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UNITED STATES AIR FORCE PERSONNEL AND EXPQSURE TO HERBICIDE ORANCE
INTRODUCTION

The United States Afr Force is conducting an epidemiological study to
determine whether or not mflitary personnel associated with herbicide spraying
during the Vietnam War have experienced any adverse health effects, The Afr
Force program responsible for the herbicide spraying was code named Operation
Ranch Hand, and the personnel involved in the spray missions are termed Ranch
Hands. The current epidemfological study is called the Air Force Health
Study (AFHS). o -

This report reviews salient findings of the AFHS first morbidity report.1
Building on prior reports, this article presents new work by examining rela-
tionghips between AFHS findings and the results of laboratory toxicological
studies and other epidemiological studies addressing dioxin. This report
attempts to assess the extent to which these initial AFHS findings are compat~
ible with toxic effects of 2,3,7,8-tetrachlorodibenzo para dioxin (TCDD) as
known from animal experiments and, to a lesser extent, from observation {n
humans. In the preparation of this report, more than 400 dioxin-related
published articles were studied, and a blomedical portrait of dioxin effects
emerged. This portralt will change as research proceeds; nevertheless, the
current literature is sufficiently mature to permit comparison with AFHS

findinga.

METHODS

The Protocol

Investigatora at the USAF School of Aerogpace Medicine developed a com-
prehensive study protocol to govern the AFHS.© The protocol underwent exten-
sive peer review by military and civilian agencies, Iincluding: The University
of Texas School of Public Health, an Air Force Scientific Advisory Board, the
Armed Forces Epidemiological Board, the National Academy of Sciences, and the
White House appointed Agent Orange Working Group. This last organization h
continues to act in an advisory role. Recommendations by these groups were
incorporated into the protocol.



Study Design

The study design is a matched cohort design in a nonconcurrent prospec-
tive setting. The study addresses mortality and morbidity and includes long-
term follow-up activities. A detailed population ascertainment process ideén-
tified 1,278 Ranch Hand personnel who served in Vietnam during the period 1962
through 19?1. when the spraying operation was active. A comparison group was
formed by identifying all individuals assigned to Air Forée organizational
‘units with a mission of flying cargo to, from, and in Vietnam during the same
period. A computerized nearest neighbor selection process was used to match
up to 10 comparison individuals to each Ranch Hand. This matching was done by
. job category, race, and age. The initial comparison group erroneously eon-
tained some individuals who did not in fact have any Southeast Asia experi-'
ence. These individuals (18%) were removéd from. the comparison population
after detailed hand record review, leaving an average of approximately eight
comparison individuals matched to each Ranch Hand., '

The comparison individuals matched to each Ranch Hand were listed in
random order within each set. The first five comparisons were inc¢luded in the
mortality analyses giving these studies a 1:5 design. For each living Ranch
Hand, the first living member of his randomized comparison set was selected
for participation in a morbidity study consisting of an in-home interview and
a comprehensive physical examination. If the matched comparison subject '
declined to participate or subsequently withdrew from the morbidity study,
that individual was replaced by the next living comparisOn subject from the
randomized set who was willing to participate.

Follow-up studies are an important aspect of the AFHS., The follow-up
studies consist of mortality and morbidity components.  Each Ranch Hand and
his set of comparisons will be the subject of mortality evaluations for the
next 20 years, In addition, follow-up questionnaires and physical examina-

tions are being offered to participants in 1985, 1987, 1992, 1997, and 2002 in '

order to bracket the latency periods associated with possible attributable
disease,

Inference Concerning Herbicide Causation

In an experiment, members from a single population are randomly asaigned
to either a treatment (exposed) or control group. In the seétting of such
completely randomized designs, statistically aignificant differences between

~ the treated.and control group can often be reliably ascribed to the effect of =

- the exposure.' The AFHS is the study of an unplanned environmental exposure
and thus does not follow the above experimental design. ' The study has a non-
randomized deslgn and is an observational study. In such studies, while the
comparison group is chosen to be similar to the exposed group with respect to

~as many qualities as. possible, except exposure status, in the absence of
randomization, group differences or the lack thereof cannot be interpreted

. solely in terms of exposure., For example,. in the AFHS the exposed group was
stationed in the Republic of Vietnam itself, while most of the ‘comparison



group was quartered in surrounding areas such as Okinawa and Japan. Compari-
son airerew members periodically flew into Vietnam while comparison ground
support personnel, predominantly enlisted, remained in non-combat areas.
Ranch Hand Vietnam tour length was approximately 1 year while comparison tour
length was 3 years. These differences and others may or may not influence
health and longevity. Thus, group differences or the lack thereof cannot
unambiguously be ascribed to herbicide exposure. This emphasizes the impor-
tance of relating study results to other studies to see whether common pat~
terns of effect emerge.

Another approach to inference is the use of an exposure measure or jindex.
It one knew exactly how much herbicide each Ranch Hand was exposed to, highly
exposed individuals could be contrasted with less exposed individuals within
the Ranch Hand group and an estimate of herbicide effect could be constructed,
However, once again, since randomization was not employed in the dose assign-
ment, estimates of herbicide effect must be viewed with great care due to the
possibility of confounding factors. For example, it could happen that higher
exposures occurred for a variety of reasons in the lower socio-economic strata
(lower ranks) of the Ranch Hand cohort. Industrial hygléne data concerning
herbicide exposure were not collected during the Vietnam era. In any case,
however, the use of an exposure index provides ancther view of exposure
effects which can augment interpretation of group differences. .

The exposure index used in this report relates to the TCDD-containing
herbicides: Herbicide Orange, Herbicide Purple, Herbicide Pink, and Herbicide
Green, Archived samples of Herbieide Purple had a mean TCDD concentration of
approximately 33 ppm, and archived samples of Herbiclde Orange had a mean
concentration of 2 ppm. Herbicides Pink and Green contained twice the 2,4,5-T
of Herbicide Purple and, therefore, have been estimated to contain TCDD at a

concentration of approximately 66 ppm.

Using mission records, it was possible to determine the amount of each
herbicide sprayed each month in Vietnam as well as the number of Ranch Hands
in each job category who were involved in spraying that month.for the period
1962 through 1971. Tour data also allowed determination of the months each
individual was involved in the Ranch Hand operation. Using these data, an
exposure index was developed for each Ranch Hand. The exposure index is
directly proportional to the number of gallons of herbicide sprayed in Vietnam
during the individual's tour, where potential exposure to the higher TCDD-
containing herbicides (Purple, Pink, Green) has been properly scaled according
to dioxin concentration to place them on the same basis as Herbicide Orange.
Also, the exposure index i{s inversely proportional to the number of airmen
_ assigned to the specific aubject's job category during his tour.

From the deseription just given, it should be clear that the current f =i
Ranch Hand exposure index is an eatimate only, as it applies theater-wide
spraying to a single individual, and, since it assumes that all individuals in
a job category were equally exposed. Also, the degree to which this calcu-
lated index is associated with actual body burden of TCDD is unknown. In
short, the absence of a positive association between the index and health
ocutcomes cannot be taken as confirming a lack of herbicide effect, nor can the
presence of an assoclation be interpreted as an unambiguous herbiclde effect
without consideration of possible confounding factors.



Job category matching In the AFHS used five categories: (a) officer-
pilot, (b) officer~navigator, (¢) officer-other, (d) enlisted~-flying, and (e)
enlisted-ground. Exposure- index analyses used three occupational categories:
all officers were combined into one category called "officer" due to the fact
that navigators and pilots, while having different jobs, were believed to be
exposed in the same manner. For each exposure occupational group {officer,
enlisted-Tlying, enlisted-ground). the caleulated exposure index was trichot-
omized into three levels: low exposSure, medium exposure, and high exposure.
Since the mode of exposure was judged to be different in each occupational
group, statistical analyses with the eéxposure index were occupational group
specific.

Questionnaire and Physical Examination

The AFHS uses a broad medical history and physical examination._ The
medical history was collected by an extensive in-home questionnaire.

The purpose of the extensive questionnaire was to collect data that could
be analyzed for the subjective presence of adverse health effects that might
be related to herbicide exposure, In’ addition to the study participants, the-
questionnaire contractor was also required to interview the participants'
current and former wives, as well as the first-order next-of-kin or deceased
individuals to obtain morbidity data as completely as possible.

Physical examinations were performed at a single location by a contrac-
tor. All examiners evaluated the participanta without knowledge of their
exposure status. The number of examiners and the turnover of staff members
were kept to a minimum to limit between-examiner variability. All laboratory
tests were subjected to rigid standards of guality control, and laboratory and
physical examination data were measured on a continuous scale whenever possi-
ble to improve statistical power In the analysis. '

A general sumﬁaﬁy of the majob Ebmbonents of the examination is presented
in Table 1, and the laboratory procedures conducted on each subject are listed

in Table 2.



TABLE 1. AFHS PHYSICAL EXAMINATION

General Physical Examinatlﬁn
Neurological Examination
Dermatological Examination
Electrocardiogram

Pulmonary Function Study
Chest X-ray

Nerve Conduction Velocities
Psychological Evaluation:

Minnesota Multiphasic Personality Inventory (MMPI)
Cornell _
Wechsler Memory Scale I

Wechsler Adult Intelligence Scale (HAIS)

Wide Range Achlievement Test (WRAT)
Halstead-Reitan Neuropsychological Battery




TABLE 2. LABORATORY PROCEDURES

Chem{stry Panel: Urinalysis:
Blood Urea Nitrogen (BUN) ' 24~Hour Urine
Creatinine Volume
Cholesterol ' _ Delta Amino Levulinic Acid
High-Density Lipoprotein ; ' Coproporphyrins
Triglyceride . ' Uroporphyrins
Total Bilirubin ' - Porphobilinogen
Direct Bilirubin ' Creatinine
Alkaline Phosphosphatase
Glucose (Fasting and 2 hour) - ‘Semen Analysis:
Cortisol (Fasting and 2 hour)
Serum Glutamic-Oxaloacetic Volume
Transaminase (SGOT) Count
Serum Glutamic-Pyruvic Abnormal Forms
Transaminase (SGPT) ‘
Gamma Glutamyl Transpeptidase 'Hepatitis B Testing:
{GGTP)
Lactic Acid Dehydrogenase (LDH) Surface Antigen
Creatine Phosphokinase (CPK) - - "+ ‘Antibody to Surface Antigen -, -
Blood Alcohol "Core Antibody

Hormone Assay:

Luteinizing Hormone (LH)

Follicle Stimulating Hormone (FSH)
Testosterone

Triiodothyronine (T3) Uptake
Tetraiodothyronine (T4)

Free Thyroxine Index (FTI)

Hematology Panel:

Erythrocyte Sedimentation Rate
Prothrombin Time
Serological Test for Syphilis (RPR)
White Blood Cell Count

{with 10,000 cell differential)
Red Blood Cell Count '
Hemoglobin
Hematocrit
Red Cell Indices
Platelet Count




RESULTS

Morbidity

The results ?f the analysis of the baseline morbidity data were released

in February 1984, Of all Ranch Hand and comparison individuals who were
selected for the questionnaire and physical examination phases of this study,
99.5% were contacted, eliminating the major concern of selection bias. One
thousand one hundred and seventy-four (97%) of the Ranch Hand group and 956
(93%) of the originally selected comparison group participated in the ques-
tionnaire portion of the Morbidity Study. An additional 576 comparison sub-

Jects were interviewed as substitute subjects, bringing the total number of
comparison participants to 1,532, Substitute comparisons were selected to
replace comparisons selected erroneously and to replace noncompliant compari-
sons., Two thousand seven hundred eight current and former wives of the study
participants were also interviewed, One thousand and forty-five (87%) af the
Ranch Hand group participated in the physical examination, and 773 (76%) of
the originally selected comparison subjects participated in the examination
process, giving a total of 2,269 participants.

The analyses presented in the baseline morbidity report were largely
performed using all available Ranch Hand data (1,045 participants) and data
from originally selected comparison subjects (773 participants) yielding a
total of 1,88 subjects, Data from the substitute comparison subjects were
not used for inference. Due to logistic difficulties, the substitute compari-
sons were invited to participate in the physical examination later {n the
study period; therefore the substitute comparisons had a narrower time window
within which to travel to the examination site. The substitute comparison .
subjects, entered early into the study to replace ineligible subjects, were
found to be statistically comparable to the original comparisons when evalu-
ated on clinical endpoints. -Some principal investigators were concerned that
the group substituting later for noncompliant comparisons may have self
selected differently due to the reduced scheduling opportunity. Since opin-
ions differed, a management decision was made to use only the originally
invited comparisons for inference.

The baseline morbidity report had 13 primary clinical chapters address-
ing: general health, neoplasia, reproduction, neurological status, psycholog-
ical status, hepatic function, dermatological findings, cardiovascular
conditions, immunological competence, hematopoietic status, and renal, pulmo-
nary, and endocrine functions, More than 190 clinical variables were tabu-
lated. In this report only a subset of these variables will be discussed.

The varlables selected for emphasis in this report were chosen because of the
avallability of corresponding or related evaluations in laboratory or other

'epidemiological studies related to dioxin effects. Thus, this report reflects -

on the degree to which AFHS findings are compatible with TCDD toxie effects as
currently suggested by experiments with animals and observations in humans.
Sample sizes may vary in adjusted analyses due to missing covariate or end-

a p value of less than or equal to 0.05,

point data. In all analyses, the phrase "statistically significant" prefers to



r’ The fixed sample sizes in this study impose limits on its ability to

. detect small relative risks for rare diseases. This ability is expressed in
probabilistic terms using the statistical quantity called power, whieh is
defined as the probability of detecting a group difference of interest. In
the case of dichotomous reaponse, such as presence or absence of disease,
groups are generally compared with relative risk, defined as the ratio of the
probability of disease in the exposed group to the probability of disease in
the comparison group. A relative risk of two, for example, would indicate a
doubling of the disease rate in the exposed group relative to the comparisons.
If the disease incidence in the control group is 1/1000, as is typical for
some specific cancers, such as bladder cancer,. ‘the AFHS would require 22,840
exposed and an equal number of comparisons to attain a power of 80% to detect
a relative risk of two, assuming two-sided testing with a 5% significance
level. In fact, the AFHS s unable to detect relative risks less than eight
in diseases with a comparison incidence of less than or equal to 1/1000.

“’There is a 0.351 chance of observing no cases at all of a rare disease of
incidence 171000 in a group of 1,045 subjects. With even rarer diseases of
incidence, 1/10,000, theré is a 90% probability of observing no cases at all
in a group of 1,045 subjects.

This study does have good power to detect small relative risks for dis-
eases having an lncidence of 5/100 or greater. For example, the power for
detecting a relative risk of 2, when the disease rate in the comparison popu-
lation is 5/100, is 0.85, based on only 450 pairs- in a matched pair analysis.
In the case of continuously distributed response variables, such as blood
pressure or cholesterol, this study has good power to detect small mean
shifts. For example, the probabllity of detecting a mean shift of 5% in a
-matched pair analysis utilizing only 450 pairs is at least 0,90, assuming
equal variances, two-sided testing and an 0.05 significance level,

The power of the mortality component of this study is aimilarly con~
strained. The mortality study design consists of all 1,247 Ranch Hands and up
‘to 5 matched controls per Ranch Hand. The mortality study has a power of 0.85
to detect a relative risk of two for causes of death, such as heart disease.

having incidence 17100 in the comparison population. The corresponding power

is less than 0.25 for causes having an Incidence of 1/1000 {n the control
population,.

This study, in summary, has good power for detectihg relative risks on
the order of two or three for common diseases and causes of death and has
virtually no power for detecting relative risks of the same order of magnitude
for rare diseases. It does have good power for detecting small mean shifts in
continucusly distributed response variables. Bearing these study power con-.
straints in mind, the following ten areas of clinical morbidity are discussed.

. General Health

Weight 1035 has been rrequently reported as a ﬁonsequenqe of subacgute and
. ¢hronic administration of TCDD to animals. McNulty" noted marked weight loss
in two male rhesus monkeys fed diets containing 2 or 20 ppb TCDD., Horses
ingesting TCDD—contaminageg waste oil sprayed on ?renas in Missouri showed
aignificant weight loas., ‘Chapman and Schiller' report that decreased feed
consumption did not account for weight loss In C57 mice given dioxin in their



feed. Seefeld and colleaguesa conclude that TCDD affects the weight regula-’
tion set-point in rats. Weight loss has nos been prominently commented on in
studies of human exposure. However, Oliver’ indicates weight loss or loss of
appetite in two of three reported cases,

The toxicological literature mentioned here suggests that weight changes
might be anticipated in a dioxin-exposed group. In the AFHS, body fat percent
was ca%gulated by a formula that uses height and weight as independent vari-
ables. No statistically significant differences in the distribution of
estimated body fat were detected between the Ranch Hand and comparison group.
The basic data are shown in Table 3.

TABLE 3. DISTRIBUTION OF BODY FAT PERCENT

Lean (<t0%) Normal (10-25%) Obese (>25%)

Number Percent  Number Percent  Number Percent Total
Ranch Hand 13 (1) 824 (79) 207 (20) 1,044

Comparison 7 (1) 607 (79) 157 (20) 771

The sample sizes in Table 3 (1,044 and 7T!) are reduced due to missing
data for three individuals. A chi-square statistical test using these data
indicated no statistiecally significant difference between the distributions
for the groups (p=0.89). Detailed analyses of percent body fat, adjusting for
age, race, and occupational category, are described In the baseline report,
and these analyses also indicated the absence of a group difference, Also,
within the Ranch Hand group no relationship between body fat and the exposure
index was found. . :

Neoplasia

The animal toxicology literature portrays dioxin as a carcinogen, a
cocarcinogen, and as having anti-carcinogenic properties, Jackson'' showed
impairment in the functioning of the mitotic apparatus a;zo.z g/l in dividing
endosperm cells of the African blood 1ily. Kociba et al'“ fed male and female
Sprague~Dawley rats on dlets supplying 0.1, 0.01, or 0.001 ug of TCDD/kg/day
for 2 years. Exposed male rats diaplayed more stratified squamous cell carel-
-nomas’ of the hard palate and tongue. However, fewer adenomas of the p?gcreas
and pheochromocytomas of the adrenal were found, Kouri and colleagues
conclude that TCDD is a cocarcinogen. They propose that this effect is medl-
ated through aryl hydrocaFRonxhydroxylase induction. On the other hand,
DiGiovanni and colleagues'' found that TCDD reduced cutaneous papilloma forma=-
tion by various hydrocarbons, Indicating an anti-car?gnogenic effect., With
respect to carcinogenesis i{n man, Coggon and Acheson'” reviewed the available



\- epidemiological studies and concluded ", . . there is auggestive evidence of a
. biological.association between phenoxy herbicides (or their contaminants) and
soft-tissue sarcomas, The, evidence relating these products to the oceurrence

of lymphomas is weaker."

~ Table 4 summarizes the cancer events that have occurred in the Ranch Hand
and comparison groups sinceé these individuals completed their Southeast Asia
military tours. All shown cancer cases have been verified by personal medical
or pathological records, One comparison individual has had both a skin and
systemic cancer. In the table below he 1s shown as having only a systemic '
cancer for purposes of the statistical analysis.

TABLE 4. CANCER VERIFIED BY INDIVIDUAL MEDICAL RECORDS OR PATHOLOGY REPORTS

No. with No, with ' No. with
“Group Skin Cancer (%) ° Systemic Cancer (%) -~ No Cancer (%) -  Total
Ranch Hand 35 (3.3) 13 (1.2) 997  (95.4) 1,045
Comparison 10 (1.3) 8 (1.0) 755 (97.7) 773

Of 1,045 Ranch Hands, 1.59% have a 'skin or systemic cancer. 0f the 773
comparison individuals, 2.33% have a skin or systemic cancer.  Thus, the
relative risk for any type of cancer is 1. 97 and this relative risk has a
probability of less than 0.01 of occurring by chance under thé hypothesis of
no difference. This statistical test for overall cancer rate difference was
the hypothesis test formulated prior to examinatfon of the cancer data set.
After this statistical test was performed, detailed review of the cancer data
file suggestéd that the file be partitioned into skin and systemic events
based upon the observation that skin cancer comprised a large fraction of the
cancer set, The relative risk for skin carncer is 2, 59, and this risk has'a p
value of less than 0.01. The relative risk for systemic cancer 13 1.20, and
this risk has a probability of 0.67 of occurring by chance.

: in the first morbidity report, the authors relt the neoplastic process
was confined to skin, This inference cannot be affirmed because the separaté

~skin and systemic hypothesis tests followed rather than preceded review of the
cancer data file; thus the c¢ritical levels for these tests are unknown.
Furthermore, important incrcments in relative risk fcr syatemic cancer could
Neither skin cancer nor systemic cancer rates were correlatéd with herbicide
exposure level; however, these statistical analyses involved a very-small-
number of cases in most of the nine occupation-exposure ¢ategories, thus
decreasing the precision of rate determinations in these categories.

10



Reproduction

The literature suggests that dioxin has mutagenic and teratogen*g capac-
ity. Some bacterial tests have been positive for TCDD mutagenicity. The
baby'haTgter kidney cell transformation assay was positive for TCDD mutage-
nieity. Chromosome ?berrations have been a?gn in bone marrow cells of male
rats exposed to TCDD. Van Miller and Allen'” observed reduc?g spermato-
genesis in rats experiencing chronic exposure to TCDD. Seilgs observed
reduced DNA synthesis in mouse testicle, Courtney and Moore<“ obsgerved kidney
~abnormalities in fetuses of female rats given 0,5 ug/kg/day of TCDD subcuta-
neously on days 6-15 of gestation. Cleft palate and renal abnormalities have
been produog? in the mouse after 0531 or subcutaneous administration of TCDD
t0o females. Lamb and ¢olleagues““ showed that exposure of male mice to
toxic levels of TCDD with subsequent mating did not affect sperm, mating

frequency, or quality of offspring.

This sampling of the literature should be sufficient to indicate the
possibilitg of reproductive changes in exposed human populations., Hanify and
colleagues have reported an assoclation of aerial ﬁpraying of 2,4,5-T and an
excess of talipes in New Zealand. Townsend et al.,*” 1in a study of Dow chemi-~
cal workers' wives, found no statistically significant differences in fetal
wastage or birth defects. The Australian government's study of birth defects
in Vietnam veterans showed no statistically significant diffeggnces in rates
between veterans who served in Vietnam and those who did not. A Centers for
Disease Control study (CDC) also found Vietnam veterans to have the same
overall risk for fathering abnormal offspring as nonveterans. In the CDC
study some specific defects were associa%gd with higher exposures, but inter-
pretation of this finding was uncertain,

Male exposure could theoretically lead to unfavorable reproductive out-
comes by means of several mechanisms: (a) mutated DNA in sperm, (b) abnormal
sperm or testicular function due to biochemical effects, (e¢) transmission of
TCDD to the female. by spermatic fluid, and (d) transmission of TCDD to the
female by contact with clothes or other objects.
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Semen specimens from study participants without vasectomies or orchiec-
tomies evidenced no statistically significant group differences in sperm count
or percent abnormal sperm. The data are displayed in Table 5. Sample sizes
reflect the number of compliant subjects not previously vasectomized.

TABLE 5. DESCRIPTIVE STATISTICS OF SPERM VARIABLES BY GROUP

Sperm Count (millions/ml)

= L.
Ranch Hand (N=572) 111.5 102.8

Comparison (Nei21) 111.9 108.8
Percentlubnormal Sperm

X

|

_Ranch Hand (NFSGO) 9.7
Comparison (N=409) 9.6

i wn
L -
MR
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-Conceptions reported by study participants and their spouses were catego-
rized as miscarriages, stillbirths, induced abortions, and live births, Num-
bers in each category are ghown in Table 6 with indication of whether the
conception occurred before or following the participant's Southeast Asia tour.

TABLE 6. CONCEPTION OUTCOMES BY GROUP MEMBERSHIP AND TIME

Pre-SEA ' Post=SEA

Yes (%) No Yes (8)  No P Value
.Hiacarriages
Ranch Hand 239  (13.7) 1,505 156 {15.0) 883
0.76
Comparison 172 (11.9) 1,276 108 (12.5) 726
Stillbirths . .
Ranch Hand 9  (0.5) 1,735 12 (1.2) 1,027
- o : 1.00
Comparison 8 (0.6) 1,440 8 (1.0) 822
Induced Abortions
Ranch Hand - 8 (0.5} 1,736 37 (3.6) 1,002 :
. : ‘ ' 0.89
Comparison = T (0.5) 1,841 33 (4.0) 797
Live Births ) . )
Ranch Hand 1,487 (85.3) 257 833 (80.2) 206
0.94 -
Comparison 1,258 (86.9) 190 682 (82.2) 148

. The data were analyzed using log-linear mode1327, adjusting for the fac-
tors of maternal age (<35, 235), maternal smoking (yes/no), maternal alcohol
use (yes/no), and paternal age (<35, 235). The four statistical tests all had
p values greater than or equal to 0.76. Exposure analyses showed no consis-
tent pattern with exposure level.
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Ranch Hand and comparison live births were further analyzed to determine
the occurrence of learning disabilities, physical handicaps, infant death,
neonatal death, and birth defects. Data on live birth cutcomes by group mem~
bership and time are shown in Table 7,

TABLE 7. LIVE BIRTH OUTCOMES BY GROUP MEMBERSHIP AND TIME

Pre~SEA _ Post-SEA
Yes {1) No Yes . (%) No-. - P Value

Learning Disability

Ranch Hand 5T (3.8) 1,430 75 (9.0) 758

_ ‘ 0.19

Comparison 57 (4.5) 1,201 47 (6.9) 635
Physical Handicap ' . ,

Ranch Hand 134 (9.0) 1,353 126 (15.1) 707

0.45

Comparison 103 (8.2) 1,155 77T (11.3) 605 '
Infant Death

Ranch Hand 7 (0.5) 1,480 3 (0.4) 830

: 0.81

Comparison 2 (0.2 1,256 1 (0.1) 683
Birth Defects

Ranch Hand 78 (5.2) 1,409 76 (9.1) 757

S 0.04

Comparison 80 (6.8) 1,178 uy (6.5) 638
Neonatal Death ' :

Ranch Hand 20 {(1.3) 1,467 18 (1.7) 819

- , 0.20

Comparison’ 17 (1.4) 1,211 3 (0.4) 679

Analyses of these data, adjusting for maternal age, maternal smoking,
maternal alcohol use, and paternal age, reveals a statistically sighificant
increase in reported birth defects in the Ranch Hand group. Subsequent to
this observation the birth defects were oategorized as severe (lire threaten-
~ ing or interfering with normal overall health or ‘sdeilg-economic progress},

moderate (not life threatening and, with health care, non-interfering with-
overall health or socio-ecoriomic progress), and limited (non-life threatening,
non-interfering, and needing no care). These data are shown in Table 8.
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TABLE 8, SEVERITY OF REPORTED BIﬁTH-DEFECTS BY GROUP MEMBERSHIP AND TIME

Pre-SEA

' No reported

Severe Moderate Limited Defects Total

N8 N (%) N (%) N (%)
Ranch Hand 51 (3.0) 32 (1.9) -7 (0.4) 1,633 -(95) 1,723
Comparison 50 (3.5) 27 (1.9) -~ 10 (0.T) 1,348 (94) 1,435

‘Poat-SEA

N (%) N (%) - N (%) - N (%)

Ranch Hand 32 (3.5) 22 (2.4) 26 (2.8) 837 (91) 917

Comparison 18 (2.4) 20 (2.7) 10 {1.3) o 696 (94) T84

The above data set is larger than the prior data set since this set
contains all reported live births while the prior set consisted of all live
births on whom the covariates (maternal age, maternal smoking, maternal alco-
hol, and patermal age) were avallable., The larger data set was used since
categorizing birth defects as 3evere, moderate, or limited reduced cell
counts. Full covariate a?Juabment was not possible. The morbidity report can
be consulted for details, ' :

Once again, in this larger data set, an increase ‘{n reported defects is
noted. Specifically, the Ranch Hand to comparison birth defect odds ratio is
0.85 for children born prior to Vietnam, while the post-Vietnam ratio is 1.39.
A statistical analysis of the complete data set suggests that the birth defect
-severity pattern by group relationship changes with time (p=0.07). Visual
inspection of these data suggests that this nearly significant change may be
due to a relatively large number (26) of post-Vietnam Ranch Hand children
reported as having limited birth defects; the Ranch Hand to comparison odds
ratio in this category is 2,16, However, an excess of severe defects is also
seen by visual inspection. A separate analysis on data for defective children
only {(with the reported non-defective children removed) suggests that the
group by severity relationship does not change with time (p=0.15) and that the
severity pattern does not change with group (p=0.78). The statistical analy-
sis of the complete data set is more powerful than these last two analyses
since the latter analyses use only the 305 reportedly defective ¢hildren,
which constitutes only 6.3% of the total data set,

In the AFHS first morbidity report, it was asserted that minor skin
lesions accounted for the reported birth defects excess. That analysis was
incomplete, and we are no longer confident in that inference. Also in the
AFHS first morbidity report, it was properly suggested that differential
reporting of birth defects could be responsible for the apparent excess. A
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preliminary analysis of medical records of children reported abnormal, has
indicated that overreporting of defects may not account for the excess; how-
ever, intensive work is In progress addressing both differential over- and

underreporting.

_ Exposure index analysis of the birth defect data ylelds inconsistent
findings that are not interpretable as a herbicide erfect.

The finding of increased birth defects aa'reportéd'by'b;ﬂdy partieipants,
their wives, and partners is under further Investigation by review of birth
certificates and medical records of all 5,663 children to verify both positive
and negative responses,

Neurological Findings

A variety of neurological symptoms have been described following indus-
trial accidents involving TCDD including headaches, asthenta, slee¢p distur-~
bances, irritability, and confusion. Peripheral polyneuropathy is a specific ,
neurological condition that has also been linked to acute dioxigaexpoaure. and
is a condition_that is amenable to direct clinical measurement. Elovaara
and colleagues® found that acid proteinase activity was increased in the
brains of Wistar rats after TCDD treatment. Acid proteinase is a lyaoaomal'
enzyme responsible for protein destruction in the mammalian brain, and may
play a role in degenerative diseases and intoxications.

In the AFHS, neurologlical examination of the twelve cranial nerves
revealed no statistically significant group differences. Assessment of
peripheral nerve status Included sensitivity to touch, vibration, and test of
the patellar, achilles, and biceps reflexes., Again, no statistically signif-
“ieant group dirrerentlala were observed., '

As shown in Table 9, the groups were not statistically different with
respect to nerve conduction velocities, Of interest 'is the observation (data
not shown) that the conduction velocitiss decreaaed as expected with increas-"'
ing self-reported alcohol use (drink-years) and postprandial glucoae levels
(dichotomized as leas than, or equal to or greater than 120 mg/dl). These
effects appear to be consistent in both groups. All exposure index analyses
were unremarkable. }
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TABLE 9. NERVE CONDUCTION VELOCITY (M/SEC)

Nerve Groﬁp (N) Unadjusted Mean P Value

Ulnar Ranch Hand (1,035) 55.9
(above the elbow) 0.30

Comparison (769) : 56,2

Ulnar Raneh Hand {1042} 60.5 :

{(below the elbow) 0.39
Comparison (771) 60.7 -

Peroneal ' Ranch Hand (1041) 58,2
0.74

Comparison (769) 48 .1

Psychological Assessment

Working with rats, Creso et a1.3° have noted that TCDD provokes irrita-
bllity, aggressiveness, and restlessness, They found by in vitro studies that
TCDD directl; stimulates the striatal and hypothalamic adenylate cyclase of
rat, Oliver’ reports that two of three TCDD-exposed individuals studied
expressed the symptom of excessive fag gue, and one communicated loss of
ability to concentrate. Bauer et al.”' studied nine workers with chloracne
and noted fatigue and apathy alternating with anger and irritability. Rorshach
tests showed a weakened emotional reaction, slowed thought processes, and
perseveration, Poland and Smith 2 observed increased values on the MMPI mania
scale in the group of workers with chloracne when compared to two groups with
less severe acne. '

The AFHS disclosed several group differences in psychological testing.
Indices developed from the questionnaire relating to fatigue, anger, mental
erosion, anxiety, isolation, and depression all showed Ranch Handa to be sta-
tidtically significantly less well than comparisons., The Cornell index
results paralleled the gquestionnaire indices; however, no increase In Ranch
Hand depression was seen., Education strongly related to results of all psy-
chological testing with group differences tending to be most prominent in
high-achool~only educated individuals rather than college educated. For
example, the MMPI among high-school-only educated individuals showed statisti-
cally significantly higher hypochondria, mania, and social introversion scores
among Ranch Hands., The MMPI among college-educated participants showed only
higher social introversion among Ranch Hands., In interpreting these data it
must be remembered that there 13 a very high association between being college
educated and having officer status, None of these data had been adjusted for
the potentially confounding variable of combat stress. This area was pursued
during the 1985 follow-up examination. Tests aiming at neuromuscular and
intellectual functioning (WAIS and Halsted-Reitan) showed no group differ-
ences, and no consistent patterns emerged from any analyses using the exposure
index, : '
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Thirty-six of 1 0&5 Ranch Handers (3.4%) and 16 of 773 comparisons (2.1%)
reported psychological illness (psychosis, alcohol dependence, anxiety, or
other neurosis). This group difterenee is not statistically significant.

Hepatic Examination

Dioxin has been associated with the occurrence of hepatotoxicity. Pro-
liferation of the smooth endoplasmic reticulum, distortion of iiver architec-
ture, and increase in liver weight relative to body weight have been seen in
rats and mice. Changes in serum enzymes have been observed, but not with'
consistency. Porphyria has been observed after chroggc dosing. A sampling of
an extensive literature is given next. 'Weber et al.’? obgerved rats over a
32-week period following a single intraperitoneal dose (20 1g/kg) of TCDD,
Centrolobular necrosis, mitochondrial lesions, smooth endoplaamic reticulum
increase, and hepatic regeneration were seen. The abnormalities began to
regreas 16 weeks after exposusg Similar findings in Eats havé also been
reported by King and Roesler. Gupta and colleagues3 orally administered
single, daily, and weekly doses of TCDD to rats, guinea pigs, and mice. Severe
liver *gsions were only seen in the rat’ indicating species variation. Kociba
et al.'® noted elevated liver enzyme levels in rats fed diets with TCDD for
two years. Porphyria cutanea tarda has ?Ecurred in Workers exposed to TCDD, 6
and porphyria has been observed in rats, .

Sweeney and colleagues37 have performed work that shows a synergism
between the effects of TCDD and systemic iron. Iron deficlency was seen to
prevent TCDD-induced porphyria in miee. In iron-deficient animals, TCDD was
not able to decrease uridine deearboxylaae levels. Iron deficiency protected
mice against skin damage and the disruption of hepatic architecture seen with
TCDD, Mixed function oxygenase activity was induced by TCDD in iron-deficient
animals to a lesser degree than in non-defﬁgient animals, but this difference
was not significant. Sinclair and Granick’“ had earlier seen that iron was
needed 5or uroporphyrin formation induced by chlorinated hydrocarbons, Smith
et-al.3 noted an increase in hepatic iron content 3 weeks after a 75 pg/kg
oral dose of TCDD to C57BL/10 and DBA/2 mice. Increased 1nt33tina1 uptake of
iron has been observed in mice and rats after TCDD exposure.

In the AFHS, ‘nine biochemical determinations of liver’ function were made:
SGOT, SGPT, GGTP, alkaline phoaphatase (Alk.Pros.),’ total bilirubin (T.Bili),
direct bilirubin (D.Bil1), lactic acid dehydrogenase '(LDH), cholesterol
(Chol), and triglycerides (Trig). In the analyses of these nine variables,
statistical adjustments were madé for four covariates: current alcohol inges-
tion (self-reported in drinks per day), self-reportéd days of exposure to non- .
nerbicide industrial chemicals self-reported days of exposure to degreasing
chemicals, and presence or absence of antibiédy to hepatitis B surrace antigen

(anti-HBsAg)

Table 10 provides unadjusted and adjusted means and percent abnormality
by group for the nine hepatic-related variables, The standard age-adjusted
eriteria for abnormal laboratory values were used throughout. No obvious
group differences are apparent in these data. = However, the statistical
modeling of the dependent variables with the covariables showed three group
differences, The Ranch Hand SGOT-alcohol regression slope 1s 0. 0178 base-10
logarithmic units per drink per day while the comparison slope is 0.0113.
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These slopes mean that among study participants who report one drink per day,
Ranch Hand SGOT levels are 1.5% higher than comparison levels. Among study
participants who had four drinks per day, Ranch Hands have SGOT levels 6.8%
higher than comparisons,

TABLE 10: UNADJUSTED MEANS, ADJUSTED MEANS, AND PERCENT ABNORMALITY
' ' FOR NINE LIVER-RELATED VARIABLES

" Unadjusted Adjusted PCT Qutside of

Variable _ Croup ' Means Means Normal Range
SGOT RH* 33.0 33.0 . 13.9
Com¥#* 33.1 33.1 14,8
SGPT RH 20,3 1 20.3 7.8
Ccom ' 20.5 20.5 8.6
GGPT RH 40,2 40.1 10.8
: Com 39.3 .39.3 10.3
Alk.Phos. RH 7.68 7.69 17.3
Com . 7.53 7.52 16.9
T. BI11  RH 0.57 0.57 1.8
Com 0.58 0.58 2.0
D. Bili  RH  0.23 0.23 29.0
Com 0,24 0.24 29.7
LDH RH 142.1 1h82.1 1.7
Chol : RH 212.2 212.2 - 26,0
~ Com 216.6 216.6 27.7
Trig RH  121.8 121.9 34.7
. ' 36.1

T Com 124,3 <1281

*RH denotes Ranch Hand
¥*Com denotes original fully compliant comparisons.

LDH-alecohol slopes were 0.0041 logarithmic units per drink per day in the
Ranch Hand cohort and -0.0008 in the comparison group (p=0.011). The LDH-
degreasing chemical slopes were 0.000005 and ~0,0000008 logarithmic units per
day degreasing chemical exposure in the Ranch Hand and comparison 3roups
respectively (p»0.037).
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Twenty-four~hour urine collections were obtained for 620 Ranch Hands and
439 comparisons; uroporphyrins, coproporphyrins, and d-aminolevulinic acid
were determined. Unadjusted group means are shown in Table 11.

TABLE 11.I UNADJUSTED GROUP MEANS FOR THREE COMPOUNDS RELATED TO PORPHYRIN-

MBTABOLISH
Uroporphyrin RH 30.5
Com 30.8
Coproporphyrin ' RH 31.2
Com 30.8
d-aminolevulinic acid RH 2328.9
Com 2383.2

No statistically significant differences are obvious in these data.
Detailed statistical analyses were done, simultaneously adjusting for six
covariates: current alcohol use, blood urinary nitrogen, creatinine clear-
ance, days of exposure to industrial chemicals, days of exposure to ‘degreasing
chemicals, and presenoe/absence of antibody to hepatitis B surface antigen. A
generalized linear model analysis was done for each of the three compounds
with all six covariates examined simultaneously. The coproporphyrin-aleohol
. slope was +0,013 logarithmic units per drink per day in the Ranch Hand group
and ~0.008 logarithmic units per drink per day in the comparison group
(p=0.0U5). No other group differences were statistically significant, The
elinical relevance of these differences in slope Is unclear.

Sixteen of 1,027 Ranch Handers (1.56%) were diagnosed as having hepato-
megaly at physical examination while six of 769 comparisons (0.78%) had that
finding (p=0.138). Thirteen of 1,032 Ranch Handers had a verified medical
history of liver disorder other than hepatitis, jaundice, or cirrhosis veri-
fied by medical record while two of 773 comparisons had the same (p=0.004).

" Throughout the hepatic analyses no variable showed a meaningful relation-
ship with the herbiclide exposure index. In all the above analgses no adjust-
ments for iron metabolism were made. '

‘Dermatological Finding

TCOD {s known to cause chloracne. Chloracne is an acneiform lesion which =

tends to predomlnate in the areas of the face around the eyes, ‘temples, and
ears. Chloracne has been frequently seen in humans who havé contacted TCDD in
the context of industrial accidents, In one studx the chloracne resolved
within 1 year for the most part with no scarring. Chloracne has been noted
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. by many investigators years after exposure and is gene;glly recognized as a
persistent effect of dioxin exposure. Bovey and Young™“ conclude that “"the
presence of active chlorac¢ne months to years after exposure does not neces-

sarily mean continuing exposure."

_ In the AFHS, no active chloracne was found in either the exposed or com-
parison group by examination or review of medical records. Also, as Indicated
in Table 12, there were no statistically significant group differences with
respect to chloracne-related lesions. No atatistically significant regres-
sion trends were noted with the exposure index,

TABLE 12. PREVALENCE OF DERMATOLOGIC DIAGNOSES IN PERCENT

Ranch Hand Comparison Relative - 95%

Diagnoses N = 1045 N =773 P Value Risk Conf Int
Comedones 21.7 20.7 0.60 1.05 (.87,1.26)
Acneiform lesions 18.3 ' 17.5 0.66 1.05 {.85,1.29)
Acneiform scars 11.2 10.4 0.57 1.08 {.82,1.43)
Cysts 11.6 10.5 0.46 1.10 (.88,1.46)
Hyperpigmentation 8.3 7.1 0.35 1.17 {.84,1.65)
Other abnormalities 12.6 16.3 " 0.03 7 (.81, .98)
Any abnormalities 45.0 4.9 ' (.90,1.11)

0.97 " 1.00

Cardiovascular System

~ TCDD causes a rapid, dose-dependent elevation of lipofuscin in the hearts

of female Fischer 344 rats. The authors of the research suggest thﬁg TCDD
toxicity may b?zassociated with radical-induced 1lipid peroxidation. Kociba
and colleagues’© saw an ﬁncreased incidence of arteritis in rats. In 1958,
Schmittle and colleagues™  reported hydropericardium in poultry following
ingestion of feeds c¢ontaminated with industrial chemicals. In'19gg a dioxin
was shown to bﬁsthe hydropericardium-producing factor in poultry. Jirasek
and colleagues -~ report that a 57-year-cld male with chloracne developed
unusually severe atherosclerosis and subsequently died, Moses and colleagues
.found that 17 of 116 workers with chloracne reported myocardial infarction
- (14,7%) while 7 35 85 (8.2%) without chloracne reported the same (p > 0.10).
Zack and Suskind™® observed no excess in circulatory system deaths comparing
events in Monsanto Company workers to standard US population rates.

47

In the AFHS no statistically significant group differences were observed
with respect to measurements of systolic and diastolic blood pressures. Also,
the groups were not statistically significantly different with respect to
numbers of abnormal. electrocardiograms. Abnormal funduscopic findings were
not associated with group membership nor was the occurrence of carotid bruits,
During the physical examination, 10 peripheral pulses were examined: the
radial, femoral, popliteal, dorsalis pedis, and posterior tibial pulses. One
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or more pulses in this set of pulses were found to be abnormal in 12.8% (106/
829) of the non-black Ranch Rands, while 9.4% (56/596) were found abnormal in
the comparison group (p=0.05). The.group difference was not statistically
significant in the data set on Black study participants, but this may only
reflect smaller numbers. Peripheral pulse abnormalities tended to aggregate
in older individuals (2 %0 years) who smoked (> 10 pack years). The partici-
pants were allowed to smoke prior to the examination of the pulses, and more
Ranch Hands smoked at the time of the examination than did comparisons {45.7%
versus 40,.5%, p-O 03).

Data on the numbers of 1ndividuals 1n the Ranch Hand and the comparison
group who had experienced some form of heart disease (ICD-9th edition, CM) or
who had experienced a myocardial infarction are shown in Table 13. The num-
bers shown are supported by medical record verification of participants' self-
~ reporting. These data do not suggest a-difference in ischemic heart disease

in the two groups.

TABLE 13. HEART DISEASE AND HEART &TTICK.IN THE AFHS

Ranch Hand Comparison 5
Yes No Yas No P Value
Verified Heart Disease 147 898 109 664 0.982

Verified Heart Attack _ 7 1,038 3 770 0.432

Immunological Effects

Clark and colleaguesllg describe thymic atrophy as a consistent obser-
vation in all animal species following TCDD exposure. They also observed
reduced delayed hypersensitivity reactions assessed by ear swelling following
oxazalone sensitization in 6- to 8-week-old mice. .. Cytotoxic T cell lymphocyte
generation was impaired by low doses (0.004 ug/kg) of TCDD. Following a
. variety of experiments, the authors suggest that TCDD may acutely decrease

- eytotoxie T lymphocyte generation by promoting ‘the 3§8eration of suppressor T

cells, 1In parallel results, Montovani and colleages’” observed decreased

numbers of peritoneal macrophages and splenocytes in TCDD-treated 6- to
8-week-0ld mice, while cytotoxic capg?ility per unit number of cells was not
affected, Van Logten and colleagues conclude that the atrophy of the thymus
‘observed following TCDD administration in’ ggts is not mediated by the ‘adrenal
or pituitary glands. C(lark and colleagues”’< state that the immunotoxic
effects of TCDD in C57B/6 and DBA/2 mice occur at dose levels below those
needed to ‘induce hepatic mixed runction-oxidase enzymes. ’

In the AFHS, immunological status was assessed in 592 participants by (1)
the enumeration of T-lymphocytes, T- 1ymphocyte subsets, and B-lymphocytes
using monoclonal surface marker analysis, and by (2) the assessment of
lymphocyte ability to respond to selected antigen or mitogen stimuli..
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The data were analyzed for statistically significant group distributional

differences using the Kolmogorov-Smirnov two-sample test.

The analysis of the

immunological cell count data showed no atatistically signiticant differences.

These cell count data are shown in Table 14,

TABLE 14, SELECTED PERCENTILES AND P VALUE FOR KOLMOGOROV~-SMIRNOV TESTING
OF NUMBERS OF SURFACE MARKER POSITIVE CELLS (THOUSANDS/MM-)

P Value
(comparing
Variable Group N 10% 50% 90% distributions)
Com 144 0.77 1.23 2.02
T3 RH 233 0.70 1.27 1.96 0.39
Com 10y 0.73 1,28 2.13
Com 147 0.48 0.78 t.42
Tg RH 235 0.30 0.57 0.99 0.34
- Com a7 0.28 0.60 1.17.
B, 'RH 235 0.023  0.071 0.188 0.097
Com 147 0.022 0,071 0.247
TLC* RH 290 1.34 1.92 2.54 0.63
Com 177 1.35 1.9 2.74

¥Total lymphocyte count
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Statistical testing of the four stimulation and two control meaaurementa
assessing lymphocyte functional ability is shown in Table 15, '

TABLE 15. KOLMOGOROV~SMIRNOV TESTING OF T AND B CELL FUNCTION DATA:
TRYMIDINE INCORPORATION MEASURED AS COUNTS/MIN

Percentiles
Variable Group N 10% 0 60% - 90% - . . P Value
Control #1  RH 279 140 374 1,320 0.20
Com 168 138 u48 1,483 .
After ConA RH 279 17,74 54,190 91,724 0.38
Com 168 13,596 58,394 99,104
After PHA RH 279 33,027 79,342 130,064 0.51
Com 168 30,143 84,339 135,684
Control #2 RH 274 132 388 917 0.85
' Com 168 BRI 4oy 1,079 '
After PW RH 278 12,700 29,623 = 58,288 0.64
Com 168 12,232 27,916 53,662
After TT RH 274 866 3,726 13,979 0.81
Com 168 1,001 3,719 16,058

ConA = concanavallin &
PHA = phytohemagglutin
PW = pokeveed mitogen
TT = tetenus toxoid.

No statistically significant group differences are noted in these T and B
cell function data. High laboratory variability and small sample sizes led to
the decision to not use exposure index analyses with the immunological data.
The control #1 and control #2 variables represent the unstimulated activity of

the T cells.

Endocrinological Effects

Working with liver Egmogenates taken frbm_adﬂlp male Wistar rats, )
Nienstedt and colleagues gﬁwed that TCDD reduced the catabolism of testos-
terone. Hook and colleagues”” also reported reduced metabollism of testos-
terone, These reports would suggest that elevated testosterone 1evela could
be observed in a recently dioxin-exposed population
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Bastomskyss observed serum Ty levels to be one-half of normal in TCDD-
treated animals, but serum T, was elevated by 50%. Sephadex ggtake of T was
statistically significantly decreased. Potter and colleagues observed serun
levels of T, to fall to 46% of pair-fed controls in TCDD-dosed rats. However,
no atatistically significant change in serum T, occurred. These authors also
noted hypog ycemia after a single intraperitoneal dose of TCDD. Rozman and
colleagues”' emphasize the potentlally important role of thyroid hormones In
certain expressions of TCDD toxielity. Specifically, athyroid rats showed a
markedly decreased mortality rate and less weight loas than nonthyroidec-
tomized or thyroidectomized but euthyroid controls.

In the endocrinclogical portion of the AFHS, five clinical variables were
studied: T, uptake, serpm Ty, free thyroxine index (FTI), 2-hr postprandial
gluccse, and serum testosterone., One statistical analysis of these variables
examined the number of participants below, in, or above the.varjables' normal
ranges. This analysis is summarized in Table 16, Statistically signiftcant
difference ls seen in these data for the T3 uptake comparison, The Ranch Hand
group was also contrasted with the comparison group in terms of the five
endocrinological variables using analysis of covariance, adjusting for age and
percent body fat. These analyses are summarized in Table 17. Three group
differences are noted in these analyses. In both the Ranch Hand and compari-
son groups, a decrease in T, uptake is observed with advancing age, but the
slope is -0.0068% per year ?n'the comparison group and =-0,0495% per year in
the Ranch Hand group, and this group difference was statistically significant
{p=0.026)., Two-hour postprandial glucose levels increase with age in both the
Ranch Hand and comparison groups, but the rate of increase is 1,53 mg/dl per
year in the Ranch Hand group and 0.77 mg/dl per year in the comparison group
(p=0.006), Lastly, Ranch Hands show a higher (but not statistically signifi-
cant) testosterone level than do comparisons. Both increasing age and body
fat were found to be assoclated with decreasing testosterone levels to the

same extent In both groups.
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TABLE 16. UNADJUSTED PERCENT&GES FOR FIVE ENDOCRINOLOGICAL VARIABLES
BY VARIABLE LEVEL AND GROQUP
Variable Level P Value For
Variadble Croup N, Lov Noraal High Group Difference
73 Uptake RH 1,032 5.72% 93.41% 0.87% 0.020
(%) Com 767 - 8.47%  91,26% - 0.26%
Ty RH 1,033 0.10% 99.13% 0.77% 0.250
(ygsdl) Com 767 0,39% '99.225'- 0.39%
FT1 RH 1,033 0.00% 99.71% 0.29% 0.085
‘Com 767 0.26% 99.74% 0.00%
2«hr RH 1,040 NA 84.81% 15.19% 0.234
Glucose Com 770 NA B2.73% 17.27%
(mg/dl) - : S -
Testosterone RH 1,034 4,93% 9L ,58% 0.k8% 0.414
Com 769 6.37% 93.11% 0.52%

(ng/dl)
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TABLE 17. RANCH HAND COMPARISON GROUP MEANS OF ENDOCRINE VARIABLES

P B
Value For Value For Remarks About
Unadj. Unadj. Adjusted Adjusted Adjusting
Variable Group N Mean Means Mean Means Covariates
T RH 1,037 30,28 Group-by-~age
Uptgke ' - interaction
(%) com 170 h39°‘” 0.2%1. * # {p=0.026)
- Ty . RH . 1,038 8.46 8.45
(ug/dl) :
Com 770 8.39 0.31 8.39 0.38
RH 1,038 2.54 2,54
FTI :
Com 770 2.51 0.07 . 2.51 0.13
2=hr RH 1,045 104 Group-by-age
Glucose : interaction
(mg/dl) Com. 773 102 . 0.37 * * {p=0,006)
Testos- RH 1,039 ~ 654 . S 652
terone ' ' _ ‘
{ng/dl) Com  T72 634 0.02 - - 637 0.06

-

¥Signifies interaction present rendering'group means noninformative.

Mortalit

Administration.of-$§fngle doses of dioxin to animals can result in lethal- .
{ty with marked species differences being observed, e Repeated.dally doses
can also lead to death. No studies with large numbers of animals (for
instance, with 100 control and 100 exposed animals) are being conducted where
the possibility of life shortening by very low doses of dioxin can be evalu-
ated. .

The Australian government prggides a very complex report addressing
mertality among Vietnam veterans. Infantry exhibited a relative mortality
rate of 0.96 with 95% confidence interval from 0.7 to 1.3. Engineers exhib-
ited a relative mortality rate of 2.5 (confidence interval 1.4 to %.0); armour
and artillery, 1.06 (confidence interval 0.7 to 1.7); veterans with minor
tield presence, t.5 (confidence interval 0.9 to 2.6); and non~field corps,
1.01 (confidence interval 0,7 to 1.5). Thus, only the engineers exhibited a
statistically significant difference (p=0.001), and that difference involved
increased Vietnam veteran mortality.
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In the AFHS, cumulative mortality as of 31 December 1984 displays no
statistically significant overall Ranch Hand~comparison differences. Summary
counts of death and age standardized mortality ratios (SMR) by rank and ogcu-
pation are given in Table *8.

TABLE 18, SUMMARY COUNTS, SMRs AND P VALUES FOR DEATH BY RANK AND OCCUPATION

Ranch Hand ’ Comparigson _ '
Rank At Risk Dead Rate At Risk --Dead Rate . _SMR P Value
Orfficers U466 16 034 2278 98 043 791 .37
Enlisted TN 39 049 3893 187 .0h8 1.03 .89
Occupation
Flying 646 24 .03 3163 161,051 726 .13

Ground 611 3 051 3008 124 .0 1.23 33

Further study of these mortality data discloses complex patterns with
date of birth (which is related to date of service in Vietnam) and date of
death. :

CONCLUSION

In this réport, eleven clinical areas have been emphasized based on a
elinical toxicological profiile developed from the literature concerning animal
and human responses to dioxin and availability of data in the AFHS. Table 19
1ists the general toxicological effects anticipated on the basis of the liter-
ature and also summarizes Ranch Hand findings. The toxicologlcal profile we
have developed from the literature certainly has an element of subjectivity as
articles were selected and interpreted from a very large liteérature, Simi- -
larly, each observation in the AFHS can be challenged, and some specific
caveata have already been mentioned.
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TABLE 19. SUMMARY OF FINDINGS*

Toxicological Effect

Suggested by Animal and Observation In
Human Literature on Dioxin AFHS
Weight Loss 0
Increased Neoplasia +
Increased Birth Defects +
Neurological Changes 0
Psychological Changes +
Hepatotoxiclity +
Chloracne o
Cardiovascular Changes +
Immunological Deficits o
Endocrine Changes +/=
Increased Mortality 1]

¥ ton ind{cates no group differences observed
"+* jndicates group difference observed in expected direction
et indicates group difference observed but in opposite direction

At this time one cannot ascribe the observed group differences to an
effect of dioxin. One cannot implicate dioxin for at least four reasons: f{a}
the exposure index completely failed to demonstrate any association between
increased exposure and increasing adverse outcome; (b) the full clinical pro-
file for dioxin was not realized with the absence of chloracne being particu-
larly noteworthy: {(¢) uninvestigated confounding variables remain for several
of the target clinical endpoints, and resolution of these f{ssues may alter the
observed group differences; and (d) the effect of multiple statistical testing
is not well defined.

However, the AFHS does not exonerate dioxin as a causative agent of these
-group differences. This conclusion is supported by three reasons: (a) in six
of eleven clinical variables, statistically significant group differences
occurred, and in five of these six instances the group differences were in the
direction of expected dioxin effects; (b) uninvestigated confounding variables
remain for several of the targeted c¢linical endpoints and resolution of these
issues could alter group differences; and {¢) the currently available exposure
index is only an indication of exposure with unknown precision.

The overall probablility of obtaining the AFHS results under the hypoth-
esis of no group difference is not known. The summary in Table 19 cannot be
used for statistical inference at this time because the table summarizes the
results of hundreds of potentially correlated tests of significance. Further
eclarification of the role of dioxin in human health must await the results of
the follow-up phases of the AFHS and other ongoing epidemiologic studies of
dioxin-exposed groups. .
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