
1,391 participants said that they had never had acne. The analysis of self­
reported lifetime occurrence of acne showed that significantly more Ranch 
Hands than Comparisons reported having had at least one occurrence of acne 
(42.0% vs. 37.3%, p.0.026). The estimated relative risk was 1.22 (95% C.l.: 
[1.03,1.44). Since the definition of lifetime includes periods of time 
before and after the SEA tour, this result alone does not indicate a herbicide 
effect. This analysis is further refined below for more direct applicability 
to this study; in particular, analyses relating to acne after the start of the 
first SEA tour were conducted. 

Relative to SEA Tour 

Participants with acne were further classified relative to their SEA 
tour(s) as determined by military records. Of the 903 participants with acne, 
466 participants had all occurrences of acne prior to the start of their first 
SEA tour (pre-SEA), 236 participants had acne before and after the start of 
their first SEA tour (pre- and post-SEA), 177 participants reported havins 
acne only after the start of their first SEA tour (post-SEA), and 24 
participants could not be classified distinctly into one of these three 
categories due to incomplete information on dates of occurrence. These 
category names are used to assist the reader in identifying the contrasts in 
subsequent analyses. 

To assess whether the occurrence of acne after the start of the first SEA 
tour was different between the two groups, analyses were conducted that 
contrasted participants with acne after the start of the first SEA tour with 
those who did not have acne after the start of the first SEA tour. Since it 
is difficult to determine whether the occurrence of acne could be related to 
dioxin exposure for the participants who had acne both before and after the 
start of their first SEA tour, the analysis was performed with and without the 
participants in the pre- and post-SEA category. The analysis of the 
occurrence of acne after the start of the first SEA tour was also performed 
after stratifying by occurrence of acne before the start of the first SEA 
tour. This analysis was done to determine if occurrence of acne before the 
start of the first SEA tour had any effect on occurrence of acne after the 
start of the first SEA tour. The three analyses that were conducted are 
Usted beiowl 

• Participants who had acne after the start of their first SEA tour, 
excluding those who had acne both before and after the start of their 
first SEA tour, versus participants who did not have acne after the 
start of their first SEA. tour (post-SEA category vs. no acne and pre­
SEA categories) 

• Participants who only had acne after the start of their first SEA tour 
combined with those who had acne both before and after the start of 
their first SEA tour versus participants who did not have acne after 
the start of their first SEA tour (post-SEA and pre- and post-SEA 
categories vs. no acne and pre-SEA categories) 
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• Participants who had acne after the start of their first SEA tour 
versus participants who did not have acne after the start of their 
first SEA tour, stratified by occurrence of acne prior to their first 
SEA tour 

- Participants without acne prior to their first SEA tour I post-SEA 
category versus no acne category 

- Participants with acne prior to their first SEA tourl pre- and 
post-SEA category versus pre-SEA category 

The results of these analyses are presented below. 

In the first analysis, the 177 participants who only had acne after the 
start of their first SEA tour were contrasted with the 1,391 participants who 

,never had acne combined with the 466 participants who only had acne before the 
start of their first SEA tour. The result of this analysis showed that the 
Ranch Hands had a significantly higher prevalence of acne (Est. RRI 1.52, 95% 
C.I.I [1.12,2.07), p.0.010). Of the Ranch Hands, 10.6 percent had an occur­
rence of acne, as opposed t~ 7.3 percent of the Compadsons. 

Vhen the 236 participants who had acne before and after the start of 
their SEA tour were included in the analysis, a significant difference was 
also detected (Est. RRI 1.30, 95% C.I.I [1.05,1.61), p.0.019). The Ranch 
Hands had a prevalence rate of 20.4 percent, as contrasted with a prevalence 
rate of 16.5 percent in the Comparisons. 

In the analysis stratified by the occurrence of acne prior to the first 
SEA tour, a significant group difference was detected for those who did not 
have an occurrence of acne before their first SEA tour (Est •. RRI 1.56, 95% 
C.I.I [1.14,2.14), p.0.007). Of the Ranch Hands with no history of acne 
before the start of the first SEA tour, 13.9 percent had an occurrence of acne 
after the start of the first SEA tour. Only 9.4 percent of the Comparisons 
had acne for the first time after the start of the first SEA tour. However, 
no significant difference was found between groups for participants with an 
occurrence of acne before the first SEA tour (p.O. 754).' 

Duration of Acne 

Analysis of duration of acne was performed for participants in the post­
SEA category and in the post-SEA and pre- and post-SEA categories combined. A 
square root transformation was applied to the duration data for analysis 
purposes. No significant differences between the Ranch Hands and the Compar­
isons were detected in the analysis of duration of acne (p.0.451 for partici­
pants in the post-SEA acne category and p.0.611 for participants in the post­
SEA and pre- and post-SEA acne catelories combined). 

Location of Acne 

The location of acne was analyzed for the participants in the post-SEA 
acne category and those in the post-SEA and pre- and post-SEA categories 
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combined. The spatial distributions of acne with primary emphasis on the 
temples, around the eyes, or on the ears are presente~ in Figures 14-2 and 
14-3. The distributions provided in Figure 14-2 are limited to the partici­
pants in the post-SEA only category. Figure 14-3 shows the distribution of 
acne by location for the Ranch Hands and Comparisons in the post-SEA and pre­
and post-SEA categories combined. 

No differences in the spatial distributions for the two groups were 
detected when the analysis was limited to the post-SEA category (p.0.274 with 
other .ites included and p.0.339 with other sites excluded). 

Based on the combined post-SEA and pre- and post-SEA categories, no 
difference in the spatial distribution between the two groups was noted 
(p.0.442). There was also no significant difference when the location of 
other sites was eliminated. from the analysis (p.0.566). 

Physical Examination Variables 

Eight variables from the physical examination were analyzed in the 
dermatologic assessment. Table 14-4 provides the results of the unadjusted 
analyses. The results of the" adjusted analyses are presented in Table 14-5. 
Table K-l of Appendix K contains the results of the dependent varieble­
covariate associations. 

There were no cases of chloracne diagnosed at the 1987 followup. 

Comedones 

There was no significant difference between the percentage of Ranch Hands 
and Comparisons with comedones based on the unadjusted analysis (p.0.436). 

As shown in Table K-l of Appendix K, the covariate tests revealed 
significant associations for age and occupation (p<O.OOl for both). The 
percentage of participants with comedones was highest among those born between 
1923 and 1941 (25.4%), followed by those born in or before 1922 (22.6%) and 
those born in or after 1942 (18.1%). For occupation, 17.0 percent of the 
officers, 33.2 percent of the enlisted flyers, and 22.6 percent of the 
enlisted groundcrew had comedones. 

In the adjusted analysis of comedones, there was a significant group-by­
race interaction (p.0.049). Occupation and age-by-presence of pre-SEA acne 
were also significant terms in the model (p<O.OOl and p.0.027, respectively). 
As shown in Table K-2 of Appendix K, the Black Ranch Rands had a marginally 
higher prevalence rate than the Black Comparisons (Adj. Ral 2.33, 95% C.I.: 
(0.90,6.08), p.0.083). No significant difference was detected between the 
nonblack Ranch Rands and Comparisons (p.0.213). Vithout the croup-by-race 
interaction in the model, there was no significant difference between the two 
croups (p.0.396). 
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Figure 14·3. 
Location of Post·SEA and Pre­
and Post·SEA Acne by Group 
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TABLE 14-4. 

Unadjusted AIIalysis for Denatology Variables by Group 

Groul! 
Est. Relative 

Variable Statistic: Ranc:h Band COIIpar.ison Contrast Risk (95% C.I.) p-Value 

COliedones n 995 1,299 
Nuber/% 
Yes 213 21.4% 297 22.9% 0.92 (0.75,1.12) 0.436 
No 782 78.6% 1,002 77.1% 

Ac:neiforJI n 995 1,299 
Lesions N_ber/% 

Yes 101 10.2% 145 11.2% 0.90 (0.69,1.18) 0.480 ... 
No 894 89.8% 1,154 88.8% • I 

N 
0 

Ac:neiforJI n 995 1,299 
Scars "uaber/% 

Yes 118 11.9% 139 10.7% 1.12 (0.87,1.46) 0.420 
No 877 88.1% 1,160 89.3% 

Depipentation n 995 1,299 
Nuaber/% 
Yes 66 6.6% 83 6.4% 1.04 (0.75,1.45) 0.878 
No 929 93.4% 1,216 93.6% 



TABLE 14-4. (continued) 

Unadjusted Analysis for Denatology Variables by Group 

Groul! 
Est. Relative 

Variable Statistic Ranch Hand Co.parison Contrast Risk (95% C. I.) p-Value 

Inclusion n 995 1,299 
Cysts Nwlber/% 

Yes 105 10.6% 136 10.5% 1.01 (0.77,1.32) 0.999 
No 890 89.4% 1,163 89.5% 

Hyperpig- n 995 1,299 
.entation Nwlber/% 

.... Yes 146 14.7% 218 16.8% 0.85 (0.68,1.07) 0.189 
• No 849 85.3% 1,081 83.2% 
I 
N ... 

Other n 995 1,299 
Abnonlali ties Nuber/% 

Aboorul 759 76.3% 969 74.6% 1.10 (0.90,1.33) 0.380 
Moral 236 23.7% 330 25.4% 

Denatology n 995 1,299 
Index Nwlber/% 

0 609 61.2% 800 61.6% OVerall 0.636 
1 273 27.4% 334 25.7% 1 vs. 0 1.07 (0.89,1.30) 0.496 
2 84 8.4% 121 9.3% 2 vs. 0 0.91 (0.68,1.23) 0.596 
3 20 2.0% 35 2.7% 3 vs. 0 0.75 (0.43,1.31) 0.386 
4 9 0.9% 9 0.7% 4 vs. 0 1.31 (0.52,3.33) 0.730 



TAIU 14-5. 

AIljusted ~ fir DogptoJ. Variab1es by GrIqt 

Groop 
h1j. RelatiYl! Covariate 

Variable Statistic Ranch Rani ~ Cmttast Risk (95% C.I.) p-Value ReImks 

O:w:ibJeS n 987 1,289 0.92 (0.75,1.12)** 0.396** GU'*RII£E (p.O.049) 
00: (p<O.OO1) 
Ja*SFND£ (p.O.027) 

Aa1eifom n 987 1,289 0.90 (0.68,1.18) 0.426 Ia. (p<O.OO1) 
lesims SI!AItQ£ (p<O.OO1) 

Aa1eifom n 987 1,289 1.10 (0.84,1.43) 0.510 Ia. (p.O.01O) ... 
~ 

SaIrs SI!AItQ£ (p<O.OO1) 

[Iopipen. n 995 1,299 1.04 (0.74,1.45) 0.838 Ia. (p.O.01O) 
tatim 

TnrJnsjm n 1,289 1.CI) (0.76,1.31) 0.965 d (p.O.032) 
QIsts BN::E*SFAMl£ (p.O.035) 

~- n 1,289 0.86 (0.68,1.09) 0.206 RAG! (p<O.OO1) 
IEDtatiOll 00: (p<O.OO1) 

SI!AItQ£ (p.O.<Xl6) 



- -
TAIIB 1~5. (aJIltimaI) 

AIljustaI Analysis fir Jawtolqor kiaIiIes ~ em., 

Variable Statistic Ranch BanI ~ 

995 1,299 

n 987 1,289 

& CllP: em., (Ranch Band, ~). 

Cmttast 

OVerall 
1 vs. 0 
2 vs. 0 
3 vs. 0 
4 vs. 0 

Adj. Relative 
Risk (95t C.l.) 

1.08 (0.89,1.32) 

1.06 (0.88,1.28) 
0.91 (0.67,1.23) 
0.76 (0.44,1.32) 
1.28 (0.55,3.01) 

OJvarlate 
p-Value ReImks 

0.445 RA£E (pcD.OO1) 
IQ. (pcD.OO1) 

0.679 00; (pcD.OO1) 
0.532 ~(poO.029) 
0.524 
0.332 
0.569 

~-aJVaJ:iate inteEactim (O.01<p<D.05)-adjU5ted relative rlsIt, cmfidence interval, am p-value presented derived 
fma a IIldel fitted after deletim of this inteEactim. 



Acneifor. Lesions 

In the unadjusted analysis of acneiform lesions, no significant 
difference was detected between the two groups (p=0.480). 

Using pooled group data, the covariate associations with acneiform 
lesions showed that age, occupation, and presence of pre-SEA acne were 
significant (p<O.OOl, p.0.001, and p(O.OOl, respectively). The presence of 
acneiform lesions was found to be decreasing with age (15.1% for those born in 
or after 1942, 7.8% for those born between 1923 and 1941, and 4.8% for those 
born in or before 1922). The highest percentage of participants with 
acneiform lesions was among the enlisted groundcrew (13.1%), followed by the 
enlisted flyers (10.7%) and the officers (7.9%). The percentage of 
participants with acneiform lesions was higher for those with pre-SEA acne 
than those who did"not have pre-SEA acne (15.3% vs. 8.7%). 

Based on the adjusted analysis of acneiform lesions, there was no 
significant difference between the Ranch Hands and the Comparisons (p.0.426). 
Age and presence of pre-SEA acne were significant covariates in the adjusted 
model (p<O.OOl for both). 

Acneifor. Scars 

The results of unadjusted analyses of acneiform scars did not reveal a 
significant difference between the Ranch Hands and the Comparisons (p.0.420). 

The significant covariate relationships with acneiform scars were age and 
presence of pre-SEA acne (p.O.OOS and p<O.OOl, respectively). The association 
between acneiform scars and occupation was marginally significant (p.O.OSl). 
The percentage of participants with acneiform scars decreased with age (13.6% 
for those born in or after 1942, 9.7% for those born between 1923 and 1941, 
and 6.0% for those born in or before 1922). For occupation, 9.2 percent of 
the officers had acneiform scars, as compared to 12.5 percent of the enlisted 
flyers and 12.4 percent of the enlisted groundcrew. The participants with 
pre-SEA acne had a higher prevalence rate than those without pre-SEA acne 
(22.5% vs. 6.2%). 

In the adjusted analysis of acneiform scars, there was no significant 
difference between the two groups (p.0.S10). The significant covariates in 
the model were age and presence of pre-SEA acne (p=0.010 and p<O.OOI, 
respectively). 

Depigmentation 

No significant difference between the two groups was identified based on 
the unadjusted analysis of depigmentation (p.0.878). 

Only the depigmentation-age association was found to be significant 
(p.0.034). The prevalence rate incrnsed wi th age. Of the participants born 
in or after 1942, 5.3 percent had depigmentation, as compared to 7.0 percent 
of those born between 1923 and 1941 and 11.9 percent of those born in or 
before 1922. 
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The results of the adjusted analysis of depigmentation did not reveal a 
significant group difference (p.0.838). Age was a significant covariate in 
the model (p.0.010). 

Inclusion Cysts 

The unadjusted analysis of inclusion cysts did not reveal a significant 
difference between the Ranch Hands and the Comparisons (p.0.999). 

The covariate tests for inclusion cysts showed that the relationship with 
race was significant (p.0.035), and the associations with age, occupation, and 
presence of pre-SEA acne were borderline significant (p.0.096, p.0.063, and 
p.O.092, respectively). For age, the highest percentage of participants with 
inclusion cysts was among those born between 1923 and 1941 (11.7%), followed 
by those born in or before 1922 (10.7%) and those born in or after 1942 
(8.9%). The prevalence rate was higher for nonblacks than Blacks (10.8% vs. 
5.1%). For occupation, 10.1 percent of the officers, 13.8 percent of the 
enlisted flyers, and 9.6 percent of the enlisted ground crew had inclusion 
cysts. A higher percentage of the participants with pre-SEA acne had 
inclusion cysts than those without pre-SEA acne (12.3% vs. 9.8%). 

Based on the adjusted analysis of inclusion cysts, there was no 
significant difference between the two groups (p.O.965). Age and race-by­
presenee of pre-SEA acne were significant terms in the model (p.0.032 and 
p.0.035, respectively). 

Byperpigmentation 

Based on the analysis of hyperpigmentation without adjustments for 
covariates, no difference was found between the two groups (p.0.189). 

Significant relationships were found between hyperpigmentation and race, 
occupation, and presence of pre-SEA acne (p<0.001, p<0.001, and peO.003, 
respectively). The prevalenee rate for Blacks was higher than for .nonblacks 
(35.8% vs. 14.6%). For oceupation, the prevalence rate was highest for the 
enlisted groundcrew (19.8%), followed by the enlisted flyers (19.6%) and the 
officers (9.6%). A higher pereentage of the partieipants without pre-SEA Bcne 
had hyperpigmentation than those with pre-SEA acne (17.3% vs. 12.4%). 

The results of the adjusted analysis of hyperpigmentation did not reveal 
a significant difference between the two groups (p.0.206). The significant 
terms in the model were race, occupation, and presence of pre-SEA acne 
(p<0.001, p<0.001, and p.0.006, respectively). 

Other Abnormalities 

After combining all other dermatologic abnormalities to create a 
composite variable, there was no significant difference between the Ranch 
Hands and the Comparisons based on the unadjusted analysis (p.0.380). 
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The results of the covariate tests did not detect a significant 
association for presence of pre-SEA acne; however, significant relationships 
were found for age, race, and occupation (p<0.001 for all). The prevalence 
rate of other abnormalities increased with age (65.2% for those born in or 
after 1942, 82.0% for those born between 1923 and 1941, and 90.5% for those 
born in or before 1922). A higher percentage of nonb1acks than Blacks had a 
dermato10gic abnormality, other than the six conditions analyzed previously 
(76.8% vs. 51.8%). The highest percentage of other abnormalities was in the 
officers (79.2%), followed by the enlisted flyers (78.3%) and the enlisted 
groundcrew (71.0%). 

No significant difference between the Ranch Hands and the Comparisons was 
identified in the adjusted analysis of other abnormalities (p.0.445). Age and 
race were significant covariates in the model (p<O.OOl for both). 

Dermatology Index 

There was no significant difference between the 'two groups based on the 
overall unadjusted analysis of the dermatology index (p.0.636), which was 
based on the number of abnormalities present for the following conditions: 
comedones, acneiform 1esions~ acneiform scars, and inclusion cysts. The 
results of the four individual contrasts of one, two, three, and four 
abnormalities versus zero abnormalities also did not detect any significant 
differences between the Ranch Hands and the Comparisons (p.0.496 for 1 vs. 0, 
p.0.596 for 2 vs. 0, p.0.386 for 3 vs. 0, and p.0.730 for 4 VS. 0). 

The covariate tests for the dermatology index revealed significant 
associations with occupation and presence of pre-SEA acne (p<0.001 for both). 
These results are presented in tabular form in Table K-l of Appendix K. 

Overall, the officers had the highest percentage of participants with no 
abnormalities on the dermatology index (67.4% with zero abnormalities), 
followed by the enlisted groundcrew (59.8% with zero abnormalities), and the 
enlisted flyers (52.2% with zero abnormalities). The enlisted flyers had the 
highest percentage of abnormalities in the one and two abnormality classes of 
the index, and the officers had the lowest percentages (one abnormality: 
30.0X for enlisted flyers, 27.0% for enlisted groundcrew, and 24.3% for 
officers; two abnormalities: 14.1% for enlisted flyers, 9.5% for enlisted 
groundcrew, and 6.1% for officers). For three abnormalities, the percentages 
were 3.2 for enlisted groundcrew, 2.6 for enlisted flyers, and 1.4 for 
officers. For four abnormalities, the highest percentage was among the 
enlisted flyers (1.0%), followed by the officers (0.9%) and the enlisted 
groundcrew (0.6%). 

A greater percentage of participants with pre-SEA acne than those without 
pre-SEA acne had abnormalities based on the dermatology index. Only 
53.7 percent of those with pre-SEA acne had no abnormalities, as compared to 
64.9 percent of those without pre-SEA acne. Of those with pre-SEA acne, 
27.0 percent had one abnormality, 13.7 percent had two abnormalities, 
4.4 percent had three abnormalities, and 1.3 percent had four abnormalities. 
For the participants without pre-SEA acne, 26.2 percent had one abnormality, 
6.8 percent had two abnormalities, 1.5 percent had three abnormalities, and 
0.6 percent had four abnormalities. 
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No significant differen.ce was found in the adjusted analysis of the 
dermatology index (p.0.679). This finding was supported by the results of the 
four individual contrasts (p .. 0.532 for 1 vs. 0, p.0.524 for 2 vs. 0, p.0.332 
for 3 vs. 0, and p.0.569 for 4 vs. 0). Occupation and age-by-presence of pre­
SEA acne were significant terms in the adjusted model (p(O.OOl and p.0.029, 
respectively). 

Biopsy Results 

Dermatologists were instructed to request skin biopsies of any lesions 
suspected of being malignant. The histologic classifications of the 39 skin 
biopsies performed in the 1987 followup are summarized in Table 14-6. Of 
these biopsies, 27 were classified as basal cell carcinoma. There was no 
significant difference in the number of men in each group who had biopsies 
(Est. RR: 1.03, 95% C.I.: [0.52,2.04) paO.930) or in the number of biopsied 
participants who had a basal cell carcinoma (Est. RR: 2.0, 95% C.I.I 
[0.46,8.63) p.0.350). A more complete discussion of the post-SEA lifetime 
occurrence of basal cell carcinoma can be found in Chapter 10, Malignancy. 

Exposure Index Analysis 

Unadjusted and adjusted exposure index analyses were conducted on the 
physical examination variables of the dermatologic assessment; the results of 
these analyses are presented in Tables 14-7 and 14-8, respectively. A summary 
of the exposure index-by-covariate interactions is provided in Table 14-9. 
The detailed stratified results for the exposure index-by-covariate 
interactions are listed in Table K-3 of Appendix K. 

The final interpretation of the exposure index data must await the 
reanalysis of the clinical data using the results of the serum dioxin assay. 
This report is expected in 1991. 

Physical Examination Variables 

Comedones 

No significant differences among the exposure categories were detected in 
the unadjusted analyses. These findings were supported by the results of the 
adjusted analyses for the enlisted flyer and enlisted groundcrew cohorts. 

In the adjusted analysis of the officer cohort, there was a significant 
exposure index-by-presence of pre-SEA acne interaction (p.0.014). Of the 
officers with pre-SEA acne, 21.4 percent in the low exposure category had 
comedones as compared to 14.6 percent in the medium exposure category and 
4.7 percent in the high exposure category. The high versus low exposure 
contrast for the pre-SEA acne stratum was significant (p.0.046), although the 
result was not supportive of an increasing dose-response relationship. For 
the officers without pre-SEA acne, the percentages with comedones were 9.9, 
13.3, and 21.0 for the low, medium, and high exposure categories, respec­
tively. The high versus low exposure contrast for those without pre-SEA acne 
was marginally significant (p.O.OBO). Vithout this exposure index-by-presence 
of pre-SEA interaction in the model, no significant differences were found 
among the exposure level categories. 
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TABLE 14-6. 

listologic Classification of Skin Biopsies at the 1987 Pollovup 

Group 

Ranch 
Histologic Type Band Comparison 

'Basal Cell Carcinoma 15" 12b 

Melanoma 1 0 

Suspected Squamous Cell Card noma 0 10 

Keratosis, Actinic 1 2 

Keratosis, Seborrheic 1 1 

Papilloma, Benign 0 1 

Nevus, Compound 1 2 

Cys t, Epidermal 0 1 
~ W 

"Two individuals had basal cell carcinomas at two separate sites, and one 
individual had basal cell carcinomas at three separate sites. 

b . 
One individual had basal cell carcinomas at two separate sites. 

o Squamous cell carcinoma could not be equivocally excluded on submarginal' 
tissue. 
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TJIIE 1~7. 

UaljustaI RxpmJl'l! JideI[ roc !emtn1CCJ Vadab1es b.r ,.." .. tiom 

ElqxsJIe InIex Fxposure 
InIex Pst. Re1ative 

Variable Occu(Btiom Statistic Medita High ODtrast Risk (95% C.I.) p-Value 

Oasbes Officer n 13) 124 125 0Vel"all 0.798 
1btJer/% 
Yes 16 12.3% 17 13.7% 19 15.2% K YS. L 1.13 (0.54,2.35) 0.884 
lb 114 ~.7% 107 86.3% 106 84.11% B YS. L 1.28 (0.62,2.61) 0.624 

QUisted n 55 63 53 0Vel"all 0.352 
Flya- tbIbeI:/% 

Yes 18 32.7% 17 27.0% 21 39.6% K YS. L 0.76 (0.34,1.68) 0.632 
lb 37 67.3% 46 73.0% 32 60.4% B YS. L 1.35 (0.61,2.97) 0.586 

& QUisted n 147 158 It,() 0Vel"all 0.860 
GmnIcrew tbIbeI:/% 

Yes 37 25.2% 36 22.11% 32 22.9% K YS. L 0.88 (0.52,1.49) 0.n4 
lb 110 74.11% 122 n.2% 100 n.1% B YS. L 0.88 (0.51,1.52) 0.750 

kMiforw Officer n 13) 124 125 0Vel"all 0.378 
lesiCIIs 1btJer/% 

Yes 10 7.7% 7 5.6% 13 10.4% K YS. L o.n (0.26,1.95) 0.690 
lb 120 92.3% 117 94.4% 112 89.6% B YS. L 1.39 (0.59,3.30) 0.592 

&Il.isted n 55 63 53 0Vel"all 0.483 
Flya- tbtler/% 

Yes 3 5.5% 7 11.1% 6 11.3% K YS. L 2.17 (0.53,8.82) 0.446 
lb 52 94.5% 56 88.9% 47 88.7% B YS. L 2.21 (0.52,9.35) 0.452 

QUisted n 147 158 It,() 0Vel"all 0.571 
GmnIcrew tbtler/% 

Yes 19 12.9% 22 13.9% 14 10.0% K YS. L 1.09 (0.56,2.11) 0.932 
lb 128 87.1% 136 86.1% 126 90.0% B YS. L 0.75 (0.)6,1.56) 0.556 



TAIU 14-7. (aDtimed) 

1hiIdjImaI1!qrrIP"'! 1iIdeK fir I8mtolqr:y Vadab1es lit o... .. tim 

ExposlJre Index Exposure 
Index Pst. Relative 

Variable OcaJpatim Statistic 1tedi\JII High O:ntrast Risk (95% C.I.) ~Va1.ue 

kneifQrll Officer n m U4 125 0IIerall 0.(00 
ScaI:s tbIiler/% 

Yes 10 7.7% 14 11.3% 11 8.8% M vs. L 1.53 (0.65,3.58) 0.444 
ttl 120 92.3% 110 88.7% 114 91.2% B vs. L 1.16 (0.47,2.83) 0.924 

&!listed n 55 63 53 0IIerall 0.333 
Flyer tbIiler/% 

Yes 7 U.7% 5 7.9% 9 17.at M vs. L 0.59 (0.18,1.98) 0.578 
ttl 48 87.3% 58 92.1% 44 83.at B vs. L 1.«> (0.48,4.09) 0.726 

~ &!listed n 147 158 1«> o-an 0.879 
GmInIcrew .tuD!l-/% 

Yes 19 U.9% 22 13.9% 21 15.at M vs. L 1.09 (0.56,2.11) 0.932 
ttl 128 87.1% 136 86.1% 119 85.at B vs. L 1.19 (0.61,2.32) 0.736 

Dop1g ... Officer n m U4 125 o-an 0.610 
tatim tlJIiE/% 

Yes 6 4.6% 6 4.8% 9 7.2% M vs. L 1.05 (0.33,3.35) 0.999 
ttl 124 95.1,% 118 95.2% 116 92.8% B vs. L 1.60 (0.55,4.65) 0.542 

&!listEd n 55 63 53 o-an 0.253 
Flyer tuD!l-/% 

Yes 8 14.5% 5 7.9% 3 ·5.7% M vs. L 0.51 (0.16,1.65) 0.396 
ttl 47 85.5% 58 92.1% ~ 94.3% B vs. L 0.35 (0.09,1.41) 0.226 

&!listEd n. 147 158 1«> o-an 0.074 
GmInIcrew tuD!l-/% 

Yes 4 2.7% 13 8.2% U 8.6% M vs. L 3.21 (1.02,10.06) 0.061 
ttl 143 97.3% 145 91.8% 128 91.1,% B vs. L 3.35 (1.05,10.65) 0.055 

-
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TA1I.E 14-7. (cmtiDal) 

1iIadju;ted e.,Mane JoB fir IBEto:J.., kiab1es br ..... ptim 

FJcpasure InIex FJcpasure 
InIex Est. Relative 

Variable Occupatim Statistic Medilll IIigh Qntrast Ristc. (95% C.!.) p-Value 

Inclu;im Offica- D 11) 124 125 Overall 0.587 
~ tbdler/% 

Yes 13 10.01: 8 6.5% 11 8.at H YS. L 0.62 (0.25,1.55) 0.426 
tb 117 'l>.0I: 116 93.5% 114 91.2% H ys. L 0.87 (0.37,2.02) 0.999 

&\listed D 55 63 53 Overall 0.n4 
Fl~ ~/% 

Yes 8 14.5% 10 15.9% 6 11.3% H YS. L 1.11 (0.40,3.04) 0.999 
tb 47 85.5% 53 84.1% 47 l1li.7% H YS. L 0.75 (0.24,2.33) 0.834 

f &\listed D 147 158 140 Overall O.~ 

~ GroIniCIerI .tbdlerI% 
Yes 16 10.9% 15 9.5% 18 12.9% H YS. L 0.86 (0.41,1.81) 0.832 
tb 131 89.1% 143 'l>.5% 122 87.1% H YS. L 1.21 (0.59,2.48) 0.738 

IIJpapig- Offica- D 11) 124 125 Overall 0.359 
.ataUm tbdler/% 

Yes 10 7.7% 13 10.5% 7 S.61 H YS. L 1.41 (0.59,3.33) 0.578 
tb 120 92.3% 111 89.5% 118 94.10% H YS. L 0.71 (0.26,1.93) 0.678 

&\listed D 55. 63 53 Overall 0.907 
Fl~ tbdler/% 

Yes 11 20.01: 11 17.5% 9 17 .01: H YS. L 0.85 (0.34,2.14) 0.904 
tb 44 ID.OI: 52 82.5% 44 83.01: H YS. L 0.82 (0.31,2.17) 0.878 

&\listed D 147 158 140 Overall 0.341 
GmnIcrew tbIiler/% 

Yes 25 17.01: 36 22.at 24 17.1% H YS. L 1.44 (0.82,2.54) 0.264 
It> 122 83.01: 122 n.2% 116 82.9% H YS. L 1.01 (0.55,1.87) 0.999 



TAIIE 14-7. (aDtiDJed) 

ElqJosme IoJex ElqJosme 
IoJex Est. Relatille 

Variable ~tilD . Statistic HediIJD High Cmtrast Ristt (95% C.l.) p-Value 

Othel" Officer n . m 124 125 0YeIall 0.042 
Atmmalities tbiJer/% 

AInxml 101 n.1% 110 88.1% 98 78.4% K ¥s. L 2.26 (1.13,4.51) 0.029 
tbnBl 29 22.lt 14 l1.lt 27 21.6t H ¥s. L 1.04 (0.58,1.89) 0.999 

&ilistal n 55 63 53 0YeIall 0.006 
Flya- tbiJer/% 

AbKll1IBl. 47 85.5% 44 69.8% 46 86.8% K ¥s. L 0.39 (0.16,0.99) 0.071 
tbnBl 8 14.5% 19 :ll.2% 7 13.2% H ¥s. L 1.12 (0.38,3.34) 0.999 

f &ilistal n 147 158 140 Ovecill 0.212 
ld GronIcrew tbiJer/% 

Abmmal 103 70.1% 105 66.5% 105 75.01: K ¥s. L 0.85 (0.52,1.37) O.~ 
tbnBl 44 29.9% 53 33.5% 35 25.01: H ¥s. L 1.28 (0.76,2.16) 0.422 

Demltology Officer n m 124 125 Ovecill 0.625 
IoJex tbiJer/% 

AbKll1IBl. 38 29.2% 37 29.8% 43 34.4% K ¥s. L 1.03 (O.60,l.n) 0.999 
Notml 92 70.8% 87 70.2% 82 65.6% H ¥s. L . 1.27 (0.75,2.15) 0.452 

&ilistal n 55 63 53 Ovecill 0.434 
Flya- tbiJer/% 

AI:nonral 24 43.6% 28 44.4% 29 54.1% K ¥s. L 1.03 (0.50,2.14) 0.999 
Notml 31 56.4% 35 55.6% 24 45.lt 8 ¥s. L 1.56 (0.73,3.34) ·0.338 

&ilistal n 147 158 140 Ovecill 0.1tS1 
GronIcrew tbiJer/% 

Abmmal 65 44.2% 69 43.1% 53 37.9% K ¥s. L 0.98 (0.62,1.54) 0.999 
tb:BBl 82 55.8% 89 56.lt 87 62.1% 8 ¥s. L O. n (0.1tS,1.23) O.l:ll 

- -
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DIIE 14-8. 

Exposure IoIex Exposure 
IoIex hlj. IIe1ative 

Variable Occupatim Statistic Low MediID High Cmtrast Risk (95% C.l.) ~Val.ue 

QaebIi!S OffiCE n 129 123 124 Ove!all 0.900** 
K vs. L 1.14 (0.53,2.43)** 0.742** 
B vs. L 1.18 (0.56,2.~)** 0.673** 

&Il.isted n 55 63 52 Ove!all O.tnl 
Flyer: K vs. L 0.91 (0.t,(),2.05) 0.815 

B vs. L 1.52 (0.68,3.41) O.DJ 

&Il.isted n llo6 157 138 Ove!all 0.623 
Gl'oInIcrew K vs. L 1.13 (0.65,1.96) 0.669 

f 
~ 

B vs. L 0.85 (O.~,I.SO) 0.574 

Ameifolll OffiCE n 129 123 124 Overall 0.100 
lesims K vs. L 0.57 (0.19,1.71) 0.314 

B vs. L 1.45 (0.57,3.69) 0.437 

&Il.isted n 55 63 52 Ove!all 0.412 
Flyer: K vs. L 2.16 (0.52,9.01) 0.290 

B vs. L 2.44 (0.57,10.49) o.m 

&Il.isted n 146 157 138 Ove!all *""" 
Gl'oInIcrew K vs. L **** **** B vs. L **** *""" 



TABlE 1~. (CIlI\tiJu!d) 

MjustaI ""I'09!1re Judea: fir IleDabiliv 'IariaIW!S by Ornptim 

Exposure rmex Exposure 
rmex Adj. Relative 

Yariable Occupltim Statistic lOll Hedilm High O:ntrast Risk (95% C.l.) p-Va1ue 

Ameifoal OffiCE n 129 123 124 0veEall 0.874** 
Seals H vs. L 1.16 (0.46,2.89)** 0.751** 

B vs. L 0.93 (0.36,2.39)** 0.874** 

Wisted n 55 63 52 0veEall 0.273 
FlyeE' H vs. L 0.59 (0.17,2.09) 0.416 

B vs •. L 1.58 (0.52,4.82) 0.421 

Wisted n 146 157 138 0veEall 0.526** 
GmIldctat H vs. L 1.a; (0.53,2.U)** 0.1182** ... 

t 
B vs. L 1.46 (0. n,2. 94)** 0.291** 

Depi g r.. OffiCE n 129 123 124 0veEall 0.469 
tatim H vs. L 0.69 (0.21,2.31) 0.547 

. B vs. L 1.37 (0.46,4.~) 0.570 

Wisted n 55 63 52 0veEall 0.264 
FlyeE' H vs. L 0.51 (0.15,1.68) 0.266 

B vs. L 0.35 (0.09,1.40) 0.138 

&!listed n 146 157 138 0veEall 0.0401<* 
GmIldctat H vs. L 3.34 (1.a;,10.59)** 0.0401<* 

B vs. L 3.54 (l.U,U.34)** 0.033** 



-
DIU 14-8. (CIIltimed) 

Adjusted Raj .... we :rna for IBEtcWv Variabhs by OcI:qBtim 

EIcposure Inie!x Expooure 
Inie!x Idj. Relative 

Variable ~tim Statistic low HediID High O:mtrast Risk. (95% C.!.) p-Value 

Jnclucrim OffiCB" n 129 123 124 tM!Eall 0.006 
Cysts "vs. L 0.62 (0.24,1.61) 0.331 

B vs. L 0.87 (0.37,2.05) 0.745 

&ilistaI n 55 63 52 tM!Eall 0.687 
Flyer "vs. L 1.JJ (0.46,3.64) 0.620 

B vs. L 0.00 (0.26,2.53) 0.709 

&ilistaI n 146 157 138 tM!Eall -Gmnk:rev "vs. L - -f 
bI' 

B vs. L - -
~ 0ffiCB" n 129 123 124 tM!Eall 0.0 
.utatim "vs. L 1.12 (0.46,2.75) 0.001 

B vs. L 0.61 (0.22,1.68) 0.340 

&ilistaI n 55 63 o-aU 0.852 
Flyer "vs. L 0.81 (0.31,2.08) 0.660 

B vs. L 0.76 (0.28,2.07) 0::1J7 

&ilistaI n 146 157 138 tM!Eall 0.247 
Gmnk:rev "vs. L 1.53 (0.85,2. m 0.157 

B vs. L 0.99 (0.52,1.86) 0.966 



DIU 14-8. (CDltimEd) 

Adjusted Rlrpmn IRIelt fir I8mto1qu 'kiab1es by cm.atim 

~IIXIex RIrpmJre 
IIXIex Adj. Relative 

Variable OcaJpitim Statistic UN HedilD Higb G:ntrast RisIt (95% C.l.) ~Va1.ue 

Othel- Offi~ n 129 123 124 Ove:all 0.040 
AInxml- M vs. L 2.12 (1.00,4.47) 0.049 
ities B vs. L 0.89 (0.47,1.68) 0.714 

&1listed n 55 63 52 Ove:all 0.069 
Flya- M vs. L 0.42 (0.16,1.06) 0.067 

B vs. L 1.00 (0.36,3.26) 0.8811 

&1listed n 1106 157 138 Ove:all 0.512 
GmnIcrew M vs. L 0.93 (0.56,1.53) o.m 

~ 
B vs. L 1.26 (0.73,2.16) 0.405 

Denato1qu ~ n 129 123 124 Ove:all 0.568 
Jndeox M vs. L 1.17 (0.66,2.07) 0.589 

B vs. L 0.87 (O.!'O,l.!'O) 0.619 

fhlisted n 55 63 52 Ove:all 0.335 
Flya- M vs. L 0.83 (0.39,1.n) 0.634 

B vs. L 0.56 (0.26,1.23) 0.149 

fhlisted n 1106 157 138 Ove:all 0.383** 
GmnIcrew M vs. L 0.96 (0.61,1.52)** 0.87Ol* 

B vs. L 1.31 (0.81,2.12)** 0.263** 

**'~mre in:Iex-by-covariate inter:actim (~.01)-relative risk, cmfidence intenal, ani ~val.IE DDt presented. 

**EIqoosure in:Iex-by-covariate intetactim (0.01 <p<X)'{15)-relative risk, CDlfidence interval, ani p-value derived frau a 
IDIel fitted after deletim of this inter:actim~ 

- - -



TABLE 14-9. 

Summary of Exposure Index-bY-Covariatelnteractions 
Prom Adjusted Analyses for Dermatology Variables* 

Variable Occupation Covariate 

Comedones Officer Presence of Pre-SEA Acne 
Acneiform Lesions Enlisted Groundcrew Presence of Pre-SEA Acne 
Acneiform Scars Officer Age 
Acneiform Scars Enlisted Groundcrew Race 
Depigmentation Enlisted Groundcrew Race 
Inclusion Cysts Enlisted Groundcrew Presence of Pre-SEA Acne 
Dermatology Index Enlisted Groundcrew Presence or Pre-SEA Acne 

p-Value 

0.014 
0.009 
0.021 

0.045 
0.023 

0.005 
0.025 

*Refer to Table K-3 for a further investigation of these interactions. 

Acneiform Lesions 

For the officer and enlisted flyer cohorts, there were no significant 
differences among the exposure categories in either the unadjusted or adjusted 
analyses. 

Based on the unadjusted analysis of the enlisted groundcrew cohort, there 
were no significant differences. In the adjusted analysis, there was a 
significant exposure index-by-presenceof pre-SEA acne interaction (p.0.009). 
After stratifying by presence of pre-SEA acne, the high 'versus low exposure 
contrast for those without pre-SEA acne was significant (p.O.049) although the 
result was not suggestive of an increasing dose-response relationship. For 
the enlisted ground crew without pre-SEA acne, the percentages with acneiform 
lesions were 13.4, 15.8, and 5.2 for the low, medium, and high exposure 
categories, respectively. 

Acneiform Scars 

The results of the unadjusted analyses did not reveal any significant 
differences among the exposure categories for the three occupational cohorts. 
These findings were supported by the adjusted results of the enlisted flyer 
cohort and the adjusted results of the officer and enlisted groundcrew cohorts 
without significant interactions in the models. 

In the adjusted analysis of the officer cohort, there was a significant 
exposure index-by-age interaction (p.O.021). After stratifying by age, the 
results showed that the medium versus low exposure contrast· for those born 
between 1923 and 1941 was significant (p.O.030). Of the officers born between 
1923 and 1941, 3.8 percent in the low exposure category, 14.8 percent in the 
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medium exposure category, and 8.2 percent in, the high exposure category had 
acneiform scars. The high versus low exposure contrast for this stratum was 
not significant. 

In the enlisted groundcrew cohort, the exposure index-by-race interaction 
was significant (p.0.045). After stratifying by race, no significant 
differences were detected. 

Depigmentation 

There were no significant differences identified in either the unadjusted 
or adjusted analyses of the officer and enlisted flyer cohorts. 

In the enlisted groundcrew cohort, the percentages with depigmentation 
were 2.7, 8.2, and 8.6 in the low, medium, and high exposure categories, 
respectively. In the unadjusted analysis, the overall, medium versus low, and 
high versus low contrasts were marginally significant (p.0.074, p-0.061, and 
p.0.055,respectively). In the adjusted analysis of the enlisted groundcrew 
cohort, there was a significant exposure index-by-race interaction (p.0.023). 
Although there were no significant results for Blacks, significant differences 
were detected for nonblacks.· For the nonblacks, the highest percentage of 
abnormalities was in the medium exposure category (9.0%) followed by the high 
exposure category (7.1%) and the low exposure category (1.5%). The overall 
test and the medium versus low exposure contrast were significant (p.0.027 and 
p.0.011, respectively). A marginal difference was detected in the high versus 
low exposure contrast (p.0.055). Vithout the exposure index-by-race inter­
action in the model, significant differences were found (p.0.040 for overall, 
p.0.040 for medium vs. low, and p=0.033 for high vs. low). 

Inclusion Cysts 

Based on the adjusted and unadjusted analyses, no significant differences 
among the exposure categories were identified in the officer and enlisted 
flyer cohorts. 

For the enlisted groundcrew cohort, no differences were detected among 
the exposure categories based on the unadjusted analysis. In the adjusted 
analysis, there was a significant exposure index-by-presence of pre-SEA acne 
interaction (p=0.005). For the enlisted groundcrew with pre-SEA acne, the 
percentages with inclusion cysts were 6.1, 19.6, and 19.5 for the low, medium, 
and high exposure categories, respectively. For this stratum, the medium 
versus low contrast was significant (p.0.047) and the high versus low contrast 
was marginally significant (p.0.088). For the enlisted ground crew without 
pre-SEA acne, the medium versus low exposure contrast was significant 
(p.0.025), although this result did not support an increasing dose-response 
relationship (13.4% for low, 4.0% for medium, and 10.3% for high). 

Byperpigmentation 

No significant differences were found among the exposure categories in 
any of the occupational cohorts based on the unadjusted and adjusted analyses. 
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Other Abnormalities 

In the officer cohort, 77.7 percent in the low exposure category, 
88.7 percent in the medium exposure category, and 78.4 percent in the high 
exposure category had at least one abnormality in the category of other 
dermatologic disorders. In the unadjusted analysis, the overall test and the 
medium versus.low exposure contrast were significant (p~0.042 and p.0.029, 
respectively). These findings were supported by the adjusted results (p.0.040 
for overall and p.0.049 for medium vs. low). The high versus low exposure 
contrast was not significant in either the unadjusted or adjusted analysis. 

The percentages of other abnormalities in the enlisted flyer cohort were 
85.5, 69.8, and 86.8 in the low, medium, and high exposure categories, 
respectively. In the unadjusted analysis, the overall test was significant 
(p.0.036) and the· medium versus low exposure contrast was borderline signifi­
cant (p.0.071). After adjustment for covariates, both the overall test and 
the medium versus low exposure contrast were marginally significant (p.0.069 
and p.0.067, respectively). The high versus low contrast was not significant 
in the unadjusted and adjusted analyses. 

No significant differences were detected in the enlisted ground crew 
cohort in either the unadjusted or adjusted analyses. 

Dermatology Index 

The dermatology index was dichotomized for the exposure index analyses: 
zero abnormalities versus at least one abnormality. The unadjusted exposure 
index analyses of the dermatology index did not reveal any significant dif­
ferences among the exposure categories. These findings were supported by the 
results of the adjusted analyses for officers and enlisted flyers. 

For the enlisted groundcrew, a significant exposure index-by-presence of 
pre-SEA acne interaction was present (p.0.025). There were no significant 
differences among the exposure levels for participants without pre-SEA acne 
for the dermatology index. The percentage of participants classified as 
abnormal increased as exposure increased for participants with pre-SEA acne. 
Of the participants in the low exposure category, 36.7 percent were classified 
as abnormal. In the medium and high categories, the percentages of partici­
pants classified as abnormal were 46.4 and 53.7, respectively. The high 
versus low contrast was significant (Adj. RR: 2.10, 95% C.I.: (1.16,3.81], 
p.0.014). Vithout the exposure index-by-presence of pre-SEA acne interaction 
in the model, no significant differences among the exposure categories were 
identified. 

Longitudinal Analysis 

The dermatology index was investigated to assess longitudinal differences 
between the Ranch Hand and Comparison groups. For this analysis, the index 
was dichotomized. Scores of 1 or greater were classified as abnormal, and a 
score of 0 was classified .as normal. Table 14-10 summarizes the percentages 
of abnormal and normal scores for the 1982, 1985, and 1987 examinations. 
Table 14-11 presents a summary of the analysis comparing 1982 results with 
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TABLE 14-10. 

Sua.ary Statistics for the Longitudinal Analysis of the 
Dermatology Indexi 1982 Baseline, 1985 Folloyup, 

and 1987 FolloYUp Exaainationa 

Examination 

1982 Baseline 

1985 Followup 

1987 Followup 

Statistic 

Number/% 
Abnormal 
Normal 

Number/% 
Abnormal 
Normal 

Number/% 
Abnormal 
Normal 

Group 

Ranch Hand Comparison 

350 38.3% 390 36.3% 
565 61.7% 684 63.7% 

431 48.2% 518 49.0% 
464 51.8% 540 51.0% 

355 38.8% 411 38.3% 
560 61.2% 663 61.7% 

Note: Summary statistics for the 1982 Baseline and the 1987 folloYUp are 
based on 915 Ranch Hands and 1,074 Comparisons who participated in the 
1982 Baseline and the 1987followup examinations. Summary statistics 
on 895 of these Ranch Hands and 1,058 of these Comparisons who also 
participated in the 1985 followup are also included for reference 
purposes only. 

TABLE 14-11. 

Longitudinal Analysis of the Dermatology Indexi A Contrast of 1982 
Baseline and 1987 FolloYUp Ex .. ination Abnoraalities 

1987 
1982 Followup Exam 

Baseline Odds p-Value 
Group Exam Abnormal Normal Ratio (OR)* (ORItH vs. ORc) 

Ranch Hand Abnormal 189 161 1.03 
Normal 166 399 0.648 

Comparison Abnormal 211 179 1.11 
Normal 200 484 

*Odds Ratio: Number Normal Baseline l Abnormal 1987 Followup 
Number Abnormal Baseline, Normal 1987 Followup 
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1987 results for each group. The results showed that the group difference did 
not change significantly over time for the dermatology index (p.0.648). 

DISCUSSION 

In any study of the biological effects of herbicides and their con­
taminants in humans, particular emphasis must be placed on the dermatologic 
examination. Of the organ systems subjected to analysis, only the skin has a 
clinical endpoint--chloracne--which has been conclusively related to dioxin 
exposure. Further, while the intact skin is a most effective protective 
barrier to even high concentrations of a wide range of industrial chemicals, 
it also serves, by cutaneous absorption, as a significant portal of entry 
through which internal organ systems are ·placed at risk of toxicity. 

In dermatologic practice, as in all clinical disciplines, the history can 
be more important to accurate diagnosis than objective physical findings. 
This is particularly true in t~e case of chloracne which, apart from the 
characteristic cutaneous distribution, has no hallmark features that dis­
tinguish it from other more common acneiform eruptions. In the current study, 
examiners were strictly forbidden from taking any occupational history. 
Though at obvious variance with traditional practice, such restrictions were 
essential to the elimination of observer bias. During the examinations, 
dermatologists were instructed to biopsy lesions that were felt to be 
suspicious of skin cancer. Though blinded to the participants' herbicide 
exposure status, examiners performed a similar number of biopsies in the Ranch 
Hand (19) and Comparison (20) groups. 

The rarity of chloracne is such that few dermatologists will encounter 
even a single case in a lifetime of practice. Experimental dose-response 
studies in animals and in humans have confirmed that the topical concentra­
tions of TCDD required to produce overt lesions are far greater than that to 
which participants in the current study were likely to have been exposed in 
SEA. It is therefore not surprising that, in the three examination cycles 
completed to date, no active cases of chloracne have been detected. 
Recognizing the remote possibility that acute cases of chloracne may have 
occurred and resolved, several long-term complications of all forms of acne 
(scarring and hyperpigmentation) were included as dependent variables in 
comparative and longitudinal analyses. Neither of these complications of acne 
diseases were different in the two groups. 

Host of the dependent variable-covariate associations documented in the 
current section would be expected in clinical practice. Though subject to 
considerable individual Variation, age-related changes in the epidermis, 
stratum corneum, and corium are associated with thinning of the skin, an 
increase in capillary fragility, abnormalities in keratinization, dyshydrosis 
with wrinkling and scaling, and loss of elasticity. Hyperplasia of the 
epidermis is typically associated with keratoses (seborrheic and senile) and 
basal cell carcinomas. 

Among the dermal appendages, the sebaceous glands typically become less 
active with age, though an increase in comedones in selected areas (often 
infraorbital and nasal) may occur. Also noted and present in various forms 
were pigmentation disorders. In association with atrophy of the skin, 
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depigmentation is common whereas with epidermal hyperplasia, hyperpigmentation 
can occur. "lliththe exception of typical acne, which is more common at an 
early age, an increase in most other forms of skin disease would be expected 
over time and was documented in the current study. 

Consistent with established clinical patterns, a number of skin diseases 
were found to occur more commonly in Black participants. As nonspecific 
sequelae to trauma or inflammation, hypo- and, more commonly, hyperpigmenta­
tion occur more frequently in dark skinned races. Acneiform lesions and, in 
fact, all follicular diseases occur more "commonly in Blacks and may relate to 
race-specific variations in the shape and orientation of the hair follicles. 
Finally, as a genetically determined trait, exaggerated mesenchymal responses 
to trauma and inflammation are common in Blacks, with keloid formation being 
the most familiar example. 

lIith one exce~tion, group comparison of the variables analyzed revealed 
;no significant differences betMeen the Ranch Hands and Comparisons. As noted 
previously, close to an equal number of biopsies was performed in each group. 
The Ranch Hands were found to have a statistically significant increase in the 
incidence of post-SEA basal cell carcinoma, a finding that is discussed in 
Chapter 10, Malignancy. Though Ranch Hands were found to have a slightly 
greater incidence of reported acne developing after SEA service, the 
distribution of locations of acne was similar to that of the Comparisons and 
not in a pattern consistent with chloracne. This difference in reported acne 
was not corroborated on physical examination of the participants. Finally, 
longitudinal analysis of all cutaneous disorders over three examination cycles 
failed to reveal any health detriment related to group. 

SUMMARY 

The 1987 dermatologic assessment was based on reported occurrence, 
duration, and location of acne; six dermatologic disorders I comedones, 
acneiform lesions, acneiform scars, depigmentation, inclusion cysts, and 
hyperpigmentation; other abnormalities; and a dermatology index based on the 
presence of comedones, acneiform lesions, acneiform scars, and inclusion 
cysts. Results of the Ranch Hand and Comparison contrasts are summarized in 
Table 14-12. 

A significantly higher percentage of Ranch Hands than Comparisons 
reported that they had experienced at least one occurrence of acne during 
their lifetime (p.0.026); the occurrence of acne in this analysis included 
episodes before the start of the first SEA tour. Subsequent analysis 
indicated that, for participants with no history of acne before the start of 
the first SEA tour, a higher percentage of Ranch Hands than Comparisons 
reported the occurrence of acne after the start of the first SEA tour 
(p.0.007). No difference in the occurrence of acne after the start of the 
first SEA tour was present for participants with an occurrence of acne before 
the start of the first SEA tour. There was also no difference between the 
Ranch Hands and Comparisons based on the analysis of duration or location of 
acne, which was limited to participants with acne after the start of the first 
SEA tour. These observations suggest that the increased reports of acne after 
service in SEA were not due to chloracne. 
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TABLE 14-12. 

Overall S-ry Results of Unadjusted 8DCI 
Adjusted Croup Contrast Analyses of Denatology Variables 

Variable 

Occurrence of Acne 
Lifetiae 
Relative to SEA Toura 

Post-SEA vs. Pre-SEAlNone 
Post-SEA/Pre- and Post-SEA 

vs. Pre-SEA/None 
Post-SEA vs. None 
Pre- and Post-SEA vs. Pre-SEA 

Duration of Acne 
Location of Acne 
Coaedones 
Acneifora Lesions 
Acneifora Scars 
Depigaentation 
Inclusion Cysts 
Byperpigaentation 
Other Abnoraalities 
Denato1ogy Index 

D: Discrete analysis perforaed. 
--Analysis not perforaed. 

Type of 
Analysis Unadjusted Adjusted 

D 0.026 

0.010 

0.019 
0.007 
NS 

C NS 
D NS 
D NS ** (NS) 
D NS NS 
D NS NS 
D NS NS 
D NS NS 
D NS NS 
D NS NS 
D NS NS 

Direction 
of Results 

RH>C 

RH>C: Higher prevalence rate in Ranch Hands than in Coaparisons. 
aThe analyses of occurrence of acne relative to SEA tour are contrasts resulting fro. the further 
classification of lifetiae occurrence of acne. 

NS: Not significant (p>0.10). 
C: Continuous analysis perforaed. 
** (NS): Group-by-covariate interaction (0.01<p<0.05); not significant when interaction is deleted; 

refer to Table K~2 for a detailed description of this interaction. 



The results revealed no significant differences between the two groups 
based on the unadjusted and adjusted analyses of acneiform lesions, acneiform 
scars, depigmentation, inclusion cysts, hyperpigmentation, other abnormali­
ties, and the dermatology index determined at the physical examination. In 
the unadjusted analysis of comedones, no significant difference between the 
Ranch Hands and Comparisons was found; however, there was a significant group­
by-race interaction in the adjusted analysis (p.O.049). Exploration of the 
interaction revealed that the Black Ranch Hands had a marginally higher 
prevalence rate of comedones than. the Black Comparisons (p.O.083). No 
difference was found for the nonblacks. Vithout the group-by-race interaction 
in the model, no significant difference between the two groups was found based 
on the prevalence of comedones. The fact that there were no differences in 
duration or location of reported acne subsequent to service in SEA and the 
lack of group differences in the physical examination strongly suggest that 
the increase in reported acne was not due to chloracne. This increase in 
reported skin disease could be due to differential reporting or wartime living 

,conditions among study participants. 

In the exposure index analyses, most of the results did not suggest an 
increasing dose-response relationship that was consistent across the three 
exposure levels. However, in the unadjusted analysis of depigmentation for. 
the enlisted ground crew cohort, borderline significant differences were 
identified that were consistent with an increasing dose-response relationship. 
In the adjusted analysis of depigmentation for this cohort, there was an 
exposure index-by-race interaction. Exploration of the interaction resulted 
in significant and marginally significant differences; however, the 
percentages were no longer consistently increasing with exposure level. In 
the officer cohort, the overall tests and medium versus low exposure contrasts 
were significant based on the analyses of other abnormalities; however, the 
high versus low contrasts were not significant. In the adjusted analysis of 
the dermatology index, a significant exposure index-by-presence of pre-SEA 
acne interaction was found in the enlisted ground crew. The high versus low 
contrast was significant for participants with pre-SEA acne, and the 
percentage of participants classified as abnormal increased as exposure levels 
increased. Clarification of these exposure analyses. must await the completion 
of the serum dioxin assays. 

Based on the longitudinal analysis of the dermatology index, the 
difference between groups did not change significantly between the 1982 
Baseline and the 1987 followup examinations. 

In conclusion, no current cases of chloracne were diagnosed at the 1987 
physical examination. Although more Ranch Hands reported having experienced 
at least one occurrence of acne in their lifetime, the remainder of the 
dermatologic evaluation showed that the two groups were similar. 

14-44 



CIIAPTBR 14 

REPBRBNCES 

1. Kimmig, J., and K.H. Schulz. 1957. Occupational acne due to chlorinated 
aromatic cyclic esters. Dermatologica 115:540. 

2. Kimmig, J., and K.H. Schulz. 1957. Chlorinated aromatic cyclic ethers 
as the cause of so-called chloracne. Naturwissenschaften 44:337-338. 

3. Jones, E.L., and H. Kizek. 1962. A technique for testing acnegenic 
potency in rabbits, aplied to potent acnegen, 2,3,7,8 tetrachloro­
dibenzo-p-dioxin. .J. Invest. Dermatol. 9:511-517. 

4. McConnell, E.E., J.A. Moore, and D.V. Dalgard. 1978. Toxicity of 
2,3,7,8-tetrachlorodibenozo-p-dioxin in Rhesus monkeys (Macaca 
mulatta) following a single oral dose. Toxicol. Appl. Pharmacol. 
43.(1): 175-187. 

5. 
and related 
ron. ea t , 

6. Young, A.L. 1980. The chlorinated dibenzo-p-dioxins. Chap. 5 in The 
science of 2 4 5-T and associated henox herbicides, ed. R.L. MetCalf 
an tumm, pp. ey- nterscience. 

7. Knutson, J.C., and A. Poland. 1982. Response of m~rine epidermis to 
2,3,7,8-tetrachlorodibenzo-p-dioxin: Interaction of the Ah and hr 
loci. Cell 30:225-234. -- --

8. Kay, J.H., R.J. Palazzolo, and J.C. Calandra. 1965. Subacute dermal 
toxicity of 2,4-0. Arch. Environ. Health 11:648-651. 

9. Mattsson, J.L., K.A. Johnson, and R.R. Albee. 1986. Lack of 
neuropathologic consequences of repeated dermal exposure to 2,4-0 in 
rats. Fundam. Appl. Toxicol. 6(1):175-181 

10. Molloy, C.J., M.A. Gallo, and J.D. Laskin. 1987. Alterations in the 
expression of specific epidermal keratin markers in the hairless mouse 
by the topical application of the tumor promoters 2,3,7,8-
tetrachlorodibenzo-p-dioxin and the phorbol ester 12-0 tertradecanoyl­
phorbol-13-acetate. Carcinogenesis 8(9):1193-1200. 

11. Roa, M.S., V. Subbarao, J.D. Prasad, and D.B. Scarpelli. 
Carcinogenicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin 
golden hamster. Carcinogenesis 9(9):1677-1679. 

1988. 
in the Syrian 

12. Mebus, C.A., V.R. Reddy, and V.N. Piper. 1987. Depression of rat 
testicular 17-hydroxylase and 17,20-lyase after administration of 
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) •. Biochem. Pharmacol. 
36(5):727-731. 

14-45 



13. Carter, C.D., R.D. Kimbrough, J.A. Liddle, R.E. Cline, H.H. Zack, V.F. 
Barthel, R.E. Koehler, and P.E. Phillips. 1975. Tetrachlorodibenzo­
dioxin: An accidental poisoning episode in horse arenas. Science 
188(4189):738-740. 

14. Case, A.A. 1976. Tetrachlorodibenzodioxin (TCDD)--clinical aspects of 
poisoning. Clin. Toxicol. 9(6)1963-967. 

15. Greenlee, V.P., R. Osborne, L.G. Hudson, and V.A. Toscano. 1984. 
Studies on the mechanisms of toxicity of TCDD to human epidermis. In 
Banbur re ort 18: Biolo ical mechanisms of dioxin action, ed. A. 

Co pr ng ar or, New York: 

16. Greenlee, V.F., K.H. Dold, and R. Osborne. 1985. Actions of 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) on human epidermal keratinocytes in 
culture. In Vitro Cell Dev. BioI. 21(9)1509-512. 

17. Osborne, R., and V.F. Greenlee. 1985. 2,3,7,8-tetrachlorodibenzo-p­
dioxin enhances terminal differentiation of cultured human epidermal 
cells. Toxic. Appl. Pharmacol. 77(3):434-443. 

18. Puhvel, S.H., and H. Sakamoto. 1987. Response of murine epidermal 
keratinocyte cultures to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) 
comparison of haired and hairless genotypes. Toxic. Appl. Pharmacol. 
89(1):29-36. 

19. Puhvel, S.H., and H. Sakamoto. 1988. Effect of 2,3,7,8-tetrachloro­
dibenzo-p-dioxin on murine skin. J. Invest. Dermatol. 90(3)1354-358. 

20. Greenlee, V.R., R. Osborne, K.H. Dold, L.G. Hudson, and V.A. Toscano, Jr. 
1985. Toxicity of chlorinated aromatic compounds in animals and 

humans: In vitro approaches to toxic mechanisms and risk assessment. 
Environ. Health Perspect. 60169-76. 

21. Reggiani, G. 1980. Acute human exposure to TCDD in Seveso, Italy. J. 
Toxicol. Environ. Health 6127-43. 

22. Hay, G. 1973. Chloracne from the accidental production of tetrachloro­
dibenzodioxin. Br. J. Ind. Hed. 30:276-283. 

23. Jirasek, L., J. Kalensky, and K. Kubec. 1973. Acne chlorina and 
porphyria cutanea tarda during the manufacture of herbicides, part 1. 
Czech. Dermatol. 48(5):306-315. 

24. Bleiberg, J., H. Vall en , R. Brodkin, and I.L. Applebaum. 1964. 
Industrially acquired porphyria. Arch. Dermatol. 89:793-797. 

25. Suskind, R.R., and V.S. Hertzberg. 1984. Human health effects of 
2,4,5-T and its toxic contaminants. ~ 25112372-2380. 

26. Oliver, R.H. 1975. Toxic effect of 2,3,7,8-tetrachloro-dibenzo-l, 
4-dioxin in laboratory workers. Br. J. Ind. Hed. 32146-53. 

14-46 



27. 

28. 

29. 

30. 

Crow, K.D. 1983. Significance of cutaneous lesions in the 
symptomatology of exposure to dioxins and other chloracnegens. In 
Human and environmental risks of chlorinated dioxins and related 
compounds, ed. R.E. Tucker, et al., pp. 605-612. New York: Plenum 
Press. 

Allen, A.H. 1977. Skin diseases in Vietnam! 1965-1972. Internal 
Hedicine in Vietnam, Vol. 1, ed. A.J. ogn bene, p. 42. Vashington, 
D.C.I Center of Hilitary History, Government Printing Office. 

Halprin, K.H. 1980. Chloracne recognition and its significance. 
Presented at the Second Continuing Education Conference on Herbicide 
Orange, Vashington, D.C., Hay 28-30. 

Stellman, S.D., J.H. Stellman, and J.F. Sommer, Jr. 1988. Health and 
reproductive outcomes among American Legionnaires in relation to 
combat and herbicide exposure in Vietnam. Environ. Res. 
47(2):150-174. 

31. Crow, K.D. 1970. Chloracne. Trans. St. John's Hosp. Dermatol. Soc. 
56:79-90. 

32. Hoffman, R.E., P.A. Stehr-Green, K.B. Vebb, G. Evans, A.P. Knutsen, V.F. 
Schramm, J.L. Staake, B.B. Gibson, and K.K. Steinberg. 1986. Health 
effects of long-term exposure to 2,3,7,8-tetrachlorodibenzo-p-dixoin. 
~ 255:2031-2038. 

33. Stehr, P.A., G. Stein, H. Falk, E. Sampson, S.J. Smith, K. Steinberg, K. 
Vebb, S. Ayres, and V. Schramm. 1986. A pilot epidemiologic study of 
possible health effects associated with 2,3,7,8-tetrachloro­
dibenzo-p-dioxin contamination in Hissouri. Arch. Environ. Health 
41:16-22. 

34. Vebb, K., R.G. Evans, P. Stehr, and S.H. Ayres. 1987. Pilot study on 
health effects of environmental 2,3,7,8-TCDD in Hissouri, USA. Am. J. 
Ind. Hed. 11(6):685-692. 

35. Caputo, R., H. Honti, E. Ermacora, G. Carminati, C. Gelmetti, R. 
Gianotti, E. Gianni, and V. Puccinelli. 1988. Cutaneous 
manifestations of tetrachlorodibenzo-p-dioxin in children and 
adolescents. Follow-up 10 years after the Seveso, Italy, accident. 
J. Am. Acad. Dermatol. 19(5 pt 1)1812-819. 

36. Barbieri, S., C .• Pirovano, G. Scarlato, P. Tarchini, A. Zappa, and H. 
Haranzana. 1988. Long-term effects of 2,3,7,8-tetrachlorodibenzo-p­
dioxin on the peripheral nervous system: Clinical and neurophysio­
logical controlled study on subjects with chloracne from the Seve so 
area Italy. Neuroepidemiology 7(1):29-37. 

37. Del Corno,G., E. Montesarchio. and G.M.Fara. 1985. Problems in the 
assessment of human exposure to tetrachlorodibenzodioxln (TeDD): The 
marker chloracne. Eur. J. Epidemiol. 1(2)1139-144. 

14-47 



38. Byard, J.L. 1987. The toxicological significance of 2,3,7,8-tetra­
chlorodibenzo-p-dioxin and related compounds in human adipose tissue. 
J. Toxicol. Environ. Health 22(4):381-403. 

39. Schecter, A., .and J.J. Ryan. 1988. Polychlorinated dibenzodioxin and 
dibenzofuran levels in human adipose tissues from workers 32 years 
after occupational exposure to 2,3,7,8-TCOO. Chemosphere 
17(5):915-920. 

40. Grover, R., C.A. Franklin, N.I. Huir, A.J. Cessna, and O. Riedel. 1986. 
Dermal exposure and urinary metabolite excretion in farmers repeatedly 
exposed to 2,4-0 amine. Toxicol. Lett. 33(1-3):73-83. 

41. Suskind, R.R. 1985. Chloracne, "the hallmark of dioxin intoxication." 
Scand. J. York Environ. Health 11(3 Spec No):165-171. 

42. Hofensen, H., C. Becker, R. Kimbrough, R. Lawrence, F. Lovejoy, V. 
Vinters, T.R. Carracio, L.K. Hardel, B.H. Rumack, and O. Spyker. 
1985. Commentary on 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCOO). Vet. 
Hum. Toxicol. 27(5):434-438. 

43. Levy, C.J. 1988. Agent Orange exposure and posttraumatic stress 
disorder. J. Nerv. Hent. Dis. 176(4):242-245. 

44.. Ideo, G., G. Bellati, A. Bellobuono, and L. Bissanti. 1985. Urinary 
D-glucaric acid excretion in the Seveso area, polluted by 
tetrachlorodibenzo-p-dioxin (TCDD); five years of experience. 
Environ. Health Perspect. 60:151-157. 

45. Leung, H-V, F.J. Hurray, and D.J. Paustenbach. 1988. A proposed 
occupational exposure limit for 2,3,7,8-tetrachlorodibenzo-p-dioxin. 
Am. Ind. Hyg. Assoc. 49(9):466-474. 

46. Jirasek, L., J. Kalensky, K. Kubec, J. Pazderova, and E. Lukas. 1974. 
Acne chlorina, porphyria cutanea tarda and other manifestations of 
general intoxication during the manufacture of herbicides, part 2. 
Czech. Dermatol. 49(3):145-157. 

47. Goldmann, P.J. 1973. Schweistakute chlor-akne, eine massenintoxikation 
durch 2,3,7,8-tetrachlorodibenzodioxin (severe acute chloracne, a mass 
intoxication due to 2,3,7,8-tetrachlorodibenzodioxin). Hautarzt 
24(4):149-152. 

48. Okumura, H., and S. Katauki. 1969. A clinical study of oil disease 
(chlorinated biphenyl poisonin,), particularly the internal medical 
signs. Fukuoka Acta Hed. 60:440-446. 

, 
49. Hoses, H. ,R. Lilis, K.D. Crow, J. ·Thornton, A. Fischbein, H.A. Anderson, 

and I.J. Selikoff. 1984. Health status of workers with past exposure 
to 2,3,7,8-tetrachlorodibenzo-p-dioxin in the manufacture of 
2,4,5-tdchlorophenoxyacetic acid: Comparison of findings with and 
without chloracne. Am. J. Ind. Hed. 5:161-182. 

50. Lathrop, G.D. 1985. Assessments of a controversy: A,ent Orange and its 
association with dioxin, science assessment, toxicology forum. Given 
at the Institute of Pathobiology, Aspen, Colorado, July 1985. 

14-48 



CHAPTER 15 

CARDIOVASCULAR EVALUATION 

INTRODUCTION 

Background 

Cardiac disease and peripheral vascular disease are not recognized 
sequelae of exposure to phenoxy herbicides, chlorophenols, or dioxin. Both 
bradycardia and tachycardia have been suggested following acute heavy exposure 
to the 2,4-D and 2,4,5.T components, but the cardiovascular effects after 
c~ronic low-dose exposure are essentially unknown. 

Although a few recent studies have observed evidence of cardiac 
dysfunction, many investigators have concluded that the cardiovascular effects 
of 2,3,7,B-tetrachlorodibenzo-p-dioxin (TCDD) have not been adequately 
assessed. A decrease in beta-adrenergic responsiveness and an increase in 
intracellular calcium in papillary muscle and the selective augmentation or 
decrease in various differential cardiac responses have-~een observed in 
guinea pigs, leading to the conclusion that TCDD causes a specific pattern of 
cardiac dysfunction. 1 Researchers have found a significant decrease in blyod 
pressure and resting heart rates after the administration of TCDD to rats. 
In guinea pigs, TeDD adversely affected the atrial muscle; in rats, it 
significantly decretsed the positive inotropic effect of isoproterenol in 
papillary muscle.' In rabbits, TeDD has been shown to cause lipoprotein 
lipase activity reduction and other changes in the metabolic pathways and 
force of contraction in the aorta muscle, causing Pieftherosclerotic-type 
lesions typical of hyperlipidemia in aortic arches. - TeDD has also been 
shown to produce increased sensitivity of the heart to the arrhythmic effects 
of drugs affecting the card~ovascular system, including quinidine, reserpine, 
a~d strophanthin K in mice. 

Host earlier studies viewed the cardiac abnormalities as expected 
consequences of a moribund state, and not as indicators of primary cardiac 
toxicity. Following oral administration of 2,4-D and 2'4,5-T, sheep and 
cattle developed cardiac hemorrhages. In another experiment,' a lethal oral 
dose of TeDD in young Rhesus monkeys produced increased heart weights. Horses 
and cats showed generalf~ed vascular degeneration following exposure to soil 
contaminated with TeDD, and fice and guinea pigs fed high amounts of TeDD 
manifested low heart weights. 1 A teratogenic experiment using 2,4,5-T in 
developing fish eggs showed graduated lethality apg cardiovascular anomalies, 
which included enlarged veins and heart chambers. Another study using 
ventricular muscle strips from chick embryos exposed to polychlorinated 3 
biphenyls (including TeDD) showed a marked decrease in contractibility.l 
This primary cardiotoxic response was presumably mediated by the Ah receptor 
and, as supported by another study wit~ chick embryo hearts, was associated 
with increase prostaglandin synthesis. 4 Another study with rats found 
~~~~~:sr!~h:~a:~!:sm:~h!~f~!l~?d left atrial function, but of a stimulative 

15-1 



Buman case reports and epidemiologic studies have not detected 
significant cardiac abnormalities following exposure to herbicides or TCOO. 
In three case reports of acute 2,4-0 poisonl~g, cardiac dilation and cardiac 
arrest were observed in the one fatal case, while only trfnf~ent nodal 
tachycardia was observed in one of the two nonfatal cases.' Three 
laboratory technicians with chloracne, neurological symptoms, and hyper­
cholesterolemia followin, significant direct exposure to TCOO did not manifest 
any cardiac dysfunction; • however, of 10 industrial workrrs with chloracne, 4 
complained of heart palpitations and shortness of breath. In another two 
studies involving If§ !ndustrial workers, no excess of cardiac complaints or 
findings was noted. - 2 A case of intoxication with 2,4-0 in a 51-year-old 

,man was shown I? prolong the Q-T interval in an electrocardiogram (coma was 
also induced). 

In two epidemiologic studies using similar cohorts from a Nitro, Vest 
Virginia, chemictl ~lant, no significant cardiac impairments were detected in 
,exposed workers.' However, one study found significantly lower levels of 
high density lipoprotein (HOL) cholesterol i9 individuals with chloracne, as 
contrasted to individuals without chloracne. 5 Two recent clinical­
epidemiologic pilot studies of residential areas in Missouri contaminated by 
TCOO did n91~~sclose any significant cardiac disease in exposed 
residents, • although a Times Beach study noted diminished peripheral 
pulses in the exposed group (as did the Baseline Air Force Health Study 
IAFHS). The AFHS 1985 followup study found differences of borderline 
significance in verifird heart disease that were not supported by other 
cardiac measurements. Another study examined

2
Yietnam veterans for 

cardiovascular lesions using chest radiographs. This study found no 
difference in exposed and control study groups. 

Because the herbicide literature has not identified consistent cardio­
vascular findings that merited a specific clinical focus, the AFHS has 
collected data by questionnaire, physical examination, laboratory testing, and 
medical record reviews that would identify group differences on a variety of 
cardiac endpoints. 

The data collected can be classified into three major categories: 
central cardiac function, peripheral vascular function, and heart disease 
history. Central cardiac and peripheral vascular function were assessed by 
physical examination and laboratory procedures. Coronary heart disease (CHO) 
data have been gathered through questionnaire and medical records review. CHO 
has been of general concern in this study because both cohorts are largely 
within the high risk ages of 40 to 65. 

Another component of the cardiovascular 'examination 'evaluates risk 
factors such as age, race, family history of heart disease, smoking, 
cholesterol, cholesterol-BOL ratio, Pf~s?~ality type, changes in cortisol 
levels, body weight, and alcohol use. - Cholesterol can be viewed in two 
different ways. On the one hand, it is a potential confounding factor for 
cardiovascular disease that one would wish to adjust for in comparing groups 
of individuals exposed or not exposed to dioxin. Bowever, hyper­
cholesterolemia itself haf b!rn fSf?Ciftf4 with acute exposure to 
chlorophenols and dioxin," .2. . . and the question arises as to 
whether this might have a future adverse impact on cardiovascular health. 
Therefore, analyses adjusting for this variable should be interpreted 
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carefully. 
cholesterol 
significant 

Chapter 13, Gastrointestinal Assessment, presents analyses of 
and cholesterol-HOL ratio viewed as dependent variables. (No 
group difference was found for either variable.) 

Baseline Summary Results 

The 1982 Baseline examination found no statistically significant differ­
ences between the Ranch Hand and Comparison groups in systolic or diastolic 
blood pressure, the frequency of abnormal electrocardiographs (ECG), heart 
sound abnormalities, abnormal funduscopic findings, or carotid bruits. 
However, a statistically significant difference emerged in the frequency of 
abnormal peripheral pulses: 12.8 percent of the nonblack Ranch Hands 
exhibited absent or diminished peripheral pulses, compared to 9.4 percent of 
tbe nonblack Original Comparisons (p.O.Os). This difference was consistent 
across various pulse combinations and remained statistically significant when 
all Ranch Hands were contrasted with all Comparisons, adjusting for age, 
lifetime smoking history, and cholesterol level. 

No statistically significant differences were found between the two 
groups in the occurrence of reported or verified heart disease or heart 
attacks, although a significant group-by-lifetime smoking history interaction 
(for heart disease) was noted in the older (40 or more years of age) subgroup; 
i.e., older Ranch Hands smoking more than 10 pack-years developed more heart 
disease than their Comparisons, whereas older Ranch Hands smoking less than 10 
pack-years exhibited less heart disease. No significant dose-response 
relationships of any of the cardiovascular response variables with the 
exposure index were noted. 

~ Over 80 percent of the cardiac conditions reported on the study 
questionnaire were verified by a detailed review of medical records. There 
was also strong correlation between the past medical history of cardiac 
disease and the Baseline cardiovascular examination findings, although the 
d~fferences in peripheral pulse abnormalities occurred primarily in older 
individuals without a history of cardiovascular disease. 

Finally, the well-known risk factors of age, smoking, and cholesterol 
were found to be highly correlated with each other and with several of the 
cardiovascular response variables. 

1985 PolloYUp Study Summary Results 

The cardiovascular health of both cohorts was assessed by collecting 
reported and record-verified heart disease events; measurements of central 
cardiac function by systolic blood pressure, abnormal heart sounds, and ECG 
findings; and evaluation of peripheral vascular function by diastolic blood 
pressure, funduscopic examination, presence of carotid bruits, and detailed 
manual and Doppler measurements of five peripheral pulses. Analyses were 
adjusted for age, race, occupation, percent body fat, cholesterol, BOL, 
cholesterol-HOL ratio, smoking history (lifetime and current smoking level), 
alcohol history (lifetime and current drinking level), personality score, and 
differential cortisol. 
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The analysis of cardiovascular disease history did not reveal significant 
group differences in reported or verified hypertension, reported heart 
disease, or reported or verified heart attacks. A significant difference did 
emerge in the proportion of individuals with verified heart disease: 
24 percent in the Ranch Hands versus 20 percent in the Comparisons (p.0.054 
unadjusted, p.0.036 adjusted). After further review of the medical records, 
this observation was found to be in error. There were no group differences in 
verified heart disease (relative risk. 1.1, 95% C.I.I (0.9-1.4). There was 
good correlation between the verified cardiovascular history and the central 
and peripheral cardiovascular abnormalities detected at the physical 
examination, supporting accuracy and validity of the cardiovascular 
measurements. 

The adjusted analyses of central cardiac function disclosed a significant 
group-by-age interaction involving systolic blood pressure in the Black 
cohort, with a mean systolic blood pressure greater in the Ranch Hands than in 
the Comparisons at younger age levels, but a lower mean pressure at the older 
ages; the group-by-age interaction was not significant in the nonblack cohort. 
Additionally, there was a significant group-by-lifetime smoking history 
interaction for the overall EOG findings and significant group-by-lifetime 
smoking history and group-by-percent body fat interactions for arrhythmia, but 
they all generally pointed to lower adjusted relative risks in the Ranch 
Hands. 

In the analyses of peripheral vascular function, no significant overall 
group differences were observed for abnormalities involving radial, femoral, 
popliteal, posterior tibial, dorsalis pedis, or three anatomic aggregates of 
these pulses, either by manual palpation or Doppler techniques. This overall 
finding was in distinct contrast to the 1982 Baseline examination, which, by 
the manual palpation method, showed significant peripheral pulse deficits in 
the Ranch Hands. This reversal in pulse findings over the two examinations 
was primarily attributed to the rigid 4-hour tobacco abstinence applied prior 
to Doppler testing, although other factors may have been involved. 

For manually determined pulse abnormalities, there was a significant 
group-by-race interaction for the popliteal pulses; a significant group-by­
percent body fat interaction for the leg pulses; and significant group-by­
occupation interactions for the posterior tibial, dorsalis pedis, and the 
three pulse aggregates (leg, peripheral, and all pulses). No interactions 
were encountered in the adjusted analyses of the Doppler results and none 
showed significant group differences. Of interest was the fact that the 
manual and Doppler techniques differed significantly in the detection of 
abnormalities for all pulse or pulse combinations except radial pulses. 

For the exposure index analyses, the only statistically significant 
effects were those pointing to less bradycardia and less reported and verified 
heart disease in the medium exposure level category, as contrasted to the low 
exposure category, among the enlisted groundcrew. In many cases, there were 
too few abnormalities within the occupational categories to permit formal 
statistical tests. Overall, the exposure analyses were deemed unsupportive of 
any meaningful dose-response relationships. 

The longitudinal analysis of the pulse index confirmed the significant 
group difference in the change in results from the Baseline examination to the 
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1985 followup examination, largely due to a relatively greater increase of 
pulse abnormalities in the Comparison group than in the Ranch Hand group. 
There was no significant difference between the two groups in the change in 
overall ECG findings between the Baseline and 1985 followup examinations. 

The covariates were distributed similarly in the two groups, except for a 
slightly higher level (statistically significant) of current Ranch Hand 
smoking (also observed at Baseline) and a slightly lower mean percent body 
fat. The general covariate effects were strong and showed expected classical 
associations with the cardiovascular measurements. However, unexpected 
effects were consistently noted for personality score, with higher proportions 
of various cardiovascular abnormalities associated with scores in the Type B 
direction. (Although smoking was positively associated with many of the 
cardiovascular measurements, negative associations were seen between current 
smoking and reported and verified essential hypertension, and between lifetime 
smoking and verified hypertension.) 

Parameters of the 1987 cardiovascular Examination 

Dependent Variables 

The analysis of the 1987 cardiovascular examination was based on data 
from the questionnaire and physical examination and subsequent medical records 
verification. No laboratory examination data were analyzed as dependent 
variables, although data from the laboratory examination were used to 
construct selected covariates. 

Questionnaire Data 

During the Baseline, 1985 followup, and 1987 followup questionnaire 
he.lth interview, each participant was asked if he ever had a heart condition 
since his tour of duty in Southeast Asia (SEA). Medical records were sought 
on all individuals to verify the reported conditions and to determine the time 
of occurrence of major cardiac events (including cardiovascular death). In 
addition,'the review-of-systems portion of the physical 'examination recorded 
the overall history of heart trouble, as well as other serious illnesses. 

Based on the self-reported information and the subsequent verification, 
three conditions, each classified as yes or no, were analyzed: essential 
hy~ertension, heart disease (excluding essential hypertension), and myocardial 
infarction. These endpoints were each analyzed twice, as reported and as 
verified by medical records. 

The heart disease endpoint includes rheumatic fever with heart involve­
ment, chronic rheumatic heart disease, hypertensive heart disease, ischemic 
heart disease, disease of pulmonary circulation, and other forms of heart 
disease (acute pericarditis and endocarditis, other diseases of the 
pericardium and endocardium, cardiomyopathy, conduction disorders and 
dysrhythmias, heart failure, and ill-defined descriptions of heart disease). 
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A series of morbidity-mortality analyses based on these conditions was 
also conducted. These analyses focused on the full Ranch Hand cohort and the 
first Comparison of the randomly ordered set matched to the Ranch Hands. 
Because of competing mortality and possible misclassification of the cause of 
death, the endpoints of (1) death (any cause) or verified nonfatal heart 
disease, and (2) death (any cause) or verified nonfatal myocardial infarction 
were examined to assess group differences in the most extreme case (i.e., all 
deaths being associated with cardiovascular disease). The other two endpoints 
examined were (3) fatal or nonfatal verified heart disease, and (4) fatal or 
nonfatal verified myocardial infarction or fatal heart disease. Each variable 
was classified as yes or no. These variables were based on the history of 
each individual from the end of his tour of duty in SEA to the present. 

Participants with a verified history of diabetes or a 2-hour postprandial 
glucose level of 200 mgldl or more, as well as individuals with a pre-SEA 
verified history of essential hypertension or heart disease, were excluded 
from the analyses of reported and verified essential hypertension, heart 
disease, and myocardial infarction. Only individuals with ~re-SEA heart 
disease were excluded from the morbidity-mortality analysis. 

Physical Examination Data 

Cardiovascular data from the physical examination at the 1987 followup 
were divided into two main categories: central cardiac function and 
peripheral vascular function. In addition, associations between data from the 
physical examination and data on verified cardiovascular diseases were 
examined. 

Central cardiac Function 

The assessment of central cardiac function at the cardiovascular 
examination was made by measurements of systolic blood pressure, heart sounds 
(by auscultation), and an ECG. Systolic blood pressure was determined in a 
sitting position by an automated electronic monitor on the nondominant arm 
placed at heart level; the systolic pressure corresponding to the lowest 
diastolic value of three readings was recorded. Detection of abnormal heart 
sounds was conducted by standard auscultation with the participant placed in 
sitting, supine, and left lateral supine positions. Fourth heart sounds were 
assessed; murmurs were graded in intensity and location and were judged to be 
functional (normal) or organic (abnormal) in nature. All examiners and 
diagnosticians were retrained on the detection of fourth heart sounds and the 
notation of innocent murmurs without recording them as abnormal heart sounds. 
ECGs were obtained after adherence to a 4-hour abstinence from tobacco. A 
standard 12-lead ECG was performed; an additional rhythm strip in lead II was 
produced if any deviation from normal was found. The following items were 
considered to be abnormal: right bundle branch block (RBBB), left bundle 
branch block (LBBB), nonspecific T-wave changes, bradycardia, tachycardia, 
arrhythmia, and other major diagnoses (e.g., atrial-ventricular block, 
evidence of a prior myocardial infarction). 

Thus, the variables analyzed in the evaluation of the central cardiac 
function include systolic blood pressure, heart sounds, and eight conditions 
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associated with the ECG. (An overall assessment of the ECG was analyzed, as 
well as the individual coridit.ions of RBBB, LBBB, nonspeC,ific T-wave changes, 
bradycardia, tachycardia, arrhythmia, and other diagnoses.) Systolic blood 
pressure was analyzed as a continuous variable and also as a discrete 
variable, classified as normal «140 mm Hg) or abnormal (>140 mm Hg). All 
other variables were dichotomizea as normal/abnormal. 

Participants with a verified history of diabetes or a 2-hour postprandial 
glucose level of 200 mg/dl or more and those with verified pre-SEA hyper­
tension or heart disease were excluded from the analyses of the central 
cardiac function variables. 

Peripheral Vascular Function 

Peripheral vascular function was assessed during the cardiovascular 
examination by the diastolic blood pressure; funduscopic examination of small 
vessels; the presence or absence of carotid bruits; and manual palpation of 
the radial, femoral, popliteal, dorsalis pedis, and posterior tibial pulses. 
Diastolic blood pressure was measured by an automated electronic monitor. The 
recorded value represents the lowest diastolic value of three readings. 
Elevated diastolic blood pressure is an indicator of increased vascular 
resistance of the peripheral arterial system. The funduscopic examination was 
conducted with undilated pupils in a standard manner, with emphasis placed 
upon detection of arterio-venous nicking (a sign of chronic blood pressure 
elevation), hemorrhages, exudates, and papilledema. The presence or absence 
of carotid bruits was assessed by auscultation in both carotid arteries. 

Diastolic blood pressure was analyzed as both a continuous and discrete 
variable, dichotomized as normal «90 mm Hg) or abnormal (>90 mm Hg). The 
funduscopic examination, carotid bruits, and the five aforementioned pulses 
were also dichotomized as abnormal/normal for analysis. Pulses were 
considered abnormal if diminished or absent on either side. In addition, 
three pulse indices were constructed from the radial, femoral, popliteal, 
dorsalis pedis, posterior tibial pulse, and carotid pulse measurements as 
follows: 

• Leg pulses--femoral, popliteal, dorsalis pedis, and posterior tibial 
pulses 

• Peripheral pulses--radial, femoral, popliteal, dorsalis pedis, and 
posterior tibial pulses 

• All pulses--radial, femoral, popliteal, dorsalis pedis, posterior 
tibial, and carotid pulses. 

Each of these indices was considered normal if all components were normal or 
abnormal if one or more pulses were abnormal. 

Participants with a verified history of diabetes or a 2-hour postprandial 
glucose level of 200 mg/dl Or more, or with a verified history of pre-SEA 
essential hypertension or heart disease were excluded from the analyses of the 
peripheral vascular function variables. Individuals with peripheral edema 
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were excluded from the analysis of the individual peripheral pulses in 
addition to the analysis of the peripheral pulse indices affected by that 
excluded pulse. 

Questionnaire-Physical Bxaaination Associations 

The central and peripheral cardiovascular examination findings were 
analyzed together with the verified cardiovascular disease endpoints to 
determine the degree of association of the 1987 followup examination and the 
medical history, In particular, pairwise associations of systolic and 
diastolic pressure, the overall EeG, heart sounds, the funduscopic examina­
tion, carotid bruits, and the peripheral pulses with verified essential 
hypertension, verified heart disease (excluding essential hypertension), and 
verified myocardial infarction were investigated. 

The same medical exclusions as described previously for the individual 
variables were made for the questionnaire-physical examination associations. 

Covariates 

'A number of covariates were examined in the cardiovascular examination, 
both in pairwise associations with the dependent variable and in adjusted 
statistical analyses. Many of these covariates are considered to be classical 
risk factors for CHD. Covariates examined included age, race, occupation, 
lifetime cigarette smoking history, current level of cigarette smoking, 
lifetime alcohol history, current alcohol use, cholesterol, HDL, cholesterol­
HDL ratio, percent body fat, personality type, differential cortisol response, 
family history of heart disease, and family history of heart disease before 
the age of 50. Personality type was determined from the Jenkins Activity 
Survey administered during the 1985 followup examination, and differential 
cortisol response was determined from laboratory results from the 1985 
J.aboratory examination. Family history of heart disease was defined as "yes" 
if the participant's brother(s) or father died of heart disease or a heart 
attack and "no" otherwise. Family history of heart disease before the age of 
50 was defined as "yes" if the participant's brother(s) or father died of 
heart disease or a heart attack before his 50th birthday and "no" otherwise. 

In the discussion of the covariate effects, 0 pack-year lifetime 
cigarette smokers will be referred to as "nonsmokers," at most 10 pack-year 
lifetime cigarette smokers will be referred to as "moderate lifetime smokers," 
and greater than 10 pack-year lifetime cigarette smokers will be referred to 

cas "heavy lifetime smokers." The current cigarette smoking categories will be 
referred to as "nonsmokers," "former smokers," "moderate current smokers" (for 
those currently smoking >0-20 cigarettes per day), and "heavy current smokers" 
(for those currently smoking >20 cigarettes per day). Similarly, the lifetime 
alcohol use categories will be referred to as "nondrinkers" (0 drink-years), 
"moderate lifetime drinkers" (>0-40 drink-years), and "heavy lifetime 
drinkers" (>40 drink-years); and the current alcohol use categories will be 
referred to as "light current drinkers" (~1 drink/day), "moderate current 
drinkers" (>1-4 drinks/day), and "heavy current drinkers" (>4 drinks/day). 
Finally, individuals with less than 10 percent body fat will be referred to as 
"lean," individuals with between 10 and 25 percent body fat will be referred 
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to as "normal," and individuals with greater than 25 pet-cent body fat will be 
referred to as "obese." 

Participants at the 1987 followup examination who did not attend the 1985 
followup examination had missing information for personality type and 
differential cortisol response. Individuals on corticosteroids in 1985 were 
excluded from analyses adjusting for differential cortisol. Individuals with 
fever (>100o p) or a positive hepatitis B surface antigen test were excluded 
from analyses adjusting for cholesterol, ROL, and cholesterol-ROL ratio. 

Relation to Baseline and 1985 Followup Studies 

The evaluation of the 1987 cardiovascular examination was similar to the 
Baseline examination and the 1985 followup. The Doppler evaluation of the 
peripheral pulses was not conducted for the 1987 followup. Also, the two 
history of heart disease covariates were added for the 1987 followup. 

The cardiovascular longitudinal analysis focused on the overall ECG 
diagnosis, where group differences in the changes from Baseline to the 1987 
followup were analyzed. 

Statistical Methods 

Most of the basic statistical analysis methods used in the cardiovascular 
examination are described in Chapter 7. Due to the large number of 
covariates, however, adjusted Ranch Rand versus Comparison contrasts were 
carried out as follows: (1) Models adjusting only for age, race, and 
occupation were examined first; followed by (2) models incorporating group-by­
age, group-by-race, and group-by-occupation interactions. Analyses were then 
performed adjusting for (3) all covariates; and (4) all covariates, but with 
only one variable selected from among each of the following sets: (a) life­
time cigarette smoking history and current cigarette smoking levell (b) life­
time alcohol history and current alcohol use; (c) cholesterol, ROL, and the 
cholesterol-BOL ratio; and (d) family history of heart disease and family 
history of heart disease before the age of 50. The first three analyses were 
done for preliminary investigative purposes; only results from the last 
analysis are reported. 

Table 15-1 summarizes the statistical analyses performed for the 1987 
cardiovascular examination. The first part of this table describes the 
dependent variables analyzed. The second part of this table provides a 
further description of candidate covariates examined. Abbreviations are used 
extensively in the body of the table and are defined in footnotes. 

Table 15-2 provides a list of the number of participants excluded and 
reasons for exclusion by group, as well as the number of participants with 
missing data for the dependent variables and covariates described in 
Table 15-1. 
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, 
TABLE 15-1. 

Statistical Analysis for the Cardiovascular Evaluation 

Dependent Variables 

Data Data Candidate Statistical 
Variable (Units) Source Form Cutpoints Covariates Analyses 

Reported O-SR, 0 No AGE,RACE,OCC, UC:CS,FT 
Essential PE Yes CSHOK,PACKYR, ACILR 
Hypertension ALC,ORKYR, CA:CS,FT 

CHOL,HOL, UE:CS,FT 
CHOL/HOL, AE:LR 
%BFAT,PERS, 
OIFCORT, 
HRTOIS, 
HRTOIS50 

Verified O-V, 0 No AGE,RACE,OCC, UC:CS,FT 
Essential PE Yes CSHOK,PACKYR, AC:LR 
Hypertension ALC,ORKYR, CAICS,FT 

CHOL,HOL, UE:CS,FT 
CHOL/HOL, AE:LR 
%BFAT,PERS, 
OIFCORT, 
HRTOIS, 
HRTOIS50 

Reported O-SR, 0 No AGE,RACE,OCC, UC:CS, FT 
Heart Disease PE Yes CSHOK, PACKYR , AC:LR 
(Excluding ALC,ORKYR, CA:CS,FT 
Essential CHOL,HOL, UE:CS,FT 
Hypertension) CHOL/HOL, AE:LR 

%BFAT,PERS, 
OIFCORT, 
HRTOIS, 
HRTOIS50 

Verified O-V, 0 No AGE,RACE,OCC, UC:CS,FT 
Heart Disease PE Yes CSHOK,PACKYR, AC:LR 
(Excluding ALC,ORKYR, CA:CS,FT 

. Essential CHOL,BOL, UE:CS,FT 
Hypertension) CBOL/HOL, AE:LR 

%BPAT,PERS, 
OIPCORT, 
HRTOIS, 
BRTOIS50 
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TABLE 15-1. (continued) 

Statistical Analysis for the Cardiovascular Evaluation 

Dependent Variables 

Data Data Candidate Statistical 
Variable (Units) Source Form Cutpoints Covariates Analyses 

Reported Q-SR, 0 No AGE,RACE,OCC, UC:CS,FT 
Myocardial PE Yes CSMOK,PACKYR, AC:LR 
Infarction ALC,DRKYR, CA:CS,FT 

CHOL,HDL, UE:CS,FT 
CHOL/HDL, AE:LR 
%BFAT,PERS, 
01 FCORT, 
HRTDIS, 
HRTDIS50 

Verified Q-V, 0 No AGE,RACE,OCC, UC:CS,FT 
Ijyocardial PE Yes CSMOK,PACKYR, AC:LR 
Infarction ALC,DRKYR, CA:CS, FT 

CHOL,HDL, UE:CS,FT 
CHOL/HDL, AE:LR 
%BFAT,PERS, 
DIFCORT, 
RRTDIS, 
HRTDIS50 

Morbidity- Q-V, 0 Living Descriptive 
Mortality PE Deceased Only 
Analysis 

Systolic PE D/C Normal: AGE,RACE,OCC, UC:CS,FT,TT 
Blood <140 CSHOK,PACKYR, AC:LR,GLH 
Pressure Alinormal: ALC,DRKYR, CA:CC,TT,GLH, 
(mm Hg) >140 CHOL,HDL, CS,FT 

CHOL/HDL, UE:CS,FT; 
XBFAT,PERS, GLH,TT 
01 FCORT, AE:LR,GLH 
HRTDIS, 
HRTDIS50 
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TABLE 15-1. (continued) 

Statistical Analysis for the cardiovascular Evaluation 

Dependent Variables 

Data Data Candidate Statistical 
Variable (Units) Source Form Cutpoints Covariates Analyses 

Heart Sounds PE 0 Normal AGE,RACE,OCC, UC:CS,FT 
Abnormal CSHOK,PACKYR, AC:LR 

ALC,DRKYR, CA:CS, FT 
CHOL,HDL, UE:CS,FT 
CHOL/HDL, AE:LR 
%BFAT,PERS, 
01 FCORT, 
HRTDIS, 
HRTDIS50 

ECG: Overall PE 0 Normal AGE,RACE,OCC, UC:CS,FT 
Abnormal CSHOK,PACKYR, AC:LR 

ALC,DRKYR, CA:CS,FT 
CHOL,HDL, UE:CS,FT 
CHOL/HDL, AE:LR 
%BFAT,PERS, L:OR 
DIFCORT, 4 HRTDIS, 
HRTDIS50 

ECG: RBBB PE 0 Normal AGE,RACE,OCC, UC:CS,FT 
Abnormal CSHOK,PACKYR, AC:LR 

ALC,DRKYR, CA:CS,FT 
CHOL,HDL, UE:CS,FT 
CHOL/HDL, AE:LR 
%BFAT,PERS, 
DIFCORT, 
HRTDIS, 
HRTDIS50 

ECG: LBBB PE 0 Normal AGE,RACE,OCC, UC:CS,FT 
Abnormal CSHOK,PACKYR, AC:LR 

ALC,DRKYR, CA:CS,FT 
CHOL,HDL, UE:CS,FT 
CHOL/HDL, AE:LR 
%BFAT,PERS, 
DIFCORT, 
HRTDIS, 
HRTDIS50 
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TABLE 1S-1. (continued) 

Statistical Analysis for the Cardiovascular Evaluation 

Dependent Variables 

Data Data Candidate Statistical 
·Variable (Units) Source Form Cutpoints Covariates Analyses 

"'ECG: Nonspecific PE D Normal AGE,RACE,OCC, UC:CS,FT 
,T-'IIaves Abnormal CSHOK,PACKYR, AC:LR 

ALC,DRKYR, CA:CS, FT 
CHOL,HDL, UE:CS,FT 
CHOL/HDL, AE:LR 
%BFAT,PERS, 
DIFCORT, 
HRTDIS, 
HRTDISSO 

ECG: Bradycardia PE D Normal AGE,RACE,OCC, UC:CS,FT 
Abnormal CSHOK,PACKYR, AC:LR 

ALC,DRKYR, CA:CS,FT 
CHOL,HDL, UE:CS,FT 
CHOL/HDL, AE:LR 
%BFAT,PERS, 
DIFCORT, 
HRTDIS, 
HRTDISSO 

ECG: Tachycardia PE D Normal AGE,RACE,OCC, UC:CS,FT 
" Abnormal CSMOK,PACKYR, AC:LR 

ALC,DRKYR, CA:CS,FT 
CHOL,HDL, UE:CS, FT 
CHOL/HDL, AE:LR 
%BFAT,PERS, 
DIFCORT, 
HRTDIS, 
HRTDISSO 

ECG: Arrhythmia PE D Normal AGE,RACE,OCC, UC:CS,FT 
Abnormal CSHOK,PACKYR, AC:LR 

ALC,DRKYR, CA:CS,FT 
CHOL,HDL, UE:CS,FT 
CHOL/HDL, AE:LR 
%BFAT,PERS, 
DIFCORT. 
HRTDIS, 
HRTDISSO 
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TABLE 15-1. (continued) 

Statistical Analysis for the cardiovascular Evaluation 

Dependent Variables 

Data Data Candidate Statistical 
Variable (Units) Source Form Cutpoints Covariates Analyses 

ECG: Other PE 0 Normal AGE,RACE,OCC, UC:CS,FT 
~iagnoses Abnormal CSHOK,PACKYR, AC:LR 

ALC,ORKYR, CA:CS,FT 
CHOL,HOL, UE:CS,FT 
CHOL/HOL, AE:LR 
%BFAT,PERS, 
OIFCORT, 
HRTOIS, 
HRTOIS50 

. Diastolic PE O/C Normal: AGE,RACE,OCC, UCICS,FT,TT 
Blood <90 CSHOK,PACKYR, AC:LR,GLM 
Pressure Alinormal: ALC,ORKYR, CA:CC,TT,GLM, 
(mm Hg) >90 CHOL,HOL, CS,FT 

CHOL/HOL, UE:CS,FT, 
%BFAT,PERS, GLM, TT e OIFCORT, AE:LR,GLM 
HRTOIS, 
HRTOIS50 

Funduscopic PE 0 Normal AGE,RACE,OCC, UC:CS,FT 
Examination Abnormal CSHOK,PACKYR, AC:LR 

ALC,ORKYR, CA:CS,FT 
CHOL,HOL, UE:CS,FT 
CHOL/HOL, AE:LR 
%BFAT,PERS, 
OIFCORT, 
HRTOIS, 
HRTOIS50 

Carotid Brui ts PE 0 Normal AGE,RACE,OCC, UC:CS,FT 
Abnormal CSHOK,PACKYR, AC:LR 

ALC,ORKYR, CA:CS,FT 
CHOL,HOL, UE:CS,FT 
CHOL/HOL, AE:LR 
%BFAT,PERS, 
OIFCORT, 
HRTOIS, 
BRTOIS50 
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TABLE 15-1. (continued) 

Statistical Analysis for the Cardiovascular Evaluation 

Dependent Variables 

Data Data Candidate Statistical 
Variable (Units) Source Form Cutpoints Covariates Analyses 

Radial Pulses PE D Normal AGE,RACE,OCC, UC:CS,FT 
Abnormal CSHOK,PACKYR, AC:LR 

ALC,DRKYR, CA:CS,FT 
CHOL,HDL, UE:CS,FT 
CHOL/HDL, AE:LR 
%BFAT,PERS, 
DIFCORT, 
HRTDIS, 
<IIRTDIS50 

Femoral Pulses PE D Normal AGE,RACE,OCC, UCICS,FT 
Abnormal CSHOK,PACKYR, AC:LR 

ALC,DRKYR, CA:CS,FT 
CHOL,HDL, UE:CS,FT 
CHOL/HDL, AE:LR 
%BFAT, PERS, 
DIFCORT, 
HRTDIS, 
HRTDIS50 

Popliteal Pulses PE D Normal AGE,RACE,OCC, UC:CS,FT 
Abnormal CSHOK,PACKYR, AC:LR 

ALC,DRKYR, CA:CS,FT 
CHOL,HDL, UE:CS,FT 
CHOL/HDL, AE:LR 
%BFAT,PERS, 
DIFCORT, 
BRTDIS, 
BRTDIS50 

Dorsalis Pedis PE D Normal AGE,RACE,OCC, UC:CS,FT 
Pulses Abnormal CSHOK,PACKYR, AC:LR 

ALC,DRKYR, CA:CS,FT 
CBOL,BDL, UE:CS,FT 
CBOL/HDL, AE:LR 
%BFAT, PERS, 
DIFCORT, 
BRTDIS, 
BRTDIS50 
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TABLE 15-1. (continued) 

Statistical Analysis for the cardiovascular Evaluation 

Dependent Variables 

Data Data Candidate Statistical 
Variable (Uni ts) Source Form Cutpoints Covariates Analyses 

Posterior Tibial PE ° Normal AGE,RACE,OCC, UC:CS, FT 
Pulses Abnormal CSHOK,PACKYR, AC:LR 

ALC,DRKYR, CA:CS,FT 
CHOL,HDL, UEICS,FT 
CHOL/HDL, AEILR 
%BFAT,PERS, 
DIFCORT, 
HRTDIS, 
HRTDISSO 

Leg Pulses PE ° Normal AGE,RACE,OCC, UC:CS,FT 
Abnormal CSHOK,PACKYR, AC:LR 

ALC,DRKYR, CA:CS,FT 
CHOL,HDL, UE:CS,FT 
CHOL/HDL, AE:LR 
%BFAT,PERS, 
DIFCORT, 
HRTDIS, 
HRTDISSO 

Peripheral Pulses PE 0 Normal AGE,RACE,OCC, UC:CS,FT 
Abnormal CSHOK,PACKYR, AC:LR 

ALC,DRKYR, CA:CS,FT 
CHOL,HDL, UE:CS,FT 
CHOL/HDL, AE:LR 
%BFAT, PERS, 
DIFCORT, 
HRTDIS, 
HRTDISSO 

All Pulses PE ° Normal AGE,RACE,OCC, UC:CS,FT 
Abnormal CSHOK,PACKYR, AC:LR 

ALC,ORKYR, CA:CS,FT 
CHOL,HDL, UE:CS,FT 
CHOL/HDL, AE:LR 
%BFAT,PERS, 
DIFCORT, 
HRTDIS, 
HRTDISSO 

Questionnaire- PE ° -Normal UC:CS,FT 
Physical Exam Abnormal 


