Table XIII-3

QUESTIONNAIRE PSYCHOLOGICAL INDICES
(HIGH SCHOOL EDUCATION)

- . Kolmqgorov?
. : : Mean Standard Smirnov
- Index .. Group’ N Score .‘Deviation - P Value

Fatigue ~ . Ranch Hand - = 573 -~ 15.33.  6.24 - < 0.001
. L Comparison 430 “13.64 S B.B2 - "

" Anger -~ - Ranch Hand 573. 11,27 R 0.002
+ Comparison 430 9499 + 3.64
Erosion’ .~ Ranch Hand-  ~ 572 22.3% = .7.90 - < 0.001
' - Comparison 429-  20.00 - 6,70 '
Anxiety .E - Ranch Hand 555 - 24.62 - B8.67 L < 0:001_f
L .. Comparison  ~ 19 _'21;91 CUTLTR L

Depressidn._.f~Ranch¥Hand:. 1 : 5§T9E - 3,15 E 00,89
E(Severity) - Comparison . 60 - 5,30 ;ﬂ 2085 e

Table XIIIAE‘.”'

QUESTIONNAIRE PSYCHOLOGICAL INDICES
(COLLEGE EDUCATION) . :

o _ Kolmogorov-~
. : : Mean Standard Smirnov
Index + . Group - _N_. . Score  Deviation _ P Value

.HFéﬁigUé_ e Banch Hand Y47 0 12,79 4,55 -~ 0.88

R - Comparison ~ -~ 335...712,83 . " W45
-Ahgerw‘vff .+ Ran¢h Hand '}HMT 9.55 3;09 e
. .. ‘Comparison 335 " 9.46 3,08

‘Eroston - 'Ranch Hand W48 . 20012 580 b,
PR -vComparison_* ©3360 719,90 7 BLGkr C

.Anxieﬁy ;wf- »@Ranch Handﬁ_"ﬁfﬂ37g;f 2te3 -
R PR *Comparis- : -1J328@;*:r'“*-w'

':fDepbession : 5Ran0h Handv&{- lGO'fgf} 2
(Severity) Comparison . 39%:!= L

*Data ‘too. Sparse for valid analysis
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‘When an unadjusted analysis of reported depression (yes, no) was performed,
there was a statistically significant group difference (P=0.002) with the Ranch
Handers reporting more depression then the- comparisons. This is not necessar-
ily inconsistent with the analysis of severity (P-O 89), '

Table XIII-5

ISOLATION'INDEX, ADJUSTED FOR EDUCATION

Index Score

Growp B 67 8§ io-11 1213 i Total
Ranch Hand 16 81 = 535 269 91 48 . 1040
Comparison 3 75 425 200 - 49 18 770

P = 0.002

‘The questicnnalire 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 elther 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 thiese questions
did not differ between college educated Ranch Handers 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-
cifiec subsets of questions were not validated. It 1is 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 1issue. 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~Reltan Battery and the Wechs—'
ler Adult Intelligence Scales were used to. assess psychologic functioning.
Again, results wére comparable whether using rank or educaticnal 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. neuropsychlatric symptoms. and complaints. It has been standard-

ized and 1s 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 <O 001) but the index
scores in the college groups were not: different.

Table XIII"G

ANALYSIS oF CORNELL INDEX BY GROUP
(KOLMOGOROV“SMIRNOV TWO-SAMPLE TEST)

_ Mean . Standard -
“Educational Level : Group . Score Deviation P Value
High School ‘Ranch Hand . 9.21 ©10.35 < 0.001
' L . Comparison” . ~ 6,44  7.79 .
College . n'-Ranch:Hanqu_;' S3.66 5.43 0.59
o ' ' .'Comparisonﬁ _ 3"_3.HH_ o hs8

. The subelsment scores were analyzed by - log*linear techniques using 6
categories of response. -These results are displayed in Table XILI-T7, and the‘
results of a gimilar  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 1n a highly significant manner
(P <0.0001).  Categorical analysis of the subelements revealed 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 1is 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. D : :
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Table XIII-7

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

P Value:. Ranch Hand Versus .

Parameter - QOriginal Comparisons A1l Comparisons

~ Fear ‘and Inadequacy : ~0.02 . : 0,06

"~ Depression. S 0.39 o 0.16

- Nervousness and Anxiety - -~ 0.002. : 0.009
Neurocirculatory System -~ 0.2 0.14
Startle S .. 0.008 S 0.04
Psyc¢hoscomatic . 0.002 L 0.002
Rypochondria - 0.05. ,- 0.12
Gastrointestinal System ~ : 0.01 : - 0,01 -
Sensitivity = : L 0.08 0.29

Troublesomeness : o 0.06. . . .. 0.06

% All of these parameters were significantly affected by .education level
(P <0.0001) ' O S 3

: Analysis of - the Ranch Hand group's overall Cornell Index by degree of
exposure wWas performed, using log-linear techniques. The Cornell Index was

compared with exposureﬁleyel'(low,.medium} and high) and education {high school
and college) after stratification for occupation. In each occupational cate-

. gory, the;index'was~clearly-inflﬂgnbed by'educational level but not by degree
qf'hehbicidé\gXpOsﬂre. Table XIII~8 contains the results of these analyses. '

" Table XIII-8

EXPOSURE ANALYSIS OF THE~CORNELL INDEX
- {ADJUSTED FOR EDUCATIONAL LEVEL)

 _0c¢upat1onal Catqury' = Cornell Versps.E#posurz vaézinell Vgréus Education
officer | S o RO 0.09
lEﬁlisted,-flying - o ';'Q.53'ﬁ' : . . olos_
‘”'Eniistéd, érognd- o _d;ze'l; PR 0.04

" Anaiysis of the overall Cornell Index identified significant group dif-
ferences among high :school+educated- 1nd1v1dupls..(P <0.,001), with the Ranch
Handers having a significantly higher mean (abnormal) score. However, this
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finding was not observed among the college educated individuals.  Log-linear
analyses of the Ranch Handers and original compariscns, adjusted for education,
revealed silgnificant differences in 6 of .the 10 subscales of the Iindex
(P § 0.05) and borderline or suggestive findings in three others (P < 0.12).
Despite these group differences, education adjusted exposure analysls of the
overall Cornell Index did not ldentify 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 comparisons. Scor-
ing was performed by machine, using the standard criteria for normality of -
30-70. The comparison of the distributional characteristlcs of the responses to
each. of the subelements of the MMPI are shown in Tables XIII-9 and XIII~ 10.
The effect of educational level on psychological soores is again seen, 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 either educatlional stratum; however, the high school
comparisons exhibited a greater degree of denial (K scale) than the high school
Ranch Handers.. Depression (P = 0.16), parancia (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 masculinity/femininity, hypochondria,
‘mania/hypomania,-and- soclal 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
individuals increase their education and broaden their interests beyond tradif
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 di-
rected, Is striking, but its clinical relevance ls.unclear. The percent of the
Ranch Handers and comparisons exhibilting abnormal MMPI scores (greater than 70
or less than 30) are shown in Table XIIIF11 for. those scales with suggestive or
"glgnificant findings :

"The. increased score on the dental’ (K) scale of the MMPI for the en*
listed comparison group may be an indication of 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 = 430)

Parameter
Validity .

Defensiveness (L Scale)

 Consistency (F Scale) =

:_Dénial-(K'Scalei
_ Hybochohdria _
Depresston |
Hyéfénia_ .

Psychopathicfbév1ate

~Masculinity/Femininity =

‘Parancla

Psychasthenia (Anxiety) .

Schizophrenia
Mania/Hypomania ~

' Social_Introvefsion

Group
Ranch Hand,

. Comparisen

Ranch_Hand
‘Comparison

" Ranch Hand

Comparison

Ranch Hand
Comparison

" Ranch HﬁndT:“
Comparison

" Ranch Hand .
.. Comparison -

.:Ranch Hand_:."
Comparison -

- Ranch Hand

Comparison:

Rarich Hand
. Comparison

'~ Ranch:Hand ~
- Comparison

'ARanoh Handff'
Comparison*”

© - Ranch Hand: .-
- Comparlson .-

_ Ranch Hand- .
. Comparison;_

Ranch Hand'l
Comparison;q

5*Comparisons greater than Hanch Hand

oAty

* Kolmogorov-"

. 53.95

. 50.80

Mean  Standard Smirnov
- Score  Deviation P Value
1.85 4,54 0.99
51.99 7.84 0.98 .
52,03 - 8.15 . o
51.95 9.29 0.4y
150,65 7.6 -
_ 1 8.86 0.03%
' 55.63 8.12
©59.7T4 - 13.36. 0.05
57.22 - 10,95
60.47 13,98 0.16
58,39 11.96 .
L. 60412 - 9.96 0.12
58,90 8,23 |
56,38 © 11,00 0.86
- 55.89 10,52 _
 55.94 . 8,32 0.01
54,85 8,94 .
51,72 ' 8.66 0.19
.50.68 8.33 ] |
57.27 - 12.23 0.7
57,53 . 13.42 0.45
55.97 © 9.71 o
56,03 - 10,36 0.01
5.9 10,31 S
52,31 - 10.38 - 0.006




Table XIII-10

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

Parameter.

Valldity

Defensiveness (L Scale)

_:ECQnsistenéy f?,sééie):
..Deﬁia; fK.SCa¥é5 
Hypéchqﬁdfia. i'H
'Dépressioﬁl

Hysteria

"Paychqpathicfpefiaté.

Masculinity/Femininity

Paranoia

-'Psycpésthénia (Anxiety)

~ Schizophrenia

. Mapianypémanié

“Social introVersién .f:

Group

Ranch Hand(_]
-Comparison

-Ranch'Hand
-+ Comparison

" Ranch Hand
Comparison :

Hanch‘Hand

Comparison

: Ranch ‘Hand
_VCOmpar;son -

‘Ranch Hand
Comparison

“- Ranch Hand
. Comparison -

 Ranch Hand
Comparison

* Ranch Hand
~. Comparison

~ ‘Ranch ‘Hand

Comparison

Ranch Hand f

Comparison

‘Ranch Hand

Cqmparison

‘Ranch Hand
* Comparison -

_Ranch Hand |
Compar 1son

| XIII-10

Mean

Score

Standard

Kolmogorov-
Smirnov
: P Value

1.48

1.95

50 . 26
50.33

48 7Y

48

58,46

58.11

. B5.42

5‘“ [ ] 65

;. 55.34
5457

59,75
_ 59@32w;

55,21
59,15
57.87"

53.26

53.62
54,18

e
54,89

55.22

54.05

46,83
47,50

Deviation-_

T

“4.49

7}29"-

5,84
5.36

0.47

0.99
.-0299
0.99

. D0.96

.-j 0.09
.0;63
0.84

"f9;79
oﬂ51

0.04




Table XIII-11"
MMPI-ABNORMALITY BY GROUP
Level - " MMPI. Scale ~ Group ¢4 Below 30 § Above 70

' High'Schopl. Denial _~ Ranch Hand
o C .Comparison -

OO
L

oo

N

Hypochondria Ranch Hand
AR .. Comparison

oo
oo

— .

| Depression . Ranoh_Hand
B - Comparison

n e S W=
O =

oo

SN
o

=]

-3 =
O

Hysteria " Rarich Hand
' , - Comparison .

"Masqulinity/ ~ Ranch Hand
; _Femininity : Comparison

oo
oo

» H
co - O
L6 O g
o WU

' Parahdiagi o fRanch Hand'u-
o+ . Comparison

—_ N
. e

oo
N
O

1l Mania/Hyﬁomahia=Ranch_Haﬁd
T u_.~‘Compsrison=_as*-

oo -

-~ Socilal Tntro-. _'Ranch Hand .
' version © . Comparison

oo
.
o O

— —
SO W

" College - Masculinity/“"'aanéh Hand
ST Femininity "ComparisOn-'

‘oo
o=}

N -
Lo e

Social Intro- ffRanch Hand' _
version _ ﬁ Comparison."

Lo
- s
.

. Log-linear analysis of the MMPI data, using dichobomous (normal/abnor~
mal) responses was also conducted (Table XIII~12),. Bducational level was agaln

' less than 0.01,

found to exert a highly significant influence in: all scales, with P values all
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Table XITI-12

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

P Value

Scale S - of Group Difference
Hypochondria : - © < 0.001
Depression . _ o - : 0.02

_Hysteria ' _ L _ 0.002
-Psychopathic/Deviate . S 0.39
Masoulinity/Femininity . .- ..0.84
Paranoia S L 0,26
Psychasthenia ' _ - ca - 0,21

- 8chizophrenia S . 0.007

. Mania/Hypomania _ o7 0.be
Social Introversion R : 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 found in the distributional analy-

'ses were 1in 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 pair analyses, ‘using the
original comparison subset, were conducted on the ‘hysteria, hypochondria, and
masculinity/femininity scales, with respective 'P..values of 0.02, 0.02, and
0.66, These results mirror those of the 1og-linear analysis in Table. XIIIr12,

_ The”initial group.analyses of ‘the MMPI were performed without. consid—
eration for the variable of race. A repeat analysis of MMPI 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 XIII13
Wherever the sample size permitted the analyses were adjusted for education,
however, sparseness of data prevented adjustment in the analysis of the psych—
- asthenla, schizophrenia, and masculinity/femininity scales and prevented any
analysis for the paranola and. social introversion: scales. The borderline sig-
nificant finding in the schizophrenia scale (P = 0.07) is somewhat parallel to
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 difrerences in MMPI scores between the Ranch Hand and comparison
groups. _ :
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Table XIII~13
MMPI ANALYSIS AMONG BLACK PARTICIPANTS

S : ' : : _ P Value -

Scale _ Adjusted for Education of Group Difference
Hypochondria -  Yes 0,15
Depression ‘ SRR Yes . _ ' 0.91
Hysteria : : Yes 0.3
Psychopathic/Deviate ' - Yes : 0.73
Mania/Hypomania _ '  Yes o 0.70
stchaathenia' o : | No. . o B ©0.20
Schizophrenia : “No _ - 0.07
Masculinity/Femininity "~ No o 0.31
paranoia . : B N/A;.”3. ' -

Soclial Introversion L ~N/& B | .

Exposure analysis of the Ranch Hand group, using logrlinear techniques
revealed a mixed pattern of significant,‘borderline and suggestive findings.
- These results are summarized in Table XIII-14. Education remains a significant
factor, but consistency across occupational groups is not evident 8ince strat-
ification by occupatlonal group mirrored stratification by education. Table
fXIII-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 officers showed consistent increases. in
abnormality with 1ncreasing exposure. However, the number of abnormal scores
1n all of these scales was quite low and inferential accuracy is compromiaed

Table XIII"14

P VALUES OF THE MMPI/EXPOSURE ANALYSES
(ADJUSTED FOR. EDUCATION) -

. P Value o - P Value -

Parameter Versus Exposure Parameter Versus Education
' T - Enlilsted : o Enlisted

" Parameter .. Officer. Flying.‘~Gnound Officer Flying Ground
Hypochondria:- - E 0.21 Y097 0.02 0.18 0.10 0.03
Depression 3 0.70 © 0,11 0.16 - 0.46 0.12 0.27
Hysteria ~ 0.21%% 0.76 0.0005 © - 0.34  0.62 - 0.04
" Psychopathie Deviate 0.001* 1.00 - 0.15 J07 0.20 . 0.16

- Masculinity/Femininity 0.09 0.81 0.09 0.28 0.04 0,005
Paranoia - 1,00 0.64 0.53 - 0.72 0.83 0.20
Psychasthenia 0 0.89 - 0.05 0,48 - 0.29 0.56 0,07
Schizophrenia - 0.09 0.12  0.73 0,43 0.50 0,03
Mania/Hypomania, : . 0.32 0.13 0,29 . ~ 0.86. ~ 081 - 0.M1
Social Introversion ' .-0 39 - 0.33 . 0.78 0T 0.93 0.02

*Signifioant confounding by eduoation present :
: **Significant three way interaction present :
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Table XI[11-15
DOSE RESPONSE PATTERNS

Exposure . * Number _ Number

Parameter " Group. : Level Norma | Abnormal (%)
Hypochondria Enlisted Ground ©  Low 110 38 (25.7%)
: : : o Medium 153 25 (14,09)
High. 119 29 (19,6%)
Depreséion Enlisted Fiying Low 48" 10 (17.2%)
' ' Med | um 41 18 (30,5%) .
‘High - - 55 : 1 (16,7)
Enlisted Ground Low M 3T (25.0%)
_ .' Medium 148 _ 30 (16,99
High 119 29 (19,68
.'Hysferia* A ~ Officers . " Low _ 10 e 0 (0%
. (High School) = Medium 14 5 (26.3%)
o “High 24 0 (0%
Offlcers Low o1 3 (3,09)
{Col tege) ‘ Medium - 104 5 (4,6%)
o -High 1 | 9. (9,15
Enlisted Ground " Low ' _ 115, 33 (22,3%)
' . Medium 163 15 (8,4%)
_ High ‘ 132 16 (10,8%)
Psychopathic/Deviate® Officers Low BT 0 (0%)
~* . {High School) . Medlum. 19 © 0. (08)
_ : H1gh 23 1. (4,28
Offlcers . " Low - ©100 0 (0%
(Coi lege) ' " ‘Medium - 102 - 7 (6,48
N High. .. 90 10 (108)
Enlisted Ground .~ tow . .. 127 S 21 (2D
RRANEERE .. CMedium . - 164 14 (7,9%)
: High ~ = 131 17 (11,5%)
Mascuiinity/Femininity Officers CLow o 105 5 (4,5%)
_ | Co - © o Madlum R B & 15 (11786
High - a1 13 (10,58)
_Enfisted Ground” " Low . .. . 135 13, (8.8%) .
: o Medium . 172 . 6 (3.48)
_ ‘High . 136 ) 12 (8,1%)
Psychasthenia : Enllisted Flying . Low . L.sa 4 (6,9%)
_ - - . Medium . 48 1 (1.9%)
_ _ High - - = 62 4 (6,19
Schizophrenia . Officers . Low 108 - 2 (1,8%)
- B _ - Med Tum 19 . 9 (7,08
_  High 121 3 (2,48)
Enll5+ed'Fiying' o Low . 55 3. (5,28)
: ' Med i um 49 10° (16,94)
_ _ High C 59 U7 (10,68)
Mania/Hypomania Enlisted Flying Low - . 5% 6 (10,2%)"
: : o : Medium - B0 9 (15,3%)
High 63 3 (4,.89)

*Dafa are presenfed by educafionul Ievql when the educa?lon/exposure
. inferactions are sfaTIsficaily slgnlflcan?.
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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 £ 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 s 0.05).
However, there were no statistically significant group differences among colw
lege—-educated individuals, ‘and only in the masculinity/femininity scale 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.

.¢. Halstead~Reitan

The Halstead=Reitan Neuropsychological Test Battery was administered to
each participant to assess the functional integrity of the central nervous
ayatem. - An impairment index for each participant was calculated based upon
the scores of the category, tactual performance, speechnsounds, "Seashore
rhythm, and finger-tapping portiona of the battery. The impairment index
ranged from zero to seven, based on the number of subtests in which the par-
ticipant scored abnormally. Impairment was declared if the index equalled or
exceedad three. Larger numbers of participants were deleted from these analy—
' ses;  since seven distinct tests contributed to the impairment index. The
‘absence of. any one made calculation of the index -impossible. Analysis of
dicotomous variables (normal/abnormal), adjusted for education. revealed no
overall group differencea (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
presanted in Table XIIIh16 . :

Table XIII-16

'UNADJUSTED HALSTEAD-REITAN SCORES BY GROUP

Original Comparisons Ranch Hand.  All Comparisons

‘Impairment Index N .= 559 oo N =771 N = 883
0 - 85 R -3 141 S
1 162 66.5%*% . . 226 66.5%% - 248 66.0%*
2 . o1 . 163 194
3 1T _ o126 134
o o 6 68 .85
5 or more S o6y 8
S x2 =3,18 - x2 = 1,35
P =0.67 P =0.93

- Cumulative % for Impairment Index 0,1, 2
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Analyses adJusted for education were carried out on the Ranch Handers
and the original subset of comparisons (Table XIII~17) -Education was again'
" seen to be a significant factor (P <o. 0001},

Table XIII~17
HALSTEAD- REITAN ANALYSIS BY GROUP AND EDUCATION -

Degree of Impairment B

Educational.Leyel Group - _0 1 2 3 4 5 or Greater -
~ High School =~ Ranch Hand -~ ~ 45 108 88 80 54 56
S - Comparison. - 29 - 69 - 69 - 49 38 - 37
.College f__» .. Ranch Hand 79 118 75 46 1k -8

Comparison - 5693 56 28 . 22 13
P Value, adjusted for education = 0 57 '
- An exposure index analysis was also accomplished on. the data from the
Ranch Hand. group. As shown in Table XIII~18 educational level was a signifi-
cant covariable in the officer and enlisted flying groups, Jbut” there ‘Wwere. no

significant relationships between herbicide exposure and Halstead Reitan per-'
formance., S . : : .

 Table XIII-18

HALSTEAD-REITAN -IMPAIRMENT ANQ.EXPOSURE,

o Adjusted P Values _
Halstead*Reitan . Halstead—Reitan-'

| Occupational Group -+ Versus Egposure } ' Versus Education
Officers S .-'_;f\.ousaf:_;‘, S 1::'t“:;0;002
Enlisted Flying o o.ﬁu' o : . 0.05
Enliated:Ground'Lf{.': © Guee _d'ﬁlf;ffﬁfif: 0.62 d_

d. Wechsler Adult. Intelligence Scale (WAIS)

. WAIS testing was completed on 1022 Ranch Handers and 733 original com-
.parison individuals.-_ The test was administered and scored in the standard
manner by certified clinical paychologists and psychological technicians. As
-noted previously, intelligence scores (IQ) by rank were equivalent to IQ scores
by education. The distributions of verbal, performance and full~scale CIQ
scores, . by educational level and group, are shown in Figure XIII-E
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Figure XIII-2

| FREQUENCY DISTRIBUTION IQ SCORES BY EDUCATIONAL LEVEL AND GROUP

VERBAL 10 {COLLEGE) . © VERBAL W - (M 3CHOOL) PERFORMANCE 10 (COLLEGE)

H O OKI NHR 18 B
o = R "o [ N1 (1. | ET

-N N e -1

PERFORMANCE K1 (HBH SCHOOL) FULL STALE 10 (COLLEEE) FILL SCALE M1 (M SCNOOL}

= T a— 8 MBI 116 =10 VETTIR ek Wit e mw
' : : o M e e
L1 B vt ws _ . some e _ ]

_ The IQ scores demonstrated consistent patterns within each educational
stratum. 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 nonsigniflcant differences were noted for performance
and full-scale IQ's 1in the hligh 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 XIII-19
DISTRIBUTIONAL ANALYSIS OF IQ SCORES

o . L o Mean - Standard '
Scale Education '~ Group - ‘Score Deviation P Value

Verbal - =  High School Ranch Hand - 110,671 10.65 0.39
: o s Comparison 101.73 - 11,34 -

College Ranch Hand . 117.00 12.97 0.73
_ . Comparison . 116.84 1373 _
"_performance - High School Ranch Hand - 102,40 11.38 0.4
%+ .. Comparison-:: .1 S 11,86 L '
" College - Ranch Hand 113,70 12.62 . .. 0.50
_ — ‘ ~‘Comparison . 112.37 13.33% .
Full Scale  High School Ranch Hand ~ ~107.78 10571 7 0415
| . : Comparison ~ 102.74 - 11.32

College =~ Ranch Hand . 117.30 ~ 12.96 - 0.37
S = Comparison j' “116;59' 1382

The dLatributions were observed to 1dentify outliers, and ‘the percent~
age of partic pants with scores in the abnormal range (below 85y " was deter*
mined: . These sults. are ‘shown in Table“XIII~20 f_&;

' Educational Level Scale = '__ " Group i % Below 85 '% Above 115

High ‘School = - - Verbal : -'Q':Ranch Handt, 3.7 _'”9Q8f'
' T o Comparisom . . 3.3 . S 13.7

o ;e
. Y. T

..
..a-m.

' Performance  Ranch Hand .
- Comparison. '

— —‘.

. .

Comparisomc-

. College ~ Verbal ~ - Ranch Hand.

3.3
5.4

Pull . Ranch Hand 4,0
o 3.5
0.9

LComparison 0.3

=y o W

== W,

- Performance " Ranch Hand - 1
ERE : Comparison . 1

—\0

I
[,
—

Full | Ranch Hand O
. © - Comparison = O

(8]
h
-
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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 assoclation (P = 0.,04),

Table XIII 21

| RESULTS OF IQ SCORES.BY EXPOSURE:ANALYSIS

Scale - Occupatiocnal GronJ : - P Value

Verbal Officers = 0.99
' Enlisted Flying L 0.3%
Enlisted Ground: . - 0.B2

Performance Officers L 0.99
Enlisted Flying ‘ C0.04

Enlisted Ground = -  0.18

Full Scale ~ Oofficers . - 10.99
: n . Enlisted Flylng = s0.23

Enlisted Ground' R 0.25
2. Summar

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 soclal introversion (P =0 ,04), these group differences
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 analyzed in
this chapter are included in Appendix XVIII.
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Table x111#2?

PSYCHOLOGICAL ANALYSIS SUMMARY
(RANCH HAND VERSUS ORIGINAL -COMPARISON GROUP)

'Analytic Strategy (P Values)

AdJusted 3 - o
_ S o for Stratified Analysis Exposure Analyslis
.Parameter : Education High School College Off Enl Fly Enl Gnd

Questionnaire Indices o o L
Fatigue ~~ - R - <0.,001. . © NS*
Anger o S 04002 NS .

Erosion - _ . ' - <0.001 . NS

“Anxlety : ' <0.001 - -~ NS
Isclation -+ .0.002 S
Depresaion (SeVerity) ' - 0.89 -

Cornell Index _ © - <0.001 NS - NS NS NS
" Fear and Inadequacy = - 0.02 : : :
Depression " NS
Nervousness and Anxiety 0.002. . ¢
Neurocirculatory S 0.12
Startle _ o 0.004
Psychosomatic . 0.002
Hypochondria . 20405
. Gastrointestinal-- -~ . 0,01 .. .-
‘Sensitivity.- . - . - 0.08
Troublesomehéss;*, -~ 0.06

MMPI - D e o T
Hypochondria Sl 0,001 - 0.05. . Ns. NS NS . 0,02
Depression . y*-f g'... 0.02 0,16.... . .Ns . NS& 0. 11,016
Hysteria . RN . 0,002 0 0.120 NS;. :j'NS- NS 0,001
Psychopathic Deviate - N$ .. NS ... - NS .. 0.001 NS 0,15
Masculinity/Femininity_, NS . 001 .0, 09 . 0. 09 NS 0.09
Paranoia = - NS 0,19 1‘j;Ns‘_: NS . NS NS -
Psychasthenia . NS NS NS NS 0.05 NS
Schizophrenia - 0.007 - NS . - NS 0.09 0.12 NS
'Mania/Hypomania o : . NS . 0 D1 .- NS NS 0.13 NS
Social Introversion NS ~  0.006 .. 0.04 NS NS NS

'Halstead-Reitan - . NS . . . Ns - NS NS

1Q S¢0res _ . ' .

Verbal - | NS NS NS NS NS
Performance ' L . O.14% .~ NS NS 0.04 . 0.18

Full Scale . 0.5 . NS NS © NS . NS

*#Nonsignificant; P > 0.20
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The results of the analyses of the psychclogical data are summarized in
Table XIII-22, and demenstrate a greater degree of statlstically significant
group differences 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 Handers
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 1n the herbicide/dioxin issue between the high school and college strata in
‘this study. The role of "Post Vietnam Stress" in these findings 1is also
unclear at this time. - Further. clarification of these factors and their impact
must awalt dnalysis of the data from the follow-up -phase of the study. Based
on. the psychological ‘data collected during the 1nitlal in-home questionnaire
and physical examination,-there 18 no convincing evidence suggesting the pres-
'ence of an adverse effect on emotional health caused by herbicide exposure.
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Chapter XIV.

EVALUATION OF HEPATIC STATUS

1. Introduction

A very broad spectrum of hepatic phencmena has been reported in association
with acute, subacute and chronic administration of TCDD to animals. 'Signifif
cant 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 al, 1979). . Elevated alkaline phos~
phatase levels have been observed with increased direct bilirubin levels
(Kociba et al, 1976). Decreased serum cholesterol levels have also been noted
~ after sublethal exposures (Schantz et al, 1979): TCDD.interferes with hemoglo-
bin metabolism affecting delta-aminolevulinic = acld  ‘synthetase activity
(Goldstein et al, 1973). 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
¢hapter, enzyme levels, bilirubin 1evels and lipid values are presented along
with determinations reflecting porphyrin metabolism. Clinical history data are
also analyzed ~along with hepatomegaly determined at. physical examination.

2. Biochemical'Determinations

a. Analises Overview

In this secthn1 9 biochemical determinations are studied SGOT, SGPT'
GGPT, alkaline phosphatase (Alk. Phos.), total bilirubin (T. Bil1i), direct
~bilirubin (D. Bili), lactic dehydrogenase (LDH), ‘cholesterol (Chol) and tri-
glycerides (Trig). These 9 variables are listed in Table XIV~1, along with the
- normal~abnormal ranges used in the reported statistical anaiyses These

ranges were adapted from Kelsey-Seybold laboratory normal ranges. -

In the analyses of these 9 variables, adjustments were made for 4 covar:
lates: current alcohol 1ngestion (ALC), days of exposure to industrial chemi-
cals (IC), days of exposure to degreasing chemicals (DC}, and presence or
absence of aritibody to hepatitis B surface antigen (anti- HBgAg). The current
alcohol uge covariate was taken from the personal medical history adminlstered
at the time of the physical examlnation and is in units of average drinks per
day (see ‘Appendix VI, page 2). Current alcohol ingestion was selected as an
adjusting variable over the drink years measure developed from the questionnal-~
re, since preliminary testing indicated it correlated bétter with hepatlic end-
points. - The industrial chemical and . degreasing chemical exposires were
derived from ‘the in~home questionnaire {total unprotected exposure) '
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The data analyzed were from the entlre Ranch Hand cohort compliant to the
. physical examination (N = 1045) 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°F or more, and the
" effect of fever on hepatic variables. Individuals whosé blood contained hepa-
titis B surface antigen (HBgAg) were also removed from the analysis (8 Ranch
Handers and 7 comparisons). : ' : e : :

b. Group Analyses'
Three sets of-analyses_were.run:

_ - (1) Continucus~continuous analyses (CC):. In these evaluations both the
dependent. variables ‘and adjusting covariates, except anti~HBgAg which 1is
~dichotomous, were used as cont inuous variables in an analysis of covariance..

S (2) Continuous- discrete analyses (CD) In these analyses all 4 covari-
ates were . used . as dichotomous variables while the dependent variables were
‘.maintained as continuous.

(3) Discrete*discrete analyses (DD) A1l variables wepe -analyzed in
*rdichotomous form. using the log-linear 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 without interaction terms to provide discussion of appropriate tests
when dependent variable relationships with the covariates are the.same in both
. groups.’ -~ In the continuous-oontinuous and continuous discrete analyses the
dependent variable was normalized by using a logarithmio (base 10) transforma-
tion. : :

Table XIV-1

NORMAL - ABNORMAL LEVELS OF NINE BIOCHEMICAL DETERMINATIONS
REFLECTING HEPATIC FUNCTION

Determination - - Normal Abnormal
"1, - 8GOT - s i > 41
- 2. 8GPT .S U5 > 45
3. GGPT - 885 o > 85
4. Alkaline Phosphatase £ 9.7 > 9.7
5. Total Bilirubin L8 1.2 > 1.2
6. Direct Bilirubin =~ £ 0.36 > 0.36
7. Lactic Dehydrogenase 5200 ' >200
8. Cholesterol © o S2U0 >2U40
9,

 Triglycerides =~ - '§150 150
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Table XIV-2 provides unadjusted means, adjusted means, and  percent abnor-

- mality by groups: for the 9 hepatic~related variables. A summary of the 3

- classes of analyses is provided in Table XIV- 3 ~The results in this table pro-
-7 vide P values for. Ranch Hand comparison group differences._ .

Table XIV-2

UNADJUSTED MEANS ;. ADJUSTED MEANS AND PERCENT ABNORMALITY FOR
'NINE. LIVER-RELATED VARIABLES = ° -

S -Unadjusted_',_'Adjusted.. . Percent
Variable - . Group . . Means . _ Means Lo Abnormalitz
sGotr ~ "RE .,  33.0 . . . 33.0 . T 13.9.
: . COM¥ . . 33,1 - 33.1 1y, 8"

sGPT ... RH. . 203 .. 20.37
- COM 20,5 2005 .

CO‘-J

.8

| -6

O GGPT: o . RH .. k0.2 M
Soocm 3930

Alk. Phos. . RH . T.68 . 7.
BRI e o COM | :-.7;53 fﬂj_,f T

T, BLlE ,-[;nﬂ R WL -
S oM 0058 10458

©p. Bt RH - ..o 0.23 C0u2s T 2900
S oM Lo0.24 0 o 0.24 o9t

LDH - . RH _1ué;1_ ' :'f RV I |
S oM T LT s BT

choL  RE 2122 2122 . 260
- S eoM 21606 0 21606 27T

TRIG. RHE 12108 - dstiel o 3u
CcoM ¢ or2ka3 124 o 36

*COM déndteé}ofiginal'fuily ogmp;iantncomparisons. .




Table XIvV~3

SUMMARY OF RESULTS
UNMATCHED ANALYSES OF NiNE BIOCHEMICAL VARIABLES REFLECTING LIVER FUNCTHON

P Values for Models. S ' © P Vajues for models
with -Interaction . . without ‘Interaction
- _ "Gp  Gp Gp Gp X T
. ‘ : anti X X X . anti : . anti
VAR ANAL Gp ALC 1C  DC HB,Ag ALC IC DC  HBgAg Gp  ALC 17 DC HBaAg
S60T  CC 127 <,001 =% - - 032 - = o= .805<,0001 = = =
e .278 <,001 - - = - - - - 867 <,00t - - =
b 518001 - - = o= - - - : _
SGPT OC  J736 <,001 . = =~ = =, = = = 663<001 = = . =
_ €0 1309 [005 - = - -l == - 862 003 = - -
. oD 592 - . . = e 4052 = - o
GGRT CC 731 €,001 = & - = . = e = 483<.001 - = s
.CD -,050 €.001 - - 066 ~- - e 4 A21<001 - - 078
D0 .782 <,000 - = = = . = - - _ : -
ALK CC 405 = = = 000 = .= = s M40 .= - 011 = -,009
PHOS - CcD 0‘42 0001 - - -010 - : - = ’ - .l 15 .001 .066 - 001 H
DD .73 - - - - e e = - :
CTOTCC L1137,014 ,036 ,001 4100 - = - = 423,009 011 <.001,095
S BIL) CD .606 ..+ = = = - - s - .00, - o L0099
: DD .800 = - = L0272 - - = e
DIR €O .94 .004 = .032 = ' = = = = 770 005 = 016 -=
BILI €D 371 091 = = = . 069 ‘= - ~ B - - = -
.. DD .89 - = = T - - : - - -
LM OC .063 L080 = =~ = 011 <  .037 = = 836 ,025 - ,023 -
' O 028" = . = = e o= I £ X I
Db - .526 =~ - = - 086 - :
GHOL  CC 062 <a001 079 = = = = = = ° 022 <001 061 - . -
- . CD. 216 L0140 - . - - - - - - .03} 020 - ==
DO .46 053 - - - = = = e R _
TRIG CC 91 = = = o= - - - 01 - .. - -
. CD  .284 - - - W - - T -1 L A O T -

- denctes P > 0.050 for main effecfs, P > 0‘100 for fnfera¢}dn;étﬁecf§ '

In Tables XIV- _and . XIV-3, s there.ls a very slight indicatlon of overall

. group dif‘ferenoes in the. GGPT with ithe Ranch Hand. mean .greater than the com-
. parison mean and a p- value of:0.050. in the CD analysis- with Interaction terms.
However, .when interaction terms are not considered, P = 0.421, - This may indi-

. cate some i_nt,eract.ion effects even though they were not detected as statisti-
 cally significant. - Additionally, no difference Is detected in the CC or DD
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analyses, A stronger indication of overall " group difference 1s seen with LDH;
however, 1t 1s interéesting to note that while the Ranch Hand mean LDH 1is
greater than the ¢omparison mean, the Ranch Hand percent abnormal LDH is less
- .than that of the comparison group. The Ranch Hand cholesterol mean 1s lower
than that of  the COmparison group .and the'result Aappears’ 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. is 0.0178 logarithmic units per drink per day, while the com-
‘parison SGOT - alcohol slope 1s 0.0113 logarithmic units per ‘drink per day.
This difference in ‘slopes s statistically significant with 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 1s” shown in Table XIV—4-=
Table x1v4u

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

| | Ranch Hand | '.'_' tCQmparisOn..”
CExposure . . 8. 84% (38 of 30) - 6.71% (23 76f 343)
- No Exposure N o 7;19%'(42 of 584) 10,18 (42 of 416)

_Ranch Hand personnel exposed to industrial chemicals have 4 higher .proportion
of abnormal SGPT values than do Ranch Hand personnel who are not exposed to
industrial chemicals. 'The situation is reversed ir ‘the comparison group., The
relative risk for abnormal SGOT in the Ranch Hand group assoclated with Indus-
.trial chemical exposure 1s 1.23, while the comparison relative. risk ‘is 0, 66,

" and this difference carries aP value of 0,052,

. " Two grouprby covarlate interactions are noted in the LDH data., - In the

- comparison group nelther alcohol ingestion nor exposure to degreasing chemicals

‘was assoclated with change in LDH levels, while in the Ranch ‘Hand group, in-

- creased levels were noted to occur ‘in-assoclation with.both exposures. Specif-

. lcally, 1in the comparison group the LDH~alcohol slope is -0,0008 logarithmic
units per drink per: day which 1s riot. statistically significantly different from
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zero (P = 0.577), Also, the comparison LDH- degreasing chemical slope is ~0.08

x 1075 units per exposure day (P = 0.735 against the. null hypothesis of zero

slope). On the other hand, the Ranch Hand L.LDH-alcchol slope is 0.0041 units per

drink per day (P < 0.001 agalnst hypothesis of zero slope) and the

~ LDH-degreasing slope is 0.51 X 107 5 units per exposure day (P = 0. 003 agalnst
- Zero slope hypothesis).

‘¢. Exposure Analyses

Analyses within the ~ Ranch Hand. cohort ‘are presented contrasting the
hepatic ¢linical variables agalnst the herbicide exposure index. For this
exposure index work, ‘separate analyses were run for each of 3 occupational
groupa: officers, enlisted flying and enlisted ground. The 9 hepatic variables
~Wwere analyzed as continuous dependent variables after logarithmic 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 covarlates, -and individuals with body
‘temperature greater than or equal to 100CF were omitted from the analysis as
were individuals with. hepatitis B surface antigen. .For this exposure . index
'effort, alcohol use, industrial chemiocal exposure and degreasing chemical expo-
sure were used as continuous variables. .

Table XIV-S is a display of .eXposure means adJusting for covariates with-
~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, S

An-overall or mailn.exposure effect on GGPT: levels is indicated among offi-
cers .and enlisted ground personnel. However, clear-cut doserresponse patterns
are not. noted, rather, -in the officer eohort the medium exposure - subgroup has

- the highest mean GGPT while in the enlisted ground cohort the subgroup with low

. exposure has the highest GGPT.

Six exposure grcupvby covariate interactions were found at P < 0.050,
. These interactions are writtéen out in Table XIV=7. 1In this table, the slope of
the dependent - variable with respect to the covariate of interest 1s prdvided
. for. each of the 3 exposure levels, -



An exposure~by-degreasing chemical interaction was. noted in SGOT in offi-
cers. Low herblelde exposure is’ assoclated with a. possible depression of SGOT
. levela with increasing degreasing ohemical éxposure,. while individuals in the
*high herblicide exposure group show increasing SGOT levels with increasing de-
'-greasing chemical exposure. ' ) ; - ,

Table XIV-5

R f ADJUSTED BIOCHEMICAL MEANS' BY EXPOSURE AND OCCUPATIONAL '
: S CATEGORY WITH TYPICAL SAMPLE SIZES. '

S Occupational -@f'. : :. Low ;_5_“ T. Medium o ejf,Highni"i
~ .Variable -_’ E Category N Exgosure< H]: ExEosure . Exposure

“sqor | Loffieer . 33,37 322 i 33,0
U EmlL P, 318 9335 o 3T
CEnl. G B3 e 32 -311_._1-

SGPT . Offfcer . o202 T T
CEmll Gl .23, e

U GGPT . . Offfeer 3T . 395 . -
L mu F.;‘,g“f.-_>u1u.;ﬁtf“*u59 RO

(Swwo

‘ele e

T Eww
S

ALk, f_'  officer
Phos.-; Enl. F..
CEnl. G.

- s e

T, 5111. j, Officerij_"
SRR CEnle Eoooo
CEALL G

- e

D, Biliy _' Offieep'
S VAL B i
=, ?Enl ;-_53:3_G;-

coo . OB . m-a-a
Mo gl OWw I W m:;

P T

=L

DK . Officer "
-Enl. G.

- Chol. officer
“Enl. G.

-0 EEw -
SR OO

NP
e O U OWW

Trig. ~Officer
o . Enl‘;F;
Enl. G.

R
PN
== 0O

 Typical. = officer
© Sample:. - Enl..F.
Sizes - - Eml: G.

122 . 120

70 1k

Lg,xiM*TZf




Table XIV-G

SUMMARY OF P VALUES FOR EXPOSURE INDEX ANALYSIS
OF NINE HEPATIC YAR]ABLES

P Values for Models with Interaction . P values for Models With
. No InTeracTIon
ooC—EXP : X ER X BT X B X Ep
VAR CAT CAT .ALC IC DC aHb ALC IC  DC  antl  Cat ALC . IC  DC anti
) : : HBsAg o : HBsAg
SGOT OFF  .563 <,001 =% - - = = 009 - 512 <001 - 047 =
. ENL.F. .85 <.001 = - 037 = . = = - % <001 - - 035
 ENL.G. .698.<,001 - - - - - - - .409 .<,00 - =
SGPT OFF 463 <.001 = = <. = 081 = - 812 <001 - -~
ENL.F. .909 . = = - = = = - - - wn L - e -
ENL.G, J467 = = = = o= == - 862 - - -
GGPT OFF  ,052 <,001 = = = ,089 - - 696 <0001 - 040 -
CUENLWF. 427 <001 = - - - L0849 - - - .24 <001 - = =
CENL.G. 2093 <.001 - 010 = = = = S= .57 <001 - . 020 -
ALK OFF 192 = - -'<, 00t - - - 280 - - - -
PHOS ENL.F, .685 = ‘= = = . = = - = 855 " - = = - .
ENL.G. 629 - = = = = o« - -3 - - e -
TOT  OFF, 643 = = = a = B T R
BILI ENLF. .448 029 - = = = - - .086 .560 01 = = =
T ENL.G. 1606 = = L0100 - < - - T leA2 . = T 023,008 -
biR . OFF 992 - - . T S - | |- e e T .
BILI ENLF, 399 = = = = = - 060 .006 .30 - = = =
_ ENL.G, .823 = = = = = - T TS e - - - -
LOH OFF .516 = = = = & . e = e 1% e e - -
/ ENL.F. 2656 4018 = = = = = e =74 019 - - =
CENL.G. <300 = ,050 = - - .049 .°.360 ~ ,034 ,036 - -
- CHOL ' OFF 290 = = = = = R I T
T UENLGF. 2310 G031 = = o~ = Ee = - L343 037 - = -
ENLIG, (096 - - - 026 - 088 - B4 - - - -
CTRIG OFF,  ,394 = = = = = - - 204 = e .
COENLF, l66 045 044 - - - - - - e80 - - - -
ENLG, o890 - = = - - - .= 768 - - = -

* - lnd!cafes P 5 0,050 for maln effecfs P > 0,100 for lnferacflons.

X1v-8



Table Xiv=7
EXPOSURF - COVARIATE INTERACTION EFFECTS FOR NINE
: HEPATIC VAR LABLES

_ P value on Test
. . K of Slope Against
Occ - . - Level of Exposure . Null Hypothesis

var " Cat Interact - Interact Level -~ = . - Stope K of Zero Slope
SGOT -~ Officers . Exp x DC- .009 " Low -.201 x 10-4 units/day 286
_ ' - Med 021 x 1074 units/day . - .924
High 674 x 1074 units/dsy 002
GGPT Enlisted Exp x ALC = - ,049 Low . .0828 un]fs/drk/day T4 ,001
: Flying . Med 20561 units/drk/day . - 4002
o : ' ~ High- .0288 unlts/drk/day 037
ALK - Ofticers ~ Exp x ALC  <,001 Low - =,0442 unlts/drk/day <, 001
PHOS ) -~ Med - 0131 units/drk/dey 254
o ‘ High - -  =,0015 units/drk/day : .864
o L Antl _ o _ - C S
DIR- - Enlisted Exp x HBgAg . .006 - Low | ST mgm/dl . B ] T
BILI = Flying : - Med T =,2246 mgm/dl ' o W07
e : S _ High »1752 mgm/ml o134
: S Anti : P ‘ ' -
LDH Enlisted Exp x HbgAg . 049 Low .0329 units T L159
Ground ) Lo Med . =,0407 units ’ . 085 -
) . - : High - =,0330 unlts .128
CHOL  -Enlisted . Exp x ALC . ,026 ‘Low . <0039 mgm/d|/drk/day T .284%
© Ground - _ . Med . =,0065 mgm/dl/drk/day . 043

High . .0054 mgm/d)/drk/day ~ = 147
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- Alcohol use Is assoclated with increasing GGPT levels among enlisted flying
'personnel, but the increase in GGPT falls smoothly with increasing exposure
levels. On. the other hand, alcohol use is assoclated 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 1s higher among enlisted ground Ranch Handers who
.are antibody positive 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—
.5ure_1ndex analysis only 1, the SGOT-degreasing chemical- interaction, supports
- an interpretation of. herbicide effect, But this 1nterpretation 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-aminolevulinie acid.
‘Data addressing these 3 variables were analyzed looking for differences between
the Ranch Hand .and -comparison groups and looking for assoclations with indexed
herbicide exposure within the Ranoh Hand group.

In examining the uroporphyrin, coproporphyrin and d- amlnolevulinic acid data
for Ranch Hand ~ comparison group differences, adjustments were accomplished
~ for the following 6 variables: .. current: ‘aleohol..use in drinks per day (ALC),
blood urinary nitrogen (BUNY, creatinihe clearance (CCL), days of exposure to
industrial chemicals (IC), days. of exposure to degreasing chemicals (DC)} and
presence or absence of antibody to hepatitis B antigen. Adjustments were ac-
complished treating the dependent variable and .all independent yariables except
-antibody to hepatitis B antigen as continuous variables in a generalized linear
model analysis. S8ince the eompounds uroporphyrin, - coproporphyrin and
_ d~aminolevulinic acid are all measured in 24-hour urine collections, only data
from &ubjects who complied with the full colleectlon of urine are:used in the
analysis (620 Ranch Handers and 439 comparisons). Also, febrile participants
and individuals with HBgAg have been removed. In the adjusted analyses the
dependent variable was normalized by using a 1ogarithmic (base 10) transform-
ation. ; o _
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Table- XIV~8 provides uroporphyrin, coproporphyrin and d~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 acld, values greater than JO00 were ..

counted ‘as abnormal. u_' :

Table XIV*B

UNADJUSTED- MEANS, ADJUSTED MEANS AND PERCENT ABNORMALITY
' FOR THREE COM:'OUNDS RELATED TO PORPHYRIN METABOLISM

e

-Unadjus+0d . -AdJUSfed

. . Means . Maans . § Abnormal|
Uroporphyrin . RH . 30,5 e 6,58
: ' COoM 30.8 . ¥ : 6,83
Coproporphyrin .i_ - RH - l 3,2 - 0.2
' _ _ ComM 30,8 * . - 040%
.d-amlnotevullnlc acld RH - 2328.9 2331 A 0.,0%

CoM . 7383,2 . 237,4 0.0%
* adJusted means not fépfésen*ed.due fb.ldfefacvloﬁ o : | |
N ' Table XIV-9
: SUWARY OF RESULTS UNMATCHED ANALYSES- -

 OF THREE COMPOUNDS RELATED ‘TO PORPHYRIN METABOL1SM
P-VALUES FOR MODELS WITH' lNTERACTiON

. . : ‘ - S Gp x
T Antl " Gp x Gp x Gpx Gp x Gp % Anti
VAR - Gp ALC BUN - CCL - IC ~ DC. HBsAg' ALC BUN_ . CCL - IC__ DC_ HBsAg
URO "~ 1227 <= €001 <.001 = = = = 077 = = = -
COPRO ,490 - <001 <,001 = 049 - L0435 . 097 - - - -
ALA .145 - - <000 - = 04 . - : - - S

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, the uroporphyrin-BUN
slope was -0.010 uroporphyrin logarithm wunits per .BUN unit, while the compari-
son slope was steeper (-0.017). A borderline group-by-BUN ‘interaction was also
noted in the coproporphyrin data. In the Ranch Hand group, the coproporphyrin-

- 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 Iinter-
action was detected in:the coproporphyrin data (P = O. 0Us)., The Ranch Hand

~slope was positive (+0., 013) while the comparison slope was negative ( -0. 008)



Table XIV-10 .
SUMMARY OF P VALUES FOR EXPOSURE INDEX ANALYSES OF THREE COMPOUNDS
RELATED TO PORPHYRIN METABOLISM

; EXP EXP EXP - EXP EXP Exp X
occ EXP . : X x X ..

. X x  Anti
CN¥AR  CAT  CAT ALC BUN - CCL IC DC  aHb ALC BUN oCL 1C_ DG HBgAg
: URO ~oFF 207 - = <000 - o~ = - - - - 033 -
: ENL F, 670 = = - e e e .- - - - -
EML G, .882. -  ,010 050 - - - - = e e -
COPRO OFF  .630 = = 02 0% - - = == e e
ENL F, 498 .- <000 - - - - - - - - - -
L ENL 6. 699 - .016 015 - - - . - W08 - -
MA  OFF  .279 - = <001 - 5 = == e e = e
ENL Fo 41358 - = %,001 - - =7 028 - R I
ENL B, J312 - - <001 4020 - e e == 040 042 -
Table XIV 11
TABLE OF UNADJUSTED MEANS FOR THREE COMPOUNDS
' RELATED TO PORPHYRIN METABOLISM
IR Occupational R . LOw _T" Medium ;:-: - High
Variable Category - o N ‘Exposurs = Exgosure _ Eosure
'_Uropofphyrinl'A. Offlceré'fszf' 212 -28;9;;_-1z; _=26 a _ 31 3
- ~ Enlisted Fly,’ 06 3BT i 278 . 31.6-
Enlisted Gnd., - 282 31.1 o 3208 29.8
Coproporphyrin  Officers 212 324 - 26.7 29,9
’ - Enlisted Fly. '106 v (PR 3.1 - 32.5
. Enlisted Gnd. 282 L3146 ~30.9. C 32,8
d-amino . officers . 212 2221 . 2312 - 2211
levulinic Enlisted Fly. - 106 2460 .. . 2510 . 2381

Acid | Enlisted Gnd. 282 . 2290 _ 248 . 2271
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s Table'XIU~12

FXPOSURE COVARIATE INTERACTIONS FOR THREE COMPOUNDS
' RELATED TO PORPHYRIN METABOLISM .

o P Value .
Occupational for - Exposure
Variable Category Interaction Interaction Level Slope
Uropophyrin.  Officer - Exp x DC .033  Low -, 000043
T : : - Med .000074
High. 000190
Copro- . Enlisted Exp x ‘IC .016 Low 301 x 10-4
- porphyrin- - " Ground C ' -~ . .. Med =;540 X to~Y
: ' o ' High 176 X 10~
d-amino -~ Enlisted  _Exp x ALC  .028  Low 00045
. levulinic = Flying o : - Med -.02922
acid ' R : High L0145 .
d-amino _Enlisted  Exp x IC . .040 Low ~.1450 X 10~%
levulinie ‘Ground ) o Med -.204L X 1o-4
acid . - High ~~ .0315 X 1074
d~amino  Enlisted - ° Exp x DG .02 Low -.0538 X 10-%
levulinie Ground | Med .0398 X 10-4
acid. ' ‘High <0394 X 10-4

The literature indicates elevated porphyrin compound excretion resulting
from sufficlent dioxin -exposure.  The pattern found here 1s one of higher Ranch
~ Hand" uroporphyrin .or coproporphyrin Tevels: relative to comparisons .when there
~are. concomitantly higher BUN. levels, .or, in the case of coproprOphyrin, when
there is higher dleohol” ingestion.. No overall group. differences are observed.

Tables XIV- 10, XIv-11 and XIV- 12 display the results of exposure index
analyses within the Ranch Hand group. Starting with.Table. XIV- 10, ng statisti-
cally significant overall group differences are seen- and 5 statistically slg-
nificant(P £ 0. 050) group-covariate interactions are . noted. Table XIV-11
displays unadjusted group means for the porphyrin metabolism related variables
and, ‘as Indicated by the statistical testing of overall group differences, no
-trends with exposure index are observed. :
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The 5 exposure-by-covarlate 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 -herbicide 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 herbiclde exposure. The same pattern is
seen in the enllsted ground d-aminolevulinio acid datas

4. Clinical Variables

Sixteen of 1027 Ranch Handers . (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 within the 3 exposure categories; however,

~due to the small number of cases ‘statistical testing is not. powerful. These
- «data on hepatomegaly are shown .in Table XIVr13 (febrile participants and indi-~
viduals with HBsAg have been removed)
Table XIV-13
CASES OF HEPATOMEGALY IN THE HANCH HAND COHORT BY
OCCUPATION AND EXPOSUBE CATEGORY

' Exposure Index

. : - Low: - Medium - - - High
.Occupational . T - e T -
Category ' Cases . N . Cases N .~ Cases ' _N
Officers 2 110 . o2 124 2 .23
Enlisted Flying = U9 o2 0 B8 20 63

Eighteen of 1027 Ranch Handers (1 75%) reported an. enlarged liver during
response to questionnaire 1nquiry while 13 of 760 - comparisons £1.71%) reported
the same. . _ .



. The study questionnaire also inquired about a medical history of hepatitis,
_Jaundice, cirrhosis, and a general category called other liver conditionas,
Ranch Hand " and comparison responses to these questions -are -shown in Table
" XIV-14, Ranch Hand respondents differ from comparisons only in the other liver
category. Thirteen of the 16 Ranch Handers reporting other liver conditicns
have' had their report verified by mediocal record. One comparison has had his
condition verified. A display of the verified findings is shown -in Table
XIV-15 (febrile individuals and HBsAg positive individuals were left 'in the

analysis)
Table XIV-1H

SPECIFIC LIVER DISORDERS REPORTED ON QUESTIONNAIRE_

Reported

_Event . _l',_ ‘Ranch :Hand - L g _acemgarison R; P Value
- fes © Ne . “Yes No
‘Hepatitis 40 1005 32 MU 50,50
~ Jaundice ' WA U001 - 35 738 >0.50
Cifrhosis S h :_': 1041 :J __R_] 3 el 770 >0.50
Table XIV"15
OTHER LIVER CONDITIONS REPORTED BY e
STUDY PARTICIPANTS AND VERIFIED BY MEDICAL RECORDS.
Ranch Hand: - u_ICD:Code: | i_'Cede Meaning : . Number
2724~ Hyperlipidemia S
570 - Liver necrosis ' 1
5739 Unspecified - . 10
T904 . - Enzyme elevation - -
Comparison: . 5719 ' Chronic unspecified 1

':RZXIQ€]5 :




Table XIV-16

REPORTED SKIN PATCHES, BRUISES_OR-SENSITIVITY
IN RANCH HAND. PARTICIPANTS BY
OCCUPATION AND EXPOSURE CATEGORY

: Exposure Index'
Occupational - - : ‘

Category - _ _Low o Mediun " High
| Cases % N  Cases % g! Cases - )3 N
officers 36 32,4 111 48 - 37T.5 128 4. 35.2 125
‘Enlisted Flying 27 45.8 59 28 47. 59 - 37 .- 56.1 66

Enlisted Ground T4 490 151 82 45.8 179 76  51.4 148

Seeking ‘historical evidence of porphyric symptoms, questions concerning
skin changes that could have been assoclated 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 asome
group difference. However, no positive association with herbleide exposure has
been noted.. : :

5. Summary and‘Condlusion

. Ranch Handers have slightly greater GGPT. and- LDH levels than the compari~
s0ns 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 with BUN, and in
coproporphyrin levels in association with aleohol ingestion. No overall group
differences were detected ini° these compounds or delta aminolevulinic acld
values. -

Twice as many Ranch Handers as comparisons had enlarged 1ivers on physical
examlination, but’ this difference was not statistically significant. Statisti-
cally significant group differences were noted in the occurrence of miscellane-~
ous liver disorders exolusive of hepatitis, Jaundice and cirrhosis verified by

XIV=16"



medical record review. Ranch Handers self reported 23% more skin changes of
‘the type associated with porthria cutanea tarda than did the comparison par- -
ticipants, and the group difference was statistically significant.  Clinically

apparent porphyria was not evident at physical examination. : S

~ The observed group differencee in 1iver~ related biochemical variables found
in the blood, and in perphyrin metabolism compounds found in the urine are most
‘likely of minor or negligible medical importance at the present . time. The
verified reporte of liver morbidity are of greater clinical intereet.

: The expoeure index analyeee ‘do not - eupport an interpretation of herb-~
. leide effect with reepect to any of the. group differences summarized.

“?f'xIVri7¥i.'




Chapter XV

. DERMATOLOGIC EVALUATION

A thorough dermatologic assessment was deemed essential because chloracne
1s" the only recognized definitive clinical end point following exposure to
chlorophenols and dioxin. Over one-half of -all veteran complaints recorded in
the Veterans  Administration Herblclde Reglstry cited- -dermatoclogic symptoms.
These facts, coupled with the knowledge that chloracne is transient following a
single point exposure (Homberger, 1979), suggested that there is a significant
potential to misclassify adolescent acne and chloracne, While the issue of
correct diagnosis could be resolved by bilopsies and histopathologic characteri-

~zatlons 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 dermatologlc assessment was. carefully plan-
ned to collect historical and distributional dermatologlc data by question-
naire, followed by a detalled corroborative physical- examination, supplemented
. by voluntary blopsies when Iindicated. " Most data reported in thls chapter are
“from the 1045 Ranch Handers and the 773 originally selected comparison indi-
viduals enrolled in the 'study. Minor fluctuations from these denominators
reflect missing dependent . variable - or covarlate data. Relative risks and
confidence intervals are shown for all dependent variables in Appendix XVIII,

Questionnaire Data

" The in home study questionnaire collected detailed medical histories on the
occurrence of acne. These data are displayed in Table XV-1 and show that the
Ranch Handers reported slightly more acne than their comparisonsu '

Table XV-1.

REPORTED OCCURRENCE OF ACNE BY GROUP

No Acne L Reported.Acne;l Total

Group B - Number = Percent Number Percent - Number Percent
. Ranch'Hand 659 63.3 ~ 382 ~ 36.7 1041 . 100
Comparison - 498 - 6.8 2710 3.2 769 100
_Reported'acne grOup contrast: P - 0.52

B




Beginning and end dates of up to three sustained periods of acne actlvity
were recorded for each individual on the questionnaire Since only acne after
1961 could be possibly induced ‘by herbicide exposure, cases of post-1961 acne
were placed in time reference to each ‘{ndividual's RVN tour(s). This temporal
distribution was not statistlecally 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 Only - _ Post-SEA Only  Pre- and Post-SEA*

-Group . Number Percgent _ Number ‘Rercent:;__.Number“ " Percent’
Ranch Hand = - 62 . 4.6 - o 3 47.3 0 86 k8.0
N =179 : < R R ' Co __‘- S o R

lReported acna By group by pre/post SEA P = 0.27 ' ‘ L
_Reported acne’ (Post SEA) relative risk 1.18, 95% Conf. int.:{-67;ﬂ2,18)

*Such” acne could have been separate cases’ or the same case starting before _
his RVN tour and ending afterwards. Sl : '

. Durations of tne cumulative acne episodes were distributed by 5-year
intervals and contrasted by group and. SEA category These data dre shown "in
Table XV-3. S SR _
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Table XV-3 .

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

_ . ' Duration in Years
Pre-SEA ONLY . 55 5 <Yr 810 10 <¥r s15 15 <¥r s20 -  Total

Ranch Hand - yy . 15 ' P g 62
Comparison . 38 12 0 1 -5
_ . LT : . _ . | . |

Post~SEA ONLY .

- Ranch Hander -:-- 15 o : (A 1 31

- Comparison : 'L_:f 9 - 'u_“ S 2 T
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 oh whether
the participant consulted .a -physician for his acne was used -as an indirect
measure - of the clinical severity of the acne. 0f 70 Ranch Handers with acne
post-1961 who were asked this question, 29 (U41.4%) responded as having visited
a -physician as contrasted to 15 of the 45 (33.3%) comparisons (P = 0.38), sug-
gesting that there was not a statistically significant difference in the clini-
cal severity of their acne. C R o

Since ® chloracne, following mild to moederate. exposures, is classically
found in skin areas on the temples, eyes/eyglids, and ears {eyeglass distribu-
tion), questions on rash locations -and combinations of locations were presented
to. each participant reporting acne.’ Of the' 117 post~SEA plus pre- and post-SEA
cases of aéne in Ranch Handers 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 Iindividuals,
two in each group, with acne confined exclusively to the classical chloracne
areas. C T oo

_ _”Z,As‘further corroboration of these anatomically categorized data, a Venn
~diagram was constructed for post-1961 acne lesions on the temples, ears, and
eyes for the Ranch Hand group and the entire comparison group. These data are
o shbth;n Figure XvV-I and display remarkable visual concordance.

'xv&3



Figure XV-1

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

__ - - | | ENTIRE
" RANCH HAND GROUP . COMPARISON GROUP
~ (POST 1961) L (POST 1961)

TEMPLES

ACNE,OTHERSITES: 187 | | ACNE,OTHERSITES: 156
"Nz 202 (ACNE REPORTED) | ~=198 (ACNE REPORTED)

2. Physical Exéminatidn Data

All physical examinatibn'data,were_deScribed"using a diagnostic checkllist,
and abnormalities were annotated on a full body diagram. Color photographs
were obtalned at the'dermatologist's.discretion, and. 14 lesions were blopsied.
Of the 14 bilopsies collected from:11 patlents, none . were suggestive of chlor-
‘acne. No cases of chloracne were dlagnosed. HistolOSic'deSOriptions of these
blopsies are presented in Table XV-4. R R '
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Table XV-U

'BIOPSY RESULTS

Number Histologic Description

Active degeneration
Inclusion cysts
‘Epldermal 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 Tablé XV-5. Abnormal skin findings were prevalent but almost identi-
cal In both groups (l.e., U45.0% in Ranch Handers, and 44.9% in the comparisons;
P = 0. 97) Only for the miscellaneous diagnoses of "Other Abnormalities™
{which included 15 diagnostic categories) was- ‘there a statistically-significant.
group difference, with the comparisons having more disease than the Ranch
Handers.- - oo

Table XV-5"

PREVALENCE OF DERMATOLOGIC DIAGNOSES IN PERCENT

Ranch Hand - Comparison . Relatlve 95%

‘Diagnoses - . - N = 1045 N =773 P Value  _ Risk Conf int
Comedones .~ 21,7 o 20.7 0.60 1.05 (.87,1.26)
Acneiform. lesions . 18.3 .- = 17.5 0.66  1.05 - (.85,1.29)

- Acnefform SCars Comogee T 1004 0.57 - 1.08 = (.82,1.43)
Cysts = . 11,6 10.5 0.46 - 1,10, ¢ (L8U,1.U46)
Hyperpigmentation- 8.3 T 0.35 1,17 - (.84,1.65)

~Other abnormalities 12,6, = = 16.3 0,03 LJTT W81, .98)

'?Any abnormality N '-_H5 0 ';;} 'j“aHH.Q 10;97'.

Based upon the four -most prevalent diagnoses In Table Xv- 5 (comedones,.
~acneiform lesions, ‘acneiform scars, .and-dermal cysts),' all ‘of which . 8hould
. encompass - ‘the. diagnostic possibility of chloracne, a dermatologic index was

_:_7constrUQted for ‘each’ study participant._ & score of Zero was . glven if none. 6f

.. the four lesions were noted, and a -score of -1 was assigned - if one lesion was

‘ﬂﬂfifgdiagnosed, etc. These data ‘are. displayed in Table XV 6. .

‘ 1~00;]t;I 90,1. 11)_' ”



Table XV-6

DERMATOLOGLC INDEX SCORE BY GROUP-

- ' . Scores o
o _ 0 : T I T3 I
~ Group Number & ~ Number %  Number % - Number %  Number %
Ranch Hand 633 60.6. 234 22.4. . 124 11.9 - 42 4o 12 1.1
(N = 1045} - B . S IR ' _
Comparison . 487 63.0 . 157 20.3 95 12.3 27 3.5 7 0.9
(N = 773) - ST ' _ ' . ' :
P ;_Q.?u

The distributions of these .8C0Ores did not differ significantly, suggesting a
-similar crude clinioal severity between the groupa '

3. Questionnaire - Examination Correlations

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

Table XV~ 7

DERMATOLOGIC INDEX IN PERCENT BY QUESTIONNAIRE HISTORY OF ACNE BY GROUP -

- ' - L . Score_ - o -
- History .~ Group ..o Iz 3 P Value
No Acne  Ranch Hand 66.3 . 21.4 . 9.4 2.4 0.5 - .0.72
o Comparison 69.1 18.1 9.6 2.6 0.6 s
Acne 1961 Ranch Hand  55.3  25.1.  13.4. k5 W 0.8%

\ ‘Comparison . 55.1 ~.21.8 7.7 A 1A
Acne >1961° Ranch Hand 47.3- 23.2 . 1T.7 8.9 -« 3.0° 0.82
26,6 16,9 6.4 106"

Comparlison b8 4

e




'These data show that the dermatologic index does not differ significantly
by group for any historical subset. And, as can be observed in Table xX-T,
"there ls a positive assoclation between. the history (and time) of acne and the
dermatologlc index, regardless of group membership. An’ additional analysis of
the dermatologic index for each individual who reported acne after hls SEA tour
(post-SEA only) did not reveal significant Ranch Hand-comparison differences
(P = 0 50). o '

h, ExpOsure Index Analyses

Several comparisons were made using the exposure index and both histonical
-and examination findings in the Ranch Hand group. Two ‘historical parameters

- (incidenoe 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-

. tlally negative. ‘Major ‘dermatologlc 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 ONLI)

Exposure Level
oo ' . : Low Medium High
Condition _ Occupational Group % ¢ - % P Value

~ Enlisted Ground

All skin abnormalities Officers - 8T 22.2 21#” 0.20
Enlisted Flying 14,3 16.7 60,0 0.17
Enlisted Ground 9.5 35.8 25.0 0.40
' Comedones N offieers- S 3222 210 0 0097
: : : ' Enlisted Flying . .57.1 50.0 -20.0 ~ 0.,h2
_Enlisted-Ground - 18.6 24,5 31,20 .0 45
‘Acneiform Lesions - Officers : 0. 33.3  50.0 0.08
' B : ' Enlisted Flying 57.1 16.7 20,0 0.23"
.Enlisted Ground.- - 37.2 22.6 . 37.5 0.21
‘Acneiform Scars . Officers . . 28,6 11.1 214 0.68
S T Enlisted Flying - 71.4 50.0 ~40.0 ° 0.53
Enlisted Ground - 10,9 28.3  31.2 = 0.57
Inclusion Cysts = Officérs- - __..";”1H,3 0 143 0.49
g N . Enlisted Flying =~ 14.3 50.0  20.0 0.32
Enlisted-Ground 18,6 18g6.' 27.1 . 0.53
Hyperpigmentation . Officers . 0 1.1 7. 0.72
ST : Enlisted Flying =~ 14.3 16.7 0. 0.64

Thus, of the 18 ‘sxposure analyses, none were . statistically significant

(although based upon small sample sizes). -Similarly,. the relationship between

the dermatologic index and exposure lndex was explored.; ‘For all three occupa-

- tional categorles, the dermatologlc index showeﬂ ne signifieant correlation to
the exposure index, as reflected in Table xV-= 9 ' .

g'fﬁfX#;B'




Table XV-9
/ . ’
RANCH HAND DERMATOLOGIC INDEX IN ALL OCCUPATIONAL CATEGORIES
BY THE EXPOSURE INDEX
(POST 1961 DATA ONLY)

Dermatologic Index

S | | 0 21
Exposure Level o ' Number Percent. ~ Number Percent
Low 26 ws.6 . 31 5WA
Medtum - . 28 . wm.2- W 58.8
High . . .. .20 392 . 3 608"
P = 0.78

5., Summarzh'”

A comprehensive dermatologic assessment was conducted by questionnaire and
physical examination. . The questionnaire data revealed that the incidence of
past acne, its time of occurrence relative to the individual's SEA tour(s}, ita
severity and duratien, and its anatomic location did not significantly differ
~ between. the Ranch Hand -and ‘comparison 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 were considered,. the group rates were essentially’ identical
- A dermatologie¢ index was- constructed to account for the number of skin abnor-
malities per. individual (severity index) that might encompass a diagnosis of
chloracne. The. index . -Wwas not associated with group membership ‘but showed -some
correlation with a total history. of. past acne. in both groups. There were ho . .
,associations between historical - or dermatological examination findings and
exposure level in any occupaticnal categcry of the Ranch ‘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 or choles-
terol to high density lipoprotein (HDL) ratio, and age were selected as covari-
ates in most analyses (Brand et al, 1976). The covariates were categorized as
follows: age, sU0, H40 years 1. month - 59 years 11 months (abbreviated 40 < >
60), and 60 years or more; smoking, 0 pack-years, 1 -10 pack-years, and 11 or
more pack-years; cholesterol, $180 mg/dl, 181-279 mg/dl, and 2280 mg/dl; .and
cholesterol-HDL ratio, <5.3, 25.3. In complex analyses with sparse data, .
trichotomous covariates were reduced to dichotomous ones. The cutpoint. for
cholesterol HDL -ratic was derived from data on .rated Air  Force personnel

referred for cardiovascular diagnostic examination‘ it is an unweighted:-.average -

" of means of flyers verified at cardiac catheterization. as having or not having
occlusive coronary ‘athercsclerosisg. A more optimal approach; ‘based upon a
median HDL value of the’ comparison group, will be used-'in subsequent reportsa. .
Statistically significant interactions - between - these  covariates were .not
explored in. detail when there was no effeéet on group membership and when the
interactions were consonant with the classleal -epidemiology: of cardiovascular
disease. Analyses of weak risk - factors in the data-will -be presented in subse-
quent reports. Because of the low proportion. of “Black participants in ‘both
groups, covariate adjustment by race was not possible.. Consequently, a- variety
of dependent_variable analyses by race, unadjusted for. age, smoking, and cho-
‘lesterol, ‘are diécUSsed‘throughout this chapter., = In addition, where adjusted
group differences were found to be statistically significant, other: covariates
{e.g., percent body fat, current smoking, history of" intermittent claudica~
tion, testosterone level, differenttial cortisol level; .etc.) have been. used to -
reanalyze all data In an- attempt to clarify the clinical signifioance of the
finding.

' Most’ analyses herein are based upon Ranch Hand contrasts to the "orlginals"
of the comparlison group. Where group assoclations are statistically signifi-~
cant or ‘of general interest, other comparison group denominators have been used
{e .8, matched ‘originals. only and the entire comparison group). Further, for
- speclific analyses, participants with diabetes and pedal edema have be¢en
deleted. ‘Small denominator fluctuatlions are also inherent in these analyses
because of missing covariate or dependent variable information. Thus, tabular
_s.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, covarlates having a honsignificant association with the
- dependent variable were removed from the analysis. The - statlstical analyses'
"are based on log-linear models (BMDP-LUF), logistlc regression {(BMDP-LR}, and
generallged linear models, chi-square, t tests, and matched covariate analyses
‘(Breslow, 1982). Relative risks and confidence intervals,_computed using the
hypergecmetric 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 systolle blood pressure was defined as pressure in excess of
140 mmHg by standard observer auscultation. -All blood pressures were obtained
in a sitting position. ‘Second or third readings were recorded on those indi-
‘viduals who manifested an initlal elevation, There was  no significant difrfer-
ence - 1n systolic blood pressure (P = 0.2U48) 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-1 -1 and XVI-1-2,
‘Diabetics (2 hour postprandial glucose 2120 mg/dl) were removed from the analy-“

see."' L

"*Table'XVl-1-1
‘SYSTOLIC BLOOD' PRESSURE

: RANCH HANDERS ANﬁ ‘THE " ORIGINAL COMPARISONS.VERSUS AGE
- o (NON*BLACKS ONLY) ‘

 Total |

Ranch Hend __Original Canparisons  Both Grous
ggg Abnmms& % Abnormal Namel Abnormed %‘mmxxnsd ansl Abnonmﬂ.% mexnnﬂ Nmnel
o %104 1™ R 1u3 1”68 __'.'11.9 501
20 M3 23 3! LR o6 288 207 BT 665
Systolic pressure between groups .P = 0.248 . * Age versus systolic

.Relative risk under 40: .73,95% Conf int (.46,1,18) pressure (unadjusted .
Relative risk over uo...gu 95% Conf int (.73,7. 20) for smoking and ¢hol-
‘ - ) g o esterol) P <0 0001

The unadjusted systolic blood preseure by smoking history association.
_ presented 1in Table XVI-1-2, is not significant (P-O 179) in these data. :



. means were 133.12 and 133.

Table XVI-1-2

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

Smoking History

.in Pack~Years . . . Abnormal 9 Abnormal.  Norma1

.0 _ - T0 17,8 324
1-10 - - 4y 16,1 230
>0 161 20,8 612

P = 0.179

~_ Ranch Handers and original comparisons reflected tn these tables were
‘also compared on systollc blood pressure. as a continuous variable with adjust-
ment for age; Smoking-history,fHDL ratio, and-body-fa;h_vig:a-geﬁeﬁal 1linear
model. Thebefwas"ho“significant difference between the groups on systolic -
blood pressure (P = 0,976). The Ranch. Hand and original comparison adjusted
15, respectively. The covariates of age and body fat:

were both significantly assoclated with systolic.blood pressure (P = 0.0001).

: Additionai'categorical_analysesVdpmparing Non&Blaék'Banch Handers with
the total non*BlackicomparisOH-groupvadjusted for age, smoking, and cholesterol

showed comparable_nonsighifioant'1ntengrdup‘ﬂ;f@erences-(Ppﬁ 0,366) for sys-
tolic blood pressure. The ef$§éﬁsgof;ﬁgg?andjsmgking,yﬁga.stat;stically_91g~
- nifieant, P <€0.,0001 and P = 0:0Y, respectively. In ‘additlon,  a chi-square
analysis of Black Ranch Handers and Black individuals from the entire compari-.
son ‘group (diabetics removed)'shoWed:no:ghoup'difference'(P;n 0.265) 1in sys-
tolic pressure. Lo I '

b.  Diastolic Blood Pressure =

‘Dlastolic blood pressure in excess of 90 mmHg, was categorized as abnor-
mal.  No significant intergroup difference was noted after adjustment for age,
smoking, and cholesterol level, These data are based upon non-Black, nondia-
betic denominators and are presented in Table XVI-1-3. o ' :
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Table XVI-1-3
DIASTOLIC BLOOD PRESSURE

- IN RANCH HANDERS AND THE ORIGINAL COMPARISONS VERSUS AGE
S { NON-BLACKS ONLY}. -

'ﬂx£l

Ranch Hand  Original Comparisons Both Groups
Age AMxrmﬂ.SIMWJmELNamnl Abrormal % Abnormal Normal — Abnormal % Abnarmal Normal
@ 18 s2 @ 12 5M 22 30 5.3 539
20 5T 1.6 43 B 139 2 10 126 T
Diastolic bleod pressure P = 0.351 Age versus dlastollc
between groups: o ' . pressure.(unadjusted

Relative risk under 40: .97,95% Conf.. int. (.45,2.18) for smoking and chol-
Relative risk over UY0: .84,95% Conf. int. (.58,1.21) 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 contlnuous variable
" with adjustment for age, smoking history, HDL ratlo, and body fat, via a gen-
eral linear model. There was a borderline significant. diastollc blood. pressure
by group by age interaction (P = 0.,0585), indicating a change in the blood
pressure by group association with level of age (<40, 240). However, separate
analyses at each lével of age revealed no significant group differences.  In
the under-40 age group, the diastolic blood pressure by group assoclation was
‘not significant (P = 0,U435); the adjusted group means were T78.2 and 77.02 for
Ranch ‘Handers and comparisons, respectively. . In the U40-and-over. age group..thé
dlastolic blood pressure by group assoclation was not significant (P = 0.904);
the Ranch Hand and comparison adjusted means were .80.7 and 81.7, respectively.

An - intergroup log linear analysls 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 smoking was neot. An unadjusted contrast of Black Ranch Handers
‘and- Black 1individuals from- the entire comparison group also showed similar
nonsignificant group differences. (P:= 0.533). o

C. Eléctrocardiogggms (ECG‘é)Q- ..A'.w

 ECG's were obtained. on all:participants, following a minimum fast of 4
hours and abstirence from tobacco .for¥ hourg, The.vast majority of ECG's were
obtained by 1 or 2 technicians on dedigated and calibrated machines. 'The trac-
ings were read by -a contract clinic: cardiologist and categorized into normal

and abnormal groups, the latter consiating:of right bundle branch block, left
bundle branCh block, nonspecific T Wavchhanges,;bradycandia,-tachyCardia._dnd
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- other dlagnoses., Grave flndings were Immedlately discussed with the particl-
pant's family physlician and approprlate 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 statistlcally significant (P <O. 0006) assoclation
between abnormal ECG's and Increased age.

Table XVI~1-U
ECG FINDINGS IN RANCH HANDERS AND THE ORIGINAL COMPARISONS

BY AGE, ADJUSTED FOR SMOKING HISTORY AND HDL RATIO
‘(NON-BLACKS ONLY) . '

: Total
' Ranch Hand Original Comparisons . Both Groups .
Age Abnmmsﬂ’% Abnormal Normal . Hpnormal % Abnormal Normal ~ Abnormal % Abnormal - Normal
a0 69 204 M st 234 . 170 120 203 W
2lo 188302 M2 107 B 269 2 204 611
Abnormal ECfoindinQSZDEtWeen groups: Pla-0,987 e ECG-findings in both

Relative risk under U0: ,87,95% Conf. int. (.62;1.23) groups by age (un-.
Relative risk over 40: -1.06,95% Conf. int. ( 86 1.32) adjusted for smoking
I i : © . .and HDL ratio):
P = < 0,0006

When the ECG data in Table XVI-1-U were. redistributed into the catego-
ries of tachycardia,"bnadycardia, other. abnormalities, and normal, an -unad-
Justed analysis showed no significant differences between. the Ranch Hand and
original comparison group (P = 0, 881)

An additional cardiac assessment ‘was made -on all past or present flying
,personnel in both groups. Participants ‘names and soclal security numbers were
'computer matched to the USAF ECG Repository, the world's: ‘largest ECG repository
on flying personnel (Lancaster and Ord, 1972; ~Hiss and Lamb, 1962). :Three
hundred and fifty-four Ranch Handers and 282 original comparisons had betweén
one and 10 previous tracings on fille whiech had been dilagnostically coded by
stringent criteria. Accordingly, USAF cardiologlsts reviewed all 636 physical
examination ECG's (withOut knowledge of group membership) and coded them by the
standardized USAF c¢riteria. The physical examination ECG was contrasted to the
past ECG's and categorized as no change or degraded (no ECG's were Amproved in
elther group). These data analyzed “by group membership and age are shown in
Table XVI-1-5, -Blacks and diabetics were renoved from the. analysis.. This
_analysis is not adjusted For elapsed time between ECG readings.-"
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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 - ‘Comparilson . - o Total
No Change Degraded .~ No Change Degriaded No Change _Degraded
Age Number  Number Percent Number  Number Percent Number Number Percent

o w5 2 4.2 29 . 2 6%  -TH i 5.1
2l0 226 20 8.4 182 17 8.5 48 37 8.3
277 22 21T - 79 182 L5} .

_ Because of sparse data in the under- ~40 age group, an analysis adjusted

for both age and smoking was not possible, the unadjusted ECG change by group
association was not significant (P = 0.652). ‘In the 40-and-over age group,
the ECG change by group. assoclation 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 comblined, the age by
ECG assoclation (P = 0.412) was not. significant. .The unadjusted ECG change by
smoking history association was signifioant (P = 0. 018).

_ An overall analysis of systolic/diastolio blood . pre55ures and .. ECG
abnormalities was. performed by group membership and adjusted for smoking (O,
1-10, >10. pack-years), cholesterol=-HDL ratio (<5.3, 25.3), age (<40, 240} 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 Sectlions a-c¢ above) that are presented 1n
Table XVI 1-6. o

Table XvIi-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 ' B f, P Value
_ Systoliz Blood Pressure - - . 1 0.195
' Diastolic Blood Pressure - - ... 0.351

‘ECG Abnormality "~ - .. S 04999
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