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PROJECT BT RARCH WAND 1T

EPIDEMIOLOGIC INVESTIGATION OF HEALTH EFFECTS
IN AIR FORCE PERSONNEL FOLLOWING EXPOSURE TO HERBICIDE ORANGE

MATCHED PAIR COHORT DESIGN

1. Purpose of the Investigation

The purpose of this investigation 1is to determine, by
epldemiologic techniques, whether long-term health effects exist and
can be attributed to occupational exposure to Herbicide Orange.

11, Synopsis of Background

A, Current

News media presentations have recently/ focused medical,
political and lay attention on possible adverse ﬁealth effects in
military personnel, allegedly due to Herbicide Orange [a mixture of
2,4-dichlorophenoxyacetic acid (2,4-D) and 2,4,5~trichlo-
rophenoxyacetic acid (2,4,5-T)] which was used as a defollant during
the Vietnam Conflict. This defoliant was later found to have been
contaminated with the toxin 2,3,7,8-tetrachloradibenzo~p~dioxin
(TCDD)e Approximately 500 claims for compensation have been filed
against the Veterans Administration (VA), largely by former US Army
members. In response to Congress, the General Accounting Office
{GAO) 1investigated the issue and subsequently recommended that the
Department of Defense (DOD) conduct a long-term epldemiologic study
of the problems The Department of the Air Force has made a formal
commlitment to the Congress and the White House to conduct such a
study. C . .

B, Use of Herbicides '

Research and development on phenoxy herbicides began in
the early 1940s. Most of the inltial phytotoxic acreenlng programs
and development of application technologles were sponsored by the
DODe The military concept for use of these compounds was directed
to two purposes: (1) defoliation of vegetation to decrease risk of
ambush by improving visibility, and (2) destruction of enemy crops.
The first sustained DOD operational use of herblcides was Initiated
during the Vietman Conflict (Operation RANCH HAND). Data have
indicated that the various 2,4,5-T containing-herbicldes (code-named

Fl
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Pink, Purple, and Green} used between 1962 and 1965 contained
relatively higher concentrations of TCDD than the herbicide
(code-named Orange) used from 1965 through 1970. Concurrent with
the change in herbicides, the scope of aerial use shifted from four
rotating aircrews to 30 permanent aircrews assigned in Vietnam.
Between 1962 and 1970 approximately 10.9 million gallons of phenoxy
herbicide, containing approximately 368 pounds of TCDD, were
dispersed. Following the anncuncement in October 1969 that the
administration of 2,4,5-T to pregnant rodents caused an inerease in
the rate of congenital abnormalities, the DOD confined Herbicide
Orange spray operations to non-populated areas. In April 1970, all
uses of the herbicide were halted. In February 1971, all Herbicide
Orange stocks were removed from South Vietnam and transported to
Johnston Island, Pacific Ocean, for open storage (Project PACER
IVY¥). The remainder of the military phenoxy herbicide stock was
incinerated at gea in 1977 (Project PACER HO). In 1979, the
Environmental Protection Agency (EPA) suspended the wuse of
herbicides containing 2,4,5-T because an epidemiologic study in the
United States attributed abortogenic effects to its use.

I1I. Goals of the Investigation

From the above background, three interdependent study goals
emerge:

A, Health

(1) To identify veteran and active duty individuals with
adverse health effects (physical and psychological) if any, and
which are attributed to herbicide exposure, and

{2) To identify other individuals at risk of developing
future adverse health effects, if any.

B, Political

Ta éatisfy the social concern for proper investigation 7:’/ l/
voiced both™ by lay and scientific comnunities, national an
international.

A » i s

T C. 43;_5H3—_1_w O . | Ceosl. STATRMENT

vt { With regard to the goal of legal clarification, it is
/’épparent that data and conclusions arisit‘lé gron'x’ thw ﬁstiga
Lpositive, _negative, or indeterminant, " use

better assess the issue of long-term healfh ef?ects and resu tant

o e 1Y
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relatively higher concentrations of TCDD than the herbicide ? f}f fwr
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the change in herbicides, the scope of aerial use shifted from_£

rotating aircrews to 30 permanent alrcrewsgassigned in Vietnam.

Between 1962 and 1970 approximately 10.9 million gallons of phenoxy

herbicide, containing approximately 368 pounds of TCDD, were

" dispersed. Following the announcement 4in October 1969 that the
administration of 2,4,5~T to pregnant rodents caused an increase in

the rate of coongenital abnormalitles, the DOD confined Herbicide

Orange spray operations to non-populated areas. In April 1970, all

uses of the herbicide were halteds In February 1971, all Herbicide

Orange stocks were removed from South Vietnam and transported to

Johnston 1Island, Pacific Ocean, for open storage (Project PACER

1vy). Therremain®¥ of the military phenoxy herbiclde stoch was wevel
incinerated at sea in 1977 (Project PACER HO). In 1979, the
Environmental Protection Agency (EPA) suspended the wuse of

herbicides containing 2,4,5-T because an epidemiologic study in the

United States attributed abortogenic effects to its use.

T1I. Goals of the Investigation

From the above background, three interdependent study goals
emerge:

Ao Healtg .

(1) To identify veteran and active duty individuals with
adverse health effects (physical and psychological) 4if any, and
which are attributed to herblcide exposure, and

{2) To identify other individuals at risk of developing
future adverse health effects, if anys

B.: Political

-

To satisfy the soclal concern for proper investigation
voiced both by 'lay and scientific communities, national and
international.

i

Cs Legal ot

To clarify the question of compensation award to the 300
claimants. '

-
-

With regard to the goal of 1legal clarification, it is
apparent that data and conclusions arising from this investigation,
positive, negative, or 1indeterminant, will probably be used to
better assess the issue of long-term heaith effects and resultant
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compensation. The operational assumption of this study, therefore,
is: Alr Force Operation RANCH HAND persounel probably received a
greater average occupational exposure to 2,4,5-T and TCDD than US
Army ground personnel, implying that RANCH HAND personnel should
develop greater numbers of acute and chronic clinical signs/symptoms
from the exposure, and should manifest them sooner than US Army
personnel, 1f indeed there are any adverse long-term health effects
at all., This dose~response notion suggests that although the Air
Force population is not the best one to study, it is probably better
than the Army population.

The overall scientific thrust of this investigation 1s to
define the natural history of disease, 1f any, and its spectrum of
illness, by direct and indirect methodology.

IV.  Synopsls and Discussion of Literature

A. Overview

More than 20,000 scientific articles relating to the phenoxy
herbicides have been published since the 1940's, Many of the
articles cite herbicide-caused health effects in a variety of animal
species., Most early studies used a myriad of herbicide formulations
and unknowingly dealt with physically and chemically impure com-
pounds. The assay technology was far short of today's state-of~-
the-art, Many human studies have ascribed cause nnd effect rela-
tienships but have suffered from problems of clinical empiriecism ot
questionable methodology. The only consistent and repetitive
clinical finding associated with acute exposure to 2,4,5-T herbicide
has been chloracne, recognized by most workers as the herald sign of

r_.;ﬁu’tugmxpnaum to the herbicide.q Sequaelae from chloracne,
ocalized of , systemic, appear to be unusual according to the prepon-
derance o iterature. Tt is appropriate to note that sustained-
worldwide usage of herbicides for 30 years has not evoked a readily
identifiable disease state. It is clear from the literature andsthe
usage history of herbicides that if there are significant attribut-
able long-term health effects, they are either réasonably- rare, or
of such nonspecific commonality that they blend unnoticeably into
the symptoms, syndromes, or diseases associated with increasing age
or other factors.

B. Pharmacokinetics of 2,4~D, 2,4,5-T and TCDD

(1) 2,40

*

The pharmocokinetics of 2,4-D have been well studied in
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animals. 2,4-D 1is readily absorbed on oral administration. Ini-
tially, it is distributed In high concentrations to the central ner-
vous system and liver. GEventually, all tissues are Iinvolved, with
the kidneys accumlating twenty times the concentratioun of the other
tissues. The plasma half-life {is approximately 3-12 hours, with
2,4-D primarily eliminated from the body by the kidney, the rate of
elimination being dose-dependent. Generally, high doses or repeated
lower doses result in tissue accumulation., The majority of 2,4-D is
eliminated unmetabolized; however, esters of 2,4~D have been shown
to undergo hydrolysis prior to excretion. Muscle and fat show the
lowest accumulation of 2,4-D on repeated exposure, whereas the
kidneys and liver show the highest accumulations. Within 24 hours
of single dose administration of 2,4-D, 16.%; was'present in the
uterus, placenta, fetus and amniotic fluid 1 « In addition,
2,4-D was found in the milk of lactating rats for up to six days
following single-dose exposure.

(2) 2,4,5-T

The pharmacokinetics of 2,4,5-T have been well
studied in animals. In all animals, 2,4,5~T has been shown to be
readily absorbed upon oral administration. However, beyond this
point, 2,4,5~T has shown marked variations in its pharmacockinetics
in the various animals. These differences are supposedly due to
variations in species, age, dose levels, route of administration and
chemical formulation used in the various etudies. The distribution
is generally ubiquitous throughout the body with the exception of
hamsters, which show no placental passage, and mice, which show
placental passage but only la late gestation. Clearance from plasma
and the body varles greatly among animals with rats showing faster

Gbruuu1‘1

clearance than dogs, mice and man. In addition, this clearance

appears to be generally dose-dependent. The biclogical half-life of
2,4,5~T 1in rats, as estimated by tissue analyses and wurinary
clearance at administered dosages of 5 mg/kg, is 4.7 hours.
However, at 200 mg/kg, the half~-life in rats 1is prolonged to 25
hours. .Excretion of 2,4,5-T is primarily via the kidneys. ‘e
elimination of 2,4,5~T at low doses 1s essentially achieved in its
unmetabolized form. However, at higher doses or more chronic doses,
elimination entails a more active role by the liver (i.e.,
conjugation). Higher doses and repeated lower doses appear to
result in accumulation in animal tissues.

[
*

(3) TCDD

The 1nformation on the absorptiom, distribution and
excretion of TCDD has been mostly derived from animal models. The
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only reported human study dealing with pharmacokinetics of TCDD

dealt with the analysis of TCDD in tissues at necropsy of one case

of confirmed ®EDD exposuregy Studies Iin rats, mice and guinea pigs

¥ show that intestinal absorption of TCDD is relatively

complete, with a large proportion of TCDD remaining unmetabolized in

‘the liver. The majority of this TCDD is assumed to be localized in

the 1liver microsomes (centrifugation techniques). Initially,

adipose tissue accumulates TCDD, followed later by accumulation in

the liver, adrenals, kidneys and lungs. The level of TCDD in the

liver and adipose tissue 1s about ten-fold greater than in other

body tissues; however, significant specles wvarlability has been

obgserveds The blological half-life of TCDD varles by species, but

is reported to range from 12 to 50 days. The major route of

excretion is via the feces with urinary excretion occurring at a

much reduced rate.

- (4) Phenoxy Herbicdes in Humans

Relatively few studles have dealt with the pharmaco-
kinetics of 2,4~D and 2,4,5-T in humans. Numerous reports of occu-
pational exposures i1n industry and in commercial and private
herblcide applications have supported percutaneous entry. Rapid
absorption has been observed after oral administration of 2,4-D or
2,4,5~T, The main mode of excretion of the phenoxy herbicides is
via the urine with 74% of 2,4-D and 637%-72% of 2,4,5-T belng cleared
from the body within the first 96 hours. The ma jority of phenoxy
herbicides are unmetabolized prior to excretion. The biological
half-life of 2,4-D and 2,4,5-T in humans (as estimated by tissue
analyses and urinary excretion) 1s 33 hours and 18 hours, respec—
tively. Tissue analysis has revealed a ublquitous distribution of
the herbicldes after absorption. Limited studies on the accumula-
tion of the phenoxy herbicides following repeated doses suggest that
such accumulation in humans 18 unlikely. This is in countrast to
numerous animal studies on 2,4-D and 2,4,5-T which show that such
accumulation does occur. .

No speciflc data are available on the, odor threshold of
Herbicide Orange. Data are avallabe however, on the odor’ threashold
of a butyl ester. formulation of 2,4,5-T. The odor threshold was
found to be about 0.3 ppb (the taste thgeshold'was 1.3 ppb)s A
Threshold Limit Value (TLV) of 10,000 g/m” (10ppm) for either 2,4~D e
or 2,4,5-T has been adopted by the American Conference of Govern-
mental Industrial Hygienlsts. The TLV 18 a time-weighted average
concentration for a normal 8-hour workday or &40-hour workweek to
which workers may be repeatedly exposed, day after day, without,

-
-
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adverse effect. Analysis of ambient air samples collected adjacent
to and downwind from actuwal dedrumming operations Involving
Herbicide Oramnge were at least two orders of magnitude below the
TLYs.

C. Proposed Cellular Mechanism of Action for TCDD

TCDD has, 1n general, three proposed mechanisms of action
by which its variety of effects, both documented and suspected, can
be understood. All currently available information in this area 1is
derived from animal, plant, and bacterial models. The few human
studies dealing with mechanisms are limited to the clinical manifes-
tations of chloracne.

(1) Microsomal Enzyme Induction

TCDD's ability to 1induce a variety of microsomal
enzymes 1s well documented. The induction of aryl hydrocarbon
hydroxylase, delta-aminolevulinie acid synthetase and cytochrome

?-‘I-QB/P"HDMS%#&Q assoclated enzymes are implicated in the development of

cuﬁgﬁﬁﬁps porphyria. The induction of aryl hydrocarbon hydroxylase
and 4 mixed-function oxygenases/oxidases have been assoclated with
carcinoganesis and tumorogenesis. In addition, TCDD has been shown
to be a possible promoter or cocarcinogen of known carcinogens. In
some nonhuman studies, TCDD produced a protective effect against
endocrine tumors (e.g., pituitary, uterine, pancreatic, adrenal and
mammary tumors)e. TCDD's induction of UDP-glucuronyl transferase, an
important enzyme in sterold metabolism, may explain this peculiar
effect of TCDD. The induction of DT-diaphorase and lysosomal acid
proteinases has been implicated in TCDD's neuropathlc effects.
These and other biochemical alterations may account for TCDD's
clinical manifestation of chloracne resulting from an over
production of keratin In the sebaceous ducts.

(2) DNA/TCDD Interaction.

%

: Alterations in the structure and .fidelity of tran=-
scription of DNA due to TCDD have been indirectly demonstrated. In
a similar fashion to the acridine family of compounds, TCDD, because
of its planar ring structure, is felt to "intercalate"” with DNA re-
sulting in "frame-shift” mutations. A few laboratory studies with
bacterial systems, e.g., Escherichia «c¢oli and Salmonella
typhimurium, or in one plant system, e.g., the African Blood Lily,
have identified TCDD as being able to produce chromosome aberrations
and perhaps a weak dominant lethal effect. This hypothesized
DNA/TCDD interaction could explain the development of chloracne, as
well as the suggested mutagenic and carcinogenic effelts, if similar
mechanisms occur in mammalian species.

AIR FORCE WORKING PAPER



(3) Toxicity.

The effect of some nonspecific activity or as of
yet unspecified toxicity continues to serve as a reasonable
mechanism for TCDD's hepatle and thymus toxicity. TCDD has been
described by some as "one of the most potent, low molecular welght
toxins known", with extremely low concentrations producing severe
liver damage and death in various animal studies. The lmmune sup-
pression effect of TCDD has been shown to result specifically from
its T-cell (thymus) toxlcity. In addition, TCDD's concentration in
the adipose tissue suggests the possibility that under situations of
welght loss (e.g., life style, medical indications, or disease),
TCDD may be released into the circulation. Such a hypothesized re-
emergence of the agent could result in low doses being either
detectable and/or toxlc at some later point in time. If TCDD's
primary toxlcity results from low doses (e.g., mutagenic/carcino-
genic effect) rather than high doses (e.ge.,cellular poisoning and
cell death), then the deposition of TCDD in the adipose tissue may
have greater significance with respect to delayed effects on the
long-term health of the exposed individual. This possibllity raises
a theoretical dose-respongse paradox which might "explain” the
prevailing preponderance of symptoms 1In populations which may have
been exposed to relatively low doses of TCDD.

D. Animal Studigﬁ

A comparison of animal toxiclty studies is difficult due
to variations in experimental designs which include differences in
(1) the species, age, and sex of animals used; (2} the level, route,
and length of exposure to chemicals; (3) the purity of the chemicals
used; (4) the criteria measured and the time sequence of data col-~

‘MSL"'-IEE?TBn. Animals have shown a wide range of toxic effects. This
range may serve as a gulde to anticipate the potential toxic effects
in humans following exposure to Herbicide Orange.

- .

A summarization of the literature is presented in the
Appendix, Table A-l. It is apparent that the toxic effecte of 2,4~D
and 2,4,5-T are markedly different from TCDD., TCDD is approximately
1000 times more toxic in acute studies. 1In addition, the slower
clearance time of TCDD may account for the significantly lower daily
doses required to elicit chronic toxicity. A consistent finding in
TCDD toxicity is depletion of the lymphoid tissues throughout the
host. This is readily characterized by involution of the thymus in
all species studied. In relationship te the chronic maternal toxic
dose, the embryotoxic dose is markedly lower for TCDD thaa fob 2,4-D
and 2,4,5-T. Both 2,4,5-T and 2,4~D appear to- be very weak
teratogens and/or carcinogens at best, but these evaluations are
complicated by varying levels of contamination by various dibenzo-
p—dioxins. TCDD appears to have significant teratogenic and
carcinogenic potential which appears to be specles specific.
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"have shown signs of disease only after several months when

The most striking observation noted in the literature is r"l
a marked varlation in response among species. Examples of these N
variations are in the areas of acute toxicity (ICDD's LDgg in the ) ¢
guinea pig is 1 M g/kg compared to 1000 mg/kg in dog), excretion &
(2,4,5-T plasma half-life in rats is 4.7 hrs cogpared to 77 hrs in ~
1
©

dog), and oncogenicity (TCDD is oncogenic in but not shown to
bjoncogenic in $B¥#4 under similar conditions). Even among strains .
off the same species (mice) variations in oncogenicity were noted fol-

lowing 2,4,5-T exposures. As noted earlier, this high variabilicy
between species 1is an important consideration in designing human
studles.

A second area of interest noted in the literature iz a
possible dose-response paradox in nonhuman primates {(rhesus monkey)
following exposure to TCDN., Animals recelving subtoxic doses 1in
single—~dose acute toxicity studies (LDjg determinations) have not
been followed over long perlods of time. Animals on chronlcds
exposure studies fed a low level of TCDD in feed ¢eggz—30-500

1T
.

accunulated dose was approximately ! sg/kg body weight. Therefore,
it remains unclear whether the toxicity demonstrated in chronic
exposure studies i{s dependent upon a low level daily exposure
accumulated to 1 Mg/kg or would also be demonstrated following a
single dose of 1 Mg/kg.

Veteran Complaints .
The Veterans Adminigt n Comp@tion and Penslon Ser-
vice, Washington, DC, provided 361 ¢laims of s wa 20 A’QJ

1979, submitted by veterans alleging an altered health status due to
exposure to Herbiclde Orange. A review of these clalms revealed
that less than half of the veterans recelved detailed physical exam—
inations to evaluate the clains. Nemerous media presentations
emphasizing both military and .-civilian herbicide exposures have
published a remarkably wide uamge of, symptoms. The present review
gubstantiatesg wide spectrum of alleged health effectss being
claimed, J Based on current guidelines established by the Veterans
ministration (Program Guide 2i-1, Section 0-18 and Title 38 UsC),
none of the symptoms elicited in these clalms were shown to be
secondary to exposure to Herbicide Orange. The vast majority of the
exposure claims remained unsubstantiated, based on review of
military personnel and medical rbcords.i The guldelines state that
the only chronle residual of defoliant exposure ever incriminated by
clinical history has been chloracne. Furthermore, chloracne was
assoclated with prolonged iantensive exposure and all other. toxic
effects of the herbicide were viewcd to be rapid in onset and to run
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a brief course followed by recovery without residual disease. 1In
fact, the vast majority of the claims alleging exposure to Herbicide
Orange were not for chloracne and, as a result, did not satisfy the
criteria set forth for compensation. - Of the three claims dealing
specifically with chloracne, none were confirmed by physical
examination.

Table 1 summarizes the descriptive characteristics of the 361 claim—-
ants.

Table 1

SUMARY OF DESCRIPTIVE CHARACTERISTICS OF HERBICIDE
RELATED CLAIMS SUBMITTED TO THE VERTERANS ADMINISTRATION
AS OF 30 APRIL 1979%

Total Number of Claims: 361

Sex: 100% Male (gender identified in 64% of claims)
Mean Age: 34 yvears (age identified in 96.1% of claims)
Mean Number of Alleged Symptoms per Veteran: 2.3

Branch of Service: (Service history identified in 66.8% of
claims) '

US Army 66.4%
US Marine Corp 17.4%
US Air Force 11.2%

US Navy 5.0%

*Exact racial distribution unknown; anecdotal information
suggests the majority of claimants are non-Caucasian.

The summary shows that the veteran complaining of an altered health
status secondary to Herbicide Orange exposure is generally a young
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ho served with the Army in Vietname_ however .chs=Havs=and

acrounted for a &igniiieant—tumpbqgnnzﬁgz,kzg

\

Table 2 summarizes the number of herbicide related compla

alleged symptom category.

PR

S—

Symptom

Dermatologic
Psychiatric

Ear, Nose & Throat
Cancer '
Peripheral Neuropathy
Asthenia
Gastrointestinal
Reproductive
Pulmonary
Ophthalmologic
Musculoskeletal
Cardiovascular
Genitourinary
Central Nervous System
Hepatic

Pancreatic
Hematologice
Collagen-vascular
Allergic,

Fever

Thyroid
Amyloidosis
Periodontitis

Poisoning (lateritic soils) ,

rexcent

48.9
27.6
14.4
13.8
12.1
11.2
10.9
10.1
9.2
8.9
8.1
745
4.0
3.7
3.5
2.3
le4
1.2
0.9
0.9
0.3
0.3
0.3
0.3

Note!

10
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w Table A—Z

X A abloo
Studmations -that can be drawn from thi“mste‘ri'a'l are limited
due t£o the lack of knowledge concerning denominator data. Overall,

the group of claimants exhibited a 1 hiw ncy og read-
i1ly identifiable ‘disorders (e.g.m ness ance:)

Further evaluation of the revealed that e totzl
number of claimants, e had previous diagnoses of psychiatrie

disorders (igEEEEeSe ATagmosed with schizophrentia)s

Table 3 summarizes informatfion on the USAF veteraus as to general
characteristics and alleged symptom category.

Table 3

HERBICIDE RELATED CLAIMS SUBMITTED BY USAF
VETERANS BY SYMPTOM CATEGORY AS OF 30 APRIL 1979

Number of USAF Veterans: 28 {(Mean age = 35.4 years)

Symptom Percent
Psychiatric 50
Dermatologic 39
Reproductive : 25
Peripheral Neuropathy v 14

Cancear

7
Miscellaneous W) 7

In thots fied as USAE-veterans, the distribution of symptom
categories productive)
was oot xhibitefgby
the {veffrans i e dyawn from- ;,/
observation due anch of dervige-in 33.2%
of the Veterapd, denominator
ata. .

by, Tl
aﬂmlam the veterans symptoms into

general symptom categories and gives the relative frequency of each
category. mparison of Table 2 (percent of veterans having that
symptom) able A-2 (dealing with the'relative frequencies of the
symptoms) reveala the relative magnitude of effort, in manpower,
history-takinq“ghysical examinations -4l that will be needed to
evaluate each “specific symptom categoty. For example, although
dermatologic wenifestaticns were alleged in 48.9% eof all veterans
s"‘m
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The demonstrated lack of an easily
dentifiable symptom complex on review of the veteran claims clearly
requires evaluation of individual symptoms. Therefore, a comprehen-
slve questionnaire and physical examination is required.

F.  Case Reports

Much of the medical literature on 2,4-D, 2,4,5-T and TCDD
exposures in humans is based on 1individual case reports. Most of
the patients discussed in these reports were exposed to multiple
chemical agents and, therefore, it 1is difficult to determine which
agents were responsible for specific symptoms. Nevertheless, the
general areas of dermatologic and neuropsychilatric disease have been
of primary interest to most investigations. Since the neuropsychi-
atric symptoms of herbicide exposure are numerous and largely sub—
jective in nature, they have been extremely difficult to assess from
a clinical standpoint. Hepatic dysfunction, renal, gastrointestinal
and cardiac disturbances are “linked" to exposures to these
chloreophenolic compounds.

(1) 2,4-D

A multitude of symptoms have been attributed to
2,4-D, and the ones reported most consisteatly are listed in the
Appendix, Table A-3. Components of some of  these selected
symptoms/signs are described in Table A-4 of the Appendix. The
asthenic syndrome, peripheral neuropathy and hepatic dysfunction are
of particular interest. Other symptoms of systemle toxicity occur,
but usually resolve within 4-6 weeks. The peripheral neuropathy
associated with 2,4-D exposure has been extensively deseribed. It
has an early onset, causes prolonged disablility of varilable degree,
and recovery has been Incomplete Iin many cases. Electromyography in
some patlents has demonstrated denervation, and some studies have
detected decreases in nerve conduction times. One autopsy atgdy
demonstrated a demyelinatlon process within the brain of
76—year-old male whoe committed suicide by iugeatian of 2,4-D 111
kerosene.

(2)  2,4,5-T/TGDD

The human effects of 2,4,5-T are difficult to
evaluate since the chemical 1is contaminated with TCDD 1in the
manufacturing process. The effects of TCDD have been determined
from studies of trichlorophenol workers, and from laboratory werkers
using TCDD. Symptom/sign complexes attributable to exposure to
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2,4,5-T and TCDD are listed in Tables A-3 and A-4 of the Appendix.
Chloracne usually begins in the zygomatic/temporal region and is
often found on and behind the pinna of the ear. This 1is an oily
acne~like skin condition characterized by comedones and inclusion
cysts which may result in extensive scarring. In severe cases
spread of lesions to the throat, back and inguinral areas has been
noted. This skin condition is frequently preceded by erythema and
blepharoconjunctivitis. Active lesions usually disappear within two
years, but have been found 30 years after exposure. Porphyria
cutanea tarda and hypothyroidism have also been 1linked to
2,4,5-T/TCDD exposures Other symptoms such as asthenia, liver and
renal dysfunction, neuropathy, and gastrointestinal and cardiac
disturbances are probably due to mechanisms similar or identical to
those of 2,4-D.

Numerous instances of alleged disease due to 2,4-D/2,4,5-T
exposure have been the subject of heavy media attention, particu-
larly an episcde of allaged 2,4,5~T exposure in Globe, Arizona, in
1969, Despite extensive sclentific review and analysis with nega-
tive findings, the Globe incident continues to appear in curreat
news media productions. A similar incident in Missouri in 1971 is
often cited. 8ix children and two adults experienced chloracne
after accidental exposure to TCDD, but all were healthy after five
years of followup study. A final prospective assessment of fertil-
ity, teratogenesils and carcinogenesis will probably be made in the
future.

G. Epldemiologic Studies

Epldemiologic studies of occupational groups have vali-
dated links between exposure to TCDD and the development of chlor-
acnes.  Associations between TCDD and psychological abnormalities
have also been suggested. A 1978 study by Hardell and Sandstrom in
Sweden evaluated occupational exposure to chlorophenolic compounds
in soft tissue cancer patients by a case-control design. They found
an association between cancer and exposure, but methodologic preb-
lems have ralsed questions concerning the value of these findings.

Tung (1973) reported an abnormal increase in the occur-
rence of primary carcinoma of the liver in Vietnam (26 cases per
year during 1955-1961 versus 144 cases per year during 1962-1968).
He attributed the lucrease to a suspected carcinogenic effect of
TCDD. His published study, however, has 'been criticized for fallure
to contaln sufficlent data and method descriptions to verify his
conclusions. The role of aflatoxin as an alternative cause of liver
cancer was not addressed. His study was largely an empiric clinical
study. A study sponsored by the US Environmerital Protection Agency
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in 1979 in Alsea, Oregon, found a statistically significant increase
in spontancous abortion in areas where 2,4,5-T herbicide was rou-
tinely used in reforestation programs. EPA concluded, however, that
“"for all {ts complexity, this analysis is a correlation analysis,
and correlation does not necessarily mean causation.” This report
is currently the subject of intense sclentific criticism. Differ-
ences in the availability of specialty obstetrical care and in the
patterns of health care delivery existed between the exposed and
control areas; these differences were not taken inte consideration
by the rescarchers. Varjations in the ascertainment of spontaneocus
abortions in each of the areas severely limited the validity of the
data, and of the conclusions derived from them. A recent study con-
ducted in Australia (1978) was unable to find an association between
birth defects (neural tube abnormalities) and the use of 2,4,5~T
Herbicide.

Epidemiologic studies are continuing in Seveso, Italy. A
population of 220,000 was potentially exposed to TCDD following an
Industrial accident in July 1876, These studies have involved
investigations of more than 30,000 children and detailed clinical
examinations of 1,024 persons, including the most severely exposed
children and adults. Recent data (Homberger, et al., 1979)
indicated that most cases of chloracne from this incident (134)
cleared rapidly. Ne evidence of significant hepatotoxicity,
deranged porphyrin metabolism, or abnormal neurologic findings have
been observed thus far. Growth and development of newborn iInfants
and children, immunologlcal response, chromosome aberratioms, the
reaction to the challenges of infectious diseases, and the morbidity
and mortality patterns of the study population have not been
slgnificantly altered by TCDD exposure to date. Thirty—eight cases
of birth defects were reported in early 1977, approximately ©-8
monthg after the industrial accident. However, the authors ascrihe
this increase to an artifact of surveillance. The socilal pressures
operating in the Seveso population prior to the accident fostered
underreporting of birth defects, while the atmosphere after the
accident. made the occurrence of a birth defect more socially
acceptable. The post accident malformation rate is not
gignificantly different than the rate in similar areas of Central
Europe. Similarly, ascertainment and survelllance of spontaneous
abortions after July 1976 is hampered by the lack of valid baselines
for the pre-accident perlod. Chloracne appears to be the only
signiffcant adverse effect in the exposeq population noted to date.
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A 2,4,5-T Dispute Resolution Conference was held in
Arlington, Virginia, from 3 te 7 June 1979. Fifty-six recognized
experts from the United States and seven foreign nations were
actively involved in the deliberations of the conference. Human
Exposure, Carcinogenicity/Mutagenicity, and Teratogenlcity Working
Groups independently reached conclusions that there was no valid
sclentific evidence linking fetotoxicity, teratogenicity or car-
cinogenleity to 2,4,5-T/TCDD exposures in humans. The Human Expo-
sure Working Group also concluded that there were no epldemiologic
data associating TCDD with any long-term health effect in humans
other than persistent chloracne. While they did not find evidence
of serious long-term hecalth effects, neither could they find
gtrong evidence for lack of effects Most previous epidemiologic
studies have not had sufficient statistical power to detect
increased risks of low incidence/prevalence conditions in the
observed populations, and the period of observation in many
prospective studies has becn less than ldeal.

Several potentially valuable epidemiologlic studles are
currently in progress. Two independent and comprehensive studies
of workers exposed to TCDD at a Monsanto manufacturing plant in
Nitro, West Virginia, are currently being conducted (Mt. Sinai
Medical Center, New York, and the Kettering Laboratory, University
of Cincinnati, Ohio). These chemical industry workers were
exposed over long perlods of time and were previously evaluated
in 1953 and 1956, following an iadustrial accident which occcurred
in 1949, The Dow Chemical Company is currently analyzing data
from a reproductive survey of the spouses of 2,4,5-T/TCDD exposed
workerss A Czechoslovakian study involving a 10 year followup of
TCDD exposed workers, and a US National Cancer Iastitute (NCI)
mortality study of 4,400 structural pest control workers are also
underway.

These new studies, and. the continuing evaluations of the
Seveso, Italy, population, should provide wvaluable data. The
large study groups involved in the Seveso and NCI studies should
provide good statistical power, and the Nitro, West Virginia, and
Czechoslovakian efforts will evaluate the effects of exposure
after prolonged periods of time (10-30 years). . The resulte of
these studies should £1ill major gaps In the knowledge of
2,4,5-T/TCDD epidemiology, and should prove to be useful 1in
evaluating the long-term effects of these compounds on health and
reproductive ocutcomes.
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Vs Epidemiologic Study Design: Matched Pair - Cohort

A. Design Consideration

The proposed goals for this study clearly mandate a
broad comprehensive epidemiologic approach, incorporating retro-
spective, cross—sectional, and prospective elements. The primary
issue 1s time. Exposure to herbicides during the 1962-19%D time
period may have Initiated long-term health effects that may or may
not be progressive. If such effects are detectable by retrospec-
tive techniques, and are verified, there will be direct 1links to
compensation. Current health status, as mirrered by the large
number of recent VA claims, becomes of strong interest, because it
might be confirmable by comprehensive physical examination. 1In
the event both retrospective and cross-sectiocnal methodologies
yleld indeterminant or weakly suggestive findings, 1t may be that
sufficient time has not yet passed for substantial emergence of
long-term health effects, This dictates a requirement for a pro-
gpective element te the study.

The Alr Force sta o g py e
-ageney that the following 12 palr copbre design is
the best technique for any e Btudy phase., Many methodological
shortcomings are inherent in each phase of this comprehensive
study. To some extent, the classical deficiencies of each partic-
ular epidemiologic approach are compensated by the concurrent use
of the other methods. For example, the low chance of identifying
a relatively uncommon disease solely by the use of a cohort study
is offset by the finclusion of the retrospective element. The
relatively quick feedback that can be attalned from the retro-
spective and cross—-sectional studies will serve to better define
the prospective phase and will help to alleviate problems that
arise in cohort studles as a result of changes in diagnostic
criteria and methods with time. Nevertheless, there will remain
many problems that will affect agcertainment of disease in all
phases .of the study. The problem with patient recall Of
antecedent events, the distortion of information, by knowledge of
the disease, as well as participant or observer knowledge of their
exposure status can only be corrected to a limited extent by
review of records for symptom validation and "blind" assessment
protocols., In addition, fundamental problems dealing with
adequate selectlion of a control group and limiting loss to study
can jeopardize even the most comprehensive epldemiologic
investigation. These and other pitfalls in study design will be
discussed Iin more detail in Section VIII. .

TW  walened Q:.~ (ofterr . (Y9

-
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"{m_.thuSince the study has three
phases and counfronts a health {issue with undefined endpolints,
including strong bias and political pressure with severe time
constraints, the following desipn may represent the best overall
framework for achieving walidity. The design process 13 complex
and in itself time dependent. All epidemiologic techniques used are
time—compressed. Unique record searching systems within the Air
Force, and computer and clinical capabilities,as well as blas and
loss—-to-study correctors, will work toward making this effort

achlevable.

B.  Ascertalnment of Exposed and Control Group Populations

(1) Exposed Group

Operation RANCH HAND personnel primarily flew
C-123 aircraft in Vietnam during 1962-1970. Data from hand-compiled
lists obtained through the RANCH HAND Associlation (a reunion
organization), Alr Force personnel computer ecntries, historical
records and actual C-123 flight orders, place the estimated study
population at 1000 (range 800~1200). Of those now confirmed in the
computer system, 25% are still on active duty, with the remainder
being composed of retired or separated persons. An Indepth search
is beilng conducted of all organizational records stored at the
Military Records Division, National Persomnel Records Center, S8t.
Louis, Misgourl, to identify all RANCH HAND particlpants. taile
advertisements in active/retired military trade journals, VA
publications, and local newspapers will be pursued 1in the near
future to insure total ascertalnment/indentification of the exposed
group. Introductory letters will be sent to the last known address
of all identified persons; and nonresponse will be pursued by
cross-locator systems available within the government {(e.g., Social
Security Administration, VA, Internal Revenue Sexvice). Significant
effort will be made to account for at least 99% of the total
population (see Table A-5, Appendix). Because of the limited number
of estimated RANCH HAND personnel (1000), no subsampling is planned
in any phase of the study. All members will be invited to
participate in all phases of the investigation.

(a) Known or Predicted Characteristics of the

Exposed Group

PRpTyRN Y ]
All exposed , personnel are males currently
ranging in age from approximately 38-58 years. As the normal C=123
crew composition was one pilot and one copllot-navigator * (both
officers) and oune spray equipment console operator #n the rear of
the aircraft {enlisted), the overall officer-enlisted ratio will be
approximately 2:1. While almost all officers were Caucasian,
approximately 10-147 of the enlisted men were Black. Because of the

L
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sl cant combat hazard iﬁggciated with low, slow flying missions,
all RANCH HAND pé%ggﬂheigwere elite volunteers (see Risk-Taker Bias,

‘Secéion VIII}). 1In fackt, RANCH HAND crew members comprised one of

the most highly decorated units during the Vietnam Counflict,

Anecdotal stories reveal that most crew members were, on occasion,

heavily exposed to Herbicide Orange due to normal or combat induced
equipment malfunctions within the aircraft. Many former RANCR HAND
personnel are expected to be currently employed in the aerospace
industry as commerclal alrline pileots, airiine managers, and flight
mechanicss RANCH HAND personmel still om active duty are expected
to be found in senior management positions.

(2) Ancillary Study Groups (Non-RANCH HAND persomnel)

Alr Force handlers of herblcide drums in Vietnam
were cexposed to herbicides because of drum leakage. Advertisements
similar to those proposed for the RANCH HAND personnel will be
igsued in attempts to define this population. As the drum handlers
were ad 1ib participants, no personnel designator was assigned to
these individuals, thus prohibiting computer tracking and identifi-
cation. The population is unknown, but expected to be low (less
than 200) as the majority of drum handlers were known to be
Vietnamese. Additional study groups such as f#lightline mechanics
servicing the C-123 aircraft, US Army persounel (officer and
enlisted) who flew as observers, may be injected into the study
propere. Specific epidemiologic/clinical studies for these groups
will be planned by a separate protocol following ascertainment;
control group selection will be difficult or moot. It is intended
that all data derived from the ancillary study groups will be
subsetted for separate analysis; these data will be treated as
anecdotal to the primary study.

{a) Known or Predicted Characteristics of the

¥

Ancillary Study Groups

, All members of these groups .are expected to be
males, ranging in age from 28-68 years. The officer-enlisted ratio
is estimated at 1:10, Approximately 10-18% of these populations are
expected to be Black. Low numbers of respondents are expected {and
with significant discordance to the above estimated characteristics
due to socio-economic-race blas). Population at risk ascertainments
are not possible. .
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(3) Control Group (Not exposed to Herbiclde Orange)

The ideal contrel group, the non-RANCH HAND C-123
population, is known to be too small (approximately 3000) to provide
adequate sampling flexibility and replacement under the proposed
best match varlable concept {(see below and Section VI, A). Many of
the RANCH MAND airecraft were rteconfigured for transport and
insecticide missions. Thus, non—RANCH HAND crews responsible for
these other missions, may have been exposed to Orange Herbicide
residues in these alrcraft. This group may not be truly unexposed
to herbicides and therefore may not be an appropriate control
population. The C-7 crevmembers have also been considered as a
potential control group. This latter group, however, was comprised
of only 1000 to 1200 individuals. Accordingly, alvcrew members
who flew C-130 aircraft in Vietnam during 1962-1970 will be selected
as controls to the C-123 RANCH UAND population. Total ascertalnment
of this G-130 population 1is being conducted by computer selection
for specific mililtary flying organizations, = forelgn country
service, etcs, Over 2.3 million personnel records have already been
scanned and the approximate C-130 sample size 1s 25,000 aircrew
members. The proportions in active duty, and non-active duty status
are expected to parallel the patterns in the exposed group.

The absolute "best fit" matched C-130 controls will
be used for the retrospective mortality analysis (see below) versus
all ascertained RANCH HAND members. In the event of mortality or
nonresponse from a best Fit control, the next best fit C-130 crew
member will be selected for replacement for the cross—-sectlcoual and
prospective study elements of the study.

(a) Known or Predicted Characteristics of the
Control Group -

All C-130 aircrew members will be tightly matchﬁd
on a 1:1 basis to the exposed group with respect to age, sex, race,
and other -factors listed below. The normal crew compositign of a
C-130 is three officers and two eanlisted personnel. The control
group will be "pure” from the standpoint of nonoccupgtional exposure
to herbicide. The entire control group will be considered
"nonvolunteer” with respect to abunormally high combat risk. While
-in general they will probably possess simijar lifestyle characteris-
tics and socio-economic backgrounds, their overall combat morbidity/
mortality and resultant stress influences upon general health may be
slightly less than the exposed group. For those separateds and
retired C-130 controls, similar proportions to the exposed group are
expected to be employed in the aerospace industry.

(4) Matched Pair Procedures and Rationale

Each member of the exposed group will be”computer
matched for four variables to a set of at least 10 control C-130
crew members. Since the two groups are highly selected and
inherently similar with respect to many variables, very close
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matches are feasible. This epidemiologic design 1ncorporates a
matched palr concept because: (1) a matched pair with stratifica-
tion will provide maximum test power throughout retrospective,
cross—-gectional, and prospective phases, {(2) statistical intergroup
comparisons may be made without normalization by four key variables
known to effect symptom frequencies of Interest, thus providing
greater power for complex multivariate testing, and (3) extremely
close matching is feasible and necessary for some of the anticipated
analysea of the physical examination findings. Matches will not
necessarily be rigidly maintained throughout the data analysis
phase, depending upon the particular analysis. It 1s apparent that
following the match, both exposed and control populations will be
very nearly identical with respect to the four influencing
variables, and that 1in the event of frequent match breaks,
stratification of a controlling varlable can be made with enough
precision to ensure proper adjustment.

Matching will be condgf ted fo (1) By year of
birth, and closest month possible, (%2)
ga&é&&e&%-as an absolute match, (3) length of time spent in Vietnam,
to the closest month, and (4) race (Caucaslan versus non-=Caucaslan)
as an absolute match. These variables are listed in priority order
of the match sequence. Specific rationale for these varibles 1s as
follows: (1) many clinical symptoms and signs allegedly attributed
to herbicide exposure (see literature review) can algo be attributed
to an aging effect, or to 'collater é diseasee ore commonly
associated with advancing age, (2 méf»e —%%‘g ! con?rols
gpecifically for officer~enlist atus a va‘?ﬁ%fe st?on nked
to educational background, current socio-economic status, and
moderately linked to age (5 year median difference) and
socio—economlc background, (3) length of tour in Vietnam (measured
in months, or actual flying hours, 1f feasible) controls for the
generalized probability of combat morbidity, mortality, and for
combat induced neuro-psychiatric disorders [additionally, length vof
tour may reflect effects related to intensity of ' alcohol consump-
tion, drug consumption (chemoprophylactic or 1llicit), and degree of
disease acquisition] and (4) race controls for difficulty in
diagnosis of dermatitis, socio-economic background, etc. (note
possible racial discordance for VA claimants).

An intragroup comparison‘ in the exposed group of
health effects to an iIndex of exposure to herblcides will be made.
By using the length of time in Vietnam,as measured by exact flying
hours coupled to the exact time of the tour when the concentration
of TCDD contamination changed, a crude exposure -index can be
constructed, normalized, and tested.
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(1) Introduction

The term “retrospective” has been used generically
in this discussion of the design protocol to address the mechanics
of selection of the exposed and nonexposed groups, as well as the
various means of tracing these groups to the present. In reality,
the retrospective and prospective phases are components of a
"nonconcurrent” prospective study used in the observation, starting
from some date in the past, of a speclally exposed group or
industrial population. The availabllity of employment, medical or
other types of records is an obvious requisite for such a study.
The classical “case—control”, retrospective study is not operative
in this protocol because of the open-ended nature of the alleged
effects and lack of a definable disease syndrome.

{2) Data Collection Methods

All exposed members and their matched controls will
be given a comprehensive personal and family health questionnaire
via telephone. The questionnaire (see Section XIII) will emphasize
identification data, Vietnam tour history, dermatologic conditions,
neuropsychiatric conditions, fertility aberrations, genetic defects
in offspring, sensory defects, and personality fad¢tors, including
asgessments of Risk~Taking Behavior. The questionnaire will be
linited to a 30-45 minute telephonic interaction with participants
and it will take 10 to 12 months to complete all 1nitial
questionnaires on both groups. The ‘questiomnaire will be
"Field~Tested” on a group of 25 to 30 former Air Force pilots with
Vietnam combat experience. Specific questions on the questionnaire
will be directed to verifiable information, wherever possible,
Inclusion of sgpeclfic verifying questions and blas indicator
questions (nonsense symptoms) have as yet not been included, simce
they are still under development. - They will be added and
appropriately sequenced immediately prior to the start of the study.
Questionnaire data will be linked and integrated with medical record
information and physical examination findings. ‘Each participant
willl be asked to sign release forms so that all eivilian health
records, 1ncluding those of dependents, can be reviewed as
. Necessary. Federal health records om ald family members on file in
the St. Louis Repository will be retrieved. All retreived medical
records will be reviewed, scored, compared te questionnaire data for
reliabililty, and then be entered into a_respository s&stem.
Identified participants who are non-responsive to queationnaire will
be pursued to determine status, disinterest, moribund state or
death, etc. These individuals will be cross-referenced to other
federal accounting systems 1in an attempt to achleve total
ascertainment. ‘ ; .
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D. Cross~Sectional Phase

(1) Selection/Entry Criteria

) A voluntary comprehensive physical examination will

be offered to all individuals in i&ﬁs&o ed and control popula-.*u&( 1"*”
s, The condition for sbedy- on completion of the
bagseline questionnaire. In the event that the "bost fit" control
does not complete both the questionnaire and the physical
examination, the next best fit will be selected, and so on, wmtil a
willing contrel 1s obtained. Statistical testing will be conducted
by a variety of techniques on both questionnalre and examination
findings (see VI, Statistical Methodology below). At the time of
physicad examination, an extensive indepth interview will be
conducted. A standardized protocol will be used to insure-
comparabilicy of inteview data. This will provide cross-reference
data to the initlal ques &% &apfﬁg medical record data, 1f
retrievable. Specific §P2s indicator questions will be
included during the interview as well.

(2)  Physical Examination Parameters

A comprehenslve physical examination will be con—
ducted on all willing participants. The cxamination will be
structured as outlined beIO?Qﬁf%nd in Section XIV.

General Physical Examination

FBS, 2 Hr Post RiFandial CBC CPK :
Urinalye.is RBC Indices ECG 7
BUN/Creatinine Sedimentation Rate Chest X-Ray 7
Cholesterol /HDL Cholesterol  Cortisol (Matching) VDRL/FTA ~—.
Triglycerides Thyroid Profile (RIA) d

Dermatologic Examination

Urine Porphyrins
+m, Urine Porphigbiliogen forpha bi moje.n
‘DEHAyaminolevulenic Acld

//
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Neuro-Psychiatric

Nerve Conduction Velocities
Psychological Battery
MMPL
s WAIS
Halstead-Reitan
Wechsler Memory Scale Subtests
Cornell Index

L]
Reproductive Examination

LH, FSH, Testosterone

Neoplastic/Hepatic Examination

SGOT : Al aline Phosphatase ¢{
SGPT . q elevntod 5
LDH (Iscenzymes if eva%ﬁated}
- '
Additional Studies (Individuals with abnormal history or exam-
ination)

Hepotitis Autigens(A et B)
. %{/_»- @;%/alysis Mott Spot Tegsl: :f(
},,:-. K_aryotypi.ng Anti Nedef ean ﬂﬂ?"Wy
. /%.Hiﬁ'opﬁ’ Copsu{Tions &3 {‘ggm‘(-gd
o FExaminations will be performed in reglonal federal medical facili-
ties in the United States and overseas having dermatologic,
neurologic and electromyogram/nerve conduction capabilities (Section
- X11, Appendix, Figure A-1). This will generate better
participation than if all examinations were conducted at a single
locatlion. Special Alr Force authorization will be obtained to con-
duct such examinations on individuals separated from the service and
informed consent forms will be obtained for nerve conduction tests.
Physlclans and technicians will handle all participants without a
knowledge of exposed or control status, and will conduct the exami-
nations by standardized protocols to minimize variability.
Clinical specimens will be forwarded to USAFSAM wherqﬂﬁij laboratory
procedures will be conducted, All laboratory tests would thus be
subject to the same technology and rigid quality control.

: Special contingencies will be made for umusal lab-
oratory testing. Karyotyping of the individual and his family
members will be performed 1f clinical history or physical examina-
tion findings are suggestive of this need. Most well conducted
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studles have shown that, when present, chromosomal abnormalities due
to TCDD ave transient. If on detailed analysis of the baseline ex-—
amlnation and questiounnaire, reproductive areas are heavily
affected, routime karyotyping may be included in the test battery
Jfor the prospectus -y TCDD analysis on blood and urine will be con-
uture provided that (1) strong cauvse and effect
relationships can be ascribed to Herbicide Orange (peeitive ¥iztndh
swpusure index —vergus TREATIVE crude geopgrdphical exposure in s
and (2) high resolution mass spectrometry technology achieves 10
femtogram Sensitivity with high specificity. Appropriate specimens
will be obtained from all participants, aliquoted, and preserved at
-709C for possible future analygis.

Physical examination and laboratory data will be placed
ingy the member's master file for detailed cross-analysis to
questlonnaire data. Information identifiable to the subject will
not be releasgd without his consent in accordance with the Privacy
Act. (Exceptions: 1In ‘accordance with Air Force regulations, all
active _gduty flying personnel and air traffic controllers found to
have disqualifying defects will be temporarily grounded pending
resolution; in accordance with federal regulations, all commercilal
airline pllots and air traffic controllers found to have
disqualifying defects will be repotted to the Federal Aviation
Administration,) :

E. Prospective Phase

(1) Study Adaptations

Following complete data analysis of the retrospec-—
tive and cross-sectional phases, an adaptive or restrictive health
survey will be devaloped and annually gdministered for five years.
Similarly, a condensed physical exad‘b&ggile that will achieve
adequate sensitivity and specificity for prospective diagnosis will
be developed. This adaptive physical examination by protocol will
be applied to all prospective phase participants, and will be
conducted at regional federal medical facilities every two years at
government expense.

(2)  Enatry Criteria

All exposed or control individuals completing the
baseline questionnalre and physical examination will be entered into
the prospectus; further continvation will depend upon the member's
willingness/ability to participate in additional health surveys and
condensed examinations.
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{(3) loss to Study

* At the initiation of the prospective phase loss of
an exposed member will not be cause to cease surveillance of his
matched control. In the event of a control loss, the next best fit
match control will be brought to study® the comprehensive question-
naire will be administered, and the adaptive examination offered.

In all cases of loss-to~study, specific reasons will be sought,
Medical record reviews of new entrants and death cevtificate reviews
wlill continue throughout the prospective phase. Mortality analysis
based upon time and cause of death within the ascertained groups
will be conducted throug A he study.

(4) Study Length
+ The prospective phase is {nitially planned for five
consecutive years. Results of the entire effort will be presented
to a netitral scientific body. Their recommendation for continuance/
discontinuance will be forwarded to the Alr Force Surgeon General
for final decision.

F. Determination of "Digease"

(1} Introduction

Since this study 1s decaling with an unknown clinical eund-
point, determination of discase state by statistical methodeology is
a prime scientific thrust of the inmvestigation. From the 1lit-
erature, chloracne is the only recognized disecase asiia}g;ed with

high exposure to dioxin. The questions : rar®ite: ()
Does a history of chloracne invariably lead to ure disease? and
(2) In the absence of chloracne, is there emergence of other
attributable diseases? Under a broad cong of "spectrum of ill-

ness", Lbesbsprobably correct that eithef these wwe. conditions
are possible, awdThe clarification of thelr respective contributions
to the natural history of subsequent “"disease” is extremely
difficult.

(2) Discussion

e e

Inferences about a disease state from thie study can
be derived from several loglcal approaches. These approaches can be W
wikh A& categorifd eto ryo directions: (1) those that deal™bith symptoms
hde o Wt der-Jo construct a symptom complex that may represent disease,
and {2) those with phygical signs which in themselves
Ehagm? phy g



represent disease. In the former, one can form a subset of individ-
wals that have symptoms (e.g. infertility) and study them during the
“retrogpective” and prospective phase. Focusing on the overall
patterns of alleged symptoms and categorizing them into a symptom
complex may identify those individuals with a discase syndrome, or
'those at higher risk of developing disease (e.g. genetic disorders,
cancer). In the latter approach, data on abnormal physical signs
(e.g., genetic defects in offspring) and laboratory results can be
compared between exposed and non-exposed groups in an attempt to
again establish the presence or absence of disease. By putting this
array of data into a logical decision-making scheme, specific
relative risks can be calculated in the prospective phase.

By the use of combinational and correlational analyses,
statements about the probability of a disease state, a subclinlcal
state jand over-reporting blas can be attempted. If the development
of symptoms In the exposed group 1s positively correlated with
physical findings, and this correlatlion 1s absent in the coutrol
group, g statement concerning the existence of a possible disease
state can be made. By taking these possible combinatiouns of obser-
vations and viewing them In the context of associated positive
verifiers, negative bias indicators, and positive exposure index,
tha probability of over-reporting bias acting in these clrcumstances
can be substantially reduced and, as a result, any statement con-
cerning the existence of disease Is strengthened. Similarly, if
symptoms in the exposed group de not correlate with the development
of findings, but are assoclated with positive laboratory results, a
statement concerning the existence of a subclinical disease state
can be made. On the other hand, if comparisons within the RANCH
HAND group reveal a negative correlation between rcported symptoms
and the presence of abnormal physical signs, then an over-reporting
bias and/or subclinical disease state 1s suggested.

Another approach to the determination of a disease state
is by taking a normalized exposure index and applying regression
techniques to the resulting curve. If there is a positive correla-
tion between increased exposure and the presence of various abnormal
physical signs and/or verifiable symptoms, then a symptom complex or
disease syndrome is suggested. Factors suspected of altering the
classical dose-response curve include cellular repair mechanisms and
the release of TCDD from adipose tissue following weight loss. The
addition of multivariate techniques to the regression analyses will
strengthen statements about the presence of disease. Beyond
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these pair—wise and group comparisons, newer techniques of pattern
recognition, such as Factor Analysis and Cluster Theory, are being
congidered in order to achieve a more automatic and oblective

analysis.

s The strength of any inferences made from these analyses

is dependent upon the statistical power inherent in the study. In
addition, due to the possibility of latency beilng a factor in this
study, a negative analysis at any time within the study does not
categorically imply lack of disease, since sufficient time for
emergence may not have passed.

G. Exposure Estimates *

The exposure to Herbicide Orange and/or other
herbicides by RANCH HAND personnel was frequent (almost daily),
extensive (anecdotal information suggests that many had direct
skin contact)*and repetitive over a long period of time (one-year
tour for most individuals). Anecdotal information alsc suggests
that mo%t RANCH HAND personmnel felt that the herbicides employed
in the operaticns were nontoxic to animals and man and hence, did
not exercise the cautlon in handling that is recommended today.
The available records on Operation RANCH HAND indicate@ that
aircrews agssigned to the project seldom had a "routine” work
schedule environment. Thus, numerous factors influenced the
level of herbicide exposure that RANCH HAND personnel may have
received. Such factors included the length of tour, number of
tours, crew position, number of herbicide dissemination missions,
herbicides employed ¢Orange, Blue or White), time to and from
mission locations, and multiple routes of exposurce {(inhalation,
ingestion and/or percutanecous absorption).

Although industrial hygiene data are not available from
defoliation operations during the Vietnam War, the Air Force did
conduct extensive industrial hyglene monitoring programs during
the dedrumming and inciuneration of Herbicide Orange during Project
PACER 10 (see Young, et. al., 1978). These monitoring data (e.g.,
breathing zone data) and recently unpublished data on percutaneous
absorption of 2,4,5~T in humans during actual spray operations
{DOW Chemical U.S.A., Midland WMI, 1979), when combined with data
on characteristics of the (-123 aircraft, number of missions and
crew posltion may permit calculations of exposure estimates.

AIR FORCE WORKING PAPER
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Vi. Statistical Methodologz

A Introduction

As described 1in previous sections on study design,
data from all RANCH HAND personnel and thelr matched controls
will be available for statistical analysis. The design of the
study is presented in schematic form in Figure 1. R refers to the
RANCH HAND personnel and G refers to the collection of C-130
crevmembers. As defined, X and T'will contain individuals who are
deceased., Since it appears that there are approximately 25 mem-
bers of T for every member of R, significant matching is likely to
be possible between the groups (Carpenter, 1977; McKinlay, 1977).
The groups will be matched in a 1 to 1 manner as closely as is
possible using: age, Vietnam tour lengths, c¢rew position and
race, This matching will be accomplished without regard to
whether the individual 1s currently living or dead so that an
assessment of mortality can be accomplished. Statistical aspects of
this mortality analysis will be described in more detail below.

Referring again to Fligure 1, R and C indicate living
RANCH HAND members and matched controls. If mp is the propor-
tion of R found to be deceased, then,

Rﬂ(l"mR)-ﬁ

If the best match for an exposed individual 1s in fact deceased,
the next best control will be selected to complete the study pair
for subsequent study phases so that R will equal C and 1 to 1
matching will be preserved.

The questionnaire will provide data concermning specific
symptoms and other findings in the R and C groups. Thus various
questionnaire finding rates in R, sg, will "be calculated and
compared with the corresponding rates in C, s8¢,

The questionnaire will allow allocation of RANCH HAND
personnel into those with symptoms on questionnaire, indicated by
RS, and those without, RS. Similarly, the control individuals
will be placed into symptomatic, indicated CS, and asymptomatic,
C§ groups.

The physical examination performed on individuals from
R and C will allow estimation and comparison of rdtes of physical
findings in these groups. Rates of abnormal physical findings can
be symbolically dindicated as £ and £ for RANCH HAND and
control groups respectively. Comparison of these rates 1is very
important and details will be discussed below.
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Let fpg be the rate of physical findings among RANCH
HAND personnel with findings by questiommaire and let fpx be the
rate of physical findings among RANCH HAND people with no findings
of note on theilr questionnaire. For most disease processes it would
be expected that fpg should be a larger rate than fp3. If fpg
is observed to be equal to or less than fry, an interpretation of
over-reporting may be warranted, although the possibility of sub-
clinical disease 1is recognized. Rates fpg and foz will also be
estimated, and comparisons between fpg, fgg, fr¥ and £z
will be accomplished.

E. General Concerns

Before proceeding to statistical details regarding this
design, two general concerms about the overall design will be
discussed.

(1) Adequacy of the Control Group

The RANCH HAND personnel may be characterized as
greater risk takers than their controls. It is possible that risk
taking behavior could be correlated with differing patterns of
disease; e.g., type A personality could be more common among RANCH
HAND personnel, thus increasing the incidence of cardiovascular
disease. Further, in relation to herbicide exposure, an increased
accidental death rate among RANCH HAND personnel could well be a
sign of herbicide 1induced peripheral neuropathy. However, higher
accidental death rates in general are expected among risk takers.

(2) Adequacy of Sample Sizes

While this subject will be treated in greater
detall below, some general observations are in order. The size of
K is approximately 1000 individuals. Without formal statistical
analysis it should be quite clear that a Jlethal effect of
herbicide which occurs in only 1 out of 2000 controls will be
quite difficult to detect unless the herbicide effect is very
strong. For example, at a rate of 1 im 2000, 0.5 effected
controls are expected., If the basic rate is doubled by herbicide
to .2 per 2000, one effected RANCH HAND individual would be
expected. At a rate of 1 per 2000 for controls and a rate of 2
per 2000 for RANCH HAND persommel, the probability of observing no
affected individuals in both groups is -_-

(1 -~ 1/2000)1000 (1 - 2/2000)1C00 = 22
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or, In other words, "there 1s a 227 chance” that no affected
individuals will be found in this study. In a population of
100,000 exposed individuals, 100 cases would be expected, 50 of
which would be due to herbicide. In short, this study has little
statistical power to define the relationship of herbicide to the
rarer diseases.

C. Analysis of Mortality Data

Considering the basic cohorts ¥ and T, individuals
will be classified into three categories: alive, dead, unaccoun-
ted. If a large number of individuals of each group are unaccoun—
ted for, the study can obviously be severely biased. Thus,
significant effort must be expended to reduce the unaccounted cat-
egory as far as possible. An initial assessment suggests that at
most 1 to 3 percent of both groups can remaln unaccounted, with a
1%Z rate being preferred. This is seen estimating that the mor-
tality rate in T may be approximately 0.15 and an unaccountability
rate of 0.01 is 6.6% of this basal mortality rate. Whatever the
unaccountabllity rates, the pattern of unaccountability must also
be compared between groups K and T. For example, the possibility
of age differences or Vietnam tour length differences must be
examined, particularly if the unaccountability rates are high.
The following will discuss analysis of mortality per se under the
assumption that low unaccountability rates have rendered the mor-
tality analysis meaningful.

The mortality data will be analyzed using séveral
different approaches. Crude age-specific death rates will first

be calculated and tabulated. Age will be divided into k strata, &

and person~years will be observed for each stra W, be the %

number of deaths in each strat In this manner a tabular display
L.\_ " G

will be developed as shown in table 4. — R

Table 4
STRATIFIED FORMAT OF AGE-SPECIFIC DEATH RATES
Ranch Hand 4-—(‘_"&3 Controls
Age Person Deaths Death Person Deaths Death
Group Years Rate Years ) Rate
1 P11 m] 11 P21 m21 - Tr21”
2 P12 @2 r12 P22 m22 22
3 P13 m13 r13 P23 my3 r23
k Pik mik Tlk Pax mak . T2k
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Since the death rates T and Y%} are Polsson
variables, they can be contrasted directly. If the relationship
Y to raj is found to be consistent between age strata (with
statistical wvariability), a summary mortality index may be
calculated. One summary index that will be calculated is the
Standarized Mortality Ratio (SMR) which is (Armitage, 1971):

SMR = M x 100
£ my
‘ Z’ Pn‘j "'1&'.

N =

The term Z 7“.3, is the total number of deaths observed in the RANCH
HAND group while 2Z2_ P.}\"zj, is the number of deaths that would be
expected were the age—specific RANCH HAND death rates the same as

the age-specific control deathf rates. g the concern is for an n
SMR greater than 100%. If 2 crude rate for comtrols, fg, 18 QL

calculated as

2 Poyra
)3 £

then the indirectly standardized crude rate for the RANCH HAND group
rpy is

C =

I'RH = H‘l.‘c-

- An  approximate statistical test would regard rgpy as a Poisson
random variable with mean rg. An alternative approach to the
provision of a standarized mortality ratio is that of Breslow and
Day (1975). In this treatment, a multiplicative model is employed,
for example:

Ak = 809 ¥,

where 7\3-.'11( 1s mortality rate, eL is the contributien due to
population differences (RANCH HAND versus Control), ¢°; iz the
contribution due to age group, and Y 1ig the contribution due to
tour length, etc. The statistical approach here is via waximum
likelihood.
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Logistic models (Walker and Duncan, 1967) have been ex-
tensively studied at USAFSAM for application in cardiovascular dis-
ease. These models, in the herbicide context would have this form

eq.-l- ﬁ.A* @AT -+ ﬁ_’, R+ p.;E + psAE.-.-

P =
i -

where

probability of death

= age in years

= Vietnam tour length

= {ndicator variable for race
= gxposure variable

e B B~

and where of, B; (§=1,....) are coefficients to be estimated from the
data. Testing for a herbicide exposure effect can be accomplished
by estimating By and interaction coefficients such as Bg .

If all interaction coefficients involving the exposure variable E

e“"PnA“‘FzT +(3.3R“’ pﬁE*Pg AE_...

are zero and E is treated as a 0/1 variqé2}£2_§§§*£%?§8a, 1958b) has
shown that the most powerful test for non—zéro ¢ 1s McNemar's
test., This latter test makes full use of the paired design of the
study. For McNemar's test, the data are cast into a 2 x 2 table as
shown in Table 5. 1In this table, "a" 1s the number of pairs in
which both members have died, "b” is the number of pairs in which
only the RANCH HAND person has died, etc. Using McNemar's test, the
test statistic 2
Ib-<l

2
X b+ ¢
is calculated and referred to the chi-squared distribution with one
degree of freedom. Of course the ahbove analyses will be accomplish-
ed considering all deaths, and deaths by specific cause.
Table 5

FORMAT OF McNEMAR'S TEST

CONTROLS
RANCH BAND
PERSONNEL DEAD ALIVE TOTAL
Dead a b atb
Alive , c d c+d
Total atc b+d n
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D. Analysis of Questiomnaire and Physical Examination Data

The Questionnnaire and Physical Examination will produce
data of three types: (1) dichotomous, (2) polytomous and (3) con-
tinuous.

Dichotomous {present-absent) rates will be evaluated
using the tools described above for mortality analysis. For
example, the questionnaire will provide data concerning the first
occurrence of disease states by age, and standardized rates and
relative risks may be calculated. The occurrence of such findings
can be related to age, tour length exposure and other variables
using logistic models followed by McNemar's test where appropriate.
These tests will examine the presence or absence of herbicide effect
and allow assessment of the statistical significance on non—unity
relative risks. Returning to Figure 1, the eight rates mg, ng,
Sps  S¢s  fpg ng, frgs fgg fully characterize this study
in a sense. In this figure, "Vertical comparisons,” that is,
wmp/me,  sp/scs  fre/fcg,  FRE/EC§  are  relative  risks  of
central importance in defining herbicide effects. "Horizontal
comparisons,”  that is  fpg/sp,  fg§/(l-sp), feg/s¢, and
fcg/(l-sg¢) will enable interpretation of over-reporting and
subclinical disease.

Polytomous or categorical findings will occur in both
questionnalre and physical examination responses. As an example
consider retinal findings categorized 1inte four grades, and
studied as a function of age and exposure group as represented in
Table 6. In thils table the iiqk‘g, are counts of occurrence. In
analyzing tables such as these, techniques as described by Bishop,
Fienberg and Holland (1975) will be used. Specifically, if -wmy
is the expected value of X;k , general log~linear models o{
form

le.
the

M?ﬁgk = U+ WD+ LD Ua(k) « Uiz (L)) + g (ikY+ tiaa (jK) + Wizs (ij)

will be used, where (1) is the effect of RANCH HAND membership
alone on cell frequency, Wiallj) 1s the effect of an interaction on
RANCH HAND membership with retinal grade, etc. Under appropriate
conditions on expected values of entries in Table 6, the pairing in
the study design can be used with the data being organized as showm
in Table 7. In Table 7, Ng4 is the number of pairs such that the
exposed person has retinal "grade i, and the control person has
retinal grade j. Appropriate tests for this setting are indicated
by Fleiss (1973).
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Table &

FORMAT CATEGORICAL REPRESENTATION OF RETINAL CHANGES

RANCH HAND PERSONNEL

CONTROLS

Age Category

Retinal Category 1 2 3 4

1 2 3 4

1 X111 %112 X313 X114
2 X121 %122 %123 X124
3 X131 X132 X133 X134

4 | X141 X142 X143 X144

Table 7

Xo11 X212 X313 X914
X921 X922 X923 X924
X931 X232 X233 X934

X241 X242 X243 X244

FORMAT OF PAIRING FOR LOG-LINEAR MODELS OF GRADES OF

RETINAL FINDINGS.,

Control Grade

RANCH HAND Grade
1 2 3 4

1 Ny Npp Nj3 Ny
2 Np1 Npp Np3 Ny
3 N3) N3z N33 N3y

4 Noy Mgz Ng3 o Ngg

E. Statistical Power

The power (1 -p) of a study design is the probability
that a specified difference between populations will be detected if
it in fact exists. 1In general, power 1is a direct function of sample

size; that 1is, for a particular study designm,

the more subjects

measured the larger the study power. Essentially all animal and
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human studies concerning herbicide suffer from a lack of adequate
consideration of study power. While the present study is not a
powerful one against less common disease states as already dis-
cussed, it is obviously important nonetheless to exactly specify
just what the study can and cannot accomplish. The following pre-
sents a preliminary analysis of study power for the case of con-
tinuous and dichotomous variables expected from the study.

(1 Power in Continuous Variable Case

Assume that blood cholesterol levels are being
compared between RANCH HAND and control groups, and that the
coefficient of wvariation for cholesterol in the control group is
0.1, where the coefficient of variation is the ratio ¢¢ / sc¢ .
Assume Opy equals Og. The symbol ol is the probability
that the study will indicate an effect where none exists, and 1- §
is power as defined before. Consider that the RANCH HAND mean
cholesterol Ataw 1s shifted from the control mean Mc by the
fraction ra + A natural question is to inquire about the
study power as a function of available pairs (n) and mean shift ¥.

Table §

POWER CALCULATIONS

ASSUMPTIONS: at-o.os,@ﬂ=o.1, Y= pfeu/pc

Power = 1-@

R Y n=180 n=450
.20 1.01 .20 .38

.20 1.02 .55 .88

.20 1.05 >.995 >+.995
.70 1.01 .86 »+995
.70 1.02 >.995 >.995
.70 1.05 > 995 >.995

Power calculations are displayed in Table 8. Study power in the
case of a matched pair design is strongly dependent on the degree
of positive correlation produced between the involved groups by
the matching procedure. Of course, the degree of correlation can
be expressed by the correlation coefficient R which can take values
between -1 (negative correlation) and + 1 (positive correlationm),
and two values of R have been employed in Table 8. From this
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table it is seen that if only 450 pairs are studied a 1% shift in
mean (Y’- 1.01) will not be reliably detected, but a 2% shift will
be detected with a probability of 0.88 1f R = 0.2 at least. From
this calculation one can infer the need to examine at least 450
pairs to obtain the 2% shift, and to strive for more if possible.

{2) Power in the Dichotomous Variable Case. There is
significant discussion in the mathematical statistics literature
concerning the efficacy of paired designs in the setting of
dichotomous responses (Billewicz, 1964; Ury, 1975; Miettinen,
1970; and several others). Table 9 shows a set of power
calculations which are applicable to the present study.

Table 9

POWER CALCULATIONS FOR DICHOTOMOUS VARIABLE CASE AS A
FUNCTION OF EFFICACY OF PAIRED DESIGNS

** of as indicated

37

AIR FORCE WORKING PAPER

POWER = 1- 8
Rel. n= n= n= n= =

P, | Py {Risk [ R 160 200 250 300 350

05}).011 5 o 71 .78 .84 .89 92 |*

04 .01 & O .56 .64 .72 .79 .84
-03 ) .01y 3 jo .40 v45 .51 .57 .61

10} .051 2 o .54 . .61 .69 .76 .81

20] .10 2 | o .80 .86 .92 .95 >.95 )|

05| .01y 5 {.11].65/.02 [.82/.033 | .89/.029 | .94/.038 | .96/.032

04 | o1l 4 |1 - 54/,020 | +72/.033 | .79/.029 | .87/.038}%*

031 .01 7 3 J.1 - - .38/.020 | .55/.033 | .68/.046

10 .05 2 (.1 .60/.058 |.67/.054 | .76/.055 | .77/.036 | .85/.048

220 | 10§ 2 Jo1 ) +81/.036 |.92/.056 | .94/.043 [>.96/.038 |>.98/.046] ]
*d = ,050
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In this figure, R is again the correlation coefficient indicating
the degree of correlation induced between the involved groups by
the matching procedure. The probability of the disease among
RANCH HAND persomnel is symbolized as p;, while py 1s the
probability of the disease among the controls. Relative risk is
the ratio pj/ps. With R = 0.1, sign test power tables were used
48 an exact version of McNemar's test, and therefore differentd
levels are shown under each power number. Table 9 shows the
positive influence of effective pairing in the higher power levels
noted. Also, it appears that for p, = 0.01 and p; = 0.03,
physical examination of 350 pairs (700 examinations) will disclose
the three-fold relative risk with probability less than .80. In
other words, there 1s a greater than "20% chance"” that a
three-fold relative risk on a 1/100 disease state will go
undetected in this study if only 350 pairs are examined and if low
correlations occur, Once again the need to examine increased
numbers of pairs in the study 1is seen.

To present these dichotomous power calculations more
clearly, calculations in the context of actual disease states have
been accomplished. The diseases considered are cardiovascular
disease and cancer, corresponding to high and low rate illnesses for
the age groups presently under investigation.

Cardiovascular Disease. A loglstic risk function was
fitted to data from 17,455 autopsies gathered in a WHO collaborative
study in Czechoslovakia, Sweden and the USSR. The function fitted
has the form

ea(-a-p(x-.s‘) ” Y(g--5)

f =
1 - edqﬁ,&(‘x-.s)v V(y-.s)
where

p = the probabllity of a complicated coronmary lesion

x = age scaled linearly so that x = 0 is equivalent to 38
years, and x = 1 i8 equivalent to 58 years (the age
span of the current study)

y- 1 or 0 if the subject is exposed or not

and o{and £ were obtained from the data. The function represents a
fairly high rate disease in that at 40 years of age 7% of the group
had the 1lesion and at 60 years of age 207 had the lesion. The
coefficlent y , represents the exposure effect. Power calculations
for Y=g and r-,sF, are shown in Table 10. This figure suggests that
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if, as a cell toxin, herbicide exposure accelerates cardiovascular
disease, this study has a good chance of detecting that acceleration
if the herbicide effect 1s comparable to the age effect. Once
again, beneficial effect of pairing is seen.

Cancer. A logistic risk function was fitted to breast
cancer data presented by Breslow and Day (1975). The function fit-
ted represents a low rate disease in that at 35 years of age only
.000336 of the group had the lesion while at 70 years of age .00676
of the group will have the lesion. Using pairing to achieve a power
of 0.80 in ‘this setting, 1312 pairs would be needed, when the expo-
sure effect 1s equal to the age effect. This exceeds the size of
our RANCH HAND cohort, and reinforces the fact that herbicide expo-
sure effects on rarer diseases will not have a high likelihocod of
being detected by this study, and again supports an attempt to
examine as many palrs as possible.

Table 10

POWER CALCULATIONS AS EE(A,FUNCTION OF HERBICIDE EFFECT . oo cimsmme-

ASSUMPTION: o{= 0.05

o
Q.

Y= g Y =88
Number Power Power Power Power
of Neglecting With Neglecting With
Pairs Pairing Pairing Pairing Pairing
100 +69 .93 .81 .82
160 .89 +98 .86 .87
200 > 95 > 995 «93 «95

F. Multivariate Analysis

Some questionnalire and physical examination data
naturally fall into groups; for example, fertility/reproduction
. data, liver function tests, cardiovascular examination tests. In
these cases, multivariate analysis may be in order. When the res-
ponse variables are continuous, they will be analyzed by the
well-known multivariate extensions of the generalized linear model.
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VI. Statistical Methodology

P
J N
; A, Introduction

As described in previous sections on study design, data from all Ranch

~

_:l:’nd_pe_rsonnel and matched controls will be available for statietical analysis.
The design of the study is presented in schematic form in Figure 1. N

_ /
refers to the Ranch Hand personnel, and & rtefers to the collection of

211 possible control crevmembers. As defined, 74, and G . will
c_gnt;a,iﬁ individuals who are deceased. Since C' may be 10 to 25 times
larger than 7% , a subsample (- of L’ wmey be constructed matched
 to 732 in & pairwise or 1 to 1 manner (Carpenter, 1977; McKinlay, 1977).
The control group C will be matched to ‘7?_ as closely as possible
using: age, Vietnam tour length , c¢rew position and race. Of course, Z:
will be constrqct.ed without regard to whether the individual is currently
living or dead so that an assesement of mortality can be accomplished. Statistical
aspaﬁts of _this mortality analysis will be described in more detail below, If
6 cannot be constructed from Ca ’ using pairwise or 1 to 1 matching,

it will be constructed using stratified random sampling,



compared with the corresponding rates

E

. Referring again to Flgure 1, R and C indicate living
RANCH EAND members end matched controls. If mg is the propor-
tion of & 'found to be deceased, then, :
o ! '

; v R=(1~ap)?

if the best matc:h for an exposed individual is in fact deceased,
the next best control will be -selected to complete the study pair
for subsequent study phases so that R will equal C and'l to 1
matching will be preserved.

- The questionneire will provide data concerning specific
ymptoms and other findings in the R agd C groups. Thus various
questionnaire finding rates 4n R, ’ will be calculated and
n C, 8¢, -

The questionnaire will allow allocation of RANCH HAND
personne.l into those with Sywptoms on questionnaire, indicated by
RS, and those without, RS. Similarly, the control individuals
will be placed into syuptomatic, indicated CS, and asymptomatic,
cs groups.

* The physical examination performed on individuals from
R and ¢ will allow estimation and comparison of rates of physical
findings in these groups. Retes of abnormal physical findings can

symbolically indicated as £y and £, for RANCH HAND and
gcontrol groups respectively. Cowparison of these rates is very

important and details will be discussed below,



let frs be the rate of physical {findings among RANCH
HAND personnel with findings by questionnaire and let fpr be the
rate of physical findings among RANCH HAND people with no findings
of note on their questionnaire. For most disease processes it would
be expected that fpg should be a larger rate than fp3.- If fpg
is observed to be equal to or less than fpf, an interpretation of |
over-reporting may be warranted, although the possibility of sub~
clinical disease 1is recognized. Rates fpg and fpg will also be
estimated, and comparisons between fpg, fgs, fxT and fcx
will be accomplished.

E. General Concerns

Before proceeding to statistical details regarding this
design,tnae. general concerns about the overall design will be
discussed.



(1) Adequacy of the Control Croup.

| - Candida!te groups comprising C ' , the set of all possible control
Ok* clremembere, :{-:ncluda' €~130-crewvmenbers, -C=7 crewmembers, and non-Ranch Hand |
/ ﬁ:&S crewm‘ﬁb""f? . Known and estimated factors relevant to theese

pot:ential control groupj and Ranch Hand personnel are listed aﬁd evaluated

YA ———
in Table below. Considering the estimated factors, a subjective

| -est;:lmate from 1+ to 4+ is provided. At the present time, no data hawe been

i : e ne C-arcﬂ-{
found to suggest that alrcraft fuels gf the type involved here have th

| ' capability to exert a8 health impact considering exposures and exposure routes

t
experdenced. On the other hand, exposure to insecticide may be a

._gignificant confounding factor. Further, ‘R_aﬂgla__;ljnﬂ personnel did have more

- combat Iexpdsuré than the other groups thus far considered,



and this stressful exposure could exert & long term effect on mor_b:l.dity and

. laer
mortality rates in this group., Fer=ewsaplde, the fact that

many Ranch Hand personnel volunteered for their hazardous duty suggests that
T ———— )

this group may contain individuals who are significant risk takers., This

factor could injact@si—gnificant blas into the study. For example, it is

pessibée that risk taking behavior could be correlated with differing patterns

of disease; for instance, type A personality type could be more common among

the iIntense, risk taking Ranch Hand personnel, thus increasing the incidence of

cardiovascular disease, an relation to herbicide exposure,

an increased accidental death rate among Ranch Hand persomnel could well be a

i smficates —
sign of Aherbicide induced peripheral neuropathy. However, higher accidental

death rates in general are expected among risk takers., Actual time spent in
Vietnam couldA be an important factor to contro}.@:’;;rst, the total time

spent in Vietnam indicates a”magnitude of stress imposed on the

individual, Fuwther, recoguizing that herbicidewffects include hepatic

hyp_g:plasia,'""ﬁepatoma and ofher injury, it seems appropriate to.gontrol

on ¢rposure to hepatic parasites -and aflotdiini'ﬁﬁIcEAﬁo"ﬁId be ﬁlatﬁd) to



COMPARISON OF THE STUDY GROUP TO POSSIBLE CORTROL GROUPs BY

KNOWN AND ESTIMATED FACTORS

KNOWN FACTORS " STUDY GROUP o " POSSIBLE CONTROL GROUPS

Ranch Hand Cl123 Non-Ranch Hand €123 c-7 ¢c-130
POPULATION RANGE 800-1200 “%000-600) 40006000 20,000-25, 000
OFFICER/ENLISTED CREW RATIO 2:1 2:1 2:1 3:2
ATRCRAFT FUEL (AV-GAS) ws/No~w C o yesT YES NO (IP-4)

N o 8

OCCUPATIONAL HERBICIDE
EXPOSURE YES N(/ }/ES NO NO

ESTIMATED FACTORS

. OCCUPATIONAL INSECTICIDE

EXPOSURE 2+ 4+ - 0 0

COMBAT HAZARD bt 3+ 3+ 1+

RVN-IN COUNTRY ASSIGNMENT b+ : 4+ b+ i+
byt &C-! 13

#- KC-23 (monsied L, oy
i Lopsters dad u:u.(uu»yﬁ 304

** ana A;r‘w Al - tx«é—-& Yl'ramsporffmxu‘ La;,;.-?
.
foswlwd Lo biecse %‘mﬁ L:] Ao~ @MCJ Yy



) 1Aa mdicated in Teble no available control group is £ully .
|l i ) i
satiffactory.= Differencas in risk taking, occupational insecticide exposure

'Il

1 aircraft fuel eXposure dppsans jmost important., Risk taking differences

| L can be approach using a risk taking scale and this will be discussed

undex mortality analysis and under gnalysis of questionmaire and physical

examination da;a. Alrcraft fuel differences may well be dismiesed as
|{ avifh bZrirtenn ek, avd
an unlikely or nonexistent effect, further literature search 18 ates

required as regards the possibility of an iunsecticide effect.

. f!iﬁ :(2)_ Adequacy of Sample Sizes

While this subject will be treated in greater

“detail below, some general observations are in order. The size of

#2 is approximately 1000 individuals. Without formal statistical

analysis it should be quite clear that 2 - lethal effect of

herbicide which occurs in only 1 out of 2000 controls will be

: quite difficult to detect unless the herbicide effect is very

| strong. For example, at a rate of 1 d1in 2000, 0.5 effected

: céntrols are expected. If the basic rate 1is doubled by herbicide

tb 2 per 2000, one effected RANCE HAND individual would be

expected. ' At a rate of 1 per 2000 for controls and & rate of 2

per 2000 for RANCH HAND personnel, the probability of observing mo
affected individuals in both .groups is

o =f!5'

(1 = 1/200031000 (1 - 2/2000)1000 a .29

-

- in o:ﬁer ‘words, "there is & 22X chance” that mno affected
| individuals will be found in this study. In a population of
100,000 exposed individuals, 100 cases would be expected, 50- of
which would be due to herbicide. Im short, this study has little
statistical power to define the relationship of herbicide to the
rarer diseases.



¥

4'
- j.(3) Additional Study Biases
H

I
il
b.’uas i‘.ln ‘this etudy concerned with specific differences between Ranch Hand

| e
pereonuel and t:he atudy control group. Some additional bias sources are

i I.
d:l.eclussed in this section. Not all of these bimses can be corrected,

{ i
indeed many will have to be simply acknowledged as weaknesses of the study,

H
'1 r Section VI B (1) has already addressed potential elemente of

. The teleghone interview, Here there will be at least two types of

epideniiological bias: lying and nonresponse, —!ﬂllﬁf}&bjects close to

e
their retirement date may tend to “wber about their health exaggerating their

eymptome so that they may become el 13@;; for retirement benefits. Those
other 'y n
subjects who are pllots or who have Acareers requiring a clean M record,

may ppreaaing their symptoms, There will be some subjects who

1
s:lmply will not talk with any government related interviewer. Patterns of

I e '. | 'l
lying and nonresponse may be quite different between the two involved groups

(Ranch Hand and control)
,__n——-l-l—

|] ITo understand the effect of lying on the estimation of relative risk
I o

and th_ odds rat:l.o let S stand for the presence of a certain symptom,

and S denote :Lts abscence, Misclassification due to lying may

be represemed as.

'I i

i{ i
T
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The proportion of correctly classified positives 1s defined
by A/(A+C) and is called the sensitivity of the classitication

i :
scpeme; the proportion of correctly classified negatives

D/(B+C) is called the specificity.

When there 1s non~differential misclassification,

thet is, when the sensitivity is the same among the exposed

Sl -
and nonexposged, and the specificity is the same among the exposed

anﬁinonexposed, the bias induced in the estimate of relative

E rigﬁfwill be toward the null value. The situation may be

| | |

| suFm%rized by the following pregentation:

o |=__'_' :

[ - REPORTED ACTUAL STATOUS

E . STATUS EXPOSED RONEXPOSED

: S $ - TOTAL S g TOTAL

by g o b arb e § erf
S ¢ d C+d | g * gth

‘ ate btd m evi f+h "



Using this representation, the true relative risk is -
|1'

(a*c)/ﬁ.— (e+g)/n . and the apparent relative risk is

} I
(5+§)/n <~ (e+f)/n. Figure provides a graphic representation

[ :
of how appaxent relative risk varles as a function of sensitivity

f
and specificity. For these curves the true relative risk is 2

with the exposed population having a symptonm incidence of 0.1
and the nonexposed population having & symptom incidence of 0,05.
(Gopeland et a}},1977) The effect of non-differential misclassificati
oq the odds ratio is as severe as that shown in Figure for
rélétive risk. A technique does exist for correcting the estimate
of yelative risk to account for misclagsification, but the technique
réquires knowlédge of the sensitivity and specificity of the
ciassification scheme, knowledge that*@@i&*ﬁbt exist in this study

a# least initially, (3 -may he possidle to estimate the sensitivity.

aéd}apecifieity afterTthe physical examination data &re available,)
I# should be noted that sincg/the above remarﬁg/are concerned with
rélative rigk, the numbe f subjects in each group is irrelevant,

aééﬁhe results shown are independent of n,.

; If the misclassification is differential, an estimate of
' rélﬁtive rigk thst is biesed away from the null value can result,

This will occur in situations in which the Hanch Hand personnel

and controls do not lie In the same way about their symptoms

( Copela%%;n"i 977).
_.z a
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The.effect of questionnaire nonresponse will be

twof01d° (a) it will lower the sample size, and (b) since

no esponse w.:l.ll mmu’ot occur for different reasons in the two
gr%ﬁps, it will lead to bias in the apparent relative risk in a

mahﬁér similar to that described above.

The proapective_phase. TLoss to follow up may occur for

different reasons in the Ranch Hand group than in the Control
Eﬂoup. In addition, this censoring may be related to the death

experienoe, especially in the Ranch Hand group. TFor exanmple,

T
tQG disappearance of a Ranch Hand individual may be due to the
ﬁm-___-_ﬂ_‘-.

effeot of exposure, making loess to follow up dependent on the death

proceas, 1t should be noted that all currently available survival
!I1
analyois teohniques are founded on the assumptlon that censoring is

independent of the death process, and all comparative tests require
toat the censoring mechanism operate in the same way in both groups
considered. The offect of departures from the assumptions 1s not

well understood.

The physical examination., Non compliance will be a general

' pfoolem in both the exposed and nonexposed groups, If the reasous

Ll
for noncompliance are systematically different in the two groups,

sig?ificant bies can result. For example, a number of Ranch Hand
poréonnel may refuse to comply acting under advice from legal

couhsel. Noncompliant controls would not 1ikely have this cause
but be more motivated by reasons such as Qﬂpabilltv to take time

from work, Ranch Hand individuals motivated by legal advice or
g__/—
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othetr similar reagons, may in fao’c be symptomatic, thus
rqxeasing the number of positive findings in this study.
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In concluding this section on study concerns, it seems appropriate to

. - :
remind the reader that no single observationsl study such as the present one

|
i
I

R ' .
is{likely to resolve all questions. Rather, any single. study must be eveluated

-
vk

in_rli!tﬁe 1ight of other available data and other similar efforts (McKinlay, 1975).
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Ce Anslysis of Mortality Data

Considering the basic cohorts 7K and ¢, individuals
‘will be classified inte three categories: alive, dead, unaccoun-
ted. If a large number of individuals of each group are unaccoun-
ted for, <the study carn obviously be severely biased. Thus,
significant effort must be expended to Teduce the unaccounted cat-
egory as far as possidle. An initizl assessment suggests that at
most 1l to 3 percent of both groups can remain unaccounted, with a
12 rate being preferred. This is seen estimsting that the mor-
tality rate in (0 may be approximately 0.15 and an unaccountability
rate of 0.01 is 6.6% of this basal mortality rate. Whatever the
unaccountability rates, the pattern of unaccountability must also
be compared between groups 7R and {_- For example, the possibility
of age differences or Vietnam tour leangth differences must be
examined, particularly if the unaccountability rates are high.
The following will discuss analysis of mortality per. se under the
assumption that low wumaccountability rates have rendered the mor-
tality analysis meaningful.

The mortality data will be analyzed using several
different approaches. Crude age-specific death rates will first
be calculated and tabulated. Age will be divided into k strata,
and person—years will be observed for each strata as will be the
number of deaths in each strata. In this manner a tabular display
will be developed as shown in table 4.

Table 4

STRATIFIED FORMAT OF AGE-SPECIFIC DEATH RATES

Ranch Hand : : Controls
Age Person  Deaths ' Death Person Deaths Death
Group Years Rate Years Rate
1 L2381 ®]] 11 P2y ®2) ra1”
2 P12 n)2 r)2 P22 m)2 ra2
3 Pi3 m13 13 P23 w33 r23
k P;k m;k r;k P;k m;k T2k
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‘ Since the death rates ;. and "3} are Polsson
‘variables, they can be contrasted directly. If the relationship
Y te v is found to be comsistent between age strata (ilthin
statisticel wariabiliry), & summary wmortality index may be
calculated. Cne summary dindex that will be calculated is the
.Standarized Mortality Ratio (SMR) which is (Armitage, 1971):

SMR = M x 100
= my
T

M =

| | .

The term 2 ™y is the total number of deaths observed in the RANCH
HAND group while Z Pijv2} is the number of deaths that would be
expected were the age—gspecific RANCH HAND death rates the same as
. the age=-gpecific control deaths rates. Thus the concern is for an
SMR greater than 100X, If a crude rate for controls, Ter is

caleculated as
2 Py Cag

2 by

then the Indirectly standardized crude rate for the RANCH HAND group
rgy 1is

o)

rRH - Mrc-

. An approximate statistical test would regard rpgy &8s a Polisson
random variable with wmean rg. An altermative approach to the
provision of a standarized mortality ratio is that of Breslow and
Day (1975). In this treatment, & multiplicative model is employed,
. for example:

7\4dk. = Eaiﬁai‘pk

“where Rilk is mortality rate, 91’. is the contribution due to
population differences (RANCH RAND versus Control), . is the
. -contribution due to age group, and Vi 1s the contribution due to
tour length, ete. The statistical approach here is viz maximum
1ikelihood.
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: Logistic models (Walker and Duncan, 1967) have been ex~
tensively studied at USAFSAM for application in cardiovascular dis-
ease.’ Ihese models, in the herbicide context would have thib form

o et B A BaT « s R+ ﬁ,;E - Pg AE ...

p= -£
. o - |A'F ;T-n- QR“' qE* SAE---.
vhere. i ~+ € ¢ f P P f

P = probability of death

A = age In years

T = Vietnar tour length

R = indicator variable for race
E = exposure variable

and where oL, Bj (§*1,.... Y are coefficients to be estimated from the
data. Testing for & herbicide exposure effect can be accomplished
by estimating Py and interaction coefficients such as Bg .

1f 8ll interaction coefficients involving the exposure variable E
are zero and E is treated 2s & 0/] varialble, Cox (1958a, 1958b) has
shown that the most powerful test for non-zero f4¢ is McNemar's
test. This latter test mekes full use of the paired design of the
study. For McNemar's test, the data are cast into a 2 x 2 table as
shown in Table 5. In this table, "a" is the number of pairs in
which both members have died, "d" is the number of pairs in which
only the RANCH HAND person has died, etc. Using McNemar's test, the
test statistic 2

[b-c|

2
X = b+ c
is calculated and referred to the chi-squared distribution with one
degree of freedom. Of course the above analyses will be accomplish-~
ed considering all deaths, and deaths by specific cause.
Table 5

FORMAT OF McNEMAR'S TEST

CONTROLS
RARCH HAND
PERSONNEL DEAD ALIVE TOTAL
" Dead 2 b a+b
Alive i c d e
Total atc b+d h

AIR FORCE WORKING PAPER
33



‘Ae discussed in section VI.B.(1) above, it is postulated that
Ranch Hand personnel may be properly characterized as risk takers, This
pm—————
risk taking behavior may be associsted with iIncreased mortality from a-variety
of cauges, Let us first consider accidental death., If herbicide exposure

has caused neuropathy in the Ranch Hand personnel, one should anticipate

that this digability would increase the probability of accidental death.
forovnnt X

However, accidental death rates among Ranch IHandeme must surely be corrected

for bisade pocéeﬁ&e risk taking tendency. A method of accomplishing this

correction for risk taking would be to employ & psychological instrument

such as the Life EFxperience Inventory (Torrance, 1954) of the Seﬁsation

Seeking Scale (Zuckerman, 1972). Both control and Ranch Hand mortality

could be corrected using these measures, with the resultant rates being
perhaps less bilaged and therefore a better indicator of herbieide effect,
The same argument may apply to death rates from cancer Pgder the hypothesis
that risk taking behavior whould tend to increase the X ili that
AT

mtrolled’-and JYhd th A 2Xper lenced increased carcinogen

a Ranch Hand individual would me
- ————

exposure, The situation concerning mortality and morbidity from

cardiovascular disease is very interesting, Ranch Hand personnel in many
instances volunteered for their particular duty. This step had the

well known effect of improving thede officer evaluation score, This volunteerism
may be part of a Type A behavior syndrome which has been correlated with
enhanced atherosclerosis. Instruments for determinine Type A behavior have
beeﬁ developed and these scores may be profitably used to correct cardiovascular

mortality and morbidity rates.



D. Anglvsis of Questionnaire and Physical Examination Data

! The Questionmnaire and Physical Examination will produce
data ‘of three types: (1) dichotomous, (2) polytomous and (3) con-
tinuous.

: Dichotomous (present-~absent) rates will be evaluated
using the tools described above for mortality analysis. For
eXample, the questionnaire will provide data concerning the first
eoccurrence of disease ptates by age, and standardized rates and
relative risks may be calculated. The occurrence of such findings
can be related to age, tour length exposure and other variables
using logistic models followed by McNemar's test where appropriate.
These tests will examine the presence or absence of herbicide effect
and allow assessment of the statistical significance on non-unity
relative risks. Returning to Figure 1, the eight rates mp, mg,
&ps S8c»  fgpgy fpssy fesy fog fully characterize this  study
in a sense. In this figure, "Vertical comparisons,” that {s,
wp/me,  sp/sg,  fps/fcs,  fRE/f¢E  are  relative  risks  of
central importamce in defining herbicide effects. "Horizontal
comparisons,”  that is  fpg/sp,  fR&/(l-sp), feg/sg, “and
fo§/(l=s¢) will enable interpretation of over-reporting and
“subclinical disease.

Polytomous or categorical findings will occur im both
questionnaire and physical examination responses. As an example
consider retinal findings categorized into four grades, and
studied as a function of age and exposure group as represented in
Table 6. In this table the Xiy\Wa are counts of occurrence. 1In
analyzing tables such as these, techniques as described by Bishop,
Fienberg and Holland (1975) will be used. Specifically, if -mg
is the expected value of Kk general log~linear models og
form

|3
the

"m-'mijk = U U U e Ualk) « U (L))« U (1K)~ U2 () » Wiy (i)

will be used, where (L) 15 the effect of RANCR HAND membership
alone on cell frequency, Wa(l)) 1s the effect of an interaction on
RANCH RAND membership with retinsl grade, etc, Under appropriate
conditions on expected values of entries in Table &, the pairing in
the study desigp can be used with the date being organized as shown
in Table 7. In Table 7, Ny, is the number of pairs such that the
~ exposed person has retinal “grade 1, and the comtrol person has
-retinal grade j. Appropriate tests for this setting are indicated
by Fleiss (1973).
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RL = T

LI

K |

Table 6

RANCH HAND PERSONNEL

Hf | FORMAT CATEGORICAL REPRESENTATION OF RETINAL CHANGES

CONTROLS

Age Category

L
Retinal Catggory

1 2 3 4

1 2 3 4

X111 %112 X113 X104
X121 X122 %123 X124
X331 %132 X133 %134
X141 X342 %143 X144

Table 7

RETINAL FINDINGS.

X211 %212 %9137 %214
X221 %222 %323 X924
X231 X232 %233 X234

X241 %242 X243 X244

' FORMAT OF PAIRING FOR LOG~LINEAR MODELS OF GRADES OF

: i .
‘ 3
4
i =
3 '=r|
I
’
IR ;
=ﬂ Contrel Grade
[:555
i If?
'BAND Grade
[ 1
[
| 2
3

Nj1 Kyz Nya Ny
Nyy N2 Naz3 Ky
N33 N3z N33z N3y

Ng1 N2 Mgz Nag



-

As indicated in section VI.E concernin%Aanalysis of mortality data,

risk taking behavi g Ranch Hand personnel could be correlated with

changed mortality and morbidity patterns. Morbidity from cancer could

be examined againat a risk taking scale, and morbidity from cardiovascular

d:!.sease could be. corrected for personality type effect.

5 ; Aﬁalysis of Fertility/Reproduction Data., The herbicides under consideration
1n this study have been alleged to effect fertility and/or reproductive functioning.

Dggreased 1ibido, increased number of miscarriages and increased numhﬁ‘- SIJ
“f ‘n( WAL,
oﬁ_ahngrmal offspring have been alleged effects. WEwill attempt to address

these allegations in this study by analyzf % primary variab']‘.\es et -
~EZRt> total pumber of conceptions since exgosure in Vietnam, number of
miscarriages in spouses gsince exposure in Vietnam, and number of abnormal
offspring since exposure in Vietnam. 7The study questionnaire will provide
iqgi:ﬁp the number of miscarriages, abnormal offspring and total number of
iive births. The sum of the number of miscarriages and the number of live
births will provide an estimate of the total number of conceptions. There
has been some indication that the divorce rate may be higher in the
Ranch ‘Hand group than in the controls and this may render the average number
of years of marrisge and the distribution of the years of marriage different
in the two groups, This will be investigated and adjusted for 1f need be,

either by analyzing total number of conceptions divided by (or normalized by)

the number of years of marriage, or by using a more detalled covariance analysis.

the
Further, the ratio. oﬁnnumber of miscarriages to adjusted total conceptions

~will be calculated and compared as will be the ratio of the number of

abﬁormal births and adjusted totsl conceptions.




E, Suryivel Analysis

This section is written to extend and complement

| séofions C and D, The defining common attridbute of the techniques

i discussed in this section is that they deal with events which

| (a) correspond to categorical changes in health status, and (b)
oceur at definite and observable times. These methods may therefore
be applied to gtudies of mortality (as the name"survival analysis”
implies) as well as to studies in morbidity,

| 2 This section consists of two parts, DMethods of comparing
sﬁfvival distributions which neglect possibly confonding effects

C: of covariables are first presented, Then, methods for dealing with

covariates are briefly reviewed, The approaches disussed here

are just a small fraction of what is available,

Survival analysis without covariates, The first step 1n the

statistical analysis of survival data 1s descriptive,i.e.,

construction of summary measures which provide a basis for comparing

different exposure groups without any allowance for the effects of
possibly confounding variables (e.g. age) except perhaps for some
limited stratification. OSince one must expect many "losses to
follow-up", only methods which take full cognizance dﬁ this
complication will be considered. It should be pointed out that

i
i
1

21l the methods described below assume independence hetween
censoring (e.g. loss to follow-up) and death or morbid event,

although some techniques permit different patterns of censoring

i 1in different exposure groups.




The life table method can be adapted to obtain a step-
funetion approximation to.survival distributions in the presence
of censoring (Chieng, 1968, Gross and Clark, 1975). However, the
product-limit estimator-daggéo Koaplan and Meier (19%8) may be
preferred due to 1its intrinsic properties and dess=5 its relationship

to more refined methods.

The failure time distribution is the function FO(+)
|  which provides the probability of death at or before time ¢
A
| in the study. The Kaplan-Meier estimator of ¥°(%t) is FO(t) where

FO(5) = 1 -Tf[1 - 1/R(T1)]
LEG(2) |

In this equation, (%) 1s the "death set " at time %, i.e., the
set of all "indices i of individuals who were observed to fail
before time %. R(Ti) is the number of irndivudals who were
at risk just before time Ty , the time of death (or morbid event)
' of the ith study individualjﬂééii; product~limit es¥imator due
. :gg-xaplan and Meier is maximum likelihood in the class of all
- poesible failure time distribution functions, This estimator—o8Bn

bgﬂgnmputed~anﬂ“graphed using ‘2 component of the BMIP survival

analysis computer package.

Assuming that failure time distributions have been

calculated for Rench Hand individuals and controls, the next quegtan

concerns testing the null hypothesis of equality between the

distributions. When only two such distributions are beinp




compared, one m&yﬁuse the nonparametric procedures generalizing
Wilcoxon's statistic proposed by E. Gehan (1965a,b) and discussed

by N. Mantel (1967). When more than two such distributions are
being compared one may use the nonparametric procedure generaliz ing
the Kruskal-Wallis statistic proposed by H. Breslow (1970).

The Breslow stetistic is caleulated as part of the BMDP survival

ﬁnalysis package,

Survival analysis with covariates, These methods allow

adjustment of mortality rates or morbidity rates using covariates
such as age, race, Vietnam tour lemgth ., crew position, risk
teking score etc., For the purposes of this discussion it will

be assumed that the oovariables are categorical, that there are
only two such covariables and that the covariables do not intermet
in affecting the hazard of death or morbidity. These assumptions

can 81l be relaxed using av ailable methods.
The hazard function for the ith individuwal in the study

is. the function denoted hi(t) which provides the probability
of death or morbid event in the time interval (4, t+dt),
The function Hi(t) where

' 7
Hi(t) =Sh1lf)df
. {4}

is ecalled the cummuletive hazard for the ith individuval, It is
readily seen that the fallure distribution time F(+t) is given by:

FQ(t) = 1 - exp(=Hy(t))



From this last equation it follows that h, and Fg are
t#aﬁsforms of each other, whence the dependence of Fg on
covariables may be modeled via hi' This may be accomplished as follows

Yet X4(t) and Yy(t) denote discrete valued stochastic processes

- pertaining to the ith individual and describing two covariates
; of interest (e.g. one may be an exposure variable and the other

may be & covariate such as age or crew positlion), The basic

model for hazard is:

i ; hy(%) = exp[?xi_(t) *’Z‘ﬁ.(t)]

where ? and ’z are “log-relative risks®, A thorourh study
of statistical inference on these relative risks is provided in

Frank (1977).



F. Statistical Power

|
) : The power (1 ~pB) of a study design is the probability
-.that a specified difference between populations will be detected if
it in fact exists. In general, power 1s a direct function of sample
size; that 1s, for a particular study design, the more subjects
measured the larger the study power. Essentially all animal and



‘human studies concerning herbicide suffer from a lack of adequate
-consideration of study power. While the present study is not a
‘powerful one against less common disease states as already dis-
cussed, it is obviously important nonetheless to exactly specify
Just what the study can and cannot accomplish, The following pre-
sents & preliminary analysis of study power for the case of con-
. ‘tinuous and dichotomous variables expected from the study.

H Power in Continuous Variable Case

Assume that blood cholesterol levels are being
- compared between RANCH HAND and control groups, and that the
coefficient of wvarlation for cholesterol in the control group is
0.1, where the coefficlent of variation 1s the ratio O¢ /e .
Assume Opy equals Op. The -symbol ol is the probabllity
that the study will indicate an effect where none exists, and 1- €

1s power as defined before. Consider that the RANCH HAND mean
cholesterol Atry is shifted from the control mean ¢ by the
fraction ' « A natural question is to inquire about the
. study power as a function of available pairs (n) and mean shift V.

Table 8

POWER CALCULATIONS

Assmmxows:ai-o.os,"é’,}.c-o.z, Y= Hru/pre

Power = 1-—@

R Y n=180 =450
.20 1.01 .20 .38
.20 1,02 .55 .88
.20 1.05 S .995 >.995
.70 1.01 .86 > .995
.70 1.02 > .995 5.995
.70 1.05 S .995 5995

Power caleulations are displayed in Table 8. Study power in the
case of a matched palr design is strongly dependent on the degree
of positive correlation produced between the involved groups by
- the matching procedure. Of course, the degree of correlation can
..be expressed by the correlation coefficient R which can take values
between —31 {(negative correlation) and + 1 (positive correlatiom),
and two wvalues of R have been employed in Table 8. From this
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table it is seen that if only 450 pairs are studied a 1% shift in
nean (Y= 1.01) will not be reliably detected, but 2 2% shift will
be detected with a2 probability of 0.88 if R = 0.2 at least. From
this calculation one can infer the need to examine at least 450
pairs to obtain the 2% shift, and to strive for more if possible.

(2) Power in the Dichotomous Variable Case. There is
significant discussion in the wmathematical statistics literature
concerning the efficacy of paired designs in the setting of
dichotomous responses (Billewicz, 1964; Ury, 1975; Mlettinen,
1970; and several others). Table 9 shows a set of power
calculations which are applicable to the present study.

Table S
POWER CALCULATIONS FOR DICHOTOMOUS VARIABLE CASE AS A
FUNCTION OF EFFICACY OF PATRED DESIGNS

*§

— |

*k

POVER = 1- 8
Rel. n= n= n= n= -

Py | Py [Risk | R 160 200 250 300 350
<05 | 01 5 {0 .71 .78 .84 .89 92
L0h .01t 4 O .56 64 .72 .79 .84
<03 | .01 3 |0 <40 45 .51 .57 .61
d0f .05 2 jo oS4 .61 .69 .76 .81
.20 L0 2 1O .80 .86 .92 .95 >.95
05 | .01 5 {1} «65/.02 }.82/.033 | .89/.029 | .94/.038 | .96/.032
04 1 .01 4 .1 - .54/.020 | .72/.033 ) .79/.029 | .87/.038
03 | .01 3 [ - - .38/.020 | .55/.033 | .68/.046
10} L0851 2 .1} .60/.058 [.67/.054 | .76/.055 | .77/.036 | .85/.048
20 | 20 2 (.1 -81/.036 [.92/.056 | .94/.043 |>.96/.038 |>.98/.046
*o = ,050 '

** o &5 Iindicated
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In this figure, R is again the correlation coefficient indicating
the degree of correlation induced between the involved groups by
the matching procedure. The probability of the disease ambng
RANCH HAND personnel is symbolized as p;, while py is the
probability of the disease among the controls. Relative risk is
the ratio pj3/pp. With R = 0.1, sign test power tables were used
&8s an exact version of McNewar's test, and therefore differentd
levels are shown under each power number. Table 9§ shows the
positive influence of effective pairing in the higher power levels
noted.  Also, it appears that for py = 0.01 and p; = 0.03,
physical examination of 350 pairs (700 examinations) will disclose
the three-fold relative risk with probability less than .80. 1In
other words, there 1is a greater than "20Z chance™ that a
three~fold relative risk on 8 1/100 disease state will go
undetected in this study if only 350 pairs are exawmined and if low
correlations occur. Once again the need to examine increased
numbers of pairs in the study is seen.

Te present these dichotomous power calculations more
clearly, calculations in the context of actual disease states have
been accomplished. The diseases considered are cardiovascular
disease and cancer, corresponding te high and low rate illnesses for
the age groups presently under investigation.

Cardiovascular Disease. A logistic risk function was
firted to date from 17,455 autopsies gathered in a WHO collaborative
study in Czechoslovakia, Sweden and the USSR. The function fitted
has the form

cnc-.tp(:e-.s) + V(g5

f =
P - e¢+p(xus)*v%yms)
where

p = the probability of & complicated coronary lesion

x = age scaled lipearly so that x = 0 is equivalent to 38
years, and x = 1 is equivalent to 58 years (the age
span of the current study)

7' 1 or O if’'the subjecr is exposed or not

and o« and B were obtained from the data. The function represents z
. fairly high rate disease in that at 40 years of age 7% of the group
“had the lesion and at 60 years of age 20X had the lesion. The
coefficient y , represents the exposure effect. Power calculations
for ¥=$ and ]’-,gP are shown in Table 10. This figure suggests that
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if, as & cell toxin, herbicide exposure accelerates cardiovascular
disease, this study has a good chance of detecting that acceleration
if the herbicide effect is comparable to the age effect. Once
again, beneficial effect of pairing is seen. :

Cancer. A logistic risk function was fitted to breast
cancer datz presented by Breslow and Day (1975). The function fit-
ted represents a low rate disease in that at 35 years of age only
.000336 of the group had the lesion while at 70 years of age .00676
of the group will have the lesion. Using pairing to achieve a power
of 0.80 in ‘this setting, 1312 pairs would be needed, when the expo~
sure effect is equal to the age effect. This exceeds the size of
our RANCH HAND cohort, and reinforces the fact that herbicide expo-
sure effects on rarer diseases will not have a high likelihood of
being detected by this study, and again supports an satteapt to
exanine as many pairs as possible.

Table 10

POWER CALCULATIONS AS OF A FUNCTION OF HERBICIDE EFFECT

ASSUMPTION: A » 0.05

Y-‘ 'ﬁ )/'-8_5
Number Power Power Power Power
of Neglecting With Neglecting  With
Pairs Pairing Pairing Pairing Pairing
100 .69 .93 .81 .82
160 .89 .98 +86 .87
200 > .95 > 995 .93 .95

. Multivariate Analysis

Some questionnaire and physical examination data
naturally £all into groups; for example, fertility/reproduction
. data, liver function tests, cardiovascular examination tests. In
‘these cases, multivariate analysis may be in order. When the res-
ponse variables are continucus, they will be analyzed by the
well~known multivariate extensions of the generalized linear model.
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The general approach to wultivariate analysis of
polytonous data considers all classification factors and all vari-
ables as “factors” in & multi~way contingency table. Log-linear
models as described sbove for polytomous data will be ewmployed
where appropriate.

ole5

N. Indice&f Exposure and Response.
. ]

Irdices can be useful to sharpen a statistical analysis and can

+wo
be helpful in summarizing responses. In this discussion, &hwea types-of

wele?
iﬁces will be considered: indices related to Vietnam herbicide exposure, owd

-

‘c -
indices related to % herblcide exposure independent of Vietnam experience,

end—indioes-~relatot—tofarbdlity-indmreproductivecutosnedin-atudy-peraonm e

Vietnam herbicide exposure. 1In the above discussion of statistical

methodologies, exposure varlables appeared. In the logistic formula on page 33, thre

A —
p—

variable E was shown which could be either dicotomous, polytomous or
caqtinuous. In the use of logistic functions to discuss study power, the
exposure variable was taken as dicotomous. If a polytomous or continuous
exposure varlable E c.a;gxs-—he' constructed, significant sharpening of the study
analyslis would be accomplished. For example, biases in this study

. could lead one to suspect that differences between Ranch Hand personnel and

factors other than a —
controls were in fact due to“‘herbicide effect, If however, in addition to

differences between Ranch Hand perddnnel snd comtrols, one were able to

show a regression of mortality and/or morbidity on an exposure index E, the case

The Q
for a bone fide herbicide effect would be firmer, Hou—hhen_couldeﬁte construct e

%1 M dvcumell_ = Sevkeal §C.
expoaure"indw? Assuming that R,anch Hand personnel were exposed to

herbicide only dur spraying missions, total flying time spent on
such missions by a dual, becomes a meaningful measure of hils exposure.




Pgese;tly, cords are being sought which w:jiE’B;oﬁiab this :
measu;gwof expos é'(total flying‘time sp on spraying missions) by
individual., Literature review has icated that herbicidal agents used
differ in their tokici:;:\ab. t, 1f possible, flying times spent

spraying should be bro

out bhformulation sprayed,

; é CONUS Herbicide exposure., Individuals in both the Ranch Hand and

_ ! . S4aFe
control groups will have had varying exposure to herbicide in the.GONUS, Particularly,

individuals from sﬁecific farming and/or foresting areas, may havé had
a:eighificant background exposure. Data on place of residence in the CONUS,
aﬁd i;formation coﬁcerning home practices (gardening ete,) could be used

to build a background exposure index Ep . In lieu of consturcting this index,
one can hope that randomization would even out background exposure between
Ranch Hand and control groups, however, good statistical practice would

seem to require that this randomization be in fact testqugggi




I. Next Steps

This statistical protocol is evolving as more is
learned about the cohorts to be studied, The next weeks and months
will be the ococasion for the examination of several issues not
addressed above or only touched upon. There must be further consider-
ation of RANCH HAND personnel as risk takers, Also, there must
be further analysis of bias due to selective participation in the
study, In the analysis of mortality, questiomnaire and physical
eiamination dafa, more atientlon must be paid to the.construction
of meaningful exposure and disease indices. More détails
concerning survival analysis methods will be developed in the
future with examination of the detsils of-application to this

- study and power.
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above or only touched upon, There must be further consideration of
RANCH HAND personnel as risk takers. Also, there must be further
analysis of bias due to selective participation in the study. <ha-
the_analysis—ofbias due-to. selectiv@ participattorrHT~ERE StUov:

In the analysis of mortality, questionnaire-and physical examination
data, more attention must be pald to the construction of meaningful
exposure and dfsease indices. More details concerning survival
sanalysis methods will be developed In the future with examination of
the methods of application to this study and power.

VIiI. Data Repository

L]

Throughout the 6-year period of this investigation data
collectlon methods will be integrated by use of computer systems. A
data repository will be established at t SAFSAM. A master flle
will be formed $8 each exposed member and, his matched control. The
individval master files will be keved to one or more identifiers.

Individual data bits and thelr sources are as follows:

(1) Questionnaire a. Initial (telephone)
- b. Indepth Interview

(personal and telephone)
c+ Prospective {(telephoune)

(2) Paychological Battery a, Initial
b. Prospective
(3) Physical Examination a., TInitial
. b. Prospective
(4) Medical Records a, Active duty
b, VA

¢ceo Civilian
d. Dependent

{5) listorical a, Military personnel files
b, Flight records
c. Military mit

{6) Death Certificates a. Study members
b. Dependents

N Birth Certificates a. Dependents

The computer software for the data analysis phase will be pre-
pared to assure proper data conversion, quality control and stan—
dardization of test measurements. Quality control areas will
include verification of identification data, ranpge checksjyand iden—
tification/correction of amblguous or conflicting data. %he reposi-
tory capability of this Investigation will allow complete computer
files on the exposed/control populations with potential momentary
recall.
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VI1II. Recognized Study Difficulties and Corrective Measures

A. Medical Precedence

(1) . Problem

A departure from the usual methodological approach
characterizes this particular epidemiclogical Investigation.
Clearly there is no" historical "roadmap of methodology” to conduct
this studyg compézi;gﬁizr"nt%eef its constraints: Most occupational
exposure studies +ze. the presentation of an unusuval disease to
justify the initfation of a comprehensive study. A rare disease or
g commonn disease In an uncommon “gite, or one with an unusual presen-
tatlon appearing in space-time clusters, often in an uwnusuwal popula-
tion or age group, generates the requirement for a new study. In
the case of llerblcide Orange, the evidence for long-term human
effects has remalned extremely tenuous and controversial. Despilte
the unique préblems that this study possesses, such as the lack of
clinically defined endpoints, there are many problems that it shares
with other occupationally related exposure studies. For example,
the question of a latent period in the development of symptoms/
signs, the lack of accurate dose-response relationships, and the
possibllity of a synergistic effect th other toxins/carcinogens
are all operating iIn this study. : most cohort studles of
occupational mortality use the general population as a standard for
deriving the expected number of deaths, preemployment selection
("healthy worker" blag) affects the comparative experience. Age-
standardized wortality ratios (SMR's) in general are 60-90 percent
of the standard in tHe ,yo 4§§‘£?pulation. Similarly, conflicting
results can occur uﬁiﬁiggég the matched-pailr coliort method pro-
posed in this study design. Statistical verification of the valid-
ity of utilizing such a contrel for a summary mortality index (e.g.,
SMR) has been infrequently attempted In the past. Inability to ver-
ify the validity of the more classical wethods of comparing mortal-
ity will necessitate the use of multiplicative and/or logistic
models to obtain a valid standardized mortality ratic.

(2) Corrective Measures

Unprecedented study designs forced by unprecedented
mgm%% oppupationally related medical complaints ﬁ-ateefcq‘wﬂ
novel approac Qﬁsﬁorientation and standardization of thinking$ al

of which n an effective Peer Review  system,prier—toBrudy
ladsiatdon. Beyond even the lemediacy of the current study is the
growing problem of a myriad of occupationally-related exposures,

both in the military and civilian sector, which will require similar
epldemfological studies in the future in order to make some judgment

as to whether or not an assoclation is of causal significance.



B. Croup Accountability Bials ‘\a

Vo cf‘_"
(1) Problem bfc{ L

e ——

» The numerous media presentations on Hgtblcide
Orange issues \have focused attention on the RANCH HANP group, and
several attempks have been made to construct lists of former members
this study, complete with all of 1ts constraints. Most occupational
exposure studies\utilize the preseantation of an sual disease to
Justify the initdption of A comprehensive study./ A rare disease or
a common dfscase Xn an uncommon site, or one wifh an unusual presen-
tation appearing 1§ space~time clusters, oftepr in an unusual popula-
tion or age group, generates thg requirement/for a new study, In
the case of Herblcide Orange, the evidence Aor long-term human
effects has remainedi\extremely tenuvous and controversial., Despite
the unique problems that this study possésses, such as the lack of
clinically defined endpolnts, there arg many prohblems that it shares
with other ocgupationally related expbsure studies. For example,
the question of a latent\ period in phe development of symptoms/
signs, £he lack of accurdte dose-résponse relationships, and the
possibility of a synergistic effett with other toxins/carcinogens
are all operating in this jtudyd Although most cohort studles of
occupational aortality use the general population as a standard for
deriving the expected numberYof deaths, precmployment selection
("healthy worker"” bias) affedts the comparative experilence. Age-
standardized mortality ra¥ios\(SMR's) In general are 60-90 percent
of the standard in the working\population. Similarly conflicting
results can occur utll¥zing evep the matched-pair cohort method pro~
posed in this study désign. Stagistical verification of the valid-
ity of utilizing sugh a control fior a susmary mortality index (e.g.,
SMR) has been infrdquently attempled in the past. Inability to ver-
ify the validity Hf the more classical methods of comparing mortal-
ity will necessftate the use of multiplicative and/or logistic
models to obtyin a valid standardizey§ mortality ratio.

2) Corrective Measures

Unprecedented study deslgns forced by unprecedented
presentdtions of occupationally related fedical complaints force
novel Approaches, reorlentation and standArdization of thinking, all
of fch rely on an effective Peer Review \ system prior to study
initdation. Beyond even the immediacy of the current study is the
growing problem of a myriad of occupationally}-related exposures,
bgth 1in the military and civillan sector, whidh will require similar
epidemiological studies in the future In order \to make some judgment
s to whether or not an asscciation is of causal\ significance.



B. Group Accountability Blas

(1) Problem

The numerous media presentations on Herbicide
Orange issues have focused attention on the RANCH HAND group, and
several attempts have been made to construct lists of former members
‘of this group. The RANCH HAND population should be easier to locate
and contact than the control population. This difference will be
particularly evident with respect to reported mortality experience.
The incentives for cooparation and study participation are likely to
be greater ‘in the exposed group than in the controls., Also, the
close knit reunion’assoclation of former RANCH HAND personnel will
lead to a move precise reporting of morbidity and mortality in that
group. Such group fdentity tends to decrease the degree of
uvnaccountabllity in the exposed group while its absence 1in the con-
trols may lead to under ascertainment of mortality. This could then
lead to the attribution of excess mortality in the exposed
population.

-+ (2) Corrective Measures

Unaccountability bias will be minimized by Cewfinaiah
attempéing°to keep the percentages of unaccounted for study subjects
below 1% in both exposed and control groups. The morbidity and
mortality status of all individuals selected for the study will be
strongly pursued utilizing a variety of techniques previously
described.

C.  "Risk Taking" Behavior Blas

(1)  Problem
earty asresgsat
The,  RANCH HANDpopulation was an exclugively volun-—
teer group; the C*136 contrel population, while volunteers in the

Alr Force, were not volunteers for special za d.p 3 mis O%M
RANCH DAND mission conditions were conside enclun—

tered In the normal combat environment. Thils suggests that some
differences may exist in the psychological profiles of the two
groups. A sensatlon seeking or risk taking psychological orienta-
tion may have altered the accident mortality or morbidity patterns
of the exposed group. In addition, an accldent rate affected by
peripheral neuropathy could be masked by undetected risk taking
behavior bias.

(2) Corrective Measures

In an attempt to correct for the unique psycho-
logical factors that affect the choice of an aeronautical career,
and to adjust for the effects of combat stress, traasport alrcrew

tioe Thomn
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members were matched. with crewmembers of s r transport alr-
craft. However, the volunteer nature of t NCH HAND cperation
casts doubt on the adeguacy of this basic matching as an attempt to
control for the psychological effects of combat stress. The factors
of volunteerism and risk—taking behavior must be consldered from
hoth the individual and group perspectives, The assessment of
individual risk~taking hehavior has becn qugntified by
psychological instruments such as@‘FEEﬂSensation Seeking Scale
58) of Zuckerman, et al. and the Life Experilence Inventory
{Torrance)}. The 885 has been demonstrated te have considerable
validity in mﬂasuring a variety of phenomena including volunteerism

and participation 1 1qky activities and has been applied tq/Nﬁval
iation ralnees ers) These models will be adapted for use
through ut all phases of the study. The classical model of field

dependenca/independence will be used to assess the group effect in
this area.

D, Response Bias
(1) Problem

False positive response 1s anticlpated as the pri-
mary bias operating in this study. Compensation issues arising from
individual claims to the VA or from class action suits, heightened
health concern generated by extensive publicity, digenchantment with
military service, and the simple desire to please the interviewer
may introduce positive responses that exceed the study's abllity to
correct or adjust. False negative response will also operate, and
such bias 1s even more difficult to assess than the spurious res-
ponse in a positive direction. Significaunt factors in this direc-
tion include: issues of patriotism and loyalty, personal conviction
as to the propriety of the defoliatlou program and their participa-
tion in it, the strong virility orientation of the pilot/aircrew
population {(particularly with reference to questions of libido an
fertility), personal inconvenience caused by study participation,
errors of memory, and fear of the adverse effects on career goals
that abnormal physical examination results could produce (a signifi-
cant problem for active givilian and military pilots).

» .l S LI
(2) Corrective Measures

The primary correction technique for questionnaire
response bias will be a carefully constructed and standardized phys—
ical examination. Multiple verification and bias Indicator ques-
tions will be designed and included in the initial questionnaire.
Memory verification will be conducted by cross—referencing responses
to medical and personnel records. Detailed statistical correlations
between the questionnaire reponses and the physical examination
results will be conducted. All telephone interviews and physical
examinations will be conducted on a "blind” basis te the maximum



extent possible. Self-administered and group-administered
questionnaires will mot he conducted. Log linear models of
anticipated biases and their estimated impact on the study will be
attenpted prior to the final analysis of auny phase in order to
justify the anmalytic methods used. Conclusions drawn from this study
will be predicated and coupled to a blas estimate.

E. Interq&gw Bias

(1) Problem

VYoice inflection, speed of interview, intonation
and ethnicity¢"etcd are recognized factors which can affect positive
or negative interview response. These factors will definitely
operate in this study.

(2) Corrective Meagures

An exteasive Intervicwer training program will be

onducted in order to limit the effects of interview blas. The
Survey Research Center of the University of Illinois aud the Center
for Disease Control, Venereal Disease Training Branch, Atlanta,
Georgia, will assist in this effort. The training will concentrate
on techniques to elicit seunsitive personal and medical information
in an accurate manner, while minimizing discomfort to the subject
and the Interviewer. Quality assurance methodology®and information
verification techniques will alse be included in the training.
Interviews will be randomly monitored by the supervisor iIn an
unannounced and undetectable manner. For particularly sensitive
questions (e.g. illicit drug usage), randomized response techniques
{(coin flip method) will be used, recognlzing that responses will be
valid on a group basis only.

F. Political Implications

(1) Problen

*

The question of adverse health effects due to
Herbicide Orange exposurce in Vietnam has evoked many strong emo~
tions. The actions of consumer groups, environmentalists, and other
special interest groups have generated defensive responses on the
part of some governmental agencles, and reactive decisions by
others. Frequently, these responses have been based on unsubstan-—
tiated claims and/or scientific evidence of questionable validity.
As a result of these governmental actions, the political impact on
the planning of this study has been substantial. Suggestions to
increase the scope of the effort to include other "exposed" individ-
uals or poorly definmed groups continue to surface. However, monu-
mental problems of group ascertainment, exposure validation, control
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aytempted prior to the final analysis of any phase in order to
iify the analytic methods used. Conclusions drawn from this stydy
will\ be predicated and coupled to a bias estimate.

E. Intervipw Bias

(1) Problem
Voice inflection, speed of interview, igfonation
and ethnlcit$, etc. are recognized factors which can affect positive
or negative inferview response. These factors will definitely
operate in this\study.

(2)

Oprrective Measures

An ®xtensive interviewer traipdng program will be
conducted in order toN.imit the effects of ingerview bias. The
survey Research Center Qf the University of Jilinois and the Center
for Discase Control, Venreal Disease Trailping Branch, Atlanta,
Georgla, will assist in th{s effort. The/training will concentrate
on techniques to elicit sengitive persondl and medical information
in an accurate manner, while\minimizing’ discomfort to the subject
and the interviewer. Quality\assurande methodology and information
verlfication techniques will also bg/ lacluded in the training.
Interviews will be randomly monktoyed by the supervisor in an
unannounced and undetectable mandgr. For particula¥ly sensitive
questions (e.ge. illicit drug usggey, randomized response techniques
(coin flip method) will be used, rejogniziang that responses will be
valid on a group basis only.

F. Political Implicdtions

(1)

cstion of adverse health effects due to #
Herbicide Orange expgSure in Vietnam has evokdd many strong emo-
entalists, *and other

others. Frequently, these responses have been baséd on unsubstan-~
tiated claims :
As a result o
the plannin

of this study has been substantial., Suggegtions to
increase thé scope of the effort to include other "exposgd” individ-
uwals or pgbrly defined groups continue to surface. Howevady, monu~
mental pyoblems of group ascertalnment, exposure validatiom\ control
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group selection, and control of additional blas make the inclusion
of such individuals undesirable from a sound scientiffc perspec-
tive. If such decisions are made without regard for their scienti-
flc impact, compromise of study validity is assured.

(2} Corrective Measures

The dilution of the scientific credibility of this
effort by politically motivated decisions will be diplomatically
resisted. While all supgested Improvements will be considered, any
alterations or corrections to the study protocol will be based on
gound scilentific assessments of the proposed changes. Such 1ssues
will be clearly presented to appropriate peer review agencles for
comment.,

G+ Loss to Study

(1)  Problem

Loss to study in the RANCH HAND group poses a major
problem to the validity of the inferences that can be made from any
subsequent comparisons between or within groups. The avenues of
loss will conceivably arise from individual apathy (volunteer bias),
lack of appropriate financial reimbursement for lost worktime, the
presence or absence of illness (perception of health), and the lack
of a desire for "treatment.” Losges in the matched*controls at any
phase of the study, though predictably greater than in the exposed
group can be managed by resampling—from the best-of-fit matches from
the C-130 population. Consequently, additional decrements in sta-
tistical power will not result from losses in this group. However,
significant losses in the exposed group will have irreparable
adverse effects on the power of the statistical apg e
mated allocation of participants in this study I A NS
OP=TE-ArSantin. It is estimated that the response rate of the
accessible, identificd exposed group will be 70% for both the =
infitial questiomnaire and the physical cxamination phases of the
study. This is expected to occur desplte great eFforts to keep the
questionnalre at an acceptable length, to coordinate questiomnaire
administration with the subject's personal schedule, and to make the
questions as innocuous as possible. It is also estimated that only
804 of those who respond positively to the opportunity for physical
exaninations will actually present themselves for examination.
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(2) Corrective Measures

Loss to study problems in the study participants
will be avoided as much as possible by detailed and exhaustive
efforts to contact and followup each identified participant.
Nonpartieipants will be encouraged to reconsider theiy initial
decisions. DNesign considerations have been made to minimize loss to
study in both the exposed and control populations. Federal regional
hospitals in the United States and overseas wlill be used to
facilitate the ease of obtaining physical examinations, and thus
participation in the cross—sectional and prospective study phases
will be increased. It is felt that physical examination vaviances
due to slight differences in technique between hospitals and phys-—
iclans will be less damaging to the validity of the study than the
effects resulting from attempts to conduct all of the examinatiomns
at a single facility, f.e., examination at a single facility would
reduce participation rates, and tharefore would severely compromise
the overall statistical power of the study.

H. Statistical Power Limitations

(1) Problem

As discussed above, statistical power considera-
tions are heavily dependent on loss to study rates.' Since the
design of the study 1s limited by the small exposed population,
statistical power for identifying the relative risk of an uncommon
disease or symptom~complex { 1/100) is very low ( .50). This study
will, te a greater extent, be able to detect increased risks only in
common dlseases or symptom-complexes { 1/100).

(2)  Discussion

The "herald sign" of TCDD exposure, chloracne, ¥s
expected to have the greatest likelihood of achieving adequate sta-
tistical power In this study. Recent findings from Seveso; Italy,
support the Importance of chloracne as the primary marker symptom.
The incidence of chloracne has been reported by Regglani (personal
communication) and Homberger, et al., to be 14.9 cases per 1000
residents in the region of highest contamination of Seveso (Zone A)
and 6-12 cases per 1000 in the Seveso cohmunity as a whole. These
rates vary by age group, with children being at highest risk. Only
1-5 cases per 1000 were scen in other reglons of Northern Ita}y
(Milan, Como, and Lecco). The incidence of adolescent acne in all
of these populations varies between 21 and 30Z. These incidence




rates probably place chloracne at the lower limit of adequate
statistical power within the constraints imposed on this study. In
the Nitro, West Virginis® studies,residuals of chloracne, as well as
exacerbations of previously actiVé disease, continue to be seen 10
years after the most recent exposures, and 30 years after the
industrial accident, Thus, it is likely that any chloracne in the
exposed population .gan detected?despite the intervening years
since RANCH HAND exposures.

I. Varilablility of Procedures

(1) Problem

The variance of physical examination findings from
technique differences and the random errors inheremt in laboratory
testing are items of concern, particularly if attributable health
effects are subtle or of low magnltude. WNonstandardized procedures
and techniques are major contributors to this variance.

(2) Corrective Measures

Variability in examination procedures will be mini-
mized by the use of standardized procedures, examination protocols,
and training. Most laboratpry procedures will be conducted cen-—
trally at the USAF!IEEYﬁ ality control will be stressed at all

times. Sm"ﬁ ‘B wu m&uh '

Je Confoundin&ﬂggPosure Factors

(1) Problem

While virtually all of the media attention has been
directed toward the 2,4,5-T containing herbiclde formulations, other
herbicldes were applied concurrently by the C-123 aircrews in Viet-
nam., Herbicide Blue (Cacodylic acid with 15.4% pentavalent arseq;c)
and Herbicide White (2,4~D and Picloram) were used throughout the
1962-1970 time period. Any long-term health effects from these
additional compounds may confound the results of the study. Peri-
pheral neuritis, tremors, skin and lung cancer, loss of hair and
nalls, skin rashes, and gastric symptoms have been alleged after
exposure to arsenical pesticides. The organophosphate insecticide,
Malathion, was alsc sprayed by many of these same alrcrewmembers
when RANCH HAND dutles permitted their temporary assignmeant to
nosquito/malaria control units. Many of these individuals were
involved In the aerial spray application of these and other pesti-
cides both before, during, and after their Vidtnam service. La‘ﬁN- M
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effects from these chemicals would ¢onfound the study results. The
small size of the RANCH HAND population will allow very little
opportunity for analytic stratification for these confounding
variables. Differing patterns of exposure to aifircraft fuels In the
study populations have been suggested as confounding factors. The
C-130 aircraft were powered by turbo-prop engines which used jet
fuel (JP-4), while the C-123 and C-7 aircraft were powered by
standard reciprocating engines which used leaded aviation fuel
(AV-GAS). After June 1968, many C-123s were modified by the
addition of auxilliary jet engine boosters for added power on
take-offs and emexgencies.

(2) Corrective Measures

While the extent of confounding caused by exposure
to these other pesticides i1s undetermined at this time, assessment
of its magnitude must rely on respounses of the subjects to that
portion of the questionnaire dealing with other occupational
axposures. Variatlons in fuel between C~130 and C~123 aircraft
would be significant factors if individuals in the study were
heavily and repetitively exposed. However, the normal dutles of the -
study participants did not involve aifrcraft refueling or other ha.JﬂZu_‘
wefueling activities. Thus, fuel exposures can be rejected as
confounding factors.

IX. ngortiqg_?rocedupﬁg

Interim synoptic progress reports will be provided to the
Surgeon General through Quarterly Managemeant Reviews conducted each
January, April, July and October. Key data analyses will be
displayed, but inferences and conclusions will await full data
analysis at the conclusion of each phase. A formal report for each
of the three phases will be completed with forecasted submission
dates of : Retrospective Study, July 1981; Cross-Sectional Study,
October 1981; and Prospective Study, April 1986. Findings and
conclusions of each phase will be published in a journal of stature.
Total study design, findings, and conclusions will be published in
the USAFSAM Aeromedical Reviews or Technical Reports.
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TABLE A-3

ASTHENIA
PERIPHERAL NEUROPATHY
SWEATING/FEVER
CARDIAC DISTURBAKCE
RENAL DYSFUNCTION
LIVER DYSFUNCTION
GI DISTURBANCE
HEADACHE

PNEUMONITIS

CSF PROTEIN ALTERATTIONS

CONVULSTONS

“SYMPTOM COMPLEX™ DERIVED

e

EXPOSED TO 2,4-D;

2,4,5-T (+ TCDD)

CHLORACNE
PORPHYRIA
HYPERPIGMENTATION
ASTHENTIA

PERIPHERAL NEUROPATHY

CARDIAC DISTURBANCE

LIVER DYSFUNCTION

GI DISTURBANCE

2,4,5-T AND/OR TCDD

FROM LITERATURE REVIEW OF CASE STUDIES

TCD

——

CHLORACNE
PORPHYRIA
HYPERPIGMENTATYON
ASTHENIA

PERIPHERAL NEUROPATHY

CARDIAC DISTURBANCE
RENAL DYSFUNCTION
LIVER DYSFUNCTION

GI DISTURBANCE

HYPOTHYROIDISM

HEARING/SMELL
DISTURBANCES
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TABLE A~4 DETAILED LISTING OF SYMPTOMS/SIGNS BY MAJOR CATEGORY

FROM LITERATURE REVIEW OF CASE STUDIES EXPOSED TO 2,4-D; 2,4,5-T AND/OR TCDD

P

NEURO-PSYCHTATRIC ABNORMALITIES

AESTHENTA

ANXTETY
DE?RESSION
FATIGUE
APATHY

LOSS OF DRIVE
LIBIDO
IMPOTENQY
SLEEPLESSNESS
EMOTIONAL INSTABILITY
ANOREX?A
DiZZINESS

DECREASED LEARNING
ABTLITY

PERTPHERAL NEUROPATHY

HYPOREFLEXIA
WEAKNESS
PARESTH&SIAS
EXTREMITY NUMBNESS
MYATGIA

GAIT DISTURBANCE

"MILD" PARESIS

-
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TABLE A-4 (CONTINUED) DETAILED LISTING OF SYMPTOMS/SIGNS BY MAJOR CATEGORY
FROM LITERATURE REVIEW OF CASE STUDIES EXPOSED TO 2,4-D,2,4,5-T AND/OR TCDD

DERMATOLOGIC DISEASE

CHRLORACNE
" PORPHYRIA CUTANEA TARDA
HYPERPIGMENTATION
HIRSUTISM (30DY)
ALOPECIA OF THE SCALP
OTHER DISORDERS
EPATIC DYSFUNCTION RENAL DYSFUKCTION
’JDO’SZHOLESTEROL !'tﬁo‘(.'un’k PROTEINURIA
DECREASED OUTPUT
Sheeoned . Loy

. Fowclom TRLT TUBULAR DEGENERATION

GLOMERULAR DEGENERATION

RENAL GLUCOSURIA

GI “DISTURBANCE CARDIAC DISTURBANCE
.
NAUSEA BRADYCARDIA
VOMITING TACHYCARDTA
’ DIARRHEA ATRIAL FIBRILLATION
v _
GASTRITIS

ABDOMINAL PATN



USAFSAM CODE

RANCH HAKD II ~ DRAFT QUESTIONNAIRE
INTERVIEWER

" DATE

TIME STARTED

PERSONAL IDENTIFICATION:

‘1.

3.

4,

6.

7.

8.
9.

10.

11,

2

a.

be

70

YR MO DAY
YOUR NAE: —_ - 2. DATE OF BIRTH: [ 11y 1]
CURRENT ADDRESS:
Number Street City State Zip
ssan: L) CI3 CTLT] s, erevious servicr wumpers: L1 1111
O T T O

prioNe NumBER (WoRK): L L LI ILT T mowgy: LA
AC AC

RACE/ETHNIC GROUP: CAUCASIAN[:] BLACK[:] MEXICAN AMERICAN[:l ORIENTAL[j
OTHER[] (Specify)

MILITARY STATUS: ACTIVE DUTY[:! RETIRED (YR)Ej SEPARATED (YR)[j
WILICH OF THE FOLLOWING WORDS BEST DESCRIBES YOUR PRESENT STATE OF HEALTH:

a. VERY POOR [:] b. POOR E] ce FAIR [:] d. GOOD E] e. EXCELLENT []
Where are your Alr Force medical records now?

Where are your dependents' Air Force medical records now?

MEDICAL jPRdBLEMs [PrIOR TO DURIE?}S AFTER oo You SE;EK MEDICAL ICDA

VIETNAM VIETNAM RETURN ADVICE? CODE
N0 DUTY DUTY ~ TO US  NOW YES NO DIAGNOSIS NR.

HEADACHRS HE R O Cl N O

HOARSENESS HEEN O N O ad

SKIN RASH ) '

(1) EARS 0| O C] O O | od

(2) EYES RN O Cl I QO '

(3) TEMPLES 0| g | O O EI g
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. YES. -
’PRIOR T0 DURING  AFTER ‘DID YOU SEEK MEDICAL ICDA

VIETNAM VIETNAM RETURN ADVICE? CODE
NO  DUTY DUTY TO US  NOW  YES NO DIAGNOSIS NR.
{4) CHEEKS O O ] ] ] Od
(5) NECK oo Cl O O | d4d
(6) ARMS O O O o dd
(7) 1EGS O O Cl o0 O | td
(8) CHEST HERE Ol O n N
(9) BACK | 1 1 C 1
(10) CGROIN 0y O 1 o0 g
d. DEPRESSION HEEN 1 [l - C1
e. ANXIETY o o N 1 ™ CI
f. APATIY O 1 O O | 0.
g. Loss or prve L] | OJ ] ] Ol NN
h. mvorronar wster L) | [ Cl Cl O Ci
1. muscurar wknss L | O [ [l ] O
3+ HYPOREFLEXIA RERN ] B ] O
k. PARESTHESIAS O O [l ] E] 00
Loewew 0|0 O O 0O OO
m. STYLE OF WALKING oo 1 1. O DD
aowmoewsis O |0 O O O] OO
0. FATIGUE o N O | Od
p. DECREASE IN LrNe LI | U K~ K i
ABILITY
q. DECREASED memory L1 | [ D O . D' O
c. unpseo wr toss L | L] W W O C1C
( 10 1bs) 1
8. ANOREXIA O {1 ] O ) -gad
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YES-

PRIOR TO DURING  AFTER ‘ DID YOU SEEK MEDICAL ICDA
VIETNAM VIETNAM RETURN ADVICE? CODE
NO  DUTY DUTY TO US NOW YES NO DIAGNOSIS NR.

RN
C0
i
i
i
cid

rr. LIBIDO

as. IMPOTENCE

uu. RESP INFECTNS

vv, NOSEBLEEDS

Ul
]
tt. STERILITY []
l
N
[l

QOO od

Ll
"
[l
Ll
Cl
n

0 I O I O A O
A R I 0

ww. ABDOMINAL PAIN

13, SMOKING HISTORY

a. DID YOU EVER
SMOKI: MARIJUANA []

C1C]

L1
L
L1
1

b. DID YOU EVER,
SMOKE CIGARETTES L 1

]
£l

¢ IF YES, HOW MUCH
DID YOU SMOKE

Light 1 pk/day
Moderate 1-2 pks/day

Heavy 2 pks/day

LEoOOoOO

1
2
-
3
4

Nome .
l4. a. 615 You EVER[:] [j [:] . [j ' »

DRINK ALCOHOLIC BEVERAGES

b. IF YES, WOULD YOU
CONSIDER YOURSELF

1| Light
C -
0|2] Moderate .
D
E}3| Heavy )
S i
4] None . .
15. HAVE YOU ' ‘
EVER TAKEN [:] [j Ej E] [:] NAME OF DRUG

PRESCRIPTION MEDICATION
ON A LONG-TERM BASIS
(60 CONTINUOUS DAYS

OR LONGER)
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FAMILY HISTORY:

16. ARE YOU OR WERE YOU EVER MARRIED: YES [:] NO [:]
a. IF YES, HOW MANY TIMES: t:l:]

17. . DATES OF YOUR MARRIAGES:

YR MO REASON FOR SEPARATION
ae Ej:] [:[j DIVORCE/LEGAL SEPARATION [] DEATH Ej N/A E]
v L1 U1 Ll O O
.. 11T T O] [ u
. O 7 IZI ] Cl

18. HAVE YOU EVER FATHERED CIHILDREN: YES Ej NO [j

19. OF CHILDREN FATHERED, PLEASE SUPPLY THE FOLLOWING INFORMATION (TO THE BEST OF
YOUR KNOWLEDGE.

BIRTH WAS THIS CHILb DID THIS CHILD HAVE WHAYT IS THIS CHILD'S CURRENT
YR MO PREMATURE éﬂgﬂBIRTH DEFECTS HEALTH STATUS
YES NO UNK  YES NO  UNK VERY POOR POOR FAIR GOOD EXCELLENT UNK
_ ooo oooO 0 oooo o
 guon oo o o oog o o
 goo ooo oo oogo o
oo goo o oooooo
B T e o O o e T O I s o N A
oo Doo o Oo.opgoooo
O O e O s O SN s I N s O = R

20. TAS YOUR WIFE (WIVES) EVER HAD A MIscARRIAct: vES Lt wo (1 px [
IF 50, APPROXIMATELY HOW MAY AND WHEN: NUMBER || wHEN (R) Ll
21. TAS YOUR WIFE (WIVES) EVER WAD A STILL BIRTH: yis L) wo Lo pwk [
IF SO, HOW MANY AND WHEN: NoMpER [ dmen (vr) L1
22. HAS POCTOR EVER ADVISED YOUR WIFE(S) NOT To GET PREGNANT: ves Lol Jywnx[

IF YES, WHY ’ (fcpa coDE WR)

ATR FORCE WORKING PAPER
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_ GRAND~ GRAND~
MOTHER FATHER MOTHER FATHER BROTHER SISTER CODE NR.

23. IS THERE A HISTORY OF CANCER
IN YOUR IMMEDIATE FAMILY:

. YESD NOE] UNKE]

TYPE - IN C O 0 o O O L
» OO0 o oo o
»Oo o oo oo
w OO O OO0 O

24, IS THERE A HISTORY OF HEART
DISEASE IN YOUR IMMEDIATE

FAMILY:

ves [ wo L1 o O

TYPLE 1IN 0 O O O O Cl .

TYPE w O O -l o O ] o

TYPE _ w1 O I S I - L

TYPE w I Y W B ] .
25. DO YOU KNOW OF ANY SPECIFIC

INHERITED DISEASE/CONDITION

ON EITHER SIDE OF YOUR OR

~ YOUR WIFE'S FAMILY:

s LV w U e O

TYPE : w [l O | O g O o

TYPE oowo oo O o ]

TYPE ‘ _IN O O O - o U

TYPE w O O 0 O od O

1
-

26. DO ANY OF YOUR BROTIHERS OR SISTERS RAVE CHILDREN WITH CONGENITAL ABNORMALITIES:
]
YES E] NO D UNK D .

IF YES, SPECIFY TYPE ' _ e
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27. DO ANY OF YOUR WIFE'S BROTIHERS OR SISTERS HAVE CHILDREN WITH CONGENITAL
ABNORMALITIES:

IF YES, SPECIFY TYPE

EMPLOYMENT/HOBBIES:
28, WHAT IS YOUR CURRENT JOB: DO YOU REGULARLY COME IN CONTACT WITH
[: ASBESTOS
—{ RADTIATION
L. HERBICIDES
n. INDUSTRIAL CHEMICALS
-]  PESTICIDE

29, TN OTHER JOBS SINCE YOUR VIETNAM TOUR, DID YOU REGULARLY COME IN CONTACT WITH
-

ASBESTOS

RADIATION

HERBICIDES

INDUSTRIAL CHEMICALS

PESTICIDE

o

30. IN YOUR HOBBIES, DO YOU REGULARLY COME IN CONTACT WITH
ASBESTOS

RADIATION

HERBICIBES
INDUSTRIAL CHEMICALS
PESTICIDE

e
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SOUTHEAST ASIA TOUR INFORMATION

31.

TOUR

st ereere.

1ST

2RD
3RD
4TH
5TH
6TH
7TH
32.
33.
34.
35.

36.

76

VIETNAM SERVICE (SOQURCE: COMPUTER/INTERVIEW)

DATES UNIT OF ASSIGNMENT  AFSC FLYING TIME
yr wo

yr  mo
I T [N I B W
I 0 O 00 I O I
10 R I
I P I Y B W
oo o O O3
o o 0
o O 00 O

WERE YOU EVER FORCE DOWN IN COMBAT: YES [:] NO [j

WERE YOU EVER INVOLVED IN A MAJOR AIRCRAFT ACCIDENT: YES [:]NO [:]
WERE YOU EVER WOUNDED IN COMBAT: YES [:]ND [:]

a. IN VIETNAM, WERE YOU EXPOSED TO: b. TIF YES,
WAS YOUR EXPOSURE:

YES  NO DATLY  MONTHLY  YEARLY

INSECTICIDES 7 U 1 ] [
DEFOLIANTS/HERBICIDES L LI ] O N
DEGREASING CHEMICATS O 3 O -

IF YE8:T0 HERBICIDES, WHICH OF THE FOLLOWING STATEMENTS WOULD BEST DESCRIBE
YOUR TYPICAL EXPOSURE: '

»

[] MY FLIGHT SUIT WAS SATURATED

E] SEVERAL SPOYTS OF THE SUBSTANCﬁ ON MY FLIGHT SUIT

[:] NONE ON MY FLIGHT SUIT, BUT I COULD SMELL IT

E] NONE ON MY FLIGHT SUIT, I COULD NOT SMELL- IT, BUT I COULS SEE THE SPRAY MIST

[j WAS NOT AWARE OF IT
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37.

38.

39.

404

77

WHAT STATES HAVE YOU LIVED IN (CONTINUOUSLY FOR 1 YEAR OR MORE) SINCE YOUR
BIRTH, AND FOR ROW LONG: (CHRONOLOGICAL ORDER)

a. STATE b. LENGTH ¢e URBAN/RURAL

s e e e Sy

WOULD YOU BE WILLING TO COME TO BROOKS AFB FOR AN AIR FORCE FUNDED PHYSICAL
EXAMINATION: YES NO

IF NOT, WHY?

a. E] EXCESSIVE COST

b. l:] CANNOT GET THE TIME OFF WORK

Cu D NOT INTERESTED ’
de ':] WASTE OF TIME

e [:-] OTHER

WOULD YOU BE WILLING TO UNDERGO A COMPLETE PHYSICAL EXAM AT THE FEDERAL
HOSPITAL WITHIN 250 MILES OF YOUR HOME IF THE AIR FORCE PAID YOUR TRAVEL COSTS?

: »
YES D vo L1
"SENSATION SEEKING SCALE" QUESTIONS

TIME COMPLETED __

P
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[Corrected version of protocol]



PROTOCOL
PROJECT RANCH HAND IX
EPIDEMIOLOGIC INVESTIGATION OF HEALTH EFFECTS
IN AIR FORCE PERSONNEL FOLLOWING EXPOSURE TO HERBICIDE ORANGE

MATCHED PATR COHORT DESIGN

PREPARED BY: EPIDEMIOLOGY DIVISION
: DATA SCIENCES DIVISION
CLINICAL SCIENCES DIVISION

USAF SCHOOL OF AEROSPACE
MEDICINE (USAFSAM)

BROOKS AFB, TX

PREPARED FOR: PEER REVIEW AGENCIES
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PROJECT RANCH HAND II

EPIDEMIOLOGIC INVESTIGATION OF HEALTH EFFECTS
IN AIR FORCE PERSONNEL FOLLOWING EXPOSURE T0 HERBICIDE ORANGE

MATCHED PAIR COHORT DESIGN

1. Purpose of the Investigation

The purpose of this investigation is te determine, by epidemi-
ologic techniques, whether long-term health effects exist and can be
attributed to occupational exposure to Herbicide QOrange.

I1.  Synopsis of Background
A. Current

News media presentations have recently focused medical,
political and lay attention on possible adverse health effects in
military personnel, allegedly due to Herbicide Orange [a mixture of °
2,4~dichlorophenoxyacetic acid (2,4-D) and 2,4,5~trichlorophenoxy-
acetic acid (2,4,5-T)] which was used as a defoliant during the
Vietnam Conflict. This defoliant was later found to have been con-
taminated with the toxin 2,3,7,8~tetrachlorodibenzo~p-dioxin
(TCDD). Approximately 500 claims for compensation have been filed
against the Veterans Administration (VA), largely by former US Army
members, In response to Congress, the General Accounting Office
(GAQ) investigated the issue and subsequently recommended that the
Department of Defense (DOD) conduct a long-term epidemiologic study
of the problem. The Department of the Alr Force has made a formal
commitment to the Congress and the White House to conduct such a

Study.

B. Use of Herbicildes

Research and development on phenoxy herbicides began in
the early 1940s. Most of the initial phytotoxic screening programs
and development of application technologies were sponsored by the
DOD. The militaxry concept for use of these compounds was directed
to two purposes: (1) defoliation of vegetation to decrease risk of
ambush by improving visibility, and (2) destruction of enemy crops.
The first sustained DOD operational use of herbicides was initiated
during the Vietman Conflict (Operation RANCH HAND). Data have indi-
cated that the various 2,4,5-T containing-herbicides (code-named
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Pink, Purple, and Green) used between 1962 and 1965 contained rela=~
tively higher concentrations of TCDD than the herbicide (code-named
Orange) used from 1965 through 1970. Concurrent with the change in
herbicides, the scope of aerial use shifted from four rotating air-
crews to 30 permanently assigned aircrews and additional support
personnel. Between 1962 and 1970 approximately 10.9 million gallons
of phenoxy herbicide, containing approximately 368 pounds of TCDD,
were dispersed. Following the announcement In October 1969 that the
administration of 2,4,5-T to pregnant rodents caused an jincrease in
the rate of congenital abnormalities, the DOD confined Herbicide
Orange spray operations to non-populated areas. In April 1970, all
uses ¢f the herbicide were halted. In February 1971, all Herbicide
Orange stocks were removed from South Vietnam and traansported to
" Johnston 1Island, Pacific Ocean, Ffor open storage (Project PACER
IVY). All of the military phenoxy herbicide stock were incinerated
at sea in 1977 (Project PACER HO). In 1979, the Environmental Pro-
tection Agency (EPA) suspended the use of herbicides containing
2,4,5-T because an epidemiologic study in the United States attri-
buted abortogenic effects to its use.

III. Goals of the Investigation

From the above background, three interdependent study goals
emerge:

A. Health

(1) To identify veteran and active duty individuals with
adverse health effects (physical and psychological) if any, and
which are attributed to herbicide exposure, and :

(2) To identify other individuwals at risk of developing
future adverse health effects, if any.

B. Political

To satisfy the social concern for proper ilavestigation
volced both by lay and scientific coumunities, national and inter~
national.

Cc. Legal

To clarify the question of compensation award to the 500
claimants. '

With regard to the goal of legal clarification, it is
apparent that data and conclusions arising from this Investigationm,
positive, negative, or indeterminant, will probably be used to bet-
ter assess the issue of long-term health effects and resultant
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compeunsations The operational assumption of this study, therefore,
is; Alr Force Operation RANCH HAND personnel probably recelved a
greater average occupational exposure to 2,4,5-T and TCDD than US
Army ground persoonel, implying that RANCH HAND personnel should
develop greater numbers of acute and chronic clinical signs/symptoms
from the exposure, and should manifest them sooner than US Army per-
sommel, if indeed there are any adverse long-term health effects at
all. This dose~response notlon suggests that although the Alr Force
population is not the best one to study, it 1s probably better than
the Army population.

The overall scientific thrust of this investigation is to
define the natural history of disease, if any, and its spectrum of
illness, by direct and indirect methodology.

IV.  Synopsis and Discussion of Literature

Ao Overview

More than 20,000 scientific articles relating to the phenoxy
herbicides have been published since the 1940's. Many of the arti-
cles cite herbicide~caused health effects in a varlety of animal
species. Most early studies used a myriad of herbicide formulations
and unknowingly dealt with physically and chemically impure com—
pounds. The assay technology was far short of today's state-of-
the~art. Many human studies have ascribed cause and effect
relationships but have suffered from problems of clinical empiricism
or questionable methodology. The omnly consistent and repetitive
clinical finding asscciated with acute exposure to 2,4,5-T herbicide
has been chloracune, recognized by most workers as the herald sign of
acute overexposure to the herblcide. It 1s now recognized that the
chloracne was caused by the presence of TCDD Rather than the
2,4,5-T. Sequaelae from chloracue, localized or systemlc, appear
to be unusual according to the preponderance of the literature. It
is appropriate to note that sustalned worldwide usage of herbicides
for 30 years has not evoked a readily identifiable disease state.
It is clear from the literature and the usage history of herbicides
that 1if there are significant attributable long-term health effects,
they are either reasonably rare, or of such nonspecific commonality
that they blend unnoticeably into the symptoms, syndromes, or
diseases associated with increasing age or other factors.

B. Pharmacokinetics of 2,4-D, 2,4,5-T and TCDD

(1) 2,4-D

The pharmocokinetics of 2,4~D have been well studied in
animals. 2,4-D is readily absorbed on oral administration. Ini-
tially, it is distributed in high concentrations to the ceuntral
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nervous system and liver. Eventually, all tissues are involved,
with the kidneys accumulating twenty times the concentration of the
other tissues. The plasma half-life is approximately 3-12 hours,
with 2,4-D primarily eliminated from the body by the kidney, the
rate of elimination being dose~dependent. Generally, high doses or
repeated lower doses result In tissue accumulation. The majority of
2,4-D is eliminated unmetabolized; however, esters of 2,4-D have
been shown to undergo hydrolysis prior te excretion. Muscle and fat
show the lowest accumulation of 2,4-D on repeated exposure, whereas
the kidneys and liver show the highest accumulations. Within 24
hours of gingle dose adwinistration of 2,4-D, 16.8% was present in
the uterus, placenta, fetus and amniotic fluld in gravid rats. In
addition, 2,4-D was found in the milk of lactating rats for up to
six days following single—-dose exposure.

(2) 2,4,5-T

The pharmacokinetics of 2,4,5-T have been well
studied in animals. In all animals, 2,4,5-T has been shown to be
readily absorbed upon oral administration. However, beyoud this
point, 2,4,5-T has shown marked variations in its pharmacokinetics
- in the various animals. These differences are supposedly due to
varlations in species, age, dose levels, route of administration and
chemical formulation used in the various studles. The distribution
is generally ublquitous throughout the body with the exception of
hamsters, which show no placental passage, and mice, which show pla-
cental passage but only in late gestation. Clearance from plasma
and the body varies greatly among animals with rats showing faster
clearance than dogs, mice and man. In addition, this clearance
appears to be generally dose~dependent. The bilological half-life of
2,4,5-T in rats, as estimated by tissue analyses and urinary clear-
ance at administered dosages of 5 mg/kg, is 4.7 hours. Tflowever, at
200 mg/kg, the half-life in rats is prolonged to 25 hours. Excre~
tion of 2,4,5-T is primarily via the kidneys. The elimination of
2,4,5~T at low doses 1s essentially achleved in its unmetabolized
form. However, at higher doses or more chronic doses, elimination
entails a more active role by the liver (i.e.,conjugation). Higher
doses and repeated lower doses appear to result in accumulation in
animal tissues.

(3) TCDD

The information on the absorption, distyibution and
excretion of TCDD has been mostly derived from animal models. The
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only reported human study dealing with pharmacokinetics of TCDD
dealt with the analysis of TCDD in tissues at necropsy of one case
of confirmed TCDU exposure subsequent to the acidental release of
TCDD in Seveso, Italy in July 1976. Studies in rats, mice and
guinea pigs generally show that intestinal absorption of TCDD is
relatively complete, with a2 large proportion of TCDD remalning
unmetabolized inthe liver. The majority of this TCDD is assumed to
be localized in the liver microsomes (centrifugation techniques).
Initially, adipose tissue accumulates TCDD, followed later by accu-
mulation in the liver, adrenals, kidneys and lungs. The level of
TCDD in the liver and adipose tissue is about ten-fold greater than
.in other body tissues; however, significant species variability has
been observed. The bioclogical half-~life of TCDD varies by species,
but iz reported to range from 12 to 50 days. The major route of
excretion is via the feces with urinary excretion occurring at a
much reduced rate,

(4) Phenoxy Herbicides in Humans

Relatively few studies have dealt with the pharmacokine-
tics of 2,4~D and 2,4,5-T in humans. Numerous reports of occupa-~
tional exposures in industry and in commercial and private herbicide
applications have supported percutaneous entry. Rapid absorption
has been observed after oral administration of 2,4-D or 2,4,5-T.
The main mode of excretion of the phenoxy herbicides 1s via the
urine with 74% of 2,4-D and 63%2-72% of 2,4,5~T being cleared from
the body within the first 96 hours. The majority of phenoxy
herbicides are unmetabolized prior to excretion. The blological
half~1ife of 2,4~D and 2,4,5-~T In humans (as estimated by tissue
analygses and urinary excretion) is 33 hours and 18 hours, respec—
tively. Tissue analysis has revealed a ubiquitous distribution of
the herbicides after absorption. Iimited studies on the accumula~
tion of the phenoxy herbicides following repeated doses suggest that
such accumulation in humans is unlikely. This is in contrast to
numercus animal studies on 2,4-D and 2,4,5~T which show that such
accumulation does occur. i

No specific data are avagjdable on the odor threshold of
Herbicide Orange. Data are avallabedhowever, on the odor threshold
of a butyl ester formulation of 2,4,5-T. The odor threshold was
found to be about 0.3 ppb (the taste threshold was 1.3 ppb). A
Threshold Limit Value (TLV) of 10,000 g/m> (10ppm) for either 2,4-D
or 2,4,5-T has been adopted by l:he American Conference of Govern-
mental Industrial Hygienists. The TLV is a time-weighted average
concentration for a normal 8-hour workday or 40-hour workweek to

which workers may be repeatedly exposed, day after day, withou;,A
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adverse effect. Analysis of ambient air samples collected adjacent
to and downwind from actual dedrumming operations involving Herbi-
cide Orange were at least two orders of magnitude below the TLVs.

C. Proposed Cellular Mechanism of Action for TCDD

TCDD has, in general, three proposed mechanisms of action
by which its variety of effects, both documented and suspected, can
be understood. All currently available information in this area is
derived from animal, plant, and bacterial models. The few human
studies dealing with mechanisms are limited to the clinical manifes-
tations of chloracne. |

(1) Microsomal Enzyme Induction

TCDD's ability to induce a varilety of microsomal
enzymes is well documented. The induction of aryl hydrocarbon
"hydroxylase, delta—aminolevulinic acid synthetase and cytochrome
P-448/P-450 assoclated enzymes are implicated in the development of
cutaneous porphyria. The induction of aryl hydrocarbon hydroxylase
and other mixed-function oxygenases/oxidases have been assoclated
with carcinogenesis and tumorogenesis. In addition, TCDD has been
shown to be a possible promoter or cocarcinogen of known carcino-
gens. In some nonhuman studies, TCDD produced a protective effect
against endocrine tumors (e.g., pituitary, uterine, pancreatic,
adrenal and mammary tumors). TCDD's induction of UDP-glucuronyl
transferagse, an important enzyme in sterold metabolism, may explain
this peculigr_efﬁgct,dfﬂ&CDD; The inducticn of DT~diaphorase and
lysosomal acid protei&EEEEdﬁhé'been implicated in TCDD's neuropathic
effects. These and other biochemical alterations may account for
TCDD's clinical manifestation of chloracme resulting from an over
production of keratin in the sebaceous ducts.

{2) DNA/TCDD Interaction.

Alterations in the structure and fidelity of tran-
seription of DNA due to TCDD have been indirectly demonstrated. In
a similar fashion to the acridine family of compounds, TCDD, because
of its planar xing structure, is felt to "intercalate” with DNA re-
sulting in "frame-shift" mutations. A few laboratory studies with
bacterial systems, e.g., Escherichia coli and Salmonella typhimur-.
ium, or in one plant system, e.g., the African Blood Lily, have
identified TCDD as being able to produce chromosome aberrations and
perhaps a weak dominant lethal effect. This hypothesized DNA/TCDD
interaction could explain the development of chloracme, as well as
the suggested mutagenic and carcinogenic effects, if similar mecha-
nisms occur in mammalian species. '
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(3) Toxicity.

The effect of some nonspecific activity or as of
yet unspecified toxicity continues to serve as a reasonable mecha-
nism for TCDD's hepatic and thymus toxicity. TCDD has been des-
cribed by some as "one of the most potent, low molecular weight
toxins known", with extremely low concentrations producing severe
liver damage and death in various animal studies. The immune sup~
pression effect of TCDD has been shown to result specifically £from
its T-cell (thymus) toxicity. In additiom, TCDD's concentration 1in

the adipose tissue suggests the possibility that under situations of

weight loss (e.g., life style, medical indications, or disease),

TCDD may be released into the circulation. Such a hypothesized re~.

emergence of the agent could result in low doses being either detec—
table and/or toxic at some later point in time. If TCDD's WQ( -P_'.(-e

toxicity vresults from low doses (e.g., mutagenic/carcing=genic
effect) rather than high doses (e.g., cellular poisoning and cell
death), then the deposition of TCDD in the adipose tissue may have
greater significance with respect to delayed effects on the longterm
health of the exposed Individual. This possibility raises a theore—
tical dose-response paradox which might "explain” the prevailing
preponderance of symptoms in populations which may have been exposed
to relatively low doses of TCDD.

D. Animal Studies

A comparison of animal toxicity studies is difficult due
to variations in experimental designs which include differences in
(1) the specles, age, and sex of animals used; (2) the level, route,
and length of exposure to chemicals; (3) the purity of the chemicals
used; and (4) the criteria measured and the time sequence of data
collection. Animals have shown a wide range of toxlc effects. This
range may serve as a guide to anticipate the potential toxic effects
in humans following exposure to Herbicide Orange.

A summarization of the literature 1is presented in the
Appendix, Table A-l. It is apparent that the toxic effects of 2,4-D
and 2,4,5~T are markedly different from TCDD. TCDD 1is approximately
1000 times more toxic i1n acute studies. In addition, the slower
clearance time of TCDD may account for the significantly lower daily
doses required to elicit chronic toxicity. A consistent finding in
TCDD toxicity 1is depletion of the lymphoid tissues throughout the
host. This is readily characterized by involution of the thymus im
all species studied. In relationship to the chronic maternal toxic
dose, the embryotoxic dose is markedly lower for TCDD than for 2,4-D
and 2,4,5-T. Both 2,4,5-T and 2,4~D appear to be very weak terato-
gens and/or carcinogens at best, but these evaluations are
complicated by varying levels of coantamination by various dibenzo-
p—dioxins. TCDD appears to have significant teratogenlic and carcila-
ogenlc potential which appears to be specles specific.
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The most st ing observation noted in the literature is
a warked vartation response among species. Examples of these
variations are in/fﬁé areas of acute toxicity (TCDD's LDgg in the
guinea plg 1s lq;?g/kg compared to 1000 g/kg in dog), excretion
(2,4,5~T plasma half-life in rats is 4.7 hrs compared to 77 hrs in
dog), and oncogenicity (TCDD is oncogenic in rats but not shown to
beoncogenic in wice under similar conditions). Even among strains
of the same species {mice) varlations In oncogenicity were noted fol~
lowing 2,4,5~T exposures. As noted earlier, this high vavriability
between specles is an important consideration in designing human
studies.

A second area of interest noted in the literature is a
possible dose~response paradox in nonhvman primates (rhesus monkey)
following exposure to TCDD. Animals receiving subtoxic doses 1in
single~dose acute toxiecity studies (LD50 determinations) have not
been followed over long perlods of time. Animals on chronic expo—
sure studles fed a low level of TCDD in feed {e.g., 50-500 parts per
trillion (ppt)] have shown signs of disease only after se 1 —
months when the accumulated dose was approximately k;f%@7§§i£§§gy
weight. Therefore, it remalns enclear whether the toxlicity demon-

strated in chronic exposure studies is dependent upon a low level
daily exposure accumulated to kg or would also be demonstrated

following a single dose of [kg.
E. Case. Reports -

Much of the medical literature on 2,4-D, 2,4,5~T and TCDD
exposures In humans is based on individual case reports. Most of
the patients discussed in these reports were exposed to multiple
chemical agents and, therefere, it is difficult tc determine which
agents were responsible for specific symptoms. Nevertheless, the
general areas of dermatologic and neuropsychiatric disease have been
of primary interest to most investigations. Since the neuropsychi-
atric symptoms of herbicide exposure are numerous and largely sub-
jective in nature, they have been extremely difficult to assess from
a clinical standpoint. Hepatic dysfunction, renal, gastrointestinal

and cardiac disturbances are "linked” to exposures to these chloro—
phenolic compounds.

(1)  2,4-p

A puititude of symptoms have been attributed to
2,4-D, and the ones reported most consistently are listed in the
Appendix, Table A-3. Components of some of these selected
symptoms/signs are described in Table A-4 of the Appendix. The
asthenic gsyndrome, peripheral neuropathy and hepatic dysfunction are
of particular interest. Other symptoms of systemic toxicity oceur,
but usually rvesolve within 4-6 weeks. The peripheral neuropathy
assoclated with 2,4-D exposure has been extensively described. It
has an early onset, causes prolonged disability of variable degree,
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and recovery has been incomplete in many cases. Electromyography in
some patients has demonstrated denexrvation, and some studies have
detected decreases iIn nerve conduction times. One autopsy study
demonstrated a demyelination process within the brain of a 76-year—
old male who committed sulcide by ingestion of 2,4-D in kerosene.

(2 2,4,5~T/TCDD

The human effects of 2,4,5-T are difficult to eval-
‘uate since the chemical is contaminated with TCDD iIn the manufactur-
ing process. The effects of TCDD have been determined from studies
of trichlorophenol workers, and from laboratory workers using TCDD.
Symptom/sign complexes attributable to exposure to 2,4,5~T and TCDD
are listed in Tables A-3 and A-4 of the Appendix. Chloracne usually
begins in the zygomatic/temporal region and is often found on and
behind the pinna of the ear. This is an oily acne~like skin condi-
tion characterized by comedones and inclusion cysts which may result
in extensive scarring. In severe cases spread of lesions to the
throat, back and inguinal areas has been noted. This skin condition
1s frequently preceded by erythema and blepharoconjunctivitis.
Active lesions usually disappear within two years, but have been
found 30 years after exposure. Porphyria cutanea tarda and hypothy-
roldism have also been linked to 2,4,5~T/TCDD exposure. Other symp~
. toms such as asthenia, liver and renal dysfunction, neuropathy, and
gastrointestinal and cardiac disturbances are probably due to mecha-
nisms similar or identical to those of 2,4-D.

Numerous instances of alleged disease due to 2,4-Df2,4,5-T
exposure have been the subject of heavy media attention, particu-
larly an episode of alleged 2,4,5-T exposure in Globe, Arizona, in
1969. Despite extensive scientific review and analysis with nega~
tive findings, the Globe incident continues to appear In current
news media productions. A similar incident in Missourl in 1971 is
often cited. S8ix children and two adults experienced chloracne
after accidental exposure to TCDD, but all were healthy after five
years of followup study. A final prospective assessment of fertil-
ity, teratogenesis and carcinogenesis will probably be made in the

future.

F. Veteran Complaints

The Veterans Administration Compensation and Pension Ser—
vice, Washington, DC, provided data on 361 claims filed as of 30
April 1979, submitted by veterans alleging an altered health status
due fo exposure to Herbicide Orange. A review of these claims
revealed that less than half of the veterans recelved detalled phys-
ical examinations to evaluate the claims. Numerous media presenta-
tions emphasizing both military and civilian herbicide exposures
have alleged a remarkably wide spectrum of health effects

AIR FORCE WORKING PAPER



being claimed. Based on current guidelines established by the Vete-
rans Administration (Program Guide 21~1, Section 0-18 and Title 38
USC), none of the symptoms elicited in these claims were shown to be
secondary to exposure to Herbicide Orange. The vast majority of the
exposure claims remained unsubstantiated, based on review of mili-
tary personnel and medical records. The guidelines state that the
only chronic residual of defoliant exposure ever incriminated by
clinical history has been chloracne. Furthermore, chlovacne was
assoclated with prolonged iIntensive exposure and all other toxic
effects of the herbicide were viewed to be rapid in onset and to run
a brief course followed by recovery without residual disease. In
fact, the vast majority of the claims alleging exposure to Herbicide
Orange were not for chloracme and, as a result, did not satisfy the
criteria set forth for compensation. Of the three claims dealing
specifically with chloracne, none were confirmed by physical examin-
ation. :

Table 1 summarizes the descriptive characteristics of the 36! claim-
ants, while Table 2 summarizes the percent of symptom category
complaints. .

Table 1

SUMARY OF DESCRIPTIVE CHARACTERISTICS OF HERBICIDE
RELATED CLAIMS SUBMITTED TO THE VERTERANS ADMINISTRATION
AS OF 30 APRIL 1979%

Total Number of Claims: 361

Sex: 100% Male

Mean Age: 34 years

Mean Number of Alléged Symptoms per Veteran: 2.3

Branch of Service: (Service history identified in 66.8% of
claims)

US Army 66.47
US Marine Corp 17.4%
US Air Force 11.2%

US Navy 5.0%

*Exact racial distribution unknown; anecdotal information
suggests the majority of claimants are non-Caucasian.
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Table 2

HERBICIDE RELATED CLAIMS SUBMITTED TO THE VERTERANS
ADMINISTRATION BY SYMPTON CATEGORY AS OF 30 APRIL 1979

Total Number of Claims: 361-13 = 348%

PERCENT

DERMATOLOGIC (hairloss; chloracne; tinea, eczema,
contact dermatititis, keloid, vitiligo,
tumors, porphyria)

PSYCHIATRIC (persomality disorders, anxiety neurosis,
depression, psychoses, pedophilia, alco-
holism, adjustment reactions)

EAR, NOSE, & THROAT (hearing loss, tinmitus, voice loss,

sinusitis)
CANCER (lung, bone, pancreas, brain, thyroid,
larynx, colon, skin, soft palate, leukemia,
lymphomas, Hodgkins Disease)
PERIPHERAL NEUROPATHY (numbness, paresthesia, weakness,

tingling, Guillan—-Barre Syndrome, Multiple
Sclerosis, Amylotrophic Lateral Sclerosis)

ASTHENTA (headache, weight loss/gain, dizziness,

fainting/blackouts, fatigue, lethargy)
GASTRO~INTESTINAL (pain, ulcers, diarrhea, bleeding,

hemorrhoids, colitis, achalasia, reglonal
enteritis)
REPRODUCTIVE (decreaed sex drive, impotence, decreased

fertility, miscarriages, sterility; 15
genetic defects in offspring)

PULMONARY (asthma, shortness of breath, infiltrates,

chest pain, bronchitis, pulmonary hyper-
tension, lung disease)
QPHTHALMOLOGIC (conjunctivitis, visual loss, pterygium,

blurred vision, light sensitivity, optic
atrophy)
MUSCULO-SKELETAL (arthritis, gout, fractures, stiffness,

spasm, hernia, bone disease, strains)
CARDIO-VASCULAR (hypertension, arrhythmias, myocardial

infarction, peripheral vascular disease,
heart problems)
GENITO-URINARY (urethritis, stones, renal disease,

prostatitis, epididymitis, testicular mass)

48.9

27.6

14.4
13.8

12.1

11.2

10.9

10.1

9.2

8.9

8.1

7.5

4.0

CENTRAL NERVOUS SYSTEM (strokes, loss of memory, seizures, 3.7

tremors, meningoencephalitis,speech impair-

ment)

HEPATIC (hepatitis, liver disease, gall-bladder

disease, jaundice)
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TABLE 2 (CONTINUED)

PERCENT
PANCREATIC  (Diabetes Mellitus, pancreatitis, reactive 2.3
hypoglycemia, increased amylase levels)
HERMTOLOGIC (Pernlcious Anemia, blood disorders, 1.4
lymphnode disease, spleen disease,
Polycythemia Vera)

COLLAGEN-VASCULAR (Systemic Lupus Erythematosis, Rheu~ 1.2
matoid Arthritis, Polymyosistis, Sarcoid-
osis)
ALLERGIC (allergic reactions) 0.9
FEVER (low-grade fever, fever of unknown origin) 0.9
POISONING (LATERITIC SOILS) 0.3
PERIODONTITIS 0.3
AMYLOIDOSIS 0.3
HYPERTRYROIDISM 0.3

*NOTE: 13 CLAIMS ALLEGED EXPOSURE ONLY (WITHOUT SYMPTOMS) AS BASIS
FOR COMPENSATION

Study design implications that can be drawn from these tables are
limited due to the lack of knowledge coancerning denominator data.
Overall, the group of claimants exhibited a high frequency of
readily identifiable disorders (e.g., dematologic, psychiatric, and

cancer, etc.). Further evaluation of the claims revealed that of
the total number of claimants, 16.3%, had previous diagnoses of
psychiatric disorders (207 of these diagnosed with schizophrenia).

Table 3 summarizes information on the USAF veterans as to general
characteristics and alleged symptom category.

Table 3

HERBICIDE RELATED CLAIMS SUBMITTED BY USAF
VETERANS BY SYMPTOM CATEGORY AS OF 30 APRIL 1979

Number of USAF Veterans: 28 (Mean age = 35.4 years)

Symptom Percent
Psychiatric 50
Dermatologic ' ' 39
Reproductive 25
Peripheral Neuropathy _ o 14

' Cancer 7
Miscellaneous - 7
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The demonstrated lack of an easily identifiable symptom complex om
review of the veteran claims clearly requires evaluation of indi-
vidual symptoms. Therefore, a comprehensive questionnaire and phys-
ical examination is required.

G, Epidemiologic Studies

Epideniologic studies of occupational groups have ﬁali—'

dated links between exposure to TCDD and the development of chlor-
acne. Assoclations between TCDD and psychological abnormalities
have also been suggested. A 1978 study by Hardell and Sandstrom in
Sweden evaluated occupational exposure to chlorophenclic compounds
in soft tissue cancer patieats by a case-control design. They found
an assoclation between cancer and exposure, but methodologic prob-
lems have raised questions concerning the value of these findings.

Tung (1973) reported an abnormal increase in the occur-
rence of primary carcinoma of the liver in Vietnam (26 cases per
year during 1955~1961 versus 144 cases per year during 1962-1968).
He attributed the increase to a suspected carcinogenic effect of
TCDD. His published study, however, has been criticized for failure
to contain sufficient data and method descriptions to verify his
conclusions. The role of aflatoxin as an alternative cause of liver
cancer was not addressed. His study was largely an empiric clinical
study. A study sponsored by the ¥3—Envirommmental -Pretection-—-dgeneyn.
in 197% in Alsea, Oregon, found a statistically significant increase
in spontaneous abortion in areas where 2,4,5~T herbicide was rou-
tinely used in reforestation programs. EPA concluded, however, that
“for all its complexity, this analysis is a correlation analysis,
and correlation does not necessarily mean causation.” This report
is currently the subject of intense scientific criticism. Differ~
ences in the availability of specialty obstetrical care and in the
patterns of health care delivery existed between the exposed and
control areas; these differences were not taken into consideration
by the researchers. Variations in the ascertainment of spontaneous
abortions in each of the areas severely limited the validity of the
data, and of the conclusions derived from them. A recent study con-
ducted in Australia (1978) was unable to find an association between
birth defects (neural tube abnormalities) and the use of 2,4,5-T
Herbicide.

Epidemiologic studies are continuing in Seveso, Italy. A
population of 220,000 was potentially exposed to TCDD following an
industrial accident in July 1976. These studies have involved
investigations of more than 30,000 children and detailed clinical
examinations of 1,024 persons, including the most severely exposed
children and adults. Recent data (Homberger, et al., 1979) indica-
ted that most cases of chloracne from this incident (134) cleared
rapidly. No evidence of significant hepatotoxicity, deranged por=-
phyrin metabolism, or abnormal neurologic findings have been
obsexved thus far. Growth and development of newborn infants
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and children, immunological response, chromosome aberrations, the
reaction to the challenges of infectlous diseases, and the morbidity
and mortality patterns of the study population have not been signi-
ficantly altered by TCDD exposure to dates Thirty-eight cases of
birth defects were reported in early 1977, approximately 6-8 months
after the industrial accident. However, the authors ascribe this
increase to an artifact of survelllance. The social pressures oper—~
ating in the Sevesc population prior to the accident fostered under-
reporting of birth defects, while the atmosphere after the accident
made the occurrence of a birth defect more socially acceptable. The
post accident malformation rate is not significantly different than
the rate in similar areas of Central Europe. Similarly, ascertain-
ment and surveillance of spontaneous abortions after July 1976 is
hampered by the lack of wvalid baselines for the pre-accident
period. Chloracne appears to be the only significant adverse effect
in the exposed population noted to date.

A 2,4,5~T Dispute Resolution Conference was held in
Arlington, Virginia, from 3 to 7 June 1979, Fifty-six recognized
experts from the United States and seven foreign nations were
actively involved in the deliberations of the conference. Human
Exposure, Carcinogenicity/Mutagenicity, and Teratogenicity Working
Groups independently reached conclusions that there was ne wvalid
sclentific evidence linking fetotoxicity, teratogenicity or carcino-—
genicity to 2,4,5~T/TCDD exposures in humans. The Human Exposure
Working Group also concluded that there were no epidemiologic data
associating TCDD with any long—term health effect in humans other
than persisteat chloracne. While they did not find evidence of
serious long-term health effects, neither could they find strong
evidence for lack of effect. HMost previous epidemiologic studies
have not had sufficient statistical power to detect increased risks
of low incidence/prevalence conditions in the observed populations,
and the period of observation in many prospective studles has been
less than ideal.

Several potentially valuable epidemiologic studies are
currently in progress. Two independent and comprehensive studies
of workers exposed to TCDD at a Monsanto manufacturing plant in
Nitro, West Virginia, ave currently being conducted (Mt. Sinai Medi-
cal Center, New York, and the Rettering Laboratory, University of
Cincinnati, Ohio). These chemical industry workers were exposed

over long periods of time and were previcusly evaluated < ®dn-1953-

and 1956, following an industrial accident which occurred in 1949,
The Dow Chemical Company is currently analyzing data from a repro-
ductive survey of the spouses of 2,4,5~T/TCDD exposed workers. A
Czechoslovakian study involving a 10 year followup of TCDD exposed
workers, and a US National Cancer Institute (NCI) mortality study of
4,400 structural pest control workers are also underway.
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Ablete- .

loss to study =~ can _Jeopardize even

e

_ These new studies, and the continuing evaluations of the
Seveso, Italy, population, should- provide valuable data. The

. large study groups involved in the Seveso and NCI studies should

provide good statistical power, and the Nitro, West Virginia, and
Czechoslovaklan efforts will evaluate the effects of exposure
after prolonged periods of time (10-30 years). The results of
these studies should fill major gaps in the knowledge of 2,4,5-
T/FCDD epidemiology, and should prove to be useful in evaluating
the long-term effects of these compounds on health and reproduc-
tive outcomes.

V.  Epidemiologic Study Design: Matched Pair ~ Cohort

A. Design Consideration

The proposed goals for this study clearly nandate a
broad comprehensive epidemiologic approach, incorporating retro-
spective, cross—sectional, and prospective elements. The primary
issue is time. Exposure to herbicides during the 1962-1970 time
period may have initiated long-term health effects that may or may
not be progressive. If such effects are detectable by retrospec-
tive techniques, and are verified, there will be direct links to
compensation. Current health status, as mirrored by the large
number of recent VA claims, becomes of strong interest, because it
might be confirmable by comprehensive physical examination. 1In
the event both retrospective and cross-sectional methodologies
yleld indeterminant or weakly suggestive findings, it may be that
sufficient time has not yet passed for substantial emergence of -
long—term health effects. This dictates a requirement for a pro-
spective element to the study.

Many methodological shortcomings are inherent in each
phase of this comprehensive study. To some extent, the classical
deficiencies of each particular epidemiologic approach are compen-
sated by the concurrent use of the other methods. For example,
the low chance of identifying a relatively uncommon disease solely
by the use of a cohort study is offset by the inclusion of the
retrospective element.  The relatively quick feedback that can be
-attained from the re?@pective and cross-sectioual studies will
serve to better define the proapective phase and will help to
alleviate problems that arise in cohort studies as a result of
changes in diagnostic criteria and methods with time. Neverthe-
less, there will remain many problems that will affect ascertain-
ment of disease In all phases of the study. The problem with
patient recall of antecedent events, the distortion of information
by knowledge of the disease, as well as participant or observer
knowledge of their exposure status can only be corrected to a
limited extent by review of records for symptom validation and
“blind” assessment protocols. In addition, fundamental problems
dealing with adequate selection of a control group and limiting
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the most comprehensive epldemiologic investigation. These and other
pitfalls in study design will be discussed in more detail in Section
VIiI. '

Since the study has three phases and confronts a health
issue with undefined endpoints, including strong bias and political
pressure with severe time constraints, the following design may
represent the best overall framework for achieving validity. The
design process 1s couplex and in itself time dependent. All epidem-
iologic techniques used are time-compressed. Unique record search—
ing systems wlthin the Afr Force, and computer and clinical
capabilities, as well as bilas and loss-to-study correctors, will
work toward making this effort achievable.

B.  Ascertaimment of Exposed and Control Group Populations

(1) Exposed Group

' Operation RANCH HAND personnel primarily flew C~123
aircraft in Vietnam during 1962-1970., Data from hand-compile lists
obtained through the RANCH HAND Association (a reunion organiza-
tion), Air Force personnel computer entries, historical records and
actual C~123 flight orders, place the estimated study population at
1000 (range 800-1200). Of those crewmembers now confirmed in the
computer system, 253 are still on active duty, with the remainder
being composed of retired or separated personse An Indepth search
is being conducted of all organizational records stored at the Mili-
tary Records Division, National Personnel Records Center, St. Louis,
Missouri, to fdentify all RANCH HAND participants. The flight line {ik,f
maintenance persommel assigned directly to RANCH HAND can also be ‘90
expected to range in age from 28-58, This group was almost exclu-
sively enlisted with approximately 10-14%Z being Black. Detailed
advertisements In active/retired military trade journals, VA publi-
cations, and local newspapers will be pursued in the near future to
insure total ascertainment/indentification of the exposed group.
Introductory letters will be sent to the last known address of all
identified persons, and nonresponse will be pursued by cross—locator
systems available within the government (e.g., Social Security
Administration, VA, Internal Revenue Service). Significant effort
will be made to account for at least 99% of the total population
(see Table A~5, Section XII).Because of the limited oumber of esti-
mated RANCH HAND personnel (1000), no subsampling is planned in any @Mfé
phase of the study. All members will be iInvited to participate€§;>“" Cﬁf ' :
all phases of the investigation.

(a) Known or Predicted Characteristics of the

Exposed Group

A1l exposed aircrew personnel are males cur—
rently ranging in age from approximately 28-58 years. As the normal
C-123 crew composition was one pllot and one copilot/
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navigator (both officers) and one spray equipment console operator
in the rear of the aircraft (enlisted), the overall officer—enlisted
ratle will be approximately 2:1., While almost all officers were
Caucasian, approximately 10-14%7 of the enlisted men were Black.
Attempts will be made to identify all maintenance personnel assigned
to the RANCH HAND units. Maintenance of the RANCH HAND aircraft was
performed within a stepwise organizational structure. Routine daily
maintenance was conducted by flight line personnel who were often
dedicated exclusively to RANCH HAND operatioms. More extensive
maintenance (secondary) was carried out by consolidated units at the
base level, wghich were also responsible for nonRANCH HAND C~123s as
‘well. Major aircraft overhauls and modification were conducted by
maintenance units at Clark Air Base, Philippines. The malntenance
personnel in these centralized units were not directly assigned to
RANCH HAND, and their exposures to RANCH HAND C-123 aircraft and
herbicide cannot be validated. From 1962 through 1964, the primary

)

flight 1line maintenance teams were dedicated to RANCH HAND afrcraft -

and these individuals can be identified by the mechanisms described
above to identify the flight crew personnel. In 1965, flight line
malntenance was performed by personnel of the centralized mainte-
nance organlzation (secondary) and the individual working on the
RANCH HAND C~123s cannot be specifically identified from available
records. After 1966, the RANCH HAND organization transferred their
base of operations to a new location, and primary maintenance was
once again performed by personnel assigned specifically to RANCH
HAND. These individuals canr again be readily identified. Thus,
maintenance personnel directly assigned to RANCH HAND will be
included in the study, but data from this group will be analyzed
separately from the aircrew data. These complexities are summarized
in Table 4.

Table 4

FEASIBILITY FOR IDENTIFYING AIRCRAFT MAINTENANCE
PERSONNEL (TOTAL POPULATION) EXPOSED TO HERBICIDE ORANGE

: Primary - Secondary

Time Maint Personnel? Maint Personnel?
Jan 1962-Jul 1964 Yes No
Avg 1964-Dec 1966 Yes/No | No
ian 1967~-Apr 1970 | Yes ' No

lindividual assigned to RH; denominator known
2individual not assigned specifically to RH, although may have
gerved the aircraft; denominator not ascertainable
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Because of the significant combat hazard associated with low, slow
flying missions, all early RANCH HAND crewmembers were elite volun—
teers (see Risk-Taker Biasg, Section VIII). ‘In fact, RANCH HAND crew
members comwprised one of the most highly decorated units during the
Vietnam Conflict. Anecdotal stories reveal that most crew members
were, on occasion, heavily exposed to Herbicide Orange due to normal
or combat induced equipment malfunctions within the alrcraft. Many
former RANCH HAND personnel are expected to be currently employed in
the aerospace industry as commercilal airline pilets, airline mana-—
gers, and flight mechanics. RANCH HAND personnel still on active
duty are expected to be found in senior management positions.

(2) Ancillary Study Groups (Non—-RANCH HAND personnel)

Alr Force bandlers of bherbicide drums in Vietnam
were exposed to herbicides because of drum leakage. Advertisements
similar to those proposad for the RANCH HAND personnel will be
issued in attempts to define this population. As the drum handlers
were ad 1ib participants, no personnel designator was assigned to
these individuals, thus prohibiting computer tracking and identifi-
catlon. The population is unknown, but expected to be low (less
than 200) as the majority of drum handlers were known to be Vietna—
mese. Additional study groups such as US Army personnel (officer
and enlisted) who flew as observers, US Army helicopter crews, as
well as experimental fighter—bomber spray personnel, may be injected
into the study proper. Specific epidemiologic/clinical studies for
these groups will be plamned by a separate protocol following ascer-
tainment; control group selection will be difficult or moot. It is
intended that all data derived from the ancillary study groups will
be subsetted for separate analysis; these data will be treated as
anecdotal to the primary study.

(a) Known or Predicted Characteristics of AFhé
Ancillary Study Groups

All members of these groups are expected to be
males, ranging in age from 28-68 years. The officer-enlisted ratio
is estimated at 1:10. Approximately 10~18% of these populations are
expected to be Blacks Low numbers of respondents are expected (and
with significant discordance to the above estlmated characteristics
due to soclo-economic-race bias). Population at risk ascertalnments
are not possible. :

{3) Control Group (Not exposed to Herbicide Orange)

The ideal control group, the non~RANCH HAND C~123
population, is known to be too small (approximately 3000) to provide
adequate sampling flexibility and replacement under the proposed
best match varlable concept (see below and Section VI, A). Many of
the RANCH HAND aircraft were vreconfigured £or transport and
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COMPARISON OF THE STUDY GROUP TO POSSIBLE CONTROL GROUPS BY

KNOWN AND ESTIMATED FACTORS

KNOWN FACTORS STUDY GROUP . - POSSIBLE CONTROL GROUPS

RANCH HAND C-123 Non—RANCH HAND C-123 c-7 C-130
POPULATION RANGE 800~1200 3000 1200 20,000~25,000
OFFICER/ENLISTED CREW RATIO 2:1 2:1 2:1 3:2
AIRCRAFT FUEL (AV-GAS) | YES (+JP-4)* YES (4JP-4)% YES NO (JP-4)

OCCUPATIONAL HERBICIDE
EXPOSURE YES YES/NO#* NO NO

ESTIMATED FACTORS

OCCUPATIONAL INSECTICIDE

EXPOSURE . 2+ | 1+ to 4+ | 0 0
COMBAT HAZARD br o 3+ ' 3+ 2+
RVN-IN COUNTRY ASSIGNMENT &t 4+ 4+ 2+

*In 1968, aircraft were modified with a JP-4 booster.
**Contaminated aircraft reconfigured for transport may have resulted in exposure to non—-RANCH HAND personnel.



insecticide missions. Thus, non-RANCH HAND crews responsible for
these other missions, may have been exposed to Orange Herbicide
residues in these alrcraft. This group may not be truly unexposed
to herbicides and therefore may not be an appropriate control popu-
lation. The C-7 crewmembers have also been considered as a poten—
tial control group. This latter group, however, was comprised of
only 1000 to 1200 individuals. Accordingly, alrcrew members who
flew C~130 aircraft in Vietnam during 1962~1970 will be selected as
- controls to the RANCH HAND aircrew population. Total ascertainment
of this C-130 population is being conducted by computer selection
for specific mililtary flying organizations, foreign country ser-
vice, ete. Over 2,3 million personnel records have already been
scanned and the approximate C-130 sample size is 25,000 alrcrew mem—
. bers. The C-130 flight line maintenance population will be ascer-
tained from personnel records by similar mechanisms, and will serve
as the specific control population for the RANCE HAND maintenance
personnel. The proportions in active duty, and non-active duty sta—
tus are expected to parallel the patterns in the exposed group.

The absolute "best fit” matched C-130 controls will
be used for the retrospective mortality analysis (see below) versus
all ascertained RANCH HAND members., In the event of mortality or
nonresponse from a best fit control, the next best fit C~130 control
will be selected for replacement for the cross-sectional and pros—
pective study elements of the study.

(a) Known or Predicted Characteristics of the

Control Group

All C-130 aircrew members and appropriate mainte—
nance personnel will be tightly wmatched omn a 1:1 basis to the
expesed group with respect to age, sex, race, and other factors
listed below. The normal crew composition of a C~130 is three offi-~
cexs and two enlisted personnel. The contrel group will be "pure"
from the standpolint of nonoccupational exposure to harbicide. The
entire control group will be considerad "nonvolunteer” with respect
to abnormally high combat risk. While In general they will probably
possess similar lifestyle characteristics and soclo-economic back-
grounds, their overall combat mnorbidity/ mortality and resultant
stress influences upon general health may be slightly less than the
exposed group. For those separated and retired C-130 controls,
similar proportions to the exposed group are expected to be employed
in the aerospace industry. Known and facters of the control and
exposed populations are summarized in Table 5.

{4) Matched Pair Procedures and Rationale

~ Each member of the exposed group will be computer
matched for four variables to a set of at least 10 control C-130
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crewmembers. Since the two groups are highly selected and inher—
ently similar with respect to many variables, very close matches are
feasible., This epidemiologic design incorporates a matched pair
concept because: (1) a matched pair with-etratification will pro-
vide maximum test power throughout retrospective, cross—sectional,
and prospective phases, (2) statistical intergroup comparisons may
be made without normalization by four key variables known to effect
symptom frequencles of interest, thus providing greater power for
complex multivariate testing, and (3) extremely close matching is
feasible and necessary for some of the anticipated analyses of the
physical examination findings. Matches will not mnecessarily be
rigidly maintained throughout the data analysis phase, depending
upon the particular analysis. It 1s apparent that following the
match, both exposed and control populations will be very nearly
identical with respect to the four influemcing variables, and that
in the event of frequent match breaks, stratification of a control—
ling variable can be made with enough precision to ensure proper
ad justment.

Matching will be conducted for (1) age, by year of
birth, and closest month possible, (2) Air Force Speciality Code
{A¥SC) as an absolute match, (3) length of time spent in Vietnam, to
the closest six month perfod, and (4) race (Caucasian .versus non-
Caucasian) as an absolute matche. These wvariables are listed in
priority order of the match sequence. Specific rationale for these

las 1s as follows: (1) many clinical symptoms and signs alle-~
gedly attributed to herbicide exposure {(see literature review) can
also be attributed to an aging effect, or to collateral diseases
more commonly associated with advancing age, (2) AFSC controls
specifically for cfficer—-enlisted status (as well as crewmember or
noncrewnember status), a variable strongly linked to educational
background, current soclo—economic status, and moderately linked to
age (5 year median difference) and socio~economic background, (3)
length of tour in Vietnam (measured iIn six month intervals, or
actual flying hours, if feasible) controls for the generalized prob- -
ability of combat morbidity, mortality, and for combat induced
neuro-psychlatric disorders [additionally, 1length of tour mnay
reflect effects related to intensity of alcohol consumption, drug
consumption (chemoprophylactic or illicit), and degree of disease
acquisition] and (4) race controls for difficulty in diagnosis of
dermatitis, socio-economlic background, etec. {(note possible racilal
discordance for VA claimants).

An intragroup comparison in the exposed group of
health effects to an index of exposure to herbicides will be made.
By using the length of time in Vietnam/ s measured by exact flying
hours coupled to the exact time of the rtour when the concentration
of TCDD contamination changed, a crude exposure index can be con-
structed, normalized, and tested.

r/%}(.,b
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Ce Retrospective Phase

(1) Introduction

The term “retrospective"” has been used generically
in this discussion of the design protocol to address the mechanles
of selection of the exposed and nonexposed groups, as well as the
varlous means of tracing these groups to the present. In reality,
the retrospective and prospective phases are components of a "non-—
concurrent” prospective study used in the observation, starting from
some date in the past, of a speclally exposed group or industrial
population. The availability of employment, medical or other types
of records is an obvious requisite for such a study. The classical
"case-control”, retrospective study is unot operative in this proto-
col because of the open—ended nature of the alleged effects and lack
of a definable disease syndrome.

- (2) Dbata Collection Methods

All exposed members and their matched controls will
be given a comprehensive personal and family health questiounaire
via telephone. The questionnaire {see Section XIII) will emphasize
identification data, Vietnam tour history, dermatologic conditions,
neuropsychiatric conditions, fertility aberrations, genetic defects
In offspring, sensory defects, and persomality factors, including
assessments of risk-taking behavior. The questionnaire will be
limited to a 30-45 minute telephonic interaction with participants,
and it will take 10 to 12 months to complete all initlal question—
naires on both groups. The questionnaire will be “field-tested” on
a group of 25 to 30 former Air Force pilots with Vietnam combat
experience. Specific questions on the questionnaire will be
directed to verifiable information, wherever possible. Inclusion of
specific verifying questions and bias indicator questions (nonsense
symptoms) have as yet not been included, since they are still under
developnent. They will be added and appropriately sequenced immedi-
ately prior to the start of the study. Questionnaire data will be
examination findings. ‘Each participant will be asked to sign
release forms so that all civilian health records, including those
of dependents, can be reviewed as necessary. Federal health
records on all family members on file in the St. Louis Repository
will be retrieved. For retired members, and separated members with
VA priviledge, all available wedical records will be obtalined. All
retrieved medical records will be reviewed, scored, compared to
questionnaire data for reliabililty, and then be entered into a
repository system. Identified participants who are non-responsive
to questionmnaire will be pursued to determine status, disinterest,
moribund state or death, etcs These individuals will be cross-
referenced to other federal accounting systems in an attempt to
achieve total ascertainment.

AIR FORCE WORKING PAPER
26

c Pus—



Death certificates will be retrieved on all dead exposed and control
subjects., Birth/death certificates will be sought for all off-
spring, born subsequent to the study subject's Vietnam duty.

D. Cross—Sectional Phase

(}) Selection/Entry Criteria

A voluntary comprehensive physical examination will
‘be offered to all individuals in both the exposed and control study
groups. The condition for entry into this phase will be completion
of the baseline questionnaire. In the event that the "best fit"
control does not complete both, the questionnaire and the physical
examination, the next “best £1t' w111 be selected, and so on, until a .
willing control is obtained. Statistical testing will be conducted
by a variety of techniques on both questionnaire and examination
findings (see VI, Statistical Methodology below). At the time of
physical examination, an extensive indepth interview will be conduc-—
ted. A standardized protocol will be used to insur%%ggparability of
inteview data. This will provide cross—reference ‘data to the ini~
tial questionnaire and to medlical record data, 1f retrievable.
Specific response verification and bias indicator questions will be
included during the interview as well,

(2) Physical Examination Parameters

A comprehensive physical examination will be con—~
ducted on all willing participants. The examination will be struc—
tured as outlined below and in Section XIV.

General Physlical Examination

FBS, 2 Hr Post Prandial  (CBC™ (B>~ =y

Urinalysis _ REC Indices ECG
BUN/Creatinine Sedimentation Rate Chest X-Ray
Cholesterol/HDL Cholesterol  Cortisel (Matching) VDRL/FTA
Triglycerides _ Thyroid Profile (RIA)

Dermatologic Examination

Urine Porphyrins
Urine Porphobilinogen
DELTA-aninolevulenic Acid

Neuro~Psychiatric

Nerve Conduction Velocities
Psychological Battery .
MMPT
WAIS
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Halstead-Reitan
Wechsler Memory Scale Subtests
Cornell Index

Reproductive Examination

LH, FSH, Testosterone
SEMEN Analysis

Neoplastic/Hepatic Examination

SGOT Alkaline Phosphatase

SGPT LDH (Isoenzymes if elevated)
Additional Studies (Individuals wirh abnormal history or exam—

ination)

Karyotyping Hepatitis Antigens (A and B)

Additional Consultations Mono Spot Test

as Required Anti-Nuclear Antibody

Examinations will be performed in regional federal
wedical facllities having dermatologic, neurologic and electromyo-~
gram/nerve conduction capabilities in the United States and overseas
(Section XII, Figure A-1). . This will generate better participation

than if all examinations were conducted at a single location. (L O al)
Special Alr Force authorization will be obtained to comduct such  Xv4LY /
examinations on individuals separated from the service and informed = ‘”43‘” QF
consent forms will be obtained for nerve conduction tests. ¢ Physi- b oawed)

cilans and technicians will handle all participants without a
knowledge of exposed or control status, and will conduct the examin~
ations by standardized protocols to minimize wvariability. Clinical
speclmens will be forwarded to USAFSAM where the laboratory proce—
dures will be conducted. All laboratory tests will thus be subject
to the same technology and rigid quality control.

Specilal contingencies will be made for unusal lab-
oratory testing. Karyotyping of the individual and his family mem-
bers will be performed if clinical history or physical examination
findings are suggestive of this need. Most well conducted studies
have shown that, when present, chromosomal abnormalities due to TCDD
are transient. If on detailed analysils of the baseline examination
and questionnaire, reproductive areas are heavily affected, routine
karyotyping may be included in the test battery for the prospectus.
TCDD analysis on blood and urine will be considered in the future
provided that (1) strong cause and effect relationships can be
ascribed to Herbicide Orange and (2) high resolutlon mass spectro-
metry techunology achieves 10 femtogram sensitivity with high
specificity. Appropriate specimens will be- obtained from all parti-
cipants, aliquoted, and preserved at ~70°C for possible future anal~
ysis in the future.
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Physical examination and laboratory data will be placed
in the member's master flle for detailed cross-analysis to question-
naire data. Information identifiable to the subject will not be
released without his consent In accordance with the Privacy Act.
(Exceptlions: In accordance with Alr Force regulations, all active
duty flying persoanel and air traffic controllers found to have dis-
qualifying defects will be temporarily grounded pending resolution;
in accordance with federal regulations, all commercial airline
pilots and air traffic controllers found to have disqualifying
defects will be reported to the Federal Aviation Administration.)

E. Prospective Phase

(1) Study Adaptations

Following complete data analysis of the retrospec-
tive and cross—-sectional phases, an adaptive or restrictive health
survey will be developed and annually administered for five years.
S8imilarly, a condensed physical examination profile that will
achieve adequate sensitivity and specificity for prospective diagno-
sls will be developed. This adaptive physical examination by proto-
col will be applied to all prospective phase participants, and will
be conducted at regional federal medical facilities every two years
at government expense.

(2) Entxy Criteria

All exposed or control individuwals completing the
bagseline questionnaire and physical examination will be entered into
the prospectus; further continuvation will depend upon the member's
willingnesg/ability to participate in additional health surveys and
condensed examinations.

(3) Loss to Study

At the initiation of the prospective phase loss of
an exposed member will not be cause to cease surveillance of his
natched control. In the event of a control loss, the next ‘best fi
match control will be brought to study, the comprehensive question-
naire will be administered, and the adaptive examination offered.
In all cases of loss—to-study, specific reasons will be sought.
Medical record reviews of new entrants and death certificate reviews

will continue throughout the prospective phase. Mortality analysis '

)%

based upon time and cause of death within the ascertained groups
will be conducted throughout the study.

(4) Study Length

The prospective phase is initially plamned for five
consecutive years. Results of the entire effort will be presented
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to a neufgq; scientific body. Their recommendation for continuance/
discontinuance will be forwarded to the Air Force Surgeon General
for final decision.

F. Determination of "Disease”™

(1) Introduction

Since this study is dealing with an unknown clinical end-
point, determination of disease state by statistical methodology is
a prime scientific thrust of the investigation. From the litera-
ture, chloracne is the only recognized disease associated with high
exposure to dioxin. The questions of primary interest are: (1)
Does a history of chloracne invariably lead to future disease? and
(2) In the absence of chloracne, is there emergence of other attri-
butable diseases? Under a broad concept of "spectrum of illness",
elther or both of these conditions are possible. The clarification
of their respective contributions to the natural history of subse-
quent “"disease” 1s extremely difficult.

(2) Discussion

Inferences about a disease state from this study can
be derived from several logical approaches. These approaches can be
grouped into two categories: (1) those dealing with symptoms which
can be used to construct a symptom complex that may represent
disease, and (2) those dealing with physical signs which in them-
selves represent disease. In the former, one can form a subset of
individuals that have symptoms {(e.g., Iinfertility) and study them
during the “retrospective” and prospective phase. Focusing on the
overall patterns of alleged symptoms and categorizing them into a -
symptom complex may i1dentify those individuals with a disease syn—
drome, or those at higher risk of developing disease (e.g., genetic
disorders, cancer). In the latter approach, data on abnormal physi-
cal signs (e.g., genetic defects. in offspring) and laboratory
results can be compared between exposed and non—exposed groups in an
attempt to again establish the presence or absence of disease. By
putting this array of data into a logical decisilon-making scheme,
specific relative risks can be calculated in the prospective phase.

By the use of combinational and correlational analyses,
statements about the probabllity of a disease state, a subclinical
state, and over—reporting bias can be attempted. If the development
of symptoms In the exposed group is positively correlated with phys-
ical findings, and this correlation is absent in the control group,
a statement concerning the existence of a possible disease state can
be made. By taking these possible combinations of observations and
viewing them in the context of assoclated = positive
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yerjfiers, negative bias indicators, and positive exposure index,
the probability of over—reporting bias acting in these circumstances
can be substantially reduced and, as a result, any statement con-
cerning the existence of disease is strengthened. Similarly, if
symptoas In the exposed group do not correlate with the development
of findings, but are associated with positive laboratory results, a
statement concerning the existence of a subclinical disease state
can be made. On the other hand, if comparisons within the RANCH
HAND group reveal a mnegative correlation between reported symptoms
-and the presence of abnormal physical signs, then an over*reporting
bias and/or subclinical disease state is suggested.

Another approach to the determination of a disease state
is by taking a normalized exposure Index and applying regression -
techniques to the resulting curve. If there is a positive correla-
tion between Increased exposure and the presence of various abnormal
physical signs and/or verifiable symptoms, then a symptom complex or
disease syndrome 1s suggested. Factors suspected of altering the
classical dose-response curve include cellular repair mechanisms and
the release of TCDD from adipose tissue following weight loss. The
addition of multivariate techniques to the regression analyses will
strengthen statements about the presence of disease. Beyond these
pair-wise and group comparisons, newer techniques of pattern recog—
nition, such as Factor Analysis and Cluster Theory, are being con—
sidered in order to achieve a more automatic and objective analysis.

The strength of any Iinferences made from these analyses
is dependent upon the statistical power inherent in the study. Imn
addition, due to the possibility of latency being a factor in this
study, a negative analysis at any tiwme within the study does mnot
categorically imply lack of disease, since sufficient time for emer—
gence may not have passed.

G. Exposure Estimates

The exposure to Herbicide Orange and/or other herbicides
by RANCH HAND personnel was frequent (almost daily), extensive
(anecdotal information suggests that many had direct skin contact)
and repetitive over a long period of time (one-year tour for most
individuals). Anecdotal information also suggests that most RANCH
HAND personnel felt that the herbicides employed in the operations
were nontoxic to animals and man and hence, did not exercise the
caution in handling that dis recommended today. The available
records on Operation RANCH RAND indicate that aircrews assigned to
the project seldom had a “routine™ work schedule or enviroument.
Thus, numerous factors influenced the level of herbicide exposure
that RANCH HAND personnel may have received. Such factors included
the length of tour, number of tours, crew position, number of
herbicide dissemination L missipns, _  herbicides

———- o . RPN L B —
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employed (Orange, Blue or White), time to and from' mission
locations, and multiple routes of exposure (inhalation, ingestion
and/or percutaneous absorption).

Although industrial hygiene data are not available from
defoliation operations during the Vietnam War, the Alr Force did
conduct extensive industrial hyglene monitoring programs duxing
the dedrumming and incineration of Herbicide Orange during Project
PACER HO (see Young, et. al., 1978), These monitoring data (e.g.,
breathing zone data) and recently umpublished data on percutaneous
absorption of 2,4,5-T in humans during actual spray operations
( Chemical U.S.A., Midland MX, 1979), when combined with data
on characteristics of the C-123 aircraft, number of missions and
crew position may permit crude calculations of exposure estimates.

AIR FORCE WORKING PAPER
32



VI, Statistical Methodology

A. Introduction

The design of the study is presented in schematic form in
Figure 1. R' refers to the RANCH HAND persomnnel and C" refers to
the collection of all possible control crewmembers. As defined, R'
and C” will comtain individuals who are deceased. Since C" may be
10 to 25 times larger than R', a subsample C' of C" may be con-
structed matched to R' in a pairwise or 1 to ! manner (Carpenter,
. 1977; McKinlay, 1977). The control group C' will be matched to R'
as closely as possible using: age, AFSC, Vietnam tour 2length, and
race. C' will be constructed without regard to whether the indivi-
dual is currently living or dead so that an assessment of mortality
can be accomplished. Statistical aspects of this mortality analysis
will be described in more detail below. If C'cannot be constructed
from C" using pairwise or 1 to 1 matching, it will be constructed
using stratified random sampling.

Referring again to Figure 1, R and C indicate living RANCH
BAND members and matched controls. If mp+ is the proportiom of R'
found to be deceased, then,

R= {1 - mR")R'

If the best match for an éxposed individual is in fact deceased,
the next best control will be selected to complete the study pair
for subsequent study phases so that the number of individuals in R
will equal the number of individuals in C and 1 to 1 matching will
be. preserved.

The questionnaire will provide data concerning specific
symptoms and other findings in the R and C groups. Thus variocus
questionnaire finding rates in R, sg, will be calculated and com-—
pared with the corresponding rates in C, sg.

The questionnaire will allow allocation of RANCH HAND
personnel into those with symptoms on dquestionnaire, indicated by
RS, and those without, RS. Similarly, the contrel individuals
will be placed into symptomatic, indicated €S, and asymptomatic,
C8 groups.

The physical examination performed on individuals from
R and C will allow estimation and comparison of rates of physical
findings in these groups. Rates of abnormal physical findings can
be symbolically indicated as fp and fp for. RANCH HAND and con-
trol groups respectively. Comparison of these rates 1s very impor-
tant and details will be discussed below.
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Let fpg be the rate of physical findings among RANCH
HAND personnel with findings by questionnaire and let fpg be the
rate of physical findings among RANCH HAND people with no findings
on their questionnaire. For most disease processes it would be
expected that fpg should be a larger rate than fpg. 1f fpg is
observed to be equal to or less than fpg, an iInterpretation of
over~reporting may be warranted, although the possibllity of sub-
clinical disease 1s recognized. Rates fgg and fog will also be
estimated, and comparisons between fpg, fcg, fprg and fcg
will be accomplished..

B. General Concerns

Before proceeding to statistical detalls regarding this
design, three general concerns about the overall design will be dis-
cussed. '

(1) Adequacy of the Control Group

Candidate groups comprising C", the set of all
possible control crewmembers, include: C-130, C-~7, and non-Ranch
Hland C-123 crewmembers. FKnown and estimated factors relevant to
these potential contrel groups and RANCH HAND personnel are listed
and evaluated in Table 3 below., Considering the estimated factors,
a subjective estimate from 0 to 4+ is provided. At the present
time, no data have been found to suggest that the fuels involved in
these aircraft have the capability to adversely effect health when
the levels of exposure and exposure routes are considered. On the
other hand, exposure to insecticide may be a significant confounding
factor. Further, RANCH HAND personnel did have more combat Involve-
ment than the other groups thus far considered, and this stressful
_experience could exert a long term effect on morbidity and moxtality
rates in this group. Also, the fact that many RANCH HAND person-—
nel volunteered for their hazardous duty suggests that this- group:
may include individuals who are risk takers. This factor could
inject significant bias Into the study. For example, it is possible
that risk taking behavior could be correlated with different pat-
terns of disease; for instance, type A personality type could be
more comnon among the intense, risk taking RANCH HAND personnel,
thus increasing the incidence of cardiovascular disease. In rela-
tion to herbicide exposure, an increased accidental death rate among
RANCH HAND personnel could well be an iIndication of herbicide
induced peripheral neuropathy. However, higher accidental death
rates in general are expecited among risk takers. Actual time spent
in Vietnam could also be an important factor to control. The total
time spent in Vietnam indicates a magnitude of stress imposed on the
individual. :
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As indicated in Table 5 no avallable control group is ideal,
Variations in risk taking behavior, occupational insecticide expo-
sure and afircraft fuel exposure appear most important. Risk taking
differences can be approached using a risk taking scale and this
will be discussed under wmortality analysis and under analysis of
questionnaire and physical examination data. Aircraft fuel differ-
ences may well be dismissed as an unlikely or nonexistent effect
with further literature search, and further literature search is
also required as regards the possibility of an insecticide effect.

(2) Adequacy of Sample Sizes

While this subject will be treated in greater
detail below, some general observations are in order. The size of
R' is approximately 1000 individuals. Without formal statistical
analysis it should be quite clear that a lethal effect of herbicide
which occurs in . ouly 1 out of 2000 controls will be quite difficult
to detact unless the herbicide effect is very strong. For example,
at a rate of 1 in 2000, 0.5 effected controls are expected. If the
baslc rate is doubled by herbicide to 2 per 2000, one effected RANCH
HAND individual would be expecteds At a rate of 1 per 2000 for
controls and a rate of 2 per 2000 for RANCH HAND personnel, the
probability of observing no affected iIndividuals in both groups 1is

(1 ~ 1/2000)1000 (1 - 2/2000)1000 = 27

or, in other words, "there is a 227 chance” that no affected indivi-
duals will be found in this study. In a population of 100,000
exposed individuals, 100 cases would be expected, 50 of swhich would
be due to herbicide. In short, this study has little statistical
power to define the relationship of herbicide to the rarer discases.

€)) Misclassification

To understand the effect of misrepresentation on
the estimof relative risk and the odds ratio, let § stand for pre~
sence of a cesymptom, and $ denote its absence. This misclassifi-
cation may be represented as in Figure 2,

ﬂf@/@{e <, C

/
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FIGURE 2 MISCLASSIFICATION

ACTUAL STATUS TOTAL
S 5
5 A B ' A+ B
REPORTED
STATUS
5 C D C+D
A+C _ B+ D

The proportion of correctly classified positives is defined by
A/(A+C) and is called the sensitivity of the classification scheme;
the proportion of correctly classified negatives D/(B4D) is called

the specificity.

When there is non-differential misclassification, that
is, when the sensitivity is the same among the exposed and non-
exposed, and the specificity is the same among the exposed and
nonexposed, the bias induced in the estimate of relative risk will
be toward the null value. The situation may be summarized by Figure
3.

FIGURE 3
MISCLASSIFICATION IN RANCH HAND IX

ACTUAL STATUS

EXPOSED NONEXPOSED
] S TOTAL S S TOTAL
REPORTED S a b a+b e £ e +f
STATUS -
s c d c+d g h g+h
atc b+d n et g f+h n

Using this representation, the true relative risgk is (ate)/n ~
(etg)/m , and the apparent relative risk is (a+b)/n - (e+f)/n.
Flgure 4 provides a graphic representation of how apparemt relative
risk varies as a function of sensitivity and specificity. For these
curves, the true relative risk is 2 with the exposed population
having a symptom incidence of 0.1 and the nonexposed population
having a symptom incidence of 0.05 (Copeland et. al. 1977). The
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effect of non-differential misclassification on the odds ratio {s
nearly as severe as that shown in Figure 4 for relative risk. A
technique does exist for correcting the estipate of relative risk to
account for misclassification, but the technique requires knowledge
of the sensitivity and specificity of the classification scheme,
knowledge that may not exist in this study. It should be noted that
since the above remarks are concerned with relative risk, the nunber
n of subjects in each group 1is irrelevant, as the results shown are.

independent of n.

FIGURE 4
APPARENT RELATIVE RISK VERSUS
SPECIFICITY
2.0 |
Sensitivity = .9
1.8 |-
Apparent
relative risk 1.6 |
l.4 +
1.2 |
1.0 |-
Lo

50 55 60 70 75 80 85 90 95 100
Specificity

If the wnisclassification 1is differential, an estimate of
relative risk that is blased away from the null value can result.
This will occur in situations in which the RANCH HAND persommel and
controls do mnot misrepresent their symptoms In the same wmanner.
{Copeland et. al. 1977).

(4) Nouresponse and Noncompliance

The prospective phase, loss to follow wup may occur £for
different reasons in the RANCH HAND group than in the Control group.
In addition, this censoring may be related to the death experience,
especially in the RANCH HAND group. For example, the disappearance
of a RANCH HAND {individual may be due to the effect of exposure,
making loss to follow up dependent on the death process. It should
be noted that all currently available survival analysis - techniques .
are founded on the assumption that censoring is Independent of the
death process, and all comparative tests require that the censoring
mechanism operate in the same way in both groups considered. The
effect of departure from the assumptions is not well understood.
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The physical examination. Noncompliance will be a
general problem iIn both the exposed and nonexposed groups. If the
reasons for noncompliance are systematically different in the two
groups, significant bilas can result, For example, a number of RANCH
HAND personnel may refuse to comply acting under advice from legal
counsel. Noncomplaint controls would not likely have this cause but
be wmore motivated by reasons such as inability to take time from
work. RANCH HAND individuals motivated by legal advice or other
similar reasons, may in fact be symptomatic, thus decreasing the
number of positive findings in this study.

C. Analysis of Mortality Data

Considering the basic cohorts R' and C', indivi-
duals will be classified into three categories: alive, dead, upac-
counted. If a large number of Individuals of each group are
unaccounted for, the study can obviously be severely blased. Thus,
significant effort must be expended to reduce the unaccounted
category as far as possible. At most 1 to 3 percent of both groups
can be allowed to remain unaccounted, with a 1% rate being pre-
ferreds If for example, the mortality rate in C' is 0.15, then an
unaccountability rate of 0.01 is 6.6% of this mortality. Whatever
the uraccountability rates, the pattern of uwnaccountability must
also be compared between groups R' and C', For example, the possi-
bility of age differences or Vietnam tour length differences must be
examined, particularly if the unaccountability rates are high. The
following will discuss analysis of mortality under the assumption
that low unaccountability rates have rendered the mortality analysis

meaningful.

The mortality data will be analyzed using several
different approaches. Crude age-specific death rates will first be
calculated and tabulated. Age will be divided into k strata, and
person—years will be observed for each strata as will be the number
of deaths 1n each strata. In this manner a tabular display will be
developed as shown in table 6.

) - e ‘f‘:,mf
/ 1 ﬁ/’f 1M

H

\n
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Table 6

STRATIFIED FORMAT OF AGE-SPECIFIC DEATH RATES

Ranch Hand Controls
Age Person Deaths Death Person Deaths Death
Group Years Rate Years Rate
1 P11 my] ry] - Py my  F21
2 Py mj) r)2 Py2 my2 ¥22
3 P13 m3 ry3 Pa3 - ny3 23
k Py m.lk T-'ik Pox moy ok

Since the death rates r44 aud rp3 are Polsson variables,
they can be contrasted directly. If the relationship of r); to r9
is found to be consistent between age strata. (with sta isticai
variability), a summary mortality index may be calculated. One sum—
mary index that will be calculated is Proportionate Mortality Ratio
(PMR) which is: '

Classical standardized mortality ratios will not be calculated for
RANCH HAND II due to the effects of the Health Worker Phenomenon.
The term is the total number of deaths observed in the RANCH
HAND group while is the number of deaths that would be
expected were the ape-specific RANCH BAND death rates the same as
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the age-specific control deaths rates. Thus the concern is for an
PMR greater than 100%. 1If a crude rate for controls, d,, is calcu-

lated as

then the proportionate crude rate for the RANCH HAND group dpyg is

~ dpg = Mdc.

An approximate statistical test would regard rgy as a Polsson ran-—
dom variable with mean dg.

An alternative approacﬁ to the proviéiou of a proportionate mortal-
ity ratio is that of Breslow and Day (1975), In this treatment, a
nultiplicative model is employed, for example:

where is mortality rate, is the contribution due to
population differences (RANCH HAND versus Control), is the con-
tribution due to age group, . and is the contribution due to tour

length, etc. The statistical approach here is via maximum Ilikeli-
hood.

Logistic models (Walker and Duncan, 1967) have been ex~
tensively studled at USAFSAM for application in cardiovascular dis-
ease., These models, in the herbicide context would have the form

where
" P = probability of death

A = age in years

T = Vietnam tour length

R = indicator variable for race

E = exposure variable
and where are coefficlents to be estimated from the
data. Testing for a group difference can be accomplished by esti-
mating and iInteraction coefficients such as.

If all interaction coefficients ionvolving the exposure variable E
are zero and E is treated as a 0/1 variable, Cox (1958a, 1958b) has
shown that the most powerful test for non-zero is McNemar's
test., This latter test makes full use of the paired design of the
study. For McNemar's test, the data are cast into a 2 x 2 table as
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shown in Table 7., 1In this table, "a" is the number of pairs in
which both members have died, "b" is the number of pairs in which
only the RANCH HAND person has died, etc. Using McNemar's test, the
test statistic

is calculated and referred to the chi-squared distribution with one
degree of freedom. Of course the above analyses will be accomplish-
ed considering all deaths, and deaths by specific cause.

Table 7

FORMAT OF McNEMAR'S TEST

CONTROLS
RANCH HAND
PERSONNEL DEAD ALIVE TOTAL
Dead a b ath
Ative c d ctd
Total atc bd n

As discussed in section VI.B(1l) above, it is postulated that RANCH
HAND personnel may be properly characterized as risk takers. This
risk taking behavior may be associated with increased mortality from
a variety of causes. Let us first consider accidental death. If
herbicide exposure has caused neuropathy in the RANCH HAND person~
nel, one should anticipate that this disability could increase the
probability of accidental death. However, accldental death rates
among RANCH HAND participants must surely be corrected for visk
taking tendency. A method of accomplishing this correction for risk
taking would be to employ a psychological instrument such as the
Life Experience Inventory (Torrance, 1954) or the Sensation Seeking
Scale {(Zuckerman, 1972). Both control and RANCH HAND mortality
could be corrected using these measures, with the resultant rates
being perbaps less blased and, therefore, a better indicator of
exposed versus control effect. The same argument may apply to death
rates from cancer under the hypothesis that risk taking behavior
would tend to increase the likelihood that a RANCH HARD individual
would experience increased carcinogen exposure. The situation con-
cerning mortality and morbidity from cardiovascular disease is note-
worthy. RANCH HAND personnel in wmany I1nstances velunteered for
their particular duty. This step had the well known effect of
improving offlcer evaluation score. This volunteerism may be part
of a Type A behavior syndrome which has been correlated with en-
hanced atherosclerosis. Instruments for determining Type A behavior
have been developed and these scores may be profitably used to cor-
rect cardiovascular mortality and morbidity rates.
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D. Analysis of Questionnaire and Physical Examination Data

The Questionnnaire and Physical Examination will produce
data of three types: (1) dichotomous, (2) polytomous and (3) con-
- tinuous. :

Dichotomous (present—absent) rates will be evaluated
using the tools described above for mortality analysis. For
example, the questionnaire will provide data concerning the first
occurrence of disease states by age, and standardized rates and
relative risks may be calculated. The occurrence of such findings
can be related to age, tour length exposure and other wvariables
using logistic models followed by McNemar's test where appropriate.
These tests will examine the presence or absence of group effect and
allow assessment of the statistical significance on non-unity rela-
tive risks. Returning to Figure 1, the eight rates mps,
mg1,Sg, SC» fRrg, frgs  fggs  fgg  fully characterize this
study in a sense. 1In this figure, "Vertical comparisons,” that is,
mg/me SR/SC, fRS/fCS’ fasffcs are relative - risks
of central importance in defining herbicide effects. “Horizontal
comparisons,” that is frs/sp, frg/(1-sp), fos/ses and
fog/(1-s¢) will enable interpretation of over—reporting and sub-
clinical disease.

Polytomous findings will occur in both questionnaire and
physical examination responses. As an example consider retinal
findings categorized into four grades, and studied as a function of
age and exposure group as represented in Table 8. In this table the

are counts of occurrence, In analyzing tables such as these,
techniques as described by Bishop, Fienberg and Holland (1975) will
be used. Specifically, if i1s the expected value of s
general log-linear wodels of the form

will be used, where is the effect of RANCH HAND membership
alone on cell frequency, is the effect of an interaction on
RANCH HAND membership with retinal grade, etc. The reader will note
that of course this model can work with dichotomous as well as
.polytomous data. Under appropriate conditions on expected values of
entries in Table 8, the palring in the study design can be used with
the data being organized as shown in Table 9. 1In Table 9, Ny j is
the number of pairs such that the exposed person has retinal grade
i, and the control person has retinal grade j. Appropriate tests
for this setting are indicated by Fleiss (1973).
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Table 8

FORMAT CATEGORICAL REPRESENTATION OF RETINAL CHANGES

RANCH HAND PERSONNEL CONTROLS
Age Category - : -

Retinal Category 1 2 3 4 1 2 3 4

1 X111 X312 X113 X114 X211 X212 X213 X214
2 X321 X322 X123 X124 X221 X222 X223 X224

3 X131 X132 X133 X134 X231 X232 X233 X234

4 X141 X142 X343 Xp44 X241 X242 X243 X244

Table 9

FORMAT OF PAIRING FOR LOG-LINEAR MODELS OF GRADES OF
RETINAL FINDINGS.

Control Grade

RANCH HAND Grade
1 2 3 4

1 Nj3 Np2 Ni3 Npg

2 Nop Ngz Na3 Ny
3 N3]} N3p N33 Ny,

4 N4l N2 Ny3 o Ny

As indicated in section VI.E concerning the analysis of
mortality data, risk taking behavior among RANCH HAND personnel
could be correlated with changed mortality and morbidity patterns.
Morbidity from cancer could be examined against a risk taking
scale, and morbidity from cardiovascular disease could be corrected
for personality type effect.

Analysis of Fertility/Reproduction Data. The herbicides
under consideration in this study have been alleged to effect fer-
tility and/or reproductive functioning. An attempt will be made to
address these allegations by analyzing at least three primary
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variables: the total number of conceptions since exposure in
Vietnam, the number of mlscarriages in spouses since exposure in
Vietnam, the number of abnormal offspring since exposure in
Vietnam. The study questionnaire will provide the nunmber of mis-
carriages, abnormal offspring and total number of live births. The
stm of the number of miscarriages and the number of live births will
provide an estimate of the total number of conceptions. If dif~
fering divorce rates are found in the RANCH HAND and control groups,
this may render the average number of years of marriage and the dis-
- tribution of the years of wmarriage different in the twe groups.
This will be investigated and adjusted for if need be, either by
analyzing total number of conceptions divided by {(or normalized by)
the number of years of marriage, or by using a more detailed covari-
ance analysis. Further, the ratio of the number of miscarriages to
adjusted total conceptions will be calculated and compared as will
be the ratio of the number of abnormal births and adjusted total

conceptions.

E. Survival Analysis

This section is written to extend and complement sections
C and P. The defining common attribute of the techniques discussed
in this section is that they deal with events which (a) correspond
to categorical changes in health status, and (b) occur at definite
and observable times. These methods may, therefore, be applied to
studies of mortality (as the name “"survival analysis” implies) as
well as to studies in morbidity.

Survival analysis without covariates. The first step in
the statistical analysis of survival data is descriptive, 1l.e., con-
struction of summary measures which provide a basis for comparing
different exposure groups without 'any allowance for the effects of
possibly confounding variables (e.g., age) except perhaps for some
limited stratification. Since one must expect mnany "losses to
follow-up”, only methods which take full cognizaance of this compli-
cation will be considered. It should be pointed out that all
the methods described below assume independence between censoring
(e.g., loss to follow-up) and death or morbid event, although some
techniques permit different patterns of censoring in different
exposure groups.

The life table method can be adapted to obtain a step-
function approximation to survival distributions in the presence of
censoring (Chiang, 1968, Gross and Clark, 1975). However, the
product-limit estimator of Kaplan and Meier (1958) may be preferred
due to its intrinsic properties and 1ts relationship to more refined

methods. :

ATR FORCE WORKING PAPER
44 '

e



The failure time distribution is the function FO(t) which
provides the probability of death at or before time t in the study.

The Kaplan-Meier estimator of ¥O(t) is FO(t) where

FO(t) = 1 - 1 = 1/R(Ty)

In this equation, is the "death set™ at time t, if.e., the set of
all indices i of individuals who were observed to faill before time
te R(Tj) is the number of individuals who were at risk just before
time T{, the time of death (or morbid event) of the ith study indi-
vidval in +« This product-limit estimator of Kaplan and Meier is
maximum likelihood in the class of all possible failure time distri-~
bution functions.

Assuning that failure time distributions have been calcu—
lated for RANCH HAND individuals and controls, the next question
concerns testing the null hypothesis of equality between the distri-
butions. When only two such distributions are being compared, one
may use the nonparametric procedures generalizing Wilcoxon's statis-
tic proposed by E. Gehan (1965a, b} and discussed by N. Mantel
(1967). When more than two such distributions are being compared,
one may wuse the nonparametric procedure generalizing the
Kruskal-Wallis statistic proposed by N. Breslow (1970).

Survival analysis with covariates. These methods allow
adjustment of mortality rates or morbidity rates using covariates
such as age, race, Vietmam tour length, AFSC, risk taking score
etc. For the purposes of this discussion 1t will be assumed that
the covariables are categorical, that there are only two such
covariable and that the covariables do not interact in affecting the
hazard of death or morbidity. These assumptions can all be relaxed
using available methods.

The hazard function hy{t) for the ith individual in the
study 1is the function which provides the conditional probability of
death or morbid event in the time interval (t, t+dt) given his sur—
vival up to time t. The function H;(t) where

Hi(t) = hy( )d

is called the cumulative hazard for the ith individual. It is
readily shown that the failure time distribution Fj(t) is given by:

Fe(L) = 1 - exp(-Hi(t))
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From this last equation it follows that hi and F are trans-
forms of each other, whence the dependence of F{ on covariables may

be modeled via hy. This may be accomplished as follows. Let X;(t)
and Y4 (t) denote discrete valued stochastic processes pertaining to
the ith individual and describing two covariates of Interest (e.g.,
one may be an exposure variable and the other may be covariate such
as age or crew position). The basic model for hazard is:

hi(t) = exp

where and ~  are "log-relative risks“. It is shown in
Jo Frank (1977) that this model may be extended to aliow for any
number of possibly interacting factors. Inference about log-.
relative risks may be drawn usirig elther an approach derived from D.
Re Cox (1972) by E. Peritz and R. Ray (1978) or using an approach
described by Frank (1977).

E. Statistical Power

The power (1 — ) of a study design is the probability
that a specified difference between populations will be detected if
it in fact exists. In general, power 1s a direct function of sample
size; that is, for a particular study design, the more subjects
measured the larger the study power. Essentially all animal and
human studies concerning herbicide suffer from a lack of adequate
consideration of study power. While the present study is not a
powerful one against less common disease states as already dis-
cussed, 1t is obviously important nonetheless to exactly specify
just what the study can and cannot accomplish. The following pre-
sents a preliminary analysis of study power for the case of con-
tipuous and dichotomous varilables expected from the study.

{1) Power in Continuous Variable Case

Asgume that blood cholesterol levels are being
compared between RANCH HAND and control groups, and that the coef-
filcient of wvariation for cholesterol in the control group is 0.1,
where the coefficient of varilation is the ratio + Assume

) +« The symbol is the probability that the
study will indicate an effect where none exists, and I-
is power as defined before. Consider that the RANCH HAND mean

cholesterol is shifted from the control mean . A natural
question is to inquire about the study power as a function of avail-
able pairs (n) and mean ratio .
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Table 10
POWER CALCULATIONS

ASSUMPTIONS: =0.05, / =0.1,

Power = ]-—

R L =180 n=450
.20 1.01 .20 .38
.20 1,02 .55 .88
.20 1.05 .995 .995
.70 1.01 .86 . 995
.70 1.02 .995 .995
.70 1.05 ,995 .995

Power calculations are displayed in Table 10, Study power in the
case of a matched pair design is strongly dependent on the degree of
positive correlation produced between the involved groups by
the matching procedure. Of course, the degree of correlation can be
expressed by the correlation coefficient r which can take values
between -1 {(negative correlation) and + ! (positive correlation),
and two values of r have been employed in Table 10. From this table
it is seen that if only 450 pairs are studied a 1% shift in mean ( =
1.01) will not be reliably detected, but a 2% shift will be detected
with a probability of 0.88 if r = 0.2 at least. From this calcula~
tion one can infer the need to examine at least 450 pairs to obtain
the 2% shift, and to strive for more if possible.

(2) Power in the Dichotomous Variable Case. There is
significant discussion in the mathematical statistics literature
concerning the effilcacy of paired designs in the setting of dichoto-
mous responses (Billewlcz, 1974; Ury, 1975; Miettionen, 1970; and
several others). Table 11 shows a set of calculations which are
applicable to the present study.
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Table 11

POWER CALCULATIONS FOR DICHOTOMOUS VARIABLE CASE AS A
FUNCTION OF EFFICACY OF PAIRED DESIGNS

POWER = 1-
Rel. ©on=E = T on= T on= n=
Py | Py fRisk | R 160 200 250 300 350
05 ].00] 5 [o .71 .78 .84 .89 92 |*
of.onl 4 o .56 .64 .72 .79 .84
03t.01] 3 o .40 .45 .51 .57 .61
d0b.05)0 2 fo .54 .61 .69 .76 .81
201 .10% 2 fo] .80 .86 .92 .95 .95

.05 | .01 5 .11 .65/.02 |.82/.033 } .89/.029 | .94/.038 | .96/.032

04 ] .01 4 |.1 - 1.54/.020 } .72/.033 | «79/.029 } .87/.038}**

t03 001 3 -1 - - o38f0020 05510033 .68/.046

10} .05 2 |.1 |} .60/.058 |.67/.054 | .76/.055 | +77/.036 | .85/.048

« 20 .1()_1 2 .1} .81/.036 }.92/.056 } .94/.043 § .96/.038 | .98/.046

* = ,050
*%  as indicated

In this figure, r is again the correlation coefficient indicating
the degree of correlation induced between the Involved groups by the
matching procedure. The probability of the disease among RANCH HAND
personnel 1is symbolized as py, while pp dis the probability of the
disease among the controls. Relative risk 1is the ratio p)/po. With
r = 0.1, sign test power tables were used as an exact version of
McNemar's test, and therefore different levels are showm under
each -power number. Table 11 shows the positive influence of
effective pairing in the Thigher power levels noted. Also, 1t
appears that for py; = 0.0l and p; - 0.03, physical examination of
350 pairs (700 examinations) will disclose the three-fold relative
risk with probability less than the wminimum target .80. In other
words, there 1s a greater than "20% chance” that a three-fold
relative risk on a 1/100 disease state will go undetected in this
study 1f only 350 pairs are examined and if low correlations occur.
Once apgain the need to examine increased numbers of pairs in the
study is seen.
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To present these dichotomous power calculations more
clearly, calculations in the context of actual disease states have
been accomplished. The diseases considered are cardiovascular
disease and cancer, corresponding to high and low rate illnesses for
the age groups presently under investigation.

Cardiovascular Disease. A logistic risk fonction was
fitted to data from 17,455 autopsies gathered in a WHO collaborative
- study in Czechoslovakia, Sweden and the USSR. The function fitted

-has the form

where
p = the probability of a complicated coronary lesion

x = age scaled linearly so that x = 0 is equivalent to 3
years, and x = 1 is equivalent to 58 years (the age
span of the current study)

y = 1or 0 if the subject is exposed or not

and and were obtained from the data. The function represents a
fairly high rate disease in that at 40 years of age 7% of the group
had the lesion and at 60 years of age 20% had the lesion. The coef-
ficient » represents the exposure effect. Power calculations for

and are shown in Table 12, ' This figure suggests that if, as
a cell toxin, herbicide exposure accelerates cardiovascular disease,
this study has a good chance of detecting that acceleration if the
herbicide effect is comparable to the age effect. Once again, bene-
ficial effect of pairing is seen.

~ Cancer. A logistic risk function was fitted to breast
cancer data presented by Breslow and Day (1975). The function fit-
ted represents a low rate disease Iin that at 35 years of age only
«000336 of the group had the lesion while at 70 years of age .00676
of the group will have the lesion. Using pairing to achieve a power
of 0.80 in this setting, 1312 pairs would be needed, when the expo=-
sure effect 1is equal to the age effect. This exceeds the size of
our RANCH HAND cohort, and reinforces the fact that herbicide expo~
sure effects on rarer diseases will not have a high likelihood of
being detected by this study, and again suvpports an attempt to
examine as many palrs as possible.
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Table 12

POWER CALCULATIONS A FUNCTION OF HERBICIDE EFFECT

ASSUMPTION: = 0.05

= =8
Number Power Power Power Power
of Neglecting With Neglecting With
- Pairs Pairing Pairing . Pairing ~ Pairing
100 69 - .93 .81 - .82
160 «89 «98 .86 .87
200 «95 . «995 <93 +95

G. Muoltivariate Analysis

Some questlionnaire and physical ezamination data natural-
ly £all into groups; for example, fertility/reproduction data, liver
function tests, cardliovascular examination tests. In these cases,
multivariate analysis may be in order. When the response variables
are continuous, they will be analyzed by the wellknowm multivariate
extensions of the generalized linear model.

, . The general approach to multivariate analysis of polyto-—
mous data considers all classification factors and all variables as
*factors” in a multi-way contingency table. Log~linear models as
described above for polytomous data will be employed where appro-
priate.

H. Indices and Estimates and Exposure

- Exposure estimates can be used to sharpen a statistical
analysis and can be helpful in summarizing responses. In this dis-
cugsion, two estimates will be cousidered: one related to Vietnam
herblcide exposure, and another related to domestic (US) herbicide
exposure independent of Vietnam experience.

Vietnam herbicide exposure. In the above discussion of
statistical methodologies, exposure variables appeared. In the
logistic formula on page , the variable E was shown which could be
either dichotomous, polytomous or continuous. In the use of logis-
tic functions to discuss study power, the exposure wvariable was
taken as dichotomous. If a polytomous or continucus exposure vari-
able E is constructed, significant sharpening of the study analysis
would be accomplished. For example, bilases in this study could lead
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one to suspect that differences between RANCH HAND personnel and
controls were in fact due to factors other than a herbicide effect.
If however, in addition to differences between RANCH HAND and per-
sonnel and controls, one was able to show a regression of mortality
and/or morbidity on an exposure index E, the case for a bona fide
herbicide effect would be firmer. How then could one construct an
exposure index E? The reconstruction of exposures 1is discussed in
Section V{c).

Domestlic herbicide exposure. Individuals in both the
_RANCH HAND and control groups will have had varying exposure to
herbicide in the United States. Particularly, individuals from
specific farming and/oxr foresting areas, may have had and continue
to have a signiffcant background exposure. Data on place of resi-
dence and information concerning home practices (gardening etc.)
could be used to build a background exposure Index Ej. In lieu of
constructing this index, one can hope that randomization would even
out background exposure between RANCH HAND and control groups, how-
ever, good statistical practice would seem to require that such ran-
domization be in fact tested.

I. Next Steps

This statistical protocol is evolving as more 1s learned
about the cohorts to be studied. The next weeks and months will be
the occaslon for the examination of several issues mnot addressed
above or only touched upon. There must be further consideration of
RANCH HAND personnel as risk takers. Alsc, there must be further
analysis of bias due to selective participation in the study. . In
the analysls of mortality, questionmnaire and physical examination
data, more attention will be paid to the construction of meaningful
exposure and disease indices. <— [4. 5@“¥&*u . ﬁ;tuxghu f‘;{ﬂbﬁ

VII. Data Repository

Throughout the 6-year period of this investigation, data col-
lection methods will be integrated by use of computer systems. A
data repository will be established at the USAFSAM. A master file
will be formed on each exposed member and for his matched control.
The individual master files will be keyed to one or more identi-

fiers.
Individual data bits and their sources are as follows:

(1) Questionnaire a. Initial (telephone)
b. Indepth interview
{personal and telephone)
c. Prospective {(telephone)

(2) Psychological Battery a. Initial
b. Prospective
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(3) Physical Examination a. Initial
" bs Prospective

(4) Medical Records a. Actlive duty
' b. VA
c. Clvilian
d. Dependent

(5) |Historical Data a. Military personnel files
b. Flight records

¢c. Military umit

(6) Death Certificates a. Study members
b. Dependents._

(7} Birth Certificates a. Dependents

_ The computer software for the data analysis phase will be pre-
pared to assure proper data conversion, quality control and stan-
dardization of test measurements. Quality control areas will
include verification of identification data, range checks, and
identification/correction of ambiguous or conflicting data. The
repository capability of this investigation will allow complete
computer files on p 5‘;g9m;xposed/ control populations wlith potential
momentary rec‘all.'bTBﬂS CAPARIITY piiee PEPNIT JurcoRAVOM o= DATH
Caudte 720 JEPHONS T 18280 THRoMeHUUT 7ué s;}gﬂ);e"me arapy

Lgivg X3 SRV W ELECEMT ¢ RESS £ JK B ok
VEILL. Re(:ggrffz%g'rStuéy f)i?fiéqullties 4n Corrective Méasures orDs.

A. Medical Precedence

(1) Problem

A departure from the usual methodological approach
characterizes thls  particular epidemiological  investigation.
Clearly there is no historical “roadmap of methodology” to conduct
this study. Most occupational exposure studies use the presentation
of an unusval disease to justify the initiation of a comprehensive
study. A rare disease or a common disease in an uncommon site, or
one with an unusual presentation appearing in space-time clusters,
often In an unusual population or age group, generates the require-
ment for a new study. In the case of Herbicide Orange, the evidence
for long-term human effects has remalned extremely tenuous and
controversial. Despite the unique problems that this study pos-
sesgses, such as the lack of clinically defined endpeints, there are
many problems that it shares with other occupationally related
exposure studies. For example, the question of a latent period in
the development of symptoms/signs, the lack of accurate doseresponse
relationships, and the possibllity of a synergistic effect with
other toxins/carcinogens are all operating in this study. Since
mogt cohort studles of occupational mortality use the pgeneral
population as a standard for deriving the expected nutber of deaths,
preemployment selection ("healthy workexr" bias) affects the
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comparative experience. Age-standardized mortality ratios (SMR's)
in general are 60-90 percent of the standard in the working popula-
tion. Simllarly, conflicting results cap occur using the matched-
pair cohort method proposed in this study design. Statistical
verification of the wvalidity of utilizing such a control for a
summary wortality index (e.g.,SMR) has been iInfrequently attempted
in the past. Inability to verify the wvalidity of the more classical
methods of comparing mortality will necessitate the use of multipli~
cative and/or logistic models to obtain a valid standardized mortal-

ity ratio.

(2) Corrective Measures

Unprecedented study designs forced by unprecedented
occurences of occupationally related medical complaints require
novel approaches, and reorientation and standardization of thinking;
2ll of which require on an effective Peer Review  system. Beyond
even the immediacy of the current study is the growing problem of a
myriad of occupationally—-related exposures, both in the military and
civilian sector, which will require similar epldemlological studies
in the future in order to make some judgment as to whether ‘or not an
assoclation is of causal significance,

B. Group Accountability Bias

(1) Problem

The numerous media presentations on Herbicide
Orange 1issues have focused attention on the RANCH HAND group, and
several attempts have been made to construct lists of former members
of this group. The RANCH HAND population should be easier to locate
and contact than the control population. This difference will be
particularly evident with respect to reported mortality experience.
The incentives for cooperation and study participation are likely to
be greater in the exposed group than in the controls. Also, the
close knit reunion association of former RANCH HAND personnel will
lead to a more precise reporting of morbidity and mortality in that
group. Such group identity tends to decrease the degree of unac~
countability in the exposed group while its absence in the controls
may lead to under ascertalnment of mortality. This could then lead
to the attribution of excess mortality in the exposed population.

(2) Corrective Measures

Unaccountability bias will be minfimized by
attempting to keep the percentages of unaccounted for study subjects
below 1% in both exposed and control groups. The wmorbidity and
mortality status of all individuals selected for the study will be
strongly pursued utilizing a variety of techniques previously des-—
cribed.
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C. "Risk Taking” Behavior Bias

{1) Problem

The early RANCH HAND aircrew population was an
exclusively volunteer group; the C-130 control population, while
volunteers Iin the Alr Force, were not volunteers for special hazar-
dous missions. RANCH HAND mission conditions were considered to be
more dangerous than those encountered in the normal combat environ-
ment. This suggests that some differences may exist in the psycho-—
logical profiles of the two groups. A sensation seeking or risk
taking psychological orientation may have altered the acclident
nortality or morbidity patterns of the exposed group. In addition,
an accident rate affected by peripheral neuropathy could be masked
by undetected risk taking behavior bias. ’

(2) Corrective Measures

In an attempt to correct for the unique psycho-
logical factors that affect the choice of an aeronautical career,
and to adjust for the effects of combat stress, transport aircrew
members were matched with crewmembers of similar traunsport air—
craft. However, the volunteer nature of the early RANCH HAND opera~
tion casts doubt on the adequacy of this. basic matching as an
attempt to control for the paychological effects of combat stress.
The factors of volunteerism and risk~taking behavior must be consi-
dered from both the individual and group perspectives. The assess—
ment of individual risk-taking behavior has been quantified by
psychological instruments such as the Sensation Seeking Scale (SSS)
of Zuckerman, et al. and the Life Experience Inventory (Torrance).
The 8858 has been demonstrated to have considerable wvalldity im
measuring a variety of phenomena including volunteerism and partici-
pation in risky activities and has been applied to naval aviation
trainees (Waters). These models will be adapted for use throughout
all phases of the study. The classical model of field dependence/
independence will be used to assess the group effect in this area.

D. Response Bias

(1 Problem

False positive response 1s anticipated as the pri-
mary bias operating in this study. Compensation issues arising from
individval claims to the VA or from class action suits, helghtened
health concern generated by extensive publicity, disenchantment with
military service, and the simple desire to please the interviewer
may introduce positive responses that exceed the study's ability to
correct or adjust. False negative response will also operate, and
such blas is even more difficult to assess than the spuricus res—
ponse in a positive direction. Significant factors in this direc~
tion include: 1issues of patriotism and loyalty, personal conviction
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as to the propriety of the defoliatioun program and their participa-
tion in it, the strong virility orientation of the pilot/aircrew
population (particularly with reference to questions of libido and
fertility), personal inconvenience caused by study participation,
errors of memory, and fear of the adverse effects on career goals
that abnormal physical examination results could produce (a signifi-
cant problem for active civilian and military pilots).

(2) Pending Retirement BRias:

. The military retirement  system also c¢reates a
potential source of positive bias. A "pending-retirement phenom—
enon” personnel who are approaching end of their careers exaggerate
their systems so that they may become eligible for disability bene-
fits. )

{(3) Corrective Measures

The primary correction technique for questionmnaire
response bias will be a carefully constructed and standardized phys-
ical examination. Multiple verification and bias indicator ques-—
tions will be designed and Iincluded in the initial questionmnaire.
Memory verification will be conducted by cross—referencing responses
to medical and personnel records. Detailed statistical correlations
between the questionnaire reponses and the physical examination
results will be conducted. - All telephone interviews and physical
examinations will be conducted on a "blind” hasis to the maximum
extent possible. Self-administered and group—administered question-
naires will not be conducted. Log linear models of anticipated
biases and their estimated impact on the study will be attempted
prior to the final analysis of any phase in order to justify the
analytic methods used. Conclusions drawn from this study will be
predicated and coupled to a bias estimate.

F. Interview Bias

(1) Problem

Voice inflection, speed of interview, intonation
and ethnicity are recognized factors which can affect positive or
negative interview respomse. These factors will definitely operate
in this study. :

(2) Corrective Measures

An extensive interviewer training program will be
conducted in order to limit the effects of interview bias. The
Survey Research Center of the University of Illineils and the Center
for Disease Control, Venereal Disease Training Branch, Atlanta,
Georgia, will assist in this effort. The training will concentrate
on techniques to elicit sensitive personal and medical information
in an accurate manner, while minimizing discomfort to the subject
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and the interviewer. Quality assurance methodology and information
verification techniques will also be included in the training.
Interviews will be randomly monitored by the supervisor in an unan-
nounced and undetectable manner. For particularly sensitive ques~
tions (e.g. illicit drug usage), randomized response techniques
{coin flip method) will be used, recognizing that responses will be
valid on a group basis ouly.

F. Political Implications

(1) Problem

The question of adverse health effects due to
Herbicide Orange exposure in Vietnam has evoked many strong emo-—
tions. The actions of consumer groups, environmentalists, and other
special Interest groups have generated defensive responses on the
part of some governmental agencies, and reactive decisions by
others. Frequently, these responses have been based on ungubstan-
tiated claims and/or scientific evidence of questionable validity.
As a result of these governmental actions, the political impact on
the planning of this study has been substantial. Suggestions to
increase the scope of the effort to include other "exposed” individ-
vals or poorly defined groups continue to surface. However, monu-~
mental problems of group ascertainment, exposure validation, control
group selection, and control of additional bias make the inclusion
of such individuals undesirable from a sound scientific perspec-
tive. If such decisions are made without regard for their scienti-
fic impact, compromise of study validity is assured.

(2) Corrective Measures

The dilution of the scientific credibility of this
effort by politically motivated decisions will be diplomatically
resisted. While all suggested improvements will be comnsidered, any
alterations or corrections to the study protocol will be based on
sound sclentific assessments of the proposed changes. Such issues
will be clearly presented to appropriate peer review agencies for
comment.

G. Loss to Study

(1) Problem

Loss to study in the RANCH HAND group poses a major
problem to the wvalidity of the inferences that can be made from any
subsequent comparisons between or within groups, The avenues of
loss will conceivably arise from individual apathy (volunteer bias),
lack of appropriate financial reimbursement for lost worktime, the
presence or absence of illness (perception of health), and the lack
of & desive for "treatment."” Losses in the matched controls at any
phase of the study, though predictably greater than in the exposed
greup can be managed by resaupling from the best—of-fit matches from
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the C-130 Consequently, additional decrements in sta-
tistical not result from losses in this group. However,
signific in the exposed group will have irreparable

adverse §ffects fon the power of the statistical analyses. The esti-
mated ajlocatigh of participants 1n this study is shown in Section
XI1, Table A-S, It is estimated that the response rate of the
accessible, identified exposed group will be 70% for both the ini-
tial questionnaire and the physical examination phases of the
study. This is expected to occur despite great efforts to keep the
questionnaire at an acceptable length, to coordinate questionnaire
administration with the subject's personal schedule, and to make the
questions as innocuous as possible. It is also estimated that only
80% of those who respond positively to the opportunity for physical
examinations will actually present themselves for examination.

(2) Corrective Measures

loss to study problems in the study participants
will be avoided as much as possible by detailed and exhaustive
efforts to contact and followup each identified participant. Non-
participants will be encouraged to reconsider their initial deci-
sions. Design considerations have been made to minimize loss to
study in both the exposed and contr ulations deral regional
hospitals in the United States?f"&"ﬁd’ ‘%]’ﬁfs?éiﬁ%’%ﬁed to facili-
tate the ease of obtaining physical exaninat {69 , and thus partici-
pation in the cross-sectional and prospective study phases will be
increased. It is felt that physical examination wvariances due to
slight differences in technique between hospitals and physiclans
will be less damaging to the validity of the study than the effects
resulting from attempts to conduct all of the examinations at a
single facllity, i.e., examination at a single facility would reduce
participation rates, and therefore would severely compromise the
overall statistical power of the study.

H. Statistical Power Limitations

(1) Problem

As discussed above, statistical power considera~

-tions are heavily dependent on loss to study rates. Since the

design of the study is limited by the small exposed population,

statistical power for identifyiag the relative risk of an uncommon

disease or symptom—complex ( 1/100) is very low ( .50). This study

will, to a greater extent, be able to detect increased risks only in
common diseases or symptom~complexes ( 1/100).

{(2) Discussion

The "herald sign” of TCDD exposure, chloracne, is
expected to have the greatest likelihood of achieving adequate sta-
tistical power In this study. Recent findings from Seveso, Italy,
support the importance of chloracne as the primary wmarker symptom.
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The incidence of chloracne has been reported by Regglani (personal
comuunication) and Homberger, et al., to be 1l4.9 cases per 1000
residents in the region of highest contamination of Seveso (Zone A)
and 6-12 cases per 1000 in the Seveso community as a whole. These
rates vary by age group, with children being at highest risk. Only
1-5 cases per 1000 were seen in other regions of Northern Italy
{Milan, Como, and Lecco). The incidence of adolescent acne in all
of these populations varies between 2} and 30%Z. These incidence
rates probably place chloracne at the lower limit of adequate sta-~
tistical power within the constraints imposed on this study. In the
Nitro, West Virginia studies, residvals of chloracne, as well as
exacerbations of previously active disease, continue to be seen 10
years after the wost recent exposures, and 30 years after the indus-
trial accident. Thus, it is likely that any chloracne i#n, the
exposed population may be detected, despite the intervening years

since RANCH HAND exposures.
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- Var Procedures G HE PHESICAC EVAH I AATION To
pryiteP ¢ opTmesors DAIAAS
(1) Problenm Much AS /a%ié}c

The varlance of physical examination findings from
technique differences and the random errors inherent in laboratory
testing are items of concern, particularly if attributable health
effects are subtle or of low magnitude. Nonstandardized procedures
and techniques are majer contributors to this wvariance.

(2) Corrective Measures

Varlability in examination procedures will be mini-
mized by the use of standardized procedures, examination protocols,
and tralning. Most laboratory procedures will be conducted cen—
trally at the USAFSAM, and quality control will be stressed at all
times. .

J.  Confounding Exposure Factors
(1) Problem

While virtually all of the media attention has been
directed toward the 2,4,5-T containing herbicide formulations, other
herbicides were applied concurrently by the C-123 aircrews in Viet—
nam. Herbicide Blue (Cacodylic acid with 15.47% pentavalent arsenic)
and Herbicide White (2,4~D and Picloram) were used throughout the
1962~1970 time period. Any long—term health effects from these
additional compounds may confound the results of the study. Peri~
pheral neuritis, tremors, skin and lung cauncer, loss of hair and
nails, skin rashes, and gastric symptoms have been alleged after
exposure to arsenical pesticides. The organophosphate insecticide,
Malathlion, was also sprayed by many of these same aircrewmembers
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when RANCH HAND duties permitted their temporary assignment to
mosquito/malaria control units. Many of these individuals were
involved in the asrial spray application of these and other pesti-
cides both before, during, and after their Vietnam service. Long-
term effects from these chemicals would confound the study results.
The small size of the RANCH HAND population will allow very little
opportunlty for analytic stratification for these confounding
variables. Differing patterns of exposure to aircraft fuels in the
study populations have been suggested as confounding factors. The
=130 aircraft were powered by turbo-prop engines which used jet
“fuel (JP-4), while the C~123 and C-7 aircraft were powered by
standard reciprocating engines which used leaded aviation fuel
(AV~GAS). After June 1968, many C-123s were modified by the
addition of auxilliary jet engine boosters for added power on take=-
offs and emergencies.

(2) Corrective Measures

While the extent of confounding caused by exposure
to these other pesticides is undetermined at this time, assessment
of its magnitude must rely on responses of the subjects to that por-
tion of the questionnaire dealing with other occupational expo-
sures. Variations in fuel between C-130 and C-123 aircraft would be
significant factoxrs if individuals in the study were heavily and
repetitively exposed. However, the normal duties of the study par-
ticipants did not involve aircraft refueling or other fuel handling
activities. Thus, fuel exposures can be rejected as confounding
factors.

IX. Reporting Procedures

Interim syneptic progress reports will be provided to the
Surgeon General through Quarterly Management -Reviews conducted each .
January, April, July and October. Key data analyses will be dis-
played, but inferemces and counclusions will await full data analysis
at the conclusion of each phase. A formal report for each of the
three phases will be completed with forecasted submission dates of :
Retrospective Study, July 1981; Cross-Sectional Study, October 1981;
and Prospective Study, April 1986. Findings and conclusions of each
phase will be published in a journal of stature. Total study design,
findings, and conclusions will ©be published in the USAFSAM
Aaromedical Reviews ox Technical Reports.
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