


TABLE 12-32. (Continued)

Summary of Dioxin-by-Covariate Interactions from Adjusted
Analyses of Cardiovascular Variables

Variable Assumption Covariate

Model 3: Ranch Hands and Comparisons by Current Dioxin Category

Reported/Verified Essential

Hypertension . .- AGE
Reported/Verified Myocardial o R

Infarction _ - - .- DIFCORT .
Systolic Blood Pressure (Continuous) . -- . AGE =
Systolic Blood Pressure (Discrete) - - - .. AGE,DIFCORT
ECG: Bradycardia : : .. RACE
Diastolic Blood Pressure (Continuous) -- - PERS,HRTDIS
Funduscopic Examination .- __ DIFCORT

Femoral Pulses. ‘ , -- _ PERS
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Model 1: Ranch Hands - Logg (Initial Dioxin) -

Under the minimal assumptlon the unadjusted and adjusted analyses of the 7
questionnaire variables did not display any s1gmﬁcant associations with initial dioxin. The
unadjusted maximal analyses detected significant negative associations with initial dioxin for
reported and verified heart disease (Table 12-29: p=0.007 and p=0.006, respectively) and a
marginally s1gn1ﬁcant positive association for reported/verified essential hypertension. Under
the maximal assumption, the adjusted analyses detected a marginally significant negative
association between initial dioxin and reported heart disease and a‘ significant negative
association for verified heart disease (Table 12-29: p=0.044). In addition, the adjusted
maximal analysis of reported/verified essential hypertension detécted a 51gn1f'1cant initial
dioxin-by-differential cortisol response interaction. Stratified analyses of this interaction
revealed no significant results. There were also initial dioxin-by-race interactions found in the
minimal analyses of both reported and verified heart disease. These interactions exhibited
significant negative associations between initial dioxin and heart disease for Blacks and
nonsignificant negative associations between initial dioxin and heart disease for non-Blacks.
After deletion of all three of these interactions from the adjusted models, the analyses were
nonsignificant, :

Model 2: Ranch Hands - Logp (Current Dioxin) and Time :

The unadjusted minimal analyses of the questionnaire variables did not reveal any
significant results; however, the associations of current dioxin with heart disease and
myocardial infarction were negative within both time since tour strata. Under the maximal
assumption, the interactions between current dioxin and time since tour were also
nonsignificant. The maximal unad_]usted analyses of both reported and verified heart disease
detected marginally significant negatlve associations with current dioxin for Ranch Hands
with later tours and significant negative associations with current dioxin for Ranch Hands
with early tours (Table 12-30: p=0.015 and p=0.013, respectively).

Similar to the unadjusted results, the-minimal dnalyses of the questionnaire variables
remained nonsignificant after adjustment for covariate information. The inclusion of ‘
covariates in the maximal model caused the negative associations between current dioxin and
both reported and verified heart disease to: become nonsignificant for Ranch Hands with. 18.6
years or less since tour and marginally significant for Ranch Hands with more than 18.6 years
since tour. Also, for Ranch Hands with 18.6 years or less since tour, the maximal adjusted
analys1s of reported/verified myocardial infarction detcctcd a marginally significant positive
association with current dioxin.

In addition, after removing percent body fat from the maximal analysis of
reported/verified essential hypertension, the positive association with current dioxin became
significant for Ranch Hands with later tours (Table 12-30: p=0.023).

Model 3: Ranch Hands and C"r'ompanson-s‘ by Current Dioxinﬂ Category

The unadjusted analysis of the questionnaire variables detected significant differences
among the four current dioxin categories for-reported/verified essential hypertension (Table
12-31; .p=0.043) and reported and verified heart disease excluding: essential hypertension
(p=0.003 and p=0.002), The Ranch Hands in the unknown category had a significantly higher
reported incidence of heart disease (p=0.047). and a-marginally higher verified incidence of
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heart disease than the Comparisons in the background category. Also, the Ranch Hands in
the high current dioxin category had significantly lower reported and verified incidence of heart
disease than the Compansons in the background category (p=0.010 and p=0.007, :
respectively). In addition, in the unadjusted analysis of reportedlvenfied myocardial
infarction, the overall contrast of the four current dioxin categories was margma]ly significant.’

After adjustin g for covariate information, the overall contrast of the four current dioxin
categories remained significant for reported and verified heart disease (Table 12-31: p=0.024
and p=0.021, respectively). However, the contrast of the Ranch Hands in the unknown
category versus the Comparisons in the background category became marginally significant.
Similarly, in the adjusted analyses, the Ranch Hands in the high category had only a
marginally lower risk of reported heart disease and a significantly lower risk of verified hcart
disease (p=0.049) than the Comparisons in the background category

The adjusted analysis of reported/verified essential hypertension revealed a significant
interaction between categorized current dioxin and age, and ‘similarly, the analysis of
reported/verified myocardial infarction detected a significant interaction between categorized
current dioxin and differential cortisol response. Stratified results did not indicate a dioxin
effect for either variable. After deletion of the interaction, the analysis of reported/verified
essential hypertension no longer found a s1gmficant difference among the four current dioxin
categories. The contrast of the Ranch Hands in the high category versus the Comparisons i in-
the background category became marginally mgmficant However, after excluding percent
body fat and the categorized current dioxin-by-age interaction from the model, the
simultancous contrast of the incidence of essential hypertension of the four current dioxin
categories was significant (Table 12-31: p=0.002). Also, the Ranch Hands in the high
current dioxin category had a significantly higher risk of essential hypcrtcnsxon than the
Comparisons in the background category (p=0.005). s

Physical Examination: Central Cardiac Function Variables,

Variables analyzed in the evaluation of the central cardiac function 1ncluded systollc
blood pressure, heart sounds, and seven conditions associated with the ECG (overall ECG
reading, RBBB, LBBB, nonspecific ST- and T-wave changes, bradycardia, arrhythmia, and
other diagnoses). However, there were only three Comparisons and one Ranch Hand |
diagnosed with LBBB; thus, relative risks, confidence intervals, and p-values were not
presented. There were no Ranch Hands and only one Comparison with tachycardia;
consequently, no analyses were performed on this cardiovascular endpoint.

Model 1: Ranch Hands - - Logy (Initial Dwxin)

In the unadjusted initial dioxin analyses of the central cardiac functlon variables, only
one variable displayed a marginally significant association with initial dioxin under either
assumptxon The unadjusted analysis of bradycardia detected a marglnally s1gmﬁcant
negative association with initial dioxin under the maximal-assumption.. - '

After adjustmg for covariate information, the maxlmal analys1s of bradycardia
remained margmally significant. Also, the adjusted analyses found significant initial dioxin-
by-covariate interactions for systolic blood pressure (both continuous and’ discrete) and B
arrhythmia (Table 12-32). ‘The stratified analysis of the interactions for systoli¢c'blood
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pressure in its continuous form did:not exhibit a significant positive association with initial
dioxin. The results of the minimal and maxirhal analyses of:systolic blood pressure in its:
continuous form remained nonsignificant after deletion of the interactions from the model.
However, after further deletion of cholesterol and percent body fat, the maximal analysis.
detected a significant posmve -association between systollc blood pressure- and initial dioxin
(Table 12- 29 p—O 049) : o .

For dlSCl‘etlZCd systohc blood pressure under the minimal assumption, the stratified -
analyses of the initial dioxin-by-personality type interaction found a significant decreasing
association between the prevalence of abnormally high systolic blood pressure and initial
dioxin for Ranch Hands with type A persona11t1es In contrast, for type B Ranch Hands, there
was a nonsignificant positive: association with initial dioxin. After the deletlon of thls
interaction, the results were nons1gn1ﬁcant :

An interaction between 1mt1a1 dloxm and personahty type was s1gmﬁcant for the m1mrnal
analysis of arthythmia, There was a signifi¢ant positive association between initial dioxin
and arrhythmia for type A Ranch Hands and a nonsignificant positive association for type B
Ranch Hands. After deletion of this interaction, the minimal adjusted analysis of arrhythmla
detected a marglnally slgmﬁcant pos1t1ve association w1th initial leXm :

The longltudlnal analyses of the minimal and maximal cohorts deteCted significant -
negative associations between the percentage of Ranch Hands havihg an abrormal ECG
readmg at the 1987 examination and 1n1t1a1 dioxin (p-O 014 and p=0.041, respectlvely)

Model 2: Ranch Hands Log2 (Current Diaxin) and Time

The association betwecn current dloxm and the central cardiac functton vanables did not
differ 51gn1ﬁcantly between time since tour strata for most unadjusted analyses. Under the
minimal assumption, the current d10x1n-by-mme inferaction was not.significant for any
analyses. However; in the unadjusted analysis-of Ranch Hands with early tours, the variable
of other ECG dtagnoses was negat1vely associated ‘with current dioxin (Table 12-30:
p=0.048). Undér the maximal assumption, the current dioxin- by-time since. tour interaction
was marginally significant in the unadjusted analysis of bradycardia, which also displayed a
marginally significant negative association with current dioxin for Ranch Hands with more

than 18.6 years since their tour:" Also; the unadjusted maximal analyses of ‘arrhythmia and

other ECG diagnoses detected sighificant interactions between current dioxin and 'time -~
(p=0.032 and p=0.040, respectively). ‘These analyses revealed a marginally ‘significant '
positive association between current'dioxin and arrhythmia for Ranch Hands with later tours
and a significant negative association’ between the overall ECG fmdmgs and current dloxm for
Ranch Hands w1th early tours (p—~0 011)

The adjusted analysis of the minimal cohort was similar to the co'rresp'o:nding unadjusted
analysis. There were no significant current dioxin-by-time since tour interactions for the

minimal cohort, but for Ranch Hands with 18:6 years or less since their tour, there ‘was’ a

marginally significant positive asgociation betweén' current: dioxin and the overall ECG’
diagnoses and a' mgmﬁcant posmve assocmtlon between Current d1oxm and arrhythmla
(Table 12 30’ p==0 017) R P BT
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_For the adjustcd analyses under the maximal assumption, the current dioxjn-by-time
since tour interaction was marginally 51gn1ﬁcant for bradycardia and significant for other ECG
diagnoses (Table 12-30: p=0.026). The associations with current dioxin for Ranch Hands
with early tours exhibited a similar significance for these two variables (bradycardia:
margmally significant negative association; other ECG diagnoses: significant negative
association, p=0.046). Also, after deletion of a current dioxin-by-time-by-differential cortisol-
response interaction, the maximal adjusted analysis displayed a significant difference in the
associations between current dioxin and arrhythmia (p=0,034). There was a positive
association between arrhythmia and currcnt dioxm (p=0. 018) for Ranch Hands with late
tours. .

For four of the central _cardiac function variables, there were significant interactions
among current dioxin, time since tour, and one or more covariates (Table 12-32), The
covariates involved in these interactions were age, lifetime cigarette smoking history,
personality type, differential cortisol response, and family history of heart disease. All
results, except those mentioned above for arrhythmia, were nonsignificant aftcr the deletion
of thc interactions from the adjusted modcls

Thc longitudinal analysis of the 1987 ECG conditioned on partic_ipant's with normal ECG
readings in 1982 did not detect significant current dioxin-by-time interactions for either the
minimal or the maximal cohort. However, there were significant negauve associations
between current dioxin and the overall ECG reading for Ranch Hands with more than 18.6
years since. tour (p=0.013 and p=0.,025, respectively).

Model 3 Ranch Hands and Compansons by Current Dioxin Category

The unadjusted and adjusted analyses of the central cardiac function vanables and
categorized current dioxin generally were not significant, In the unadjusted analysis, other.
ECG dlagnoscs was the only variable with a significant overall contrast of the four current
dioxin categories (Table 12-31: p=0.024). Also, the Ranch Hands in the high current d1ox1n
category had a significantly lower risk of other abnormal ECG diagnoses than the
Comparisons in the background category (p=0.007). All other unad_]usted results were
nons1gn1ﬁcant '

In the adjustcd analyses of thc central cardlac funotlon vanables, the overall contrasts of
the four current dioxin categories were not significant except for systolic blood pressure in its
continuous form after the deletion of a categorized. current dioxin-by-age interaction, .

- cholesterol, and percent body fat (Table 12-31: . p=0.012).. Also, after these deletions, the .
Ranch Hands in the unknown current dioxin category had a marginally lower mean systohc
blood pressure than the Comparisons in the background category and the Ranch Hands in the
high category had a significantly higher mean systolic blood pressure than the Comparisons in
the background category (p=0.019).

In the. adjusted ana]yses, _the Ranch Hands in the unknown current dioxin catcgory had a
marginally lower risk of abnormal overall ECG diagnoses than the Comparisons in the
background category. Also, the Ranch Hands in the high current dioxin category-had a -
marginally lower risk of bradycardia (after the deletion of a categorized current dioxin-by-race
interaction and percent body fat) and a significantly lower risk of other abnormal ECG
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diagnoses than the Comparisons in the background category (Table 12-31: p=0.036). In
contrast, the Ranch Hands in the high current dioxin category had a marginally higher risk of
arrhythmia than the Comparisons in the background category. - S : :

The adjusted analyses revealed significant categorized current dioxin-by-covariate
interactions for systolic blood pressure (continuous and-discrete) and bradycardia (Table -
12-32). Stratified analyses of these interactions did not display any strong dioxin effects for
these variables. After deletion of these interactions, the adjusted results generally remained
nonsignificant. 5 _

In the longitudinal analysis, the percentages of participants who had abnormal ECG
readings in 1987 did not differ significantly among the four current dioxin categories.
However, the percentage of Comparisons in the background category who had abnormal ECG
readings in 1987 was marginally higher than the corresponding percentage of Ranch Hands in
the high category (p=0.094).

Physical Examination: Periphera]l Vascular Function Variables -

" The peripheral vascular function was assessed during the cardiovascular examination by
the diastolic blood pressure; funduscopic examination of small vessels of the retina; the
presence or-absence of carotid bruits; and manual palpation of the radial, femoral, popliteal,
‘dorsalis pedis, and posterior tibial pulses. In addition, three pulse indices were constructed .
from the above pulse measurements: leg pulses (femoral, popliteal, dorsalis pedis, and -
posterior tibial pulses), peripheral pulses (radial and :leg pulses), and all pulses (peripheral
and carotid pulses). Each of these indices was considered normal if all components were .
normal and abnormal if one or more pulses were abnormal. There were only two Ranch
Hands and four Comparisons with absent radial pulses; thus, relative risks, confidence
intervals, and p-values were not presented for this endpoint. = '

Model 1: Ranch Hands - Logy (Initial Dioxin) .. - .- - .. 5 o

In the unadjusted analyses of-the peripheral vascular ‘function variables, there were no
significant results under thé minimal assumption. However, the maximal unadjusted
analyses detected marginally sighificant positive -association withturrent dioxih for dorsalis
pedis, leg, peripheral, and all pulses: These marginal associations became significant after
adjustment for covariate information (Table 12-29: p=0.041, p=0.021, and p=0.025,
respectively). Similarly, under the maximal assumption, the adjusted analysis displayed a
marginally significant positive association between initial dioxit; and. posterior tibial pulses,
which became nonsignificant after the deletion of percent body fat.from the model.

- The adjusted maximal analysis displayed a significant interaction between initial dioxin
and persenality type.for-diastolic blood pressure.in. its continuous form. Stratified analyses of
this interaction revealed a marginally significant negative association with initial dioxin for
type.A Ranch-Hands :and a significant positive. association for type B.Ranch*Hands (Table 12-
29:.p=0.015).  The adjusted analyses (minimal and maximal) of femoral pulses also o
displayed significant interactions between initial dioxin and personality type; however, these
interactions may: have been: affected by the sparse: number ‘of Ranch-Hands with absent

~ femoral: pulses. ‘The interactions between dnitial:dioxin' and age in‘the minimal adjusted "
analyses of leg, peripheraly.and all pulses displdyed nonsignificant negative associations ‘with -
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initial dioxin for younger Ranch Hands, but a significant positive association for older Ranch
Hands. There was also an interaction between initial dioxin and differential cortisol response
for the minimal analysis of dorsalis pedis pulses, which did not show any significant dioxin
effects.

After deletion of these 1mt1a1 dioxin-by-covariate mtcracnons from the adjustcd models,
the results were nonsignificant. : :

Model 2: Ranch Hands - Log) (Current Dioxin) and Time

In the minimal and the maximal unadjusted analyses of the peripheral vascular function
vanables, the associations with current dioxin did not differ significantly between the time
since tour strata. In general, the relative risks were lowcr for Ranch Hands with earlier tours
than for Ranch Hands with later tours.

In the adjusted analyses, the interactions between current dioxin and time since tour
were nonsignificant for both the minimal and the maximal cohorts. However, under the
minimal assumption, the adjusted.analysis detected a marginally significant positive
association between current dioxin and dorsalis pedis pulses for Ranch Hands with 18.6.
years or less since tour, which became significant under the maximal assumption (Table
12-30: p=0.048). The maximal adjusted analysis of Ranch Hands with 18.6 years or less -
since tour also detected marginally significant positive associations with current dioxin for
abnormal posterior tibial pulses and the leg, peripheral, and all pulses indices:. However,
after deletion of percent body fat from the adjusted maximal model, the association between
current dioxin and abnormal posterior tibial pulses was no .longe'r margi-nally significant.

The adJusted maximal analysis of femoral pulses revealed s1gmficant 1nteract10ns among
current dioxin, time since tour, percent body fat, and differential cortisol response, which were
in part caused by the small number of Ranch Hands with abnormal femoral pulses. The
analyses of popliteal pulses and the three pulse indices (leg, peripheral, all) detected
significant interactions with lifetime cigarette smoking history. Stratified analyses of these
interactions displayed a positive association between current dioxin and the dependent
variable for heavy smokers with later tours and a negauve association for heavy smokers
with earlier tours. After deletion of these 1nteract10ns, thc analyses were generally
nonsignificant. : \

Model 3: Ranch Hands and Comparisons by Current Dioxin Category :
The unadjusted analyses of categorized current dioxin and the peripheral vascular
function variables generally were nons1gn1ﬁcant The only variables with 51gn1ﬁcant overall
contrasts of the four current dioxin categones were diastolic blood pressure in its continuous
form (Table 12-31: p=0.017), posterior tibial pulses (p<0.001) and the-leg pulses. index
(marginal significance). The contrasts of the Ranch:Hands in the unknown.current dioxin . -
category and.in the high category (except for diastolic. blood pressure in its continuous form)
versus the Comparisons in the background category were all nonsignificant but generally in a
positive direction. However, Ranch Hands in the low current dioxin category hada.
significantly higher mean diastolic blood pressure. (p=0.028) and higher risks of abnormal
dorsalis pedis pulses (marginal significance), posterior tibial pulses- (p=0.003), leg pulses
(p=0.010}, peripheral pulses (p=0.016), and all pulses. (p=0.019) than the Comparisons in the -
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background category. Ranch Hands in the high category also had a marginally higher mean
diastolic blood pressure than the Comparisons in the background category. '

The adjusted analyses of categorized current dioxin and the peripheral vascular function
variables detected a larger number of differences among the four current dioxin categories
than the unadjusted analyses (Table.12-31). These analyses revealed significant overall
differences among the four current dioxin categories for posterior tibial pulses (p<0.001), leg
pulses (p=0.020), peripheral pulses (p=0.017), and all pulses (p=0.021). Also, after deletion
of categorized current dioxin, personality type, and family history of heart disease interactions
from the analysis of diastolic blood pressure in its continuous form, the overall contrast of the
four current dioxin categories was marginally significant. In this same analysis, the further
exclusion of cholesterol and percent body fat caused the overall contrast to become significant
(p=0.002). Similarly, the deletion of chiolesterol from the adjusted analysis of dorsalis pedis
| pulses caused the overall contrast of the four current dioxin categories to become marginally

significant. > . ‘ '

Consistent with the unadjusted results, the adjusted analyses did not detect any
significant differences in the peripheral vascular function variables between the Ranch Hands
in the unknown current dioxin category and the Comparisons in the background category
(Table 12-31). However, the Ranch Hands in the low current dioxin category had a
significantly higher mean diastolic blood pressure (p=0.032 after deletion of interactions) and
significantly higher risks of abnormal posterior tibial pulses (p<0.001), leg pulses (p=0:005),
peripheral pulses (p=0:007), and all pulses (p=0.008) than the Comparisons in the
background category. These Rancti Hands also had marginally higher risks of abnormal
femoral pulses (after deletion of a categorized current dioxin-by-personality type interaction)
and dorsalis pedis pulses. I o

The Ranch Hands in the high current dioxin category had significantly higher risks of
abnormal femoral pulses (Table 12-31: p=0.049, after deletion of categorized current dioxin-
by-personality type interaction), leg pulses (p=0.047), peripheral pulses (p=0.033), and all |
pulses (p=0.035). After deletion of interactions, the adjusted analysis also revealed a
marginally higher mean diastolic blood pressure for Ranch Harnds in the:high'current dioxin
category than'for Comparisons in the background category; this contrast became significant -
after the deletion of cholesterol and percent -body fat from the model (p=0.017). Similarly, the
Ranch Hands in the high current dioxin category had a marginally higher risk of abnormal
dorsalis pedis pulses than the Comparisons; this contrast also became significant after the . .

deletion of cholesterol from the adjusted model.(p=0.029). . - .

'The analyses-of the peripheral vascular function variables discovered ‘interactions -
between categorized current dioxin and personality type, differential cortisol response, and
family history of heart disease (Table 12-32). The stratified analyses of these interactions
failed to detect any significant dioxin effects or covariate trends. However, these interactions
may have been affected by the sparse number of abnormalities of several of the peripheral
vascular function variables. Results after the deletion of these interactions were
nonsignificant unless otherwise discussed above. B ' _
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CONCLUSION

The cardiovascular evaluation found a marginal assoclatlon between mmal dioxin and a
decrease in the incidence of reported heart disease and & significant negative association with
verified heart disease in the maximal cohort. Analyses displayed similar marglnally
significant negative associations only for Ranch Hands with eérly tours of duty in Vietnam
under the maximal assumption. In addition, the analyses of categorized current dioxin also
indicated a decreased incidence of verified heart disease for'Ranch Hands with the highest
current dioxin levels relative to the Comparisons with backgrouind levels. These Ranch
Hands also displayed an increased incidence of essential hypertenslon (after removmg
pcrcent body fat and cholcsterol from the model). - .

In general, the analyses of the central cardiac function vanables were not positively
associated with dioxin. By continuous analysm, Ranch Hands under the maximal assumption
exhibited a significant positive association between initial serum levels ‘and systolic blood
pressure when percent body fat was not considered. This finding was not significant after
adjustment for percent body fat, and in no models was initial dioxin associated mgmﬁcantly
with abnormally hlgh levels of systohc blood pressure.

The analyses of the penpheral vascular function variables dlsplayed mgmficantly higher
mean levels of diastolic blood pressure for Ranch Hands in the low and high categories than
Comparisons (without adjustment for percent body fat). Similar to the -analysis of systolic
blood pressure, the discretized analysis of diastolic blood pressure did not dlsplay a
significant association with dioxin within the low and high current dioxin categories. Ranch
Hands generally exhibited a significant or marginally significant higher risk of absent femoral,
dorsalis pedis, and posterior tibial pulses relative to the Comparisons. Due-to.the hlgh
correlation of the leg pulse variables and the composite pulse indices, itis not surpnsmg that
the leg, peripheral, and all pulse indices displayed a significant positive association with
dioxin. These pulses will be further evaluated at the 1992 physical exammatlon These
observations could represent a subclinical effect and emphas1ze the : 1mportancc of contmued
followup and evaluation in subsequent examination phases of the study.

Longltudlnal analyses of the overall ECG dlsplayed s1gn1ﬁcant negatlve assoc1at10ns
with dioxin. _ N _

In general, the development of nondiabetes-related cardiovascular disease does not
appear to be associated positively with diokin; however, there were significant associations
between dioxin and peripheral pulse deficits and-systolic blood pressure. The cardiovascular
assessment was primarily based on nondiabetics only. Additional analyses based on
diabetics only were done for myocard1al mfarctlon and leg pulses no slgmﬁcant results were
found in these analyses L _ : _ . ‘
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highly exposed employees (86% of whom had developed chloracne) with 163 who were not
exposed (12). No significant differences were found in the standard hematologic indices.

- Numerous studies have been conducted on cohorts exposed to TCDD by environmental
contamination of the soil in the Quail Run (13, 14, 15) and Times Beach (16) residential areas
of Missouri. - With one exception, no differences were found in any of the hematologic
parameters examined. In the Times Beach study, a statistically significant increase in the
mean platelet count was noted in the exposed cohort relative to the unexposed, but the
differerice (281,927/mm3 versus 249;061/mm3) was not clinically significant. A more recent
study, the first to report clinical indices in relation to tissue levels of dioxin (17), found no'
abnormalities.in-the complete blood count related to the body burden of TCDD. - -

~ More detailed summaries of thé pertinent scientific literatute for the hematologic
assessment can be found in the report of the previous analyses of the 1987 examination data

Summary of Previous Analyses of the 1987 Examination Data’, =~ ‘

- The hematologic status of the Ranch:Hand and. Comparison £Ioups was assessed by
the exarnination of eight variables: red blood cell count (RBC), white blood cell count - .-
(WBC), hemoglobin, hematocrit, MCV, MCH, mean corpuscular hemoglobin concentration ..
(MCHC), and platelet count. There were no statistically significant differences between the
two groups for RBC count, hemoglobin, hematocrit, MCV, MCH,.and MCHGC, in analyses
either unadjusted or adjusted for the covariates of age, race, occupation, current cigarette
smoking, and lifetime cigarette smoking history. For WBC count, the mean level was .
significantly greater in the Ranch Hands than in. the Comparisons. _The difference was not
statistically significant after adjustment for covariates, nor were significant differences
detected in the percentage of individuals with abnormal values, R o

~ Mean platelet counts were also significantly greater in the Ranch Hands than in the
Comparisons, as was the percentage of individuals with abnormally high values. While these
differences remained significant after adjustment for covyariates, no platelet count was above
595,000/mm3. Longitudinal analyses detected a significantly greater decrease in the mean
platelet count from Baseline to the 1987 examination in the Ranch Hands than in the

Comparisons, despite the. higher overall mean count.
Parameters of the Hematologic Assessment

Dependent V_am‘ables' . : SR o SRR
The -analysis. of the hematologic -assessment-consisted of data from the laboratory
examination only. No questionnaire or physical examination data were analyzed.. '

Laboratory Examination Data o :

Nine hematology variables measured at the laboratory examination were analyzed-—
RBC count (million/mm3), WBC count (thousand/mm?),: hemoglobin (gm/dl), hematocrit.
(percent),- MCV' (cubic micra), MCH (micromicrogram), MCHC (gm/dl), platelet.count " - -
(thousand/mm?), and prothrombin time:(seconds). These variables were ‘determined by -
routine hematologic procedures. All dependent variables were analyzed in both the discrete
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and continuous forms except for MCHC. - MCHC was analyzed only in the continuous form
since abnormal values (<31 gm/dl-or >37 gm/dl) were not found in any participants.

For the discrete analyses, RBC count, hematocrit, MCV, MCH, platelet count, and
prothrombin time were initially coded as abnormal low, normal, and abnormal high. However,
the frequencies for these variables showed a sparseness of data in the abnormal high RBC
count and hematocrit categories, and in the abnormal low MCV, MCH, and platelet count
categories. Eighteen participants (7 Ranch Hands and 11 Comparisons) had abnormally high
RBC counts and only 3 participants (2 Ranch Hands and 1 Comparison) had abnormally high
hematocrit levels. Abnormally low MCV and MCH levels were found in only 19 participants
(8 Ranch Hands and 11 Comparisons) and 9-participants (5 Ranch Hands and 4
Comparisons), respectively. Only four Ranch Hands and two Comparisons had an
abnormally low platelet count. No participants had an abnormally low prothrombin time
(<10.4 seconds). Because of these sparse frequencies, these categories were combined with
the normal categories. Thus, RBC count and hematocrit were classified as normal/high or
abnormal low, and MCV, MCH, platelet count, and prothrombin time were classified as
normal/low or abnormal high. '

The Scripps Clinic and Research Foundation (SCRF) laboratory coefficients «f variation
for these variables met or exceeded requirements due to the precision of the Cctier S Plus®
automated instrument, in conjunction with fast initial response cumulative sum quality control
techniques. The SCRF laboratory normal values varied to some extent from the Kelsey-
Seybold Clinic norms used at the Baseline examination (see page XVI-3-1, Baseline report).

The SCRF laboratory normal values for all variables, except MCHC, are given in Table 13-1.

Although MCHC was not analyzed in discrete form, an MCHC reading between 31.0 gm/dl
and 37.0 gm/dl is considered normal. An MCHC reading below 31.0 gm/dl is considered
abnormally low, and a reading above 37.0 gm/dl is considered abnormally high.

A natural logarithm transformation was applied to the WBC count and prothrombin time
data for the continuous analyses. Participants with a fever (body temperature greater than or
equal to 100°F) at the time of the examination were excluded from the analysis of all
variables except prothrombin time. Participants who were taking an anticoagulant,
(Coumadin®) or aspirin at the time of the examination or who tested positive for the human
immunosuppressant virus (HIV) were excluded from the analysis of prothrombin time.

Covariates ,

Age, race, current level of cigarette smoking (cigarettes/day), and lifetime cigarette
smoking history (pack-years) were used as candidate covariates in adjusted statistical
analyses evaluating the hematologic dependent variables. -Current alcohol use (drinks/day)
and lifetime alcohol history (drink-years) were also used as candidate covariates in adjusted
analyses of prothrombin time. For the analyses of RBC count, hematoctit, MCV, MCH,
platelet count, and prothrombin time in the discrete form, age, current cigarette smoking, and
lifetime cigarette smoking history were used in their continuous form. Current alcohol use
and lifetime alcohol history were also used in continuous form for the analyses of prothrombin
time. For the analyses of WBC count and hemoglobin in the discrete form, age and the two-
cigarette smoking covariates were used in their discrete form. In continuous analyses, age,
the two cigarette smoking variables, and the two alcohol variables (for the analyses of
prothrombin time) were used in the continuous form, o
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TABLE 13-1.

Statistical Analysis for the Hematologic Assessment

Dependent Variables N

Data  Data " Candidate Statistical
Variable (Units) Source Form Cutpoints “Covariates ‘Analvses
Red Blood Cell LAB D/C AbnormalLow: AGE,RACE, U:LR,GLM
Count (RBC) ' <4.3 ' CSMOK,PACKYR  A:LR,GLM
(million/mm3) Normal/High:
24.3 o
White Blood LAB D/C Abnormal Low: AGE,RACE, U:LL,GLM
Cell Count (WBC) ‘ <4.5 CSMOK,PACKYR  A:LL,GLM
-(thousand/mm?3) Normal: o :
' -4,5-11.0
Abnormal High:
>11.0
Hemoglobin LAB D/C Abnormal Low: AGE,RACE, - W:LL,GLM
(gm/dl) - . <139 CSMOK,PACKYR ° A:LLGLM
_ _ Normal; : '
- 13.9-18.0-
Abnormal High:
>18.0
Hematocrit LAB D/C Abnormal Low: AGE,RACE, : U:LR,GLM
(percent) ' <39.0 CSMOK,PACKYR °~ A;LR,GLM
Normal/High: . :
239.0
Mean Corpuscu- LAB D/C Normal/lLlow: AGE,RACE, U.LR,GLM
lar Volume (MCV) <97.0 CSMOK,PACKYR A:LR,GLM
(cubic micra) Abnormal High: - L:GLM
g >97.0 - - '
Mean Corpuscu- LAB D/C Normal/Low: AGE,RACE, U:LR,GLM
lar Hemoglobin ' <340 - - CSMOK,PACKYR  A:LR,GLM
(MCH) Abnormal High: - - Li'GLM
(micromicrogram) >34.0 ‘
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TABLE 13-1. (Continued)

Statistical Analysis for the Hematologic Assessment

Dependent Variables

Data  Data Candidate Statistical
Variable (Units) Source Form Cutpoints Covariates - Analyses
Mean Corpuscu-  LAB  C .- AGE,RACE, U:GLM
lar Hemoglobin CSMOK,PACKYR  A:GLM
Concentration '
(MCHCQC)
- (gm/dl)
Platelet Count LAB D/C Nommallow: AGE,RACE, U:LR,GLM
(thousand/mm3) <400 - - CSMOK,PACKYR = A:LR,GLM
Abnormal High: L:GLM
>400
Prothrombin Time LAB D/C Nommal/Low: AGE,RACE, U.LR,GLM
 (seconds) <13.2 CSMOK,PACKYR, A:LR,GLM
Abnormal High: ALC,DRKYR
>13.2 : _
: 'Covariates
. ‘Data Data
Variable (Abbreviation) Sourcg Form Cutpoints
Age (AGE) MIL D/C Born 21942
- Born <1942
Race (RACE) MIL D Black
R : : Non-Black -
Current Cigarette Smoking Q-SRv D/C. 0-Never
(CSMOK) (cigarettes/day) 0-Former
: _ >0-20
>20
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TABLE 13-1. (Continued)

Statistical Analysis for: the Hematologic Assessment

Covariates
. : Data - " Data : :

Variable (Abbreviation) Source Form ____Cautpoints
Lifetime Cigarette Smoking Q-SR D/C - L)

History (PACKYR) >0-10

(pack-years) ' >10
Current Alcohol Use Q-SR C ' --

(ALC) (drinks/day) |
Lifetime Alcohol History - Q-SR C R

(DRKYR) (drink-years) ' = ‘

Abbreviations

Data Source: LAB--1987 SCRF laboratory results
MIL--Air Force military records
Q-SR--1987 NORC questionnaire (self-reported)

Data Form: C--Continuous analysis only -
D--Discrete analysis only
D/C--Discrete and continuous analyses for dependent vanables
approprlatc form for analysis (cuhcr discrete or contmuous)
for covariates

Statistical Analyses: U--Unadjusted analyses
' A--Adjusted analyses
L--Longitudinal analyses

Statistical Methods: GLM--General linear models analysis

" LL--Log-linear models analysis
LR--Logistic regression analysis
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Relation to Baseline, 1985, and 1987 Studies

Eight of the variables analyzed in this report (RBC count, WBC count, hemoglobin,
hematocrit, MCV, MCH, MCHC, and platelet count) were also analyzéd in’the Baseline,
1985, and 1987 studies. Prothrombin tithe’ was not analyzed in the Baseline, 1985, or 1987
studies.

Statistical Methods .

Table 13-1 summarizes the statistical analyses performed for the hematologic
assessment. The first part of this table describes the dependent variables analyzed The
second part of this table provides-a further description of the candidate covariates examined.
Abbreviations are used extensively in the body of the table and are defined in footnotes.
Chapter 4, Statistical Methods, describes the basic statistical analysis methods used:in the « .
hematologic assessment. Table 13-2 provides the number of participants excluded as well as
the number of participants with missing data for platelet count, current alcohol use, and

~ lifetime alcohol history.

Appendix L-1 contains graphic displays of hematology dependent variables versus

. initial dioxin for the minimal and maximal Ranch Hand cohorts, and hematology dependent

variables versus current dioxin for Ranch Hands and Compansons Appendix L-2 presents
graphics for dioxin- by-covanate interactions determined by various statlsncal modcls A
guide to assist in interpreting the graphics is found in Chapter 4. -

Three statistical models were used to examine the association between a hematology
dependent variable and serum dioxin levels. One model related a dependent variable to each .
Ranch Hand’s initial dioxin value (extrapolated from current dioxin values using a first-order
pharmacokinetic model). A second mode] related a dependcnt variable to each Ranch Hand’s
current serum dioxin value and each Ranch Hand’s time since tour. The phrase ‘time since
tour” is often referred to as “time” in discussions of these results. Both of these models
were implemented under the minimal and maximal assumptions (i.e., Ranch Hands with
current dioxin above 10 ppt and above 5 ppt, respectively). The th1rd model compared. the
hematology dependent variable for Ranch Hands having current dioxin values ¢ategorized as
unknown, low, and high with Comparisons having background levels. The contrast of the
entire Ranch Hand group with the complete Comparison group can be found in the previous
report of analyses of the 1987 examination (18). All three models were implemented with
and without covariate adJustment Chapter 4 provxdes a more detailed discussion of the
models. :

RESULTS
Exposure Analysis
Questionnaire Variables
Red Blood Cell Count (Continuous)

Model 1: Ranch Hands - Log (Initial Dioxin)

The unadjusted analysis under the minimal assumption exhibited a nonsignificant
association between RBC count and initial dioxin (Table 13-3 [a]: p=0.442). There was,
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TABLE. 13-2.

| Number of Partncnpants Excluded and With ‘Missing.Data for the
Hematologic Assessment

Categomzed

' : . Variable (Ranch Hands Only) Ranch
Variable . Use . - Minimal Maximal ~_Hand - .Cor_nparison
Platelet Count -~ DEP .. - 1 S T |
Temperature >100°F

at physical . o

examination EXC 1 1 1 3
Takmg Ant1coagu1ant o _ S __ :

(Coumadin®) EXC 1 1 1. . 0
Taking Aspirin EXC 0 0 . . 0. 1
HIV Positive EXC 1 | 1 1 0
Cutrent Alcohol Use cov 3 5 5 0
Lifetime Alcohol History COV 6 9 9 2

DEP--Dependent vanable (mlssmg data).
EXC--Exclusion. -
COV--Covariate (missing dat.a).
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TABLE 13-3. (Continued)

Analysis of Red Blood Cell Count (million/mm3)
(Continuous)

Ranch Hands - Log) (Current Dioxin) and Time - Unadjusted

Mean/(n) X
. Time ' - Slbpe _

Assumption (Yrs.) . Low Medium __ High _(Std. Brron® ~ p-Value

e) Minimal - : - 0.710b
(n=520) <186 4975 4,999 4983  0.0110 (0.0222)  0.621¢
(R2=0.006) 72), (128) (54 .

>18.6 4.897 4.965 4955  '0.0216 (0.0182)  0.234C
~(58) . (131) (77)

f) Maximal ' : a 0.208b
(n=741) <18.6 4.891 4.963 5010 00343 (0.0153)  0.025¢
(R2=0.007) (106) (191) (83 o _

>18.6 4965 4929 4980 - 0.0086 (0.0135)  0.525¢
(79) (178) 4 -

Ranch Hands - Log) (Current Dioxin) and Time - Adjusted_ :

- Adj. Mean/(n)

. Time S - Adj.WSllope' _ ~ Covariate
Assumption (Yrs.) Low  Medium High  (Std. Error)? '_p-Vél‘ué ___ Remarks
g) Minimal "~ 0660P  AGE (p=0.078)

(n=520) <18.6 4.983 4994 4960 0.0013 (0.0228) - 0.953¢ :
R2=0.012) N (7)) (128)  (54)

>18.6 4916 4971 4949  0.0139 (0.0186) 0455
58 (131 (17 ' .

h) Maximal ‘ 0.213"""_b CURR*TIME*AGE
(n=741) <186  5.015** 5082%* 5.116**  0.0283 (0.0154)** 0.067**¢ - (p=0.038)
(R2=0.049) (106) - (191) (83) ' ' CSMOK (p=0.009)

>18.6  5.102** 5.050** 5.092** 0.0031 (0.0136)** 0.818**¢ RACE*PACKYR
(k)] (178)  (104) (p=0.039)

Slope and standard error based on red blood cell count versus logy dioxin.

bTest of significance for homogeneity of slopes (current dioxin continuous, lime categorized).
©Test of significance for slope different from 0 (current dioxin continuous, time categorizad).
**Logy (current dioxin)-by-time-by-covariate interaction {0.01<p<0.05); adjusted mean, adjusted slope, standard error,
and p-value derived from a model fitted after deletion of this interaction.
Note:  Minimal--Low: >10-14.65 ppt; Medium: >14.65-45.75 ppt; High: >45.75 ppt.
Maximal--Low: >5-9.01 ppt; Medium: >9.01-33.3 ppt; High: >33.3 ppt.
CURR: Logy (current dioxin),
TIME: Time since tour.
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TABLE 13-4.

Analysis of Red Blood Cell Counit
(llscrete)

- Ranch Hands - Log2 (Initial Dloxm) Unadjusted

Percent :

R - Initial - “Abnormal .. Est. Relative :
Assumption Dioxin n Low Risk (95% C.1)2  p-Value
a) Minimal Low 130 23 122(081,1.86) 0357

(n=520) Medium 250 . 15 o
High 131 46 | |
b) Maximal Low 185 32  113(082,1.56) 0453
(n=741) -~ Medium 370 1.6 o S
High - 186 = 32

Ranch Hands - Log) (Initial DIOXIII) AdJusted

| Adj. Relative . - Covariate
Assumption . . Risk (95% C1)@ . - .- p.-Val‘ue' - Remarks
¢) Minimal . 134(088203) . 0193 - AGE (p=0.073)
(n=520) R R S e
d) Maximal . 123(088171) - . 0234 ©  AGE (p=0.019)
(n=741) ' S : S B

8Relative risk for a twofold increase in dioxin.
Note:  Minimal--Low: 52-93 ppt; Medium: >93-292 ppt; H1gh >292 PP
. Maximal--Low: 25-56.9 ppt; Medium: >56.9-218 ppt; High: >218 ppt.

“13-14






TABLE 13-4. (Continued)

Analysis of Red Blood Cell Count
. (Discrete)

i) Ranch Hands and Comparisons by Current Dioxin Category - Unadjusted

Current Percent ‘ :

Dioxin Abnormal : Est. Relative

Category n Low ~ Contrast - - Risk (95% C.L) p-Value
Background 783 3.6 All Categories 0.725
Unknown 345 - 3.5 Unknown vs. Background 0.97 (0.49,1.93) 0.935
Low 195 21 Low vs, Background " (L56 (0.20,1.63) 0.290
High 187 3.2 High vs. Background - 0.89 (0.36,2.19) 0.806
Total 1,510 '

j) Ranch Hands and Comparisons by Current Dioxin Category - Adjusted

Current S :
Dioxin o * Adj. Relative Covariate
Category n Conlrast Risk (95% C.1) p-Value Remarks
Background 783 All Categories - = . : _ S 0.641 AGE (p<0.001)

. . ' RACE (p=0.071)
Unknown 345 Unknown vs. Background  0.99 (0.49,1.99) 0977
Low 195 .Low vs, Background . -0.57 (0.20,1.66) 0303 .. .
High 187 High vs. Background 1.26 (0.50,3.16) 0.617
Tolal 1,510
Note:  Background (Comparisons): Current Dioxin <10 ppt.

Unknown (Ranch Hands): Current Dioxin 10 ppt.
Low (Ranch Hands): 15 ppt < Current Dioxin <33.3 ppt.
High (Ranch Hends): Current Dioxin »33.3 ppt. . .







TABLE 13-5,

Analyms of White Blood Cell Count (thousand/mm3)
(Continuous)

- Ranch Hands - Logy (Initial Dioxin) - Unadjusted

Initial |  Slope

Assumption Dioxin _ n Mean? {Std. _E_rror)b - p-Value -

8) Minimal Low 130 - 6.589 0.0182 (0.0100) 0071
(n=520) Medium - 259 7.118 '
(R2=0.006) .-  High 131 6.978

b) Maximal Low s 6.496 0.0260 (0.0074) <0.001
(n=741) Medium 370 6.854 _
(R2=0016)  High o186 7.055

Ranch Hands - Logy (Initial Dioxin) - Adjusted

Initial : Adi. _Adj. Slope Covariate

Assumption Dioxin n . Mean.  (Std. Error) . p-Value . .. Remarks

¢) Minimal Low 130 Wk sikew - wkx INTT*RACE (p<0.001)

(n=520) Medium 259 ¥k RACE*PACKYR (p=0.008)
(R2=0.306) High 131 rw " ~ CSMOK*PACKYR
: : 3 (p<0 001)

d) Maximal Low 185 ok b b INIT*RACE (p-O 001) :
(n=741) Medium 370 - "RACE*PACKYR (p=0.009) :
(R2=0.309) High 186 - - - CSMOK*PACKYR '

: - (p<0.001)

8Transformed from natural logarithm scale. :
: bSlope and standard error based on natural logarithm whlte blood cell count;versus fogs dioxin.
w¥¥¥],0g9 (initial dioxin)-by-covariate interaction(p50.01); adjusted mean, adjusted slope, standard error, and p-value

not presented.
Note:  Minimal--Low:. 52-93 ppt; Medium: >93-292 ppt; High: >292 ppt.
- Maximal--Low: 25-56.9 ppt; Mechum »56.9-218 ppt; High: >218 ppt
INIT: Logs (initial dioxin), . , .
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the background category (p=0.799), the mean for the iow category was marginally higher than
the mean for the background category (p=0.072), and the mean for the high category was
significantly higher than the mean for the background category (p=0.005). - o

After the model was adjusted for covariates, the overall contrast remained significant
(Table 13-5 [j]: p=0.010). The adjusted WBC count means were 6.591, 6.536, 6.771, and
6.983 thousand/mm3 for the background, unknown, low, and high categories. The difference
between the unknown and background categories remained nonsignificant (p=0.590) and the’
mean for the high category remained significantly greater than the mean for the background
category (p=0.004). However, the difference between the low and background categories
became nonsignificant (p=0.159).. The covariates that were retained in the model were age-
by-current cigarette smoking, age-by-lifetime cigarette smoking history, race-by-lifetime
cigarette smoking history, and current cigarette smoking-by-lifetime cigarette smoking .
history. ' - o L

White Blood Cell Count (Discrete)

Model 1: Ranch Hands - Initial Dioxin (Categorized)

The overall unadjusted contrast showed no significant association between the level of
initial dioxin and the WBC count classification in both the minimal and maximal cohorts
(Table 13-6 [a] and [b]: p=0.424 and._p=0;328).- : o :

After the model was adjusted for covariates, the overall contrast remained |
nonsignificant in both cohorts (Table 13-6 [c] and [d]: p=0.467 for the minimal, p=0.295 for
the maximal). - TS e e o . e

Model 2: Ranch Hands - Current DioxIn (Categorized) and Time

In the unadjusted analysis of the minimal cohort the current dioxin-by-time since tour
interaction was not significant for the WBC count classification (Table 13-6 [e]: p=0.179).
TThe overall contrast exhibited no significant association between'the level of current dioxin
and the WBC count classification within either time stratum (p=0.330 ,fbr’ time<18.6, p=0.166
for time>18.6). However, when time was restricted to more than 18.6 years, the risk of an
abnormally high WBC count was marginally less than 1 for the high versus low contrast (Est.
RR=0.13,95% C.I.: [0.02,1.17], p=0.069). The percentages of abnormally high WBC counts
were 8.6, 5.3, and 1.3 percent for the low, medium, and high current dioxin categories within )
this time stratum, - CTe e s L - D

In the unadj'usted_analy_sis of phe.méx'itnal"pbh(‘}_r:t t _;g'duﬁ-cnt di(_)?'iin;by-time since tour
interaction was not significant for WBC count (Table 13-6 [f]: p=0.712). The overall
contrast ‘was also nonsignificant within both time strata (p=0.631 for time<18.6, p=0.320 for
time>18.6). IR s 00

After the model for the minimal cohort was adjusted for covariates, the currerit dioxin- -
by-time since tour interaction remained nonsignificant (Table 13-6'[g]: p=0.184) as did the
overall contrasts {p=0.538 for titme<18.6, p=0.172 for rime>18.6). The risk of an abnormally
high WBC count for the high versus low contrast remained marginally less than 1 for time =~

greater thari 18.6 years (Adj. RR=0.20;-95% C.L [0:03:1.18]; p=0:076). “Aftet the model for
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TABLE 13-6. (Continued)

Analysis of White Blood Cell Count
(Discrete)

Ranch Hands - Curr.ent-ll)ioxin (Ch;egor-ized) and Time - Unadj_usted

Percent/(n)
S White ' ioxi Current

- o " - Blood Cell - _ voto o -Dioxin - Est, Relative '
Assumption Time Category Low ' Medium High Contrast  Risk (95% C.L) p-Value

e) Minimal - C-by-T* T 0.179
(n=520) <186 - Abn. Low 42 47 93  Overallt - : 0.330

: Normal 944 * 898 889 Mvs.L2 118 (0.29.4.89)  0.816°

Abn, High 14 = 55 1.9 Hvs. L8 237 (0.54,1036) 0253

(72 -(128) (54) Muvs.Lb  4.13 (0.50,34.27)  0.189¢

- : “Hvs.LP 142 (0.09,2329) 0.806C

>186 - - Abn, Low 69 3.1 2.6  Overallt ' 0.166
Normal ~ 84.5. 916 961 Mvs.L28 041 (0.10,1.70)  0.218

Abn, High 86 =~ 53 1.3  Hvs L3 033 (006,1.88)  0.212¢

(58) (131) (77 Mvs.Lb 057 (0.17,1.89)  0.360¢

© Hws.Ld 013 002117)  0069°

f) Maximal - C-by-T" 0.712
(n=741) <186  Abn.Low 61 47 93  Overallt ‘ 0.631
- Normal — 89.9 898 889 . Mvs. L8  077.(0.28,2.12) 0.619¢
Abn. High 40 55 19 Hvs.L® = 155 (0.524.60) = 0433
' (198) (128) (54) Muvs.Lb 1.36.(0.483.84)  0567C -
- . Hvs Lb 047 (0.06382) 0477

>186° Abn.Low 59 31 . 26 Overalll 0.320
Normal 895 916 961. Mvs.L&8 051 (0.15,1.69)  0.269¢

Abn. High 4.6 53 13 Hvs.L® 041 (0.09,195)  0264C

(153) -(131) (7D My L 114 (039335  0.810°

. HvsLb 026 (0.032.19) 0218

8Abnormal low contrasted with normal,

b)'&bnormal high contrasted with normal. o

CTest of significance: for relative risk equal to 1 (cwrrent dioxin and time categorized),

*Test of significance of current dioxin-by-time interaction. - ) L

YOverall test of independence of current dioxin and white blood cell count within time stratum.,

Note:  Minimal--Low: >10-14.65 ppt; Medium: >14.65-45.75 ppy; High: >45.75 ppt.
Maximal--Low: >5-14.65 ppt; Medium:--->'14l6‘5'—4'5.-'15'_ppt‘;« High: MS?S pRL.
M vs. L: Medium current dioxin ‘category versus low: current dioxini category,’s "
"Hvs.L: High current dioxin category versus low outrent'dfdxin category, -~ © 1 1
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" TABLE 13.7.

| i
Analysis of Hemoglobin (gm/di) |
(Continuous) |

Ranch Hands - Logy (Initial Dioxin) - Unadjﬁéted '

. Initial Slope . .
Assumption Dioxin n Mean (Std. Error)@ p-Value
a) Minimal Low 130 115.641 0.0473 (0.0395)  0.232
(n=520) Medium 259 15.768 -
(R2=0.003) High 131 15.768
b) Maximal Low . 185 15.619 0.0500 (0.0284)  0.079
(n=741) Medium 370 15.719 - -
(R2=0.004) High 186 15.790

Ranch Hands - Logy (Initial Dioxin) - Adjusted

Initial Adj. Adj. Slope Covariate
Assumption Dioxin n___ Mean  (Std. Error)8 p-Value Remarks

¢) Minimal  Low 130 15.525 0.0387 (0.0386) . 0.316 RACE (p=0.103)
- (n=520) Medium 259 15.616 h CSMOK (p<0.001)
(R2=0.062) High 131 15.624

d) Maximal ~ Low - 185 15500 0.0426 (0.0274) 0.120 RACE (p=0.107)
(n=741)  Medium 370  15.588 o CSMOK: (p<0.001)
(R2=0.078) High 186 15657 o

8Slope and standard error based on hemoglobin versus logy dioxin.
Note: Minimal--Low: 52.93 ppt: Medium: >93-292 ppt; High: >292 ppt,
- Maximal--Low: 25-56.9 ppt; Medium: >56.9-218 ppt; High: >218 ppt.

13-28







TABLE 13-7. (Continued)

Analysis of Hemoglobin (gm/dI)
(Continuous)

i) Ranch Hands and Comparisons by Current Dioxin Ca’tegorjr - Unadjusted

Current _

Dioxin Difference of o
Category n Mean Contrast - ' Means (95% C.I.) ~ p-Value
Background 783 15.652 All Categories ' 0.323
Unknown 345 15.673 Unknown vs. Backgrbund 0.021 (-0.111,0.153) 10,755
Low 195 15.740 Low vs. Background 0.088 (-0.075,0.252) 0.291
High 187 15.796 High vs. Background 0.144 (-0.022,0.310) 0.090
Total 1,510 (R2=0.002)

J) Ranch Hands and Comparisons by Current Dioxin Category - Adjusted

Current

Dioxin Adj. Difference of Adj. Covariate

Category' n Mean Contrast _ Means (95% C.1) p-Value Remarks

Background 783 15467 ' All Categories ' 0.643  AGE (p=0.031)
RACE (p<0.001)

Unknown 345. 15451 Unknown vs, Background -0.016 (-0.142,0.110) 0.808 CSMOK. {p<0.001)

Low 195 15525  Low vs, Background . 0,058 (-0.098,0.214) 0.464

High 187  15.548 High vs. Background - 0.081 (-0.079,0.242) 0.320

Total 1,510

(R2=0.100)

Note:  Background (Comphrisons):

Unknown (Ranch Hands):

Low (Ranch Hands): 15 ppt

High (Ranch Hands): C

Current Dioxin <10 ppt, .

Current Dioxin <10 ppt.:

< Current Digxin g33.3 ppt.

urrent Dioxin >33.3 ppt.
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TABLE 13-8.

Analysis of Hemoglobin
' (Discrete)

- Ranch Hands - Initial Dioxin (Categorized) - Unadjustéd

: Percent. . Initial _

_ Initial Abn, _ Abn. Dioxin Est. Relative
‘Assumption  Dioxin n- Low Normal High - Contrast Risk (95% C.1)  p-Valye
8) Minimal Low 130 39 962 0.0 Overall? 0.703

(n=520) Medium 259 39 = 946 15 . Mvs.L2 . 1.0 (0343.00) 0983
: High 131 © 31 962 .08 . Hys L8 0.80 (0.21,3.00)  0.739
o ' 0 MovscLb . .- e

Hvs. Lb - -

b) Maximal Low 349 40 954 0.6 Overallt 0.778
(n=741) Medium 261 38 946 1.5 Myvs, La 0.96 (0.422.20)  0.928
High 131 31 %2 08 Hvs L8 0.76 (0.24,2.3d)  0.627

- M vs. Lb 270 (0.49,14.83) 0254

H vs, Lb 132 (0.12,14.73)  0.820

Ranch Hands - Init_iai Dioxin (Categorized) - Adjusted

Initial : _ .
Dioxin " Adj. Relative : : Covariate
Assumption . - Contrast - Risk (95% C.I) p-Value . . Remarks
c) Minimal OverallT - o . 0.694 -+ “CSMOK (p<0.001)
(n=520) M vs, L8 1.02 (0.35,3.02). - " 0.968 %
Hvs. L8 - 0.80,(0,22,2.98) 0.743
‘Myvs. LD e ea , L e
H vs. Lb : IR ..
d) Maximal  Overallt ' . . 089 . AGE (p=0076) , .
(n=741) Myvs, L2 0.99 (0.44,2.22) . 0983 RACE (p=0.100) .
Hyvs. L2 10.93 (0.32,2.74) -~ 0900 CSMOK (p<0.001)
Mys. LD 2,09 (0.46,9.47) 0341 .

Hvs.Lb 2.04 (0.29,14.15) 0472

8Abnormal low contrasted with: normal, :
b Abnormal high contrasted with normal, =~ - =~ ..
TOverall test of independence of initial dioxin and hemoglobin; . S :
=i Relative risk, confidence interval, and p-value not given. die to the sparse number of abnormalities. .
Notes: Minimal--Low: 52-93 ppt; Medium: >93-292 ppt; High: >202pp. 7 :
Maximal--Low: 25:93 ppt; Medititn: *$93-20% ppt; High:' 5292°ppt,
M vs. L: Medium ixitial dioxin category versus low itfitial dioxin ‘category.
H vs. L: High initial dioxin category versus low initial dioxin category.
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TABLE 13-8. (Continued)

Analysis of Hemoglobin
(Discrete)

Ranch ands - Current Dioxin (Categorized) and Time - Adjusted

Current o : :
Time Dioxin Adj, Relative Covariate
Assumption (Yrs.) .~ Contrast - Risk (95% C.l.) p-Value Remarks
g) Minimal Cby-T" 0.334  RACE (p=0.006)
(n=520) <186 Overallt. - 0446  CSMOK*PACKYR (p=0.007)
M vs. L8 S - : "
Hvs.L8 .. 091 (0.16,5.20) 0.912¢
Mys. LD -- -
Hvs.Lb - S -
- >186 Overallt 0.748
' Mvs. L8 221(0.539.17) 0274
Hvs. L8 . 1,93(0.419.14) 04106 .
M vs. Lb : -- -
H vs: Lb o -- . --
h) Maximal C-by-T" - 0043  RACE (p=0.015)
(n=741) <186 Overallt . 0.116 ~ CSMOK*PACKYR (p=0.010)
. Mvs, L2 ' - - : : ' :
‘Hvs, L2 | 0.72 (0.16,3.35) 0.679¢
M vs. Lb p - --
Hvs:Lb - .
>18.6 Overallt 0411
Mvs. L8 . © 279 (0.90,8.69) 0.076¢
Hvs. L8  223(0.61.8.14) - 0.226¢
Mvs.Lb . 1,14 (0.22,5.79) 0.877¢ .

Hvs. LD . 179 (030,10.78)  0.504¢

#Abnormal low contrasted with noimal,
PAbnormal high contrasted with normal. %
©Test of significance for relative risk equal to 1 (current dioxin and time categorized),
*Test of significance of current dioxin-by-time interaction. T
TOverall test of independence of current dioxin and hemoglobin within time stratum. . :
== Relative risk, confidence interval, .and p-value not given due to the sparse number of .abnormalities.
Notes: Minimal:-Low: >10-14.65 PPt Medium: '>14,65-45,75 ppt; High: >45.75 ppt.
T Maximal--Low: >5-14.65 ppt; Mediym:  >14.65-45.75. ppt; High: :>45.75 ppt. -

" M vs. Lt Medium current dioxin category versus: low current djoxin category,

H vs. L: High current dioxin category versus low current dioxin category;
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lifetime cigarette smoking history were the significant covariates that were retained in the
model.

Model 3: Ranch Hands and Comparisons by Current Dioxin Category

There was no significant association exhibited between the hemoglobin classifications
and the four current dioxin categories in the unadjusted analysis (Table 13-8 [i]: p=0.576).
In the adjusted analysis, the association was also nonsigniﬁcapt (Table 13-8 [j]: p=0.703).

Hematocrit (Continuous)

Model 1: Ranch Hands - Logy (Initlal Dioxin)
The association between hematocrit and initial dioxin was not significant under the

minimal assumption in the unadjusted analysis (Table 13-9 [a]; p=0.299).. However, under
the maximal assumption, the association was marginally significant (Table 13-9 [b]:
p=0.070). The positive association was exemplified by the increasing means (44.982, 45.331,

and 45.515 percent) over the low, medium, and high categories of initial dioxin.

The association in the ‘adjustcd analysis remained nonsignificant under the minimal
assumption (Table 13-9 [c]: p=0.324). Under the maximal assumption, the association

became nonsignificant after adjusting for current cigarette smoking (Table 13-9 [d]:
p=0.105). ' _

Model 2: Ranch Hands - Logy (Current Dioxiny and Time
The interaction between current dioxin and time since tour was not significant in the

unadjusted analysis of hematocrit under the minimal assumption (Table 13-9 [e]: p=0.904),
Under the maximal assumption, this interaction was marginally significant (Table 13-9 [f]:
p=0.063). For those Ranch Hands in the maximal cohort whose time since tour was less
than or equal to 18.6 years, there was a significant positive association between hematocrit
and current dioxin (p=0.018). The mean hematocrit levels were 44.697, 45.171, and 45.676
percent for the low, medium, and high levels of current dioxin. For those Ranch Hands whose

time since tour was greater than 18.6 years, the association was negative but nonsignificant
(p=0.901). _ g ,

The adjusted analysis of the minimal cohort continued to produce a nonsignificant
interaction between’ current dioxin and time since tour (Table 13-9 [gl: p=0.968). The
current dioxin-by-time since tour interaction became nonsignificant for the maximal cohort
after the model was adjusted for current cigarette smoking (Table 13-9 [h]: p=0.116).
However, the association between hematocrit and current dioxin remained Significant and
positive for time less than or equal to 18.6 years and remained nonsignificant and negative for
time greater than 18.6 years (p=0.037 for timeg18.6; p=0.989 for time>18.6).

- - Model 3: Ranch Hands and Compaﬁsans by Cum_vm__thxIn: Category
~ The overall contrast of the four current dioxin catégories exhibited no significant

association between hematocrit and current dioxin in the unadjusted analysis (Table 13-9 [j):
p=0.428). B ' S

13-36










