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EXECUTIVE SUMMARY
FIRST FOLLOVUP MORBIDITY STUDY

The Air Force Health Study is an epidemiological study conducted to
determine vhether adverse health effects exist and can be attributed to occu-
pational exposure to Herbicide Orange. The study consists of mortality and
morbidity components, based on a matched cohort design in a nonconcurrent
prospective setting with followup studies. The Baseline study was conducted
in- 1982, and the first followup morbidity study was performed in 1985. The
purpose of this report is to present the results of the first followup study.

In the Baseline morbidity study, each living Ranch Hand was matched to
the first living and compliant member of a randomly selected Comparison
mortality set based on age, race, and military occupation, producing an
approximate 1:1 contrast. The Comparisons had served in humerous flying
organizations that transported cargo to, from, and within Vietnam but wvere
not involved in the aerial spray operations of Herbicide Orange. Recruitment
for the first followup was in accordance with the Study Protocol: All pre-
vious participants and refusals, newly located study members, and replace-
ments (matched to noncompliant Comparisons on self-perception of health) were
invited. Of the living Baseline study participants, 99.2 percent wvere
contacted to enroll in the followup on a strictly voluntary basis. Partici-
pation wvas very high, with 93 percent of both the Ranch Hands and the Com-
parisons fully compliant at Baseline also participating in the followup.
Overall, the 2,309 followup participants (1,016 Ranch Hands and 1,293 Com-
parisons) represented a loss to the study of 159 individuals but a gain of
199 new participants since Baseline. Statistical analyses of selection and
participation bias supported the use of the total Comparison group for the
main analyses presented in this report.

The followup study was conducted under contract to the Air Force by
Science Applications International Corporation, in conjunction with the
Seripps Clinic and Research Foundation and the National Opinion Research
Center. Most of the data were collected through face-to-face interviews and
physical examinations conducted at the Scripps Clinic in La Jolla,
California. Other data sources included medical and military records and the
1982 Baseline data base. As a contract requirement, all data collection
personnel vere blind to exposure status, and all phases of the study were
monitored by stringent quality control. The statistical analyses were based
on analysis of variance and covariance, chi-square tests, Fisher’s exact
tests, general linear models, Kolmogorov-Smirnov tests, logistic regression,
proportional odds models, t-tests, and log-linear models.

The questionnaire and physical examination data were analyzed by major
organ system. The primary focus vas on the assessment of differences between
the Ranch Hand and Comparison groups based on data from the first followup.
Additionally, dose-response relationships within the Ranch Hand group were
examined, and longitudinal assessments of differences in the changes of the
two groups between the examinations were conducted for selected variables.
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In terms of general health, Ranch Hand enlisted groundcrev rated their
health as fair or poor more frequently than their enlisted Comparisons;
differences were not observed for the enlisted flyers or the officers.
Physician examiners detected no differences for appearance of illness or
distress or for the appearance of relative age. The Ranch Hands had sig-
nificantly lower percent body fat. They also had a higher proportion of
sedimentation rate abnormalities than the Comparisons, but mean sedimentation
rates were not statistically different between the two groups.

No significant differences between the Ranch Hand and Comparison groups
vere seen in the 1982-1985 interval for skin or systemic cancers. However,
vhen overall lifetime basal cell carcinoma rates were adjusted for risk fac-
tors involved in the cause of such cancers (e.g., sun exposure, skin color,
skin reaction to sun), Ranch Hands had a significantly higher proportion of
basal cell carcinoma than Comparisons. No group differences were observed
for systemic cancer, although two cases of possible dioxin-related cancer
vere noted in Ranch Hands, bringing the lifetime total to two of these
cancers in each group. Overall, the cancer findings were not vieved as
disturbing but as reason for continued medical surveillance.

The neurological assessment of cranial nerve function, peripheral nerve
function, and central nervous system coordination did not reveal any consis-
tently significant group differences, although abnormalities tended to aggre-
gate in the Ranch Hands. The Babinski reflex (found adverse in the Ranch
Hands at the 1982 Baseline examination) was equal in both groups at the 1985
followup. Age, alcohol, and diabetes showed classical effects with many
neurological measures.

In the psychological evaluation based on the Minnesota Multiphasic
Personality Inventory, the Comparisons had significantly more abnormalities
for the denial and masculinity/femininity scales, whereas the Ranch Hands
manifested marginally more abnormalities in the hysteria and social intro-
version scales. The Ranch Hands showed more abnormalities on the Cornell
Medical Index scales than did the Comparisons, but no differences vere
detected between the two groups on the functionally oriented Halstead Reitan
Battery. There were no group differences for current or past neuroses or
psychoses. Age, educational level, and alcohol history showed strong and
expected effects on the psychological measures. :

Both the interval and the lifetime history of liver disease were equal
in both groups, as was a lifetime history of peptic ulcer disease. Of nine
liver function and two porphyrin laboratory tests, the Comparisons had
significantly higher serum glutamic pyruvic transaminase and uroporphyrin
means, whereas the Ranch Hands had a significantly higher mean alkaline
phosphate level and a borderline elevated coproporphyrin value. There was no
evidence to suggest an increased likelihood of porphyria cutanea tarda in the
Ranch Hand group. :

In the dermatological assessment, not one case of chloracne vas diag-

- nosed on examination, nor was historical acne anatomically distributed in a
pattern that suggested past chloracne in the Ranch Hand group. Exposure and

longitudinal analyses vere also essentially negative. _

The cardiovascular evaluation shoved no significant group differences
for reported or verified hypertension, reported heart disease, or reported or
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verified heart attacks. However, the frequency of verified heart disease was
significantly greater in the Ranch Hands than the Comparisons. The assess-
ment of the central cardiac function by systolic blood pressure and electro-
cardiogram did not reveal any meaningful group differences. Evaluation of
peripheral pulses by the Doppler technique revealed group equivalence in
marked contrast to the Baseline examination, which fbunrd significant pulse _
deficits in the Ranch Hands. This change was likely due to required tobacco
abstinence before the pulse measurements. Overall, the groups were
remarkably similar in cardiovascular health. .

The assessment of eight hematological measures showed no significant
group differences. In fact, the groups were more similar at the followup
examination than at the Baseline examination. Age, race, and smoking were
significant risk factors for most hematological measures.

The groups did not differ significantly in reported past kidney disease,
although the Baseline questionnaire noted such in the Ranch Hands. Five
laboratory measures of renal function were similar between groups in the
unadjusted analyses. No pattern of results suggested a detriment to either
group in the adjusted analyses. '

For the endocrine function, TSH and testosterone means were signifi-
cantly higher in the Ranch Hands, but these results were not supported by the
categorical tests. The impaired category of the glucose tolerance test
revealed an excess in the Comparison group. Examination results for past
thyroid disease, thyroid and testicular abnormalities, and additional tests
for cortisol level and T, % Uptake were similar in both groups. Age, race,
occupation, percent body fat, and personality type were often significant
adjusting variables. Overall, the endocrine health status was comparable in
both groups. ‘

Comprehensive immunological tests composed of six cell surface marker
studies and three functional stimulation studies shoved no significant group
differences in the unadjusted analyses. Age, smoking, and alcohol usage were
generally strong covariates. The assessment of delayed hypersensitivity by
skin testing was declared invalid because of excessive reader variation and
shifting diagnostic eriteria.

The pulmonary assessment, consisting of past history, physical examina-
tion, and x-ray results did not indicate any consistently different diseage
patterns in the two groups. Age and lifetime smoking history were important
risk factors for most pulmonary measures.

The exposure index analyses, which were stratified by occupation,
revealed sporadic differences between exposure levels; however, there were no
consistent dose-response relationships that supported an herbicide effect for
any clinical area.

Longitudinal analyses were conducted for 19 variables, and 5 showed
significant differences in the changes of the groups between the Baseline and
followup examinations. Of these 5 variables, 1 (sedimentation rate) was
believed to be related to a change in laboratory methods, and the other
4 (Babinski reflex, depression, platelet count, and manual all pulse index)
vere attributed to true changes over time for the groups. In comparing all
results between the examinations as well as the formal longitudinal analyses,



 a subtle, but consistent, decrease in group differences over the 3-year
period has been cbserved. - '

The process of inferring causality is complex and must be based on care-
ful consideration of many factors. Any interpretations of the data must _
consider the biological plausibility, clinical significance, specificity and
consistency of the findings, and a host of statistical factors, such as
strength of the association, lack of independence of the measurements, and
multiple testing. ' '

By direct and indirect evidence, it is concluded that this study is free
of overt bias and that the measurement systems used to obtain the data were
accurate and valid. By an overall pattern assessment, it is further con-
cluded that the Ranch Hand and Comparison populations are similar.

Finally, this first followup examination report concludes that there is
insufficient evidence to support a cause and effect relationship between
herbicide exposure and adverse health in the Ranch Hand group at this time.
The study has revealed a number of minor medical findings that require con-
tinued surveillance. In full context, the results of this study must be
vieved as additional reassuring evidence that, at this time, the current
state of health of the Ranch Hand participants is unrelated to herbicide
exposure in Vietnam. ‘ '
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PREFACE

The release of this 1987 followup Morbidity Report marks more than
8~1/2 years of intensive Air Force research into the herbicide question.
Since the commitment to Congress in October 1978 to conduct an epidemiologic
investigation of Air Force personnel who aerially disseminated herbicides in
the Vietnam War (code-named Operation Ranch Hand), the United States Air
Force Surgeon General has issued the following publications: a Study
Protocol, four annual mortality reports, the Baseline Morbidity Report, and
this first followup morbidity report. Within the next 2 years, the second
followup morbidity report, other annual mortality reports, and an expanded
birth defects study are expected for publication. This level of commitment
has used approximately $40 million of contract research funds, excluding
significant Air Porce in-house expenditures.

Nearly 100 Government, academic, and industry scientists have guided and
contributed to the Air Force Health Study (AFHS) since its inception. The
Air Force’s current advisory committee, chaired by Dr. Robert ¥W. Miller of
the National Cancer Institute, is responsible for providing assistance on all
scientific and medical matters pertaining to the AFHS. The distinguished
panelists are listed in Appendix A.

There are numerous scientifice strengths in the AFHS, beginning with the
unequivocal exposure status of the Ranch Hand population, estimated to have
been, on the average, 1,000 times that experienced by an unclothed man
directly beneath a spraying aircraft. In the other direction, the Ranch, Hand
population was probably less exposed to dioxin than many studied industrial
populations (based upon a lack of chloracne), and may not develop adverse
health consequences because of a possible threshold mechanism. However, the
participants of the AFHS have a more defined exposure. than the ground troops
and constitute a larger population under study than industrial cohorts.

The chief strength of the APHS is its design. The interwoven study
elements of multiple mortality asgessments, a Baseline morbidity study, and
five followup morbidity studies over 20 years provide a comprehensive
approach to the detection of attributable adverse health effects. The
weakest feature of the design is the mortality assessment which, in the
absence of gignificant case clustering, cannot detect group differences for
very rare conditions (e.g., soft tissue sarcoma) because of the inherent
constraints of the limited size of the Ranch Hand population. To some
extent, this problem may be offset for the more prevalent cancers by com-
bining both living and fatal cancers for future analyses. The strength of
the mortality studies should increase with the aging of the study population
and the concomitant increase in death with the passage of time.

All four mortality assessments have shown that the Ranch Hand population
is faring about the same as the Comparison group, with no unusual causes of
death, increased frequency of death, or evidence suggesting death at younger
ages. Because of the healthy veteran effect, both groups are surviving
significantly longer than similarly aged civilians. The morbidity assess-
ment, released in 1984, disclosed only minor differences between the Ranch
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Hands and the Comparisons, and these differences were not traditional indi-
cators of dioxin-related disease. Both the content and the progress of the
AFHS has been presented on many occasions to Congress, to the media, and to
scientific meetings around the world. On the whole, the AFHS has been very
vell received in these circles, giving additional strength and credence to
this work.

This report of the first followup study is important as it marks the
sustained commitment of Congress and the Air Force to pursue the Agent Orange
question to its logical scientific conclusion. From the medical and scien-
tific perspectives, this followup examination gives the first opportunity to
confirm or refute some of the Baseline findings, and to explore subtle longi-
tudinal changes while controlling for confounding factors. The fifth-year
followup examination, which will have been initiated when this report is
released, will be conducted at an average time of 20 years postexposure for
the Ranch Hands, a critical period for the emergence of attributable cancer.
Followup studies such as these provide the most powerful scientific means of
detecting emerging herbicide effects,

This report differs slightly from the Baseline Morbidity Report in
several ways. The populations under study have changed slightly (see
Chapter 2), since some Ranch Hands and Comparisons have voluntarily dropped
out of the study, and additional study participants have joined (via the
Comparison replacement strategy, or the addition of formerly noncompliant
participants). Further, a greater variety of statistical techniques are used
to explore bias considerations, subgroup categorical differences (see Chapter
7), and "best" model fitting via the use of two- and three-vay interactions.
In addition, specific medical tests were included in this examination to
clarify whether less specific Baseline findings were relevant (e.g., Doppler
measurement of arterial pulses).

Early in both the examination and analysis phases of this followup
examination, it became clear that a joint Air Force-contractor approach to
the analysis of the data was required. The Air Force elected to perform much
of the analytical work of this report (e.g., bias, compliance, longitudinal,
and pulmonary analyses). Thus, this study has transitioned from "indepen-
dent" contract work to a genuine team effort between the Science Applications
International Corporation (SAIC) and the Air PForce scientific staffs. In the
spirit of this enriching teamwork, SAIC has listed the Air Force scientific
staff co-equally on the cover page of this report. Because of the highly
professional scientific interchanges on many challenging aspects of the
analytical work, it is believed that this report represents a scientific
product unattainable by either team independent of the other.

A brief explanation of this report to the reader is in order. This
-report is written primarily for c¢linical epidemiologists, clinicians, and
biostatisticians so that they may fully evaluate the data and analytic
techniques herein. There are segments of this report that will be difficult
for even the most experienced of these specialists to understand. Complete
familiarity with the Study Protocol and prior mortality and morbidity reports
is essential in the full understanding of this report. Thus, this report is
not intended for rapid distillation by the layman or by media representa-
tives. It should be noted that the intent of the introductions of the
clinical chapters is to provide only a broad overview of the literature with
respect to dioxin endpoints. In addition, the statistical analyses in this
report were generally prescribed by the Air Force (based primarily upon
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analyses performed for the Baseline Morbidity Report) and are not ad hoc
analyses, The report format has been established to be complete, rigorous,
and straightforvard on all issues so that maximum scientific credibility will
be maintained. As with the Baseline Report, the contractor, with Air Force
authority, or the Air Force itself, will respond to:telephone or written
inquiries about the content of this report. R

This report, prepared by Science Applications International Corporation,
is submitted as partial fulfillmen; of Contract No. F41689-85-D-0010.
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CHAPTER 1
BACKGROUND

This chapter briefly describes the background of the Air Force Health
Study (AFHS) and provides an overview of the study design and purpose of this
report. Portions of this chapter have been paraphrased from the Baseline
Morbidity Report, 24 February 1984.

In January 1962, President John F. Kennedy approved a program of aerial
herbicide dissemination, for the purpose of defoliation and crop destruction,
in support of tactical military operations in the Republic of Vietnam (RVN).
Under this program, code-named Operation Ranch Hand and in operation from 1962
to 1971, approximately 19 million gallons of hgrbicides vere dispersed on an
estimated 10 to 20 percent of South Vietnam.'' Approximately 11 million
gallons of Herbicide Orange, the primary defoliant of the six herbicides
utilized in the program, were disseminated.

Operation Ranch Hand was the subject of intense scrutiny from the start
due to the controversial nature of the program and political sensitivity to
chemical warfare charges contained in enemy propaganda. The concerns, which
vere initially based on military, political, and ecological issues, shifted
during 1977 to health issues. Numerous claims of exposure to herbicides,
particularly Herbicide Orange and its dioxin contaminant, and subsequent
adverse health effects among U.S. military service personnel have resulted in
class action litigation and substantial controversy. Social concern for the
Herbicide Orange issue continues to be manifest by continuing scilentific
research, media presentations, congressional hearings, and legal action.

The U.S. Air Force Medical Service’s concern for the health of Air Force
personnel exposed to herbicides was demonstrated in October 1978 when the Air
Force Deputy Surgeon General made a commitment to Congress and to the White
House to conduct a health study on the Ranch Hand population, the aviators who
disseminated the majority of the defoliants in the RVN. The prevailing
reasons for the study commitment included the availability of a definitive
occupational exposure to herbicides, a sufficient sample size for survey and
clinical research, the ability to ascertain the population at risk, and an
opportunity for the Air Force Medical Corps to fulfill its adage "we care" to
the Air Force community.

The Air Force School of Aerospace Medicine, Brooks Air Force Base, Texas,
vas tasked by the Surgeon General to develop the Study Protocol. In 1982,
after extensiv? peer review, the epidemiologic study began, and the Protocol
was published.

Since 1978, numerous animal and human studies of dioxin effects have been
planned or initiated by governmental agencies, universities, and industrial
firms. The key scientific issue in these studies was the extent of exposure,
e.g., wvho vas exposed and how much each individual was exposed. Unfortu-
nately, population identification and exposure estimation, which are critical
for a valid study of ground troops, have been scientifically elusive.
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It is believed that of all the military personnel who served in the RVN,
the Ranch Hand population was the most highly exposed to herbicides. Exposure
estimates indicate that the average Ranch Hand received 1,000 times more expo-
sure to Herbicide Orange and 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) during
his tour in the RVN than an average male would receive standing unclothed
under a spraying aircraft in an open field. Based on the principle of dose-
response, the Ranch Hands should manifest more and/or earlier evidence of
adverse health. Thus, the results of the AFHS should serve as an indicator of
herbicide effects in ground personnel.

STUDY DESIGN

The purpose of the study is to determine whether adverse health effects
exist and can be attributed to occupational exposure to Herbicide Orange. The
study, consisting of mortality and morbidity components, is based on a matched
cohort design in a nonconcurrent prospective setting with followup studies.
Complete details on the design are provided in the Study Protocol.

The nonconcurrent aspect of the design results from the fact that the
Ranch Hands were exposed over time between 1962 and 1971. This staggered
exposure is accounted for in the design of the studies to address latency
considerations.

For the Baseline study, the population ascertainment process identified
1,264 Ranch Hand personnel who served in the RVN between 1962 and 1971. By
the time the first followup began in 1985, an additional 11 Ranch Hands had
been identified, bringing the total Ranch Hand population to 1,275. A
Comparison group was formed, consisting of individuals assigned to selected
Air Force units with missions of flying cargo to, from, and within the RVN
during the same period. Using a computerized nearest neighbor selection
procedure, a maximum of 10 Comparisons was selected for each Ranch Hand,
matching on age, race, and military occupation. After personnel record
reviews, each Ranch Hand who was determined to be eligible and fully suitable
for study had an average of 8.2 Comparison subjects.

The mortality component addresses mortality from the time of the RVN
assignment. A Baseline mortality study was conducted in 1982, and the mor-
tality followup consists of annual mortality updates for 20 years. For the
Baseline study and the first four updates, five individuals were randomly
selected from the matched Comparison set for a 1:5 design. Subsequent to
1986, the design will be expanded to include all of the individuals in the
Comparison set. '

The Baseline morbidity component, begun in 1982, reconstructed the
medical history of each participant by reviewing and coding past medical rec-
ords. A cross-sectional element, designed to assess the participant’s current
state of mental and physical health, was based on comprehensive questionnaires
and physical examinations given to the participants. For this component of
the study, each living Ranch Hand and the first living member of his
Comparison set were selected to participate in the examination. Sequential
questionnaires, medical record reviews, and physical examinations in 1985,
1987, 1992, 1997, and 2002 comprise the morbidity study followup.



PURPOSE

The 1985 morbidity followup is the subject of this report. The objective
of the morbidity followupis to continue the inve§tigation of the possible
long-term health effects following exposure to TCDD-containing herbicides.
This report describes the procedures and results of the first morbidity
followup of the AFHS. Analysis of reproductive and fertility data will be

conducted by the U.S. Air Force and is not part of this report.
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CHAPTER 2
POPULATION

This chapter provides a description of participant selection, the
enrollment process, and the demographic characteristics of the population
that participated in the clinical and questionnaire portions of the first
followup morbidity study in 1985.

BASELINE CAHDIDATE IDENTIFICATION

The study population for the first followup was defined by the Air Force
investigators as part of the Baseline study design. Using detailed searches
through Air Porce and other Government record systems, a total of 1,264 per-
sonnel vho had participated in Operation Ranch Hand was identified. Using
the same historical data sources, a Comparison population of 24,971 individ-
uals that had been assigned to a variety of military cargo missions in
Southeast Asia during the same time period was identified.

The Ranch Hand and the Comparison populations were matched after all
individuals who had been killed in the Vietnam conflict were removed. The
matching process was conducted using a computer program employing iterative
nearest-neighbor statistical techniques in order to associate each Ranch Hand
with 10 Comparisons by race (Black/nonblack), closest date of birth, and
occupational category during Vietnam service (officer-pilot, officer-
navigator, officer-nonflying, enlisted flyer, and enlisted groundcrew). For -
each Ranch Hand, 1 of the 10 matched Comparisons was selected at random and
designated the Original Comparison. The resulting exposed and multiple
matched Comparison study design was used for the Baseline effort.

During the questionnaire administration of the Baseline study, it wvas
discovered that 18 percent of the Comparison population had been misselected
with respect to their Southeast Asia military experience. After eliminating
these ineligible Comparisons, the remaining Comparison set was collapsed to a
1:8 study design, which was used for all subsequent eligibility determi-
nations. .

During the course of the Baseline morbidity study, five new Ranch Hands
were verified as eligible for the study and were added to the exposed group.
In addition, two Ranch Hands who had been misclassified as Comparisons were
identified during the questionnaire administration. These individuals vere
reclassified as exposed and nev Comparisons were assigned appropriately.
Following the completion of the Baseline morbidity study, 10 additional
Operation Ranch Hand participants were located and added to the study popula-
tion for the followup phases.
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POLLOVUP CANDIDATE IDENTIFICATION

One of the preliminary tasks associated with the followup study was to
conduct a telephone survey of uncontacted replacement candidates. The
purpose of the survey was to obtain new information on the candidate’s
general health, economic situation, and willingness to participate in the
study. :

The Air Force address file, assembled and maintained since 1981,
provided the basis for the telephone survey contact list. A location
algorithm described in Chapter 3 was developed in order to find those
individuals no longer at the address and telephone number indicated in the
Baseline file.

A total of 7,411 candidate replacements out of the candidate file of
7,963 vas located, interviewed using computer-aided telephone interview
(CATI) techniques, and confirmed as eligible candidate study participants.
0f the 552 candidates who could not be interviewed, 26 were deceased,

335 refused, 190 were unlocatable, and 1 respondent had not served in
Southeast Asia and was therefore ineligible for the study.

Table 2-1 provides the number of candidate participants by Baseline
compliance category for the Ranch Hand and Comparison groups.

PARTICTPANT SELECTION

_ The participant selection protocol used for the followup was similar to
that used at Baseline with one important exception. If the Original Compari-
son declined to participate, the next randomly ordered candidate for the
corresponding Ranch Hand with the same self-perception of health was con-
tacted and recruited for the study. This matching process vas not feasible
at Baseline because the addresses of the Comparison pool were not fully
ascertained. Perception of health was subjectively determined by the candi-
date during the telephone interview. The rationale for matching replacement
Comparisons on self-perceived health status was an attempt to minimize any
bias that might result from differential compliance. All candidates vho had
been contacted and invited to participate during the Baseline, including
those who were refusals and partial compliers, were contacted and invited to
the followup along with newly verified or located Ranch Hands and their
Comparisons.

ENROLLMENT

The enrollment of candidates was based on the Baseline lists and health
status information from the telephone survey. Recruitment was conducted for
questionnaire interviews and clinical examinations that began in May 1985 and
ended in March 1986. Approximately 70 individuals vere examined each week in
two groups of 35. A total of 2,309 Ranch Hands and Comparisons participated
in both the questionnaire and clinical examination portions of the AFHS
followup. Since the followup questionnaire was administered at the physical
engination site, there vere no "partially compliant" participants at
followup. '



Number

Candidité”?ollovup Participants b;‘éfoup and
Baseline Compliance Status

Category

Candidate Ranch Hands (by Baseline Statusg) _
1,045 Ranch Hands Who Completed Both Baseline Questionnaire -
and Physical Examination (Fully Compliant)
129 Ranch Hands Who Completed Only Baseline Ouestionnairé
(Partially Compliant)
.32 Ranch Hands Who Declined to Take Part in Baseline
~(Noncompliant)
10 ‘Newly Verified or Located Ranch Hands
1,216 Total
Candidate Comparispns (by Baseline Status)
936 Original Comparisons Who Completed Both Baseline
Questionnaire and Physical Examination (Fully Compliant)
220 Original Comparisons Who Completed Only Baseline '
Questionnaire (Partially Compliant)
79 Original Comparisons Who Declined to Take Part in Baseline .
. {Noncompliant) : '
288 Replacement Comparisons Who Completed Both Baseline
Questionnaire and Physical Examination (Fully Compliant)
88 Replacement Comparisons Who Completed Only Baseline
Questionnaire (Partially Compliant)
49 Replacement Comparisons Who Declined to Take Part in the
' Study (Noncompliant) '
7,411 Replacement Cdmparisons Who Had Not Been Contacted
Previously :
9,071 Total
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Enrollment was managed using an automated scheduling and tracking system
to maintain and record all candidate recruitment contacts, actions, and
status; clinical examination group scheduling; schedule modifications,
cancellations, and completions; and a comprehensive set of logistic manage-
ment reports. An effort was made to successfully recruit every individual
~eligible for the study. The number of participants who participated in the

physical examination and questionnaire of the first followup is provided in
. Table 2-2. -

0f the 1,016 Ranch Hands, all but 53 had matched Comparisons who also
participated in the study. Due to the selection strategy used and the
recruitment of previous noncompliants, several of the Ranch Hands had
multiple Comparisons. The selection strategy resulted in 79 Ranch Hands
having 2 Comparisons, 9 having 3 Comparisons, and 1 Ranch Hand having a total
of 5 Comparisons completing the followup. In accordance with the Study
Protocol, eligible Comparisons were enrolled without regard to the compliance
status of the corresponding Ranch Hand. There were 229 Comparisons in the
followup study whose matched Ranch Hand did not participate.

PERSONAL_CHARACTERISTICS AND HABITS OF FOLLOWUP POPULATION

The data on personal characteristics of the Ranch Hand and Comparison
individuals were obtained from the followup questionnaire. The areas of
tobacco, alcohol, and marijuana use; personal and family income; education;
religious preference; active duty/retired/separated status; and risk-taking
behavior received particular attention. These variables were examined to
assess the similarity of the two groups in social and behavioral character-
istiecs, which were not included in the statistical matching process.

The participants in the study were matched on age. The age character-
istics of the study population are shown in Table 2-3. The mean and median
ages of the Ranch Hand and Comparison groups were nearly identical.

The smoking and alcohol-use habits of the study subjects are displayed
in Table 2-4. More participating Ranch Hands smoked cigarettes at the time
of the followup physical examination than did the Comparisons (40.1% versus
35.0%). This difference in current smoking behavior was statistically
significant (p=0.01). In the intervening years since the Baseline examina-
tion, 5.6 percent of the Ranch Hands and 4.6 percent of the Comparisons had
stopped smoking. The proportions of participants who ever smoked cigarettes,
pipes, or cigars were not significantly different in the two groups.
Similarly, the number of participants who drank alcohol in the years since
1982 was not statistically different betwveen groups. :

Data concerning the use of marijuana were gathered by different methods
in the tvo interviews. 1In the Baseline questionnaire in 1982, confiden-
tiality of response was given to all participants, but answers were identifi-
able for each participant. At the 1985 followup, random response techniques
were used on the marijuana questions to overcome the problem of participants
either refusing to respond or giving misleading replies to these highly
sensitive and personal questions. With this technique, a ¢oin was flipped by
the respondent, who then answered either the marijuana question or a neutral
unrelated question, which had an ansver of known probability. The outcome of
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B S T

Participants Enrolled in the Followup Study by Group and
Baseline Compliance Status '

Number ' - Category

Enrolled Ranch Hands (by Baseline Status)

971 Ranch Hands Who Completed Both Baseline
Questionnaire and Physical Examination (Fully Compliant)
39 Ranch Hands Who Completed Only Baseline
: Questionnaire (Partially Compliant)
0 Ranch Hands Who Declined to Take Part in -
Baseline (Noncompliant)
6 Newly Verified or Located Ranch Hands
1,016 Total

_Enrolled Comparisons (by Baseline Status)

872 Original Comparisons Who Completed Both Baseline
' Questionnaire and Physical Examination (Fully Compliant)
61 Original Comparisons Who Completed Only Baseline
Questionnaire (Partially Compliant)
10 Original Comparisons Who Declined to Take Part in
Baseline (Noncompliant) -
- 12 New Original Comparisons
267 Replacement Comparisons Who Completed Both Baseline
Questionnaire and Physical Examination (Fully Compliant)
32 Replacement Comparisons Who Completed Only Baseline
Questionnaire (Partially Compliant)
1l Replacement Comparisons Who Declined to Take Part in
' Baseline (Noncompliant)
28 New Replaeement Comparisons
1,293 Total




| Age (in 1985) of
Participants of the Followup Examination by Group

Group
Ranch Hand Comparison
Age Category Number ‘Percent Number Percent
43 or Less 412 - 40.6 549 . 42,5
44 to 62 568 55.9 693 53.6
63 or More 36 3.5 | 51 3.9
Total - 1,016 100.0 : 1,293 100.0
Group
Ranch Hand Comparison
Range | . 35-72 Years | 35-77 Years
Mean ' - 46.9 Years _ | 46.8 Years

Median 47 Years 46 Years

the coin £lip was unknown to the interviewver. Thus, no given reply could be
traced, although the proportion of the population that had the sensitive
characteristic (marijuana use) could be estimated.

There were no statistically significant differences between the Ranch
Hand and Comparison groups in the reported use of marijuvana in the 30 days
preceding the examination (7.8% and 9.2%, respectively). A much higher per-
centage, 26.3 percent of the Ranch Hands and 31.0 percent of the Comparisons,
reported smoking marijuana at some time in the past. At Baseline, only
5.1 percent of each group reported ever using marijuana. These differences
over time were most likely due to a greater sense of confidentiality
generated by the random response techniques used in the 1985 questionnaire.

The mean usage levels of tobacco and alcohol among those participants
vho did indulge in these habits are shown in Table 2-5 as pack-years, cigar-.
years, pipe-years, or drink-years. Mean alcohol use per day was 6.26 drinks
per day for the Ranch Hands and 6.42 for the Comparisons. In most of the
cumulative measurements, the median level of use was lower than the mean
level, indicating that the heavy users of these substances skewed the
- distributions. Eighty-nine percent of both groups reported having consumed
alcohol since the last physical examination. Differences. in these calculated
variables might have been due to either actual changes in behavior or to
differences in the questionnaires used to collect the basic data.
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TABLE 2-4.

IHiSfarY'of Tobacco and Alcohol Use
of Participants of the Followup Examination by Group

Group

Ranch-Hahd K Comparison

Habit Yes Percent No Percent Yes Percent No Percent p-Value

Current Use of 407  40.1 609 59.9 453 35.0 B840 65.0 0.01
Cigarettes B ‘

Past History of 752 74,0 264 26.0 944 73,0 349 27.0 0.58
Cigarettes .

Past Hiétory of 249 24.5 ’767 75.5 345 26.7 948 73.3 0.24
Cigar Use o . _ ‘

‘Past History 6f 265‘ 26.1 751 73.9 340  26.3 953 73.7 0.92
Pipe Use ‘ : ' - . : _

Past History of - 26.3 73.7 31.0 - 69.0  0.15

Marijuana Usex

‘Marijuana Usex 7.8 92,2 9.2 90.8 0,52
within Past . : '
30 Days

- Use of Alcohol. - 901  88.7 '115 - 11.3 1,147 88.7 146 11.3 = 0.98
since Last : : S
Interview

*Estimates based on random response technique.
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TABLE 2--5.

Average Use of Tobacco Products and Alcohol
for Those Reporting Use of These Substances:
Participants of the Followup Bxamination by Group

Group
Ranch Hand - Comparison‘

Substance . Mean Median Hean Median
Cigarettes per Day (Current Use) 26.54 25,00 25.77 25.00
Cigarettes, Pack-Years (Cumulative) 17.69 13.00 17.61 13.00
Cigar-Years (Cumulative) 11.25 1.30 10.96 1.00
Pipe-Years (Cumulative). | 20.03 6.10 16.90 4.00
Alcohol Drinks per Day ‘ | 6.26 6.00 6.42 5.00
{Current Use) '
Drink-Years (Since.Last Interview) 1.81 0.80 ' 1.39 o 0.74

Drink-Years (Cumulative) 26.59 12.80 25.04 13.00

Educational background and religious preference for the two groups are
presented in Tables 2-6 and 2-7. The current military status of each indi-
vidual was classified as active duty, retired, separated, reserve duty, or
deceased. There were no significant differences between the two groups.
These data are presented in Table 2-8 and showed equivalence of the two
groups in these social variables. .

_ Data on income were collected in a categorical form, and the median
income levels of the Ranch Hand and Comparison groups were comparable. The
median personal income in both groups was in the $25,000 to $30,000 range,
and the median total family income ranged from $40,000 to $45,000 in each
group. '

Risk-taking behavior patterns of the study population were assessed by a
series of questions that emphasized participation in potentially dangerous
recreational activities. These data are summarized in Table 2-9. In motor-
vehicle racing (automobiles, boats, and motorcycles) and scuba diving, there
were group differences of borderline significance (p=0.07 and p=0.09, respec-
tively). Slightly more Comparisons were. scuba divers (12.4% versus 10.1%),
and more Ranch Hands raced motor vehicles (12.9% versus 10.4%). There vas a
significant difference in scuba diving at Baseline (p=0.04),. vhen more
Comparisons were scuba divers (12.7% versus 9.9%). Co
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TABLE 2-6.

Educational Background of Participantﬁ of the
Follovup Examination by Group

.Group
Ranch Hand | Comparison
Educational Level Number -.Percent _ ' Number . Percent-
High School/GED 522 51.4 655  50.7
Associate Degree 84 8.3 114 8.8
BA/BS Degree 194 19.1 R 21.0
Graduate Degree 203 20,0 | 239 18.5
Unknown | 13 1.3 | 14 1.1
| ' p=0.64

‘Religious Preference of Participants of the
' - Followup Exanination by Group '

Group
Ranch Hand _ - 'ACompgrison;
Religious Preference ~ Number Percent Number Percent
Protestant '671. | 66.0 ' ' 356 - 66.2
Catholic Coas a2 81 21
Jevish - 9 0.9 o151
other 3 36 - 56 4.2
‘None o .8 8.3 87 6.7
| . p=0.60




