
Index 

Fatigue 

Anger 

Erosion 

Anxiety 

Depression 
(Severity) 

Index 

Fatigue 

Anger 

ErosiOn 

Anxiety 

Depression 
(Severity) 

Table XIII-3 

QUESTIONNAIRE PSYGHOLOGICAL INDICES 
(HIGH SCHOOL EDUCATION) 

Group 

Ranch HaM 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

N 

573 
430 

573 
430 

572 
429 

555 
419 

141 
60 

Mean 
Score 

15.33 
13~64 

11 .27 
9.99 

22.34 
20.00 

24.62 
21 •. 91 

5.79 
5.30 

Table XIIII-4 

Kolmogorov-
Standard Smirnov 
Deviation P Value 

6.24 <0.001 
5.52 

4.74 0.002 
3.64 

7.90 <0;001 
6.70 

8.67 < 0.001 
7.73 

3.15 0;89 
2.85 

QUESTIONNAIRE PSYCHOLOGICAL INDICES 
(COLLEGE EDUCATION) 

Group 

Ranch Hand 
Comparison 

Ranoh Hand 
:Compar i eOn 

.1 Ranch Hafld 
·Compaf'is.on 

Ranoh Hafld 
·Compal'i sOil" 

. Ranol1l· Hand" 
Comparison 

N 

447 
335 

447 
335 

448 
336 

Mean 
Score 

12.79 
12.83 

9.55 
9.46 

20 .. 12 
19.90 

437 21.23 
: .1328 "20 61 

Kolmogorov-
Standard Smirnov 
Deviation P Value 

4.55 0.88 
4.45 

3.09 0.71 
3.08 

·5.80 
5.5'4 

6.7'4 
5.96 

b.94 

5:,22 '2>;80 . i'" * , '4'.'46> . '.: 2\ 1t~:1 :h,i 

*Data too sparse for vaHd analys.is 
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When an unadjusted analysis of reported depression (yes, no) was performed, 
there was a statistically significant group difference (paO .002) wi th the Ranch 
Handel's reporting more depression then the comparisons. This is not necessar­
ily inconsistent with the analysis of severity (p-0.89): 

Table XIII-5 

ISOLATION INDEX, ADJUSTED FOR EDUCATION 

Index Score 
Group ~5 6-7 8-9 10-11 12-13 0:14 Total 

Ranch Hand 16 81 535 269 91 48 1040 

Comparison 3 75 425 200 49 18 770 

P - 0.002 

The questionnaire responses to the questions concerning fatigue, anger, 
erosion" anxiety, and depression were analyzed with the exposure index; using a 
general linear model. When Blacks and non-BlacKs were combined, the anger 
index was observed to be suggestively associated with exposure (P - 0: 13) in 
officers but not in either of the enlisted occupational strata. All other 
exposure analyses had P values in excess of 0.40. 

Educational level is a major influence on responses to the psychologi­
cal assessment portion of the questionnaire. The responses to these questions 
did not differ between College educated Ranch Handel's and comparisons, but all 
indices except depression did differ significantly in the high school educated 
participants. These variables were all subjectively measured, and the spe~ 
cific subsets of questions were not validated. It is unclear from these data 
whether these differences reflect a herbicide effect unique to the largely high 
school educated enlisted group or an educationally related response to a highly 
emotional pUblic issue. This difference may also be a reflection of post­
Vietnam stress in the frontline Ranch Hand personnel in contrast to the reduced 
stress in the comparison group stationed in support areas of SEA. 

2. Physical Examination Parameters 

During the physical examination, the COrnell Index, the Minnesota Multi: 
phasic Personality Inventory (MMPI), the Halstead"'ReitanBattery and the Wechs-: 
leI' Adult Intel.ligence Scales were used to assess psychologic functioning. 
Again, results were comparable whether using rank or educational attainment as 
stratification variables, and only the educational analyses are presented. 
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a. Cornell Index 

The Cornell Index is a subjective 10 to 15 minute self-administered 
inventory of neuropsychiatric symptoms and complaints. It has been standard­
ized and is a widely used testing instrument. Grading of the responses to the 
Cornell results in an overall index and separate indices for each of the ten 
subelements of the instrument. A total index score of 8 or less is considered 
to be normal. The overall index scores .for the Ranch Hand and comparison 
groups were contrasted using the Kolmogorov-Smirnov technique after stratifica­
tion for educational level (Table XIII~6). High school educated participants 
demonstrated a highly significant group differential (P <0.001) but the index 
scores in the college. groups were not· different. 

Educational Level 

High School 

College 

Table XIII-6 

ANALYSIS OF CORNELL INDEX BY GROUP 
(KOLMOGOROV~SMIRNOV TWO-SAMPLE TEST) 

Mean Standard 
Group Score Deviation 

Ranch Hand 9.21 10.35 
Comparison 6.44 7.79 

Ranch Hand 3.66 5.43 
Comparison 3.44 4.58 

P Value 

< 0.001 

0.59 

The subelement scores were analyzed by. log-linear techniques using 6 
categories of response. These results are displayed in Table XIII-7, and the 
results of a similar analysis, using data from all available comparisons; are 
included as well. These results were all adjusted for educational level, since 
education was found to affect test scores in a highly Significant manner 
(P <0.0001). Categorical analysis of the subelements reveal.ed Significant 
group differences between the Ranch Handers and the original comparIsons in all 
areas except depression and the neurOCirculatory system (NCS). This finding in 
depreSSion on the Cornell Index is inconsistent with the significant observa­
tion noted in the responses to the in-home questionnaire, .and may reflect the 
presence of differential reporting. The NCS scores were suggestive of group 
differences with a P value of 0.12. Analysis of the entire comparison group 
revealed similar findings. 
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Table XIII-7 

CATEGORICAL ANALYSIS OF GROUP DIFFERENCES IN THE CORNELL INDEX 
(ADJUSTED FOR EDUCATION)* 

Parameter 

Fear and Inadequacy 
Depression 
Nervousness and Anxiety 
Neurocirculatory System 
Startle 
Psychosomatic 
Hypochondria 
Gastrointestinal System 
Sensitivity 
Troublesomeness 

P Value: Ranch Hand Versus 
Original Comparisons All Comparisons 

0.02 
0.39 
0.002 
0.12 
0.004 
0.002 
0.05 
0.01 
0.08 
0.06 

0.06 
0.16 
0.009 
0.14 
0.04 
0.002 
0.12 
0.0 1 
0.29 
0.06 

* All of these parameters were significantly affected by education level 
(P <0.0001) 

Analysis of the Ranch Hand group's overall Cornell IndelC by degree of 
exposure was performed, using log-linear techniques. The Cornell Index w~s 
compared with exposure level (low, medium, and high) and education (high school 

\ .. 
and college) after stratification for occupation. In each occupational cate-
gory, the .index was clearly influenced by educational level but no.t bydesree 
of herbicfde elCposure. Table XUI .. 8 contains the results of these analyses. 

Occupational Category 

Officer 

Enlisted, flying 

Enllsted,ground 

Table XIII~8 

EXPOSURE ANALYSIS OF THE CORNELL INDEX 
(ADJUSTED FOR EDUCATIONAL LEVEL) 

P Value 
Cornell Versus Exposure Cornell Versus Education 

0.91 0.09 

0.53 0.05 

0.26 0.04 

Anaiysis of the overall Cornell Index identified significant group dif~ 
ferences· among high school-eduoa ted individuals (P <0 .00 1), wi th the Ranoh 
Handers having asign1fioantly higher mean (abnormal) soore. However, this 
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finding was not observed among the college educated individuals. Log-linear 
analyses of the Ranch Handers and original comparisons, adjusted for education, 
revealed signifioant differences in 6 of the 10 subscales of the index 
(P :i 0.05) and borderline or suggestive findings in three others (P :;; 0.12)~ 
Despite these group differences, eduoation adjusted exposure analysis of the 
overall Cornell Index did not identify any association between level of expo­
sure and Cornell Index. 

b. Minnesota MultiphaSiC Personality Inventory (MMPI) 

The MMPI, a standardized set of 566 subjective self-administered ques­
tions concerning various aspects of behavior and personality, was completed by 
1023 Ranch Handers, 767 original comparisons, and 1194 total oomparisons. Scor­
ing was performed by machine, using the standard criteria for normality of 
30-70. The comparison of the distributional characteristics of the responsel;! to 
each of the subelements of the MMPI are shown in Tables XIII-9 and XIII-10. 
The effect of educational level on psychological scores is again /leen, with 
more suggestive and/or significant differences between groups appearing in the 
high school stratum. The validity scale was not different between Ranch 
Handers and comparisons in ei ther educational stratum; however, the high school 
comparisons exhibited a greater degree of denial (K scale) than the high school 
Ranch Handers.Depression (P • 0.16), paranoia, (P = 0.19) and hysteria scales 
(P = 0.12) were suggestive of group differences in the high school stratum and 
Significant differences were noted in the masculini ty /femininity, hypochondria, 
manialhypomarlia, and social introversion scales, with comparisons faring better 
than the Ranch Handers. The college stratum demonstrated bOrderline Signifi­
cance in the masculinity/femininity scale (P • 0.09) and a significant differ­
ence (P • 0.04) in social introversion. The masculinity/femininity scale is 
heavily influenced by the range of interests held ,by the participants. As 
indi viduals increase their education and broaden their interests beyond tradi­
tional "male" activities, the score tends to rise (Lachar, 1974). This is dem:: 
onstrated by the means of 57.87 to 59.15 in the college stratum and means of 
54.85 to 55.94 'in the high school group. The consistent finding of signifi:: 
cance in social introversion, with the Ranch Handers being more inwardly dl­
rected, is striking, but its cUnical relevance is unclear. The percent of the 
Ranch Handers and comparisons exhibiting abnormal MMPI scores (greater than 70 
or less than 30) are shown in Table XIII":11 for those scales with suggestive or 
significant findings. 

The increased score on the denial en scale of the MMPI for the en­
listed comparison group may be an indicatlonof a relative differential in re­
porting' between the two groups. When considered in the light of an increased 
enlisted Ranch Hand hypochondria scale on both ,the Cornell Index and the MMPI, 
overreporting in the Ranch Hand group is indicated. 
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Table XIII-9 

ANALYSIS OF MMPI TESTING IN HIGH SCHOOL-EDUCATED PARTICIPANTS 
(RANCH HAND N • 575; COMPARISON N 0 430) 

Kolmogorov-
Mean Standard Smirnov 

Parameter Group Score Deviation P Value 

Validity Ranch Hand. 1.85 4.54 0.99 
Comparison 1.73 4.07 

Defensiveness (L Scale) Ranch Hand 51 .99 7.84 0.98 
Comparison 52.03 8.15 

Consistency (F Scale) Ranch Hand 51.95 9.29 0.44 
Comparison 50.65 7.16 

Denial (K Scale) Ranch Hand 53.95 8.86 0.03* 
Comparison 55.63 8 ~ 12 

Hypochondria Ranch Hand 59.74 13.36 0.05 
Comparison 57.22 10.95 

Depression Ranoh.Hand 60.47 13.98 0; 16 
Comparison 58.39 11 .96 

Hysteria Ranch Hand 60.12 9.96 0.12 
Comparison 58:90 8.23 

Psychopathic/Deviate Ranch Hand 56.38 11 .00 0:86 
Comparison 55.89 10.52 

Masculinity/Femininity Ranch Hand 55 ~94 8.32 0:01 
Compari~on 54~85 8.94 

Paranoia Ranch· Hand 51.72 8.66 0.19 
Comparison 50.68 8.33 

Psychasthenia (Anxiety') Rancn ,!land 57.27 12.23 0.47 
Compal'lson 55.59 10.07 

Schizophrenia Ranch ;Hand' 57,.53 13.42 0.45 
Comparhon 55.97 9.71 

Mania/Hypomania Ranoh Hand 56.03 10.36 0:01 
Comparison 54.49 10 .31 

Social Introversion Ranch Hand 52.31 10.38 0.006 
Compal'iSOn 50 .8.0 9.50 

*Compal'lsons greater than Ranch Hand' 



Table XIII-lO 

ANALYSIS OF MMPI TESTING IN COLLEGE-EDUCATED PARTICIPANTS 
(RANCH HAND N - 448; COMPARISON N = 337) 

Kolmogorov-
Mean St.andard Smirnov 

Parameter Group Score Deviation P Value 

Validity Ranch Hand 1.48 4.14 0.47 
Comparison 1.95 4.49 

Defensiveness (L Scale) Ranch Hand 50.26 7,68 0.99 
Comparison 50 .33 7,29 

Consistency (F Scale) Ranch Hand 48.74 5.84 0.99 
Comparison 48.44 5.36 

Denial (K Scale) Ranch Hand 58.46 7.53 0.99 
Compa,rlson 58.41 7.64 

Hypochondr1a Ranch Hand 55.42 9.34 0;96 
Comparison 54.65 B.45 

Depress1.on Ranch Hall,d 55.34 10.77 0.99 
Comparison 54.57 9.98 

Hysteria Ranch Hand 59.75 7.38 0.98 
Comparison 59.32 7.01 

Psychopathic/Deviate Ranch Hand 55.21 9.33 0;68 
Comparison 55.66 8.90 

Masculinity/Femininity Ranch Hand 59.15. 8.72 0.09 
Comparison 57.87 8.98 

Paranoia Ranch Hand 5,3.62 6,96 0.63 
Comparison 53.26 6.64 

Psychasthenia (Anxiety) Ranch Hand 53.62 8.04 0.84 
Comparison 54.18 8.36 . 

Schizophrenia Ranch Hand 54.70 7.94 0.79 
Comparison 54.89 7.88 

Mania/Hypomania Ranch Hand 55.22 9.55 0.51 
. Comparison 54.05 10.03 

Social Introversion Ranch Hand 46.83 8.61 0;04 
Comparison 47.50 7.98 
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Table XlII-11 

MMPI ABNORMALITY BY GROUP 

Level MMPI Scale Group % Below 30 % Above 70 

High Schopl Denial Ranch Hand 0.0 1.7 
Comparison 0.0 3.7 

Hypochondria Ranch Hand 0.0 18:1 
Comparison 0.0 10.9 

Depression Ranch Hand 0.2 18.1 
Comparison 0.0 12.2 

Hysteria Ranch Hand 0.0 14.1 
Comparison 0.0 . 7.9 

Masoulinity/ Ranch Hand 0.0 4.5 
Femininity Comparison 0.0 5.6 

Paranoia Ranch Hand 0.0 2.4 
Comparison 0.0 1.9 

ManialHypomania Ranch Hand 0.3 8:5 
Comparison 0.2 8.6 

Social Intro" Ranch Hand 0.0 6.8 ' 
version Comparison 0.0 4.9 

College Masculinity/ . Ranch Hand 0.0 11.6 
Femininity ComparisOn 0.0 11.0 

Social Intro- . Ranch Hand 0.0 1.6 
version Comparison o i3 1.8 

Log-linear analysis of the MMPT data. using Clichotomo\.\s (normal/abnor:: 
mal) responses was also conducted (Table' XIIJj;;12)'. ElduOavional level was again 
found to exert a highlysign1f'icant fnf'luence in ail'sc/illes.wLth P values all 
less than 0.01. 
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Table XIII-12 

LOG-LINEAR ANALYSIS OF THE MMPI SCALES BY GROUP 
(ADJUSTED FOR EDUCATION) 

Scale 

Hypochondria 
Depression 
Hysteria 
Psychopathic/Deviate 
Masculinity/Femininity 
Paranoia 
Psychasthenia 
SChizophrenia 
Mania/Hypomania 
Social Introversion 

P Value 
of Group Difference 

< 0.001 
0.02 
0.002 
0.39 
0.84 
0.26 
0.21 
0.007 
0.52 
0.32 

Several of these analyses appear to be inconsistent with the results of 
the Kolmogorov-Smirnov testing, making inference more difficult. Most of the 
statistically significant group differences fO\lnd in the distributional analy­
ses were in the high school group, but the log-linear analysis revealed highly 
significant group differences (P = 0.02) between the Ranch Hand and comparison 
groups after adjustment for· education.. Matched paJ.r analyses, using the 
original comparison subset, were conducted on the hysteria, hypoohondria, and 
masculini ty /feinininity scales, withrespecti ve P values of 0.02, 0.02, and 
0.66: These results mirror those of thelog;"l1near analysts.in Table XIIII-12: 

The .initial group analyses of the M.MPI were Performed without consid­
eration for the variable of race. A repeat analysiaofMMPI scores was also 
conducted for the 63 Ranch Handers and 45 originally selected comparisons who 
were Black. . The results of this analysis are presented in Table XIII~13; 
Wherever the sample size permitted, the analy:;es were adjusted for education; 
however, sparseness of data prevented adjustment in the analysis of the psych­
asthenia, schizophrenia, and masculinity/femininity scales and prevented any 
analysis for the paranoia and social introversion scales. The borcjerline sig-: 
nificant finding in the schizophrenia scale (P • 0.07) is somewhat parallel ~o 
the significant P value for schizophrenia (P • 0.007) in Table XIII-12. These 
findings do not suggest that the factor of race is at all responsible for the 
overall differences in MMPI scores between the Ranch Hanel and comparioson 
groups. 
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Table XIII-13 

MMPI ANALYSIS AMONG BLACK PARTICIPANTS 

P Value 
Scale Adjusted for Educatlon of Group Difference 

Hypochondria 
Depression 
Hysteria 
Psychopathic/Deviate 
Mania/Hypomania 

Psychasthenia 
Schizophrenia 
Masculinity/Femininity 

Paranoia 
Social Introversion 

Yes 
Yes 
Yes 
Yes 
Yes 

No 
No 
No 

N/A 
N/A 

0,15 
0,91 
0,31 
0,73 
0,70 

0,20 
0,07 
0,31 

Exposure analysis of the Ranch Hand group, using log~linear techniques 
revealed a mixed pattern of significant, borderline and suggestive findings, 
These results are summarized in Table XIII-14, Education remains a sign.ificant .. , .. , 
factor, but consistency across occupational groups is not evident, since strat­
ification by occupational group mirrored stratification by education. Table 
XIII-15 displays the exposure index data, and the percentage of abnormal MMPI 
scale results, for the exposure analyses with P values of concern. Only the 
hysteria scale in the officers attending college and the psychopathic deviate 
scale in both high school and college offioers showed consistent increases in 
abnormality with inoreasing exposure. However, the number of abnormal scores 
in all of these scales was quite low and inferential accuracy is compromised. 

Table XIII-14 

P VALUES .OF THE MMPIIEXPOSURE ANALYS'ES 
(ADJUSTED FOR EDUCATION) 

P Value P Value 
Parameter Versus Extosure Parameter Versus Education 

Il:nHs eo 
Parameter Officer FlyIng Grouno 

Hypochondria 0.21 0.97 0.02 
Depression 0.70 o . 11 0.16 
Hysteria 0.21** 0.76 0.0005 
Psyohopathic Deviate 0.001* 1.00 0.15 
Masculinity/Femininity 0.09 0.81 0.09 
Paranoia· 1.00 0 .. 64 0.53 
Psychasthenia 0.89 0.05 0.48 
Schizophr$nia 0.09 0.12 0.73 
Mania/Hypomania 0.32 0.13 0.29 
Social Introversion 0.39 0.33 0.78 

*Significant confounding by eduoation present 
**Significant three-way interaction Present 
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Il:nIIsteo 
Officer Flylne; Grouno 

0.18 o • 10 0 •. 03 
0.46 0.12 0.27 
0.34 0.62 0.04 
0.17 0.20 o .16 
0.28 0.04 0,005 
0.72 0.83 0.20 
0.29 0.56 0,07 
0.43 0.50 0.03 
0.86. 0.81 0.41 
0.77 0.93 0.02 



Table XIII-15 

DOSE RESPONSE PATTERNS 

Exposure Number Number 
Parameter . Group Level Normal Abnormal (~) 

Hypochondria En II sted Ground Low 110 38 (25.7~) 
Medium 153 25 ( 14.0i) 
High 119 29 ( 19.6%) 

Depression Enlisted Flying Low 48 10 ( 17 .2%) 
Medium 41 18 (30.5j) 
High 55 11 (16,7) 

En listed Ground Low 111 37 (25.0~) 
Medium 148 30 (16.9~) 
High 119 29 (19.6j) 

Hysteria" Off I cers Low 10 0 (OJ) 
(High School) Medium 14 5 (26.3j) 

High 24 0 (OJ) 

Off Icers Low 97 3 (3.0~) 
(College) Medium 104 5 (4.6%) 

High 91 9 (9,lj) 

En listed Ground Low 115 33 (22.3i) 
Medium 163 15 (8.4j) 
High 132 16 (10.8%) 

Psychopathic/Deviate" Off Icers Low 10 0 (Oi) 
(High School) Medium 19 0 (Oi) 

High 23 1 (4.2j) 

Off lcers Low 100 0 (0%) 
(College) Medium 102 7 (6.4j) 

High 90 10 ( 10j) 

En listed Ground LOW 127 21 (14.2j) 
Medium 164 14 (7.9%) 
HIgh 131 17 (11.5i) 

Masculinity/Femininity Off Icers Low 105 5 (4.5%) 
Medl um 113 15 (11.7j) 
High 111 13 (to.5i) 

En II sted Ground LoW 135 13 (8.8i) 
Medium 172 6 (3.4j) 
High 136 12 (8.1i) 

Psychasthenia En II sted FI ylng Low 54 4 (6.9%) 
Medium 48 11 (1.9%) 
High 62 4 (6,1%) 

Schizophrenia Officers Low 108 2 (1.8j) 
Medium 119 9 (7.0%) 
High 121 3 (2.4%) 

Enlisted Flying Low 55 3 (5,2%) 
Medium 49 10 ( 16.9%) 
High 59 7 (10.6j) 

Monl./Hypomanla Enlisted Flying Low 53 6 ( 10.2j) 
Medl um 50 9 (15.3%) 
High 63 3 (4.8j) 

"Data .re presented by educational lev~1 when the education/exposure 
Interactions are statistically significant, 
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Analysis of the MMPI data from the Ranch Hand and original comparison 
groups revealed significant group differences in the hypochondria, depression 
and hysteria scales (P :iO 0.02), after adjustment for education~ Stratified 
analysis based on level of education revealed statistically significant group 
differences for the hypochondria and masculinity/femininity scales (P :iO 0.05), 
However, there were no statistically significant group differences among. col­
lege-educa ted Indi viduals, and only in the mascul inity /feminini ty scal e was 
borderline significance reached (P • 0;09). Exposure analyses did not reveal 
any consistent patterns of statistical significance between occupational cate: 
gories, level of exposure and MMPI scores. 

c. Halstead-Reitan 

The Halstead~Reitan Neuropsychological Test Battery was administered to 
each participant to assess the functional integrity of the central nervous 
system. An impairment index for each participant was calculated based upon 
the scores of the category, tactual performance, speechMsounds,Seashore 
rhythm, and finger-tapping portionlS of the battery. The impairment index 
ranged from zero to seven, based on the number of sub tests in which the par­
ticipant scored abnormally. Impairment was declared if the index equalled or 
exceeded three~ Larger numbers of participants were deleted from these analy~ 
ses; since seven distinct tests contributed to the impairment index. The 
absence of anyone made calculation of the index impossible. Analysis of 
dicotomous variables (normal/abnormal), adjusted for education, revealed no 
overall group differences (p. 0.74)~ 

A categorical analysis, unadjusted for educational level, was per­
formed. The data and the results of the unadjusted analyses of the Ranch Hand 
group, the entire comparison group and the subset of original participants are 
presented in Table XIII;"16. 

Impairment Index 

o 
1 
2 
3 
4 
5 or more 

Table XIII-16 

UNADJUSTED HALSTEAD-REITAN SCORES BY GROUP 

Original Comparisons 
N • 559 

85 
162 66.5%* 
125 

77 
60 
50 

Ranch Hand 
N • 771 

All Comparisons 
N • 883 

124 
226 66.5%* 
163 
126 
68 
64 

141 
248 66.0%* 
194 
134 
85 
81 

\ / \ / 
x2 • 3.18 

P • 0.67 
x2 • 1.35 

P • 0.93 
* Cumulative % for Impairment Index 0,1,2 



Analyses adjusted for education were carried out 
and the original subset of comparisons (Table XI II;' 17 ). 
seen to be a significant factor (P < 0.0001). 

on the Ranch Banders 
Education was again 

Table XIII-17 

BALSTEAD-REITAN ANALYSIS BY GROUP AND EDUCATION 

De~ree of Im2airment 
Educational. Level Group a 1 2 3 Ii 5 or Greater 

High School Ranch Hand 45 108 88 80 54 56 
Comparison 29 69 69 49 38 37 

College Ranch Hand 79 118 75 46 14 8 
Comparison 56 93 56 28 22· 13 

P Value. adjusted for education •. 0 .57 
I 

An expos\.lre index analysis was also accomplished on the data from thEl 
Ranch Hand group. As shown in Table XIIl'·18. educational ~evel was a signifi~ 
cant covariable in the officer and enlisted flying groups •. but .there were n.o 
significant relationships between herbicide exposure imd Halstead~Re1tan per~ 
formance. . 

Table XIII:"18 

HALStEAD~REITANIMPAIRMENT AND EXPOSURE 

Adjusted P Values 
Halstead-Reitan Halstead-Reitan. 

Occupation .. l Group Ver.sus E~osure Versus Education 

Officers 0.88 0.002 

Enlisted Flying 0.44 0.05 

Enlisted Ground 0.82 0.62 

d. Wechsler Adult Intelligence Scale (WAIS) 

WAIS testing was completed on 1022 Ranch Handers and 733 original com­
parison individuals. The test w .. s administered and scored in the standard 
manner by certified cHnica1 psychologists and psychological technicians .•.. As 
noted previously. intelligence scores (IQ) by r .. nk were equivalent to IQ scores 
by education. The distributions of verbal. performance and full-scale IQ 
scores, by educa.tiona1 level and group, are shown in Figure XIII-2. 
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Figure XIII-2 

FREQUENCY DISTRIBUTION IQ SCORES BY EDUCATIONAL LEVEL AND GROUP 
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The IQ scores demonstrated consistent patterns within each educational 
str.atum. A slight increase in the proportion of both Ranch Hand and comparison 
college graduates, with performance IQ's between 85 and 115, was noted. These 
distributions were tested for group differences by the Kolmogorov-Smirnov pro­
cedure. Suggestive but nonsignificant differences were noted for performance 
and full-scale IQ's in the high school stratum, but no differences were found 
among the college~educated group. These data are shown in Table XIII~19 . 

. . 
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Table XII 1-19 

DISTRIBUTIONAL ANALYSIS OF IQ SCORES 

Mean Standard 
Scale Education Group Score Deviation P Value 

Verbal High School Ranch Hand 110.61 10.65 0.39 
Comparison 101 .73 11 .34 

College Ranch Hand 117.00 12.97 0.73 
Comparison 116.84 13.73 

Performance High School Ranch Hand 102.40 11.38 0.14 
Comparison 104.14 11.86 

College Ranch Hand 113.70 12.62 ,0.50 
Comparison 112.37 13.33 

Full Scale High School Ranch Hand r01.,.8 10.71 0.15 
Comparison 102.74 11.32 

College Ranch Hanq 117.30 12.96 0.37 
Comparlson' , 116.59 13 .82 " 

The dl"stributions were observed to identify outliers, an<;l "the percent­
age of Partlci\!lants with scores in th'e abnormal range (below 85)' was deter~ 
mined. These\r!!,sults are, shown in Tab'lLe XIII,.20. 

Table' x:tr 1-20 

ABNORlilAL IQ SCORE BY GRO~P ANoEDUCATIONAL LEV,!!:!.. 

Educational Level Scale Group % Below 85 % Above 115 

High School Verbal Ranch Hand 3.7 9.8 
Comparison 3.3 13.7 

Performance Ranch Hand ,5.4 14.3 
c,omparison 3.7 18.8 

Full Ranch Hand 4.0 10.6 
Compar'i son' 3.5 15.1 

'College Verbal Ranch Hand 0.9 58.8 
Comparison 0.3 54.1 

Performance Ranch Hand 1.1 43.9 
Comparison 1.8 41.1 

Full Ranch Hand 0.7 61.1 
Comparison 0.3 56.2 



Analysis of the WAIS testing scores of the Ranch Hand group, by level 
of herbicide exposure, revealed no consistent differences in IQ scores. The P 
values derived from these analyses are presented in Table XIII-21 and show only 
one statistically significant association (P = 0.04). 

Table XIII-21 

RESULTS OF IQ SCORES BY EXPOSURE ANALYSIS 

Scale Occupational Group P Value 

Verbal Officers 0.99 
Enlisted Flying 0.34 
Enlisted Ground 0.82 

Performance Officers 0.99 
Enlisted Flying 0.04 
Enlisted Ground 0.18 

Full Scale Officers 0.99 
Enlisted Flying 0.23 
Enlisted Ground 0.25 

2. Summary 

In this chapter, a large number of variables were analyzed using several 
techniques and multiple assessments. Consistent differences between high 
school-educated Ranch Handers and high school-educated original comparisons are 
seen throughoUt these analyses. With the exception of a single statistically 
significant result for social introversion (P = 0.04), these group difference1> 
are not apparent in the college educated stratum. Unstratified but education~ 
ally adjusted analyses of the MMPI SCOres did, however, reveal group differ­
ences which were more like those of the high school stratum. Exposure analyses 
did not reveal any patterns suggesting any association between psychological 
testing results and level of herbicide exposure. The relative risks, confi­
dence intervals, and shifts in means for .the dependent variables ~nalyzed in 
this chapter are included in Appendix XVIII. 

XIII-19 



Table XIII-22 

PSYCHOLOGICAL ANALYSIS SUMMARY 
(RANCH HAND VERSUS ORIGINAL COMPARISON GROUP) 

Anal~tic Strate~~ (P Values) 
Adjusted 

for Stratified Anal~sis Exposure Anal~sis 
Parameter Education High School College Off Enl Fly Enl Gnd 

Ques t ionnaire Indices 
Fatigue <0.001 NS* 
Anger 0.002 NS 
Erosion <0.001 NS 
Anxiety <0.001 NS 
Isolation 0.002 
Depression (Severity) 0.8.9 

Cornell Index <0 .001 NS NS NS NS 
Fear and Inadequacy 0.02 
Depression NS 
Nervousness and Anxiety 0.002 
Neurocirculatory o .12 
Startle 0.004 
Psychosomatic 0.002 
Hypochondria 0.05 
Gastrointestinal 0.01 
Sensitivity 0.08. 
Troublesomeness 0.06 

MMPI 
Hypochondria <0.001 0.05 NS NS. ;, NS, 0.02 
Depnession 0.02 0.16 NS N$ 0·11 0.16 
Hysteria. 0.002 0.12 NS !-IS. NS 0.001 
Psychopathic Deviate NS NS N$, 0,.00 1 NS o ~, 15 
Masculini ty /Femlninl ty NS 0.01 , to .09 0.09 NS 0.09 
Paranoia NS 0, •. 19 NS NS NS NS 
Psychasthenia NS ' NS NS NS 0.05 NS 
Schizophrenia 0.007 NS NS 0.09 0.12 NS 
Mania/Hypomania NS 0.01 NS NS 0.13 NS 
Social Introversion NS 0.006 0.04 NS NS NS 

Halstead-Reitan NS NS NS NS 

IQ Scores 
Verbal NS NS NS NS NS 
Performance 0.14 NS NS 0.04 0.18 
Full Scale o .15 NS NS NS NS 

*Nonsignificant; P > 0.20 
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The results of the analyses of the psychological data are summarized in 
Table XIII-22, and demonstrate a greater degree of statistically significant 
group dJfferences in the more subjective measurements (questionnaire and 
Cornell Index) than are observed in the more objective assessments (Halstead­
Reitan and WAIS). The effect of differential reporting in this evaluation is 
as .yet difficult to assess. However, the high school-educated Ranch Handel's 
did have higher scores on the hypochondria scale of the MMPI and the psychoso~ 
matic portion of the Cornell Index than did the appropriate comparisons. Addi­
tionally, the high school-educated comparisons scored higher on the MMPI K 
Scale (denial). These findings suggest that differential reporting may be 
influencing the analytic results of the in-home questionnaire and the Cornell 
Index. There may also be a differential response to the intense media inter­
est in the herbicide/dioxin issue between the high school and college strata in 
this study. The role of "Post Vietnam Stress" in these findings is also 
unclear at this time. Further clarif ica tion of these factors and. their impact 
must await analysts of the data from the follow-up phase of the study. Based 
on the psychological data collect'ed during the 1ni tial in-home questionnaire 
and physical examination, there is no convincingevldencesuggesting the pres­
ence of an adverse effect on emotIonal health caused by.herblcide exposure. 
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Chapter XIV. 

EVALUATION OF HEPATIC STATUS 

1. Introduotion 

A very broad spectrum of hepatio phenomena has been reported in association 
wi th acute, subacute and chronic administration of TCDD to an).mals. Signif i­
oant response differences between species occur, however. Serum enzyme changes 
(SGOT, SGPT, GGPT, LDH) have not been prominent, although SGPT levels were 
elevated in at least 1 study (Schantz et a1, 1979). Elevated alkaline phOS": 
phatase levels have been observed with increased direct bilirubin levels 
(Kociba et a1, 1976). Decreased serum cholesterol lev,.e1s have. also been noted 
after sublethal exposures (Schantz .et a1, 1979). TCDD interferes with hemoglo­
bin metabolism affecting delta-amino1evulinlc acid synthetase activity 
(Goldstein et a1, 197-3) and possibly other enzyme activities , providing; at 
sufficient doses, signs and symptoms of porphyria. 

Motivated by the literature reports of hepatotoxicity, signs and symptoms 
of hepatic dysfunction were sought in the participants in this study. In this 
qhapter, enzyme levels, bilirubin levels and lipid values are presented, along 
wi th determinations reflecting porphyrin metabolism. Clinical history data are 
also analyzed, along with hepatomegaly determined at physical examination. 

2. Biochemioal Determinations 

a. Analyses Overview 

In this section 9 biochemical determinations are studied: SGOT, SGPT, 
GGPT, alkaline phosphatase (A1k. Phos~), total bilirubin (T. Bili) , direct 
bilirubin (D. Bi11) , lactic dehydrogenase (LDH), cholesterol (Cho1) and tri:: 
glycerides (Trig); These 9 variables are listed in Table XIV":1; along wi th the 
normal-abnormal ranges used in the reported statistical analyses. The.se 
ranges were adapted from Ke1sey .. Seybold laboratory normal ranges. 

In the analyses of these 9 variables, adjustments were made· for 4 coval":: 
iates: current alcohol ingestion (ALC), days of exposure to industrial chemi­
cals (IC), days of exposure to degreasing chemicals (DC), and presence 01" 
absence of antibody to hepatitis B surface antigen (anti-HBSAg) ~ The current 
alcohol use covariate was taken from the personal medical history administered 
at the time of the physical examination and .is in units of average drinks pel" 
day (see Appendix VI, page 2). Current alcohol ingestion was selected as an 
adjusting variable over the drink years measure developed from the questionnai­
re, since preliminary testing indicated it correlated better with hepatic end": 
pOints. The industrial chemical and degreasing chemical exposures were 
derived from the in."home questionnaire (total unprotected exposure). 
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The data analyzed were from the entire Ranch Hand cohort compliant to the 
physical examination (N = 10~5) and the original comparisons compliant to the 
physical examination (N • 773). Ten Ranch Handers and 2 comparisons were re­
moved from the analysis because of body temperature of 100 of or more, and the 
effect of fever on hepatic variables. Individuals whose blood contained hepa­
titis B surface antigen (HBSAg) were also removed from the analysis (8 Ranch 
Handers and 7 comparisons). 

b. Group Analyses 

Three sets of analyses were run: 

(1) Continuous-continuous analyses (CC): In these evaluations both the 
dependent variables and adjusting covariates, except anti-HBSAg which .is 
dichotomous, were used as continuous variables in an analysis of covariance. 

(2) Continuous-discrete analyses (CD): In these analyses all ~ covari­
ates were used as dichotomous variables while the dependent variables were 
maintained as continuous. 

(3) Discrete-discrete analyses (DO): All variables were analyzed in 
dichotomous form using the log;"l1near mOdel for discrete data. 

In all 3 analysis settings, group;"by-covariate interactions were examined. 
In addition, ,the continuous-continuous and continuous-discrete analyses models 
were fit withou,t interaction terms to provide discussion of appropriate tests 
when dependent variable relationships with the covariates are the same in both 
groups.' In the continuous-continuous and continuous-discrete analyses the 
dependent variable was normalized by using a logari thmic (base 10) transforms;" 
tion. 

Table XIV-1 

NORMAL - ABNORMAL LEVELS OF NINE BIOCHEMICAL DETERMINATIONS 
REFLECTING HEPATIC FUNCTION 

Determination Normal Abnormal 

1. SGOT ;;; ~1 > ~1 
2. SGPT :i ~5 > ~5 
3. GGPT :ii 85 > 85 
~. Alkaline Phosphatase ;;; 9.7 > 9.7 
5. Total Bilirubin ;;; 1.2 > 1.2 
6. Direct Bilirubin :;; 0.36 > 0.36 
7. Lactic Dehydrogenase :;;200 >200 
8. Cholesterol ;;;2~0 >2~0 
9. Triglycerides :0150 >150 
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Table XIV-2 provides unadjusted means, adjusted means, and percent abnor­
mali ty by groups for the 9 hepatic,-relatedvar iables. A summary of the 3 
classes of, analyses is provided in Table XIV-3. The results in this table pro­
vide P values for Ranch Hand-comparison group differences. 

Table XIV-2 

UNADJUSTED MEANS, ADJUSTED MEANS AND PERCENT ABNORMALITY FOR 
NINE LIVER-RELATED VARIABLES 

Unadjusted Adjusted Percent 
Variable Group ,Means Means Ab,normal i t,r 

SGOT RH 33.0 33.0, 13.9, 
COM* 33.1 33.1 14:8 

SGPT RH 20.3 20.3 7,.8 
COM 20.5 20.5 8.6 

, GGPT RH 40 ,,2 40.1 ,10.8 
COM ' 39.3 3Q.3 ,16 ;3 

Alk. Phos. RH 7.68 7.69 17.3 
COM 7:53 7.52 16;9 

T. BUi RI:! 0.57 ,0.57 "'., ' 
L8 

, COM 0 .. 5,8 " 0.58 2.0 

D. Bill RH 0.23 0.23 
' r, 

29.0 
COM 0.24 0.24 29.7 

LDH RH 142.1 142.1 1.7 
COM 141.7 ,141 .7 2.1 

CHOL RH 212.2 212.2 26.0 
COM 216.6 216.6 27.7 

TRICl RH .. 121 .8 
.. 

121 :9 34.7 
COM 124.3 124.1 36.1 

*COM denotes original fully compliant comparisons. 
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Table XIV-3 

SUMMARY OF RESULTS 
UNMATCHED ANALYSES OF NINE BIOCHEMICAL VARIABLES REFLECTING LIVER FUNCTION 

P Va I uss for Mode, Is P Values for models 
with I nteract I on w'lthout Interaction 

Gp GP Gp GP X 
.ntl X ,X X .ntl .ntl 

VAR ANAL ~ ALC IC DC ~ ~ IC DC ~ ~ ~ Ie .!2£ ~ 
SGDT CC .127 <.001 -* - .032 .805 <.001 

CD .278 <.001 .867 <.001 
DO .578 <.001 

SGPT CC .736 <.001 .663 <.001 
CD .309 .005 - .662 .003 
DO .592 .052 -

GGPT CC .731 <.001 .483 <.001 
CD .050 <.001 .066 .421 <.001 .078 
DO .782 <.001 

ALK CC .405 .009 .140 .071 - .009 
PHOS CD .142 .001 .010 .115 .001 .066 - .011 

DO .734 

TOT CC .113 .014 .036 .001 .100 .423 .009 .011 <.001.095 
BILl CD .606 .400 .099 

DO .800 .027 

DIR CC .494 .004 .032 .170 .003 .016 
BILl CD .371 .091 .069 .755 

DO .869 

LDH CC .063 .090 .011 .037 .836 .025 - .023 
CD .024 .711 
DO .526 .086 

CHOL CC .062 <.001 .079 - .022 <.001 .061 -
CD .216 .014 .031 .020 
DO .466 .053 

TRIG CC .911 .601 
CD .284 .616 
DO .589 

* - denotes P > 0.0'0 for main effects, P > 0.100 for I nterat 1 qn eff;ects 

In Tables XIV-2, andXIV-3. there 1,s a very slight indication of overall 
group differences in the ' GGPT with :tlile Ranch, Hand mean 'greater than the com­
parison mean snda P valllte of 0.050 lnthe CD analysis with interaction terms. 
However.' when 'interaction terms are not considered. P = 0.421. This may indi­
cate some interaction effects even though they were not detected as statisti ~ 
cally signifioant. Additionally,. no difference is detected in the CC or DD 
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analyses. A stronger indication of overall group difference is seen with LDH; 
however, it is interesting to note that while the Ranch Hand mean LDH is 
greater than the comparison mean, the Ranch Hand percent abnormal LDH is less 
than that of the comparison group. The Ranch Hand cholesterol mean is lower 
than that of ,the comparison group and the result appears unlikely to have 
occurred by chance. (P value of 0.062 in the full model CC analysis; P values of 
0.022 and 0.031 in the CC and CD analyses respectively not using interaction 
terms). These group differences in GGPT, LDH and CHOL are all small. 

Further group specific differences are noted in interaction effects with 
covariables. Ranch Hand SGOT levels are correlated more highly with alcohol 
ingestion than are comparison SGOT levels. The Ranch Hand SGOT - alcohol re­
gression slope 1s 0.0178 logarithmic units per drink per day, while the com­
parison SGOT - alcohol slope i:;l 0.0113 logarithmic units per drink per day. 
This difference in slopes is statistically significant wi th P • 0.032, and 
could represent differing hepatiC sensitivities to alcohol. 

A borderline group by industrial chemical exposure is noted in the DD 
analysis Of SGPT levels. This interaction is shown in Table XIV-4. 

Exposure 

Table XIV:"4 

INDUSTRIAL CHEMICAL EXPOSURE AND % ABNORMAL SGPT IN 
RANCH HAND AND COMPARISON GROUPS 

Ranch Hand Comparison 

8.84% (38 of 430) 6.71% (23 of 343) 

No Exposure 7.19% (42 of 584) 10 .1% (42 of 416) 

Ranch Hand personnel exposed to industrial chemicals have a higher proportion 
of abnormal SGPT values than do Ranch Hand personnel who are not. exposed to 
industrial chemicals. The situation is reversed iri ·the comparison group. The 
relati ye risk for abnormal SGOTin the Ranch Hand group aSSociated wi th indus': 
trial chemical exposure is 1.23, while the comparison relative risk is 0.66, 
and this difference carries a P value of 0.052. 

Two group-by-covariate interactions are noted in the LDH data. In the 
comparison group ne.1ther alcohol ingestion nor exposure to degreasing chemicals 
was associated wi th change in LDH levels, while in the Ranch Hand group, in­
creased levels were noted to occur in association with both .exposures. Specif­
ically, in the comparison group the LDW-alcohol slope 1s -0.0008 logari thmic 
units per drink pel" day which is not statistically significantly different from 
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zero (P = 0.577). Also, the comparison LDH-degreasing chemic"l slope is -O.Ol\ 
X 10-5 units per exposure day (P = 0.735 against the null hypothesis of zero 
slope). On the other.hand, the Ranch Hand LDH-alcohol slope is 0.0041 uni ts per 
drink per day (P < 0.001 against hypothesis of zero slope) and the 
LDH-degreasing slope is 0.51 X 10-5 units per exposure day (P = 0.003 against 

·zero slope hypothesis). 

c. Efposure Analyses 

Analyses within the Ranch Hand cohort are presented contrasting the 
hepatic clinical variables against the herbicide exposure index. For this 
exposure index work, separate analyses were run for each of 3 occupational 
groups: officers,enlisted flying and enlisted ground. The 9 hepatic variables 
were analyzed as continuous dependent variables' after logar1 thmic transforma­
tion. As with the Ranch Hand-comparison group analyses, alcohol use, industrial 
chemical exposure,degreasing chemical exposure and antibody to Hepatitis B 
surface antigen were used as adjusting covariates, and individuals with body 
temperature greater than or equal to 100 0F were omitted from the analysis as 
were individuals with hepatitis B surface antigen. Forthls exposure indeJ{ 
effort, alcohol use, industrial chemical exposure and degreasing chemical expo­
sure were used as continuous variables. 

Table XIV,..5 is a display of exposure means adjusting for covariates wi th­
out invoking' interactIon. Table XIV~6 provides a summary of P values for the 
testing. Analyses of covariance or generalized linear models with and without 
interaction were employed. 

An overall or maIn exposure effect on GGPT levels is indicated among offi­
eel's and enlisted ground personnel. However, clear-cut dose-response patterns 
are not· noted, rather, in the officer cohort the medium exposure subgroup has 
the highest mean GGPT while in the enlisted ground cohort the subgroup wi th low 
exposure has the highest GGPT. 

Six expoSUre group-by-covariate interactions' were found at P < 0.050. 
These interactions are written out in Table XIV-7. In this table, the slope of 
the dependent variable with ret;!pect to the covariate of iriterest· is pr6vided 
for each of: the 3 exposure levele. 
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An exposure-by-degreasing chemical interaction was noted in SGOT in offi­
cers. Low herbicide exposure is associated with a possible depression of SGOT 
ievels wi th increasing degreasing ohemical exposure, while individuals in the 
high herbicide exposure group show increasing SGOT levels wi th increasing de­
greasing chemiCal 'exposure. 

Variable 

SGOT 

SGPT 

GGPT 

Alk. 
Phos. 

T. Bili. 

D. Bill. 

LDH 

Chol. 

Trig. 

Typical 
Sample 
Sizes 

Table XIV-5 

ADJUSTED BIOCHEMICAL MEANS BY EXPOSURE AND OCCUPATIONAL 
CATEGORY,WITH TYPJ1CAL SAMPLE SIZES 

'Oooupational Low Medium High, 
Categorll EXEosure ,ExEosure EXEosure 

'Officer 33.3 32.2 33.0 
Enl. F. 31.8 33.5 31.7 
Enl. G. '33.6 32.7 34.1 

Officer 20.2 19.9. 19.4 
Enlo F. 1 &.5, 20.& 18.4 
Enlo G. 21,~3 , 21.1. ?0;6 

Officer 37.1 39.5 37.5 
EnloF. 41.4 45,.9 " ." 37.8 
Enl:G. 43;0 ' , ,,40, •• 2 40.5 

7:?~ 
,-," :, 

i.47 Officer 6.91 
Enlo F. 8.13 7.88 '7.98 
Bnlo G. 7.93 7.8?, 8.04 

I, . 

Officer 0 • .56 '0',55 ',' 0.57 
En!. F .• o "5~ 0;56 ,0.54 
Bril. G. 0,5 " :0:.58", ~)!\. ,'," 0.60 

',':',,; '::) ."1 

Officer 0.22 0.23 0.23 
, Jl)ril.1i' • :'-," :,:,0,,18, q.~~" . 0.21 
,Enb, 'G. '/ :,to;?5, 0.' '1'\" 

, , 0.26 
I ! ,:; ,I ~ , I i~:' .\ 

"'''1 ' , 1!\1~3 ' ' ~ \ ' i" .,', ,',',' ;J.I"' Officer 139., " 139.3 
En!. F. 143.;1 ' 'i' " 141.0 149.3 
Enl. G. ,1 42.9 140.8 144.9 

Officer 214.6 213.0 209.4 
Enl. F. 214;0 212.6 222.5 
Enl. G. 208.7 210.4 211 .4 

Officer 111 .9 127.4 129.0 
Enlo F. 129.8 126.4 128.4 
Enl. G. 118.6 114.5 121. 1 

Officer 107 122 120 
Enl. F. 58 58 63 
EnL G. 143 170 146 
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Tobie XIV-6 

SUMMARY OF P VALUES FOR EXPOSURE INDEX ANALYSIS 
OF NINE HEPATIC VARIABLES 

P Values for Models with Interaction P Values for Models With 
No Inter8ctlon 

OCe EXP EXP X EXP X EXP X EXP X Exp 
VAR CAT CAT ALC IC DC oHb ALC IC DC .ntl Cat ALC IC DC anti 

HBsAg HBsAg 

SGOT OFF .563 <.001 -' .009 .512 <.001 .047 -
ENL.F. .885 <.001 .037 .538 <.001 .035 
ENL.G. .698 <.001 .409 <.001 

SGPT OFF .463 <.001 .081 .812 <.001 
ENL.F • • 909 .411 
ENL.G • • 467 .862 

GGPT OFF .052 <.001 - .089 .696 <.001 .040 -
ENL.F. .427 <.001 .049 .224 <.001 
ENL.G. .093 <.001 .010 - .574 <.001 - .020 -

ALK OFF .192 - <.001 .280 
PHOS ENL.F. .685 .855 

ENL.G. .629 .710 

TOT OFF. .643 .885 
BI LI ENL.F • • 449 .029 - .086 .560 .011 

ENL.G • • 606 .010 - .642 .023' .008 -

DIR OFF .992 .856 
BILl ENL.F. .399 .060 .006 .310 

ENL.G • • 823 .697 

LDH OFF .516 .758 
ENL.F. .656 .018 - .174 .019 -
ENL.G. .300 .050 - .049 .360 .034 .036 -

CHOL OFF .290 .602 
ENL.F. .310 .031 - .343 .037 -
ENL.G. .096 - .026 .058 .841 

• 
TRIG OFF. .394 • 244 

ENL.F. .468 .045 .044 - .980 
ENL.G. .890 .768 . - I nd Ic.tes P > 0.050 for main effects P > 0.100 for Interactions. 
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Table XIV-7 
EXPOSURE - COVARIATE INTERACTION EFFECTS FOR NINE 

HEPATIC VARIABLES 

P Va I ue on Test 
of Slope Against 

Occ Level of Exposure Nul I Hypothesis 
Ver Cat Interact Interact Level Sloe" of Zero Sloee 

SGOT Off leers Exp x DC .009 Low -.201 x 10-4 units/dey .286 
Med .021 x 10-4 units/dey .924 
High .674 x 10-4 units/day .002 

GGPT Enlisted Exp x ALC .049 Low .0828 unlts/drk/day <,001 
Flying Med .056'1 unlts/drk/dey .002 

High .0288 unlts/drk/day .037 

ALK Off leers Exp x ALC <.001 Low -.0442 unlts/drk/day <.001 
PHOS Med .0131 unlts/drk/dey .254 

High -.0015 unlts/drk/dey .864 
Anti 

DIR Enlisted Exp x HBsAg .006 Low ,3713 mgm!dl .013 
BILl Flying Med -.2246 mgm/dl .071 

High 
Anti 

.1752 mgl1!/ml .134 

LDH Enlisted Exp x HbsAg .049 Low .0329 units .159 
Ground Med -.0407 units .085 

High -.0330 units .128 

CHOL Enlisted Exp x ALe .026 Low ,0039 mgm/dlidr~/d.y .284 
Ground Med -.0065 mgm/dl/drk/dey .043 

High .0054 mgm/dl/drk/dey .147 
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Alcohol use is associated with increasing GGPT levels among enlisted flying 
personnel, but the increase in GGPT falls smoothly wi th increasing exposure 
levels. On the other hand, alcohol use is associated with decreasing alkaline 
phosphatase levels among Ranch Hand officers in the low exposure group. 

There are 2 interactions between exposure group and antibody to Hepatitis B 
antigen. Direct bilirubin levels are higher in enlisted flying personnel who' 
are antibody positive and are in the low or high exposure groups. Direct bili­
rubin levels are lower in individuals who are antibody positive but in the 
medium exposure group. LDH is higher among enlisted ground Ranch Handel'S who 
are antibody posl tive and are in the low herbicide exposure group while LDH 
levels are lower among antibody positive individuals, in the medium and high 
exposure groups. 

An exposure-by-alcohol use interaction effect on cholesterol levels shows 
positive slopes in the low and high exposure categories but a negative slope in 
the, medium exposure category. 

Thus, of the 6 statistically significant interactions noted in this expo­
sure index analysis only 1, the SGOT;'degreasing chemical interaction; supports 
an interpretation of, herbicide effect, But this interpretation is markedly 
weakened by the,presence of the 5 uninterpretable patterns. 

3. Urinalysis Determinations Related to Porphyrin Metabolism 

Three components associated with porphyrin metabolism were determined and 
are analyzed here : uroporphyrin, coproporphyrin and d-aminolevulinic acid. 
Data addressing these 3 variables were analyzed lOOking for differences between 
the Ranch Hand and comparison groups and looking for associations with indexed 
herbicide exposure within the Ranch Hand group. 

In examining the uroporphyrin, coproporphyrin and d-aminolevulinic acid data 
for Ranch Hand - comparison group differences,adjustments were accomplished 
for the following 6 variables; current alcohol use in drinks per day (ALC), 
blood urinary nitrogen (BUN), creatinine clearance (CCL) , days of exposure to 
indus,trialchemicals (IC), days of exposur,e to deg,reasing chemicals (DC) and 
presence or absence of antibody to hepatitis B antigen. Adjustments were ac­
complished treating the dependent variable and all independent variables except 
antibody to hepatitis B antigen as continuous variables in a generalized lineal" 
model analysis. Since the compounds uroporphyrin, coproporphyrin and 
d-aminolevullnic acid are all measured in 24-hour urine collections, only data 

from SUbjects who complied with the full collection of urine are used in the 
analYSis (620 Ranch Handel'S and 439 comparisons). Also, febrile participants 
and individuals ,with HBsAg have been removed. In the adjusted analyses the 
dependent variable was normalized by using a logarithmic (base 10) transform­
ation. 
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Table XIV-8 'provides uroporphyrin, coproporphyrin andd-aminolevulinic acid 
unadjusted means, adjusted means and percent abnormalIty. For uroporphyrin, 

. values greater than 60 .. were considered abnormal, for coproporphyrin, values 
greater than 235 and for d-aminolevulinic aCid, values greater tpan ;7000 were 
counted as abnormal. ., . 

. . ;,' 

Table XIV-8 

UNADJUSTED MEANS, ADJUSTED MEANS' AND PERCENT ABNORMAL! TY 
FOR THREE COMPOUNDS RELATED TO PORPHYRIN METABOLISM 

":' 

Unadjusted Adjusted 
Means Maens ~ Abnormal 

Uroporphyrin RH 30.5 
COM 30.8 

Coproporphyrin RH 31.2 
COM 30.8 

d-.mlnolevullnlc acid RH 2328.9 
COM 2383.2 

• adjusted meanS nof represented due to Interaction 

Table XIV-\! 

• • 
• • 

2337.1 
2371.4 

SUMMARY OF RESULTS UNMATCHED ANALYSES 
OF THREE COMPOUNDS RELATED TO PORPHYRIN METABOLISM 

P-VALUES FOR MODELS WITH INTERACTION 

Anti Gp x Gp x Gp x 
:!!ii §R. .6!:£ .§!1!'!. ~ .ill. .QQ. HBsAg £L .!ll!!:L. f£L 
URO .227 - <.001 <.001 - .077 
COPRO .490 - <.001 <.001 - .049 .045 .097 
ALA .145 - <.001 - .014 

6.5~ 
6.8% 

0.2% 
0.0. 

0.0% 
0.0% 

Gp x 
..!.L 

Gp x 
Gp x Anti 
QL HBsAg 

Table XIV-9 displays the detailed analyses. No overall group differences 
are observed. With uroporphyrin a borderline significant group-by.,.BUN interac­
tion (P • 0.077)' was Observed. In the Ranch Hand group, th.e uroporphyrin-BUN 
slope was -0.010 uroporphyrIn logari thm .1!lnits per BUN unit, while the compari­
son slope was. steeper (-0.017). A borderline group-by-aUN interaction was also 
noted in the coproporphyrin data. In the Ranch Hand group, the ooproporphyrin­
BUN slope was -0.014 coproporphyrin logarithmic units per BUN unit, while the 
comparison slope was again steeper (-0.023). Lastly, a group-by-alcohol inter­
action was deteoted in the coproporphyrin data (P = 0.045). The Ranch Hand 
slope was posi tlve (+0.013) while the comparison slope was negatIve (-0.008). 
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Table XIV-IO 

SUMMARY OF P VALUES FOR EXPOSURE INDEX ANALYSES OF THREE COMPOUNDS 
RELATED TO PORPHYRI N METABOLI SM 

EXP EXP EXP EXP EXP Exp x 

OCC EXP x x x x x Anti 

~ .££ CAT ~ BUN CCL IC .Q£ .Hb ALC BUN CeL l£... DC ~ 

URO OFF .207 <.001 - .033 
ENL F. .670 
ENL G. .882 . .010 .050 -

COPRO OFF .630 .022 .035 -
ENL F. .498 <.001 
ENL G. .699 .016 .015 - .016 -

ALA OFF .279 <.001 -
ENL F. .135 <.001 - .028 -
ENL G. .312 <.001 .020 ~ .040 .042 

Table XIV-ll 

TABLE OF UNADJUSTED MEANS FOR THREE COMPOUNDS 
RELATED TO PORPHYRIN METABOLISM 

Occupat tOnal Low Medium High 
Variable Category L Exposure Exposure Exposure 

Uroporphyrin Officers 212 28.9 26.9 31.3 
Enlisted Fly. 106 38;7 27.8 31.6 
Enlisted Gnd. 282 31 .1 32.4 29.8 

Coproporphyrin Officers 212 32.4 26.7 29.9 
Enlisted Fly. 106 36.4 31.1 32.5 
Enlisted Gnd. 282 31.6 30.9 32.8 

d-amino Officers 212 2221 2312 2211 
levulinic Enlisted Fly. 106 2460 2510 2381 
Acid Enlisted Gnd. 282 2290 2441 2271 
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Variable 

Uropophyrin 

Copro-
porphyrin 

d-amino 
levulinic 
acid 

d-amino 
levulinic 
acid 

,d-amino 
levulinic 
acid 

TableXIV-12 

EXPOSURE-COVARIATE INTERACTIONS FOR THREE COMPOUNDS 
RELATED TO PORPHYRIN METABOLISM 

P Value 
Occupational for Exposure 
Cate!il0r~ Interaction Interaction Level Slope 

Officer Exp x DC .033 Low -.000043 
Med .000074 
High ;000190 

Enlisted Exp x IC .016 Low .301 X 10-4 
Ground Med -;540 X 10-4 

High .176 X 10-4 

Enlisted Exp x ALC .028 Low .00045 
Flying Med -;02922 

High .01445 

Enlisted Exp x IC .040 Low -.1450 X 10-4 
Ground Med -.2944 X 10-4 

High .0315 X 10-4 

Enlisted Exp x DC .042 Low -.0538 X 10-4 
Ground Med .0398 X 10-4 

High ;0394 X 10-4 

The literature indicates elevated porphyrin compound excretion resulting 
from sufficient dioxin exposure. The pattern found here is one of higher Ranch 
Hand uroporphyrin or copro,porpl;lyr1n levels relative to comparisons when there 
are concomi tantly higher BUN levels, or, in the case of coproprophyrin, when 
there is higher ,alcohol ingestion. No overall group differences are observed. 

, , , 

Tables XIV-,l 0, XIV-ll and XIV-,12 display the results of exposure index 
analyses wi thin the Ranch Hand group. Starting witl;l T,able XIV-l0, no statisti­
cally significant overall group differences are sef'n and 5, stat'istically sig­
nificant(P < 0.050) group-covariate interaeUons are noted. Table XIV-ll 
displays unadjusted group means for the porphyrin metabolism related variables 
and, as indicated by the statistical testing of overall group differences, no 
trends wi th exposure index are observed. 



The 5 exposure-by-covariate interactions are listed in Table XIV-12; how­
ever, only the exposure index by degreasing chemical interactions follow a 
classical dose-response pattern. Specifically, Ranch Hand officers with 
greater ,herbioide exposure, as measured by the exposure index, have greater 
increases in uroporphyrin output in response to degreasing chemical exposures 
than do Ranch Hand officers with less herbicide exposure. The same pattern is 
seen in the enlisted ground d-aminolevulinic acid data. 

4. Clinical Variables 

Sixteen of 1027 Ranch Handel's (1.56%) were diagnosed as having hepatomegaly 
while 6 of 769 comparisons (0.78%) had that finding (p. 0.138) with an 
approximate 70% power. In the Ranch Hand group, the cases of hepatomegaly 
appear to be randomly distributed wi thin the 3 exposure categories; however, 
due to the small number of cases statistical testing i6 not powerful. These 
data on hepatomegaly are shown in Table XIV~13 (febrile participants and indi­
viduals with HBsAg have been removed). 

Occupat ional 
Catel\orx: 

Officers 
Enlisted Flying 
Enlisted Ground 

Table XIV-13 

CASES OF HEPATOMEGALY IN THE RANCH HAND COHORT BY 
dCCUPATION AND EXPOSURE CATEGORY 

EX20sure Index 
Low Medium Hil\h 

Cases N Cases N Cases 

2 110 2 124 2 
1 59 2 58 2 
0 148 3 176 1 

N 

123 
63 

147 

Eighteen of 1027 Ranch Handel'S (1.75%) reported an enlarged liver during 
response to questionnaire inquiry while 13 of 760compariilons (1.71%) reported 
the same. 
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The study questionnaire also inquired about a medical history of hepatitis, 
jaundice, cirrhosiS, and a general category called other liver condi tions. 
Ranch Hand' and comparison responses to these questions are shown in Table 
XIV-14. Ranch Hand respondents differ from compar isons only in the other liver 
category. Thirteen of the 16 Ranch Handers reporting other 11 vel" conditions 
have had their report verified by medioalrecord. One comparison has had his 
condition verified. A display of the verified finding!! is shown in Table 
XIV-15 (febrile individuals and HBsAg pOSitive individuals were left in the 
analysis) • 

Reported 
Event 

Hepatitis 

Jaundice 

Cirrhosis 

Other 

Ranch Hand: 

Compar l,son: 

Table XIV-14 

SPECIFIC LIVER DISORDERS REPORTED ON QUESTIONNAIRE 

Ranch Hand Comparison PValue 

Yes No Yes No 

40 1005 32 741 >0.50 

44 1001 35 738 >0.50 

4 1041 3 770 >0.50 

16 1029 2 771 0.004 

Table XIV-15 

OTHER LIVER CONDITIONS REPORTED BY 
STUDY PARTICIPANTS AND VERIFIED BY MEDICAL RECORDS 

reD Code Code Meaning Number 

2724 Hyperlipidemia 1 
570 Li vel" necros is 1 

5739 Unspecified 10 
7904 Enzyme elevation 1 

5719 Chronic unspecified 
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Occupational 
Category 

Officers 
Enlisted Flying 
Enlisted Ground 

Table XIV-16 

REPORTED SKIN PATCHES, BRUISES OR SENSITIVITY 
IN RANCH HAND PARTICIPANTS BY 

OCCUPATION AND EXPOSURE CATEGORY 

Exposure Index 

Low Medium 

Cases ! N Cases ! N Cases 

36 32.4 111 48 37.5 128 44 
27 45.8 59 28 47.5 59 37 
74 49.0 151 82 45.8 179 76 

High 

! N 

35.2 125 
56.1 66 
51.4 148 

Seeking historical evidence of porphyric symptoms, questions concerning 
skin changes that could have been associated with porphyria cutanea tarda were 
asked (specifically,skin patches, bruisibility or sensitivity). Of 1045 Ranch 
Hand respondents, 462 or 44.2% reported these skin symptoms while 278 of 773 
comparisons or 36.0% reported these conditions. These reported cases indicate 
a statistically significant group difference (P <0.001); however, no regression 
with exposure index was noted (data given in Table XIV~16). 

The historical and hepatomegaly data support an interpretation of some 
group difference. However ,no positive association with herbicide exposure has 
been noted. 

5. Summary and Conclusion 

Ranch Handers have slightly greater GGPT and LDH levels than the compari­
sons while having lower cholesterol levels. Also, Ranch Hand SGOT, SGPT and 
LDH levels are more highly correlated to (and therefore may be more influenced 
by) materials with an hepatic effect, namely, alcohol, degreasing compounds and 
industrial chemicals. No group differences were noted in alkaline phosphatase 
or bilirubin levels. 

Borderline statistically significant group differences have been detected 
in uroporphyrin and coproporphyrin levels in association wi th BUN, and in 
coproporphyrin levels in association with alcohOl ingestion. No overall group 
differences were detected in these compounds or delta aminolevul1nic acid 
values. 

Twice as many Ranch Handers as comparisons had enlarged 11 vers on physical 
examination, but this difference was not statistically Significant. Statisti­
cally significant group differences were noted in the occurrence of miscellane­
ous liver disorders exclusive of hepatitis, jaundice and Cirrhosis, verified by 
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medical record review. Ranch Handers self reported 23% more skin changes of 
the type associated wi th porphyria cutanea tarda than did the comparison par­
ticipants. and the group difference was statistically significant. Clinically 
apparent porphyria was not evident at physical examination. 

The observed group differences in liver-related biochemical variables found 
in the blood, and in porphyrin. metabolism compounds found in the urine are most 
likely of minor. or negligible medical importance at the present .time. The 
verified reports of liver morbidity are Of greater clinical interest. 

The exposure index analyses do not support an interpretation of herb­
icide effect with respect to any of the group differences summarized. 
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Chapter XV 

DERMATOLOGIC EVALUATION 

A thorough dermatologic assessment was deemed essential because chloracne 
is the only recognized defini ti ve clinical end point following exposure to 
chlorophenols and dioxin. Over one-half of all veteran complaints recorded in 
the Veterans Administration Herbicide Registry cited dermatologic symptoms. 
These facts, coupled with the knowledge that chloracne is transient following a 
single point exposure (Hornberger, 1979), suggested that there is a significant 
potential to misclas.sify adOlescent acne and chloracne. While the issue of 
correct diagnos.is could be resolved by biopsies and histopathologic characteri­
zations in all partiCipants, this approach was rejected on ethical grounds, as 
well as concern for the adverse impact of biopsy procedures on future study 
participation. Consequently, the dermatologic assessment was carefully plan­
ned to collect historical and distributional dermatologic data by question­
naire, followed by a detailed corroborative physical examination, supplemented 
by voluntary biopsies when indicated. Most data reported in this chapter are 
from the 1045 Ranch Handers and the 773 originally selected oomparison indi­
v.lduals enrolled in the study. Minor fluctuations from these denominators 
reflect missing dependent variable or covariate data. Relative risks and 
confidence intervals are shown for all dependent variables in Appendix XVIII. 

1. Questionnaire Data 

The in-home study questionnaire oollected detailed medical histories on the 
occur'rence of acne. These data are displayed in Table XV-1 and show that the 
Ranch lIander.s reported slightly more acne than their oomparisons,. 

Group 

Ranch Hand 

Comparison 

Table XV-1 

REPORTED OCCURRENCE OF ACNE BY GROUP 

No Acne 
Number Percent 

659 

498 

63.3 

64.8 

Reported Acne 
Number Percent 

382 

271 35.2 

Reported acne group contrast: P ~ 0.52 

XV-1 

Total 
Number Peroent 

1041 100 

769 100 



Beginning and end dates of up to three sustained periods of acne activity 
were recorded for each individual on the questionnaire. Since only acne after 
1961 could be possibly induced by herbicide expOS)lre, cases of post-1961 acne 
were placed in time reference to each individual's RVN tour(s). This temporal 
distribution was not statistically different with respect to group membership. 
These data are reflected in Table XV-2. 

Table XV-2 

REPORTED POST-1961 ACNE BY TIME OF THE SOUTHEAST ASIA [SEA] TOUR(S) BY GROUP 

Pre-SEA Onl:£ Post-SEA Only Pre- and Post-SEA* 

Group Nl.\mber Percent Number percent Number Percent 

Ranch Hand 62 34.6 31 17.3 86 48.0 

N =179 

Comparison 51 44.0 17 14.7 48 41.4 

N - 116 

Reported acne by group by pre/post SEA: P = 0.27 
Reported acne (Post SEA) relative risk:. 1.18, 95% Conf. iOt. (.67,2.18) 

*SuOh acne cO)lld have been separate cases or the same ~ase starting before 
his RVN tour and ending afterwards. 

Durat.ions of thecumulatlve 
intervalS .and contrasted by group 
Table XV-3. 

acne . episo'd~S were . distributed by.5-year 
\ ,"" - -' ,. 

and SEA category . These.' data are ahownin 

XV-2 



Table XV-3 

DURATION OF ACNE IN 5-YEAR CATEGORIES BY SEA TOUR AND GROUP MEMBERSHIP 

Duration in Years 
Pre-SEA ONLY :>5 5 <Yr :>10 10 <Yr :>15 15 <Yr :>20 Total 

Ranch Hand 44 15 2 62 

Comparison 38 12 0 51 

P • 0.63 

Post-SEA ONLY 

Ranch Handel' 15 4 11 31 

Comparison 9 2 4 2 17 

P • 0.61 

Thus, these SEA tour categories suggested that there were no group differ­
ences for the pre-SEA or post-SEA acne. Questionnaire information on whether 
the participant consulted a physician for his acne was used as an indirect 
measure of the clinical severity of the acne. Of 70 Ranch Handel's with acne 
post-1961 who were asked this question, 29 (41.4%) responded as having visited 
a physician as contrasted to 15 of the 45 (33.3%) comparisons (p a 0.38), sug­
gesting that there was not a statistically significant difference in the clini­
cal severity of their acne. 

Since chloracne, following mild to moderate exposures, is classically 
found in skin areas on the temples, eyes/eyelids, and ears (eyeglass distribu­
tion), questions on rash locations andcomblnations of locations were presented 
to each participant' reporting acne. Of the 11'7 post~SEA plus pre- and post-SEA 
cases of acne in Ranch Handel's after SEA,duty, 75 (64%) reported no acne at 
any of these locations, while 36 (55%) of the 65 post-SEA plus pre- and post­
SEA comparisons reported none. These proportions are not significantly differ­
ent (P • 0.25), and the occurrence of skin disease which could potentially be 
chloracne does not differ in the two groups. There were only four individuals, 
two in each group, wi th acne confined exclusively to the classical chloracne 
areas. 

As further corroboration of these anatomically categorized data, a Venn 
diagram was constructed for post"':1961 acne lesions on tht3, temples, ears, and 
eyes for the Ranch Hand group and the entire comparison group. These data are 
shown in Figure XV-I and display remarkable visual concordance. 
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Figure XV-1 

VENN DIAGRAM OF POST-1961 TEMPLE, EAR, AND EYE ACNE BY GROUP 

RANCH HAND GROUP 
(POST 1961) 

ACNE, OTHER SITES: 157 
N= 202 (ACNE.REPORTED) 

2. Physical Examination Data 

ENTIRE 

COMPARISON GROUP 

(POST 1961) 

ACNE. OTHER SITES: 156 
N = 198 (ACNE REPORTED) 

All physical examination data ,.were described using a diagnostic checklist, 

and abnormalities were annotated on a full body diagram. Color photographs 

were obtained at the dermatologist's discretion, and 14 lesions were biopsied. 

Of the 14 biopsies collected from 11 patients, none were suggestive of chlor­

acne. No caises of chloracne were diagnosed. IUstologic descriptions of these 

biopsies are presented in Table XV-4. 
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Number 

3 
2 
2 
1 
1 
1 
1 
1 
1 
1 

Table XV-4 

BIOPSY RESULTS 

Histologic Description 

Active degeneration 
Inclusion cysts 
Epidermal cysts 
Basal cell carcinoma 
Intradermal melanosis 
Seborrheic keratosis 
Pigmented nevus 
Psoriasiform dermatitis 
Chronic inflammation 
Insect bite 

The five most common diagnoses and the P value for group differences are 
shown in Table XV-5. Abnormal skin findings were prevalent but almost identi­
cal in both groups (L e., 45.0% in Ranch Handers, and 44.9% in the comparisons; 
P = 0.97). Only for the misceUaneous diagnoses of "Other Abnormalities" 
(which included 15 diagnostic categories) was there astaUstically s·ignlficant 
group difference, with the comparisons having more disease than the Ranch 
Handers. . 

Table XV-5 

PREVALENCE OF DERMATOLOGIC DIAGNOSES IN PERCENT 

Ranch Hand Comparison Relative 95% 
Dia!;ll'loses 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 1.0.4 0.57 1.08 (.82,1.43) 
Cysts . 11 .6 10.5. 0.46 1.10 ( .84,1.46) 
HyperpiglljentOltion 8.3 7.1 0.35 1.17 (.84,1.65) 

. Ot.herC\bnormalities 12.6 16.3 0.03 .77 ( .81 , .98) 
Any abnormality. 45.0 44.9 .0.97 1.00 (· •. 90,1 .11.) 

Based upon the four most prevalent diagnoses in Table XV-5 (comedones, 
acneifot'1Il 1.es10n8, acneiform scars,. and dermal cysts), all qf which should 
encompass the. dtagnostic possibility of chloracne, a dermatologiCil'ldE!J( was 
constructed for each.study·par.ticipant. A score of Zero was given if none of 
the four les.Lons wer\!l'loted, .and a scor\! of 1 was assigne.d U' .<lne lesion was 
diagnosed, etc. Thesect$.taare displayed in Table XV-6" 
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Table XV-6 

DERMATOLOGIC INDEX SCORE BY GROUP 

Scores 
0 2 3 4 

Group Number ! Number ! Number ! Number ! Number ! 
Ranch Hand 633 60.6 234 22 •. 4 124 11 .9 42 4 •. 0 12 1 • 1 
(N a 1045) 

Comparison 487 63.0 157 20.3 95 12.3 27 3.5 7 0.9 
(N- 773) 

P = 0.74 

The distributions of these scores did. not differ significantly, suggesting a 
similar crude clinical severity between the groups. 

3. Questionnair.e -Examination Correlations 

The dermatologic index was contrasted to the hlstor':lCal occurrence of acne 
by group. These data are shown in Table XV-7. 

Table. XV-7. 

DERMATOLOGIC INDEX IN PERCENT BY QUESTIQNNAIRE HISTORY OF ACNE BY GROUP 

SC.ore 
Hi.story Group 0 2 1 4 P Value 

No Acne Ranchlland 66.3 21.4 9.4 2.4 0.5 ,0.72 
Comparison 69.1 18.1 9.6 2.6 0.6 

Acne ::01961 Ranch Hand 55.3 25 •. 1 13.4 4.5 1.7 
.' 

0.84 
Comparison 55.1 21.8 17.7 4;1 1.4 

Acne )1961 Ranch Hand 47.3 23.:2 17 .7 8.9 3.0 0.82 
Comparison 48.4 2'6.6 16.9 6:.4 1.6 



These data show that the dermatologic index does not differ significantly 

by group for any historical subset. And, as can be observed in Table XV-7, 

there is a positive association between the history (and time) of acne and the 

dermatologic index, regardless of group membership. An additional analysis of 

the dermatologic index for each individual who reported acne after his SEA tour 

(post-SEA only) did not reveal significant Ranch Hand-comparison differences 

(P = 0.50). 

4. Exposure Index Analyses 

Several comparisons were made using the exposure index and both historical 

and examination findings in the Ranch Hand group. Two historical parameters 

(incidence of acne and severity of acne) and the dermatologic examination find­

ings were contrasted to the exposure index after stratifying for occupational 

categories by log-linear models. The historical-exposure analyses were essen­

tially negative. Major dermatologic lesions from the examination were con­

trasted to the exposure index by occupational category. This analysIs is pre­

sented in Table xv~8. 
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Table XV-8 

PERCENTAGE OF SPECIFIC SKIN LESIONS IN RANCH HANDERS 
BY EXPOSURE LEVEL BY OCCUPATIONAL CATEGORY 

(POST 1961 DATA ONLY) 

EXEosure Level 
Low Medium High 

Condition OccuEational GrouE _%- % _%-

All skinabnormali ties Officers 57.1 22.2 21.4 
Enlisted Flying 14.3 16.7 60.0 
Enlisted Ground 39.5 35.8 25.0 

. Comedones Officers 14.3 22.2 21 .4 
Enlisted Flying 57.1 50.0 20.0 
Enlisted Ground 18 .• 6 24.5 31;2 

Acneiform Lesions Officers 0 33.3 50.0 
Enlisted Flying 57.1 16.7 20.0 
Enlisted Ground 37.2 22.6 37.5 

Acneiform Scars Officers 28.6 11. 1 21.4 
Enlisted Flying 71.4 50;0 40.0 
Enlisted Ground 10.9 28.3 31.2 

Inclusion Cysts Officers 14.3 0 14.3 
Enlisted Flying 14.3 50.0 20.0 
Enlisted Ground 18.6 18.6 27.1 

Hyperpigmentation Officers 0 11 .1 7.1 
Enlisted Flying 14.3 16.7 0 
Enlisted Ground 9.3 15.1 3.1 

P Value 

0.20 
0.17 
0.40 

0.91 
0.42 
0.45 

0.08 
0.23 
0.21 

0.68 
0.53 
0.57 

0.49 
0.32 
0.53 

0.72 
0.64 
0.20 

Thus, of the 18 exposure analyses, none were statis·t.ically significant 
(although based upon small sample sizes). Similarly, the relationship between 
the dermatologic index and exposure index was expl·or·ed. For all three occupa­
tional categories, the dermatologic index showed no si.gnifica·l'lt correlation to 
the exposure index, as reflected in Table XV~9. 
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5. 

Table XV-9 
I 

RANCH HAND DERMATOLOGIC INDEX IN ALL OCCUPATIONAL CATEGORIES 
BY THE EXPOSURE INDEX 
(POST 1961 DATA ONLY) 

Dermatolo!lic Index 
0 ;;; 

Exposure Level Number Percent Number Percent 

Low 26 45.6 31 54.4 

Medium 28 41.2 40 58.8 

High 20 39.2 31 .60.8 

P • 0.78 

Summar:!: 

A comprehensive dermatologic assessment was con<lucted by questionnaire and 
physical examination. The questionnaire data reveale<l that the incidence of 
past acne, its time of occurrence relative to the individual's SEA tour(s), its 
severity and duration, and its anat.omi.c ;;Location <11<1 not significantly differ 
between the Ranch Hand and compari$on groups. .No. cases of chloracne were 
diagnosed at physical examination or .by biopsy.. No group differences were 
noted for the five most prevalent dermatologic diagnoses. The category, other 
abnormalities (containing 15 dermatologic conditions), was significantly larger 
for the comparison group than for the Ranch Hand group. However, when all 
skin abnormalities wer.e conSidered, the group rates were essentially identicaL. 
A dermatologic index was constructed to account for the number of skin abnor­
mali ties per individual (severity index) that might encompass a diagnosis of 
chloracne. The index was not assooiated with group membership .bu.t showed some 
correlation with a total history of past acne in both groups. There .were no 
associations between historIcal or derml3.tol.og1calexl3.mination findings and 
exposure level in any ocoupational oategory .ofthe· Ranoh Hand. group. 
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Chapter XVI-1 

CARDIOVASCULAR EVALUATION 

1. Introduction 

The effects of Herbicide Orange and its dioxin contaminant on the cardio­
vascular system are not well defined. Both bradycardia and tachycardia have 
been suggested in acute heavy exposures to the 2, 4-D and 2,4, 5-T components, 
but the cardiovascular effects following chronic low dose exposure are essen­
tially unknown. The thrust .of this cardiovascular evaluation has been to col­
lect important data by questionnaire, physical examination, and laboratory 
testing, that would identify Ranch Hand-comparison group differences after 
accounting for the effects of confounding variables. Of the well-established 
risk factors, for cardiovascular disease, smoking, cholesterol level 01" choles­
terol to high density lipoprotein (HDL) ratio, and age were selected as covari­
ates in most analyses (Brand et aI, 1976). The covariates were categorized as 
follows: age, :;40, 40 years 1 month - 59 years 11 months (abbreviated 40 < > 
60), and 60 years 01" more; smoking, 0 pack-years, 1-10 pack-years, and 11 01" 

more pack-years; cholesterol, :;180 mg/dl, 181 -279 mg/dl, and ~280 mg/dl; ,and 
cholesterol-HDL ratiO, <5.3, <:5.3. In complex analyses with sparse data, 
trichotomous covariates were reduced to dichotomous ones. The cutpoint for 
cholesterol-HDL ratio was derived from data on rated Air Force personnel 
referred for cardiovascular diagnostic examination; it is an unwe1.ghted average 
of means of flyers verified at cardiac catheteriZiation.as having ,01" not having 
occlusi ve coronary atherosclerosis. A more '. optimal approach, based upon a 
median HDL value' of the comparison group, will be· used in subs,equ,ent reports. 
Statistically signiticant interactions between these coval"iates were not 
explored in detail when there was no eft"6'cton group membership and when the 
interactions were consonant with the classical epidemiology of cardiovascular 
disease. Analyses of weak risk factors in the data wlllbe presented in subse­
quent reports. Because of the low propol"tion of Black partiCipants in both 
groups. covariate adjustlllent by race was not possible. Consequently, a variety 
of dependent val" iable analyses by race, unadj us ted for age, smoking, and oho­
lesterol, are dlscussedthroughout this ohapter. In addition, where adjusted 
group differences were found to be statistioally significant, otheroovariates 
(e.g., peroent bOdy fat, currentsmoklng, history of' intermittent claudioa­
tion, testosterone' level, differential cortisol le¥elj.:.,etc. ) have been used, to 
reanalyze all data in an attempt to clarify the clinical signiticance of the 
finding. 

Most analyses herein are based upon Ranch Hand contrasts to the "originals" 
of the comparison group. Where group associations are statistioally signifi­
cant 01" of general interest, other comparison group denominators have been used 
(e.g., matched 'originals only and the entire oomparison group). Further, for 
specific analyses, participants with diabetes and pedal edema have been 
deleted,. Small denominator fluctuations are also inherent in these analyses 
because of missing covariate 01" dependent variable information. Thus, tabular 
data may not, be directly comparable between analyses because of the type of 
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covariate adjustment, or the denominator of the comparison group, or the dele­
tion of certain medical conditions thought to confound a specific clinical 
diagnosis. In general, covariates having a nonsignificant association with the 
dependent variable were removed from the analysis. The statistical analyses 
are based on log-linear models (BMDP-4F), logistic regression (BMDP-LR), and 
generalized linear models, chi-square, t tests, and matched covariate analyses 
(Breslow, 1982). Relative risks and confidence intervals, computed using the 
hypergeometric distribution (Thomas, 1971) and the normal approximation 
(Fleiss, 1981), are shown for all dependent variables in Appendix XVIII. 

2. Central Cardiovascular System 

a. SystoliC BlOod Pressure 

Abnormal systolic blood pressure was defined as pressure in excess of 
140 mmHg by standard observer auscultation. All blood pressures were obtained 
in a si tt1ng position. Second or third readings were recorded on those indi­
viduals who manifested an initial elevation. There was no significant differ­
ence in systolic blood pressure (P - 0.248) between the non-Black Ranch Hand 
and the non-,Black original comparison group after adjusting for age, smoking, 
and cholesterol level. These data are reflected in Tables XVI-l-l and XVI-1-2. 
Diabetics (2-hour'postprandfalglucose <:120 mg/dl) were removed from the analy~ 
see. 

Table XVI-1-1 

SYSTOLIC BLOOD PRESSURE 
RANCH HANDERS ANO'THE QRIGINAL COMPARISONS VERSUS AGE 

(NON;.BLACK:S ONLY) 

Ranch Hand 

<40 36 10.4 

<:40 , 113 23.1 

309 

377 

Ab '% Abncrnal Ncnnal 

32 

94 

14.3 192 

24.6 288 

Systolic pressure between groups: p. 0.248 
Relati ve r.1sk under 40: .73,95% Conf int (.46,1.18) 
Relative risk over 40: .94, 95% Conf int (.73,1.20) 

68 

Total 
Beth Gro.!ps 

11.9 

23.7 

501 

Age versus systoliC 
pressure (unadjusted 
for smoking and chol­
esterol): P <0.0001 

The unadj us ted systolic blood pressure by smoking history association, 
presented in Table XVI-1-2, is not significant (P-0,'179) in these data. 



Table XVI-1-2 

SYSTOLIC BLOOD PRESSURE PARTICIPANTS BY SMOKING HISTORY 
(NON-BLACKS ONLY) 

Smoking History 
in Pack-Years 

o 
1-10 
>10 

Abnormal 

70 
44 

161 

P = 0.179 

% Abnormal 

17.8 
16.1 
20.8 

Normal 

324 
230 
612 

RanchHanders'and original comparisons reflected in these tables were 

also cOmpared on systolic blood pressure as a continuous varIable with adjust­

ment for age, smoking history, HDL ratio, and body fat, via a general Hnear 

model. There was hosignificant difference between the gr()upson systolic 

blood pressure(P • 0.976). The Ranch. Hand and orIginal comparison adjusted 

means were 133.12 and 133.15, respectively. The covariates of agEil and body fat 

were both significantly associated with systolic blood pressure (P • 0.0001). 

Addi tional categorical analyses comparing Non-Black Ranch Handers with 

the total non~Black comparison group adjusted. for age, smoking, and cholesterol 

showed comparable nonsignificant inter:groupd,ifferences(P-0.366) for sys­

tolio blood pressure. The effect,s of age ··aoctsmok:inll. :I>Uijr,:e stat~stioally Sig­

nificant, P <0.0001 and P = O;OIK,res:peO't,4Nely. lA'ad.dition,' a chi-square 

analysis of Black Ranch Handers and Blaok individ'uals from the entire compari­

son group (diabetics removed) showed no group difference (p • 0.265) in sys­

tolic pressure. 

b. Diastolic Blood Pressure 

Dias'tolic blood pressure in excess of 90 mmHlI, was categorized as abnor­

mal. No significant intergroup difference was noted after adjustment for age, 

smoking,arid cholesterol level. These data are based upon non~Black, nondia-

betic denominators and are presented in Table XVI-1-3. . 



Table XVI-1-3 

DIASTOLIC BLOOD PRESSURE 
IN RANCH HANDERS AND THE ORIGINAL COMPARISONS VERSUS AGE 

(NON-BLACKS ONLY) 

Ranch Hand 
~ Abnormal % Abncnral Normal 

<40 18 

;;:40 57 

5.2 

11.6 

327 

433 

Original caparisons 
Abnornal % Abnornal Normal 

12 

53 

5.4 

13.9 

212 

329 

Diastolic blood pressure P = 0.351 
betwe.en groups: . 
Relative risk under 40: .97,95% Conf. into (.45,2.18) 
Relative risk over 40: .84,95% Conf. into (.58,1.21) 

Total 
Both Groups 

Abncnral % Abnonnal Normal 

30 539 

110 12.6 762 

Age versus diastolic 
pressure. (unadjusted 
for smoking and chol­
esterol): P <0.0001 

The Ranch Handers and original comparisons (as represented in Table 
XVI-1-3) diastolic blood pressure was also compared as a continuous variable 
with adjustment for .age, smoking history, HDLratio, and body fat, via a gen­
eral linear model. There was a borderline significant diastolic blood pressure 
by group by age interaction (P - 0.0585) ,in<ilicatit:\g a claange in the blood 
pressure by group association with level of age «40, ;;:40). However, separate 
analyses at each level of age revealed no significant group differences. In 
the under-40 age group, the diastolic blood pressure by group association was 
not significant (P • 0.435); the adjusted group means were 78.2 and 77.02 for 
Ranch Handers and comparisons, respectively. In the 40-alld-over age group, the 
diastolic blood pressure by group association was not significant; (P • 0.904); 
the Ranch Hand and comparison adjusted means were 80.7 and 81. 7, respectively. 

An intergroup log linear analysis of diastolic blood pressure for 
Blacks and. non-Blacks using original comparisons showed comparable nonsignifi­
cant results (P .. 0.573). Age was a significant covariate (P <0.0001) while the 
history of past smoklrig.was n(l)t. An unadjusted contrast of Black Ranch Handers 
and Black individuals from the entire comparison group also showed similar 
nonsignificant group differenoes. (P • 0 •. 533). 

c. Electrocardiograms (ECG's) 

ECG's were obtained on aU participants, following a minimum fast of 4 
hours andabstirience from tobacco for ,.4 J'IQur,s. rhe. vast majority of ECG's were 
obtained by 1 or 2 technicians on dedtca.t;edandQal~brated machines. The trac~ 
ings were read by a contractcl1nlc cardj.olo.gist and categorized into normal 
arid abnormal grOups, the la.tter ooneist~ng;·of Xight bundle branoh blook, left 
bundle branch block, nonspecific T wave ohanges·, bradyoardia, taohyoardia, and 



other diagnoses. Grave findings were immediately discussed with the partici­
pant's family physician and appropriate follow-up was arranged. As shown in 
Table XVI-1-4, abnormal ECG findings were not associated with group member­
ship (P = 0.987). For both the non-Black Ranch Hand and original comparison 
groups, there was a highly statistically Hgnificant (P <0.0006) association 
between abnormal ECG's and increased age. 

~ 

<40 

j!40 

Abnormal 
Relative 
Relative 

Table XVI-1-4 

ECG FINDINGS IN RANCH HANDERS AND THE ORIGINAL COMPARISONS 
BY AGE, ADJUSTED FOR SMOKING HISTORY AND HDL RATIO 

(NON-BLACKS ONLY) 

Total 
Ranch Hand Ori~inal Ganparisons 

AbnonnaJ. ,%. Abnonnal Normal AbnonnaJ. % AbnonnaJ. Normal 
Both groups 

Abnonnal % Abnormal Normal 

69 . 20.1 274 51 

148 30.2 342 107 

ECG findings between groups: 
risk under 40: .87,95% Conf'. 
risk over 40: 1.06,95% Conf. 

23.1 170 120 21.3 444 

28.4 269 255 29.4 611 

P- O. 987ECG findings in both 
i'nt. (.62; 1.23) groups by age (un­
into (.86,1.32) adjusted for smoking 

,and HDL ratio): 
P - < 0.0006 

When the ECG data in Table XVI-1-4were redistributed into the catego­
ries of tachycardia, 'bradycardia, other abnormalities, and normal, an unad­
j usted analysis showed 'nosign1t'icant differences between the Ranch Hand and 
original comparison group (P-0.881). 

An addi.tiona1 cardiac a'Ssessmentwas made on all past or present flying 
personnel in both groups. Parttcipants' names andsoci.al,sec.urlty number'S were 
computer matched to the USAF EGG RePGsitory, the :w(I)rld's largest EGG repository 
on flying personnel (Lancaster andOrd, 1972;. Hiss and Lamb , 1962). . Three 
hundred and fifty-four Ranch Handers and 282 original comparisons had between 
one and 10 previous tracings on file which had been diagnostically coded by 
stringent criteria. Accordingly, USAF cardiologists reviewed all 636 physical 
examinatiOn EGG's (without knowledge of group membership) and coded them by the 
standardized USAF criteria. The physical examination ECG was contrasted to the 
past ECG's and categorized as no change or degraded (no ECG's were improved in 
either group). These data analyzed by group membersh:ip and age are shown in 
Table XVI-1-5. Blacks and diabetics were removed 'from the analysis. This 
analysis is not adjusted forelaps'e.dtime betweenElCG readings. 

XVI-1-5 



Aj!e 

<40 

~40 

Table XVI-1-5 

CLINICAL COMPARISON OF CURRENT ECG'S TO PAST ECG'S IN FLYING PERSONNEL 
BY GROUP MEMBERSHIP AND AGE 

(NON-BLACKS ONLY) 

Ranch Hand Comparison Total 
No Change Dej!raded No Chanj!e Dej!raded No Change Dej!raded 

Number Number Percent Number Number Percent Number Number Percent 

45 2 4.2 29 2 6.4 74 4 5.1 

226 20 8.1 182 17 8.5 408 37 8.3 
271 22 2IT 19 W 4f 

Because of sparse data in the ,under-40 age group, an analysis adjusted 
for both age and smoking was not possible; the unadjusted EGG change by group 
association was not significant (P • 0.652). In the 40-and-over age group, 
the EGG change by group association was not significant (P • 0.939), adjusted 
for smoking history. The smoking history covariate was borderline significant, 
P - 0.0852. In both the Ranch Hand and comparison groups combined, the age by 
EGG Msociation (P - 0.412) was not Significant. The unadjusted ECG change by 
smoking history association was significant (P = 0.018). 

An overall analysis of systolic/diastolic blood pressl.ll"es and ECG 
abnormalities was performed by group membershIp and adjusted for smoking (0, 
1-10, >10 pack-years), cholesterol-HDL ratio «5.3, ~5.3), age «40, ~40) and 
differential cortisol level (continuous); Blacks and diabetics were omitted. 
The differential cortisol level is defined as the 7:30 AM cortisol measurement 
minus the 9:30 AM cortisol measurement. A logistic regression analysis showed 
similar nonsignificant results (as in Sections a-c above) that are presented in 
Table XVI-1-6. 

Table XVI-1-6 

RANCH HAND AND ORIGINAL COMPARISON GROUP CONTRAST FOLLOWING ADJUSTMENT 
FOR AGE, SMOKING, CHOLESTEROL-HDL RATIO, AND DIFFERENTIAL CORTISOL RESULTS 

(NON-BLACKS ONLY) 

Dependent Variable 

SystOliC Blood Pressure 
Diastolic Blood Pressure 
ECG Abnormal! ty 

XVI'"1-6 

P Value 

0.195 
0.351 
0.999 


