at the 0.05 level. The differences obsérved are not only statistiocally aig~

nificant but may also reflect ¢linically - meaningful differences If the

self-reporting is accurate. - Analyses of blas have aldo been donducted using -

- physical examination data end points  to obtain a firmer evaluation, and these

analyses are described in the following paragraphs.

Eive laboratory variables have also been éxamined for evidence of differ-
encesgamong‘the‘compgrtson.groups:_'whita,blqod3cell;oount (wBC), hemoglobin
concentration (HGB), total bilirubin (TBIL), serum glutamic oxalic transaminase

(SGOT) and lactie dehydrogenase (LDH), This testing 1s summarizéd in Table

V=13, The analyses weré performed with a general linear models program, opsra- . .

ting on WBC ‘and HGB in natural units and TBIL, SGOT and LDH in logarithmie -
units. It is c¢lear from Table V~13 that there is definite indication of com~
parison group differences. - BT e S ; :

 Table V=13

SUMMARY OF BIAS ASSESSHENTS_OF.REPLACEMENT
COMPARISONS USING LABORATORY MEASURES '
- (NON~BLACK PARTICIFANTS ONLY)- -

| o Adjusted Mesn . . - Adjusted Mean P Value
Clinical ~For Original (0) - - - For All - - -~ For Mean . .
Variable - Comparisons - - . Replacements (3+R+A) Differential

WBC 7.k T 10,027
HGB o 16,0 0 o T 15,9 o 04822
.sgoT . 33.1 o C32eT 0 L 00Ue8

‘Lastly, 13 clinioal variables from the physical examination itself “were
gvaluated for -0, S, R, A comparison group differendes. - As summarized in Table
V-14, statistically signifioant differences were found, ~~~ =~ ' o



Table. v-1u o 1'_. RN

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

*1."Systolio Blood Pressure - No differences detected .
: *2;ffDiastolic Blood Pressure . No differences-detected
Coxq or Tihial Pl S statistically different from R + A
~*3. Posterior Tibial Pulse = {7 statisticallg different from R + A
%4, Dorsalls Pedis Pulse  No differences detected
5. EKG . L 8 statistically different from R + A
' Sy . 'O statistically different from R + A
' s b ve - - 8 statistically different from R + A
6.. Vibration Sense. =~ - 19 not different from R + S + A
o . S ;S statistically different from.R.¥!A
7. Tremor o B {o statistically different from S

| B.-fNerve oonduction velocityE .. No differences detected a'
above the elbow : X -

.'9; Nerve conduction velocity . Ne differences detected;j__.
' jbelow the elbow _ Lo e _ :

Td.' Peroneal nerve oonductioni .EFE‘*Eﬂo differences detected
S velocity ' : . : ' X S
'E 11, Full Scale Intelligence R No differenceS-detected
.~ Quotient T : : .
12, MMPI Scale D o {S statistically different from R + A

+
0 statistically different from R+ A
13. MMPI Scale L L N0‘differences detected -
.'*Black participants removed.:
Taken together the analyses described above imply very strongly that | the 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 obseryed in all variables studied. a possible approach is to perform.a'
prior test of significance (PTS) to teést: for- appropriateness of replacement

. use, followed when possible by a Ranch Hand-all: comparison test. This use of a

PTS has been. discussed with. appreciable detall in the statistical literature

(Bozivich et al, 1956; ¢ Bancroft 1964; Kale and Bancroft, 1967, Arnold, 19703
Cohen, 1974), Recommendations in this: literature suggest a preliminary testg
for combination using an alpha .level of 0.25, followed by a teat of" differ-
' ences at an alpha- level. of 0. 05 Calculations of study power with ‘and- without

- v-18



"the PTS haye indicated that, given the sample sizes in this study, the PTS only:
provides partial protection agalnst inferential bias. Thia result can be
understood by reference to Figure V=5 where 2 power curves are given,

" Flgure V-5

.PowER CURVES FOR ALTERNATIVE ANALYTICAL METHODS

4 . 4 i

Ny YRR TR i

Figure V-5. Curve 1: Power curve for Ranch Hand-original comparison tests on
means. Curve 2: Power curve for Ranch Hand-comparison tests on means assuming
replacement comparisons are unbiased. F is the symbol for ratios of Ranch
Hand-comparison means. : ' : L : . - R

: The lower power curve (curve #1) is for a ‘test. . of difference between the
Ranch Hand group (N=1045) and the original comparisons (N=773). ° The upper
~curve (curve #2) 1is for the same test of difference but between the Ranch Hand
group and all comparisons (N=1224). assuming that the replacements aré-unbiasedy
These curves. are drawn for a hypothetical clinical vartable with ratio of stan~
dard deviation to mean being 0.200. . The variable F is the ratio of the exposed
mean.to_the”éqmpahison;mean.;;The.slight;diaplacement'ofwthe‘2_curves In the
vertical direction (powsr) is easily negated by.small degrees of bias in the

replacement comparisons. o T o B
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- The Study Protocol reflects a strong concern. for a variety of bilases that
may be operating in this study. The effect of the potential bias, by using the
shifted. and replacement mniembers of the comparison group, was -not uniformly-

'r‘viewed_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; Noncompliance Bias '

_ 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 bilased from the
.original sample. . Since this’ report emphasizes. analysis of data from fully
_compliant participants, selection blases assoclated with physical. examination
~ ¢ompliance 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)

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

Ranch'Hand'Fully Compliant 'Oriéinal.ComPaPison Eully-Compliant

- Versus. Partially Compliant o Versus-Partially»Compliant
; -Health Status N 0.006 L T o Y 004
- ‘Medication Use - . <0001 . 0,230
Work Loss ' . QLT9 0 el e 0,300
.. .Household Income Coo 0632 R S 0.86 .
"Education . _ 0.66- PR ST e 0,39
Anger = - <0.001" ‘ I - 0,01
. Anxiety S 0.020 - T 0.61
Erosion - . <0.001 - o oo T e Y 0,002
Depression . -~ .~ ..0,007 L 0,36
Liver Allments . =~ -~ 0,76 .- o L. 0,64 -
Miscarriages - . = 0.97 T 0.07T

Acne . - © . 0.37 L R 0;75

. Eighty-seven percent of ‘the Ranch Hand group were compliant 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 T
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©0.13 Ye + 0.87 T
RR = =-owwmesbosseco<- BRops - Equatlon #1
- 0.2bYe +0.76 T .

- In this equation, Y4 1s.th9;ratiofbf'the‘prevalence-of'the finding in the Ranch
-Hand group noncompliant to physical examination, to the prevalence in Ranch

- " Hand individuals who were examined; the term Yo 18 the same ratio for the com-

parison group. In' other words, the values Y, and Yo are within-group noncom-
~ pliant~to-compliant relative risks. The values of Yo and Yo are in fact not -
known 80 that .RR can in faect not be known with exactness, Were RRypg = 1.00
-and were the finding'rate'0;1003in'the‘fully,cOmpliant compabison”group;_Ye*anq
Yo could both range from zerd to 10, indicating ‘that RR could take values from
0.28 to 2.86.. Thus, noncompliance to the physical “examination: {s a serious
eon¢ern ‘in the attempt to properly infer herbicide effects from group differ-
ences noted at physical examination, S TP TR o o

It 1s possible to develop an. indication of the magnitude of the within~
group relative risks Yo and v, using data from the questionnaire. From Table
- V=15, 1t is clear that in several instances (roughly 50%) the fully compliant

replacements are not statistically different from the partially compliant or,
approximately, Yq = 1o = 1.0. In these cases, an observed relative risk,
RRgpg, 1s at 16ast-apbrokimatelyfequél“té“ﬁhélactualgrélative risk, RR of the
original sample.  -On.the other hand, using the thealth status data, ¥g is esti--
mated to be 0.54 while ¥, 18 1.0% for the ¢tategories "fair-poor" health, indi-
cating (using Equation #1) that RR = 0.93 RRype. This result implies the pos-
sibility that the use of physical examination data can overestimate a relative
risk by 7. On the other hand, for the ‘erosion scale Vg is 0.52, while ig-18
0.63, providing RR = 1.03 RRypg, which implies the possibility that the physi~
cal examination could underestimate relative risk by 3%, R :
: These  calculations of Yg and Ye use  questionnaire data, ‘and thus, the
results are indications only of bias in the physical -examination, dus to the
extrapolation from 1 data set to -another. Nevertheless, the ‘results do indi-
‘cate ‘a rangs of bilas which is much smaller than the range obtained when' no
assumptions ‘about Y, and v, are made. e T ' .

It 1s difficult to conceive of a:partia11y cbmh1iant_réteIOP_pnoportidn_as
being different from a'fullyrcompliant'rate:oprprbpbrtion by more than a faotor
-of52.__Thus:itfmay~be assumed that. o S Lo
0.5 5 g 52,0

0.53 Yo § 2.0, - -
. ‘under ‘this assumption |

- 0.75 RRgps S RR 51,28 RRopg .

_-:H.;v¢21l :



An- inequality such as the one above should be applied to' each study result
reported here to reflect the possible effect of sslection 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) andthe largest observed relative risk

~that can be considered actually smaller than 1 1is 0.78 (=1,28=1). Or, as a
" simpler rule of thumb, full sample relative.risks may be assumed t& be within
- +30% of observed.relative risks. Of course, this measure of uncertainty due to
noncompliance must be added to the uncertainty due to-finitefsample slzes, and

to other sources of possible inferential error.

- It ‘1s not feasible to numerically evaluate the degree . of bilas '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 questiorinaire. An equation
similar to Equation #1 holds for the ratto of group mean values for ‘a continu-
ous variable, namely: : . % ‘ R

RAT = memmmm———een -=== BATghg Equation #2
0.24 vel +0.76 . ‘ : -

In: this equation, RAT,hg 1s the ratio of the Ranch Hand fully compliant mean to
-thé_cpmpariSon‘fullY.OQmpliant_mean,_RATris'thewratiojof'the means ‘of the com-
"plete-original samples, Ye! 1s the ratio of the partially compliant mean to the
fully compliant mean in the Ranch Hand set and Y,! is the same ratio for the
“comparison participants., Estimates of el and Yc* are not avallable; however,
it 1s difficult to concelve of a partially compliant mean as different from a
. fully compliant mean in the same group by more than 20%; whence, we assume:

0.80 s Yo! 5 1.20
0.80 s vo1.51.20

‘Under this assumption
0.93 RATghg S RAT 'S 1.08 RATops

' that {s, full sample ratios are anticipated to be within 8% ‘of observed sample

- ratlos of. means. The potential error ih - sample mean ratios_portrayed_abovg

must be considered by the reader in the interprétation of mean shift.data pre-
sented in this report. : - S
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_10,: Summary and Conclusion

The comparison grohp in this study ia divisible into 3 subgroups: original

feomparisona, shifted comparisons and replaeements. Due to study impleméntation -

and ‘contractual . constraints, the shifted and replaeed comparison Broups - were
scheduled differently from the original: eomparison group for the" study ques~
tionnaire and physical examination.. The ériginal oompariaons Were handled in &
manner essentially identioal to that or the Ranch Handers.

- Analysis has shown that replaeements differ from original comparisons on
compliance to. questionnaire and physical examination, "however, shifted oom~
parisens are not - atatistioally significantly differént from originals on these
parameters, Both shifted and replacement - comparisons lave been found to be

- statlatically signifioantly different from the- original oomparisons on‘a vari~_"

ety of questionnaire and physical examination measures. This source of poten~
“tial  bilas is completely avoided 1in this report through the primary use of the
original oomparisons in hypothesis testing.

Differential compliance to the physioal examination ocourred with 87% of
" the Raneh Handers and 76% of the comparisons attending., ' This faot ralses the
concern for a. second- hias which cannot-be avoided, and it could be a result of
‘media and Rarich Hand Association support for this study. - It is suggested,
however, that this blas is not 1arge. Worst~case eatimates imply that observed
" relative risks are displaced from correct relative risks by né more than 40% by -
: noncomplianee efreota, and observed mean ratioa are- displaoed by no more ‘than
8%. . o _ . _ :

- vegge o



Chapter'VI

QUALITY.CONTROL'PROCEDURES_.

‘ Quality control aspects of the Air Force Health Study have been of major ..
importance since the inception of the study design. - The focus of quality
.eontrol concerns has been 1) to ensure the highest quality and validity of this
.study,. 2) to reduce variability and blas in all data, 3) ‘to validate all sta-
tistical methods and enhance Statistical power wherever possible, and " U) to
protect government resources. The purpose of this chapter i1s to present .a cate~
- gorical overview of ‘the quality control procedures and to present representa-
 tive data, where appropriate. . _

1, Prestudy Considerations

.. The Study Protoc¢ol ‘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 iof the Agent Orange Working Group. . Kanledge;gained'from
visits to national and internaticnal herbicide dioxin experts was also instru-
mental- in refining the Protocol., P : S o :

- Initial COntract:management_aspects;were handled on a scientific business
basis. - The Prinecipal Investigators developed ¢omprehensive statements. of . work
. With specific evaliuation eriteria. - 411 contract_prqpoSals_were"eyaluated with-
. out reyviewer knowledge of the proposer and ' then scored independently on their
- sclentific and ‘business merits. Contracts wers awarded on the basis.of scien-
- tific ‘and medical quality; price considerations were secondary. . Fixed-price -
competitive contracts were written’ whére feasible. During the conduct. of the
contracts, numerous sclentific ahd business meetirgs were held with the con-
tractors in an attempt to ensure quality and timeliness of the data. - Secien~
tific concerns continued as the primary emphasis- throughout the periods of
contract.performanoe; B o S B : 0 _ .

The population ascertainment process for both the Ranch Hand and comparison
groups has continued for .over Y4 years, Extensive computer searches and_a.hang _
‘review of all available military personnel records have assured an almost 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 ‘1ssue: have greatlyvassISted'bqth-the;ascertainmentfgndnaddresat
update processes. A few potentiarlstudy.partLCIpahtggwhose’records were. -

burned. in the National Persoﬁnel-ﬂéb@kd'.Center.Lremain yﬂgatengfzed,at_thig _
“time. 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 blas and has. afforded each
- individual a maximum opportunity . to participate Inﬁthé;atﬂdy.‘Tﬁé-bOmputer
technique to match each. Ranch Hander - to ‘a comparison individual by job cate-
gory, race, and age to the ¢losest birth morith ‘was ptionally rewarding, as
-+ about 70% of the matches were exact to birth menth' “wWell.a _
- ‘and race, Such .precision has enhanced-theﬂanaiytic.fIéXIBility_of_the;statisti—;

'-fcalqtechpiques cited in this report.

VI-1
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2. Questionnaire Data

The quality of questionnaire data was enhanced by 2 distinct mechanisms- 1)
~all questionnaire instruments were désigned by nationally recognized survey
. . research organization; and 2) the instruments were administered in &n in-home
. sétting by another outstanding survey research firm.. A  minimum number of
highly qualified interviewers were uséd to reduce data“ variability, and the
intervievwers were blind to the- exposure. status of the respondent. In addition.
the interviewers were specially tralned and then race matched - to: the study
participants, ‘whére possible. Spouse fertility data was obtained- independently
of the male interVIew but within the: same interview setting.

_ The data collection verification prccess was conducted sequentially. The
Louis -Harris Associates Incorported (LHA) field interviewer completed a ques-
tionnalre thoroughnéss edit, followed by a Central Office thoroughness check
- and appropriate editing. Participants were recontacted by photie, when' neces—'
sary, - LHA trained the Unlted States Alr Force interviewers and project staff
to complete the identical sequential process. A double blind key. punch system
was used for both the. LHA and USAF collected questionnaire data. Range checks

: identified outliers, and discrepancies were resolved. The contractor: randomly_:
- . validated. -completed interviews by phone; however, these interviews have not

been analyzed for this report. -An early USAF sampling review of the . data
revealed key punch error rates in specific sections of the questionnaire that-
ranged from O - 1.4%. The USAF systematic review and recoding of all medical’
areéas included in this report have reduced these error rates, . Further,-subse-
quent to -the questionnaire, each participant's military personnel record: was
hand reviewed, in order to provide exact data in the time and location of mili-.
- tary assignments. These data ‘have been used in this report 1in lieu of the
memory-dependent military duty information obtained by the questionnaire.

Most study participant questionnaire data were designed “to: be _cross-
referenced to review-of-systems data and physical examination findings. A no-
table -exception, fertility birth defect data, will be validated by birth cer-
tificate or medical records, ir retrievable. ‘Pemale. response data were used in
. all fertility/birth defect analyses, when available. In instances of multiple
marriages and offspring, unexpected difficulty was often encountered in"
assigning a child to the correct spouse pair.. Such discordant ‘results were
‘resolved by a hand review and computer input of the:. questionnaire data.
Thereafter. this system supported all offspring data for analyses herein.
Next-of-kin interview data will be verified by cross . referenoe to the de-

ceased's medical records. No attempt was made to validate. the abbreviated"

noncompliant questionnaire because of the individuals expressed disinterest in .
the study. o

3, Physical Examination Pata

The bulk of - scientific data of most ccncern to the public and veterans will .
~ stem from. the physioal examinations in this study. . Consequently, . great- empha—

sls has been placed upon quality control of the physical examination and labo- 'f |

ratory procedures._

e



All examinations were conducted at a single site by a contract medical
organization 0of unquestioned reputation. The contractor was required to pro-
- vide beard. certified physiclans for the examination. Dermatologists were

‘required to attend a 1-day intensive tralning session on the diagnosis of
chloracne. A minimum number of physicians and paramedical staff was used to
reduce data variability. The credentials .of each physiclan and senior psycholr_
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 dlagnostic asgsessments 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-
~tocol 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 each participant.

An Alr TForce. physician, serving -as an on~site physiecian moni tor, conducted
frequent inspections of all aspects of the physical, psychological and 1abora-
‘tory examinations to ensure contract compliance and to approve further diagnos-
tlc workups for those participants’ exhibiting serious medical’ findings. Fur~
- ther, the Alr Force monitor was periodically supplemented by Alr Force:
'consultant physiclans in the areas of internal medicine, cardiology, derma-

tology, psychiatry, psychology, immunology, and laboratory medicine. ' For study'
participants ¢rossing 2 or meore time zones, 1 to 4 additional rest days were
provided before the examination, in order to standardize psychological and -
1aboratory parameters. All examination data were provided to the diagnostician"
who confirmed significant positive findings and formulated a diagnosis, if one

i. was warranted. The diagnostician then carefully. debriefed the participant and

recommended followrup medical action. if ‘indicated. Electrocardiograms (ECG'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
processcrs 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 disccrdant 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
inrormation was veriried by the hard copy of the examination. K :

y, 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. 1icensed



- and ceértified by the College of American Pathologists or by the Centers for

Disease Control under the Clinical Laboratory Improvemeént 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 proceduras was accomplished at ‘the contract clinic; a DuPont
Automated Chemical Analyzer III (ACA) and Hemalogs 890 and D90 Automated Count-
~ers performed the majority of tests. For the ACA, reagents of the same lot
number were used throughout the study period. Stringent reséarch grade coeffi- -
cients of variation (CV¥'s) were required for most assays’ (see Appendix XVv), |
often necessitating repeat runs to meet these standards. Where ‘available for.
specific assays, trilevel controls were run at intervals of every 10th speci-
men, and 1 specimen set of every 15th was run.in duplicate. ‘Thése results
- were used to generate cumulative sum. quality control charts to determine 1if
test systems drifted significantly out of -control over time since the CV'as are -
relatively insensitive to. trends over time. Of the 14 agsays’ with cv- require~
ment standards, ‘7 were significantly (P <.05) out of standard at 1 or more
levels. On-site visits and detailed power calculations with respect to deteéc~
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 oonsidered, but waa determined unnecessary. . This decision
was made by evaluating participant and laboratory quality control values for
High-Density Lipoprotein {HDL ), Deviations were computed from each overall:
tri-level 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
HDL VALUES ON 2227 PARTICIPANTS (mg/100 ml)

Original Value

Ad.usted Value '

‘ Mean B -=‘.H6,18a : .if T 46,12
_ Standard Deviation o 12;61. o 12072

_ . No increase in HDL precision is noted In faet, a. small increase in the
‘standard - deviation was found, . clearly indicating that adJustment would not
improve the ability to detect group differences.

Immunologic assessments were performed by subcontract on 592 participants.f_
_;Participants ‘Were randomly selected {(terminal digit of ‘their random study num-
ber) midway through the physical examination contract. The subcontractor was
blind as to the exposure status and group' membership of each. individual - The
_ funetional capaeity of lymphoeytes to respond to mitogens or antigeno and - the'
number of T and B lymphoeytes were measured .in isolated peripheral blood,  4n -

‘Immunologlc Peer Heyiew Group {see Appendix I) was convened on-site to review o

technical prooedures and to develop analytic strategies.¢ This panel determined__

- vx~h'-_



'--that 56 of the 592 samples were not processed due to technical errors in speci-

meri 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. Differential counts 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 functlion assays had excessive variation,
manifested by a coefficient of variation (Cv) greater ‘than. 15%. as reflected in
Table VI 2 . .

Table VI-2 -

PERCENT OF GROUPED LYMPHOCYTE FUNCTION ASSAYS EXCEEDING A v OF 15%

"~ Functional Test_ ' "Percent_
Concanavallin A 15,8
- Phytohemagglutinin = ) 20.3
‘Tetanus Toxold ~ =~ '~ 75.T
'=:Pokeweed Antigen o 2

Although CV's were excessive, these variations appearad to ‘be randomly
~distributed- since ‘there were no observed trends. over time and there were no
. differences in error distribution between groups.’ Only 11 duplicate specimens”
. were received 1 per 50 specimens) - Intraspecimen reproducibility was impaired'
- and several split samples varled- by more than 50%. ° Similarly, intraspecimen
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 toxold-stimulated cultures additionally suggested
that caution should be used in the interpretation of . the ‘functional results.
Accordingly, the Immunology Peer Review Group recommended that the lymphocyte
function data not be used clinically to. determine the immune status of an
individual participant. Further, the panel recommended that the functional'
data set be used only to evaluate differences, if any, between the Ranch Hand
and. comparison groups .

The T and B lymphocyte enumeration studies demonstrated acceptable repro-
ducibility ‘and acceptable daily and long-term ‘variations between the total T
‘lymphocyte (T3) and the sum of lymphocyte subsets (Ty and Tg). Criteria for
. exclusion of‘? and B lymphocyte data were. (1) samples exhibiting greater than a

-30% background fluorescence (11 ‘samples or 2%), and (2) samples with a T
T{1 proportion of less than 10% (7 samples or 1.3%). Although differential
‘eounts were. not performed initially on the Ficoll- hypoque separated cells,
sufficlent paraformaldehyde-stored cells were avallable after conclusion of. the

o contract to permit a 250 cell differential count on. 525 of the 592 specimens.

oS



 This count permitted the calculation of absolute T and B lymphocyte numbers.
 After application of acceptibility criteria, cell eount data wera. available on

v ﬂ90 specimens.‘ o

5y In-House Data-C.ollect-io'n a'nd\Statiistiéa'l Analvsis'

The complexity and time constraints cf ‘this study have made it impractical_
to hire a series of contractors and expect them to accomplish integrated and
-timely work. Thus, the Alr Force investigators and technical staff have
assumed major roles in the areas of population. ascertainment and lccation,
“verification of eligibility in the study, medical record and personnel record
: validaticns, determination of replacements, examination scheduling, medical
coding, repositcry formation, and ‘statistical analyses. Where at all possible,
in-house actions have been documented by ‘coding schemes, decision rules, user
':manuals, and computer audit trails. - It 1s our desire to submit duplicate
unedited coples of all contractor data tapes to the Advisory Committee for
storage and any possible later use.

.. The data repository task has been monumental. All medical coding has been
aaccomplished in duplicate with resolution of disputes. ‘All in-~house gathered
data have been subjected to 100% echo and consistency checking. Subsamples have
~ been obtained to develop quality control error rates. Backup hard coples. have _

‘been created for all data bases in the event cf computer loss or malfunction.

The statistical approach to this study consists of a preset state~ofrthe—
art. framework. ‘' The statistical strategy was detailed before. the, data  were
reviewed or ‘the .group membership eodes broken.’ Both external .peer review and
‘internal ‘reviews - {conducted by - civilian consultants) ‘have validatsd _our
approaches. Computer software have been extensively validated by' using umck '
'data sets.' . : ‘ : o
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Chapter VII

STATISTICAL METHODS

=t.- 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 addressing mortality. = A fully expressed or overt

B herbicide effect would be characterized by increased mortality and more signs

_.and symptoms in the Ranch Hand group as contrasted with the comparison group.

- These effects " should increase with increasing exposure to herblicide.: 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 oommon. in the subset. of. indi-~

' viduals most highly exposed. : . _ '

- Symptom reporting is subjective by definition and, thus, subject to influ“

‘ences that ocould significantly  impair proper ‘inference. - For -example, & stoic_
and/or highly patriotic individual might unconsciously ‘or consciously suppress
the expression of symptoms. Similarly, anxiety associated with middle or:older
age could. pronpt elaboration of symptoms.' Association of increased symptom'
reporting with increasing herbicide exposure is suggestive of a true herbicide
effeot but is not strongly confirmatory as exposed perscnnel. are at least par-
S tially aware of the - ‘degree-. of  their exposure and could be suppressing or -
elaborating symptoms in terms of their perceived exposure. , o

The study design permits a specific check on the pcssibilities of over-
reporting or underreporting of symptoms. The technique involves ;eontrasting
the 1incidénce of physical findings when' symptoms are. present, between the
Ranch Hand and comparison groups. The policy followed in ‘this"report 1s that,
if there are no- group differences in the sign to symptom ratio, underreporting
or cverreporting is considered ‘unlikely. If there . are group differences in the
sign to symptom relationship, underreporting or. overreporting 15 possible, but

- medically, a real group difference may still exist. - @verreporting can be_"

asgsessed 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-.g

~ tion,. the most reliable indicator -of verified illness, occurs only in the most
severe: forms of psychological illness. - . : S .

2. The Need for Ad.justment Procedures

When samples are drawn from a very large or potentially infinite pcpulation'

of individuals, 2 samples of equal’ size- rarely ‘diaplay’ the -gdme number of dis-~
eaged individuals.  Thus, when comparing 2 ‘groups - of indiv1duals,’one must
~ascertain whether the differences are or are not compatible with differences
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due to random sampling. Two groups of individuals are sald to be statistically
- significantly different when the differences between the groups cannot be
accourited for by random sampling or chance mechanisms. If 2 groups are statls-
-tically significantly different and 1 of the groups has experienced a specific
exposure, this 1s suggestive that the exposure and the disease may be causally
related. However, great care must be exerted in this eetting since other
unevaluated factors may be the true cause of the observed group differences,
-and group difference bE -} only 1 element in the causal chain. :

AdJuetment procedures are those atatietical procedures which allow objec~-
tive. treatment of intervening ‘variables which can distort the trueé :herbicide
effect. Af one is, in fact, present. Failure to deal with an important
intervening variable can either, induce a false effect .or. obscure a bona fide
- effect, Statistical procedures. for ascertaining statiatical #slgnificance .and

for adJuetment used in this report are briefly: outlined. in a subeequent aection
of this chapter. :

‘ The preeence of intervening variables ocecurs either because the’ sampling
procedure used was not completely random or because, by -chance,. widely  dif- -
ferent cohorts have been drawn. Matching 18 a statistical procedure which can
partially protect against intervening variables. In this study, the exposed
and comparieon cohorte were -matched ~on age, race and military occupational
category. ' - B o _

Intervening}variablee are also called covariables, risk factors, or sub-
- stitution 'variables, . depending on the literature consulted. There ourrently
exists no obJective ‘méthod for ascertaining that all relevant ‘Intervening vari-
ables have been accounted for. When gll known intervening wvariables have been
examined, there 1s some degree of comfort that observed relationships are cor-
rect. Small eample sizes wcan,’ however. markedly inhibit study of intervening
variablee.-

A type of intervening variable that 1s of epecial intereet is the confound-
ing variable (Kleinbaum et al, 1981- Anderson et al, 1980). A confounding
variable is. an intervening variable that is associated ‘both: with the disease
under consideration and the exposure categories being used in the study. Fail-.
ure to adJust ‘for the. confounding variable means that the -estimated exposure-
disease association may be bilased. Nonconfounding intervening . variablee, on’
the other  hand, affect the precieion - of  ‘estimated -exposure-disease
associations._ o : . : L

o In the - context of intervening variables or covariablee, the..conoept of
interactions 1s important (Kleinbaum et al, 1982). Interaction occurs when the
statistical distribution of a random variable (sueh as a relative risk, or the
difference between group sample means) is a functien of -a second variable (such
" as-age or weight) The study of interactions in'a data set is important for it

may lead to the disgovery of subpopulations -at ‘increased or decreased riek from
. the - pOpulation ‘taken as ‘a whole. --Confounding and - interaction ocan  occur

together ‘or separately._, : : B I
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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 abnormalities. 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 -econfounding 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- categorical. 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 thelir
own right. Hhen unpaired -analyses are’ performed on paired data, there is a
congequent loss of test power and less .of & chance of detecting a herbicide

. ~effeet, 1f one exists. However, an unpaired analysis can actually be more
' powerful than a palred ‘analysis 1f study noncompliance or other causes of miss-

" ing data have -resulted: in large - numbers - of - ‘broken pairs (Bishop, et ‘al,
1975). - The software package used to perform the log-linear analyses in this
report is BMD-PU4F. = In ‘all analyses, the hierarchical modeling procedure was
used which starts: by examining all covariates and collapses across covariates
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 othéerwise

noted, all group by covariate terms- (interaction terms) were used “in all
models. : _

: Hhen group comparisons were made without adjusting for intervening vari-
ables, simple parametric ‘tests were used, such as the statistic assuming under-
1ying normal - distributions. - When it ‘Was Judged -that parametric assumptions’
were not reasonable, .the hypothesis of no difference between Ranch Hand ‘and
comparison distributions was tested by the Kolmogorov-Smirnov Two-Sample Test*
‘ (Gibbons, 1971) ' ' |
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In this study, a vary large amount of data has been collected ‘on each parr-
tiocipant., .In this report more than 190 . dependent variables were tested, Test~
ing at -the 0.05 level means that in 5 out of 100 instances where there has
_actually been no’ aesooiation, an agsoclation will be falsely inrerred.‘The
‘picture is more complex in this report, since as with many epidemiologic stud—
les, measures are not’ independent but are highly associated. Those variables
" ‘thought to be most assoclated 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 clinieal categories are
completely independent from one another. Within each ¢linical category, when—_
“@ver possible, summary indices have been developed to provide an overall view
of participant status and lessen the likelihood of false inference. Another
important concept which proteots against false attribution.of herbicide effect
18 careful consideration of the pattern of statistically significant results.
If a herbicide effect i3 being falsely inferred, it might be in‘a direction
opposite to that expected from prior reports. 0On the other hand, if a test 1is
found significant with a . high degree of confidence, its credibility must be
considerably enhanced

The inverse of falsely attributing a herbicide effect is the problem of
failing to deteot an effect when one actually exists. This involvee the ques~
tions of study power. Power: is addressed at length in the study protocol but
an overview is provided in this chapter. Under the condition of equal Ranch
‘Hand and comparison group sizes, and assuming unpaired analyses, Table VII~1
provides the approximate sample sizes needed to detect specific.relative risks
"with epproximate probability 0.80 . {« = 0.05). - The present study is able to
detect (with probability 0.80) those relative risks enclosed below. the heavy '
‘line drawn through the table, Study power for continuous variables:is shown in
Table VII~2. The mean shift refers to. the displacement of  the Ranch Hand mean
;relative to.the control. The variables considered: are narmally distributed,
and unpaired testing 1s assumed In the table. The: present -study- has approx- -
imately an 80% chance of detecting mean ehifts below the heavy line drawn
through the table. : :

o 0ne thousand forty~five Ranch Handers complied te the physical examination :
in’ this study. With this size group. disease states with a cumulative
.incidence in the group of 1/500 or less have a 10% chance or. greater of no
cases at all -being encountered. More detall on this point 1s given in Table
- VII~3 where the probability or seeing no cages at all 'is provided for other.
cumulative incidence values. :

Another view of study power can be ocbtained through use of the P values;
‘reported 1in this volume. -These observed probabilities permit-a direct evalua-.
tion of study power against the alternative hypothesis defined by the observed
statistic. For example, in categorical tables, the chi-square statistic can be
inferred from the oited P ‘value. - This observed chi~square statistic ocan be
‘used as. the alternative hypothesia to the null hypotheails of" statistical-
'independenee. Taking the observed- ohi-squared statistic as the noncentrality
parameter in the appropriate chi~asquared distribution, a calculation. of study.
power against the observed efrect 1s poseible (Johnson and Kotz, 1970) Table



VII L] 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,

-1t may be inferred that -study power against. the observed effect was 47% (using
the two degrees: of freedom column in the . table). This.‘implies that, if the
groups - are really as different as they appear from the data, this. difference

‘would be detected as statistically significant HT times out of 100 hypothetical
repetitions of this study.

_ Table VII -4 can also be used to approximately assess the :power. of linear
model analyses. The test: 'statistic in these analyses 1s an F distribution as-
soclated with Y1 and Yo degrees of freedom. The degrees of freedom, Ys associ-
ated with dependent varlable mean squared error 1s usually quite large in this
study. Thus the F(Y{,Y») distribution can be ueually well approximated by a

X (71) distribution. The degree of freedem, 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 eguality between 3 variables is under test as in the tri-
_1evel exposure index case. . S
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Table VII-'

NEEDEDSNMESIZESTOWI‘EUTEDCPOSUREEFFEBI’S L
INMSAI@I.ETEBTINGASS[MNGEQIALSAPM.ESIZES*

DATE OF wmpuss FACTOR. m a:mnsm cmup T RELATIVE msx
DISEASE IN
|=PCONTROL| " 1.5 | 1.50 2,00 | 3.00| 400 | 5.00 | 6.00 | 7.00 | 8.00 [9.00 [10.00

TOU,2H4| 194,244 | 57,182] 18,306 | 9,809 | 6,420 [4,668 [3,621 12,933 |2,451|2,097

70,282 19,31 |

9| | g~ g- 3[__ | §.L éle o .' |

6,886 1,89 |

*This study has unequal sample sizes; thenafem these tabled values aremderestimtes
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"Téble VII-2

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

| _,VARIABILITY _(u-/u_)
©|MEAN SHIFT | o T

05 [ 0] s 30T

| 0.5 ";_,._f 785 19,628 | 78,510 176,647

.08 | 196

4,907} 19,628 | ui,162

158 | 87 | 3w 8,723 | 19,628

laos -~ 49 1 196

4,907 11,040

cless 4 3t o1 | o7es 7,065

| 1,776
Tsg o ow ] o | er | s el ges
[10.08 i.é-f'?? - -i'é';. by -[.;196 | ;,;7'_:wué -

785

‘*This study has unequal sample sizes, thérefore these tabled iaiues are
underestimates. S . . S e . :

B Table_VIIfS.-”

h PHOBABILIT! OF ZERO CASES AS A FUNCTION
- OF CUMULATIVE INCIDENCE '

-Probability of Finding
PR Co _ : L Zgro. Cases in a Group
.- Diease Prevalence . - . . .. o ooff 1045 Participants -

. 1/10,000 . . o : .-_‘, 901
17550000 o T e
o1/2,000 0 L e 593

/1,000 0 L350
CoWB000 T 23
tfe00 L005.
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‘Table VII-J

STUDY POWER AGAINST OBSERVED EFFECTS

 OBSERVED

PROBABILITY — TR
(P~ VALUE) -~ _ .. DEGREES OF FREEDOM @
SN o 1 2 D TR

.00t L9080 92 .938 2T
.01 L T30 2780 . 816 . ... 845
W05 - J500 .583 642 - .689
<10 L L e376 AT0 © 4536 . (590
25 f"210 ' <300 - ;367' 425

Study power ‘can be. severely influenced by theé analytical or etatistical
method  brought to bear on the data. For example, in an evaluation of blood
pressure, very small differences in group mean blood pressure dan be detécted
‘'using parametric or nonparametrio teating of measures of . locetion' however, if-
group differences in hypertension prevalence are analyzed, a lesser .or no group
difference might be found ‘using categorioal statistical methods such as log=
linear models. 1In general, there is less power to detect a group. difference in
specific medicdl diagnoses of a disease state with categorical procedures, than
- with the ‘underlying continuous variable. However, - eéven in the absence of
statistically significant differences in disease rates, group differences. in
'means and variances are still indieative of differences in disedse rates that
might be detected if sample sizes were larger. Because of these considera~
tiona, . analyses -in this report of continuous variables and the aeeociated
_normal—ahnormal oategoriee are both provided wherever poseible.

h Verification By Medical Records and Interpretive Precision '

This report containe a reareeneetive morbidity element sinoe both the ques-
tionnaire and physical examination inquire atout  illmesges - or medieal qundi«

tions that may have occurred in the participant prior to this study. Theae

reports. of 1llness are currently being verified by medi¢al record. - The Study
plan. additionally ineludes verification of negative responses. In this report,
some reported conditions have been verified by medical record but no verifica-

tion of negative reésponses 1is currently avallable, This correction of false
posibivee improves the hypothesls testing only if the false negative rate can
' be assumed negligible, perhaps. a reasonable assumption. in & military popula-
tion, If the false negative rate is not negligible, significant bias and
1oee of precision remaine 1in the hypotheeis test :
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Chapter VIII

 EXPOSURE INDEX DEVELOPME&T

" A potential link - of eclinical 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 illness at . T
higher levels of exposure. However, exceptions to this. assumption of a consis- _

' tently increasing dose~response curve are possible through a variety of bio-
medical mechanisms. ‘ ' .

The exposure index used in.this report relates to. the TCDD-containing
"herbicides: Herbicide Orange, Herbicide Purple, Herbicide ‘Pink. and Herbicide
Green. Archived samples of Herbicide Purple suggest that. 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 TCDD at a
concentration of approximately 66 ppm. . . . :

..Thesindex~used 1in this report is written below:

Gallons of TCDD-

-, ~TCDD - - Containing Herbicide I
Ei - {weighting} x Sprayed in the RN =~ x  ~——eio
Factor - Theater During the - Number of Airmen wibh Subject'
: ith SubJect's Tour *°° Dutles in the Vietnam Theater

during the it SubJect's Tour

" The TCDD weighting Factor is 2H 0 or i 0 depending on. whether the material'
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 documentati- -
-on (Young et ‘al, 1978) show only Herbicide Orange being disseminated .by Air
-‘Force-flown fixed*wing airéraft at that time. Prior- to 1 -July 1965, procure-
ment records and dissemination information show that a combination of Green,
Pink -and Purple was procured and ‘sprayed by Air Force individuals in .Vietnam.
Using avallable data (Young et al, 1978) on gallons of Green, Pink. and Purple
procured and sprayed, a mean of - 48 O ppm was established for the time period
-prior to-1 July 1965._-Dividing by 2 to- normalize to Herbicide Orange. the
weighting factor becomes 2“ 0 (i . H8/2 - 2&/1) ;

_ The dates of. each subject's tour(s) in the Republic of Vietnam were deter-_,
-mined by & manual ‘review of military records. The HERBS TAPE. was used along .
with. Contemporary Historical - ‘Evaluation . and Combat Operations (CHECO) Reportsf

and quarterly operations reports to construct a: table of " gallons of TCDD-con-
taining. herbicide: sprayed for ‘each month during the operation. Thsse data are. -
~shown in Table VIII-1,  For Herbicide Orange missions actual gallons are. shown,".
awhile for Herbicidss Purple, Pink and Green the ‘factor of 2y, 0 is already-
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included making these effective Herblelde Orénge or equivalent Herbicide Orange =
.gallons (TCDD at 2 ppm).  The CHECO Reports and quarterly operations reports

- were used in addition to the HERBS TAPE, as the HERBS TAPE currently available

" does not list all pre-1965 spray missions. Again, only fixed-wing spray mis-
‘sions are compiled in Table VIII-1, as Ranch- Hand personnel were not involved
with helicopter and other spraying (e.g., backpack). Also provided in Table
VIII-1 ‘are Ranch Hand manhning in each occupational category by month, ‘as

- derived from a réview_offmilitary_reoohda. A computer program-was writtén to

addreSs'this table with each subject's tour dates to the nearest month, to
 caleculate his exposure index in effeative or equivalent Herbloide Orange
gallons, . : -

. The exposure index-reflects_the\effective_humber.offgallbﬁs'of.ﬂerbicide
Orange to which the airman was potentially exposed, where exposure. to the
‘higher TCDD-c¢ontaining herbicides (Purple, Pink, Green) has been properly

weighted to place them on thg'same-footing-as‘Herbicide.Orange.

.~ hs ‘seen by examining the above index definition, the index developed should
correlate- with the 1ndiv1dual?s exposure but -¢annot be an exact measure of
- actual exposure. or.body burden. The index is an estimate only, aince TCDD con~
‘centration 1s known to have varied across herbicide lots, and since the index
“does not reflect exceptional exposures such as alrcraft hits by enemy fire or:
dumps (these events are essentlally assumed equally distributed). Additionally,
the index reflects potential exposure only. and -does not address specific ‘and
determining details of the actual contact. While the Index certainly coritains
errors when applied to judge the exposure of a specifiec individual, in:8tudying
- groups : of individuals ‘epidemiologically, as in this report, these 1individual
- errors are expected to balance out or statistically cancel to a great extent,
- providing some degree of useful inference. o o
~ The numeric exposure index calculated by the procedure désdribed;abovegwag

subsequently categorized into 3 levels (Low, Medium, High) for use in statisti-

‘cal analyses;'and._th;s'categorization was accomplished in a different manner
- for each Ranch Hand occupational category in order to optimize study capability
to detect -a herbicide effect. Details of the exposure categorization are as
follows., R S o T S TE

~ The study design called for 5 occupational categories: (a) officer-ptlot,
(b) - officer-navigator, (¢) officerrother, (d) enlisted-flying, ~and (e)
enlisted-ground. = For all exposure index analyses presented in.this report,
only 3 Occupational.categories are employed. = Specifically all officers were
combined into 1 ‘class titled "officer". This combination was accomplished
since navigators and pilots were exposed in the same manner, and since indivi-
-duals in the‘"officer-other"fcategory were:administratcrs,whosa:expoSurg was
considered éffectively zero. Additionally, 1in the enlisted=ground group, ' all
administrative personnel  were assigned_a,{zero.expogurafvaIUe.r'uUndQP-these
basic rules, the categorizations shown in Table VIII~2 were developed, A -very
‘balanced membership in each occupational category has been provided. for each
- exposure level, optimizing statistical ability te detect a herbicide effect 1if
one exists. I : IR ' -
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Table Vlll 1 (Conf'd)
HERBICIDE ORANGE EOUIVALENT GALLONS AND  RANCH HAND HANHING BY MONTH

_ _ © v Others v Fiying.. .- -Other
. Gallons Plldf : -Navlgafor Off]cer . Enlisted Enlisfod
. Me/fYr ' . Spreyed ' . (Ocec 1) . . {Occ 2) - foee 3) {0cc 4) (Occ 5) .

12/66 L212100 0 4% P28 ;123
01767 . 202380 - 49 28 123
02/67 363830 . 59 28 116
03/67 ‘2859400 - 51 - 28 T4
04767 - 208300 .50 - 33 108

- .05/67. . 251320 53 34 o 101

. 06/67 . 335860 8% 3% 108
07/67 .. - . 253884 -5 37 . . 163
08/67 162895 . 63 32 160
09/67 © . . 298615 .60 3% ‘ 161
10/67 265335 . 55 .36 : 149
11767 372425 - 55 . 33 ST 145
12/67  38360% 58 34 129

" 01/68 . 333598 -84 "33 et 127

02/68 27450 = 65 335 . a4
03/68 -48200 69 134 s 160

. 04768 307740 72 36 R [ 1]
05/68 " 336300 75 32 ' 160 .
06/68 - 22632% 77 37 . 164
07/68 © 258100 - 84 42 1871
08/68. < 289160 " 91 a5 192
09/68 216300 89 a4 147
10/68 72250 .89 49 ST L O
11/68 189100 101 . 53 S [ 5}

. 12/68 . 218750 .94 81 S 154
01769 . 264450 98 51 o 154
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_-Occupational Group_:

- Exposure

Table VIII 2

.: EXPOSURE INDEX CATEGORIZATION

_Effective_
Herbicide Orange-

. Gallons Corresponding

to Exposure Category

Number of Ranch Hand
Participants '

Offioer

Bnliéﬁed;Flying N

Enlisted-Ground.

Categoryef

. Low

Med

 High =

Low
Med

" Low.
- -Med
“High:

High

'S 35'000

35.000 ~70,000 .

> 70,000

S '50 ;000

50,000 ~ 85,000 -

B 85'000
4 20 000

20,000 = 27,000
> 27,000

VLIS

- in Exposure Category

:1”0‘ -
150
v 151

67
66

o186
R



Ghapter IX

GENERAL PHYSICAL HEALTH

. Five general variables were used in the analyses of the general health

status of the study participants. ‘The 1ndividual's. aelf*perception of health
. Was obtained during questionnaire administration and reflects a perscnal and
" subjective evaluation of health., It is susceptible to varylng degreee of bias,
both ¢conseious and subconscious, . The physiclan's asseasment of the presence of
distress is a crude objective measure of general health status and 13 less
”biased. This assessmént was made on initial observation by the examiner, prior
to any’ direct examination, " Thus, patients who appeared i1l or in distress on
~ this initial observation were generally quite 1ill. The examining physician
also reported his asssessment of the concordance between the subjectfs. apparent
age and his chronological age. Two other variables, percent body fat and the
erythrocyte sedimentation rate, were also evaluated. There were 1045 Ranch
Hand and 773 originally selected oomparison participants included in the analy-
ses in this chapter. Slight variations in these numbers oceur occaaionally due |
to missing data. Similar analyses were conducted using all compliant compari~ -
- 8ons,; regardless of replacement status. The results of these additionsl analy~
. ses were essentially no different from the results of the analyses- with the
originally . seélacted . comparisons presented in this . chapter. Appendix IX con~
- tains representative results of these additional analyses. The relative risks

and confidence intervals for the dependent variables analyzed in this chapter
. are . 1neluded in Appendix XVIII, _ ‘

1. Suegective Asaessments

 The results of a 1og~11near analysis of -the self~perception of health in
the Ranch Hand and eomparison groups: with three covariates (age, race. and -ogcur
e pational category) are discussed in thie section and are . shown 1n Table Ix-1._
Table IX-1 |

SELF-PERCEPTION. OF HEALTH BY GROUP AND AGE

_ = Raneh'Hand_. i '“ Gombanisons
Age Perception Number Peroent Number - Perdent P value
- Shoo 'Excellent_ S 129? (3&:5)* ~1 91 t3ae6)_'
L Good: oo 1713 (46.3) 0 1200 (50.8) 0
. Falr/Poor 72 (20.9) 25 (10.6) = Pe,01T%.
>40 - Excellent 258 (39.1) © 203 (38.7) o
. Good - . 286 (39.4) o 239=_1(“5 5)
_'Fair/Poor ‘__ ._ 139. ,(21 4)Z <  83; (15.8) = P=.025%¥

*Relative risk SHO - 1,82; 95% Confidenoe Interval (1 18 to 2,10)
**Relative riek >40 =1, 35, 95% Confidence Interval (1 05 to 1. 76)

IX-1.



_ ‘This analysis demeonstrates a statistically significant difference between-
the two groups, with the Ranch Handers perceiving their health to be poorer
than “the comparisons. No significant three—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 assoclation 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 i1l health or dis-
tress also paralleled the participants’ self-perceptions, with more Ranch

o Handers appearing to  be 1ll than comparison subjects. . . Although these 111~

appearing individuals acecounted for less than 1% of each group, there was
jborderline statistical significance as .8hown in Table Ix-

Table IX- :
EXAMINER'S ASSESSMENT OF ILLNESS OR DISTRESS BY GROUP

'”jExaminer's _ '-"' Ranch Hand ' Comparison;

Assessment - . Number ‘Percent -~ - Numbér . Percent
nroc 8 (0.8 1 (o)
‘Well . - 1,033 ..(99:2) 769 - (99.9)

P =0. '05'6’

This measure is somewhat more objective than the participant s self~-
perception of health but'is nevertheless influenced by ‘the . participant 3
emotional status, ‘and bilas can thus still be a factor in this result. The par~
ticipants’® self-peroeption of health appeared to be .worse than the examiner'-
assessment in both groups; however. as. dgmonstrated: in. Table Ix-3. the pattern
of . discordance does not differ’ between :the two groups. : When the examiner's
estimates of ‘the participant's apparent- dges were contrasted to their chrono-
logical ages, 976 (93.4%) of the Ranch Handers and 737 (95.6%) of the com~
parisons were observed. to- appear as. old a8 they actually were, . Fifty-one
{(4.9%) of. the Ranch ' Handers and 19 {2, 5%)\of the comparisons appeared to be
younger than their actual age whileﬁ'18;f1 7%) ‘and 15 (2.0%)" respectively
appsared to be - older. This - observation was statistically significant (P =
0.029) and demonatrated a tendenoy for the Ranch Handers to appear somewhat
- younger than their actual ages.l : b T

CIX=2



Table IX-3

o

DISCORDANT SELF PERCEPTIONo OF HEALTH

"Better than Examiner | Worse than Examiner

Ranch-Hand - 2 R 205

Comparison =~ S0 108

2. _Objeetive AsseéSments

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 8pecific diseases, they do indirectly reflect the general state of
health. Body fat percentages were calculated from: height (1nehes) ‘and weight
(1bs) measurements -(Hodgdon, 1983) using the formula.

% Body Fat = (weight/heightz) (1015.72“) - (17.28460).
Data were missing or unmeasurable (greater than 100%) for ‘7T-‘participants (3
comparison and U4 Ranch Handers), and these individuals were excluded from the
analysis, The distribution of these data ‘is shown in Table IX~U4 and Figure
“IX-1, where: the percentage of partlcipants falling in each grouping and the
-cumulative percentages are displayed

F1gure IX-1-

 PERCENT BODY FAT DISTRIBUTION

e :m 2870305 =

x RH CUMULATIVE -~ PERCENT-BODY FAT -mwm
» COMP CUMULATIVE  EEE) cOMPARISONS



. The percent of body fat appeared to be reasonably normal in its- distribu—-

~.‘tion, . No.'significant ~ differences were detected between the variances (P
'0 34) or the means (P .= 0 67) of the. two groups. . g

. " Table Ix-A

DESCRIPTIVE STATISTICS - PERCENT BODY FAT

| Number of Subjects . _Mean . Std Dev
Ranch Hand ~ : =~ = v Lo o o 212 0 L 5,36
' Compérisbn‘ 170 o212 - . s, 19

In an effort to assess the extremes of obesity and leanness in the two
‘3roups 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

welght categories . is shown in Table IX-5. Chi- square procedures revealed no

‘significant differences between the Ranch Hand and comparison groups (P-O 89)
‘ o _ L

Table IX-5 -

 DISTRIBUTION OF BODY FAT PERCENT

Lean <108) Normal (10-25%)  obese (>25) =

- _”‘Number-Peroentf.'numberJRercent Number Percent .. Total
‘Ranch'Hand 13 (1) 84 © (79). 207 (200 1ok
Comparison ~ 7 (1) 607 (79) 157 (200 71

' P-10.89g

The percent body fat and. group membership relationship was further evalu-
ated by covariance analysis using age, race and occupational category as covar-
lates. Age and percent body fat were: associated (P = 0.02), but this associa-
tion was ‘not affected . by ‘group - membership, ‘that - is. there was no three-way*.
'interaction (P = 0.17). ' None of the sources- ef variation. associated with race .
were found to be significant. Percent body - fat was significantly different
.- between the three ocoupational eategories (P .= 0.04), but this association was -
‘the same in. both Ranch Hand and- comparison groups. . o

S IX=h



Sedimentation rate values presented a-right: skewed distribution ‘for both

. groups. Table IX-6 presents the percentile values for each group. A two-aample

KolmogorOV*Smirnov test revealed no. significant differences 1in'the two unad-
Justed distributions (P = 0.99). The normal range of sedimentation rate for
-males i3 less than or equal to- 12 min ahd only 5% of each group -exceeded
normal . . . . : : :

_ _ Table Ix-6 o _
PERCENTILE DISTﬁIBUTION OF SEDIHENTATION RATE RESULTS
Ramch Hand © 0 1 2 4l gz
Cgempartson 0 1 2y T

.‘ - KoimééohonSmirﬁoi; P = 0.99

A multifactdr log 1inear analysis of aedimentation rate by group member-
ship, age (<40, >40),  hematocrit ' (<U2, Y42~ ~52, or >52%4) and ‘the examiner's.
assessment of 1llness or distress was perrormed. The interaction. of - aedimenta-
‘tion rate, group membershlp, and age. was.- signifioant {P = 0.002) as'. shown in _
~ Table IX-7.  Ranch Handers H0~years of age or less. had aignificantly fawer 
 sedimentation raté. - abnoérmalities - ‘than -dtd- their comparisona, while no group
__difrerence was noted in 1nd1v1duals ‘over the age of ho. R L

Table IX-?-

' SEDIMENTATION RATE, AGE AND GROUP MEMBERSHIP '

Sedimehtation Rate
orHal — Normal . et
ﬁumbsr Percent . P Value

: . 2552 1 | Ou

S 40  “f Ranch Handu el ";ih;ﬁj._fffffSTé;'-”*jy;%;ﬁ_
'  Comparison . 10 (W.2)y 227 (95.8)

>%0 Ranch Hand . . 39 (5.8) . 628 . (94.2) 0.764
: Comparison .~ = 29 - (5.4) 504 - (94.6) - -

s



The sedimentation rate was found to have a significant association with

B -hematoorit the appearance of 1llness or distress, and percent body fat. Table

.IX-8 displays. these data. - Since these variables' were unassociated with group
membership, combined data for both groups are used. ‘

Table Ix 8

SEDIMENTATION RATE HEMATOCRIT/DISTRESS/BODY FAT ASSOCIATIONS S

'_Sedimentation.Rate

Abnormal . Normal o .
Number (Percent) = Number (Percent) P Value .
B _ DR | Hematocrit
CHgo 130 (1T, 3) 102 88.7)
S h2-52% : 66 ( 4.0) 1598 - (96.0) <€0.001 "
o> 5 R 0 31 (96.9)
jAppearance of Illness
or Distress
e 2 (a2 1 (87:8) " . 0.009
Well = - - - 18 (43 1724 (95;7)_ '
;fgodySFatftff~' TR , R :
10-25 S B 0 1372 (95.9). .- 0.049
S05.2) L 348 - (9ui8) .

->.25'f.'. S B ._.stng_,L

These findings are ' consistent since an increasing sedimentation rate, .
abnormal body welght, decreasing hematocrit and an 111 appearance are.-all.
traditional indicators of illness, and therefore should be related.

The relationships between self perception of health sedimentation rate,'

 ‘and age were also explored These significant relationships are shown 1n Table
IX-9. . R R _



Table IX-9~

| SELF‘PERCEPTION OF HEALTH AGE/SEDIMENTATION RATE ASSOCIATIONS

Self*Peroeption of Health

Excellent T Good  Falr/Poor P _Value
'Sedimentatienvﬂate |
_ Abnormal 8 3 28 ©<0.001
- Normal ... . - 671 . 765 - . 294 _
Age | R
LsHo o 2w 294 91 S
b0 k65 T 506 225 .. .0,06

These relationships were independent of group memberahip and are notl
_unuaual eince illneas generally inoreases with advancing age.

.33._ Herbﬂcide Exposure Analysis

The exposure index waa applied to the variablee in the general health anal-__
y8is to determine whether a doae“response effect could be identified. ' ‘As des~
eribed in Chapter VIII, “the "index 1s expressed in equivalent~gallons of -

- dioxin-containing herbieide potentially encountered by each individual 'during -

‘his Ran¢h Hand tour of dutyp Three eategoriea ‘of expoeure weras uaed."low.
_-medium. ‘and’ high The cutof'f‘ ‘values f’or thesé. categor‘ies were: choeen ao that
'statiatical power could be maximized in the analyeee. :

" The interrelationship between a Ranch Hander 8 self*perception of health
and exposure is shown in Table IX-10. Three epcupational groupinge vwerg ana—
lyzed: officers, flying enlisted, and’ enliated ground peneonnel.pl Nenflying
of f{cers were included  in-the analyaia and_ weére. aaeigned ‘to the ~low . exposure.
. category. = Their Jjobs were primarily administrative in nature and involved

relatively lower levela of expoeure ‘than’ the flyins officere.;_;v‘,, e

4
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Table IX-10

HEALTH PERCEPTION IN RANCH HANDERS BI OCCUPATIONAL GROUP -
-~ “AND EXPOSURE CATEGORI . S

' Counts Within
, P S L E R " Exposure Category o . .
Occupational Group - Perception . Low™ . Med . High - P_Value

._foicer | '_l  Excellent - 65 65 68 SR
N w361 0 o ¢ Good - I L N 'L SR - B o 0WT2

Enlisted, flying © Excellent 8 18 23
N 183 . Good 29 24 29 . 0.84
o . Falr/Poor . Sz 16 0 14

”Enlisted, ground - Excellent .~ 43 4. 4 T R
Ne=l72. 0 Good - 5995 67 op o3l
Total' 1016 TP R S S

- These analyses revealed no - significant aesooiation between exposure and ;E
perception of health. .The P value of 0,13 among ‘the enlieted ground personnel

clsof interest ‘but consistent. trends are: not seen 1in the data. - Similarly,= o

‘exposure was found to° ‘have. no- eignifieant aseociatiOn with ‘the -examiner's

“asgessment ‘of distress or .ill health. <Thé: onUpational ‘category analyail iah:E;
- shown 1in Table IX-11, Statistical testing of ‘these data was. not oonducted dus

to the small number of individuals Judged to’ be ill by the examining phyaioien._;




Table Ix—11

EXAMINER'S ASSESSMENT QF HEALTH IN RANQH HANDERS !
BY OCCUPATIONAL GROUP AND: EXPQSUHE CATEGOR!

T S Counts Within
Y ' ‘ .. Illness or~ . Exposure Category .
._HOGOUpational Group o . _Distress - .. :oLow . Med ~ High

'Officel" ‘ - T Ill ) L0 1 B T
. T o Well. 1M -2 RS VL

E Enlisﬁed,_flying o S 111 ‘ ' { f 0 o 1.
o el .59 . 59 . 65
'Enlisted, ground o omr 2 0 3

| ey T well . -,442‘;;1y9_ 178 k2

Similarly. the associationa between exposure and apparent age and expOSure P
and - body fat u@re evaluated.; These data are presented ‘in Tablea IX~12 and
1x~13.__- _ - o _ :

P o Table IX*12 s
APPABENT AEE oF RANCH HANBEBS B! OCGUPATIONdL GEDHP 'ilf-;:L-_"

AHD EXBQSUHE CATEGORY

_[ ) cauaaa wiihiﬁ‘j*”'““‘ |
' ' “-;_ _ AR o '_*_poaure catagory . T
OOcqpational Group - Apparent Age - - - Low Med: _iﬂﬂ. ~P. Value

o Ofricer - . DEE I '-"__,'._ LT
" Younger - . 7 0010 8. 0,99
- Same o 13 1T 116
S Older- - . 1 1

S S ~Younger . . 1 5 2 .
Same ST BT By g4 0.R2

- Older - . 1T 0. 0 o
~_'Enlistédwgraund*ﬂ.]f-s_=,:. ST L

. Same - . UL 4R 69 013600 - L 0488 ¢




Table Ix~13
PERCENT BODY FAT B! OCCUPATIONAL GROUP
: AND EXPOSURE CATEGORY '

_Counts'within
- Exposure Category .

Occupational Group E 'ux Bqu Fét: ) ::_ Low g.Med; _High P Value
Officer L - R L
E - $10% S R BT S
oo 10-25% 0 - 91 97 103 S 05T
. e25% . 200730 21 ; -
Enlistedvfiving" | L SR - :
A s10% N R IR ¢ A
. 10=15% 48 - B2 51 . 0.34 .
N _225% 10 6 15 = - :
Enlisted-ground | L S e
S o 510% S -
oo10- as5% - 114y 136 115 0.95
'-.-:25: : o

'-It is evident from theee data that levels of expoeure had no relationship to
the exa:hiner s asséssment of apparent age and percent body fat regardless of"
_occupational category. L _ _ C i .

4.. Summ ary’

Overall the analyses of the general physical health of the etudy partici-
pants revealed classical ‘assoclations . between. clinical. measures of 111 health
ﬂnsuch as eedimentation rate, - obesity/leanness, age, ‘hematocrit, eelf-perception

and the appearance of diatress._ Statisticelly significant group differences . .

between the Ranch Hard ' and Comparison groups - were limited to the subjective
measures of self—perception of ‘health and the examiner'e assessment  of {llness’
Cor distrese " The 'Ranch Handers, ‘as a group, perceived themselves to be in-
poorer health than did the eomparieon group. . Similarly, the. examiner felt that
more Ranch Handers appeared 111 than 'did the comparisons. However, 111 appear-
ing individuals accounted for less than- 1% of both groups. .’ The analysis of

": theee variables against the exposure index did . not reveal ‘any-: dose—reeponse-

effects. Overall the available evidence doee not support “‘the. preaence of"_
a_such an herbicide effect operating at thie time._;;_._ : : : g

X-10



Chapter X

MALIGNANCY

1. Introduction

- Of all the health effscts being attributed to dioxin, cancer 1is one of the
most feared in the minds of the veteran groups, the media and the general pub-
lic. Dioxin has been identified as a carcinogen or cocarcinogen in some
~strains of rats and mice (Toth, et al, 1979; Koeiba et al, 1978, 1979; Kouri,
1978); however, 1its carcinogenic effects in humans are unclear.. Epidemiologic
8tudies of carcinogenic effects in humans have been generally limited to
" investigations of phenoxy herbicide exposure ‘among soft~tissue sarcoma
patients in Sweden (Hardell and Sandstrom 1979; "Axelson, 1977) and studies
-among industrial groups involved in the production of trichlorophenol and 2,4,
5~T {Zack, 1980; Honchar, 1981). These studies have been contradictory and the
Issue 1s still being debated in scientific as well as public forums. . The
clarification of this important 1ssue 1s a major focus of the Air Forde Health

Questions concerning a history of cancer or tumor were asked during both
the in-person questionnaire and the physical examination. Question 36a of the
study subject questionnaire .concerned cancer alone while other areas of the
questlionnaire focused on tumors or other major medical conditions. In addition,
the physical examination subjectively identified additional participants with a
history of cancer in the past medical history and objectively i{dentified par~
ticipants with evidence of prior or newly diagnosed cancer, ‘Figure X-1 shows .
the algorithm used for ‘data c¢ollection for cancer in the study population, as
well as those.reported cancera that were entered into the cancer verification
process. ' : S _ . L

In this algorithm 114 findividuals (65 Ranch Handers and 49 comparisons
_responded "yes" to question 36a, 10 other individuals (3 Ranch Handers and 7
comparisons) responded yes to other questionnalre gquestions concerning tumors -
or other major conditions, while 92 additional thdividuals (50 Ranch Handers
and 42 comparisons) reported or were diagnosed as having cancer or tumors dur-
ing the physical examlnation. A total of 22 reported cancers occurred prior to
‘the individual's Southeast Asia tour of duty, and ‘these cancers were removed
from all analysea. A total of 194_1nd1v1dua13'reporting'cancer_wqrq entered

. into the~vehif1catiqn procesB,(105&Ranoh=H&nderafandt89_comparispns),

. Canger #erifibation'ﬁas completed by review of the individual*&'ﬁééical

‘records and avallable pathology reports. _ Although cancers reported by all .

participants were entered into the validation process, only the -data from the
_~Raneh Hand group and the subset of originally seélected comparisons who com-
- pleted phyaieal examlnatimh ware fully analyzed atattatiqallyf-The ratiocnale



' ' L Fgere X-1
ALGORITHM OF COUNTS ON REPORTED culcm BY snum OF DATA

Questionnairs Data :
, o me.m
R.w“ “Wes" l doiti ':'l'"'.'_" .o m. “’“ ] .
. ' conceming tancer |
Haveyou ewr | M 0C_7 EH e 28 RA 0C.85
. had cancar?” : B ™S . sz | e s
RH : 05}2 : : . nc_u _ RC 3l o RC_11
® o oses | e 1 - o & | Totsl_98
RC_3 w1 B el NS .
'Tﬂd!g_
' Removed from Analyﬂﬁ
. Cancer ocourred
_ before dualifying
o | o RVN/SEA towr | * Entared into cancer vermutlon process
RHsRanchhend - | e 0C_8
0C=Originel Comparison - . } {3 sC_2
SCwShifted Comparison RC_1
RC mReplaced Comparison O Total _§
RYN=Republic of Vietnam Tour e

for this restriction of the database 1is discussed in Chapter V, Study
Selection and . Participation Bias, Verification . records were obtained with .
permission forms sighed by the particlpants .at ‘the time the questlonnaire was
administered. The verification process was supported with a limlted access com-
_ puter software program. All reported cancers. were classified as to behavior,
type and morphology. In addition, cancers were classified as being skin or
gystemlc due to the differing natures of these disease processes. The findings
of the verification process are presented in Table X-1



Table X~
SUMMARY OF CANCER VERIFICATION PROCESS

- S ‘_ o L Comparison*
Looation  Behevior of Cancer  Ranch Hand [T OB K _Total

'suih_ . Malgmant U 35 ! 15 -7 5 ;N27 .

| - -Benign _' ”{']*3*31 S | IBTE 31 [ e
Diagnoste .l ) I
met eupported - - 13 0 L6 b1 T

Differentlal Diagnoaiu

at physical examination; = - || - -~ S
~ individual declined 13 1 3 3 o 6
follow-up AN R | '

No record of treatment _ A S L
at facilfty as raperted : LN N N O U R

Medical reeorq not
~available”

jo
j=

o 19 [l39 18 8 | 65

Systemic.  Malignant T 10 2 2 | 1w
| ~Benign 8 Hfwoo to | o0

Medioal necord no¢ P A
~available - . ‘ B KRR -

g

B )
21

CToTAL . 26 |l 2 2
:*Inciudgs,l Rangh Hander and 1 Qomparl&on whquexp1re¢ following interview
0 = Opiginal

s.q‘Shlftﬂdf
‘R = RQQJ,J-_@OG:ID@DF. o
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2. Skin Cancer -
. Seventy-five percent (79/105) of all Ranch Hand and 73% (65/89) of all com~
parison-reported and verified neoplasms were cancer of the skin. Forty-four
--percent (35/79) of the Ranch Hand reported skin cancers were verified as

malignant while U423 (27/65) of the reported total comparison skin cancers 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 cdmpliance_tq]physical_
examination) wasisignificantly-higherfin the Ranch Hand group. when compared- to .
the total comparison. group (P=0.03) or to the subset of -original- comparisons

(P=0.0%). ”Tablé_x:z shows the_distribnpionfof verified malignant skin cancers . -

by -cell type.
© . Table X-2 |
" VERIFIED MALIGNANT SKIN CANCERS BY CELL TYPE; =
REPORTED BY FULLY AND PARTIALLY CQMPLIANT;PABTICIPANTS f'::~.
. - L _ _ I : Comparisoﬁaf'si‘ -
~ Cell Type & " Ranch Handers* | 0 S R Total -

Baéél;géllzf"f;'. '_:  n ":11'; 5.5 | 2
” f1bb05abcomé.. J[_ 'Uj FQ; i.._“fflﬁl'  9:;le.:.}Q : { J_T'-

*1 Ranch Hander ' experienced 2 skin cancers, 1 melanoma and i squamous cell,
He has been-ddunted”only“once,and placed under’ melanoma in this table.

0 = Original
8 = Shifted _
R = Replacement

- Nonmelanoma cancer accounts for 91% (32/35) of. the Ranch Hand and 93%
(25/27) of the comparison group skin canoers. ‘This difference is not statisti-
~cally significant (P '= 0.87). ‘These findings are consistent with reported data

that nonmelanoma caricer of the skin 1s‘theﬂm05t-COmmon'malignantlneoplasm‘in

" the white population of thé United States .(Schottenfeld and Fraumeni, 1982), -

~ "The distribution"ér;these verified skin cancers byganatOmic’Sitq‘!éﬂpresentedfﬁ”'



Table X~3 -
COUNTS OF SKIN CANCER BY ANATOHIC SITE

Nonmelanoma skin ocancer : ‘_\ . Melanoma

Comparison - . : ' Comparison L

gg_ G_S R |Total =~ BH [[0_ "SR -|Total
Face, head and neck 26 12 |seelz |20 RERIEE] QIV 0
Upper extbénipiéé;f”n | 1i‘..f1ss'j 0 _"“2', o __j'f o~f; o-' N
B S8 | I T PR RN | A o]
'_Lowéh extremitign' 0 110 1o . 0- _ ln" _ -'Of O '_0 0 0
ToTAL e s s | 5 31| oo | 2

+Includes 1 Squémoué‘éall . ST o S
tIncludes 3 squamous cell _ o ‘ o o b
_ **Includes 1 fibrasarooma o ' R R

RH — Raneh:Hand . oL R BKRER
0 = Original Lo o S S
S = Shifted o o S R
R = Replaoememt

Nonmelanoma skin cancers arose on the face, head and neck in l1$ ( 6/32) of"
the Ranch Handers and in 80% (20/25) of all comparisons (P = 0.91). - 'his dis*
tributién and the cell types of skin cancers is consistent with reoently pub-
lished Information on :the ' epidemiology of . skin eancer” (Sahottenfeld and
Fraumeni 1982). ‘The oceupational category of thoae Individugls with- verified
skin cancer are prasented 'in:Table X~4.  The ecounts of ‘these individuals with
cancer are relativaly small and all occupational - categories contribute ta the
Ranch Hand increase. = Followup reports will contain additional analyses of

these data with detailed considerations -of aample size and age in each of thei..

occupational atrata.
Table x—h _

COUHTS OF‘THE FACE, HEAD AND NECK DISTRIBUTION oF T
NONMBLANOHA SKIN CANBR, RANCH HAND VERSUS TOTHL”COMPARISONS L

Rauch Hand “"?_ o Tntai Compariaona

.-Occup&tienai Code Gases . Rate/to0 Cases .~ FRate/100
Offtcers = j:“"n_f.-.16¢f~ R B R R 1.9[; :
‘Flying Enlisted - 3 SUETRTE P T R L

Nonflying Enlisted ' I . 3 8 : 1 T

'_iixQSf' .



_ 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") it was not possible to fully evaluate the effeots -of sun exposureé

dn. the initial .phase of. this study. Information required for this analysis-v |

-_-will be obtained in the follow-up phases of the: effort.

: f3; Systemic Cancer

_ A total of .50 systemic ‘cancers (26 Ranch Handers and 24 comparisons) were
reported and -éntéred into - the verification procesas (Table X-1). ‘Of these, - 14
Ranch Handers. and 14 comparisons (10 Originals, 2 Shifted, and 2 Replaceménts)

~: were verified as having had malignant systemic neoplasms.. - All - individuals,_.__

- .with systemie malignancy are non-Black.The site specific classification of”
'-these neoplasms is presented in Table X-5.

Table X-S '

MORBIDITY SITE SPECIFIC VERIFIED SYSTEMIC MALIGNANT NEOPLASMS

i

: ' o _--“'_ SRR I Comparison e
Site‘ ICD Code (9th Ed) - ijc : -~'RanchuHand‘h'*"0 S RN Total_
Lip, oral cavity, pharynx (1”0 149) :',j_; y - ol 2 )0 1o _'1 2
-Digestive organ, peritoneum-(150-159)-ﬁsc'. ¥ - "l7_“w'_0“fV”T”’ “"5_

' Hespiratory. 1ntrathoracic (160 165) I .".3*-”'*'_i“1;;41*:"0_.~u 2

'f'Bone, connective tissue, skin, breast':.‘- T | |- f_: - =
(170 175) ' _ o S N | N .
Genitourinary organ (179*189) - - ”,:'*'5;f._15 _[f2s 14 30’_}_ 3
Other & unspecified sites (190-199) - e*’“r.,ﬂi':.ff: | 1l 0 f'.Q’ i T
: Lymphatic & hematopoietic tissue -'-:' -f.ifffha : 2:_ Q 0 |1 o 1
(200-208) | S L - :
V_TOTAL s e fe o

'*Includes 1 Hanoh Hander . and'j compariSOnluho,expiredffcllowing-interview

0= Originalg[
. 8 = Bhifted.
"R = Replaced

Four ‘Ranch. Handers and. 2 original comparisons were found to have had neo- S
plasms of “the 1lip, ‘oral ‘cavity ‘and pharynx, ‘and all of these individuals C

"-.,reported a history of. cigarette ‘and/or cigar smoking._f.



Six Ranch Handers and 3 comparisons were found to have had: malignancies of
‘the genitourinary orgins. The 6 Ranch Hand cancers included 1 prostate, 2 tes~
tioular, 2 'bladder and 1 kidney neoplasm while the .3 comparison cancersa
included 1 of the prostate and 2 of the bladder. Both - cases of testicular
_eancer were of a germ=cell ‘morphology (one ‘embryonal and ohe seminoma). Unad- -
Jjusted. statistical testing revealed no significant difference in total geni-.
tourinary cancer in the two groups (P = 0.42), Peak incidence rates of testi-
cular cancer in the general population occur between the ages of 35 and 55, and
bladder cancer has a peak age of onset between 50 and 70 years. All Ranch Hand
_ bladder cancers occurred. prior to age 50 and -all verified comparison genito~
' urinary cancer occurred at age 55 or. later. The Ranch Hand testicular ecanocers
“occurred at 35 and 38 years of age. These :are_Obaervational'data. and are

~ based on very emall sample size, . . " S ' :

Five compariaone were found to have had verified malignancies of the diges-
tive organs. Theéere 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 colon cancer ‘increases’ dramatically with increasing
- age after the age of 30. 'The ages at  the onset of the colon cancers in the
~ comparison’ group were 35, 43, and 50 years. The occurence of gentourinary,
-(Oropharyngeal ‘and digestive cancers in the stiudy population was’ -compared to the .
experience of the Surveillance, Epidemiology and End Results program (SEER}.
Bazed on these tumor registry data, there is a 30%° probability of observing two
or more testicular cancer in the Ranch Hand group, and a 29% probability of two.

or more bladder cancers. Similar contrasts revealed only a 3% chance of B

.'obeerving the 4 oropharyngeal cancers and a 2% chanoe of seelng a total absence
of digestive cancers in the Ranch Hand group, The probabilitiee of finding the .
observed nunters . of these melignanciee in the comparison group were 32% or
greater. '

Table X-6. shows the known morbidity and mortality or the Ranch Handers and
' comparisons from cancer to date, Appendix VIII shows the site specifie dietri-_

-:_bution of both the morbidity and mortality study cancers. The mortality sec— -

tions: of theee tables include only the first ecohort of the oomparieon popula*'
~tion from the Basellne Mortality Study (Lathrop, 1983)



- Table X-6

TOTAL MORTALITY AND MORBIDITY STUDY
'MORPHOLOGY OF SYSTEMIC NEOPLASM

- ICD-0 : . ' __MORTALITY ' MORBIDITY*

CODES == NOMENCLATURE . RANCH HARD UMFIRISUN RANCH HAND COMPARTSON
ST ‘ e - _ 0 S K
M800 Neoplasm not other<' 3 S
~ .- wise specified (NOS) .
Bronchus and Lung 0 1 .0 - 0O 00
_ Intestinal Tract 0 1 o 0 0 0
"M801—804I'Ep1the11al neoplasms = - o :
o Appendix . 0 0 -0 1 0 0
- Bladder 0 0 -0 ‘100
Bronchus and Lung 1 1 1 0 0 0
Kidney. 1 . 0 . 0 0 0 0
Lip- 0 0 1 -0 0 0
Nasopharynx. 0 1 0 0 0 0
Tongue . : 0 0 1 0 00
_Unspecified site 1 T -0 0 0. 0
.Vocal Cord 0 -0 -0 1 0.0
©  M805-808 Papillary and Squamous
. ~Cell - . e
" Lip 0 0 2 2 0.0
, Lung - _ _ 0 0 1 00 0
M812-813 Transitional Cell . |
.- -  Papillomas and
-Careinomas DR AR A 1l :
: ~ Bladder o 0 S0 2 oor.0
M814ﬁ838p Andenomas and Adeno— . N o L
' _carcinomas T S S
Bronchus and Lung 0 1 0 0 0 0
Colon : 0 L0 0 20 1
Kidney 0 1 1 0 0 0
Prostate 0 0. 1 100
_ _ Pancreas 0 0 0 1 0 0
MB50-854 - Ductal, lobular, and o | |
SO medullary neoplasms I IR T : o :
_ o Thyroid 0 0 0 i 100
M872-879 Nevi and melanomaa ' -_f' | _ ) T ] L
. ~'Mediastinal 1. _ 0 0 : 0.0 0
M905 Méspthelloma _ ; : - ° . db :
_ B -Bronchus and Lung 0 _ 0 0 0 o
M906-909. Germ cell neoplasms L S o . IR
. Testicle 0 o 2 |{. 000
- M938-948 Gliomas. _.::...' S _ L SR |
T ~Frontal Lobe R o _ 1 o _1 100 0



Table X-6 (Cont)

TOTAL MORTALITY AND MORBIDITY STUDY
MORPHOLOGY or SYSTEMIC NEOPLASM

ICD-0 AR c , ;-' MORTALITY . MORBIDITY*.

conts : NOMENCUATURE . RENCH BANDT cUMPIHISUN RANCH HAND T
_ o OS5 R
_ M965 966 Hodgkins disease .. o SRR : : '
:  Hodgkins (NOS) N ; o oo 1
M986}_ = Myeloid Leukemias . S
o ‘Acute myelocytic. _ L B 1 _
-leukemia : 0 ol e 0 e 00,
| B I T
0 = Original | | |
S.= Shifted

R= Replaced' _
-*Two morbidity study participanta (1 Ranch Hand, 1 comparison) expired Lollow-

ing interview, They are included in the mortality column of thie Table beoause
of their date of death _ _ :

'H; COVariate Analysia

_Group Membership

_ The previoua sections of this. chapter contained descriptiona of the cancer
data on the occurrance of skin cancer .and systemic..cancer . if the Ranch Hand and
originally selegted oomparison groupa. Except where noted, the remaining ana- .
lyses -in this chapter are based on the Ranch -Hand  and - comparison’ population
~ that had verified cancer -and had ocompleted -the physioal examination.- Covari~
ates wused in these analyses included. smoking habits and ‘exposure to asbestoa,
industrial ghemicals (yes, no), - insecticidea (yee, no), degreaaing chenicals
{yes, no), and. nonmedical X-ray sources (yes, no). The results ‘of the basic
;two—factor analysis are shown in Table X-T. SRR e ; o

X-9.




| _ Table X-7 |
- VERIFIED CANCER AND caoup MEMBERSHIP

Original Comparisons Ranch“Hand " Total Comparisons*

(N-773) - _(N=1085)  _ (N=1194)
aSkin;Cancer._  Yes y_ S M. - 35 . 25
o . No 3 762 . 1010 1169
g o /N -/
P = <0.01 . P = 0.07
| Systemic Cancer Yes & .. g3 o g
o No- 765 o 1032 1183
R | \ 7N /
P l="0'68 o P = 0.6

% 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-
:1ine 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 Ha90, and 0,47
- to 3.15 respectively. These broad intervals are due to the small numbers of
cancers avallable 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 &8s 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- statistical
. adjustments did not alter the significant difference between the groups. The P
- value af'ter 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 earinogens.
Geographic area of current residence in a mobile military population may hot
- discriminate differences in ultraviolet radiation exposure. An attempt to
collect data that will support analyses for gecgraphio and ethnic background
will be made at the time of the first follow~up examination. - : :

Threewfactor analytic teohniques 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 statistiocal signifi-
cance (P = 0. 07) However, there ‘Wwere no significant differenoes or. suggestive
trends between the groups for systemic cancer.‘- S .



Signifioant group differential in exposure to x-ray (P <0,001), insecti-
More compari-
sons than Ranch Handers were exposed to asbestos ' and X-ray but more Ranch
Handers had previously been exposed to insecticides, many during thelr tours of

cides (P <0.001), and asbestos (P = 0.05) were also identified.

duty ‘in RVN.

RESULTS OF THREE*FACTOR LOG-LINEAR ANALYSES OF SYSTEMIC CANCER, -

Table X-B

GROUP MEMBERSHIP AND CHEHICAL EXPOSURE (P VALUES)

EXEOSUPG

Asbestos .

Degreasing‘Chemioals

Industrial Chemicals

-Inaecticides
'Smoking

X-Ray

Statiatical Relationahip

Three»way interactions between  variables were significant only
for the systemic cancer by group by insecticide
gestive Tor the systemic cancer by asbestos by group analysis (P =0.16).
results of these analyses are diaplayed in Table X-8.

analysis (P = 0,01) and sug-

‘The

CX

Group by _Group by Cancer by  Cancer by
Cancer Exposure - Exposure Exposure by .
- _ Group
072 o;bu | 0.33 ”0.16
0,68 0.33 '3~o,fr_ QQ23'
:O.Ti_ ' d;25 '.;10134 déaui
0.72  <0.001  0.89 o,@f
0.50 046 0.7 "_"'-0:;53*
.6.63' '_<0.odi' 'oQush?;*-'_io;36  _-:



Table X-9

RESULTS OF THREE FACTOR LOG-LINEAR ANALYSES OF SKIN CANCEH
GROUP MEMBERSHIP AND EXPOSUHE (P VALUES)

" Exposure S "T" - ' _ S 'Analgsis'

Group by  Group by yCancer'by Cancer by
Cancer Exposure ‘-Exposure Exposure by
o EEIE o Group
" Asbestos . - 0,009 0.4 . 0.4 :df111
: Degréesing Chemicals' i o 0.009 o,§7 - Joizd S0t
_Industrial Chemicals . 0.009 -6;30 : 'ﬁ0f03 _ ! di55:
.Immnuuws'py._7-:_zoﬁ2_y kqu'.' pﬁ9_t_l_oq9
Smoking _-'E R 0.01 = -O;RR-. ' 6,fb : 0;52
o _ _ GOSN 64 o R
X-Ray ~ 0.008 | gc,001p__:.f 0.86 'l"-b.51

As. shown in Table X-9, analyses of skin cancers demonstrated a significant
difference between the Ranch Hand and the original comparison group that com—
pleted physical’ examination. ‘These data agaln. demonstrate the, significant
group differential in skin cancer. -Even after covariate adjustment (asbestos,
Industrial chemicals, smoking, x-ray, ilnsecticide and degreasing chemical expo-
._sure) the. significant group difference 1in the ocecurrence . of .skin cancer
-remalned. . Significant between group differentials were noted. for x-ray and,
. asbestos - exposure, as previously seen in the systemic cancer .. .analyses. A
" significant association between skin cancer ‘and exposure to. industrial chemi-
-cals. was found (P = 0. 03) Associations between the occurrenoe of skin canaeer
and- exposure to. degreasing chemicals and insecticldes. are also of interest,]
with susgestive P. values ‘of 0. 20 ‘and. Q. 19 respectively.,- . S

5. Exposure Index, Analyses

. The group difference in cancer occurrence was further evaluated using the
‘exposure index, divided into low," medium. ‘and high degrees of exposure. Thesepj
analyses used only data gathered on the . Ranch Hand group._ Table X-10 contains

the data - and results from the basic two-factor analysis (herbicide exposure;_f;;?

vers us cancer )

-;?EXTJQI-:iNfE"



Table 2-10

HEHBICIDE EXPOSURE VERSUS CANCER

¥

Systemic Cancer .. 8kin Cancer

| Oocupational Group Equsure Level "Yes . Ko TYes ¥o
:Flying orricers : | | s :
“Low S 110 7 104
. Medium S 121 5 123
High -~ 3. . t2 8 1N
S | P -o.8 P 0.62
‘Flylng Enlisted o o
Low 0 59 3 B
- Medium 2 - A - B8 .
High 1 65 0 66
| _ | CPe035 . PeO0.M
 Ground Enlisted . u |
o Low e 149
 Mediun 3 176
 High S0 18

" THese analysea aid not reveal a dose-response errect betweeh herbicide'
-'expasure and. the' ocemrrencb of either skin or systemic gancer: in- the. Ranch Hand

group; however, the number of tancers within .each ex'asure level are very .
stall, A "suggéstivem negative assoelation betw@en har de exposure and skin.

. ‘cancer was noted among the enlisted flying group (P = 0,14) with deoreasing_:

“otourrence of cancer with increasing exposure; however, cell sizes were quite
small, Three-Tactor analysis suggested the presence of interactive effects from
insecticide and x-ray exposure, in the rlving officers for systemic cancer, and
industrial chemicals, degreasing ohemicala. and"“sectieides among the enlisted

- ground personnel for skin vahder. The results or1th636 analyses are. shown 1n :
_ Table- X-11. and 1-12 x~13, x~1u ~and x-15._.,‘;,f‘__ .




Table X-11

THREE-FACTOR ANALYSIS: EXPOSURE ‘SYSTEMIC: CANCER AND
' INSECTICIDE EXPOSURE AMONG FLYING OFFICERS* '

. Insectielde a;-Herbicide S S . 'Systemic Cancer

- _Exposure = - - Exposure . = o S Yes il No
Yes o lew - T e 7]

| high T T EENEENE -

| P =0.62
No -~ .  low 0 36
Con - medium 0 Cug
. high - 3 .50
'P'efOLOQ

'*:f‘Three~Qay interaction P yalue = 0-10

These data demonstrate ccnfounding by inaecticide exposure, with a - borderd-

1ine assoeiation between . systemic ocancer and herbicide (P = 0.09).in the .

noninsecticide—exposed group. of: officers. However, the validity cf statistioal :
- ‘testing in this - instance is compromised due tg the extremely small: number of
- 'cases 1in the analysis. : Similarly, this effect is seen with x*ray exposure:-.
.(Table X-12). _-os , i

Tables X*13. x-1u and X*15 present the data ror the herbicide exposure,'

f_cancer, industrial ¢hemieal, degreasing ¢hemical -and insecticide three—factor -
analyses fcr enlisted perscnnel Confounding is aaain seeh. o - :




