation code 5 (nonflying enlisted) were lost due to 
inel1gibili ty. The losses from occupation code 5 clearly exceed tns losses in 
tne otner 4 categories. The nonflying enlisted individuals were on average 
the youngest (42 years)" while the flying officer and flying enlisted categories 
were on average the oldest (48 years). 

A full log.-linear analysis (see cnapter VII) wHn all tnree. matching vari­
ables included simultaneously was not performed because of the many small cell 
counts involved. A log-linear model fitted to tnethree,-way frequency table 
base.d on eligibility, occupation code, and race, revealed a significant 
association of eligibility with occupation code (P<.001, adjusted), but not 
wi th race (P- .41, adjusted). 

Because tne comparison ineligibility problem was identified after the mor­
bidi ty study . questionnaire and pnysical examinatloncontracts nad been 
implemented, tne ineligible comparisons were removed from the matched conort 
and tne remaining comparist;ln matrix was collapsed to fill tne va.cancies cre­
atedby tnese removals. Tnis process iscnaracterizedin Figure II-1. 
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RANCH HAND 

RH 

Figure II-1 

REMOVAL OF THE INELIGIBLE COMPARISONS 
AND THE SHIFT LEFT 

COMPARISONS 

C8 C9 

This figure shows a hypothetical Ranch Handel' (RH) and his 10 comparison 
subjects (C1-C1O)' .The C1, C3 and C7 were found to be ineligible and remOved. 
All remaining eligibles were then shifted to the left, l.e.; C2 became C1, C4 
became C2, etc. Following the removal of all ineligible sUbJects. the study was 
reduced to a 1:8 design. The ineligible seleCtion, the shift left and the 
subsequent comparison population reduction was presented to the Advisory Com­
mit.tee in 1982. This group felt that the impact of group ineligibility on the 
study design was. negligible; however, SUbsequent analysis demonstrated a 
potential impact on inferential reliability (See Chapter V, Compliance and 
Bias). Statistical oOllsiderations required that the shifted population be 
flagge4, and analyzed' independently of the original comparisons. The data in 
lIMs report have been primarily analyzed Wiling the original comparisons in an 
att.empt to best describe potential her'bicide effeots .• , Wherever poss,ible, 
analyses using the entire comparison population are alSO' inclUded. 

D.urlng the conduct of the Ini tia! morbid! ty study .5 additional Ranch 
Handel'S were' identified. through p.ersonnel record sources and Veterans Admln­
is'lIraUon Education Benefits, and Financial Reoords. These 5 Ind'i viduaU had 
not been IderlttfleCll, earlier because the majority of their military personnel 
reoords had' been destroyed in a fire at the NPRC in st. Louts. 'Thl'eEI of these 
5 were newly di·soovered R'anch Harlders arid 2 were comparisons who were subse­
quently identified as. Ranch, Hander's. Ten aC!l'dltlonal R,anchHiariders' were 
identit"ied following' the c.ompleHon of the morbid! ty study. These individuals 
will be included in .the fQlliow-up s:tudy. No, attempt wa$ maide to select com'" 
pari sons for these new, Ranch Kandel's. DUI"lng tile removal of ineligible 
subJec'ts, 1 Ranch Handel', a Black oft'1<cer pilot, lost hj.s.on!lycomparlson and 
remains unmatched, ghing a total of 16 unmatched Ranch Handel'S,. of which 6 are 
in: this study. 

At. the time of nrorbidi.ty study ImpiLemenMHon there were 1,241 Ranoh 
Handel'S matched to. 1,026 original and ara a'h1f.ted: comparls'ons. Three eligible 
shif:ted: comparLsons were deleted f:oll.oW1.ng data collection. The comparison 
population (el) eli,gible. for data, collectl'on for the b'asel1ne morb1dity effort 
Is' presented' in Table II-3 by occupat1on group and nature of the oomparison 
group, L e., 01' 1'g1nal 01' sh1 fted'. 
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Table II-'3 

COMPARISON POPULATION ELtGIBl-E FOR THE MORBIDITY STUDY 
BY OCCUPATION CODE AND NATURE OF COMPARISON GROUP 

I.E., ORIGINAL OR SHIFTED (C1) 

Original Shifted 
Occupation COde Comparisons (0) Comparisons (S) 

Non-Black 

1 307 41 
2 72 6 
3 13 12 
4 169 18 
5 405 122 

~ 

Subtotal 966 199 
Black 

1 5 0 
2 2 0 
3 1 0 
4 15 0 
5 ..l1. .J.l 

Subtotal 60 13 

TOTAL 1026 212 

Total 

348 
78 
25 

187 
527 

.1165 

5 
2 
1 

15 
--..2.Q. 

73 

1238 

Sixty-four percent of 
code 5 (Enlisted-ground). 
well. 

the shifted comparison population is in occupation 
All Black shifted comparisons are in this group, as 

The study protocol estimated that 39% of the entire. Ranch Hand population 
would complete the physical examination portion of the morbidi ty study. This 
initial estimate of compliance was based. on an estimate of the. influences of 
status (mili tart active duty, mili tary retired,separated and flying) on the 
individual who could not be guaranteed. confidentiality of medical findings. 
Status also influenced locatability. Active duty and military retired person- . 
nel are located through military data sources, while separated individuals must 
be located through civilian sources. The status and the flying category of the 
Ranch Hand and comparison population are presented in Tables II-4 and II-5 • . 
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Table II-4 

. . . STATUS OF THE RANCfI, HAND·, 
AND .MATCH~D, MOliBIllITY COMPARISON POPULATION (C1) 

ComEarison 
Status Ranoh Hand Orii1nal Shifted Total 

Aoti ve Duty. 185 157 27 1114 
Retired From Mili tary 576 510 85 595 
Separated ill 359 .!22. 459 

TOTAL 1203* 1026 212 1238 

*39 Ranoh Hands were deoeased at the initiation of the morbidity study. 

Table II-4 demonstrates that 48% of the population is retired from the 
mili tary; 15% remain on aotive duty; and 37% are s-eparated. Those individuals 
currently holding military or civilian flying qertificates are presented in 
Table II-5. 

Table II-5 

COUNTS OF THE INDIVIDUALS HOLDING MILITAliY AND CIVILIAN 
FLYING CERTIFICATES, THE RANCH HAND AND MATCHED COMPARISON POPULATION (C1) 

Stat\is Ranoh Hand 
ComEarison 

Total Ori.ginal ShU,teli, 

Military Flying 82 78 12 90 
Federal Aviati.on ,m 

Adlll1n Certificate' 
.12.6, -;!'d 16 J 11,4, ......... -, , 

. , d ::>, , .. .. 

TOTAL 210 206 28 234 

This table shows that 17% < 210i1 i03) . CIt:. .tk~R.n~6,~,~nde~s"and19% 
(234/1238) of the .total C1 populatioripresent~y.have,m~,~itar,:Yaii~Von codes 
or Federal Aviation Administration (FAA) cert:1fi,oates"that define aotive p,ar­
tioipation in aviation. Twenty percent ·(20611:026),0f.theorigips,laft4 13,% 
(28/212) Of the I;Ihi:rted oomparison population holliFAA .oel't1t1oates, 

3. S tl,ldy Seleot! 01'1 

The study protoool defines the morbidity population as 'all l1vingRanch 
Handel'S and their. first randomly selected, alive and compliant comparison. The 
seleotion prooedure for the questionnaire and physical examination is presen­
ted 11'1 Figure II-2. 
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Figure II-2 

SELECTION PROCEDURE FOR THE QUESTIONNAIRE, 
PHYSICAL EXAMINATION, AND FOLLOW UP. STUDY 

MATCHED RANCH HAND 

I 

COMPARISON INOMDUALS (RANDOMLY ORDERED) 

.RANDOML Y SELECTED 
MORTALITY CONTROLS 
r-_~A • 

( I II J r I I I, 
, ,.., 

t 
t - * ** 

1:1 t 

t DEAD 
UNWILLING 

* VOLUNTEER 
* * REPUCEMENT CANDIDATES 

In this example, the first randomly ordered comparison was found to be 
dead. The second was contacted but unwilling to participate, and the third vol~ 
unteered to participate in the morbidi ty study. This process resul ted in a 
third comparison subset, the replacement population. As shown in Figure II-2, 
this population resulted from the refusal of the original and shifted compari­
sons to participate in the morbidity study. The study protocol required that 
the replacement comparisons be matched to the noncompliant individuals on 
health perception and that they be treated separately in the staUstical analy­
ses. In actuality, they were not matched on health perception but were the 
first volunteers in the randomly ordered mortality sets following original 
comparison refusals. Because the health perception of the replacement was not 
matched to the original, comparison subject data analyses and inferences based 
on these analyses will only be reported for the original and total comparison 
populations. In this deSign, deceased Ranch Handers cannot be replaced for 
physical exam,while deceased comparisons can be replaced due to the one-many 
matching. This disparity could lead to inferential bias if cause-specific 
death rates differ in the two groups. Thus far, these rates are not signifi­
cantly different. 
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This epidemiologic study was designed as a matched cohort design. rhere 
were 1241 Ranch Handel's matched to comparisons by age, race and oocupational 
category at the Initiation of the. ,morbidi.~y /ltuc:!y.. rhe matched oomparison 
population oons.i.sted· ot' .1026 'original'and. ::24.;j·shUtedoomparisons. Three 
ineligible shit ted comparisC1ns were del~te!il: tp~lOW1 nS:,dil Itacoll ect1 on. The 
shifted group .resultedfl'oin 1nappropriat.e seleotion, removal, and shifting left 
of the oomparison population. Additionally there were 16 Ranch Handel's who 
could not be matched. Ninety-foul" peroent (1171/1247) of the study population 
is non-Black •. The average age ot' the .. population is 45 years and 15% (18511203) 
remain On active duty • Eighteen peroent (210/1203) of the Ranoh Handel's and 19% 
(234/1238) of the total COmparison. group have either military flying duties or 

,FAAcertifi.cates that denote, ao.t1ve ,partioipation in aviatior. ,There were 39 
known deoeased Ranch Handel's. As a study requiNimemt, all mbrbidity study 
comparisons were all ve at the initiation of the morbidity effort. In summary, 
1208 11 ving Ranch Handel's, and 1238 original and shifted comparisons were 
entered into the morbidity study. 



1. Introduction 

Chapter III 

QUESTIONNAIREMETHODOi..OGy· 

The purpose of the extensive questionnaire was to collect data that could 
be analyzed for the subj ecti ve presence of adverse health effects that might be 
related to herbicide exposure. The study protocol required that all living 
exposed subj ects and their primary comparisons be offered a comprehensive per­
sQnal and family heal th questionnaire administered in the subj ect' s home by a 
civilian contractor experienced in survey research. The personal nature of the 
information, peel' review recommendations, and the study protocol called for 
face':'to-face interviewing techniques (He.rman, 1977; Fry, 1958). In addition 
to the study participants, the contractor was also required to interview the 
partiCipant's current and former wives, as well as the first order next-of-kin 
of deceased indIviduals to obtain complete morbidity data. Whenever indi vidu­
als, their spouses, or next-of-kin would not consent to participate in a 
face-to-face Int'erview, attempts were made to collect the information by tele­
phone (Colombotos, 1969). For the individual who absolutely refused to 
participa.te in this data collection process an abbreviated or noncompliant 
telephone interview format was designed and its use was attempted (Simon, 
1974). This chapter discusses the development and the implementation of' the 
questionnaires used in the study. 

2. Questionnaire· Development 

The data collection instruments for the morbidity study were developed and 
implemented by. three separate contracts. The first of. these, awarded to 
Research Statistics, Inc of Houston,. Texas in 1979, developed a statement of 
work (SOW) which described, in survey research terms, the questionnaire requir­
ementstosupport the effort. This SOW was used as the basis for the 
questionnaire development contract which was later awarded to the Natfonal 
Opinion Research Center (NORC) ofNIlW York., New York. The questionnaire 
instruments were developed by NORC in cooperation With the Principal Investiga­
tors and included questions concerning.a broad range of health effects. The 
choice of specUic effects included in .the instruments was based on scientifiC 
studies6f humans and animals exposed to phenoxy herbicides. and dioxins. Hypo­
thetical health effects based on studies in biochemical and biological systems 
were also included. In addition, veterans' complaints and the public'S percep­
tion of' the health effects of these chemicals were also conSidered. Questions 
were designed to allow the maximum degree of data verification by physical 
examination and medical and pt;lrsonnel record reviews. At the suggestion of 
NORC, portions of previously field-tes·ted questionnaires were incorporated in 
the study instruments to maximize the validi tyof the questionnaires. The 
sources of the field-tested questionnaires are presented in Table III-1. 
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SQl,1f!CJi:51011' QUJi:ST!QNNA~f!Ji: ITJi:MS 

Section of USAF Health Studf Ch.le$€ionnalre ..... ...... . ....... ' 

Marita~ History 

PI'Elllnanoy outcomes· 

CQnQep1;ion dlft'iO\.llty 

Eduoation 

Qocupat~(ln 

H'ila.lth outcom'ilS . 

Dri nk1ns. 

Eros10n of oosn.ltive al)ilH.ie.s 

Aggress·ion 

I sol:a,t 1 on 

Fat1,s.ue 

8.001.a1 DesiraQ1.1ity response set; 

Field Testeq Questionnaires 

The ~ives of Women in American Society 
(InstHute of Human Reproductive Stud­
iElS;. ColUmbia University .SctlOol of 
Public Health. Denise B; Kandel) . 

The Lives of Women in American Society 

Nat;lonal Survey of FamHy Growth Cycle. 
(National Center for Health Stl1t1atics; 
Vital and HealthStaUatics. Series 4. 
#76 <!anuary 1978 .William F. Pratt) 

General Social Survey (National Opinion 
ResearchCorporatton. Roper Public 
Opinion .Research Center; University of 
Connetlc\tt1981. James A.li)avls) 

GenllralSoc,ial Survey 

Prodedl:lres and . ,Questionnaires of the 
N:aUonalM'edlcal Care : Utilization and 
Expendi tl:lreSUl'vey (Niltt i:inai'Centerfor 
Health Statistics; Series A. Methodo­
logical Report Ill •. ··, 19~Q Rob.ert R. 
Fuchsb.erg) 

Drug ~buse ReportlngPrQgraIJI (~llstJtut.e 
. of BehaVloriU. Research, Tel!aaChrlst.ian 
lint varsity, 1976 Saul B;$el~s) . 

DruS'Abuse Reporting PI'OIll"am 

Drug Use Vietnam VetElran 1·9172; . Res,urvey 
of V!etnam V'eteralla )974, (WafllhlnS'ton 
University. DElPai-tll!Elnt Of l'sychlatry 
Lee !. '. RObb~ns;; ,special -AcUon Office 
Monograph, 'S:erles A Itl. Apr1l1973) 

S'treest'ul LUeEvcentsand. Their Con­
tell-1:,S, (ijutserIlUn:1versHy Press 1981; 
Ji\'arbara Snell. and B.ruce T. Dohrenwend) 

l.QunSMu;J.ts . Survey, New lork . Stat,e . 
DI'l,(SStudy' .(Golumb1.a University Sohool 
of PtlbHc Health. Longitudinal Reaearcn 
on Dr·ugUs-e 1'97&, Denise B. Kandel . 

Young Adul ts SUl'v.ey 

Iiealth·l nsuranceStl:ldy 1975-1982. (Rand 
Corporation; Sant.a Monica, CA 0610. 1979 
John E. Ware, Jr.) 
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Anxiety 

Depressive episode 

Panic disorder 

Health Insurance Study 

Diagnostic Interview 
Robbins, Washington 
Louis, MO) 

schedule (Dr. Lee 
University, st. 

Diagnostic Interview Schedule 

An acceptabi1i ty pretest of the developedques ti onnai res was conducted in 
May 1981. Twenty study subject, 18 spouse, altd 2 next-of-kin Intervie~s were 
completed. Following minor modifications, these instruments became the final 
questionltaires for the implementation contract. They were not publicly released 
prior to implementation. 

3. Questionnaire Implementation: Contract Award and Administration 

Louis Harris and Associates, Inc (LHA) was competitively awarded a 9-month 
implementatiolt contract in September 1981. The purpose of this contract was to 
collect baseline data on the study population through the use of· the develoPEld 
questionnaires. The speCific elements of each questionnaire are presented in 
Table III-2. 

Table III-2 

ELEMENTS OF THE QUESTIONNAIRES 

Type Questionnaire 

Study Subject 

Spouse (pres~nt and former) 

Next-of-kin 

N oncolilpli ant ( Telephone ) 

Elements 

Demographic, educational, occupational, 
medical., compliance,·t6xl'c exposures ,and 
reproductive experience 

Comprehensive reproductive history 

Modification of study subj ect question­
naire 

Perception of heal th, 
medication, medical 
absenteeism, income 
noncompliance 

use of prescribed 
conditions, work 
and reasons for 

\ . 
LHA first reviewed the questionnaire and reformated the instruments from a 

horizontal to a longitudinal format to better suit their interviewing style. 
The contractor's management personnel selected interviewers, scheduled training 
programs, and defined procedures to be used in the conduct of the contract • 
Ninety. interviewers were select.ed andtrafned in a series of 11 training .ses­
sions held throughout the United States and Europe. All training seSSions were 
taught by ei ther the LHAVice-President for Researoh Services, or the Proj ect 
Direct.or. All LHA interviewers (84 women and 6 men) had a· minimum of 1 year 
prior experience in interviewing, with at least 1 experience with health data 
collection. Race matching of i.nterviewersand respondents was accomplished in 



the majority of cases in order to enhance rapport and accuracy of data (Hyman, 
1954). Interviewer bias was additionally limited through a review of the in­
terviewer's military experienceandbaokground. Several potential interviewers 
were exoluded beoausethey were spouses of USAF personnel or personally knew 
some of the study partioipants. The LHA staff was not informed of the exposure 
status of any individual in this study before or after the oompletion of the 
qontract,LHA interviewers reported to the Project Director in the New York 
office on a weekly basis. The first two interviews of each interviewer were 
critiqued by thie staff prior to allowing further interviewing, Additionally, 
the USAF reoeived weekly reports from the Project Director on .. all aspects of 
the. contract. An interaoti ve relationship between. the USAF andJ..HA staff was 
essential throughout this contract. 

In addition to data collection, LHA also oontraoted to loqate the study 
population, obtain signed medical release forms,' assess the intent of the sub­
jeot to partioipate in the physical examina.t1on phase of the morbidity study, 
and to at tempt to· oonvert those indi viduals. who absolutely refused all data 
collection attempts. 

4. Questionnaire Implementation: Looation 

Ini tial contact wi th the Ranch Hand and the original comparison population 
occurred in November 1981. At this time each potential partioipAnt was sent 
certified intrOductory letters and a faot sheet. These letters were Signed by 
the Secretary of the USAF and the USAF Surgeon General. They defined partic!'­
pation as voluntary and explained the limited confidentiality of positive 
medical findings' diagnosed during the.; physical examination portic;mof the Mor­
bid! ty study. Examples of these materials are presented in Appendix Xl. LHA 
followed .the USAF letters. wi th their own introductory letters. The assigned 
interviewer then contacted the potential study participant by phone for sched­
uling the in-person questionnaire. Initial contact with the shifted population 
was aleo completed by this series of letters and telephone contact. Letter 
mailing and identifioation of this group to LHA was completed by April 1982. 
Ini ttal contact .with the replacement comparison group ooourred by letter fol­
lowed by LHA phone contact until the final questionnaire administration 
contract extenSion, i.e. November 1982. From November 1982 all initial contact 
with replacement comparisons was. by the USAF by telephone. For this small 
group, questionnaire administration was soheduled by the USAF interviewers 1n 
conjUnction with the physioal examination. Introductory USAF letters were sent 
after the replaoement comparison agreed to oomplete the physical examination. 
LHA letters were, of course, not sent to this population. Therefore, within 
the replacement subset of comparison partioipants there are individuals whose 
interView was oompleted by the USAF at the Pllysioal eXamination site and not in 
their home. 

Table UI-3 presents the algorithm developed for looating study partiCi­
pants during the qUestionnaire administration contract. 
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Tlblelll-3 

AlIORITNM OF THE LOCATION PROCESS OF LNA AND USAF 
OURIII8 THE OUESnGNNAIRE ADMINISTRATION CONTRACT 

LNA LIICIIIDn "- USAF LOCItIan "-

TOTALPOPULAnGN '----~---'-, 
LOCItIan_ ru~ru-l+......, 

USAF RECORD SEARCHES: 

LIICIIIDn ~ POSTAL SEARCH 

,--_-'+'-..nanIoeItion 

Location 

location 

Location REMAINS UNLOCATABLE 

FAMILY COIITACTS 

nonIocation ...-----' 
..... --1 INTERNAL REVENUE SERVICE 

(18BO DATA BASE) 

nonlocation 

..... --1 VETERANS ADMINISTRATION 
FACILITY USE DATA BASE 

This· algori thm demonstrates the multiple sources used to locate study par­
ticipants. This process was completed for all study subjects forwarded to LHA 
(Ranch Hand; original, shifted, and replacement comparisons). For a small 
number of replacement comparisons (23) not forwarded to LHA because of contract 
termination, the majority of the USAF location process was completed while the 
LHA process was not completed. Replacements for the original and shifted non­
locatable comparisons were not identified to LHA until the location algorithm 
was complete. 

5 .. Questionnaire Implementation: Data Collection 

Once the study participant was located, an individual LHA interviewer was 
assigned. The interviewer initially contacted the participants by phone or by 
telegram·1f his phone number was unlisted. The participant was informed of 
the length of the interview (average 1.5 hrs;range 30 minutes to 3 hours) and 
scheduled the in-home questionnaire at his convenience. Whenever possible, 
interviews of current spouse were scheduled for the same day and followed the 
study participants interview. These interviews were conducted privately in 
Order to obtain independent reproductive histories. If the participant refused 
to participate in the interview, his name was forwarded to the central office 
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anQ conversion attempts were maQe by the LHA central office. Noncompliant tele­
phone quesqonnaires were administered to the refusals by the central office. 
The telephOne .administration :lYIl.temw;le implemented in April 198!. 

At the time of the 1n-pe~eon questionnaire, all participants read and 
eigned a privaoy act statement and completed a Life Eyents ·Chart. This chart 
acted as a recall guiQe to the chronology of events discussed in the question­
naire. Interviewere were reql.!ired to ask questions exactly aswrttten, were 
not allowed to interpret questions, or i1nj ect personal COlnlDentary, nor were 
they allowed to skip between Ileoti.ons of the questionn;l!re.·; They were also 
instrl.!cted to probe "don! t know!' anSweri:! at least onoe. At the oonclullion of 
the interview, medioal recordrelel;lse forms were Signed for those physicians 
;lnd meQical facili ues reported in the questionnaire, and the stl.!Qy partiCipant 
was alsO asked whether or not; he would agree to partioipate in a physical exam­
ination.· The respondent was 1;11 so I;Isked'to giVe the cUrrent. name and address 
for each former spouse 111!ted in the questionna!re,so that spouse interviews 
oould be i:!oheduled and oonQucted with these individuals. Med10al permission 
forms for meQioal reoord data of spouses and ohUdren were inadvertently omit­
ted at the time Of interview. A system to obtain these data was initiated 
following the USAF reoeipt of questionnaires. 

Dl,le to high and favorable participation rates,. patient flow and logistio 
diffioulties ,in both the questionnaire and Phys.icalexam.lnaU.on portions Of the 
mOrbid! t;y study; it was neeeseary to ext.end the I.HAcontraot .through November 
1982 and the 'examination oontra.ctto 15 December 1982. Because the contracts 
diQ not overlap experienoed USAF intervawers were requir''tild'to ·'cOmp1ete ques­
tionMire administration to participants at the physical examination site. 

6. Questionnaire Implementation; Data Prooessing 

Ul oompleted interviewa were aent to. the LHA oentral offioe following 
initial field eQi ting bY the. responsible interviewer. Each oompleted ques­
tionnaire was relileateQly e.dited by t11e LHA. Project Director' a s,taff. To ensure 
th<i~ every queation was· an.swere.d, Ilartioipal'lts were recontacted to provide 
m1ssil)g data. This staff !ilso coordinated and supervised' the coding, 
keypunQhing anQ key v,erlfio<1.tionof alloompleted, il'ltervhws aa they were 
tr<1.nsl$,ted to computer tape. Cloa.ssiUcation.s al'ld' ooding sohemes used inoluded 
tll.e Int.ern.<t.tional ClasSlifioation 01.' D,tseaS.Elar 9tll ltevision,Bul"eau of Labor 
$.t.a.qstio/jl, Standard Industrial ClaasificaUon,. and speoifio USAF. codes for' 'job 
and aircraft designatiol'l. LH.A rep.orted' that it. took al'l average of 2 llOurs to 
f\lJ,ly e.di t and code each il'lterview. All keypunching was 100% verified. D1s­
orepanoles were reoon.oiled by review of t11e l1ardoopy interview. A'set of data 
cleaning programs w.as developed by t.he LHA data proceSSing sta.ff to locate and 
identIfy errors anQ inoonsiS.tenoies. in the da.t.a set. on tape. These programs 
were rev.lewed and $ppro.ved by USAF data prooes/Jing personnel. In addition, the 
USAF developed additional programs to. f1;!rther oleal'll!je the dat.a.. In neither 
case w.ere programs. \ls,ed that WOuld force· data to meet inl'ler consistency checks. 
The objective of ~ta edJ,tin.g w.as to ensure that the final data s.eta.ccul'a.tely 
repre$,enteQ the respond.ent;' s information... A total of' G datatap.es. were del h'­
ere.d to. the USAF from· LHA.. A COpy of the data tapes was sent direo.tly fromLHA 
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to the Advisory Committee on Special Studies Relating to the Possible Long-term 
Heal th Effects of Phenoxy Herbicides and Contaminants. The data tapes were 
delivered at least 3 months later than the.origtnal contract established dates. 

7. USAF Data Processing 

The questionnaire data collected during contract. extensions and at the 
physical examinatlon s1 te were edi ted but not keypunched. . These data were 
deli vered in hard copy to the USAF, The USAF coded, verified, keypunched an(j 
entered the (jata on computer tape. Because of late data delivery and the vol­
ume of. unkeypunched data, systematic review and comparison of.· all (LHA and 
USAF) hard copy questionnaires to the data tapes was .. not accomplished as 
planned. A comparison of 25 hard-copy questionnaires to . data entered on the 
tapes was accomplished by U.SAF data processing personnel. . The findings of this 
keypunch review are presented in Chapter VI" Quality Control Procedures. MOl";: 
bidity codIng Wl!,S reviewed; however, because of incorrect and missing morbidi ty 
codes the USAF recoded all reported medical conditions. Additionally, the LHA 
data tapes dId not include all data collected by the interviewer in. the supple~ 
mental recording book. These data were I"equired to form the link between the 
parents, their qhildren, and all medical provider data (th.e basis of medical 
verification procedul"ell). The USAF therefore developed systems and hired per;: 

. sonnel to support the entry of these data in preparat ion for analyses. 

8. Summary 

Questionnaire methodology includes the development and implementation of 
multiple questionnaire instrllments through civilian contractors. The NORC 
developed and.LHA administered the instrum<;lnts. . Both contractors worked 
closely wi th. the USAF. These cl.ose interactions resulted in the participation 
shown in Table III~4. 

Table 1II-4 

SUMMARY OF QUESTIONNAIRE .PARTIGIPATION 

T~ii~~c~"n~ ... ~n"'Q~'~fP~~'~'~~ .. ~'n~.'~n'~'~."n~'h~'Q~":. ~~:q~~. Type Questionnaire Ranch Hand 
urlglna.l. I :;nlIj;e Ai r·orce lU 1 At.. 

... . . 

- Study Subject 1174 956 200 346 30 1532 

~ Spouse 1208 962 
1 .. 

200 333 5 1500 
(Current & Former) 

- Telephone 10 34 , 8 7 20 69 
Noncompliant 

Medical record. release forms .wereobtalned by the c.ontractor during data col­
lection. These permission .forms are the basis of the medical record 
verification program presently in process for data collected by questionnaire., 
Data delivery to the USAF from the oontraotor was delayed. Medical coding was 
reaccomplished and data linkage systeinswere de.velopedby the USAF to make the 
most efficient use of the data collected. 
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Chapter IV 

PHYSICAL EXAMINATION METHODOLOGY 

. Sub~equent to th.e admini~tration of the questionnaire, a voluntary compre­
hen~i ve physical examination was offered to all individuals in both the exposed 
and compari~on groups. The primary prerequisite for entry into the examination 
phase of the ~tudy was the completion of the baseline questionnaire. In the 
event that the initially fleleoted comparison chose not to participate in both 
the questionnaire and the physical examination, a replacement wasaelected from 
among the other comparisone in the matched set, ae depicted in Chapter II, 
Fisure 1I-1. The two and one~half day examination was conducted in Houston, 
TexS$ by the Kelsey-Seybold Clinic,P.A. At the time of evaluation, an exten:: 
aive physical examination, medical history wi tha review of systems, and in­
depth laboratory analyses were conduoted. A conci se Examiner's Handbook. in 
the Air ForoeHealth Study Protocol placed strong emphasis· on qual! ty assurance 
and waS used to minimize variablli ty and insure comparability of data. over the 
l;?-month duration of the physical examination contract. Strict compliance with 
this dOOl,\ment was required. Physical examinations were performed.at the earl!: 
est practical time foll.owing the completion of the questionnaire, sinoe clos~ 
seqUenCing wou.ld limit the development Of major symptoms or diseases in the in­
terval between the questionnaire and the examination. 

Physical examinations were performed at a single location and alloontrac~ 
tor pers.onnel evaluated the participants without knowledge of' their exposure 
status. The.number of examiners and the turnover of staf'f' members! was kept 
t.o aminj,mum to. limit between-examiner variability. A more detailed diSCUssion 
of the phyE!1oa,l examination quall 1;y control program is contained. in Chapter VI.: 

An laboratory tes.1;s were subjected to rigid quaU ty control, and labora­
torY and Physical examinaUon data were measured on a continuous scale whenever 
pos.sible to improve st.atietto.al power in the analysis. An Air Forcepl'lysician 
was present at the Etxam!na.tlon site throughout the duration of the contract to 
ac,t as a l1aieon .betweel'l the .subjeqts, the oontractor and the Air Force, and 
to insure that. the examinaUo.lil. protoool wae . serupulotliSly foll01<letil.. Al'thoug~ 
th.Et on~site moni.tors cl.osely ob.ser'led eaoh. examiner and techniCian, the moni-: 
tors remained unobtrusivedurlng the, examinat1.ons, and. were. not permitted to 
oonUrm, critIcl2:e or otherwiee influence· the examiners' findings. 

The components of' the phyaical examinatIon were specifically selected to 
address those medical end pointe known o,r suspected to be caused by phenoxy 
herbicides and diolCin (Crow, 1970; Kimbrough, 1980). The queetionofwhether 
signif'icant chPoni.c eff'ects are produced in humans is a controversial issue 
(Hornberger et aI, 1979; Reggiani, 1980; Wolfe and Lathrop, 1983). Rev1.ewsof' 
physical chemistry data,. animal .toxicity data, hUman exposure case reports, and 
epidemiologiC studies have. been relativEi1y un'sucoessful in identifying. spe.cif'ic 
al),<1 obj.ecUve medioal end p.oints for the chronlceffects' of' expo·sure (J1rasek 
et.lI1l, 19B; Jirasek et a1.,. 1974; Poland, 1979; YOung.1978).~ The Ust'of'known 
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or suspeoted acute and subacute effects f'ollow~ng TCDD exp0:;lure is extensive. 
and many of the end points . <ire • highly subjective and extr.emely difficult to 
evaluate (Oliver. 1975; Poland et a),. 1979),. While chloracne appears to be a 
consistent. chronic. effeot of moderate to heavy exposure. / the implioation of 
this condition on long-term health is unknown (Young et al. 1978). At best, 
a list of potential organ systems which s.hould be carefully evaluated oan be 
developed. 

Ideally, one would like .to have. a sensitive and specific examination or 
laboratory procedure to detect the effects of these ohemicals in human tissues. 
Unfortunately, there is a lCj.ck of clearly defined end :points in the scientific 
li terature, and, other than chloracne, distinct clinical syndromes or unique 
effects indicative of chronic illness have not been identified. The signs and 
symptoms currently .attributed to exposure are confounded by age and other 
causes, and the effect, if present, may be lost in common symp.t.oms from other 
causes of disease (in contrast to conditions such as diethyl-stllbestrol­
induced vaginal adeno-carcinoma and angiosarcoma of the li vet caused by vinyl 

. chloride exposure). In the absence of sensi ti ve and specific .indicators of 
exposure, a cO!l)prehen:;li ve examination format was developed' around these tar­
get organ syst.ems listed in table IV-1. The complexity and the length of the 
evaluation. aM the invasiveness of eaoh examination procedure were all key 
factors in the final choice of' the examination components since j.ll of these 
factors have a signifioant impact on the complianoe behavior of the individuals 
considering participation in th<;l study." 

Table IV-1 

TARGET ORGAN SYSTEMS/CONDITIONq 

Dermatologic 

Hepatic 

Neoplastic 

Neurological/Psychiatric 

Endocrine/Reproductive 

Immunologic 

H emopol eti c 

A general summary of the major components of the examination is presentee! 
in Table IV-2, and examples of the examination forms are inclue!ed in Appen­
dix VI. The laboratory procedures conducted on each subj ect are listed in 
Table IV-3. For each participant 20 cc of serum, 100 cc of Urine, and all 
remaining semen were ali quoted and stored.at -7b oc for future analyses. When 
technology developments identify addi tional analytic procedures which will 
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assess the health effects of phenoxy herbicides and dioxin, these speoimens 
will then be tested. Thesl1des used in the 10,000 white blood . cell dlfferen:: 
tial and the semen analysis were also preserved • 

. Table IV~2 . 

RANCH HAND II 
PHYSICAL EXAMINATION 

General Physical Examination 

Neurological Examination 

Dermatological Examination 

Electrocardiogram 

Pulmonary Fun~tion Study 

Chest X-ray 

Nerve Conduction VeloCities 

Psychological Evaluation 

MInnesota Multiphasic 
Personal! ty Inventory (MMPI) 

Cornell 
Wechsler Memory Scale 1 
Wechsler Adult Intell1gence 

Scale (WAIS) 
Wide Range Achievement Test (WRAT) 
Halstead'" Rei tan Neuropsychological 

Battery 

Patient OutbrIeflng and Discussion 
of Individual Results 

(Internist) 

(Neurologist) 

(Dermatologist) 

(Resting, 4-Hour Fasting) 

(1 Second Forced Expiratory 
Voiume, Vi tal Capaoi ty) , 

(Ulnar, Peroneal,Sural) 

(Internist) 
(PhD Psychologist) 



Table IV-3 

LABORATORY PROCEDURES 
Chemistry Panel: 

Blood Urea Nitrogen (BUN) 

Creatinine 

Cholesterol 
High-Density Lipoprotein 
Triglyceride 

Total Bilirubin 
Direct Bilirubin 
AlkalIne Phosphfltase 
Glucose 
Cortisol} Fasting and 2 Hour 

Horlllone Assay: 
Leuteni2;lngHormone (LH) 
Follicle Stimulating Hormone 

(1"SH) 
TestoSterone 

Hematology Pailel: . 
Erythrocyte Sedimentation Rate Prot;hromb in Time . 
SerologIcal. Test; for Syphilis 

(RPR) . 
White Blood CeUCount 

. (with 10,000 cell.differentlal) Red Blood Cell Count 
Hemoglobin 
Hematocrit 
Red Cell Ind.ices 
Pl.atelet Count 

Urinalysis 
24-Hour Urine: 

Volume 
Delta Ami.no Levul1nic Acid 
Coproporphyrins 
Uroporphyrins 
Porphobilinogen 
Crea.tinine 

Semen Analysis: 
Volume 
Count 
Abnormal Forms 

Hepatitis B Testing: 
SUl"face Antigen 
Antibody to Surface Antigen 
Core Antibody 

IV;.;lj 

Serum Gl.utamic Oxaloacetic 
Transaminase (SGOT) 

Serum Glutamic Pyruvic 
Transaminase (SOPT) 

Gamma Glutyrl Transpeptidase 
(GOTP) 

Lactic Dehydrogenase (LDH) 
Creatine Phosphokinase (CPK) 
Blood Alcohol 

Triiodothyronine (T3) 
Total Thyroxine (1'4) 

Free Thyroxine Index (FTI) 



Under special circumstances, addi tiona:l laboratory procedures were carried 
out on selected participants. Those individuals with a history of having 
fathered children with birth defects had 'blood drawn for a determination of 
karyotype. The serum of participants with a medical history or review of sys­
tems lndicating the possibility of an immune aystem",deficiency was evaluated by 
immunoelectrophoresis. Antinuclear antibody determinations were performed on 
individuals with a history suggestive of conneotive tissue disorders. In addi~ 
tion, all iodl viduals wi tha past history of hepat! tis were ,te,sted for antibOdy 
to hepatitiS A virus. 

Jl.fter20 April 1982, all participants whose study identification number 
ended in ei th'erl, 3. 6 or' 9 were selected for special. immunologic test­
ing. Blood from these individuals was drawn and sent to a subcontractor for the 
evaluation of Band T cell counts, enumeration of Tcell sUbpopulations, and 
studies of Band T cell function following mitogen' stimulation;, In all, 592 
randomly selected subjects took part in this, portion of'the evaluation. 

Since human sensitivity and compassion could seriously ,enhance particlpa~ 
tion in the follow-up phases of the study, 'every opportunity walll,taken by the 
contractor and the Air Force to make the experienoeenjoyable, relaxing and 
rapport building. Study parti()ipants were housed in a .comfortable motel, and 
transportation. meals and a modest stipend were provide<:i •. Family: m,embers were 
encouraged to accompany the particip/ints, but at 1)0 ~xpensef;c. the govern­
ment. Any emergency medical care required by the 'particlpanMdurlng their 
stay. in Houston was provided by the. contraotor. and, 'paidf'or by USAF. Addi­
tionally, any diagnostic prooedures necessary to cl/irify pot-en,Ually life­
threatening. conditions were alsc performed (computerized "t6mograp~y; cardiology 
consultation, etc.). Detailed in-brief"ihgswere pr-ovidedto, all, participants 
(and optionally to acoompanying family members), inorder·to expiLaiin the back­
ground and nature of the ,study as well as the routine medical requ'iremenh for 
the fasting status laboratory prccedures. During waiUng ,perio<lle b~e;~ween exami­
nation phases, partiCipants were encouraged to becomeacqualnttld: ,with other 
partiCipants ahd aSk any questions they had about the examinatiorj; i tIS ration­
ale or the All' Force Health Study. The normal tension associ/itec:il-/1th psycho­
logical testing was rel1evedby frequent breaks. Any indivldual,problems were 
quietly and diplomatically managed by the contractil1gstaffaAd ,tM site moni­
tor. Over 95% of the partiCipants expressed praise for the qual! ty and thor­
oughness of the examination and pledged to return to the next examInation. 

Subjects arrived in Houston on either a Sunday or a Tuesday afternoon. A 
I-hour briefing was given to eaoh group of participants by t)1e,ll.ir Force moni­
tor and a Kelsey-Seybold physician. During this briefing. the purpose of the 
study and a detailed explanation of the examination con.tent and schedule were 
discussed. The next 2 days (MondaylTuesdayor WednesdaylThursday): were spent 

,in the examination. Upon arrival at the cUn!c. on the' first morning, all 
participants were met by two Kelsey-Seybold staff members: theP,atient Coordi­
nator and the Program Director. After the day's events were explained, medioal 
history and other formS were completed and bloodspeclmens were drawn. All 
partiCipants on aotive flying status with the Departmen,t of" Defense or FAA had 
their blood drawn "while reclining. Others had the option of sttting or lying. 



All fasting blood specimens .were obtained following a minimum of seven hours 
without alcohol, food or cigarettes. Participants were requested to consume a 
250-gram carbohydrate diet for the 3 days prior to their arrival to prepare for 
the fasting and 2-hour postprandial glucose testing. All alcoholic beverages 
were to be avoided as well. Compliance with these requirements and the 24 hour 
urine collection was determined. Breakfast followed the blood draw and post­
prandial specimens were then obtained at appropriate times. One-half of each 
group underwent physical examination on the first day.while the other half were 
in psychological testing. On the second day , the schedule was rever.sed. Dur­
ing the final half-day, each partiCipant receiveddetalled briefings from a PhD 
psychologist and one of two Internal Medicine special1sts. During these brief­
ings, the .r.esults of all portionl9 of the physiCal examination performed at 
the Kelsey-Seybold Clinic were discussed with the subject, any questions 
he had were answered, and suggestions for medical treatment or follow-up 
were made when indicated. If immediate follow-up was indicated, direct contact 
with the participant's personal physician was 'made, and appropriate treatment 
was arranged. The results of those laboratory procedures performed at subcon­
traoti ng laboratori es and the results of the. MMPI were not·. discussed. Payment 
of. expense vouchers and the provision stipend checks were delayed untUafter 
the completion of.the debriefing to encourage attendance at these sessions. 
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Chapter V 

STUDY SELECTION AND PARTICIPATION BIAS 

1. Introduction 

The main emphasis in the deSign and oonduct of any epidemiologic study is 
comparabiUty of the groups under study (Monson, 1980), and the streng,th of 
epidemiologic inferenoe is directly aSSOCiated with group comparability •. In 
this study, Ranch Hand and comparison group comparabllitywasassured by design 
since strict cri terla were used to define the exposed (Ranch Hand) and the 
nonexp0!led (comparhon) cohorts and since replacement comparlsonfl were to be 
rnatohlld to. original compar!sons by perception of health. The cohorts were 
matched on the variables of age, race, and' oocupation group to minimize con­
founding and assure oomparablli ty in these variables. Wi thin the nonexposed 
oohort, however, 4 subgroups resulted from the or iginal rna tch, the removal of 
ineltgibles" replaoement for noncompliance, the termination of the quefltlonnai­
re and physical examination oontracts, and the lack ofclata to inatoh replace': 
ments to original oomparisons.Theae groups are: original comparisons (0), 
shUted comParh\ons (S) .replao.ement comparisons' (R), and those replacement 
oomparisons questioned by experienced Air Force interviewers (A); Because of 
logilitic limitat1ons, scheduling opportunities differed somewhat for each of 
these groups. Since compliance with this study was voluntary, the occurrence 
of differing sohedulil'\g options could have resulted in inadvertent selection 
bias (Cook and Campbell, 1979). The purpose of this chapter is to present the 
factors known to influence study participation. describe and analyZe the res,:: 
ponses of the. Ranch Hand and the comparison groups to the opportunity to par: 
ticipate and to asse!ls the potential bias of differential compliance. The ana­
lytic. and inferential implications of self-selection and potential 
papticipation bias will also be discussed. Participation!s described in terms 
Of location and compliance. A total of 1208 Ranch !lands and 1669 comparisons 
were the potential partiOipants in this morbidity study. 

2. FaCKors Known to Influence Study Participation 

The study protocol estimated that 65% of the Ranch Handers would partici~ 
pate in the questionnaire and that 60% of these subjeots would also part.ioipate 
in the physical examination. One major reason for these low estimates was the 
recognition of the negative influence of employment in flying occupations on 
compliance to physical examination. This negative influence was rel,nforced in 
the preSs and the /lubsequent advice of the Airline Pilots Association to their 
members not to participate 1n this study. This difficulty was antioipated by 
the prinCipal investigators and is disoussed in section VIII of the study pro:: 
toco~. Table V-l presents a list. of factors that could affect study partici­
pa tion. Those components. of Elach factor that are considered in the study pro;': 
t.ocol for data colleotion are identified with an asterisk. 
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Table V-1 

FACTORS POTENTIALLY AFFECTING STUDY PARTICIPATION 

Factors 

Health Bias 

Logistic Factors 

Other Factor s 

I;pperational Factors" 

Publicity Bias 

, Components 

*Self perception 
Current Use Long Term Care 
Abortion Pattern 

*Absenteeism 
*Current Medications 
Fertility History 
Current Family Health 
Familial History 
Severity of Past Disease 
Pending Retirement Bias 
Death 

*TimeAway From Family 
*Time Away From Job 

Distance to Exam Site 
*Income 
*Active Pilot (FAA) 

Flying Status (USAF) 
Officer/EnHsted 
Age 
Race 
Current Status: AD/Sep 
Stipend 
Employment Status 
Dissatisfaction wtthMili tary 

Manner of Study Contact 
Scheduling Window 
Interviewer Bias 

Motivational Bias 
Compensation Bias 

The factors and the outlined components of each factor suggest the complex:: 
i ty of the, compl1ance/noncompliance decision made by each study participant. 
Ranch Handel' 01' comparison. The importance assigned to each component by the 
individuals in the Ranch Hand and comparison groups iamost likely not equiva: 
lent. The Ra,nch Hand group wasacti vely enc,oursgedby' the Ranch Hand Assocla': 
tion to participate while no such organization exists for the comparison group. 



3. Looation 

Mailing addresees for each study sUbJeotwere determined through multiple 
military and civ1lian souroes. Study subjeot location was initially identified 

. by a certified mailing to these addresses. Current mailing addresses could not 
be identified for the nonlocatable population. Two-tenths percent of the Ranoh 
Hand and 0.5% of the total comparison group were nonlocatable; This is well 
above the 99% location rate estimated in the study protocol; Table V:'2 pre:: 
sents the counts of the looatedinonlooated population by Ranch Hand and type of 
COmparison. 

Locate 
NonLooate 

*Includes 

Table V-2 

COUNTS AND PERCENT OF LOCATABLE/NON-LOCATABLE 
AL~VE STUDY SUBJECTS BY RANCH HAND AND 

NATURE OF THE COMPARISON GROUP 

Comearison 
Ranch Hand Oriiinal Shifted Reelacements* 

1206 (99.8%) 1023 (99.7%) 212 (100% ) 425 (98.6%) 
2 (O.?%) 2 (0.3%) 6 (1.4%) 

1208 1026 212 431 

those individuals interviewed by USAF interviewers (A) • 

Total 

1660 (99:5%) 
9 (0.5%) 

1669 

The two unlocated Ranch Hand individuals were separated from the military. 
and .both had been nonfly1ng enlisted personnel when on active duty, One was 
Black and the other was non-Bla.ok. Three of the 9unlocatable oomparisons were 
in the originally selected cohor·t. These 3 individuals were separated from the 
military, enlisted when on aotive duty (1 was a fly1ng enlisted while. the other 
2 were nonflY'ing enl1sted) and all were non-Black. The looatea:).gorithm was not 
completed on the replaoed compa;rl.Son "oannot-looate"population. FIve of these 
61ndlvlduals were non-Black. The 'Black indIvidual was sepa;rated and had served 
in an enlisted nonflylngcapaoity. One other sepa;ra.ted nonfl,ylng enlisted 
individual was non-Blaok. The remalning 4 replaced nonlocated cOmPsrisons were 
non-Black pilots. Two of these were separated,1 wason reserve status and 
the otherwasreUred. Overall,nonlooation did not 1mpac.tdsta colle.otlonin 
th;lsstudy. The 11 nonlocatablesubJectsare assumed to be ali 'Ie and location 
w1l1be attemptedf.or the' fOllow·up phases Of the study •... Ther,ep!LMlilment 
oomparlsongroup nonlocatable rate of 1 .,4% lsofborder[lnesign'i'f1cal'loeWhen 
oon·trasted with :the rate. in theorigi'naUy select.edgr'oup (P';'O .• O:6Y;' " Thls 
test was performed on theprqportionsuslngthenoPilial approxl.ma'tionto the 
blnominal. This difference was a result of the termInation of theC\uestl6nnat: 
re oontraot pr.lorto oompletion ,,0fthe'elCsm'inaUonprocess.The' names of J of 
the 6 replacement individuals were not sent .tothe questionnaire oO!ltractor 
Whllethe 3 others were sent only 1 month .prior tocontraot termination. The 
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replacement strategy as de.signed in the study protocol could not be implemented 
due to termination of the questionnaire contract prior to the completion of the 
physical examination contract. 

4. Study Participation: Compliance 

Study participation was characterized as being either fully compliant ( FC) 
(completed the physical examination and the questionnaire); partially compliant 
(PC) (completed only the questionnaire) or noncompliant (NC) (refused the phy­
sical examination and the in-home questionnaire). Wi thin the noncompliant 
group are triose who completed an abbreviated telephone questionnaire. Figure 
V-1 shows that of the 1206 locatable Ranch Handers alive at the initiation of 
the morbidity study. 1045 were fuUyoompllant to the physical examination and 
an addi tiona1129 completed the questionnaire but refused the. pl'!ysical examina­
tion. Ten of toe 32 noncompliant Ranch Handers completed the'ifelephone ques­
tionnaire. 

Added 
Populetl.. to 

Morbidity Study 
•• 5 

F .... V·l 
RANCH HAND PARTICIPAllGN . 

Orialo.1 :22 . 
Poputetion 

.' . Killd '" ActlGn 
•• t284 

. .' 

M.lched 
popu'-t~ • 
• =1242 

, \ , , \ N 
( livq? " D 

\~ nl::1247 " 

,:"" __ No .... -tl No·~_1 
....... -;:::::;;; Pl.~t •• ;;t~,:::;"' 

piittciPlnit 
• ·1208 

" NoncomiLil\ 
" C.mplled with.. N. I No.co'""""'t ~,' T-. '. 

( OutstlGn •• Iro ,'" "::::'-1. • • 32 \ Olllstiotlnlit l 
\~'1174 : \ .-10 , 

" ompled With' \ P ....... 
• Phy.~.1 'j,-_N_0-l C_ 
" Examiaatktn ,r 

\ n-1045 " n-128 

I 
FuHy C.m""",t 

•• 1045 

, ' 



Figure V-2 describes the compliance patterns for the original, shifted and 
replaced comparison population. Of the 1023 locatable eligible original com­
parisons, 773 were fully oompliant, 183 were partially compliant and 67 were 
nonoompliant. Thirty-four of the noncompliant individuals completed the short 
telephone questionnaire. 

, Ta \ 
.a--. 

'J: 
I \ 

( loall Phy1icll 
\ I 

Original ComparllOnS 

Rpre Y-2 
COM'AR. PGPUIAI1III 'ARTlCFAI1III 

.. 
\R\ , . .. • 
.. 302 

R.pI ... m •• t.·for· ... ligilJle 
Shifted Comparison. 

V-5 

, Ta \ 
c--..n 48* 
\ , 

:f 
, I " No r-1I:II1Z:"'-,1 

C Ta 15 * 
"PhYsICal , 

* Number dIII""",-
nIXt .... mlftt stopped 
because PIlar Cflmparisnn 
complied after rolusina 
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,Data collected by the noncompliant telephone instrument was delivered to 
the United States Air Force in written format following the implementation of 
the replacement strategy. The telephone questionnaire was not administered to 
the noncompliant replacement candidates prior to selection for the study; and 
therefore, the data necessary to match the original and replacement comparisons 
by Similar perception of health status was not .available (Lathrop, 1982). The 
next living individuals in the designated matched sets were selected as 
replacements. The data collected in the noncompliant instrument will be 
discuss,ed in future publications. 

Figures V:-l and V-2 are summariZed in Table 1)':':3, in which-Ranch Hand and 
c,omparison participa.tion is presented. 

Table V-3 

FULL, PARTIAL, NONCOMPLIANCE OF THE RANCH HAND AND COMPARISON 
POPULATION BY NATURE OF THE COMPARISON GROUP, i.e., 

ORIGINAL (0), SHIFTED (S), RE~LACED (R), AIR FORCE INTERVIEWERS (A) 

, RH 0 '-
Fully Compliant (FC) 1045* 773 
PartiallyCoinpl1ant '(PC) 129 18§ 
NonCompliant (NC) 32 - -E.. 

TOTALS' '1206 1023 

Com arisons 
S R A 

163 258 .30 
88 

',·'t 

37 '" 
1£ ' ,~9 , .-...' 

, ,\-

212,** 395 ,:30 
• ·"r,.; 

Total 

1224 
308 
128 

1660 
" , .: -i>: . 

*4 individua.ls' were1nter,viewed at ,the Physioal Examination"s! te by USAF 
interviewers. 

**3 Additional shifted comparisons were removed due to ineligibil1ty identified 
following data collection. 



The me~n ajl' of the population bYQompl1anoejlroup is prel3ented 1n Table V.:; 4 ; 

Table V:"4. 

MEAN AOE OF Ti'lE IlANCHHAND AND COMPARISONPejPULATION BY NATURE 
OF THE COMPARISON GROUP (0, S, R) AND TYPE OF COMPLIANCE (NC; PC; Fe) 

,.' . , ' , 

Txpe complianoe 
" " , 

Non~alaok 

NC 
PC 
FC 

Blaok 

NC 
PC 
FC 

RanQh Hand 
Mean Alile 

41 
43 
44 

39 
39 
41 

41 
42 
45 . 

39 
43 
42 

35 
39 
42 

*Includes thoee indlv1dullle interviewed by USAF interviewere(A): ... 

40 
41 
41 

34 
38 
40 

Table V:"4indioates that the nonoompl1ant group is (m the average y!?unger 
than either thE! parUsHy or fully Compliant ·1n both Blapk,a!1dnon-Black 
strata •. The oQIDPl!ant populat10n is further described by raoe in Table. Y:!:i; 
This data 113 abstr.oted. from Append1lC XU, OQOupat1onal.C!lt;egor,Y ,and .. R.ce of 
the FullY Compliant Popu1l4tion in Percent and Counts.· . 

. . ', .)"" 

TableV-5 

PERCENT FULLY COMPLUNT OFFlCER/ENLISTED .CATEGORIES BY RACE 
RANCH HAND ANI> COMPARISONS (0, S, R) 

Ranoh Hand Odsinal 

73% 
77% 

Comparison 
Sh1t'teClReplaoements 

Non-Blaok 
Ot'.t'icers 
Enl1llted 

Black 
Ot'.fioers 
Enlisted 

85% 
88% 

67% . 
90% 

* No individuals in this oategory. 
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88% 
75% 

78% 
77% 

* 69% 
* 62% 



Th1s table suggests that Ranch Hand enHsted personriel" compUed at h1gher 
rates than off1cers and that Ranch Hand non-Black off1cers compUed more than 
Black officers. The number of Black participants is very small and is there­
fore not included in the following analyses but 1s included in Appendix XII. 

Appendix XVII was' used to construct the data in Table V-6. Flying status 
is presented as flying/nonflying which includes both military and civilian 
informa tion. Military status is categorized as active duty, retired, and 
separated/reserve. 

Table V-6 

PERCENT FULLY COMPLIANT OFFICERS BY FLYING STATUS AND MILITARY CATEGORY 
(NON-BLACK ONLY) 

Ranch Hand 
n-372 ' 

Non­
Flying; Flylng 

Active Duty (A) 77.8 96.3 

Retired (R) 86,.0 93.5 

Separated/ 
Reserve (SV)' 51.9 87.0 

Original 
n-283 

I Non- , 
, FlyIng Flying 

58.9 76.2 ' 

86.0 86~5 

39.3 62.9 

C i ompar son 
ShUted Replacements 

n-46 
, 

" n-113 
Non- Non-

Flying Flyin!i FliJng FlYing; 

87.5 75.0 • 57.9 88.9 , 

,100.0 96.0 ' .. 83.3 77 ; 1 

37.5 61.5 32.4 63.0 

The flying separated/reserve category in this data set, complied less than, 
any other strata (P<0.01), and flying status contributed, signifioantly to the 
compliance decisIon (P<O.01). ' 

As illust,ra"ted in Table V-6, a complex set of interactions was involved in 
compliance. A log-lineal' model which was fi ttedtothe three"way frequency 
table bas,ed on fly ing/mH! tary status. compl1ill'lce ; and group membership, re-: 
vealed a three-way Interaction(P-.O:7) in thesedata,renderfilg interpretations 
based on simpler models misleading. Since age and raM are also related to 
flying/military status, tests of assoCiation between these factors and cOlDpl1~ - '.. . ..... 
ance need to be studied in the context of the many interactions present. These 
more complex relationships will be explored in future reports: 
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A .summary of compliance is presented' in Table V-7. 

Table V-7 

PERCENT OF THE STUDY POPULATION COMPLYING TO THE 
QUESTIONNAIRE AND' PHYSICAL EXAMINATION 

Comparison 
Ranch Hand OrigInal Shifted Replacements 

QuestIonnaire 97% (1174/1206) 
Physioal 

Examination 87% (1045/1206) 

92% (95611023) 94%(200/212) 88% (376/425) 

76% (773/1023) 77% (163/212) 68% (288/425) 

Ranch Hand personnel partiCipated in the questlonmilre at a rate .higher 
than all comparison groups. This pa.rticipation was 32% .greater than the origi­
nal protoool estlmateof Ranch Hand compliance. Differential compliance to 
questionnaire did occur in the comparison groups with the original and shifted 
'group 'complYingS% more 'than the replaced comparison group (unadjusted; 
p.0.(03).Table V~7 shows that differential compl1ancea!Lso ocdurred betwee~ 
the Ranch Hand and. the original comparison ,group in their compliance to physi­
cal elCamination (anadJusted; P<O.OOl) as well as w!thinthe comparison groups 
with the odginal and shIfted comparison B)"oupscomplying 8-9% more than the 
replaced group (unadJusted;P(O .001). 

5. Noncompliance 

The. reason~gi ven .bys.tudy pa)".Ucipants for noncompliance we·recompared. 
Appendixes XIII and XIV display all reasons given. These datawere'oollected 
In a nonstandard manner by Louis Harris and Associates. the Kelsey~Seybold 
Cl1nic •. and USAF pel"s.onnel. The,re.sponseswerethenallooatectto the'cat;e80~ 
.ries presented in the apPendix. They,descrdbethat themajorltyof the reasons 
given fornoncompHancewerell,no ti:me'\no :Ln,teres.t'lIandpa$slv9r·efusaL' Table 
V-8ehows the percent of ref'usalm in the Ranch Hand . and 'oomparlsotit groups 
implying these dls1nterest'reasons. 



Table V':'8 

PERCENT OF REFUSALS CATEGORIZED AS REFUSALS FOR REASONS OF DISINTEREST 

Questionnaire 
Physical 
Examination' 

Ranch Hand 

86.% 

50% 

Comparison 
Original Shifted Replacements 

67% 

58:' 

91 % 

54% 

49% 

58% 

These data indicate that the nonoompliant, replacement comparisons were 
passive refusals, less often than were the other comparison groups. The per­
cent refusals due to job commitment and confidentiality are described in Table 
V-9. 

Job Commitment 
Confidentialityl 

Active Duty 

TOTAL 

Table V-9 

PERCENT OF QUESTIONNAIRE RE~USALS CATEGORIZED AS 
JOB COMMITMENT ANDCON~IDENTIALITY 

Ranch Hand Ori~inal 
Comparison 

Shifted 

3% 

..2! 14% 

5% 17% '" 

I'!eelacementl!l 

24% 

ill 
48% 

Forty-eight percent of the replaced populaUon stated that they refused to 
participate in the questionnaire because of a job commitment or the issue of 
confidentiality. 

6. Scheduling Opportunity 

The names of the Ranch Hand and original comparison groups were provided to 
the questionnaIre contractor in November 1981. The contractor was given the 
shifted comparison population in, April 1982 and the replacement population 
continued to be identified to the contractor through 15 Nov 1982: Physical. 
examination scheduling wascohtlngent upon completion of the questionnaire. 
Therefore. while the Ranch Handel's and the original comparisons had 1 year to 
schedule and complete the study. the shifted comparisons had a maximum of 9 
months. and the replacement comparisons were afforded a more limi ted scheduling 
oPPortunity. 



Figure V-3 

PERCENT COMPLETED PHYSICAL BY CALENDAR DATE 
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Figure V-4 

PERCENT COMPLETED PHYSICAL BY CALENDAR DATE 
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Figures V-3 and V-.4 show the cumulative percent of the Ranch Hand and 
comparison groups (original, shifted and replacement) completing the physical 
examination by time. Figure V-3 shows the similar time pattern of the Ranch 
Hand and original comparison group completing the physical examination. Figure 
V-4 shows that the shifted and replacement comparison groups were restricted in 
scheduling by the nature of the implementation of the design and contract time 
limitations. The overall comparison group cumulative completion of physical 
examination by calendar date is shown on both Figure V-3 and V-4. Fifty per~ 
cent of the Ranch Hands and the original comparisons had completed their physi­
cal in May 1982, 50% of the shifted group had completed in July 1982, while 50% 
of the replaced group did not complete until October 1982. 
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1. Bias Assessment of Replacement Comparisons 

From the above discussions and that in Chapters II and Ill, 2 questions 
are forthcoming whioh are of interest to inferential reliability. First, "Are 
the shifted and replaced comparisons valid for use wi.thout specisl statistical 

. treatment?" Secondly, "What is the bias, if any, associated with the differ:: 
ential compliance to the phys~cal el(amir;Iation?" The ,following seotions deal 
wi th these 2 questions inttirn. ".' ' 

8. Evaluation of the Iieplaoemeiit Comparison Participants. 

Since the replacements used in the study, wheth~r S, R or A, were simply 
the next individual in the i'andomi2:ed matohset involved, the appropriate test 
for replacement bias is tile test for 0, S, R or A group differenoes while con~ 
ditioning on 'the variables of age, ocoupation and race. Specifically,If S, R 

. I . . 

and A are unbiased groups they should appear to be random samplesdra,.m from 
the same population as yielded the orig1nal (0) s.et,. after adjustment for 
match1ng variables. 

Tests of' replacements against' original comparisons ,. were accompl;1shed 1,:\ 
accordance wi.th procedures set 'out in the Study I>rotocol. Following tl\e proto~ 
col, replacements for comparisons were tested fir'st in terms of 3 prim~ry vari:; 
abIes to be'ascerta1ned oh all partiCipants: (a), subjective health assessment, 
(b) current· utilization of long;;term health' care; and (c) recent work 
absenteeism pattern. 

Statisticaltestiti'g' or ,the,se 3 primary ,1(arlablej! and, of·addi tional ,ques:: 
tionnaire. and physical examination variables was done in a prespecified manner, 
First, group A was tested against group R to determine if thep!e g,;"oups oould be 
combined. If R and A cOl:lldbe combined; 'the R + A group was tested ag!i.inst 
group S to determine if these groups could be combined. If R + A and S groups 
could be combined, 0 was tested against R + A + S. All test1ng was don~"at the 
0.05 level. If the test for combination was not met at any stage,appropriate 
subtest1ng was performed. When the dependent variable was categorical. testing 
was performed with log-linear modelsadjueting by occupational category and 
age, with age dichotomized as less than 40 years and greater than or e,qual to 
40 years providing groups of roughly equal sizes across occupational catego:; 
ries. When the dependent variable was oontinuous, analysis was performed with 
a general linear mOdels program adjusting for occupational category and age as 
wi th the log-linear models. All of this t.esUng was done to ascertain Whether 
the S, R and A groups oould be v.1ewed as drawn from the same population as 
yielded the 0 group. Thus. " the problem is oneot hypothesis testing: Careful 
estimation of the magnitude or directionality' ofeffeots noted was not 
attempted. However,the ,rea.der, oan evaluate magni tl:lde by reviewing data pre:: 
sented in the,foilowing paragraphs. ' 

In reporting their health status, particIpants were allowed to use the 
categories: "exc~llent,", "good,", "fair" 'and "poor. " Becaus,e of small sample 
Sizes, the 1ft-air" and "po,or" I'espon~e~ were combined in theanaly:sls .ofthe 
data'~ Table v,"~Oprov'ldes. a .vi.ewof the data, collapsed aoross ,occupa;t1onal 



categorie,s and age. No statistically significant differences between the S, R 
and' A groups were found in either the partially compliant or fully compliant 
groups. However, when taken together,the fully compliant S, R and A groups 
appeared statistically different from the fully compliant original comparisons 
(P < 0.001). Additionally, the fully compliant 0 and S groups were found to be 
statistically different (P • 0.01), as were the fully compliant 0 and R groups 
(P • 0.0045). No statistioally significant differences were noted among those 
indi viduals who took the questionnaire only. ' 

Table V-l0 

SELF-ASSESSMENT OF HEALTH STATUS 
(NON-BLACK PARTICIPANTS ONLY) 

Participants Who Took PartiCipants Who Took, 
Questionnaire Onl;): Questionnaire & Ph;):sical Examination 

Fair or Fair or 
Status .. Excellent Good Poor N Excellent Good Poor N 
GrouE oj. 

0 50.9% 34.7% 14.5% 173 38.0% 48.0% '14.0% 727 
, 

S 61 .8% 26.5% 11 .8% 34 36.4% 40.3% 23.4,% 154 

R 51.3% 38.2% 10.5% 76 49.6% 34.3% 16.1% 242 

A 0 46.7% 43.3% ' 10 ~O% 30 

RanCh 
Hand 52.5% 36.4% 11.0% 118 38.4% 41 .4% ' 20.2% 976 

0 • Original Comparison 
S • Shifted Comparison 
R • Replacement Comparison 
A • Air Force Interviewed Comparison 

Use of long-term health care was assessed by inquiring about regular use of 
medications fC)r heart, kidney, thyroid, renal and other dise,ase states; No 
statistically significant differerlces were found between the 0, S, R and A 
groups regarding regular use of medications. Table V-ll provides a view of the 
d,ata collapsed aoross occupational categories and age. ' 
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MEDICATlrot USE 
(NON::;SLACK PAR'l'!C'IPANTS ONLY) 

GI"OUp 

0 

S 

R 

A 

Ranch Hand 

PartIcipants Who Took 
QuestionnaIre .Only (PC) 

Pel"cent wIth 
Chronic MedIoatIon Use N 

~3.6% 

14.7% 

19.1% 

·14.4% 

174 

34 

76 

o 

118 

o • Ol"iginal ComparIson 
S. Shifted Comparison 
R • Replacement Comparison 
A • Air Force Interviewed ComparIson 

Pal"ticlpants Who Took Questionnail"e 
and PhysIdal Examlnat.1on(FC) 

Percen·t wi th 
Chl"onllo Medioation Use N 

28.3% 

27.9% 

30.2% 

16.7% 

29.4% 

728 

154 

242 

30 

979 

Work .absenteelam was assesaed by a consIde1'ation of repo1'ted time loss from 
work during the 6 months prior to. inte1'view. No statistically signif!can~ 
differenoes were noted between the 0, S, R and A g1'OUP on this pal"ametel" (1'ele­
valit data provided in Table V::';12). 



Table V-12 

WORK LOSS 
(NON':BLACK PARTICIPANTS ONLY) 

Group 

o 
S 
R 
A 
Ranch Hand 

Participants Who Took 
Questionnaire Only (PC) 

Percent with 
Work Loss N 

16.8% 
14.7% 
12.0% 

18.8% 

173 
34 
75 
o 

112 

o • Original Comparison 
S • Shifted Comparison 
R • Replacement Comparison 
A • Air Force Interviewed CompariSon 

Participants Who Took 'Questionnaire 
and Physical 'Examination (FC) 

Percent with 
Work Loss N 

20.5% 
21 .1 % 
18.6% 
23.3% 
20.3% 

707 
152 
237 

30 
955 

ThuS, for the 3 basic variables emphasized for test by the study protocol; 
the replacement comparisons (S+R+A) were found to be statistically signifi: 
cantly dissimilar from the originals onl variable, self-assessment of' health. 
To more fully assess replacement'::original differences, 9 additional variables 
from the questionnaire were examined: (1) household income, (2)' participant 
education (high school or less, greater than high school), (3) participant 
anger scale, (4) participant psychoneurological erosion scale, (5) participant 
anxiety scale" (6) participant depression, (7) reported liver ailments; (8) 
spouse miscarriage rate, and (9) occurrence of acne. The fully compliant non':: 
Black replacements (S+R+A) were observed, to be statistically significantly dif::' 
ferent from the, fully compliant original oomparison participants as regards 
education(P • 0.04), anxiety level (p. 0.02), and psychoneurologlcal erosion 
(P • 0.02). With respect to eduoat1.on 48;8% ,of' the fully compliant replacement 
comparisons report more than a high school education, while 43.7% of the origi':: 
nal comparisons report more than a high school education. Original fully com:: 
pliant comparisons reported more moderate to severe anxiety than did _ the re­
placements (56:9% versus 55.6% respectively). Reported psychoneurological 
erosion addresses difficulties with mental tasks such as arithmetio work: The 
replacement comparisons reported erosion more commonly (37.2%) than did the 
original comparisons (30 .2%) ~ These measures of psychological statue were not 
validated as truly measuring their intended end points and they are not neoes: 
sarily statistically independent of one another, nonetheless,_ a picture of dif:: 
ferences between the comparisons subsets is evident. 

Thus, of 12 variables drawn from the questionnaire, 4 variables (reporte(j 
health status, education, anxiety level andpsychoneurologioal erosion) distin:­
guish the replaoement comparisons(S+R+A) from the origin/ill oomparisons testing 
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