
at the 0.05 level. The differenoes 9bserved are not only statistioally Sig­
nifioant but may also refleot olinioally meaningful differenoes if the 
self-reporting is aoourate. Analyses of bias have also been oondUoted Using 
physioal eltam1nationdata end p01nts to obtain a firmer evaluation, and these 
analyses are desoribed in the following paragraphs. 

Five labOratory variables have also been examined for evidenoe of differ­
enoes.among the. oomparison. groups: white blood oelloount (WBC); hemoglob1n 
oonoentration (HGB) , total bilirubin (TBIL), serum glutamio oxalio transaminase 
(SGot) and laotio dehydrogenase (LDH). This testing is sUmmal'ized in Table 
V:"13. The analyses were performed with a general linear models lll'ogram; Ollera~ 
ting on WBC and HGB in natural un1ts and TBIL, SGOT and LDH in logarithmio 
uni ts. It 1s olear from Table V"13 that there 111 definiteindioation of oom" 
parison group differenoes. 

CUnioal 
Varta.ble 

WBC 
HGB 
TElIL 
SOOT 
r.,DH 

Table V-13 

SUMMARY OF BIAS ASSESSMENTS OF REPLACEMENT 
COMPARISONS USING LABORATORY MEASI1RES 

(NON~BLACK PARTICIPANTS ONLY) 

Adjusted Mean 
For 01'1ginal (0) 

Comparisons 

7.24 
16.0 
0.577 

33; 1 
142.0 

AdJusted Mean 
For All 

Replaoements (S+R+A) 

7.78 
15.9 
0.609 

32;7 
141.2 

Ii' lIa1ue 
·F~I' Mean 
Dithrential 

CL027 
0;522 
6,063 
0;498 
0;265 

Lastly, 13 olinioal val'1ables from the physlocal examinat1cln itself were 
evaluated f'o.r 0, S, R, A oomparison gl'OUp dlfferen'Cl'8s. AS sllImmarized in Table 
V-14,. statistioally significant d.1ffel'ences. were found. 
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*1. 

*2. 

*3. 

*4. 

*5. 

6. 

7. 

8. 

9. 

10. 

11-

12. 

13. 

Table V':'14 , 

SUMMARY OF BIAS ASSESSMENTS OF REPLACEMENT COMPARISONS 
USING MEASURES FROM THE PHYSICAL EXAMINATION 

Systolio Blood Pressure No differences detected. 

Diastolic Blood Pressure No dIfferences detected 

Posterior Tibial Pulse {S statistically different from 
o statistically different from 

Dorsalis Pedis. Pulse No differences detected 

EKG {S statistically different from 
o statistically different from 

Vibration Sense {S 
0 

statisticallr different from 
not differen from R + S + A 

Tremor {S statistically different from 
o statistically different from 

Nerve conduction velocity No dIfferences detected 
above the elbow 

Nerve conduction velocity No differences detected 
belOw the elbow 

Peroneal nerve conduction No differences detected 
velocity 

Full Scale Intelligence No differences detected 
Quotient 

R + A 
R + A 

R + A 
R + A 
R +A 

R +'A 
S 

MMPI Scale D {S statistically d1fferent from R + A 
o statist1cally dIfferent from R + A 

MMPI Scale L No d1fferences detected 

*Black part1cipants removed. 

Taken together the analyses described above imply very strongly thatjthe S; 
R and A comparison groups are not random samples drawn from the same population 
as the origInal comparisons (0). Since the comparison group differences are 
not observed in all variables studied, a possible approach is. topert'~r.Dl.a 
prior test of significance (PTS)to test ·for approprIateness of replacement 
use, followed when Possible by a Ranch Hand':'allcomparison test~ This tise.of.a 
PTS has been discussed .. with appreciable .detall in the statistical literature 
(BOziv.ichetal; 1956, .Bancroft; 1964.1 Kale and Bancroft, 1967; Arnold; 1970i 
Cohen, 1974). RecommendatIons in this literature suggest a prelimInary test 
for combination uSing an alpha level of 0.25. followed by a test of differ: 
ences at an alpha level of 0.05; Calculations of study power with and without 
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the PTS have indicated chat. given the Sample sizes in this study. the PTS only 
provides partial protection against inferential bias. This result can be 
understood by reference to Figure V~5 where 2 power ~urvel\ are given. 

Figure V-5 

POWER CURVES FOR ALTERNATIV~ ANAISTIGAL, METHODS 

0.1 

0.7 

0.8 

10.6 

0,4 

0." O,IJ 0 ... 1.02 1.03 1.04 1.06 

Figure V-5. Curve 1: Power curve for Ranch Hand-original comparison tests on 
means. Curve 2: Power curve for Ranch Hand-comparisoo'tJests on· means assuming 
l"eplacement comparisons are unbiased. F is the symbol for ratios of Ranch 
Hand-comparison means. 

The lower power curve (curve Ifl) is for a test of differenGle between the 
Ranoh Hand group (N=104.sJ and th,e originaloompll;risons (N-773). The upper 
ourve (ourve If2) is for the same test af Glifference but between the Ra.nch Hand 
groUp and all. comparisanl\ (N-1224) ass,umlng, that the replacements are unbiased. 
These curvel\ are dral'ln far~ a hypothetical cUnical, variable with ratio af stan­
dard deviation to mean being 0 .ZOO. The variable F is the ratio of the exposed 
mean to theoamparisQn ,mean., rhe slightc!lsplacement or the, 2 curves in the 
vertical i:lireqtion (power) is easUy negated by small degrees of" bias 1n the 
replacement comparisonl\." 
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The Study Protocol reflects a strong concern for a variety of biases that 
may be operating in this study. The effect of the potential bias, by using the 
shifted· and replacement members of the comparison group, was not uniformly 
viewe.d by the Principal Investigators. Because of time constraints, the SCi:­
ence Panel was not convened to address this complex issue. Instead, a manage­
ment decision was made to base the primary clinical analyses upon a contrast of 
the Ranch Hand group and members of the original comparison group. For com­
pleteness of data descriptions, some chapters additionally contain· analyses 
founded upon the entire comparison group. 

9. NoncomplianceBias 

The data in the previous section suggest that a degree of self-selection 
did occur in association with compliance to the physical examination, indicat­
ing that the group who came to physical examination may· be biased from the 

. original sample. Since this report emphasizes analysis of data from fully 
compliant participants, selection biases associ·ated with physical examination 
compliance are of importance. Table V~15 displays differences between fUlly 

. and partially compliant study participants. 

Table V-15 

DIFFERENCES BETWEEN FULLY COMPLIANT 
. (TOOK QUESTIONNAIRE AND PHYSICAL EXAMINATION) 

AND PARTIALLY COMPLIANT (TOOK QUESTIONNAIRE) STUDY PARTICIPANTS: 
P VALUES FOR TEST OF NO DIFFERENCE 

Ranch Hand Fully Compliant 
Versus Partially Compliant 

Health Status 
Medication Use 
Work Loss 
Hous~hold Income 
Educati.on 
Anger 
Anxiety 
Erosion 
Depression 
Li vel" Ailments 
Miscarriages 
Acne 

0.006 
(0.001 
0.79 
0.32 
0.66 

<0.001 
0.020 

<0.001 
0.007 
0.76 
0.97 
0.37 

Original Comparison Fully Compliant 
Versus Partially.Complia.nt 

0.004 
0.23 
0.30 
0.86 
0.39 
0.01 
0.61 
0.002 
0.36 
0.64 
0.077 
0.75 

Eighty-seven percent of the Ranch Hand group were compl1ant to the physical 
examination while 76% of the original eligible comparisons attended. Let RRobs 
be the observed relative risk calculated from .the physical examination data and 
RR be the actual relative risk of the originally drawn groups~ Direct alge~ 
braic considerations provide the relationship 
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0.1 ~ ye + 0.87 

0.24 YO .. 0.76 
RRobS Equation #1 

In this equation, Ye is the ratio of the prevalence of the finding In the Ranch 
Hand group. noncompliant to physical examination, to the prevalence in Ranch 
Hand indiv iduals who were examined; the term Y c i e the same ratio for the com~ 
parison group. In other words, the valUes Ye and Yc are within~group noncOm­
pliant-to-compliant relative risks. The values of Ye and Yc are in fact not 
known so that . FIR can In fact not beknoWll with exactness. Were RRobs • 1.00 
and were the finding rateD .100 in the fully compliant compartsongroup, "{eand 
Yc could both rlUlgefromzero to 10, indicating that FIR could. take values from 
0.28 to 2.86. Thus, noncompliance to the phyeicalexamlnation is a serioue 
concern in the attempt to properly infer herbicIde ef.fecta from group dlf'ter~ 
errces noted at physical examination. 

It is possible to develop an indication of the magnitude of the within­
group relative riaks Ye and Yc uSing data from the questionnaire. From Table 
V-15, it is clear that 1n several l·nstances (roughly 50%) the fully compl1ant 
replacements are not statistIcally different from the partially compliant or, 
approximately., Ye • fc .. 1.0. In these 'casee, anobeerved relative. ris.k, 
RRdbs,ls at least a'pproximately' equal to the actual relative riek,RR of. th~ 
orl'glnal sampl'Er. On the other haM, ustng therhealth'status datil, '\'e is esti~ 
mated to be 0.54 whUe Y c is 1 .04 f'or·the 'categories "fair-poor" health, ind! ~ 
cating (using Equation #1) that RR .. 0.93RRobs. This result implies the pos~ 
sJ.bllHy that the use of .pllys:Loalexaml·nati.on data can overestimate a relative 
risk by 7% •. ' On thE! other hand, for the erosion scale Ye laO .'52 ,while 'e 1;S 
0.'63,providl'nl! RR" L03RRoblhwl1iOh implies the possibility that the physi­
cal examination could Underestimate relative risk by 3%. 

These calculations of Ye and Yc uee questionnaire data, and thus, the 
results are Indications only of bIas in the physical examInation, dUe to th~ 
extrapolation f·rom 1 data. set to another. Nevertheless, ,theresUlte dO i'ndl.~ 
cate a range ·01' bias which is much smaller tllanthe rangeob'talned 'when' no 
assumptions about Ye and Yc are made~ 

It Is difficult to conceive of apartlally o{)mpHant rate 01' pr·oportlon as 
being different from a fully compliant rate or 'proportIon by more than a t'aot'or 
of 2. Thus it 'maybe aasumedthat 

0.5 ::; Y'e ::; 2.0 
0.5:i Yc:O 2.0 

0.75RRobs :iRR :i 1.2.8 HRoba . 



An inequali ty such as the one above should be applied to' each study result 
reported here to reflect the possible effect of selection bias. If the above 
inequality is used, the smallest observed relative risk that can be considered 
actually larger than 1 is 1.33 (=0.75-1 ) and the largest observed relative risk 
that can be considered actually smaller than 1 is 0.78 (-1. 28-1 ): Or, as a 
simpler rule of thumb, full sample relative risks may be assumed to be within 
±30% of observed relative risks. Of course, this measure of uncertainty due to 
noncompliance must be added to the uncertainty due to finite sample sizes, and 
to other sources of possible inferential error. 

It is not feasible to numerically evaluate the degree· of bias in physical 
examination measurements of continuously distributed variables such as blood 
pressure, hemoglobin concentration or pulmonary volumes, using questionnaire 
data, as no analogous values were obtained from the questionnaire. An equation 
similar to Equation 111 holds for the ratio of group mean values for acontinu": 
ous variable, namely: 

0 •. 13 ye1 + 0.87 
RAT = ----------------

0.24 YC 1 + 0.76 
RATobs Equation 112 

In this equation,' RATobs is the ratio of the Ranch Hand fully compl'iant mean to 
the comparison fully compliant mean, RAT is the ratio of the means of the com­
plete original samples, 'Ie 1 is the ratio of the partially compliant mean to the 
fully compliant mean in the Ranch Hand set and 'I 1 is the same ratio for the 
comparison participants. Estimates of "(e1 and Ycf are not available; however, 
it is difficult to conceive of a partially compliant mean as different from a 
fully compliant mean in the same group by more than 20%; whence, we assume: 

Under this assumption 

0.80 ~ Ye1 ~ 1.20 
0.80 ~ Yc 1 ::i 1.20 

0.93 RA'i'obs :i RAT li 1.08 RATobs 

that is, full sample ratios are anticipated to be within ±8% of observed sample 
ratios of means. The potential error in sample mean ratios portrayed abov~ 

must be considered by the reader in the interpretation of mean shift data pre­
sented in this report. 
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10 •. Summary and Conclusion 

The comparison groUp in this study is divisible. Into 3 subgroups I original 
oompariSons, shU'ted comparisons and ,replacements. Due to study Implementation 
and contractual· oonstraints,. the shifted andl'eplacedoomparison $roups wer~ 
soheduled differently from the orig1nal oomparison group for the study ques~ 

tionnaire and physioal examInation. The original oomparisons were h8.ndled in a 
manner essentially identical to that of· the Ranch Handers~ 

Analys!s has shown that replaoements differ from original oomparisons O!) 

oomplianoe to questionnaire andphysioal examination; however, shifted oom~ 
parisons are not statistioally signifioantly different from originals' on theSe 
parameters • Both shifted and replaoement oomparisonshllve been found to be 
statistioally s1gn1fioantly dIfferent from the original oomparisons on a vari:: 
ety of qUestionnaire and physical examinat10n measures. ThiS souroe of pet en:: 
tial bias 1s completely avoided in this report through the primary use of the 
original comparisons in hypothesis testing. 

Differential oompliance to the physioal examination .ooourred with 87% of 
the Ranoh Handel'S and 76% of the oomparisons attending. 'I'his fact raises the 
concern for a seoond bias which oannot be avoided,and it could be a result of 
media and Ranoh Hand Assooiation support for this study. It is suggested, 
however, . that this bias is not large. Worst~case estimates imply that observed 
rel!i,tive riske are displaoed from correot relative risks by no morethan~O% by 
nonoomplianoe effects, and observed mean ratios are displaoed by no more than 9. ' ... 



Chapter VI 

QUALITY CONTROL PROCEDURES 

Quali ty' control aspects of the Air Force Health Study have been of major 
importance since the inception of the study design. The focus of qual1 ty 
control concerns has been 1) to ensure the highest quali ty and validi ty of this 
study, 2) to reduce variability and bias in all data, 3) to validate all sta::' 
tistica1 methods and enhance statistical power wherever possible, and 4) to. 
proteot government resources. The purpose of this chapter is to present a cate~ 
gorica1 overview of the quality control procedures and to present representa­
tive data, where appropriate. 

1. Prestudy Considerations 

The Study Protocol was formulated and refined in 1979-'1980, during which 
time it underwent 4 independent peer reviews and a final review and approval, by 
the Science Panel, of the Agent Orange Working Group. Knowledge gained from 
visits to national and international herbicide dioxin experts was also instru::' 
mental in ref ining the Protocol. 

Ini tia1 contract management aspects were handl\3d on a sCienUflcbusiness 
basis. The Principal Investigators developed comprehensive statements of work 
with specific evaluation cri teria. All contract proposals were evaluated with:': 
out reviewer knowledge of the proposer and then scored independently on their 
scientifiC andbusinesB merits. Contracts' were awarded on the basis of sden: 
tific and medical quality; price corisiderations were secondary. ~ixed::'price 
competitive contracts were written where feasible. During the COnduct of the 
contracts, numerous scientific and business meetings were held with the con:: 
tractors in an attempt to ensure qual! tyand t1meliness of the data. SCien­
tific concerns continued as the primary emphasis throughout the ,periods of 
contract performanoe. 

The population asoertainment process for both the Ranch Hand and comparison 
groups has continued for over 4 years. Extensive computer searohes and a ,han~ 
review of all available military personnel records have assur,edan almo,st com­
plete and comparable identification mechanism. In addition, individual res:: 
ponses to the Ranch Hand Reunion, Association and wide media coverage of the 
Agent Orange issue have greatly assisted both the ascertainment and address:: 
update processes. A few potential studY participant/il whose reoords were 
burned in the National Personnel Record Center remainuricategorized, at this 

. t.ime. Both populations were sUbjected to a rigorous systematiC location proc::' 
ess (see Chapter III), resulting in a location efficiency of 99.5%; this 
aChievement has eliminated population selection bIas and has. afforded each 
individual a maximum opportunity to partiCipate inlhestudY.The COmputer. 
technique to matoh each Ranch Handel' to a oOmparisonlndividual by job <;l?te­
gory, race, and age to the closest birth month was .eli:0\ilpponally reWarding, as 
about 70% of the matches were exact to birthmolrtharidyear, as. well as to job 
and race. Such precision has enhanced the analytio dexibl11ty of the,stattsti:': 
cal techniques Cited in this report. 
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2. Questiennaire pata 

The quaU ty .of questierlnaire data was enhanoed by 2 distinot meohanisms: 1) 
all questionnaire instruments were designed by natienally reoegnized survey 
researoh .organization; and 2) the instruments were admlnistered in an in;:'heme 
sett"ing by anether .outstanding survey researoh firm: A minimum number .of 
highly qualified interv1.ewers were used te reduoe data variability; and the 
interviewers were bl1ndte the expesure status .of the respendent. Inadditien. 
the iriterviewers were specially trained and. then race matchedte the study 
partiCipants, lihere pessible. Speuse fertility data was .obtained independentlY 
.of the male interVIew but within the same interview setting. 

The data cellectien verificatien precess was cenducted sequentially. The 
Leuis Harris Asseoiates Incerperted (LHA) field interViewer cempleted a ques~ 
tiennaire thereughness edit, fellewed by a Central Office thereughness check 
and apprepriate editing. PartiCipants were recentaoted by phene, when neces­
sary·. LHA trained the United States Ail' Ferce interViewers and preJeot staff 
te cemplete the identical sequential precess. A deublebUnd key punch system 
was used fer beth the LHA and USAF celleoted questiennaire data. Range .checkS 
identified .outliers, and discrepanoies were resolved. The contracter randemly 
validated completed interviews by phene; hewever, these interviews have net' 
been analyzed fer this repert. An early USAF sampling .review .of the data 
revealed key puncherrer rates in specifiC sectiens .of the Questiennaire that 
rsnged frem 0 - 1.4%. The USAF systematic review and receding .of all medicsl, 
areas included in this repert have reduced these errer rates. Further, subse­
quent to the questiennaire, each participant t s military persennelrecord was 
ha.nd reviewed, in .order to previde exact data in the time and 10cat1en .of mil1-
taryassignments. These data have been used in .th1s repert in lieu .ef the 
memery-dependent military duty infermatien .obtained by the questiennaire. 

Mest study-participant questiennairedata were designed te be cress­
referenced te review-ef-systems data and physical examinationflndings. A no­
table exceptien, fertllitybirth defect data, will be val1datedby birth eel': 
tHicate .or medical recerds, if retrievable. FemaleresPense da.ta were used in 
all fertility/birth defect analyses, when available. In instances .ef multiple 
marriages and effsprirlg, unexpec.ted dif.ficulty was .often enceuntered in 
assIgning a child tethe correct speuse pail'. Such dlscerdantresults were 
reselved by a hSndreview and cemputerinput .of the questiennaire data: 
Thereafter, this system supperted allef.fspring data fer analyses he.rein. 
Next;:'ef-kin Interview data will be verified by cross referenoe te the de:: 
ceased t S medical recerds. Ne attempt was made to validate the abbreviated 
ner\oempliant questiennairebecause .of the individUals expressed dIsinterest In 
the study. 

3. Physical Examination ,Data 

The bulk .of sCientH'ic data .of Illest cencern te thepu.bHc and v'eterans will 
$tem fremthephysicalexatninat!ens in thlsstU(iy • Consequently; great empha~ 
sis has been placed upenquality contrel cfthe pl:lysical examination and labe­
rlltery preoedures. 



All examinations were conducted at a single site by a contract medical 
organization of unquestioned reputation. The contractor was required to pro;': 
vide board certified physicians for the examination. Dermatologists were 
required to attend a 1-day intensive training session on the diagnosis of 
chloracne. A minimum number of physicians and paramedical staff was used to 
reduce data variability. The credentials of each physician and senior psychol;: 
ogist were submitted to the Air Force for approval. The contractor fulfilled 
the commitment to maintain a stable work force throughout the contract, best 
exemplified by the facts that (1) approximately 90% of the general physical 
examinations were conducted by one internist, (2) all electromyographic tests 
were performed by one technician using a single constantly calibrated machine; 
and (3) 90% of the final diagnostic assessments were made by 2 internists 
(master diagnosticians). All medical examiners were required to adhere 
strictly to the physical examination specifications as cited in the Study Pro­
toool and were not permitted to evaluate a participant outside of his medical 
specialty area. Thus, each examiner was blind to examination findings outSide 
his area of expertise, as well as to the exposure status of eachpartJcipant. 
An Air Force physician, serving as an on""si te phySician monitor, conduqteci 
frequent inspections of 1111 aspects of the physical, psyohological, and labora~ 
tory examinations to ensure contract compliance and to approve further diagnos:: 
tic workups for those participants exhi bi ting serious medical findings. Fur ... 
ther, the Air Force monitor was periodically supplemented by Air For.c~ 
consultant physic.1ans in the areas of internal medicine, cardiology, derma­
tology, psychiatry, psychology, immunology, and laboratory medicine. Forstudy 
partiCipants crossing 2 or more time zones, 1 to 4 additional rest days were 
provided before the examination, in order to standardize psychological and 
laboratory parameters. All examination data were provided to the diagnostician 
who confirmed significant positive findings and formulated a diagnosis, if one 
was warranted. The diagnostician then carefully debriefed the participant and 
recommended follow-up medical action, if indicated. Electrocardiograms (~qG's) 
on all partiCipants were sent to the Clinical SCiences Division, USAF School of 
Aerospace Medicine for cross-reference to the USAF ECG Repository. All data 
from the examination was collated and checked for completeness; this process 
was rechecked prior to submission to the data processors. Computer entry of 
all data was made by a single key-to-disk entry with hard copy verification; 
visual range checks were accomplished prior to transmittal. The Air Force data 
processors conducted a small sampling from the data set and detected sectional 
error rates ranging from 0.2 ;;. 1.3%, with 6 of the 7 sectional rates ranging 
from 0.2 - 0.4%. Plausible ranges were established for most variables and all 
data outside this range were verified against the hard copy of the examination. 
All discordant' transcription errors were corrected; otherwise, the data were 
accepted as correct. Inconsistent dates were corrected,' where pOSSible: All 
data sets or subsets were checked for reasonability and, in many cases;, the 
information was verified by the hard copy of the examlnati'on. ' 

4. Laboratory Procedures 

Because the thrust of the physical examination was to cast as wide a clini: 
cal net as possible, the importance and number of laboratory tests were SUb:': 
stantially .' increased over an ordinary diagnostic or screening examination: 
Thus, all contract and subcontract laboratories were required to be licensed 
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and certified by the College of American Pathologists or by the Centers for 
Disease Control under the Clinical Laboratory Improvement Act Of 1977. For the 
laboratory battery of 36 tests, each responsible contract or subcontract labo'­
ratory was required to maintain quality control data for audit. The bulk of 
nonradioassay procedures was accomplished at the contract clinicl a DuPont 
Automated Chemical Analyzer III (ACA) and Hemalogs 890 and 090 Automated Count­
ers performsdthe majority of tests. For the ACA, reagents of the same lot 
number were used throughout the study period. Stringent research grade coeffi­
cients of variation (CV's) were required for most assays (see Appendix XV); 
often necessitating repeat runs to meet these standards. Whereavallable for 
specific assays I trllevel controls were run at intervals of every 10th speci­
men, and 1 specimen set of every 15th was run in duplicate. These results 
were used to generate cumUlative sum quality control charts to determine if 
test systems drifted significantly out of ·controlover time since the CV's are 
relati vely insensitive to trends over time. Of the 14 assays wi th CV require­
ment standards, 7 were ilignificantly (P <.05) Ollt of standard at 1 or more 
levels. On-.site Visits and detailed .power calculations with respect todetec­
ting differences between means showed that these variances would not substan­
tially or biologicallY alter group comparisons or conclusions. Adjustment of 
study partiCipant clinical values for drift and other variations in laboratory 
control levels was considered, but was determined unne-cessary. This decision 
was made by evaluating participant and laboratory quality control values for 
High-Density Lipoprotein (RDL). Deviations were computed from each overall 
tri-Ievel mean and these were substracted from each participant's value. The 
distributions. with and without adjustment were then contrasted. The results' are. 
tabulated below: 

Table VI-1 

HOL VALUES ON 2227 PARTICIPANTS (mg/100 ml) 

Meall 
Sta:ndar.d Devi ati 011 

Original Value 

46.18 
12.61 

Adjusted Value 

46.12 
12.72 

No increase IT:lHDL preCision is noted. In fact, a small increase in the 
standard deviation wasfollnd, clearlY in<Hcating that adjustment would not 
improve the ability to detect group differences. 

Immunologic assessments were performed by subcontract on 592 partIcipants • 
P:articipants were' randomly selected (terminal d1gi t of their random study num~ 
bel') midway through the physical exami nat.i on contract. The subcontractor was 
blind as to the ,exposlire status and group membership of each 1ndi vidual. The 
functional capacity of lymphocytes to respond to mitogensor antigenS and the 
number of Tand '8 lymphocytes were measured in isolated peripheral blood. An 
Immllnologic Peer I!evi·ew ·Gro1:lp (seeA-ppendlx I)·was CGllvened on';' site to review 
technical procedures and to develop analyt-l,c strategies •.. This panel detel"mined 
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that 56 of the 592 samples were not processed due, to technical errors in speci­
men handling. The procedure used for isolation of purified mononuclear cells 
was substandard. This resulted in cell populations which were depleted of 
adherent mononuclear cells and contaminated with polymorphonuclear leukocytes 
and red cells. Dirt'erentialcounts on purified cells were not accomplished so 
that the actual number of nomonuclear cells used for each assay was not deter­
mined. A number of the lymphocyte func,tion assays had excessive variation, 
manifested by a coefficient, of variation (CV) greater t.han 15%, as reflected in 
Table VI-2. 

Table VI-2 

PERCENT OF GROUPED LYMPHOCYTE FUNCTION ASSAYS EXCEEDING A, CV OF 15% 

Functional Test 

Concanavallin A 
Phytohemagglutinin 
Tetanus TOXOid 
Pokeweed Antigen 

Percent 

1,.8 
20.3 
15.7 
10;2 

Al though CV's were excessi va, these variations appeared to 'be randomly 
distributed since there were no observed trends over time and there were no 
differences in error distribution betweep groups. Only ,11 duplicl:l.te specimens 
were received (1 per 50 specimens), Intraspeclmen reproduOibUity)ias impaired 
and several split samples varIed ;by more t\'lan ,0%. Similarly, )ntraspecimen 
reproducibility was reduced and represented sporadically within ,the data set. 
FUrther,54/432 specimens (12.5% of the total) had a ratio of concanavallin A 
to phytohemagglutinin less than 0.30, indicating mitogen dysfunction rather 
than failure of lymphocytes to respond to mitogen. The low levels of stimula­
tion observed in many tetanus toxoid-stimulated cultures additionally suggested 
that caution should be used in the interpretation of the functional resul ts. 
Accordingly, the Immunology Peer Review Group re,commended that the lymphocyte 
function data not be used Clinically to determine the immune status of an 
indi vidual partioipant. Further, the panel recommended that the functional 
data set be used only to evaluate differences, if any, between the Ranch Hand 
and oomparison groups. 

The T and B lymphocyte enumeration stUdies demonstrated acoeptable repro­
ducibility and acceptable daily and long'-term variations between the total T 
lymphocyte (T3) and the sum of lymphocyte subsets (T4 and Ta). Criteria for 
exclusion of t and B lymphocyte data were (1 ) samples exhibiting greater than ,a 
30% background flUorescence (11 samples or 2%), and (2) samples with a T3 or 
T11 proportionof less than 10% (7 samples or 1.3%). Although differential 
counts were not performed initially on the Ficoll-hypoque separated cells, 
sufficient paraformaldehyde-stored cells were available after conclusion of ,the 
contract to permit a 250 cell differential count on 525 of the 592 specimens. 
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This count permitted the calculation of. absolute T and B lymphocyte numbers; 
After application of acceptibiHty criteria, cell oount data were available on 
490 specimens. 

5. In·House .Data C.ollection and Statistic!!l AnalrS!s 

The complexity and timl(l oonstralnts of this study have !I18de it impr!l.ctical 
to hire a series of contractors and expect them to accomplish integrated and 
timely work. Thus, the Air Force investigators and .technical staff have 
assumed major roles in tne areas of population ascertainment and 10cat1qq; 
verification· of el1gib11i ty in the study, medical record and personnel record 
validations, determination of replaOements, examination scheduling, medi cal 
coding,. reposi tory formation, and statistical. analyses. Where at all, possible, 
in·house actions have been documented by coding schemes, deCision rules, user 
manuals, and computer audit tra11s. It is our desire to submit duplicate 
unedited copies of all contractor data tapes to the Advisory Committee for 
storage and any possible later use. 

The data repository task has been monumental. Ali medical coding has been 
accomplished in duplicate .with resolutlol'\of disputes. All in-house gathered 
data have been subjected to 100% echo and consistencyoheckl.ng. Subsamples have 
been obtained to develop qUality control error rates. Backup hard copies.tillve 
been created for all da.ta ba.ses in the event of. computer loss orlll;ilf\lnction. 

The statistioal approach to this study consists of a preset state,-of';.the': 
art framework •. · The· statistical strategy was detaUed before the,.datawere 
reviewed or the group membership codes· broken. Both external peer review ang· 
internalreview$ (conducted by cli v1l1anconsu;ttants) have validated our 
approaches. Computer software have been extenslv.ely val1dat.ed bYI,ISlng mock 
data sets. .. 



Chapter VII 

STATISTICAL METHODS 

1. Statistical Study Design 

Study data fall naturally into 3 classes: data addressing symptoms, as 
reported by the subject at questionnaire or in the medical history; data 
addressing medical signs, determined at physical examination or by review of 
medical records; and data addressi ng mort ali ty. A fully expressed or overt 
herbicide effect would be characterized by increased mortality and more signs 
and symptoms in the Ranch Hand group as contrasted wi th the comparison group. 
These .effects should increase with increasing exposure to herbicide.· As 
defined in the study protocol, a subclinical herbicide effect should not be 
associated with increases in mortality or symptom reporting, but should be 
found as increases in abnormal findings on physical examination of exposed 
personnel. These abnormal findings should be more COmmon in the subset of indi­
viduals most highly exposed. 

Symptom reporting is subjective by definition and, thUS, subject to influ­
ences that could si(lnificantly impair proper inference. For example, a stoiC 
al\d/or highly patriotic individual might unconsciously ·or consciously suppress 
the expression of symptoms. Similarly, anxiety associated with middle or older 
age could prompt elaboration of symptoms. Association of increased .symptom 
reporting with increasing herbicide exposure is suggest! ve of a true herbicIde 
effect· but is not strongly confirmatory as exposed personnel area~ least par­
tially aware of the degree of their exposure and could be suppressing. or 
elaborating symptoms in terms of their perceived exposure. . 

The study design permits a specific check on the possibiliqes of over­
reporting or underreporting of symptoms. The technique involves contrasting 
the incidence of physical findings when symptoms are present, between the 
Ranch Hand and comparison groups. The poliCy followed in thiS report is that, 
if there are no group differences in the sign to symptom ratiO., underreporting 
or overreporting is considered unlikely. If there are group differences in the 
sign to symptom .relationship,underreportfng or overreporting is possible, but 
medically, a real group difference may still exist • Overreporting can be 
assessed by contrasting reported illness with the results of the physical exam­
ination and by medical record reviews. However, this assessment is much more 
difficult for reported psychological symptoms, since a record of hospitaliza­
tion, the.most reliable indicator of verified illness, occurs only in the most 
severe forms of psycholo(lical illness. 

2. The Need for Adjustment Procedures 

When samples are drawn from a very lar(le or potentially infini tepopulatioil 
of individuals, 2 samples of equal size rarely display the same number of dis­
eased individuals. Thus, when comparing 2 groups of individuals, one must· 
ascertain whether the differences are or are not compatible wi th differences 



due to random sampling. Two groups of individuals are said to be statistically 
significantly different when the differences between the groups oannot be 
acoounted for 'by random sampling or ohance meohanisms. If 2 groups are statis­
tioally significantly different and 1 of the groups has experienoed a specific 
eltposure, this ls suggestive that the exposure and the disease may be oausally 
related. However, great care must be exerted in this setting since other 
unevaluated faotors may be the true oause of the observed group dlfferenoes, 
and group differenoe Is only 1 element In the oausal ohain. 

Adjustment prooedures are those statistical procedures whlchallow objeo­
tive treatment of intervenlng varlables whioh oan distort the ·trueherbicide 
effeot, if one ls, in fact, present. Failure to deal with an important 
intervening variable oan either, induce a false effect . or obscure a bona fi4e 
effeot. Statistioal prooedures for asoertaining statist10al significanoeand 
fot' adjustment used in this report are briefly outlined in a subsequent Section 
of this chapter. 

The presence of intervening variables oocurs either beo<luse the'sampling 
procedure used was not completely random or because, by chance; wId,ly dif­
ferent cohorts have been drawn. Matching is a statistical procedure whioh can 
partially protect against intervening variables. In this study, the exposed 
and comparison cohorts were matohed ·on <lge, raoe and mllitaryoccupationd 
o<ltegory. 

Intervening var iablesare also calledoovariables, rIsk factors, or sub­
stituUonvariables, depending on the Uterature oonsulted. Thereourrently 
elj:lsts no obJeot!ve method forasoertaining that all relevant 'intervening vari-' 
abIes have been accounted for. When all ·known intervening variables h<lve been 
examined, there lssome degree of comfort that observed relationships: are oor­
t'ect. Small sample sizes can, however, markedly inhibit study' of intervening 
variables. 

A type of intervening variable that is of special interest is the confound­
ing var ial:/le (Klelnbaum et a1, 1981; Anderson et al, 1980). A confoun4ing 
variable is an intervening variable that is associated both wi th the disease 
under consideration and the exposure oategories being used. in the stu4y.Fall­
lire to adjust for the confounding variable means that the estimated exposure­
disease association may be blased.Nonconfounding interventng vartables,on 
the other hand, affect the precision of estimated exposure-disease 
associations. 

In.the context of intervening variables or. covariables, the concept of 
interactions is important (Kleinbaum et al, 1982). InteraoHon occurs when the 
statistical distribution of a random varlable(suoh as a relative risk, or the 
dUference betweell group sample means) is a function ofasecond var.iable (such 
as age or weight). The study of interactions in a 4ata set is important for it 
may .lead to thed1scoveriY ·of subpopulatlonsat inQrease40r ,decrease4rIsk from 
):,he population taken . as a whole. Confounding and interaction oan occur 
tC),getheror separately. 
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The use of 1 or more measures of exposure (exposure indices) is an 
extremely useful addition to the study of group differences. Supplementing the 
analysis of group differences, the use of exposure indices looks within the 
exposed group to determine· whether the more highly exposed individuals tend to 
exhibit more disease or abnormal! ties. The use of exposure indices provides a 
potentially tighter assessment of herbicide exposure. However, by working.with 
the Ranch Hand group, primarily, sample size limitations also impact this tech­
nique. Also, use of exposure indices does not obviate the need to be concerned 
with confounding and other intervening variables. The construction of expo­
sure indices for the Ranch Hand II study is described in another section of 
this report. 

3. Overview of Specific Statistical Methods 

In this report, log-linear models have been used when the dependent vari­
able under consideration was categorical or made categoHcal. Covariables that 
are intrinsically continuous were stratified for use as adjusting variables in 
the analysis. Most of the analyses presented in this report are unpaired 
analyses and, thus, do not fully exploit the paired design of the study. Prior 
to performing a paired analysis that collapses over matching variables, it is 
important to determine that the matching variables do not interact with the 
exposure variable in affecting the dependent variable. The tests presented in 
this report include these assessments of interaction and, thus, are the early 
stage of a full paired analysis, as well as being useful for inference in their 
own right. When unpaired analyses are performed on paired data. there is a 
consequent loss of test power and less of a chance of detecting' a herbicide 

. effect. if. one eXists. However, an unpaired analysis can actually .. be more 
powerful than a paired analysIs if study noncompliance or other causes of miss-
ing data have resulted in large numbers of broken pairs (Bishop, etal, 
1975). The software package used to perform the log-linear analyses' in this 
report is BMD-P4!i'. In all analyses, the hierarchical modeling procedure was 
used wh1.chstarts by examining all covariates and collapses across covar!ates 
only when relevant interactions are noted to be null. 

Whenever the dependent variable was a continuous variable and the covar­
iables were a mixture of categorical and continuously distributed values, 
regression, multiple regression and/or general linear models were used (e.g., 
GLM of the Statistical Analysis System). In these analyses in the report, the 
covariables were always entered as linear terms only. Also, ,unless otherWise 
noted, all group-by-covariate terms (interaction terms) were used in all 
models. 

When group comparisons were made. without adjusting for intervening vari­
ables, simple parametriC tests were used, such as the statistic assuming under­
lying normal distributions. When it was jUdged that parametriC assumptions' 
were not reasonable, the hypothesiS of no difference between Ranch Hand and 
comparison distributions wail tested by the Kolmogorov-Smirnov Two-Sample Test 
(Gibbons, 1971). 



In this study, a very large amount of data has been oolleoted on eaoh par~ 
tlOipant. In this report more than 190 dependent variables .wer.e tested. Test­
ing at the 0.05 level means that in 5 out of 100 inst,lnces where there has 

. aotually been no assooiation, an aiilsociation w1l1 be falsely inferred: Thfj 
picture is more complex in this report, since as with many epidemiologic stud­
ies. measures are not independent but are highlY assooiated. Those variables 
thought to be most associated with one another have been grouped into olinical 
categories and these are used for reporting; e:g., general health, PSYCholOgy; 
neurology, etc. However, it cannot. be assumed that the clinical categories are 
oompletely independent from one another: Within each cUnical category; when: 
ever possible, summary indices have been developed to provide an overall view 
of participant status and lessen the l1keUhood of false inferenoe. Another 
important concept which proteots against false attribution of herbicide effect 
is oareful consideration of the pattern of statistioally significant re.sults. 
If a herbicide effect is being falsely inferred, it might be in a dkectioli 
opposite to that expected from prior reports. On the other hand, if a test is 
found signifioant with a high degree of confidenoe, its credibility must be 
considerably enhanced. 

The' invers,eof falsely attributing a herbicide .. effect is the problem Of 
fall ins to deteot an effect wh.en one actually exists. This involves the ques­
tions of study power: Power is addressed at length in the stUdy protoool but 
an overview is provided in this chapter. Under the condition Of equal Ranch 
Hand and oomparison group si:z;es, and assuming unpaired analyses, Table VII:: 1 
provides the. approximate sample sizes needed to deteot speoifio .relative risks 
with IlPproximate probability 0.80 (cc • 0:05). The present study is able to 
detect (with probablli ty 0.80) those relative risks enclosed .below the heavy 
line drawn through. the table. Study power for continuous varlablesis shown in 
Table VII-2. The mean shift refers to the displaoement of the Ranch Hand mean 
relati ve to the control: The variables considered. are normal.ly d~s1;ributed~ 
and unpaired testing is assumed in the table. The . present study lias approx,,: 
imately an 80% chance of deteoting· mean shifts below the heavy line drawn 
through the table. 

One thousand forty-five Rancn Handel'S complied to. the physical examination 
in this study. With this size group, disease states with a oumulative 
incidence in the group ofl /500 or less have a 10% chance or greater of no 
cases at .all· beIng encountered: More detail on this point is given in Table 

. VU-3 where the probability or seeing no oases a.t all is provided for other 
oumulative inoidenoe values. 

Another view of study power can be obtained through use of the P value~ 
reported in this volume. These observed probab1lities permit a direct evalua­
tion of study power against the alternative hypothesis defined by the observed 
statistic. For. example, 1n oategorical tables, the chi,.,square statistio can be 
inferred from the cited P value. This observed chi-sqUare statistic oan. be 
used as the alternative hypothesis to the null hypothesis of statistical 
independence: Taking the observed Ohi;:'squared statistic as the nonoe!ltral1ty 
parameter 1n the appropriate chi-squared distribution, a calculation ~f study 
power against the observed effect is possible (Johnson and Kotz, 1970). Table 

, . 



VII-4 provides a short summary of P-value power relationships. Using Table 
VII-4, if a P-value of 0.10 is reported from a 2X3 table categorical analysis, 
it may be inferred that study power against the observed effect was 47% (using 
the two degrees of freedom column in the table). ThiS'impl1es that, if the 
groups are really as different as they appear from the data, this difference 
would ,be detected as statistically significant 47 times out of 100 hypothetical 
repetitions of this study. 

Table VU-4 can also be used to approximately assess the power of linear 
model analyses. The test statistic in these analyses is an F distribution as­
sociated with Y, and Y2 degrees of freedom. The degrees of freedom, Y2 associ­
ated with dependent variable mean squared error is usually quite large in this 
study. Thus the F(Y1, Y2) distribution can be usually well approximated by a 
X2 (Y1) distribution. The degree of freedom, Y1' will be 1 when equality 
between 2 variables such as slopes or group means is under test, and will be 
the number 2 when equality between 3 variables is under test, as in the tri­
level exposure index case. 
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DATE. (]!' 
DISEASE IN 
<XNi'RL POi' 
• p ()M'R(L 

1 
10000 

1 
5000 

1 
i"OOO 

. 

1 
500 

1 
TOO 

1 
50 

Table VII-l 

NJ!l!I)EDSAMPIE SIZES TO IlEI'&!T EXroSURE· El'fJ!.C'IS 
IN . M SAMPlE TE8i'ING ASSUMING EQ.IAL SAMPlE SIZES* 

., 

MlLTIPLI~ FAC'J.'OO IN EXfIlSEI> GROOP • Rl!l'.ATIVE RISK . 

1.25 1.50 2.00 3.00 4;00 5.00 6.00 7.00 
, 

. . 

l,IlO8,647 388,536 114,331 36,618 19,623 12,843 9,339 7,244 

. 

704,244 1911,244 57,182 18,~ 9,800 6,420 4,668 3,621 

1110,722 33,810 11,423 3.656 1,958 1 ,281 931 722 

70,282 19,331 5,703 1,824 977 639 464 360 

13,931 3.833 1,127 359 192 125 90 70 

6,886 1.895 555 176 94 61 44 34 

8.00 

. 

I 

. 

5,869 

2,933 

585 

291 

56 

27 

*'lbisstudy has Ul'IEiqual sanple sizes; the!'efcre these tabled valll\eS are un:IerestinBtea. 

VU,,6' 

9.00 10.00 

4;90.5 4,196 

2,451 2,097 

1189 418 

243 208 

47 110 

22 19 



MEAN SHIFT 

0..5% 

1.0.% 

1 .5% 

2.0.% 

2.5% 

5.0.% 

7.5% 

10..0.% . 

Table VII-2 

NEEDED SAMPLE SIZES TO. DETECT EXPo.SURE EFFECTS 
IN TWO. SAMPLE TESTING ASSUMING EQUAL SAMPLE SIZES* 

VARIABILITY (0/ 11 ) 

.0.5 .10. .25 .50. 

785 3,140. 19,628 78,510. 

196 785 4,90.7 19,628 

87 349 2 .•. 181 8,723 

49 196 1,227 4,90.7 

31 126 785 3,140. 

8 31 196 785 

4 
.. ' 

14 87 349 . 

- 8 49 196 

.75 

176,647 

44,162 

19,628 

11 ,0.40. 

7,0.65 

1 776 

785 

442 .... 
*This study 'has unequal sample sizes; therefore these tabled values are 
underestimates. 

Table VU-3 

PJ.!o.BABILITY o.F ZERO. CASES AS A FUNCTION 
o.FCU/1ULATIVE INCIDENCE 

, 
DieasePrevalence 

1/10.,0.0.0. 
1/5,0.0.0. 
1/2,.0.0.0. 
1/1,0.0.0. 

1/50.0. 
1/20.0. 

VU-.7 

Probablli ty of Finding 
Zero. Cases in a Group 
of 10.45 participants 

.90.1 

.811 

.593 
. ; 351 

.123 

.0.0.5 



Table VII~~ 

STUDY POWER AGAINST OBSERVEDl!:I!'I!'ECTS 

OBSERVED 
PROBABII..ITY 
(P- VAI..UE) DEGREES OF FREEDOM 

+ 1 2 3 4 

.001 .906 .924 . .936 .946 

.01 .730 .780 ;816 .845 
;05 ;500 .583 .642 .669 
.10 ;376 .470 ;536 ;590 
.25 .210 ;300 .367 .~25 

Study power . can be severely influenced by the analytical· or statistical 
method brought .. to bear on the data. For example. iI! an evaluation of blood 
pressul"e. verysm·all ditfel"ences in group mean blood pressul"e can be detected 
using parametric or nonparametrlc testing of measures Of.· location; howevel". if 
(Jl"oup dtffel"EJI'Iees in hypel"tension pl"evalence are analyzed. a lesser Or no group 
diffel"flnce might betoun,d \.Ising categorical statf$tioal methods such as· log'" 
linear models. In general, . there is less power to detect a group dtfference in 
specifie medical diagnoses of a disease state with categorical p.rooedures. than 

. with the underlying continuous variable. However. even In the absence of 
atatl$t1oally significant differences in disease rates. groull differences in 
means and varianoes are stUl indicative of differences In disease rates that 
might be detected if sample siZes were larger. Because of these considera~ 
tions, analyses in this report of continuo1Js variables and the associated 
normal .... abnormal categories are both provided wherever possible. 

~. Ver1t'ieation By Medical I!.ecords and Interpretive Precision 

This report. cont.lj.ins. a retrospceCilUve·morb·1i1Oity element aince both the ques­
tionnaire and physioal exam1natlon Inqu1re al>o\lt 111ness·es or medioal oondl· 
tiona that may have occurred; Inthe llart.1ci.pant priOr to thts study. These 
re.p.orts of illness ar.e ourrently betng verified by medioal reoord. The study 
plan add1.tionally inel.udes verUlca>t!onof negative reSflonUs. In this report. 
some repol't.ed Qond'1tions have been verified by medical record but no verifica­
eton of negative responses i.s currently available. This correction of talse 
positives improves. the hypothesis testing only if the false negative rate can 
be assumed neglig1ble.. perhaps a reasonable assumption in a military popula­
tion. If the false negative rate is not negligible. Significant blassnd 
loSS of preciSion remains 1:n the hypotheSiS test. 



Chapter VIII 

EXPOSURE INDEX DEVELOPMENT 

A potential link of clinical end pOints with herbicide exposure can be 
tested within the Ranch Hand cohort by using a measure of exposure (exposure 
index). In general one would search for increasing indications of lllnessat 
higher levels of exposure. However, exceptions to thi:!! assumption of a consis· 
tenUy increasing dose-response curve are possible through a variety of bio­
medical mechanisms. 

The exposure index used in this report relates to theTGDD-containing 
herbicides: Herbicide Orange, Herbicide Purple, Herbicide Pink and Herbicide 
Green. Archived samples of Herbicide Purple suggest tl1at the material had a 
mean TCDD concentration of approximately 33 ppm and that 'Herbicide, Orange had a 
mean concentration of 2 ppm. Herbicides Pink and Green contained twice the 
TCDD of Herbicide Purple and therefore have been estimated to contain TCDDat a 
concentration of approximately 66 ppm. 

The index used in this report is written below: 

TCDD 
{weighting) 

Factor 

Gallons of TCDD­
Containing Herbicide 

x Sprayed in the RVN 
Theater During the 
ith Subject's Tour 

x 
1 

Number of Airmen witl1.subject's 
Duties in the Vietnam Theater 
during the ith Subjeot's Tour 

The TCDD Weighting Factor is 24.0 or 1.0, depending onlo{het,herthe mate,rial 
sprayed was sprayed before or after 1 July' 1965. The weighting factor of 1 is, 
used for the period after 1 July 1965, as the HERBS TAPE and other docl.!lDentati­
on (Young etal, 1978) show only' Herbicl.de Orange, t;>eing disseminated ,by Air 
Force-flown, flxed'-wing aircraft at that time. Prior to 1 July 1965, procure­
ment records' and dissemination information show that a combination of Gr'een, 
Pink and Purple was procured and sprayed by All' Force, individuals in Vietnam. 
Using available data (Young et aI, 1978) on gallons of Gl"een, pink, and Purple 
procured arid sprayed, a mean of 48.0 ppm was established for the time period 
prior to 1 July 1965. Dividing by 2 to normalize to Herbicide Orange, the 
weighting factor becomes 24.0 (l.e., 48/2 • 24/1). ' 

The dates of, each SUbject's tour(s) in the Republic of Vietnam were deter­
mined by ,a manual review of military records. The Hl!:RBS TAPE was used along 
with Contemporary Historical Evaluation and Combat Operations (CHECO) Reports 
and quarterly operations reports to construct ,a' table of gallons of TCDD-con­
taining herbicide sprayed for each month during the operation. These data are 
shOwn in Table VIII-l. For Herbicide OrangemlssiollS actual gallons are shown; 
while for Herbicides' Purple, Pink and Green the factor of 24.0 is already 
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included makJng these effective Herbicide Orange or equivalent Herbicide Orange 
gallons (TCDD at 2 ppm). The CHECO Reports and qusrterly operations reports 
were used in addition to the HERBS TAPE, as the HERBS TAPE currently available 
does not list all pre::'1965 spray mlssions~ Again, only fixed'::wing spray.mis;: 
sions are compiled in Table VIII-1, as Ranch Hand personnel were not involved 
wi thhel100pter and other spraying (e.g., baokpack); Also provided In T.able 
VltI-1 are Ranch Hand manning in each ocoupational category by month, as 
derived from a review Of military records. A computer program was written to 
address this table with each subject's tour dates to the nearest month, to 
calculate his exposure index ineffeotive or equivalent Herbioide Orange 
gallons. 

The exposure index reflects theeffecti ve number of gallons of Herbicide 
Orange to which the airman was potentially exposed, where exposure to the 
higher TCDD::'containin/it herbicides (Purple, Pink, Green) has been properly 
weighted to plaoe them on the same footing as Herbloide orange. 

As seen by examining the above indllx defInition, the index developed should 
correlate with the individual's exposure but cannot be an exact measure of 
actual exposure or body burden • .The index IS an estimate only. sinoe TCDD can':: 
centratlon is known to have varied across herbicide lots, and since the index 
does not reflect exceptional exposures sUoh as aircraft hits by enemy fire 01" 
dumps (these events are .essentlally assumed equally distributed). Additionally, 
the index reflects potential exposure only and d.oes not addrllss speoifio and 
determining detalis of the actual oontact. While the index certainly oOlltains 
errors when applied to jUdge the exposure of a specifl0 individual, in. studying 
groups of indiViduals epidemiologically, as in this report, these individual 
errors are expected to balance out or statiStically cancel to a great extent; 
providing some degree of useful inference. 

The numeric. exposure index calculated by the procedure desoribedabove was 
subsequent.ly categorized into 3 levels (Low, Medium, High) for use in statist!: . ' ....... 
cal analyses; and, this oategorization was aocompl1shed in a different manner 
for each Ranch Hand occupational category in order to optimize study oapability 
to detect a herbiclde effeot. Details of the exposure oategorization are as 
foil Oil's. 

Thestlldy design oalled for 5 occupational oategories: (a) offioer::pilot; 
(b) . officer-navlgator, (0) officer"other, (d) enl1sted::flying, and (e) 
erilisted::ground. For all Ilxposure index analyses presented in this. report; 
only 3 ocoupational categories are employed. Speoifioally all offio.ers were 
oombined into 1 class titled "officer". This oombination was accomplished 
sinoe navigators and pilots were exposed in the same menner, and Since indivi:: 
duals in the "offioer::other" oategory were administrator-a whose. exposure was 
considered effectively zero. Additionally, in the erilisted'::ground group; all 
adn(in1stratlvepersonnel were assigned a zero exposure valUe. Under these 
basio rules, the categorizations shown in Table VIII;'2 were developed; Avery 
balanced membership in. eaoh ocoupational cat.egory has been provided for. each 
eJC;posure level, optimIzIng statistical ability to detect aherbioide effect if 
one .. exists. 



Tabl. VIII-I 

HERBICIDE ORANGE EQUIVALENT GALLONS AND RANCH HAND NANNING BY MONTH 

Other Flying Other 
Gallons PI lot Navigator Officer En listed En listed 

!!!?LX!.. Sersled IOcc I) (Occ 2) '(Occ 3) (Occ 4) (Occ 5) 

10/61 0 0 0 0 0 0 
11/61 0 5 1 1 6 14 
12/61 0 9 2 1 1 20 
01/62 191426 . 14 2 1 1 23 
02/62 324216 14 2 1 1 23 
03/62 191426 15 2 1 1 20 
04/62 0 16 2 1 6 14 
05/62 '0 15 3 1 6 '13 
06/62 0 12 2 0 5 1 
01/62 O. 13 2 0 5 4 
08/62 0 11 2 0 5 5 
09/62 334126 12 2 0 5 6 
10/62 334126 9 1 0 5 6 
11/62 0 10 0 0 5 5 
12/62 90819 8 0 0 4 5 
01/63 0 9 0 0 5 4 
02/63 0 1 1 0 5 4 
03/63 0 12 1 0 5 6 
04/63 0 12 1 0 5 6 
05/63 0 10 1 0 5 1 
06/63 114024 10 1 0 4 1 
07163 259150 11 1 0 8 6 
08/63 0 8 0 0 8 4 
09/63 0 10 1 1 9 4 
10/63 339588 1 1 . 1 9 6 
11/63 317172 6 1 1 10 6 
12/63 942630 5 1 1 6 6 
01/64 121454 1 1 1 7 5 
02/64 363758 5 1 0 7 4 
03/64 755312 8 1 0 5 4 
04/64 56799 9 1 0 6 2 
05/64 152211 10 2 0 5 2 
06/64 612109 1 3 0 5 2 
01/64 282789 9 3 0 6 3 
08/64 177669 9 3 0 5 3 
09/64 1413945 8 3 0 4 2 
10/64 .1413945 9 3 0 4 2 
11/64 1413945 11 3 0 4 1 
12164 1413945 10 3 0 6 1 
01/65 1296116 11 4 0 6 1 
02/65 1437510 12 5 0 6 1 
03/65 730538 13 4 1 6 1 
04/65 659841 14 3 1 6 2 
05/65 1167431 15 .. 1 6 2 
06/65 0 16 4 1 1 4 
07/65 942630 19 4 1 7 3 
08/65 26500 19 4 1 7 3 
09/65 44650 22 4 1 6 3 
10/65 78850 23 4 1 6 6 
11/65 106900 24 6 1 10 12 
12/65 148525 23 5 1 11 12 
01/66 152450 21 6 1 10 16 
02/66 129150 22 6 1 10 26 
03/66 135600 21 4 2 10 32 
04/66 14.1050 22 5 2 10 37 
05/66 183900 21 6 2 9 38 
06/66 191830 20 6 2 10 41 
01/66 112300 21 8 2 9 45 
08/66 192050 26 8 2 11 46 
09/66 213970 28 9 2 12 62 
10/66 122040 34 8 3 16 85 
11/66 164800 41 8 4 18 104 

VUI;:'3 
." , 



Tabl. V"'-l (Cont'd) 

HERBICIDE ORANGE EQUIVALENT GALLO'NS AND RANCH HAND MANNING BY MONTH 

Other FlyIng Other 
Gallons PI lot Navigator Off Icer Enllated En nsted 

!!!Et!L Seraled IDee 1) <Dec 2) (Oec 3) (Oce 4) IDee 5) 

12/66 212100 45 9 5 28 123 
01/67 202360 49 9 5 28 123 
02/67 363830 59 13 ' 5 28 116 
03167 285400 51 13 4 28 114 
04/67 ' 208300 50 14 4 33 108 
0'5167 251320' 53 15 4 34 101 
06/67 335860 55 13 3 36 105 
07167 253884 51 15 3 37 163 
08/67 162895 63 13 4 32 160 
09167 298615 60 18 5 33 161 
10167 265335 55 19 5 36 149 
11/67 372425 55 17 6 33 145 
12/67 38360'5 58 18 6 34 129 
0'1168 333595 54 19 6 33 127 
0'2/68 27450 65 19 6 35 ,141 
0'3/68 4820'0' 69 20 5 34 160 
04/68 307740 72 20 6 36 161 
05/68 336300 75 18 6 32 160 
06/68 22,6325 77 18 6 37 164 
07168 258100 84 19 7 42 187 
0'8/68 289160 91 18 9 45 192 
09/68 216300' 89 22 8 44 147 
10/68 72250 89 20 8 49 155 
11/68 ,189100' 101 17 7 53 153 
12/68 218750 94 17 8 51 ,154 
01/69 264450 98 19 7 51 154 

g~~~: 197450 91 18 5 51 166 
356500 90 17 5 '53 172 

04/69 339800 94 20 6 54 '161 
05/69 353800' 93 19 6 54 151 
06/69 383533 88 19 7 57 '" 0,7/69 287425 91 16 6 55 15~ 0'8/69 299100 85 16 6 55 15 
0'9/69 20'6800 '83 15 6 61 142 
10/69 181000 83 17 6 61 122 
11/69 205100, 90 16 6 60 118 
12/69 276900 76 16 5 52 114 
01/70 1863~0 66 15 5 54 116 
02/70 15210'0 58 15 5 ,41 122 
03170 153730' 59 13 5 39 125 
0'4/70 45700 54 13 5 37 109 
0'5170 0 51 14 5 29 ' 94 
06/70 0' 47 1'4 3 18 84 
0'7/70 0 44 11 2 16 74 
08/70' 0' 40 9 1 14 63 
09/70 0 40 7 1 13 43 
10/70 0' 34 6 1 14 37 
11/70' 0 30' 5 1 15 35 
12170 0 25 4 1 13 30 
0'1171 0' 23 4 ,1 14 28 
Q2/71 0 23 4 ,1 '14 28 
0'3/71 0' 23 4 ,1 14 28 
04171 0' 23 4 1 14 28 
05171 0 23 4 1 14 28 
06/71 0' 28 4 1 1'4 28 
<17/71 0 29 " 1 1'4 ,28 
0'8/71 0' ,29 4 1 ,14 28 
09/71 0 29 4 1 14 28 
lW71 0 29 ,4 1 14 28 



OooupaUonal Group 

Officer 

Enlisted-Flying 

Enlisted-Ground 

Table VIII-2 

EXPOSURE .INDEX CATEGORIZATION 

Exposure 
Category 

Low 
Med 
High 

Low 
Med 
High 

Low 
Med 
High 

Effeotive 
Herbioide Orange 

Gallons Corresponding 
to Exposure Category 

:s 35,000. 
35,000 -·70,000 

> 70,000 

::; 50,000 
50,000 ... 85,000 

> 85,000 

::; 20,000 
20,000;" 27,000 

> 27,000 

Number of Ranoh Hand 
Partioipants 

in Exposure Category 

140 
150 
151 

67 
70 
66 

185 
186 
207 



Chapter, IX 

GENERAL PHYSICAL HEALTH 

Five general variables were used in the analyses of the general health 
status of the study partioipants. The individual' s self'~peroeption of' health 
was obtained ,during questionnaire administration and. refleot.s a personal and 
subjeotiveevaluation of health. It is susce.ptible to varying degr'ees of' bIas, 
bot.h oonsoious and suboonsoious. The physioian's assessment of the presence of' 
distress is a orude obj eoti ve measure of general health status and is less 
biased. This assessment was made on initial observation by the examiner, prior 
to any direot examination. Thus, patients who appeared ill or in diStrUs 011 
this initIal observation were generally quite ill. The examining PhYsioian 
also reported hiS ass.essment of the oonoordanoe between the SUbj ect f s apparent 
age and his ohronologioal age. Two other variables, peroent I:\ody rat and the 
erythrooyte sedimentation rate, were also evaluated. There were 1045 Ralloh 
Hand and 773 originally seleoted, comparison participants included in the analy~ 
ses in thiS chapter. Slight vat'iations in these numbers oocur occasionally due 
to mis.s!ng data. Similar analyses were oonduoted using all compliant compari­
sons, regardless of replacement status. The results of' these addttional analy­
ses, were essentially no different from the results of' tM analyses': with the 
origlllallY seleoted comparIsons presented tn this chapter. Appendix xx con­
tains representative results of these additional analyses. The relative riskS 
and oonfidenoe int.erval$, f'or tM dependent variables analyzed in this chapter 
are i.noludedln Appendix XVIII. ' 

1. SubJeot.! ve Assessmeats 

The results of a log-linear analysls of the self-peroepUon of health in 
the Ranoh Hand and c'Omparison groups with three covartates ~age. raoe and oocu­
patioaal category) are GUscussed In this S'ect10n and are shown in TaUe IX-1. 

Age 

<40 

>40 

Table IX-1 

SELF-PERCEPTION OF HIllALTH BY GROUP AND AGIll 

Raach Hand, ComEarisons 
Perception Numl:\er Pereent Number Percent 

Exoellent 129 (34.5) 91 (38.6) 
Good 173 ( 46·.3) 120 (.50.8) 
Fair/Poor 72 (20.·9) 25 (10.6) 

Exoell.ent 254 (39.1) 20.3 (38.7) 
Good 256 (39.4) 239 (45; 5) 
Fair/Poor 139 (.21 •. 4) 83 ( 15.·8) 

*Relatlve-r1sk silO· 1.82; 9!i':f Confidence Interval (1.18 tc 2.10) 
**Rel.ative risk >40 • 1.35; 95%: Conf'ldence Interval (1..05 to 1.76) 

Ix-r 

l' value 

1' ... 011* 



This analysis demonstrates a statistically significant difference between 
the two groups, with. the Ranch Handel's perceiving their health to be poorer 
than the comparisons. No sign1ficantthree-factor interaction effects associ­
ated with self::'perception and group were observed; However; age had a statis:' 
tically significant association with health perception (P < 0.001) and with 
group· membership (P = 0.02), thus indicating confounding by age: Race was 
found to have no association with either group membership or perception of 
health (P values of 0.94 and 0.87, respectively). 

The examiner' s initial assessment of the appearance of 111 health or dis­
tress also paralleled the participants' self-perceptions, with more Ranch 
Handel'S appearing to be ill than comparison subjects. Although these ill­
appearing individuals accounted for less than 1% of each group, there was 
borderline statlstical significance as shown in Table IX-2. 

Table IX-2 

EXAMINER'S ASSESSMENT OF ILLNESS OR DISTRESS BY GROUP 

EXami ner.' s 
Assessment 

III 
. Well 

Ranch Hand 
Number Percent 

8 
1,033 

( 0.8) 
(99.2) 

Comparison, 
Number Percent 

P - 0.056 

( 0.1) 
(99.9) 

This measure is somewhat more objective than the participant's self­
perception of health but is nevertheless influenced by the partiCipant's. 
emotional status, and bias can thus stUl be a factor in this result. The par­
ticipants' self-perception of health appeared to be worse than the examiner's 
assessment in both groups; however, as demonstrated in Table IX-3, the pattern 
of discordance. does not differ between the two groups. When the examiner's 
estimates of thepartIcillant 's allparentages were contrasted to their chrono::' 
logical ages, 976 (93.4%) of the Ranch Handers and 731 (95.6%) of the com::' 
parisons were observed to appear as old as they actually were. Fifty::'one 
(4.9%) of the Ranch Handel'S and 19:(2.~%),of the comparisons appeared to be 
younger than their actual age whl1li1' 18,;(1.7%) and 15 (2.0%) respectively 
appeared to be older. This observation 'was statistically significant (p. 
0.029) and demonstrated a tendency for the Ranch Handel'S to appear somewhat 
younger than their actual ages.' , 

IX-2 



Ranch Hand 
Comparison 

Table IX-3 

DISCORDANT SELF-PERCEPTIONS OF HEALTH 

Better than Examiner 

2 
o 

Worse than Examiner 

205 
109 

2. Objective Assessments 

Percent body fat and erythrocyte sedimentation rate were also analyzed in 
the setting of general health status. While these· measures· are not indica­
tive of specific diseases, they do indirectly reflect the general state of 
health. Body fat percentages were calculated from height (inOhes) and weight 
(lbs) measurements (Hodgdon, 1983) using the formula. 

% Body Fat ~ (weight/height2) (1015.724) - (17.28460). 

Data were missing or unmeasurable (greater than 100%) for 7 participants (3 
comparison and 4 Ranch Handers), and .these individuals were excluded from the 
analysis. The distribution of these data is shown in Table IX-4 and Figure 
IX-1, where the percentage of participants falling in each grouping and the 
cumulati ve percentages are displayed. . 

i 
III 

I 

Figure IX-1 

PERCENT BODY FAT DISTRIBUTION 

100r-------------~~~~1 

x ... CUMULATIVE 
• eoMP CUMUlATIVE 

PERCENT BODY FAT 

IX-3 

.RANCII.IWIIIERS 
IICllMPARISONS 



The percent of body 
tion. No significant 
0.34) or the means (P • 

fat appeared to be reasonably normal ·in its distribu'" 
differences were detected between the variances (P • 

0.67.) of the two groups. 

Ranch Hand' 

Comparison 

Table IX-4 

DESCRIPTIVE STATISTICS - PERCENT BODY FAT 

Number of Subj ects . 

1,041 

770 

Mean 

21.12 

21.22 

Std Dev 

5.36 

5.19 

In an effort to assess the extremes of obesi ty and leanness 1n the two 
groups of participants, individuals below 10% or over 25% body fat were consid­
ered to be lean or obese, respectively. The distribution of subjects in three 
weight categories is shown in Table IX-5. Chi-square procedures revealed no 
signiflcant differences between the Ranch Hand and comparison groups (P-0.89). 

Ranch Hand 
Comparison 

Table IX-5 

DISTRIBUTION OF' BODY FAt PERCENT 

Lean <10%) 
Number Percent 

13 
7 

Norllial (1 0~25%) 
Number Percent 

824 
607 

(79) . 
(79) 

Obese (>25) 
Number Percent 

207 
157 

(20) 
( 20) 

p. 0.89 

Total 

1044 
771 

The percent body fat and group membership relationship was further evalu­
ated by covariance analysis using age, race and occupational category as covar­
iates. Age and percent body fat were assoCiated (P • 0.02), but this associa­
tion was not affected by gl"OUP memberShip; that IS, there was no three-way 
interaction (P • 0.17>. None of t.he sources ofv.ariat10n associated with race 
were found to beslgnif.1cant. Perce.nt body fat was significantly different 
between the three Occup/iltional oategories (p • 0.04), but this association was 
the same In both Ranch Hand and comparIson groups. . . ' " " 



Sedimentation rate values presented a right skewed·' distribution for both 
groups. Table IX-6 pres.ents theperoentile values for eaohgroup.A two-sample 
KolmogQrov-Smirnov test revealed no significant differences in the' two unad­
justed oistrib.utlons (P • 0.99). The normal range of sedimentation rate for 
males is less than or equal to 12' mm and only 5% of eaoh group exceeded 
normal. 

Table IX-6' 

PERCENTILE DISTRIBUTION OF SEDIMENTATION RATE RESULTS' 

5% 25% 50% 75% 95% 

Ranoh Hand 0 Z 4 12 

comparison 0 2 ~ 13 

Kolmogorov-Smirnov; P • 0.99 

A multifactor log linear analysis of sedimentation rate by group member­
ship, age (::litO, >40), hematocrit·( <42,42-52, or >52%) and the exam! ner' s 
assessment of illness or distress was performed. The interaotion of sedimenta­
tion rate, group membership, and age was significs-nt .(P.1" 0 .• 002) as shown i.n 
Table. IX-T. . RaMh Handers 40-Years of age .01' l.es~ .. ·'hads1f.n1flcantly fewer 
sedimentationl"ate abnormal1tlesthan dHI theiroomparisons, while no group 
dU·ferenoe was I'lQtellln. ind! vi duals over the age of 40. . 

.j\ge 

::l40 

> 40 

Table IX-7 

SEDIMENTATION RATE, AGE AND GROUP MEMBERSHIP 

QI"OUp 

ll,a:noh Hand 
Comparhon 

Ranch Hand 
Comparison 

'Sedimehtat.ion .bt.e 
AbliOl'IIi$I. NQrmal 

Nuliibet' 'P.rp&iit ·N1.IIilllerhrcent 

2 (0.5) 37.2 J99.5) 
10 f'4.~) 221 . (95.S) 

39 .(5.8) 628 (94.2) 
29 (5;4) 504 (94.6) 

P ValLi,e 

0.001 

0.764 



The sedimentation rate was found to have a signifioant assooiation with 
hematoorit, the appearanoe of illness or distress, and percent body fat. Table 
IX-8 displays these data. Since these variables were unassooiated with group 
membership, combined data for both groups are used. 

Table IX-8 

SEDIMENTATION RATE HEMATOCRIT/DISTRESS/BODY FAT ASSOCIATIONS 

Sedimentation Rate 
Abnormal Normal 

Number (Percent) Number (Percent) P Value 

Hematocrit 

< 42% 13 (11. 3) 102 (88.7) 
42-52% 66 ( 4.0) 1598 (96.0) <0.001 
> 52%. 1 ( 3.1) 31 (96.9) 

Appearance of Illness 
or Distress 

III 2 (22.2) 7 (87.8) 0.009· 
Well 78 ( 4.3) 1724 (95.1) 

% Body Fat 

< 10 .3 (15.0) 17 (85.0) 
10-25 59 ( 4.0 1372 (95.9) 0.049 
> 25 19 ( 5; 2) 348 (94.8) 

These. findings are consistent since an inoreasing s.edimentaUon rate, 
abnormal body weight, decreasing hematocrit, and an ill app.earance are all 
traditional indioatorsof illness, and therefOre shoulct be related. . .. 

The relationships between self-perception of health, sedimentation rate, 
and age were also explored. These Significant relationships are shown in Table 
IX-9. 

IX-6 



Table IX-9· 

SELF-PERCEPTION OF HEALTH,·AGE/SEDIMENTATION·RATE ASSOCIATIONS 

Sedimentation Rate 

Age 

Abnormal 
Normal 

:; 40 
> 40 

Self-Perception of Health 
Excellent Good Fair/Poor 

18 
671 

~24 
.465 

35 
7/15. 

294 
506 

28 
294 

97 
225 

P Value 

<0.001 

0.06 

These 'relationships were independent of group membership. and are not 
Uilus\,lalslnce illness generally increases with advancing age. 

3. HerWcldeExposure Analysis 

The exposure index was apPl.ied to the variables in the general health anal­
ysis to determine whether a dose~response effect could be identifled.'· As des­
crlbed .in ChaJ>terVIII. th$ index 1s expressed in equl valent-gallons of 
dIoxin-contaIning herbicide potentlaUY encountered by eaCh individual during 
his Ranch Hand tour of duty. Threeoettegorles of exposure were used: . low, 
medlum, and h1.gh •. The outCiff values for these oategories were chosen' So that 
statistical power c6uldbe maxlm1.zed in til!! .analyses. 

The interrelationship between a Ran,ch Handel" s self-pereeption of health 
and exposure is shown 1n '!'able IX-10 •. Threeo<;!()\;lpjltiolljll gro~ll'\gs were ana­
lyzed: . officers, flying enlisted, aod.ertlist$d .ground J>$rso.nn~L, NOllflying 
off1cerswere included' in th$ analysis. aM,w~r$ass,ignedto'th$ + ow. expos \,Ire ' 
oat$80ry. Th~lr jobs wer-eprtmarlly adrninl!ltratlve in nature .and involved 
relati vely ,lower levels of exposure than tl1e flying offlQers .• 



Table IX-10 

HEALTH PERCEPTION IN RANCH HANDERS BY OCCUPATIONAL GROUP 
AND EXPOSURE CATEGORY 

P V,alue 

0.72 

0.84 

0.13 . 

These analyses revealed no significant association between .eltpos'ure and 
perception of health. The P value of 0.1'3 among the enlisted gr04nd personnel 
is of interest.,but consistent trends are nc:>t seen in the • data. Similarly, 
exposure waB found to· nave 'no . signifioant . assooiation , wi th the examlner' s 
assessment of distress or ill health. . The .' oociupat1.onal category analysis is 
shown in Table IX';'11. Statistical testing of these. data. was not oonducteddue 
to the small number of individuals jUdged to be ill by the examiningph~s10ian. 



Table IX-l1 

EXAMINER 'S. ASSESSMli;NT OF HJi;ALl"H INRANG'''HANDERS 
. BY OCCUPATIONAL GROUIlAND p;XPOSURE CATEGORY 

occ~pational Group 

Officer 

~nllsted, flying 

Enlisted. ground 

Stm1.larly. the assoct,atioRS 
and body fat were evaluated., 
IX·13 •. 

lllness or 
. D1S):ress 

III 
Well 

III 
Well 

III 
. Well 

. Counts Wi thin 
Exposure Category 

.1.ow .' ~ High 

·,0 
111 

o 
59 

2 
. 149 

1 1 
127 '.124 

o 1 
59 65 

o 3 
178 142 

between exposure and apparent age and exposure, 
Theee. data arepre$enteCil in Tables IX-12 and 

l"able IX-12 . 

. " AP'P·A~ENT A(JE OF RANCH HANOERsS,YOccu~i!u,/)NAL GIiIOUP 
. . AND ·g~PQSURE CAtEOORY 

Occ9pational Group 

Oft'icer 

'Enlisted~:f'lying 

Apparent Age 

Younger 
Same 
Older 

1{ounger 
Same 
Older 

.Younger 
Same 
Ol:dar 

Counts Witntn 
IEX20sure catelorl 
Low '~'. ~ -

7 10 8 
103 117 116 

1 1 1 

1 5 2 
57 54 64 

1 0 :0 

5 :6 6 
142 '1:6,9 13:6 

4 II '6 

P Value 

0.99 

0.22 



Table IX-13 

.. PERCENT BODY FAT BY OCCUPATIONAL GROUP 
AND EXPOSURE CATEGORY 

Counts Within 

Occupational Group % BQdy Fat 
ExposureCate~or~ 
Low Med High P Value 

Officer 
:010% 0 1 1 
10-25% 91 97 103 .0.57 
0:25% 20 30 21 

Enlisted-flying 
:010% 1 1 0 
10"'15% 48 52 51 0.34 
0:25% 10 6 15 

Enlisted-ground 
:010% 2 4 3 
10-25% 114 136 1.15 
~25% . 35 39 30 

0.95 

It is evident from these data that l.ev.els of exposure had no relationship to 
tl\e· exaJili ner' s assessment of apparent age and percent body fat regardl.ess of 
occupational category. 

4. Summary 

Overall, the analyses of tile general physical heal til of the study particI­
pants. revealed classical ass.oclations between Clinical measures of ill health 
such as sedimentation rate, obesity/leanness ,. age, hematocrit ,self-perception 
and tile appearance of distress. Statistically significant group' .differences. 
between the Ranell Hand. and ComparIson groups were limited to the subj ecti ve 
measures· of self-perception of heal til and .the examiner's assessment; of illness 
or distress. The Rancll Handers., asa grollP, perceived themselves to be in 
poorer health thaI) did the comparIson. group.· Similarly, the examiner felt that 
more Ranch Handers appear.ed ill than did the comparIsons. However, ill appear­
ing individuals accounted for less than. 1 % of both groups. the analysis of 
these variables against· the exposure index did .no.t reveal any dose-response 
effects. Overall, the available evidence . does not support tile presence of 
such an herbicide effect oper<\t1ng <\tthis time. 



Chapter X 

MALIGNANCY 

1. Introduction 

Of all the health effects being attributed to dioxin, cancel' is one of the 
most feared in the minds of the veteran groups, the media and the general PUb: 
lic. Dioxin has been 1dentified as a carcinogen 01' cocarciriogen in some 
strains of rats and mice (Toth, et al, 1979; Kociba et al, 1978, 1979; Kour1; 
1978); however, its oaroinogen1c effects 1n humans are unolear. Ep1dem10log1c 
studies of carcinogen1c effeots in humans have been generally limited to 
investigations of phenoxy herbioide exposure among soft:tissue sarcoma 
patients in Sweden (Hardell and Sandstrom 1979; Axelson, 1977) and s tud1es 
among industrial groups involved in the produotion of trichlorophenol lind 2;4; 
5~T (Zaok, 1980; Honohar, 1981). These stud1es have been oontradiotory and the 
issue is still being debated in sOientifio as well as publio forums •. The 
olarifioation of this important issue is a major focus of the Ail' ForoeHealth 
Study. 

Questions conoerning a history of canoer 01' tumor were asked dutilns both 
the in-person questionnaire and the physioal examination. Question 3~a of the 
study subjeot questionnaire oonoerned oanoer alone while other areas of the 
questionnairefooused on tumors 01' other major medioal oonditions. In addition, 
the physioal examination subjectively identified addi tional partioipants with a 
his\:.ory of oanoer 1n the past medical history and objectively identlUedpar::' 
tioipants with evidenoe of prior 01' newly diagnosed Qancer. Figure X"1 shows 
the algorithm used fordilta oolleotion for' canoer in the studypopulat1on; iiS 
well as .. those reported cancers that were entered into the oancer verifIoation 
process. 

In this algorithm 114 1ndividuals (65 Ranch Handel'S and 49 comparisons 
responded "yes" to quest10n 36a, 10 other IndlvlC1uals(3 Raltoh Handel'S and 7 
comparisone) responded yes to other questionna1requestl.ons concern1ng tumors 
01' other maJorcond1tions, while 92 additional individuals (50 R.anch Handel'S 
and 42 Qompsrisons) reported 01' were diagnosed as having caneer 01' tumors dur: 
ing the physical examination. A total of 22' reported cancers occurred prior to 
the ind.i vidual's Southeast. Asia tour of duty,' and these cancers were remOved 
from all analyses. A total of 19,4 individuals reporting cancel' were entered 
Into the veritlcatlon process (105 RaMh Handel'S .' and' 89 oomparhons): 

Cancer verit1catlon was completed by review of the individual's medical 
records and av'sUable pathology reports. Al though cancers reported by all 
parUclpsntswere entered into the validation process, Qn1y the data from .t;h~ 
RaMh Handgl'oup. and th.e subset of orIginally selected comparisons who com­
pleted physical exam1natlQn were fully analyzed s.tati8tically. The rationale 

X-l 



FfIInX·l 
ALlOR""" OF COUNTS 011 REPORmI CMCERS BY SOURCE OF DATA 

_tilll.1n II1II 

r 
R ............. Y .. • 
........ 3 .. 
"11m you_ 
hId_T· 

RII OC-U 
R SC..;.,l 

RCJI 
ToIII 

RllaoRlIICII 11II1II 
OC..o_ Compaltson 
SC -Shilled Compaltson 
RC -Repllced Compaltson 
RVN -Republic of Vietnam Tour 

I ....... , .. " 
.. othIr ......... 
CGlICllIIlril _ 

RII DC 7 
'3 s(] 

HC...! 
TDIII...! 

Removed from Analysis 

Cancer occurred 
before qUillfyinl 
RVN/SEA tour 

!!II OC.,J 
13 SC~ 

RC_l 
TOt81..;.,1 

ToIIII 
RII OCJI 
118 SC..u. 

RC.ll 
ToIII..1I 

Enter.d Inte en.r verification proceee 

BH DC.!! 
105 SC.1!! 

RCJ.!! 
TolII.JI 

for this restriction of the database is discussed in Chapter V, Study 
Selection and Participation Bias. Verification records were obtained with 
permission forms signed by the participants at the time the questionnaire was 
administered. The verification process was supported with a limited access com­
puter software program. All reported cancers were classified as to behavior, 
type and morphology. In addi tion, cancers were classified as being skin or 
systemic due to the differing natures of these disease processes. The findings 
of the verification process are presented in Table X-I. 

X-2 



SUMMARY OF CANCER V.ERlFICATION PROCESS 

Location 

S~in 

~enavlorQf Cancer Ranch Hand 

',,' , 35 

~enlgn 17 

IHa,gnolille 
not eupport~d 13 

Plf(er!!ntillJ. PlaSnoS!s 
at phYsioal e~a,mina,tlon; 
indiVidual d!!cllned 13 
fo:noW~UP 

No r!!oord of treatment 
atfaci!J'ty asrE!port!!d 

M!!C!!ca.l r.oorel not 
avaHII!>le 

TOTAL 

B!!nlgn 

No·1; supported 

M.edl.ca,l recor,4 no.t 
avaUa!>.);e 

TOTM. 

79 

14* 

8 

4 

.2. 
2.6 

o $' R Total 

15 

14 

6 

3 

1. 

7 5 

3 1 

4' 1 

3 0 

o o 

39 18 8 

10 

10 

o 

Ii) -

2* 2 

o 0 

o 0 

o Q. 

2 2 

. 

27 

18 

11 

.6 

1 

.2 -

14 

10 

o 

...2. 
24 

*Includea 1 Ranch. H(l,nde.r "nC! 1 Qomp.ariaon who !!xplred follow.ing interview 

o • Or1.g1nal 
S • Sh~rt.ed. 
R ... Rep]';I.Oem!!nt 



2. Skin Canoer 

Seventy-five peroent (79/105) of all Ranoh 'Hand and 73% (65/89) of all oom­
parison-reported and verified neoplasms were oanoer of the skin. Forty-four 
peroent (35/79) of the Ranoh Hand reported skin oanoers were verified as 
malignant Whlle42% (27/65) of the reported total oomparison skin oancers were 
verified as malignant (P • 0.74). All individuals with malignant skin canoer 
were non·Black. The occurrence Of verified skin cancer in those participants, 
who completed the questionnaire (regardless of their compHance to physical 
examination) was significantly higher in the Ranch Hand group when compared to 
the total comparison group (P"0.03) or to the subset of original comparisons 
(P-0.04). Table X,.2 shows the distribut.ion of verified malignant skin cancers 
by cell type. 

VERIFIED ~LIGNANT SKIN CANCERS BY CELL,TYPE; 
REPORTED BY FULLY AND PARTIALLY COMPLIANT PARTICIPANTS 

Comparisons, 
Cell Type 

Basal Cell 

Ranoh Handers* o S R ' Total 

31 

Melanoma 3 

Squamous Cell 

Fibrosarcoma o 

TOTAL 35 

11 5 

3 

o 

15 

o 

1 

7 

5 21 

0 2 

0 3 

0 1 

5 : 27 ' 

*1 Ranch Handel' experienced 2 skin cancers, 1 melanoma and 1 squamous oell. 
He has been counted only once and placed under melanoma in this' table. 

o .. Original 
S .. Shifted 
R .. Replllcement 

Nonmelanoma cancer accounts for 91% (32/35) of the Ranch Hand and 93% 
(25/27) of the comparIson group skin oancers. This difference is not statisti­
cally significant (P ;. 0.8Tl. These findings are consistent with reported data 
that nonmelanoma" oanoer of the skin is the most common malignant neoplasm in 
the white population of thE! United States (Schottenfeldand Fraumeni, 1982). 
The distribut.ion of these verified skin cancers by, anatomic 'site is presented 
in TableX-3. " 

X-lJ 



Table X'"3 

COUNTS OF SKIN CANCER BY ANATOMIC SITE 

NOlllllelanoma skin oancer 

.l!!!. 
Face, head and neck 26 

Upper extremities 1 

Trunk 5+ 

~ower extremities 0 

TOTA~ 32 

+Includes 
*Includes 3 

II*Includes 1 

Squamous cell 
squamous cell 
fibrosarcoma 

RH • Ranch Halld 
o • Original 
S • ShU ted 
R • Replaoemell\t 

. Compar !sOl). 
0 S II Total 

12* 5** 3 20 

1 1 0 2 

1 0 2 3 

0 0 0 0 

14 6 5 25 

RH -
. 1 

0 

2 

0 

3 

Melanoma 
Comparison 

0 S R Total 

0 '0 o . 0 

1 0 0 1 

0 1 0 1 

0 0 0 0 

1 1 0 2 

Nonmelanoma s.kin cancers arose on the tace, head and neck 1n sa (~6/32) of 
the Ranch Handel's and 1n 80% (20/25) of all comparisons (P .. O.9:1f.Th1s 'clis':: 
tributi.on and the Qell types of skin cancers 1& consistent Witht'ecently pUb':: 
11shed information on the epidemiology of sUn cancerCSchdherlteld and 
Fra.umeni 1982). The occ:upatio.nal cat.e80ry of those individuals with verified 
skin cancer are present.ed in Table X.-4. The oQtmts of \these indiViduals wi th 
Canoer are relatively small and all occupational categories cOII\tr1bute to the 
Ranch Hand incre.ase. Followup reports w111 contain additional analyses of 
these data. withdetaUed oonslderaUons ·.or·· sample' litlle and age .tn each of the 
occupational strata'. 

Table X-4 

COUNTS OF THE FACE, HEAD, AND NECK DISTRIBUTION OF 
NONMEI..ANOMA SKIN CANER; RANCH HAND VERSUS TO.TAI.. COMPARISONS 

Occupational Code 

Ofticers 
Flyin, Enlisted 
Nonfly!ng Enl1s'I<ed 

Ranch Hand: 
Cases RatellOO 

16 3.7 
3 1.5 

-L t.3 

26 

TotalCompartsons 
Cases RlIlte/1'00 

11 1:9 
1 0;4 

2- 1:, 

20 



While medical literature implicates ultraviolet radiation from the sun as 
the dominant risk. factor in the development of nonmelanomic skin cancer (Scott 
et al 197.4), it was not possible to ftll1y evaluate the effects 'of sun exposure 
in the in! tial phase of· this study • Information required for this analysis 
will be obtained in the follow-uP phases of the ef.fort.' 

3. Systemic Cancer 

A total of 50 systemic cancers (26 Ranch Handel'S and 24 comparisons) were 
reported andent.ered into the verification process (Table X-l). 'Of these, 14 
Ranch Handel'S and 14 comparisons (10 Originals, 2 Shifted, and 2 Replacements) 
were verified as having had malignant systemi'c neoplasms. All individuals 
wi th systemic malignancy are non-Black. The si te specific claSSification of 
these neoplasms is presented in Table X-5. 

Table X-5 

MORBIDITY SITE SPECIFIC VERIFIED SYSTEMIC MALIGNANT NEOPLASMS 

Comparison 
Site: ICD Code. (9th Ed) Ranch·Hand o SR Total 

Lip, oral cavity, pharynx (140-1.49) 

Digestive organ. peritoneum (150-159) 

Respiratory, intrathoracic (160-165) . 

Bone, oonnectlve tissue, skin, breast 
(17.0-175 ) 

Genitourinary organ (179-189) 

Other ~ unspecified sHes (190-199) 

Lymphatic & hematopoietic tissue 
(200-208) 

TOTAL 

4 

3* 

6 

1 

. 14 

2 0 o 

4 0'· l 

1. '1 * 0 

2 o 

o o 

o 0 

10 2 2 

*Includef! 1 Ranch Handel' and 1 comparison who expired following interview 

o - Original 
S • Shifted 
R • Replaced 

2 

5 

2 

3 

14 

Four Ranch Handel'S and. 2 original comparisons were found to have had neo­
plasms . of the lip ,oral cavity and pharynx, alid all of thef!e individUals 
reported a history of cigarette and/or ci.gar smoking. 



Six Ranch Handers and 3 comparisons were found to have had malignancies of 
the genitourinary organs. The 6 Ranch Hand cancers included 1 prostate, 2 tes­
ticular, 2 bladder and 1 kidney neoplasm while the 3 comparison cancers 
included 1 of the prostate and 2 of the bladder. Both cases of testicular 
cancer were of a germ.,.cell morphology (one embryonal and one seminoma). Unad­
justed statistical testing revealed no significant difference in total geni­
tourinary cancer in the two groups (P - 0.42). Peak incidence rates of testi­
oular cancer in the general population oocur between the ages of 35 and 55, and 
bladder oancer has a peak age of onset between 50 and 70 years. All Ranoh Hand 
bladder cancers occurred prior to age 50 and all verified comparison genito­
ur1narycancer occurred at age 55 or later. The Ranch Hand testicular cancers 
occurred at 35 and 38 years of age. These are observational data, and are 
based on very.small sample size. 

Five comparisons were found to have had verified malignancies of the ·diges­
tive organs. There were no Ranch Hand cancers of this organ system. These 
cancers included 1 of the appendix, 1 of the pancreas, and 3 colon cancers. The 
annual incidence rate for oolon cancer increases dramatically with inoreasing 
age after the age of 30. The ages at the onset of the oolon cancers in the 
oomparison group were 35, 43, and 50 years. The occurence of gentourinary, 
oropharyngeal and digestive canoers 1n the study population was· oompared to the. 
experience of the Surveillanoe, Epidemiology and End Results program (SEER). 
Based on these tumor registry data, there is a 30% probabil1 ty ·of ob&erving two 
or more testioular oanoer In the Ranoh Hand group, and a 29% probability of two 
or more bladderoanoers. Similar oontra&t& revealed only a 3% ohanoe of 
ob&erving the II oropharyngeal canoers and a 2% ohanoe of seeing a total absenoe 
of digestive canoers In the Ranch Hand group. The probabilities of finding the 
observed numbers of these malignanoies in the oomparison group were 32% or 
greater. 

Table X-6 shows the known morbidity and mortaHty of the Ranoh Handers and 
comparisons from oancerto date. Appendix VIII shows the site specifl0 distrl­
bution of both themorbidlty and mortal1 ty study oanoers. The mortality sec­
tions of these tables inolude. only the first cohort of the oomparison popula­
tion from the Basel1ne Mortality Study (Lathrop, 1983). 

X-7 
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Table X:-6 (Cont) 

TOTAL MORTALIty AND MORBIDITY STUDY 
MORPHOLOGY OF SYSTEMIC NEOPLASM 

ICD-O 
CODES NOMENCLATURE 

M965-966 Hodgkins disease 
Hodgkins (NOS) 

M986 Myeloid Leukemias 
Acute myelocytic 
leukemia 

o • Original 
S .. Shifted 
R - Replaced 

o 

o 
If 

MORTALITY 

o 

1 
TlY 

o 

o 
"IT 

MORIUOITY* 

o S H 

o 0 

000 
TlY12 

*Two morbidity study participants (1 Ranch Hand, 1 comparison) expired follow­
ing interview, They are included in .the mortality oolumn of this Table because 
of their date of death, ' 

4, Covariate Analysis 

Group Membership 

The previous sections of thi.s chapter 'contained descriptions of the cancer 
data on the ocourrence of skill cancer' and systemic cancer ill the Ranch Hand and 
ortglnally selected oomparisongroUp$:, Except where Iloted j t'he remaining ana­
lyses in this chapter are based on' the R,allch Hand and comparison population 
thathadverif-ied . cancer and had comp:J.et.ed the phYsic/ilexamin,aH<?n, Covarl­
atas used in these analyses includedsmoklng habi tsand exposure to asbestos , 
industrialohemlcals (yes, no), insectiCides (yes, )'lo)",degreaSlng chemicals 
(yes, no), and nonmedical x-ray sources (yes, no),' The resul,ts·of the basic 
two-factor analysts are shown in Table X-7, 



Skin Cancer Yes 
No 

Systemic Cancer Yes 
No 

Table X-7 

VERIFIED CANCER AND GROUP MEMBERSHIP 

Original Comparisons Ranch Hand 
(N-773) (N-1045) 

11 35 
762 1010 

\ / \ 
P - <0.01 P • 

8 13 
765 1032 

\ / \ 
P - 0.68 P • 

Total Comparisons* 
(N-1194) 

25 
1169 

/ 
0.07 

11 
1183 

/ 
0.46 

* This total does not include the 30 participants interviewed by USAF inter­
viewers. 

The group differences in skin cancer are statistically significant, in the 
original subset that completed physical examination, (P • < 0.01) and border­
line in the total comparisons (P • 0.07), with an excess in the Ranch Hand 
group. The relative odds of skin cancer in the Ranch Handers are 2.35 and are 
1.20 for systemic cancer, with confidence intervals of 1.16 to 4.;90, and 0.47 
to 3.15 respectively. These broad intervals are due to the small numbers of 
cancers available for analysis. 

The analysis of skin cancer in the Ranch Handers· and the original compari­
sons was repeated with months of agricultural/forestry/fisheries work as a 
covariable. Seventy-one (6.8%) of the Ranch Handers and 66(8.5%) of the orig­
inal comparisons had worked in these occupations; however, these statis.tical 
adJustments did not alter the Significant difference between the groups. The P 
value after adjustment remained 0.01. These analyses are as yet incomplete 
Since they have not accounted for the relationship between skin cancer and 
geographic area of residence or exposure to other potential skin carinogens. 
Geographic area of current residence in a mobile military population may not 
discriminate differences in ultraviolet radiation exposure. An attempt to 
collect data that will support analyses for geographic and ethnic background 
will be made at the time of the first follow-up examination. 

Three-fac.tor analytic techniques were used to account for the possible 
confounding effects of the covariables listed above. Exposure to industrial 
chemicals, degreasing chemicals and smoking habits were not different in the 
Ranch Hand and comparison groups. The analyses of systemic cancer demonstrated 
an association between cancer and smoking which approached statistical signifi­
cance (P • 0.07). However, there were no significant differences or suggestive 
trends between the groups for systemic cancer. 



Signifioant group differential in ellPosure to lI-ray (P <0.001), inseoti­
oides (P <0.001), and asbestos (P • 0.05) were also identified. More oompari­
sons than Ranoh Handel's were ellposed to asbestos and lI-ray but more Ranoh 
Handel's had previously been exposed to inseotioides, many during their tours of 
duty in RVN. Three-WaY interaotions between variables were signifioant only 
for the systemio oanoer by group by inseotioide analysis (P • 0.01) and sug­
gestive for the systemic canoer by asbestos by group analysis (P -0.16). The 
results of theSe analyses are displayed in Table X-8. 

Table X-8 

RESULTS OF THREE-FACTOR LOG-LINEAR ANALYSES OF SYSTEMIC CANCER, 
GROUP MEMBERSHIP AND CHEMICAL EXPOSURE (p VALUES) 

Exposure 
Statistioal RelationshiE 

Group by Group by Canoer by Canoer by 
Cancer Exposure Exposure Exposure by 

Group 

Asbestos 0.72 0.04 0.33 0.16 

Degreasing Chemicals 0.68 0·33 0.71 0.23 

Industrial Chemioals 0.71 0.25 0.34 0.84 

Inseoticides 0.72 <0.001 0.89 0.01 

Smoking 0.50 0 .• 46 0.07 ().53 

X-Ray 0.63 <0.001 0.46 0.86 
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Table X,..9 

RESULTS OF THREE-FACTOR LOG,..LINEAR ANALYSES OF SKIN CANCER, 
GROUP MEMBERSHIP AND EXPOSURE (P VALUES) 

Exposure Anal;£sis 

Group by Group by Cancer by Cancer by 
Cancer Exposure Exposure Exposure by 

Group 

Asbestos 0.009 0.04 0.24 0.11 

Degreasing Chemicals 0.009 0.37 0.20 0.47 

Industrial Chemicals 0.009 0.30 0.03 0.58 

. Insecticides 0.02 <0.001 0.19 0.19 
I 

Smoking 0.01 0.44 0.70 0.t!2 

X-Ray 0.008 <0.001 0.86 0.51 

As shown in Table X-9, analyses of skin cancers demonstrated Ii significant 
difference between the Ranch Hand .and the original comparison group that com­
pleted physical examination. These data again demonstrate the, significant 
group differential in skin cancer. Even after covariate adjustmel1t (asbestos, 
industrial chemicals, smoking, x-ray, insecticide and degreasing cl\emlcal expo­
sure) the significant group difference in the occurrence of skin canoer 
remained. Significant between group differentials were noted for x-ray and, 
asbestoS exposure, as previously seen. in the systemic cancer ,analys.es. A 
significant association between skin oanoer and exposure to industrLalchemi­
cal.s was found (P .. 0.03). Associations between theoccurrenoe ofs~in cancer 
and exposure.to degl'easlng Chemicals and insecticides ~re .als.o.ofinterest, 
with suggestive p' values of O.20alld 0.19respect;ively. , .,' . - " 

5. Exposure Index Anal;£ses 

The group differenoe in,cancer occurrenCe was further evaluated using the 
exposure index ,di vlded into low, . Pledium, ... and. bigp degrees .. of exposure, These 
analyses used only data gathered ort tlle. RanOh~and group. Table X-l0 containe 
the data and resUlts from theba.sic two-factor analysis (herbicide' exposure 
versus cancer). 

X-12 



Table 11-10 
, 

EXPOSt.rRE VERSUS C:ANCen. liER$ICIDl!: 

SystemiO Canoer Skin Canoer 
oocupational Group i!:lcposure Level Yes No Yes !!2 
Flying Offioers 

Low 1 110 7 104 
Medium 1 127 5 123 
High 3 122 6 117 

P • 0.46 p • 0.62 

Flying li:nl1sted 

LOll 0 59 3 56 
Mel1iunl 2 57 1 56 
High 1 65 0 66 

, 

P .. 0.35 P • 0.14 

Ground Enlisted 

Low 2 149 <!. 149. 
Medium 3 176 " 5' 174 
IUgIl 0 . 14f) •. ~. 

! 

144 
"'.' 

P .003'1 'p • 0.63 

These analyses dldn6t reveal a don-response . effe.ct .' bet\'l:eeA jlerblcide 
expO$ure . and the GoC!ul'rence Ofel ther skln GrsY$~t'eIn1c oancer in t'heRanch Hand 
grGUp ;hOwoever, thentllnller 'Gf oan'OerswlthlneaCl! .eltpG$ure 1ev.e1 ar!! v!!ry 
small. 11 "suggEratiV!!" nega.tlveaseooiatl.on !1)etll'eetlhel'bloili$exPosUl"eand skin 
oanoerwas noted /IlIIong the 'enHsttedflying 'grotq:> (p;' .0.14) !fi'th decreasing 
oOCurrenoeof ca'noer with Inoreasl·ng expGs!W'e; hOllever., oell. si2;es were. qui te 
small. Thl"ee-faotOl"analylllll'S 'suagestedthe presence Otll'lteractive 'effects from 
InSectiOide.and x-ray exposure,. Inthe·t'ly!ng officer/! for systemic cancer, and 
1 ndustr 1alchE!ml oals .deg:reasin:goheml'oals, and .~,nS$cticides·among theenl.isted 
ground personhelfOt'Skll1 oattaer • Thel"$IIIU:Lt'll Of: .the$e llnalyses are. shown in 
Tables X·11,anil X~.U!. x~, 3', X-1'4 , and 1(-15. . .. 



Insecticide 
Exposure 

Yes 

No 

Table X-ll 

THREE.-FACTOR ANALYSIS:' EXPOSURE, • SYSTEMIC CANCER, AND 
INSECTIClDE EXPOSURE AMONG FLYING OFFICERS* 

Herbicide 
Exposure 

low 
medium 
high 

low 
medium 
high 

Systemic Cancer 
Yes No 

1 
1 
o 

o 
o 
.3 

P - 0.62 

P - 0.09 

74 
79 
72 

36 
48 
50 

* Three-way interaction P value - 0.10 

These data demonstrate confounding by insecticide exposure, with a border­
line association between systemic oancer and herbicIde (P- 0.09) in the 
noninsecticide..,exposed group Of officers • ' ,However, the vaHclityof'statistiQal 
testing 1n this instanoe is compromised, dUe' to theextrelilely smaUnumber of 
oases in the analysis • Similarly, this effeot i.s seen with x-ray elCPosure 
(Table X-12). 

Tables X-13, X-14 and X-15 present the data for the herbioide exposure, 
cancer, industrial. ch.emiCal, . degreasing chemical and lnsectlcidethre.e-tactor 
analyses for enlisted. personnel •. Confounding is again ;seen'. 


