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PURPOSE OF THE STUDY 

TO DETERMINE WHETHER EXPOSURE TO HERBICIDE 

ORANGE HAS CAUSED ADVERSE HEALTH 

IN AIR FORCE PERSONNEL 

I 
\ 



DESIGN OVERVIEW 

A MATCHED GROUP OF EXPOSED AND UNEXPOSED 

AIR FORCE PERSONNEL WERE INVITED TO 

P ARTICIP ATE IN COMPREHENSIVE MEDICAL 

AND PSYCHOLOGICAL EVALUATIONS 



I 
STATISTICAL APPROACH 

- • ANALYSIS BY MAJOR ORGAN SYSTEM 

• KEQUIVALENT" AND "SIMll.ARA = RESULT IS NOT 

ST A TISTICALL Y SIGNIFICANT 

• "MARGINALLY- AND "BORDERLINE" = P VALUE 
-1 

BETWEEN 0.05 AND 0.10 

• EXPOSURE RELATIONSHIPS IN RANCH HANDS 

EV ALUATED USING A CALCULATED INDEX 
- -

" .. ' . 

•• THESE RESULTS MUST BE INTERPRETED CAUTIOUSLY 

I 



STATISTICAL POwER--

. ' .. 
. ..... 

• FIXED POPULATION SIZE LIMITS ABILITY TO DETECT 

• 
INCREASES IN RARE TYPES OF CANCER (STS, NHL) 

• STUDY HAS GOOD ABILITY TO DETECT DIFFERENCES 

IN COMMON DISEASES AND GROUPS OF DISEASES 

SUCH AS: HEART DISEASE 

SYSTEMIC CANCER 

-BASAL CELL SKIN CANCER ". "; .... 

! 

--



PEER REVIEW PROCESS. 

• CHARTER FOR THE ADVISORY COMMITTEE EXPIRED - JAN 1989 .:5 
PI,. rJc' ~~ , ... t~·)- ~ A , ,v .. ( . . 
u.·'- ,'cL~h J 

,<- t· • AD HOC PEER REVIEW GROUP FORMED ~.f, . -/I ," ,+. t.J-· 
~.~ 

• COMPOSED OF FORMER MEMBERS OF: 

ADVISORY COMMITTEE 

AOWG 

I 
CONSULTANTS 

I 

\ 
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COMMITTEE MEMBERS 

EDWARD BRANN, M.D. CDC 

JULIANNE BYRNE, PH.D. NCI, NllI 
1 

I 
DANA FLANDERS, M.D., D.SC. CDC 

VERNON HOUK, M.D. CDC 

CARL KELLER, D.V.M., M.P.H., NIEHS (RET) 
PH.D. 

I 
I 

PETER O'BRIEN, PH.D. MAYO CLINIC 

JOHN YOUNG, PH.D. NCTR 

I 
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PARTICIPATION RATES 

• 84% (995/1188) RANCH HANDS 

• 75% (1299/1731) COMPARISONS 

, 

\ • 92-93% OF PREVIOUS PARTICIPANTS 

CONTINUE IN THE STUDY 

\ 
I 

I 
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GENERAL HEALTH , 

NO GROUP DIFFERENCE IN : 

. • APPEARANCE OF ll.LNESS OR DISTRESS 

• RELATIVE AGE , 

I • PERCENT BODY FAT 

• SELF-PERCEPTION OF HEALTH 

•• DECLINE IN FAIRIPOOR HEALTH SEEN 

IN BOTH GROUPS 
, 
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GENERAL HEALTH 
(CONT) 

• SED RATE ABNORMALITIES SIGNIFICANTLY MORE FREQUENT· 

IN RANCH HANDS 
'-\ 1. ~-

• GROUP MEAN VALUES SIMILAR 

.. ONLY THREE MEN HAD VALUES ABOVE 100 MMlHR 

2 RANCH HANDS; 1 COMPARISON 

- ------- -- -------~---~-



MALIGNANCY'-------

.... 

• NO GROUP DIFFERENCES IN THE OCCURRENCE OF SYSTEMIC 

CANCER BY FREQUENCY, LOCATION, BEHAVIOR 

OR TYPE 

•• STS AND NHL ARE EQUIVALENT IN THE TWO GROUPS 

• RANCH HANDS HAVE SIGNIFICANTLY MORE SKIN CANCER 

BASAL CELL CARCINOMA 
. ".. . .; 

•• ADJUSTED RELATIVE RISK = 1.5 
Oil-r"" - _ 
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NEUROLOGICAL ASSESSMENT 

- RANCH HANDS HAD AS}GNIFICANT INCREASE IN HISTORY 

OF DEGENERATlVEIHEREDIT ARY DISEASES 

--INCREASE LIMITED TO BENIGN TREMOR 

- FIVE OTHER CATEGORIES OF DISEASES ARE EQUIVALENT 

-INCREASE IN BALANCE AND COORDINATION 

ABNORMALITIES IN THE RANCH HANDS 

l .. MORE ABNORMALITIES IN ENLISTED GROUND PERSONNEL 

- NO GROUP DIFFERENCES IN 29 OTHER NEUROLOGICAL MEASURES 



I 
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HEMATOLOGY 

. 

• NO GROUP DIFFERENCES IN: 

RED BLOOD CELL COUNTS 

HEMOGLOBIN AND HEMATOCRIT 

MCV, MCH, MCHC 

WHITE BLOOD CELL COUNTS 

• MEAN PLATELET COUNT WAS SIGNIFICANTLY . J1 
~ -l (; 

. ~.\ 

ELEV ATED IN RANCH HANDS 

•• MAGNITUDE OF DIFFERENCES WAS SMALL 

•• NONE ELEVATED TO A PATHOLOGICAL RANGE 



, . , 

CARDIOVASCULAR ASSESSMENT 

• GROUP EQUIVALENCE FOR PAST HISTORY OF HEART DISEASE 
, ~ 

, ( \),'-, 
i , ,I ,oj/" • 
\....~ilV I , 

• MARGINAL INCREASE IN MEAN DIASTOLIC BLOOD PRESSURE 

IN RANCH HANDS; PERCENT ABNORMAL WAS EQUIVALENT 

• MARGINAL INCREASE IN CAROTID BRUITS IN RANCH HANDS 

• MARGINALLY SIGNIFICANT INCREASE IN ABNORMAL LEG PULSES 

,'. IN RANCH HANDS SIMIL-AR TOFINDINOS IN 1982, ' 

•• NOT SEEN AT THE 1985 EXAMINATION 

,---" --- -- --- -- ----
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CARDIOV ASCULAR.ASSESSMENT 
(CONT) 

1- ) .. 
. k.F" .... 1 _, 

~I·~ 

_INCREASE IN BRADYCARDIA IN COMPARISONS 

-MARGINAL INCREASE IN ARRYTHMIA IN RANCH HANDS 

--- ------- -------



DERMATOLOGY 

• NO CASES OF CHLORACNE WERE DIAGNOSED 

• SIGNIFICANTLY GREATER PERCENTAGE OF RANCH HANDS 

DEVELOPED ACNE AFTER VIETNAM SERVICE 

• DISTRIBUTION OF ACNE NOT SUGGESTIVE OF CHLORACNE l 
• NO GROUP DIFFERENCES IN ANY OTHER DERMATOLOGY 

VARIABLES 
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GASTROINTESTINAL ASSESSMENT 
r 

• NO GROUP DIFFERENCES IN HISTORY OF: 

LIVER DISEASE 

PEPTIC ULCER 

• NO DIFFERENCE IN CURRENT PEPTIC ULCERS OR 

LIVER ENLARGEMENT 
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GASTROINTESTINAL ASSESSMENT 
(COID) 

• GROUP EQUIVALENCE FOR: 

AST ALT GGT 

LDH HDL CHOLESTEROL 

TRIGL YCERIDES FASTING GLUCOSE 

CREATINE KIN ASE 

• SIGNIFICANT INCREASE IN ALKALINE PHOSPHATASE 

IN RANCH HANDS 

'" 

---------
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PSYCHOLOOICAL ASSESSMENT 

• 52 VARIABLES ANALYZED 

HISTORY OF ILLNESS 

SLEEP DISORDERS 

PSYCHOLOGICAL TESTING 

• SIGNIFICANTLY INCREASED FREQUENCY OF ABNORMALITIES IN 

RANCH HANDS FOR: 

'f?,J... )u7, 
TALKING IN SLEEP 

2-9' % j, l--dl 
FATIGUE 

ANTISOCIAL AND PARANOID SCORES ON THE MCMI 

------ ---------
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PSYCHOLOGICAL ASSESSMENT 
(CONT) 

• SIGNIFICANTLY INCREASED FREQUENCY OF ARNOR.\fALITIES m 

COMPARISONS FOR DEPENDENCY SCORE ON THE MCMI 

• THERE WAS A LACK OF CONSISTENCY IN SIMILAR VARIABLES 

IN PSYCHOLOGICAL TESTING . D.'-";Y· 
-l \ h'" 

.-r ,_ .'''-' " r,J-i r,'· 
• SIGNIFICANT EFFECTS OF AGE, ALCOHOL AND "PTSD" 

WERE SEEN IN ALL VARIABLES 



RENAL ASSESSMENT 

• NO DIFFERENCES IN HISTORY OF KIDNEY DISEASE 

• NO DIFFERENCES IN PRESENCE OF : 

URINARY PROTEIN 

URINARY WHITE BLOOD CELLS 

URINE SPECIFIC GRAVITY 

BUN 

---~-- ~~~---- ~ ~ ~--
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ENDOCRINE ASSESSMENT 

-7J. . cst,- .?kr"'>'-':- • . I,,~". .' . .... 

• MEAN TSH MARGINALLY ELEVATED IN RANCH HANDS BUT 

PERCENT AGE ABNORMAL WERE NOT DIFFERENT 

• GROUP SIMILARITY FOR: 

T3 % UPTAKE TESTOSTERONE 

2-HOUR POSTPRANDIAL GLUCOSE 

• HISTORY OF ENDOCRINE DISEASE wAs SIMILAR IN THE 2 GROUPS 
.. : ..... . .. ' 

• FREQUENCIES OF BOTH THYROID AND TESTICLE ABNORMALITIES 

WERE SIMILAR" IN THE TWO GROUPS 

--_. --- -----... -----
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IMMUNOLOGIC ASSESSMENT 

NO GROUP DIFFERENCES FOR: 

• CELL SURF ACE MARKERS 

• FUNCTIONAL STIMULATION STUDIES 

• TOT AL LYMPHOCYTE COUNTS 

• QUANTITATIVE IMMUNOGLOBULINS 

~---- --- --~~--- ~ ~ -~ 
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IMMUNOLOGIC ASSESSMENT 
(CONT) 

------ ---

• BLACK RANCH HANDS HAD SIGNIFICANTLY HIGHER MEAN 

RESPONSES FOR THE NATURAL KILLER CELL ASSAY 

C MEDICAL IMPLICATION ~ UNKN? 

• AMONG HEAVY SMOKERS, SIGNIFICANTLY MORE RANCH HANDS 

HAD "POSSIBLY ABNORMAL" SKIN TEST RESPONSES 

•• THERE WERE NO DIFFERENCES IN OTHER CATEGORIES 

------



PULMONARY ASSESSMENT 

-MEASURES OF PULMONARY HEALTH WERE GENERALLY SIMll..AR 

1 -RANCH HANDS HAD MORE THORAX AND LUNG ABNORMALITIES 

I 
ON PHYSICAL EXAMINATION 

~VERSE EFFECTS ~F SMOKIN~ WERE CLEARLY SE~ 

-~- --.-~ -- ~---~ ~ --~ --



EXPOSURE ANALYSES 

• ANALYSES USING THE CALCULATED EXPOSURE INDEX WERE 

CONDUCTED TO PROVIDE CONTINUITY 

• SERUM DIOXIN ASSAY RESULTS INDICATE THE CALCULATED 

INDEX IS AN UNRELIABLE INDICATOR OF EXPOSURE -
• INTERPRETATION OF DOSE-RESPONSE EFFECTS MUST AWAIT 

ANALYSES BASED ON SERUM LEVELS OF DIOXIN (FEB 1991) 

----- .. - ... __ ._-_. - ._-. .... __ . 



SERUM DIOXIN LEVELS 

GROUP NUMBER MEAN MEDIAN RANGE 
RANCH HANDS 888 27.9 12.4 

COMPARISONS 468 4.8 4.4 0-54.8 

4-1 
j' _ J G 

SAMEK-WT-6-18 89031~ 

------- ------
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RANCH HAND 
I 

I 
SERUM DIOXIN VALUES 

\ 

I 
I 1 

19T1 (el&S I 
~ ~-

I , 
• 

I q - " I (j: I 

I 
OCCUPATION NUMBER MEAN MEDIAN RANGE 

I 

I 
I PILOTS 247 8.4 7.3 0-42.6 ! 

NAVIGATORS i 63 10.6 9.3 1.1 - 36.0 I 
OTHER OFFICERS 19 9.2 6.7 3.0 - 24.9 

ENLISTED FLYERS 152 24.7 17.2 0 -195.5 

1-----1- _G8QUNO ENIISIED'------ -----'.4I-(lOI"/-7---~4~4~.5j____--~2~3:O.6~--~O -6iT8 

I 
I 

SAMEK-WT-6-17 890314 
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DATA INTERPRETATIONS 
r 

ALL INTERPRETATIONS CONSIDERED: 

• BIOLOGICAL PLAUSillILITY 

• CLINICAL SIGNIFICANCE 

• SPECIFICITY 

• CONSISTENCY OF FINDINGS 

• STRENGTH OF ASSOCIATION 

1-

I 
• LEVEL OF INDEPENDENCE OF MEASURES 

• EFFECTS OF MUL TlPLE TESTING 
I 
i 

• PRESENCE OF BIAS 



-----_ ... --

CONCLUSION 
r 

THERE IS NOT SUFFICIENT EVIDENCE AT THIS TIME TO 

IMPLICATE A CAUSAL RELATIONSHIP BETWEEN HERBICIDE 

EXPOSURE AND ADVERSE HEALTH IN THE RANCH HAND GROUP 

FURTHER SURVEILLANCE IS INDICATED 

i 
I 
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EXECtrrlVE SUMIIARY 
1987 POLLOVUP HORBIDITY REPORT 

The Air Force ~ealth Study is an epidemiologic investigation to determine 
whether adverse hea~th effects exist and can be attributed to occupational 
exposure to Herbici3e Orange. The study consists of mortality and morbidity 
components, based on a matched cohort design in a nonconcurrent prospective 
setting with follow~p studies. The Baseline study was conducted in 1982, and 
the first two follo"':up morbidity studies were performed in 1985 and 1987. The 
purpose of this repolrt is to present the results of the 1987 followup. In the Baseline morbidity study, each living Ranch Hand was matched to 
the first living and. compliant member of a randomly selected Comparison set 
based on age, race, and military occupation, producing an approximate 1:1 
contrast. The Comparisons had served in numerous flying organizations that 
transported cargo to, f,-om, and ",ithin Vietnam but were not involved in the 
aerial spraying of Herbicide Orange. All previous participants and refusals, 
newly located study members, and replacements (matched on reported health 
status) were invited. Eighty-four percent (995/1,188) of the eligible Ranch 
Hands and 77 percent (939/1,224) of the eligible Original Comparisons 
participated in the ~987 followup examination and questionnaire process. 
Participation among t,hose who were fully compliant at Baseline was very high. 
Ninety-two percent of the Ranch Hands.and 93 perce~t of the Comparisons who 
were fully compliant at Baseline also participated in the 1987 followup. In 
total, 2,294 study subjects, 995 Ranch Hands and 1,299 Comparisons, 
participated in the 1987 followup. 

The followup stu~y was conducted under contract to the Air Force by 
Science Applications International Corporation, in conjunction with the 
Scripps Clinic and Research Foundation and the National Opinion Research 
Center. Host 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 and 1985 
data bases. As a cont,ract requirement, all data collection personnel were 
unaware of each participant's exposure status, and all phases of the study 
were monitored by stringent quality control. The statistical analyses were 
based on analysis of v'ariance and covariance, Chi-square tests, Fisher's exact 
tests, gener'al linear models, logistic regression, proportional odds models, 
t-tests, and log-linea~ models, all of which were specified in an analytical 
plan written prior to data analysis. 

The questionnalreand physical examination data were analyzed by major 
organ system. The primary focus was on the assessment of differences between 
the Ranch Hand and Comparison groups based on data from the 1987 followup. 
Additionally, do.~e-response relationships Within the Ranch Hand group were 
examined, and longi tudiinal.. ass.essments: of di f ferences in the changes of the 
two groups between the. examinations were conducted for selected variables. In the analyses in this report, Ranch Hand exposure to dioxin was 
quantified by use of.a calculated index based on the quantity of herbicides 
containing dioxin spray~d each month and the number of Ranch Hands assigned to 
each occupational categ~ry in those months. The statistical relationships 
between the evalua ted c<)ndi t ions and the c.alcula ted index were assessed for 

v 

~~.--.~--.--



: : significance and patterns suggestive of dose-response. However, early results 
of serum dioxin studies in Ranch Hand, personnel conducted at the Centers tor 
Disease Control indicate the calculated index is not a good measure of actual 
dioXin exposure. Therefore, the results of analyses using the calculated 
exposure index should be interpreted With caution. A full report relating the 
serum assay results to the medical data contained in this report is expected 
in 1991. 

1 . 
~ The fixed size of the Ranch Handl cohort limits the ability of the study 

to detect group differences. particularly for the rare occurrences of soft 
tissue sarcoma and non-Hodgkin's lymphoma. The study has virtually no 
statistical power to detect low to moderate group differences for these 
malignancies. The study has good power to detect relative risks of 2.0 or 
more With respect to disease occurring at prevalences of at least 5 percent in 
the Comparison group, such as basal cell carcinoma. 

I Self-perception of health, appea~ance of illness or distress, relative 
age, and percent body fat were similar in the two groups. There has been a 
decline in the percentage of individu~ls reporting their health as fair or 
poor in both groups since the Baseline examination. A s;ignificantly greater 
percentage of Ranch Hands than Comparisons, however, had abnormal erythrocyte I 

sedimentation rates. Only three participants (two Ranch Hands and one 
Comparison) had rates in excess of 100 mm/hr. The Comparison had lung cancer' 
and died in early 1989. In neither ot the Ranch Hands was a diagnosis 
established during the course of the 1987 followup. A significant difference 
was also detected at the 1985 followup examination, and it will be important 
to monitor the sedimentation rates in ,subsequent examinations. For all verified neoplasms combined, Ranch Hands had a significantly 
greater frequency than the Comparisons. Ranch Hands also had a marginally 
significant greater frequency than the Comparisons when suspected neoplasms 
were included in the analysis. Becaus'e cancers fall into systemic or skin 
categories, group con t ras ts were perfo'rmed wi thin each category. Analyses 
restricted to systemic neoplasms revea'led no significant differences between 
the Ranch Hands and Comparison groups.! Focusing only on skin neoplasms, Ranch 
Hands had significantly or marginally significant higher frequencies for the 
following categories: all ver !fied skin neoplasms, aU verified and sus pee ted 
skin neoplasms, all verif ied malignan ti skin neoplasms, and sun exposure­
related malignant skin neoplasms. Significant group differences for the sun 
exposure-related malignant skin neoplasms are not surprising because , 
approximately 90 percent of the participants with those neoplasms had verified 
basal cell carcinomas, and Ranch Hands had significant or marginally 

.significant higher frequencies of verified basal cell carcinoma than the 
Comparisons. 

The neurological assessment did not disclose significant findings 
detrimental to the health of the Ranch Hands, although several differences 
were noted. Of the six reported and verified neurological diseases and 
disorders, the only significant finding was that Ranch Hands had a higher 
incidence of hereditary and degenerative neurological diseases. Unadjusted 
analyses for the 30 physical examination variables showed marginally more 
balance/Romberg sign and coordination abnormalities in the Ranch Hand group 
than in the Comparison gtoup. In the adjusted analyses, a significant 
difference in the relative risk for the cranial nerve index (without range of 
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motion) occurred with insecticide exposure. Stratified results showed that 
among those who had never been exposed to insecticides. signifi-cantly more 
Ranch Hands than Comparisons were abnormal on this index. Of those who had 
been exposed to insecticides. the percentage of abnormalities on this index 
was marginally higher in the Comparisons. The adjusted analysis for 
coordination detected two significant group-by-covariate interactions 
(group-by-occupation and group-by-insecticide exposure). 'Stratified analyses 
found a signlf ican t group difference for enlis ted ground crew after exclud ing 
the group-by-insecticide exposure interaction, and a significant adjusted 
group difference overall after excluding both group-by-covariate interactions. 
Ranch Hands had significantly more coordination 'abnormalities than Comparisons 
for each analysis. The trend of increasing abnormality in the enlisted 
ground crew for coordination will be more fully evaluated in the analyses of 
serum 2,3,7,B-tetrachlorodibenzo-p-dibxin (TCOO) levels. The psychological assessment was based On the analysis of 52 variables, 
which included reported illnesses verified by medical record review, reported 
sleep disorders. and scores from two tlinical psychological tests. The 
results showed that significant or marginally significant differences between 
the Ranch Hands and the Comparisons w~re found for some verified psychological 
disorders, reported sleep disorders, and the self-administered Symptom 
Checklist-90-Revised and Millon Clinical Multiaxial Inventory psychological 
examinations. For these differences, ", the Ranch Hands generally manifested 
higher percentages of abnormalities ot higher mean scores than the Compari­
sons. However, this is not surprising since individuals who perceive 
themselves as having been harmed might be more likely to report the symptoms 
found to be significant in this analysis.' These results will be reexamined 
for positive correlations between thelcomplaints and dioxin levels when the 
serum assay data become available. Additionally. significant group-by­
covariate interactions were frequentlj observed in the adjusted analysis, 
which often made direct contrast of the two groups with adjustment for 
significant covariates difficult. Th~ covariates of age, alcohol history, and 
presence of post-trallmatic stress disorder showed strong effects on many of 
the psychological measurements. Ther~ was generally a lack of consistency in 
the findings of similar variables in ~he psychological tests. The gastrointestinal assessment found no significant group difference for 
historical liver disease, historical and current ulcer, and current 
hepatomegaly. The Ran~h Hand alkaline~ phosphatase mean was significantly 
higher than the Comparison mean, but g'roup di fferences for the other 
laboratory examination variables (3spa'rtate aminotransferase, alanine 
aminotransferase, gamma-glutamyl trans'peptidase, total bilirubin, direct 

,bilirubin, lactic dehydrogenase. cholesterol. high density lipoprotein [HOLI, 
cholesterol-HOL ratio, triglycerides, creatine kinase, and fasting glucose) 
were not significant. , 

In the dermatologic assessment, n~ cases of chloracne were diagnosed. 
For participants with no history of acne before the start of th~ first 
Southeast Asia (SEA)' tour, a greater p~rcentage of Ranch Hands than 
Comparisons reported the 07currence oElacne after,the start of the first SEA 
tour. However the anatomlC pattern of these leslons wa'S not suggestive of 
chloracne. No' other significant group:differences were detected in the 
remainder of the analyses. The exposllre index and longitudinal analyses were 
also essentially negative; the few positive findings were inconsistent with 
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dose-response effects and in the Ranch Hand group. 
I the available knovledge of current serum TCDD levels I 
~ The cardiovascular evaluation shoved that the health of the tvo groups 

vas similar for reported and verified heart disease and central cardiac 

function. lIith regard to peripheral;vascular function, the Ranch Hands 

manifested a marginally higher mean diastolic blood pressure than the 

Comparisons, but the percentage of individuals vith a diastolic blood pressure 

above 90 mm Hg "as not significantly ,different in the tvo'groups. The Ranch 

Hands had a marginally higher percent.age of individuals "ith carotid bruits, 

and there "ere also significant, or marginally sig"ificant, differences vith 

respect to femoral pulses, dorsalis pedis pulses, and three aggregates pulse 

indices (leg, peripheral, and all pul'ses), as assessed by manual palpation. 

Significantly more pulse abnormali ties in the Ranch Hands vere also found at 

Baseline, vhen pulses "ere measured b~ manual palpation, but not in the 1985 

follovup, vhen both manual and Doppler measurements vere utilized. In the hema tologic evalua t ion, rbd blood cell coun t, hemoglobin, hema to­

crit, mean corpuscular volume, mean corpuscular hemoglobin, and mean corpus­

cular hemoglobin concentration vere not significantly different in the t"o 

groups. The mean vhite blood cell and platelet counts vere significantly 

greater in the Ranch Hands than in the Comparisons, but the magnitude of the 

difference vas small in each case. The difference in platelet counts vas 

signifi~ant despite that in the longitudinal analysis of the changes from 

8aseline to the 19B7 follovup examination, platelet counts in the Ranch Hands 

decreased to a significantly greater degree than in the Comparisons. The 

percentage of individuals "ith abnormally high platelet counts was also 

significantly greater in the Ranch Hand group, but the relative risk vas less 

than 2. In addition, no platelet count vas elevated into a pathologic range. 

Exposure index analyses did not generally support dose:-response relationships. 
The groups did not differ Signifii,cantly in report~d history of kidney 

disease/stones or for urinary protein,: urinary occult blood, urinary vhite 

blood cell count, blood urea nitrogen,l or urine specific gravity based on 

unadjusted analyses. In the adjusted analyses, there vas no pattern of 

results that suggested a detriment to ~ither group. : For the endocrinologic assessment l, the R~nch Hand: thyroid stimulating 

hormone (T5H) mean vas marginally significantly higherithan the Comparison TSH 

mean, but results of the T5H discrete analyses did not shov statistically 

significant group differences. Hean levels for triiodothyronine percent 

(T X) uptake, testosterone, and 2-hour postprandial glucose "ere similar 

be~"een groups. The percentage of abn6rmal levels for ,each of these 

variables, and the composite diabetes indicator. vas higher for the Ranch Rand 

. group than for the Comparison group. but none of these differences was 

statistically significant. Self-reported data on current thyroid function and 

past history of thyroid disease were s~milar betveen groups. Also, the 

percentages of participants vith thyroid or testicular abnormalities diagnosed 

at the physical examination "ere not statistically different betveen groups. 

Overall. the endocrinologic health sta~us of the Ranch Hand group does not 

appear substantially different from the Comparison group. For the immunologic 'assessment of the 1987 follovup, Ranch Hands and 

Comparisons did not differ on the cell surface markers, functional stimulation 
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tests, total lymphocyte counts, or quantitative immunoglobulins. Statistical 

analyses of the natural killer cell assay variables adjusting for covariate 

information were conducted within the Black and nonblack strata. These 

analyses showed that Black Ranch Hands had higher adjusted mean counts and 

average percent releases than the Black Comparisons for the natural killer 

assay measures. The meaning of this observation is unknown. lIithout \ 

adjusting for covariate information, significantly more Ranch Hands had a \1 

possibly abnormal reading on the composite skin reaction test than the 

Comparisons. Adjusting for covariate information resulted in performing group 

contrasts on the composite skin reaction variable within strata of the 

lifetime cigarette smoking history variable. For .. the heavier smoking 

participants, Significantly more Ranch Hands had a possibly abnormal reading 

on the composite skin reaction test than the Comparisons. \lithin the other 

strata, there were no significant differences. The pulmonarY health of the two groups was reasonably similar based on 

the analyses without adjustment for covariates, although the Ranch Hands had 

significantly more thorax and lung abnormalities and marginally higher 

prevalence rates for hyperresonance. \lhen significant interactions involving 

group were ignored, no significant differences were found in the adjusted 

analyses. Exploration of the interactions did not identify a consistent 

pattern. The adverse effects of smoking were evident in all analyses. The process of inferring causality is complex and must be based on 

careful 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. Based on direct and indirect evidence, it is concluded that 

this study is free of overt bias and the measurement systems used to obtain 

the data were accurate and valid. 
In summary, there is not sufficient evidence at this time to implicate a 

causal relationship between herbicide exposure and adverse health in the Ranch 

Hand group. No cases of chloracne or porphyria cutanea tarda, the tvo most 

commonly accepted effects of dioxin exposure, vere dete~ted in this study. 

There was a single case of soft tissue sarcoma in each group and one case of 

non-Hodgkin'.s lymphoma in a Ranch Hand. The differences noted indicate that 

reanalysis using dioxin. body burden levels and continued medical surveillance 

are varranted. 
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