
TABLE 12·32. 

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

Variable Assumption 

Modell: Ranch Hands· Log2 (Initial Dioxin) 

Reported!V erified Essential 
Hypertension 

Reported Heart Disease (Excluding 
Essential Hypertension) 

Verified Heart Disease (Excluding 
Essential Hypertension) 

Systolic Blood Pressure (Continuous) 
Systolic Blood Pressure (Continuous) 
Systolic Blood Pressure (Discrete) 
ECG: Arrhythmia 
Diastolic Blood Pressure (Continuous) 
Femoral Pulses 
Femoral Pulses 
Dorsalis Pedis Pulses 
Leg Pulses 
Peripheral and All Pulses 

Maximal 

Minimal 

Minimal 
Minimal 
Maximal 
Minimal 
Minimal 
Maximal 
Minimal 
Maximal 
Minimal 
Minimal 
Minimal 

Covariate 

DIFCORT 

RACE 

RACE 
AGE,PACKYR 
PACKYR 
PERS 
PERS 
PERS 
PERS 
PERS 
DIFCORT 
AGE 
AGE 

Model 2: Ranch Hands· Log2 (Current Dioxin) and Time 

Systolic Blood Pressure (Continuous) 
Systolic Blood Pressure (Continuous) 
Systolic Blood Pressure (Discrete) 
Systolic Blood Pressure (Discrete) 
Heart Sounds 
Heart Sounds 
ECG: Nonspecific ST- and T-Wave Changes 
ECG: Arrhythmia 
Femoral Pulses 
Popliteal Pulses 
Popliteal Pulses 
Leg Pulses 
Peripheral and All Pulses 
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Minimal 
Maximal 
Minimal 
Maximal 
Minimal 
Maximal 
Maximal 
Maximal 
Maximal 
Minimal 
Maximal 
Minimal 
Minimal 

HRTDIS 
AGE 
PERS 
PERS 
HRTDIS,PACKYR 
HRTDIS,PACKYR 
AGE 
DIFCORT 
%BFA T,DIFCORT 
HRTDIS 
PACKYR 
PACKYR 
PACKYR 



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 

ReportedN erified Essential 
Hypertension 

ReportedNerified Myocardial 
Infarction 

Systolic Blood Pressure (Continuous) 
Systolic Blood Pressure (Discrete) 
ECG: Bradycardia 
Diastolic Blood Pressure (Continuous) 
Funduscopic Examination 
Femoral Pulses 

AGE 

DIFCORT 
AGE 
AGE,DIFCORT 
RACE 
PERS,HRTDIS 
DIFCORT 
PERS 



! 
I 
I 
I , 

Modell: Ranch Hands· Log2 (Initial Dioxin) 
Under the minimal assumption, the unadjusted .and adjusted analyses of the 

questionnaire variables did not display any significant 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.OO7 and p=0.006, respectively) and a 
marginally significant positive association for reported/verified essential hypertension. Under 
the maxiJDal 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=O~044). In addition, the adjusted 
maximal analysis of reported/verified essential hypertension detected a significant 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· LOl2 (Current Dioxin) and Time 
The unadjusted minimal analyses o(the questionnaire variables did not reveal any 

significant results; however, the associations of current dioxin with he!lrt 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 unadjusted anaiyses of both reported and verified heart disease 
detected marginally significant negative 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 analyses 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' 
analysis of reported/verified myocardial infarction detected a marginally significant positive 
association with current dioxin . 

. In addition, after removing percent body fat from the maximal analysis of 
reported/verified essential hypertensiO!1, the positive association with current dioxin became 
significant for Ranch Hands with later tours (Table 12-30: p=0.023). 

Model3: Ranch Hands and Comparisons by Current Dioxin Category 
The unadjusted analysis of the questionnaire variables detected significant differences 

among the. four cllrrent dioxin categories fONeported/verified essential hypertension (Table 
12-31: . p=0.043) andl'eported and verified heart disease excluding essential hypertension 
(p=0.003 . and p=0.OO2») The Ranch Haods in the unknown category had asigniflcantly higher 
reported incidence of heart disease (p=0;047) and !I marginally higher verified incidence of 



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 Comparisons in the background category (p=O.OlO and p=O.OO7, 
respectively). In addition, in the unadjusted analysis of reported/verified myocardial 
infarction, the overall contrast of the four current dioxin categories was marginally significant. 

After adjusting for covariate information, the overall contrast of thefour current dioxin 
categories remained significant for reported and verified heart disease (Table 12-31: p=O.024 
and p=O.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 categoryhlldonly a 
marginally lower risk of reported heart disease and a significantly lower risk of verified heart 
disease (p=O.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 significant difference among the four current dioxin 
categories. The contrast of the Ranch Hl,Ulds in the high category versus the' ,Comparisons in 
the background category became marginally significant. However, after excluding percent 
body fat and the categorized current dioxin-by-age interaction from themOliel; the 
simultaneous contrast of the incidence of essential hypertension of the four current dioxin 
categories was significant (Table 12-31: p=O.OO2). Also, the Ranch Hands in the high 
current dioxin category had a significantly higher risk of essential hypertension than the 
Comparisons in the background category (p=O.OO5). . 

Physical Examination: Central Cardiac Function Variables, 
Variables analyzed in the evaluation of the central cardiac function included systolic 

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 ~omparisons and one Ranch Hand. 
diagnosed with LBBB; thus, rell\tive 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. 

Modell: Ranch Hands - Log2 (Initial Dioxin) 
In the unadjusted initial dioxin analysesofthe central cardiac function variables, only 

one variable displayed a marginally significant association with initial dioxin under either 
assumption. The unadjusted analysis of bradycardia detected a marginally significant 
negative association with initial dioxin under the maximal assumption .. 

After adjusting for covariate information, the maximal analysis of bradycardia 
remained margitilally significant. Also. the adjusted analyses found significant initial dioxin­
by-covariate interactions for systolic blood pressure (both continuous and discrete) and 
arrhythmia (Table 12-32). The stratified analysis of the interactions for systolic 'blood 
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pressure in its continuous form did' ~otexhibit a, significant positive association with initial 
dioxin. The results of the minimal and maximal analyses ofsystolic 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 positive association between systolic blood pressure and initial dioxin 
(Table 12-29: p=0.049). 

For discretized systolic 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 personalities. In contrast, for type B Ranch Hands, there 
was a nonsignificant positive association with initial dioxin. ' After the deletion of this 
interaction, the results were nonsignificant. 

An interaction between initial dioxin and personality type was significant for the minimal 
analysis of arrhythmia. There was a signifitantpositive 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 arrhythmia 
detected a marginally significant positive association with initial dioxin. 

The longitudinal analyses of the minimal and maximal cohorts detected significant 
negative associations between the percentage of Ranch Handshavillg an' abnormal EeG 
reading at the 1987 examination and initial dioxin (p=0.014 and p=0.041, respectively). 

Model2: Ranch Hands· Log2 (Curtent Dioxin) and Time' 
The association between current dioxin and the central cardiac function variables did not 

differ significantly between time since tour strata for mOst unadjusted analyses. Un<ier the 
minimal assumptioq, the current dioxin-by-time iniera~tion, WllS not significant for any , 
analyses. However; in the unadjusted aMlysis of Rancij Hands with eady tours, the variable 
of other EeG diagnoses was, negativelyassociated'witji,curient dioxin (1'able 12-30: 
p=0.048). Under the maximal assumptiori" the current dioxin-by~tiri1e 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 
othei' EeG diagnoses detected ·sigIiificarlt interactions between current dioxin and'time " 
(p=0.032 and p=0.040, respectively). These analyses revealed a marginally significant' 
positive association between current' ciioxin and arrhythmia for Ranch Hands with later tours 
and a significant !legative associatiblibetween the overall BeG findings and current dioxin for 
Ranch Hands withearlytol:lrs (p'=O.Oll). ' ' 

, " 

The adjusted analysis of the minimal cohort was similar to the corresponding unadjusted 
analysis. There were no significant current dioxin-by-time since tour interactions for the 
minimal c,ohort, butforRanch Hands with 18;6' years"or less since the,ir tour, thetewasa 
marginally signifioantpositive aSBociationbetween;currertt dioxin andthe overall BeG 
diagnoses and asignificanf positiveassbciationbetWeencqrrent dioxin and arrhythmia 
(Table 12-30:" p"O.017);, '.'" "",':' ,I" ' ",.' " 



For the adjusted analyses under the maximal assumption, the current dioxin-by-time 
since tour interaction was marginally significant 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: 
marginally 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=O.034). There was a positive . 
association between arrhythmia and current dioxin (p=0.OI8) 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 neart disease. All 
results, except those mentione<;i above for arrhythmia, were nonsignificant after the deletion 
of the interactions from the adjusted models. ' 

The longitudinal analysis of the 1987 ECG conditioned on participants 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 ne~ative associlltions 
between current dioxin and the overall ECGreadingJor RanchHands with more than 18.6 
years since tour (p=O.013 and p=;0.025, respectively). .. 

Model3: Ranch Hands and Comparisons by Current Dioxin Category 
The unadjusted and adjusted analyses of the central cardiac function. variables and 

categorized current dioxin generally were not significant. In the unadjusted analysis, other 
ECG diagnoses was the only variable with a significant overallcontrasfof the four current 
dioxin categories (Table 12-31: p=O.024). Also, the Ral1chHands in the high current dioxin 
category had a significantly lower risk of other abnormal ECG diagnoses than the 
Comparisons in the background category (p=O.007). All other unadjusted results were 
nonsignificant. 

In the adjusted analyses of the central cardiac function variables, the overall contrasts of 
the four current dioxin categories were not significant e"cept for systolic blood pressure in its 
continuous form after the deletion of a categorized cUl'\'ent dioxin-py-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 systolic 
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=O.019). 

111 the adjusted analyses, the Ranch Hands in the unknown current dioxin category had a 
marginally.lower risk of abnormal overall ECG diagnoses than the Comparisons in the 
background category. Also, the Ranch Hands in the high C),lrrentdioxin 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 EeG 
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diagnoses than the Comparisons in the background category (Table 12-31: p=O.036). In 
contrast, the Ranch Hands in the high current dioxin category had a marginally higher risk of 
arrhythmia than the Comparisons lnthe background category: 

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. 

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=O.094). 

Physical Examination: Peripheral Vascular Function.Variables 
The peripheral vascular function was asses.sed during the cardiovascular examination by 

the diastolic blood pressure; funduscopic examinatiop·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 'pt\lses (radial andJegpulses), and all pulses (peripheral 
and carotid pulses). Each of the.se indices was considered normal if !!ell 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. . 

Modell: Ranch Hands-Logl(lnitial,Dioxin) "H -

In the unadjusted' analyses· of,the 'peripheral vascular function v.ariables, there were no 
significartt results under the minimal assumption. However,theti1axinial unadjusted 
analyses detected marginally signiificantpcisitive"associatiOn witht:urrent dioxihfor dorsalis 
pedis, leg, peripheral, and aU pulses> These marginal associations became significant after 
adjustment for covariate information (Table 12-29: p=O.041, p=O.021, and p=O.025, 
respectively). Similarly, under the maximal assumption, the adjusted analysis displayed a 
marginally significant positive association . between initial dioxin;, and posterior tibial pulses, 
which became nonsignificant afterthe deletion of percent body fatJrom the model. 

The adjusted maximal analysis displayed a significant interaction between initial dioxin 
and personality 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 slgnificantpositive, association for type B Ranch Hands (Table 12-
29: ,'p=O.015). The adjusted analyses (minimal and maximal) offemoralpulses' also 
displayed significant interaations between initial dioxin and personality type; however, these 
interactionS'may' have been. affected by . the -sparse' number 'of R!!ench, Hands with absent 
femoral pulses. The int~aetions betweell) <initial, dioxin and age in the minimal adjusted", 
!!enalyses. of leg, Il)cripheral\,and all pulses dispiliyed 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 initial dioxin-by-covariate interactions from the adjusted models, 
the results were nonsignificant. 

Model2: Ranch Hands - Log2 (Current Dioxin) and Time 
In the minimal and the maximal unadjusted analyses of the peripheral vascular function 

variables, the associations with current dioxin did not differ significantly between the time 
since tour strata. In general, the relative risks were lower 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=O.o.48). 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 illdices. However, 
after deletion of percent body fat from the adjusted maximal model, the assooiation between 
current dioxin and abnormal posterior tibial pulses was no longer marginally significant. 

The adjusted maximal analysis of femotal pulses revealed significant interactions 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 negative association for heavy smokers 
with earlier tours. After deletion. of these interactions, the analyses were generally 
nonsignificant. 

Mode13: Ranch Hands and Comparisons by Current Dioxin Category 
The unadjusted analyses of categorized current dioxin' and the periphera.l vascular 

function variables generally were nonsignificant. The only variables with significant overall 
contrasts of the four current dioxin categories were. diastolic blood pressure ill its ,continuous 
form (Table 12-31: p=o..o.17), posterior tibial pulses (p<o..OOl) and thele.g pulses,illdex 
(marginal significance). The contrasts of the Ranch Hands in the unknowneurrent dioxin 
category and. in the high category (except for diastolic blood pressure in its continuous form) 
versus the Comparisons in the backgtound category were all nonsignificant hut generaUY'ina 
positive direction. However, Ranch Hands. in the low current dioxin category had a ;, 
significantly higher mean diastolic blooo pressure (p=O,028) and higher risks of abnormal 
dorsalis pedis pulses (marginal signifieance), posterior tibial pulses'(p=O.Oo.3), leg pulses 
(p=o..o.lO), peripheral puls.es(p=o.o.16), and all ,pulses :(p",O.o.I9) than the Comparisons In the 
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background category. Ranch Hands in the high c!ltegory 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<O.OOl), leg 
pulses (p=O.020), peripheral pulses (p=O.017), and all pulses (p=O.021). Also, after deletion 
of categorized current dioxin, personality type, and family history of )leart 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=O.OO2). Similarly, the deletion of cholesterol 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=O.032 after deletion of interactions) and 
significantly higher risks of abnormal posterior tibial pulses (p<O.OOI), leg pulses (p=O.OO5), 
peripheral pulses (p=O;OO7), and all pulses (p=O.OO8) than the Comparisons in the 
background category. These Ranch 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. 

The Ranch Hands in the high current dioxin category h~~ sigllifical1tly hlgher risks of 
abnormal femoral pulSeS (Table 12-31: p=O.049, after deletion of categonze4 current dioxin­
by-personality type interaction), leg pulses (p=O;047), peripheral pulses (p';'O.033), and all 
pulses (p=O.035). After deletion of interactions, the adjusted analysis also revealed a 
marginally higher mean diastolic blood.pressute for R.anchHands 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=O.OI7). 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 cholestefolfrom the adjl)sted model. (p=O.029). 

The analyses ·oftheperipheral 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. ResuJ.ts after the deletion of these interactions were 
nonsignificant unless otherwise discussed above. 
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CONCLUSION 
The cardiovascular evaluation found a marginal' association between initial dioxin and a 

decrease in the incidence of reported heart disease and a signif1cant negative association with 
verified heart disease in the maximal cohort. Analyses displayed similar marginally 
significant negative associations only for Ranch Hands with'etttly 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 background levels. These Ranch 
Hands also displayed an increased incidence of essential hypertension (after removing 
percent body fat and cholesterol from the model). 

In general, the analyses of the centr,al cardiac function variabl~~ ~ere not positively 
associated with dioxin. By continuous analysis, 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 significantly 
with abnormally high levels of systolic blood pressure. 

The analyses of the peripheral vascular function variables displayedsignificimtly 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 lJ,l1alysis of systolic 
blood pressure, the discretized analysis of diastolic blood Pl,'essure did not display 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. pue to the high 
correlation of the leg pulse variables and the composite pulse indices, it, is not surprising 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 examination. These 
observations could represent a subclinical effect and emphasize the '~mpbrtance, of continued 
followup and evaluation in subsequent examination phases of the study.' ' 

Longitudinal analyses of the overall ECG displayed significant negative associations 
with dioxin. 

In general, the development of nondiabetes-related cardiovascular disease does not 
appear to be associated positively with dioxirt;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 myocardial, infarction and leg pulses; no significant results were 
found in these analyses. 
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··CHAPTER 12 
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CHAPTER 13 

HEMATOLOGIC ASSESSMENT 

INTRODUCTION 

Background 
Experiments in laboratory animals have demonstrated that 2,3,7,8-tetrachlorodibenzo­

p-dioxin (TCDD) is directly toxic to the hematopoietic system in several species. In one 
study, TCDD administered in low doses to monkeys resulted in elevated neutrophil counts 
while higher doses were associated with Iympho- and thrombocytopenia (1). A decrease in 
overall cellularity and an increase in the myeloid-erythroid ratio were noted in approximately 
half of the sternal bone marrow samples examined at the conclusion of the experiment. 

Other animal studies have shown that the toxic effects of TCDD on the hematopoietic 
system vary depending on the dose employed and the species examined. In many reports it 
is difficult to distinguish primary effects from those occurring secondary to systemic toxicity. 
In one rat study using gavage doses of TCDD varying from 0.001 to 1.0 ~g/kg, depressed red 
blood cell counts and packed cell volumes were noted in the high-dose group (2). In another 
rat experiment, elevated erythrocyte, reticulocyte, and neutrophil counts were noted with 
reduction in mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), platelet 
counts, and clot retraction times--effects the authors felt could be attributed to systemic 
toxicity with terminal dehydration (3). In another multi species study, mice and guinea pigs 
were found to have dose-dependent reductions in leukocytes with relative lymphocytopenia 
within 1 week of TCDD administration while thrombocytopenia and hemoconcentration were 
found in rats (4). 

More recent animal research relevant to the hematopoietic system has focused on the 
altered cellular differentiation associated with TCDD toxicity. In mice, progenitor cells were 
suppressed following exposure to TCDD in doses as low as 1.0 ~g/kg of body weight and in 
vitro studies demonstrated that myelotoxicity occurs by a direct inhibition of proliferating 
stem cells (5). A subsequent study from the same laboratory demonstrated a direct effect of 
TCDD on cultured lymphocytes resulting in a selective inhibition of B-cell differentiation into 
antibody-secretive cells (6). In these and other studies (7), the authors cite evidence for the 
role of the aryl hydroxylase (Ah) receptor in mediating these myelo- and lymphotoxic effects. 

In general, human observational studies have shown fewer and less consistent 
hematologic findings than the structured animal experiments. A case report of 2,4-D 
intoxication with marked neurological findings described transient bone marrow depression 
with peripheral leukopenia and granulocytopenia (8). In two industrial accidents involving 
significant contamination with TCDD associated with chloracne, temporary depression of 
peripheral leukocyte and lymphocyte formation was observed (9, 10). 

Several contemporary human morbidity studies have included routine, complete blood 
counts in examination protocols (11, 12). A clinical epidemiologic study was conducted 30 
years after the Nitro, West Virginia, trichlorophenol explosion. The study compared 204 
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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 are.as 
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 
difference (281,927/mm3 versus 249,061/mm3) was not clinically significant. Amorerecent 
study,thefirst to report clinical indices in relation to tissue levels of dioxin (17), found no' 
abnortnalities· in· the complete blood count related to the body· bl:U'den of TCDD. 

More detailed summaries of the pertinent scientific literatute .for. th,~hematologic ' 
assessment can be found in thereport of the preVious analyses or the 1987' examlnation data 
(18). ' 

Summary of Previous Analyses of the 1987 Exami.nation Data' 
The hematologic ,status of the Ranch Hand and. C(mipariso~ .gJ;oups was assessed by 

the examination of eight variables: red ,blood cell count.(RBc),~lli~blood cell count , ,. 
(WBC),hemoglobin, hematocrit, MCV, MCH, mean corpu!lCulaf'l),emqglRbin concentration. 
(MCHC), and platelet ~ount. There were no statistically signjfic,anf differences between the 
two groups for RBc::: count, he111oglobin, hematocrit, MCV, MCH"an4 M(1fC, in analyses 
either unadjusted or adjusted for the covariates of age, race, oqcup,<\tion,c~ent cigarette 
smoking, and lifetime cigarette srpoking history. For me c0,unt!~he mean level was 
significantlygrearer in. the Ranch Hands tl),an in the Comparisons. The difference was not 
statistically significant after adjustment for covariates, nor were significant differences 
detected in the percentage of individuals with abnortnal values. ' ' 

Mean platelet counts were also, significantly greater in the RanchHands than in the 
Comparisons, as was. the percentage of individuals withabnortnally' high. values. While these 
differences remained significant after adjustment for covarilltes, no platelet count was above, 
595,OOO/~3 .. 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 ovenill mean count. 

Parameters of the Hematologic Assessment 

Dependent Variables 
The 'analysis of the hematologicassessment'consisted of data from the laboratory 

examination only. No questionnaire or physical examination data were analyzed. 

Laboratory Examination Data 
Nine hematology variables measured at the laboratory examination were analyzed­

RBC count.(million/mm3). WBCcount (thousand/nun3), hemoglobin (gm/dl), hemafocrit 
(pereertt)IMCV (cubic micra), MCH (micromiCl'ogram). MCHC ;(gm/dl), platelet count 
(thous'and/mm3), and prothrombin' time· ~seconds); ,These variables weredetertnined 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 
normalllow or abnormal high. 

The Scripps Clinic and Research Foundation (SCRF) laboratory coefficients \of variation 
for these variables met or exceeded requirements due to the precision of the C':"lter 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 oftne 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 examiriation 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 lJ,lso used as candidate covariates in adjusted 
analyses of prothrombin time, For the analyses of RBC count, hematocrit, 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. 



TABLE 13·1. 

Statistical Analysis for the Hematologic Assessment 

Dependent Variables 

Data Data Candidate Statistical 
Variable Wnits) Source Form Cutpoints Covariates Anal~'ses 

Red Blood Cell LAB D/C Abnormal Low: AGE,RACE, U:LR,GLM 
Count (RBC) <4.3 CSMOK,PACKYR A:LR,GLM 
(million/mm3) Normal/High: 

~4.3 

White Blood LAB D/C Abnormal Low: AGE,RACE, U:LL,GLM 
Cell Count (WBC) <4.5 CSMOK,PACKYR A:LL,GLM 
(thousand/mm3) Normal: 

4.5-11.0 
Abnormal High: 

>11.0 

Hemoglobin LAB D/C Abnormal Low: AGE,RACE, U:LL,GLM 
(gm/dl) <13.9 CSMOK,PACKYR A:LL,GLM 

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: 
~39.0 

Mean Corpuscu- LAB D/C Norma1!Low: AGE,RACE, U:LR,GLM 
lar Volume (MCV) ::>97.0 CSMOK,PACKYR A:LR,GLM 
(cubic micra) Abnormal High: L:GLM 

>97.0 

Mean Corpuscu- LAB D/C Norma1!Low: AGE,RACE, U:LR,GLM 
1ar Hemoglobin ::>34.0 CSMOK,PACKYR A:LR,GLM 
(MCH) Abnormal High: L: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 
(MCHC) 
(gm/dl) 

Platelet Count LAB D/C Normal!Low: AGE,RACE, U:LR,GLM 
( thousandlmm3) ::>400 CSMOK,PACKYR A:LR,GLM 

Abnormal High: L:GLM 
>400 

Prothrombin Time LAB D/C Normal/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) Source Form Cutpoints 

Age (AGE) Mil.. D/C Born ~1942 
Born <1942 

Race (RACE) Mil.. D Black 
Non-Black 

Current Cigarette Smoking Q-SR D/C O-Never 
(CSMOK) (cigarettes/day) O-former 

>0-20 
>20 
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TABLE 13·1. (Continued) 

Statistical Analysis for the Hematologic Assessment 

Covariates 

Data 
Variable (Abbreviation) Source 

Lifetime Cigarette Smoking Q-SR 
History (PACKYR) 
(pack-years) 

Current Alcohol Use Q-SR 
(ALC) (drinks/day) 

Lifetime Alcohol History Q-SR 
(DRKYR) (drink-years) 

Abbreviations 

Data Source: LAB--1987 SCRF laboratory results 
MlL--Air Force military records 

Data 
Form 

D/C 

C 

C 

Q-SR--1987 NORC questionnaire (self-reported) 

Data Form: C--Continuous analysis only 
D--Discrete analysis only 

Cutpoints 

,0 
>0-10 
>10 

D/C--Discrete and continuous analyses for dependent variables; 
appropriate form for analysis (either discrete or continuous) 
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 



Relation to Baseline, 1985, and 1987 Studies· 
Eight of the variable:s analyzed. in. this rep.on (RBC count, WBC ~ount, hemoglobin, 

hematocrit, MCV, MCH, MCHC, and'l'l~teletcount) were also linalyzedin'the Baseline, 
1985, and 1987 studies. Prothrombin time was nbt analyzed in the Baseline, 1985, or 1987 
studies. 

Statistical Methods· 
Table 13-1 summarizes the: statistical analyses performed for the hematologic 

assessment. The first pan of this' ;table describes the dependent variables analyzed. The 
second pan of this table provides a funher 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 panicipants excluded as well as 
the number of panicipants with missing data for platelet count, current alcohol use,and 
lifetime alcohol history. 

Appendix L-l contains graphic displays of hematology dependent variables versus 
initial dioxin for the minimal and maximal Ranch Hand cohons, and hematology dependent 
variables versus current dioxin for Ranch Hands and Comparisons. Appendix L-2 'presents 
graphics for dioxin-by-covariate interactions determined by various statistical models. 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 eac.h 
Ranch Hand's initial dioxin value (extrapolated from current dioxin values using a first-order 
pharmacokinetic model). A second model related a dependent 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 assumptipn~ (i.e., R,anch tIands with 
current dioxin above 10 ppt and above 5 ppt, respectively). The third model cOmpared the 
hematology dependent variable for Ranch Hands having current dioxin values categorized 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 
repon of analyses of the 1987 examination (18). All three models were implemented with 
and without covariate adjustment. Chapter 4 provides a more detailed discussion of the . 
models. 

RESULTS 

Exposure Analysis 

Questionnaire Variables 

Red Blood Cell Count (Continuous) 

Modell: Ranch Hands· Log2 (Initial Dioxin) 

The unadjusted analysis under the minimal assumption exhibited a nonsignificant 
association between RBC count and initial dioxin (Table 13-3 [a]: p=O.442). There was, 



TABLE 13·2. 

Number of Participants Excluded and With. Missing,Data f(lr the 
Hematologic Assessment 

Categorized 
Assulllllli!:m C:UmiU :Qi!l3in 

Variable (Ranch Hands Only) Ranch 
Variable Use Minimal Maximal Hand Comparison 

Platelet Count DEP 1 1 0 0 

Temperature ;:::100"P 
at physical 
examination EXC 1 1 1 3 

Taking Anticoagulant 
(Coumadin®) EXC 1 1 1 0 

Taking Aspirin EXC 0 0 0 1 

HIV Positive EXC 1 1 1 0 

Current Ah;ohol Use COV 3 5 5 0 

Lifetime Alcohol History COV 6 9 9 2 

DEP •• Dependent variable (missing data). 
EXC··Exclusion. 
COY ··Covariate (missing data). 
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Assumption 

a) Minimal 
(n=520) 
(R2=0.001) 

b) Maximal 
(n=741) 
(R2=0.005) 

Assumption 

c) Minimal 
(n=520) 
(R2=0.01O) 

d) Maximal 
(n=741) 
(R2=0.039) 

TABLE 13-3_ 

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

Ranch Hands - Log2 (Initial Dioxin) - Unadjusted 

Initial Slope 
Dioxin n Mean (Std. Error)a 

Low 130 4.935 0.0105 (0.0136) 
Medium 259 4.990 
High 131 4.955 

Low 185 4.908 0.0194 (0.0098) 
Medium 370 4.963 
High 186 4.976 

Ranch Hands - Log2 (Initial Dioxin) - Adjusted 

Initial Adj. Adj. Slope Covariate 
Dioxin n Mean (Std. Error)a p-Value Remarks 

p-Value 

0.442 

0.048 

Low 130 4.946 0.0034 (0.0140) 0.808 AGE (p=0.035) 
Medium 259 4.992 
High 131 4.942 

Low 185 5.002 0.0162 (0.0099) 0.103 AGE (p=0.052) 
Medium 370 5.050 RACE*CSMOK 
High 186 5.057 (p=O.030) 

aSlope and standard error based on red blood cell count versus 10&2 dioxin. 
Note: MjojmaluLow: 52·93 ppt; Medium: >93·292 ppt; High: >292 ppt. 

MaximaluLow: 25-56.9 ppt; Medium: >56.9·218 ppt; High: >218 ppt. 
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AssumEtion 

e) Minimal 
(n=520) 
(R2=0.006) 

f) Maximal 
(n=74I) 
(R2=0.007) 

AssumEtion 

TABLE 13·3. (Continued) 

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

Ranch Hands· Log2 (Current Dioxin) and TilDe· Unadjusted 

Mean/(n) 
Cuo:~nl Oioxin 

Time Slope 

~Yrs·l Low Medium High ~Std. Errorla 

S18.6 4.975 4.999 4.983 0.0110 (0.0222) 
(72) (128) (54) 

>18.6 4.897 4.965 4.955 . 0.0216 (0.0182) 
(58) (131) (77) 

S18.6 4.891 4.963 5.010 0:0343 (0.0153) 
(106) (191) (83) 

>18.6 4.965 4.929 4.980 0.0086 (0.0135) 
(79) (178) (104) 

Ranch Hands· Log2 (Current Dioxin) and Time· Adjusted 

Adj. Mean/(n) 
Cumnt lliexin 

Time Adj. Slope 
~Yrs·l Low Medium High ~Std .• Error)a E-Value 

E-Value 

0.710b 

0.621c 

0.234c 

0.208b 

O.025c 

0.525c 

Covariate 
Remarks 

g) Minimal 0.660b AGE (p=0.078) 
(n=520) S18.6 4.983 4.994 4.960 0.0013 (0.0228) 0.953c 
(R2=0.012) (72) (128) (54) 

>18.6 4.916 4.971 4.949 0.0139 (0.0186) 0.455c 
(58) (131) (77) 

h) Maximal 0.213--b 

(n=741) s18.6 5.015-- 5.082** 5.116** . 0.0283 (0.0154)*· 0.067··c 
(R2=0.049) (106) (191) (83) 

>18.6 5.102-- 5.050-- 5.092·- 0.0031 (0.0136)·· 0.818-·c 
(79) (178) (104) 

aSlope and standard error based on red blood cell count versus 1082 dioxin. 

brrest of significance for homogeneity of slopes (current dioxin continuous, time categorized), 
eTest of significance for slope different from 0 (current dioxin continuous, time categorized). 

CURR-TIME-AGE 
(p=O.038) 

CSMOK (p=0.009) 
RACE*PACKYR 

(p=0.039) 

-·Log2 (current dioxin)-by-time-by-covariate interaction (0.01<ps.0.05): adjusted mean, adjusted slope, standard error, 
and p-value derived from a model fitted after deletion of this interaction. 

Note: Minimal--Lew: >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: Leg2 (current dioxin). 
TIME: Time since tour. 
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TABLE 13-3. (Continued) 

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

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

Current 
Dioxin 
Category n Mean 

Background 783 4.960 

Contrast 

All Categories 

Difference of 
Means (95% c.l.) p- Value 

0.147 

Unknown 345 4.918 Unknown vs. Background -0.041 (-0.089,0.006) 0.088 
Low 195 4.959 Low vs. Background -0.001 (-0.060,0.058) 0.983 
High 187 4.993 High vs. Background 0.033 (-0.026,0.093) 0.274 

Total 1,510 (R2=0.004) 

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

Current 
Dioxin Adj . Difference of Adj. 
Cate&o!}: n Mean Contrast Means (95% C.I.) 

Background 783 5.031 All Categories 

Unknown 345 4.994 Unknown vs. Background -0.036 (-0.083.0.010) 
Low 195 5.025 Low vs. Background -0.006 (-0.063.0.052) 
High 187 5.038 High vs. Background 0.007 (-0.052,0.066) 

Total 1,510 (R2=0.050) 

Note: Background (Comparisons): Current Dioxin $10 ppt. 
Unknown (Ranch Hands): Current Dioxin S10 ppt. 
Low (Ranch Hands): 15 ppt < Current Dioxin $33.3 ppt. 
High (Ranch Hands): Current Dioxin >33.3 ppt. 
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Covariate 
p-Value Remarks 

0.440 AGE (p<0.001 ) 
RACE (p<0.001 ) 

0.128 CSMOK (p<0.001 ) 
0.842 PACKYR 
0.816 (p=0.066) 



however, a significant positive association under the maximal assumption (Table 13-3 [b]: 
p=O.048). The means were 4.908, 4.963, and 4.976 million/rum3 for the low, medium, and high 
categories of initial dioxin. 

After the model was adjusted for age, the association between RBC count and initial 
dioxin remained nonsignificant under the minimal assumption (Table 13-3 [c] : p=0.808). 
Under the maximal assumption, the association became nonsignificant when the model was 
adjusted for age and the race-by-current cigarette smoking interaction (Table 13-3 [d]: 
p=O.103). 

Model2: Ranch Hands - Log2 (Current Dioxin) and Time 

The current dioxin-by-time since tour interaction was not significant in the unadjusted 
analyses of RBC count under the minimal and maximal assumptions (Table 13-3 [e] and [f] : 
p=0.71O and p=0.208). There was a significant positive association between RBC count and 
current dioxin for those Ranch Hands in the maximal cohort whose time since tour did not 
exceed 18.6 years (Table 13-3 [f]: p=0.025). The means, which were 4.891, 4.963, and 5.010 
million/rum3, increased over the low, medium, and high levels of current dioxin. 

In the adjusted minimal analysis the current dioxin-by-time interaction remained 
nonsignificant (Table 13-3 [g]: p=O.660). In the maximal analysis, there was a significant 
interaction among current dioxin, time, and age (Table 13-3 [h] : p=0.038). To study this 
interaction, age was divided into two strata: Ranch Hands who were born in or after 1942 
and Ranch Hands who were born before 1942. In the stratum containing the younger Ranch 
Hands, the current dioxin-by-time interaction was not significant (Appendix Table L-l : 
p=0.605). However, there was a marginally significant positive association between RBC 
count and current dioxin when time since tour was less than or equal to 18.6 years (p=0.063). 
The adjusted means for the low, medium, and high current dioxin levels were 5.018, 5.103, 
and 5.179 million/rum3. There was also a significant positive association when time since 
tour was greater than 18.6 years (p=0.018). The adjusted means in this stratum were 5.116, 
5.041, and 5.218 million/rum3. 

In the stratum containing the older Ranch Hands, the current dioxin-by-time interaction 
was significant (p=O.035). For time less than or equal to 18.6 years, the association was 
positive, but nonsignificant (p=O.299). For time greater than 18.6 years, there was a 
significant negative association (p=0.033). The means within this time stratum were 5.102, 
5.060, and 4.969 million/mm3 for the low, medium, and high levels of current dioxin. 

After the current dioxin-by-time-by-age interaction was removed from the model in the 
maximal analysis, there was a nonsignificant interaction between current dioxin and time 
since tour (Table 13-3 [h]: p=O.213). For those Ranch Hands whose time since tour did not 
exceed 18.6 years, however, there was a marginally significant positive association between 
RBC count and current dioxin (p=O.067). The covariates that were retained in this model 
were age, current cigarette smoking, and the interaction between race and lifetime cigarette 
smoking history. 
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Model3: Ranch Hands and Comparisons by Current Dioxin Category 
The overall contrast of the four current dioxin categories was not significant in the 

unadjusted analysis of RBC count (Table 13-3 [i]: p~.147). However, the mean RBC colint 
for the unknown current dioxin category was marginally lower than the corresponding mean of 
the background category (p=O.088). The means for the background, unknown, low, and high 
categories were 4.960, 4.918, 4.959, and 4.993 million/mm3• 

When the RBC count was adjusted for covariates, the overall contrast remained 
nonsignificant (Table 13-3 [j]: p=O.440) and the difference between the unknown and 
background categories became nonsignificant (p~.l28). The covariates that were retained in 
the model were age, race, current cigarette smoking, and lifetime cigarette smoking history. 

Red Blood Cell Count (Discrete) 

Modell: Ranch Hands - Log2 (lnitiol Dioxin) 

There was no significant association between abnormally low RBC count and initial 
dioxin for either the minimal or the maximal assumption in unadjusted analyses (Table 13-4 
[a] and [b]: p=O.357 and p=O.453, respectively). After adjusting for covariates, the 
association remained nonsignificant under both assumptions (Table 13-4 [c] and [d]: 
p=0.193 and p=0.234, respectively). 

Model2: Ranch Hands - Log2 (Current Dioxin) and Time 

Under the minimal assumption there was a marginally significant interaction between 
current dioxin and time since tour in the unadjusted analyses of abnormally low RBC counts 
(Table 13-4 [e]: p=0.066). For time less than or equal to 18.6 years, the risk of an 
abnormally low RBC count was less than I (Adj. RR=O.29, p=O.232). For time greater than 
18.6 years, the risk was greater than I (Adj. RR=1.32, p=0.229). However, neither risk was 
significant. Under the maximal assumption the current dioxin-by-time since tour interaction 
was also significant (Table 13-4 [f]: p=O.012). For time less than or equal to 18.6 years, the 
risk of an abnormally low RBC count was 0.47 but was nonsignificant (p=O.llO). For time 
greater than 18.6 years, the risk was 1.42 and was marginally significant (p=O.062). Within 
this time stratum, the percentages of abnormal low RBC counts in the low, medium, and high 
current dioxin categories were 1.3, 2.3, and 5.8 percent. 

No covariates were retained in the minimal adjusted analysis, thus the results remained 
unchanged. In the maximal analysis, the current dioxin-by-time interaction remained 
significant after age was retained in the model (Table 13-4 [h]: p=O.Oll). The risk of an 
abnormally low RBC count remained nonsignificant for time less than or equal to 18.6 years 
(Adj. RR=O.50, p=0.159) and became significant for time greater than 18.6 years (Adj. 
RR=1.58, p~.018). 

Model3: Ranch Hands and Comparisons by Current Dioxin Category 

Both the unadjusted and the adjusted analyses showed no significant differences in the 
percentage of abnormally low RBC counts among the four current dioxin categories (Table 
13-4 [i] and [j]: p=0.725 for the unadjusted analysis; p=O.641 for the adjusted analysis). 
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Assumption 

a) Minimal 
(n=520) 

b) Maximal 
(n=741) 

Assumption 

TABLE 13·4. 

Analysis of Red Blood Cell Count 
(Discrete) 

Ranch Hands • Log2 (InitiaLDioxin)· Unadjusted 

Percent 
Initial Abnormal Est. Relative 
Dioxin n Low Risk (95% C.I.)a 

Low 130 2.3 1.22 (0.81,1.86) 
Medium 259 1.5 
High 131 4.6 

Low 185 3.2 1.13 (0.82,1.56) 
Medium 370 1.6 
High 186 3.2 

Ranch Hands· Log2 (Initial Dioxin). Adjustird 

Adj. Relative 
Risk (95% C.l.)a p·Value 

p. Value 

0.357 

0.453 

Covariate 
Remarks 

c) Minimal 1.34(0.88,2.03) 0.193 AGE (p=0.073) 
(n=520) 

d) Maximal 1.23 (0.88,1.71) 0.234 AGE (p=0.019) 
(n=741) 

aRelative risk for a twofold increase in dioxin. 
Note: Mjnjma1--Low: 52-93 ppl: Medium: >93-292 ppl: High: >292 ppl. 

Maxjma1--Low: 25-56.9 ppI:MOdium: >56.9-218 ppl: High: >218 ppl. 
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Assumption 

e) Minimal 
(n=520) 

f) Maximal 
(n=741) 

TABLE 13-4. (Continued) 

Analysis of Red Blood Cell Count 
(Discrete) 

Ranch Hands - Log2 (Current Dioxin) and Time - Unadjusted 

Percent Abnormal Low/(n) 
CllITl,;nt DiQxin 

Time Est. Relative 
(Yrs.) Low Medium High Risk (95% C.I.)a 

$.18.6 1.4 1.6 0.0 0.29 (0.04,2.22) 
(72) (128) (54) 

>18.6 3.5 2.3 6.5 1.32 (0.84,2.06) 
(58) (131) (77) 

$.18.6 3.8 1.6 0.0 0.47 (0.19,1.19) 
(106) (191) (83) 

>18.6 1.3 2.3 5.8 1.42 (0.98,2.06) 
(79) (178) (104) 

Ranch Hands - Log2 (Current Dioxin) and Time - Adjusted 

p-Value 

0.066b 

0.232c 

0.229C 

O.012b 
O.11OC 

0.062c 

Time Adj. Relative Covariate 
Assumption (Yrs.) Risk (95% C.I.)a p-Value Remarks 

g) Minimal 0.066b 

(n=520) $.18.6 0.29 (0.04,2.22) 0.232c 

>18.6 1.32 (0.84,2.06) 0.229C 

h) Maximal O.OU b AGE (p=0.022) 
(n=741) $.18.6 0.50 (0.19,1.32) 0.159c 

>18.6 1.58 (1.08,2.31) 0.018c 

8Relative risk for a twofold increase in dioxin. 
h-rest of significance for homogeneity of relative risks (current dioxin continuous, time categorized). 
CTest of significance for relative risk equal to 1 (current dioxin continuous, time categorized). 
Note: MinimalnLow: >\0·14.65 ppt; Medium: >14.6545.75 ppt; High: >45.75 ppt. 

MaximalnLow: >5-9.01 ppt; Medium: >9.01·33.3 ppt; High: >33.3 ppt. 
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TABLE 13-4. (Continued) 

Analysis of Red Blood Cell Count 
(Discrete) 

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

Current Percent 
Dioxin Abnonnal Est. Relative 
Category n Low Contrast Risk (95% C.I.) 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 2.1 Low vs.Background 0.56 (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 
Dioxin 
Category 

Background 

Unknown 
Low 
High 

Total 

n 

783 

345 
195 
187 

1,510 

Adj. Relative 
Contrast Risk (95% C.I.) 

All Categories 

Unknown vs. Background 0.99 (0.49,1.99) 
. Low vs. Background ·0.57 (0.20,1.66) 
High vs. Background 1.26 (0.50,3.16) 

Note: Background (Comparisons): CUlTont Dioxin SIO ppt. 
Unknown (Ranch Hands): Current Dioxin SIO ppt. 
Low (Ranch Hands): 15 ppt < Current Dioxin :;.33'.3 ppt. 
High (Ranch Hands): Current Dioxin >33.3 ppt. 

Covariate 
p-Value Remarks 

0.641 AGE (p<O.OOI) 
RACE (p=O.071) 

0.977 
0.303 
0.617 



White Blood Cell Count (Continuous) 

Modell: Ranch Hands - Log2 (Initial Dioxin) 

A positive association between WBe count and initial dioxin was marginally significant 
under the minimal assumption in the unadjusted analysis (Table 13-5 [a]: p=0.071). The 
means for tbe low, medium, and high levels of initial dioxin were 6.589, 7.118, and 6.978 
thousand/mm3. Under the maximal assumption, tbe association was significantly positive 
(Table 13-5 [b]: p<O.OOI) with means equal to 6.496, 6.854, and 7.055 thousandlmm3 for the 
low, medium, and high initial dioxin levels. 

When tbe model under the minimal assumption was adjusted for covariates, a 
significant interaction between initial dioxin and race was present (Table 13-5 [c]: p<O.OOI). 
Race was tben divided into two strata: Black and non-Black. In the Black stratum, there 
was a significant positive association between WBe count and initial dioxin (Appendix Table 
L-l: slope=O.1756, p<O.OOI). The adjusted mean WBe counts were 5.373, 7.346, and 8.016 
thousand/mm3 for the low, medium, and high levels of initial dioxin. In tbe non-Black stratum, 
the association was not significant (slope=O.OO88, p=O.308). The significant interaction was 
due to the fact tbat the Black stratum had a steeper slope than the non-Black stratum. 

Under the maximal assumption tbere was also a significant interaction between initial 
dioxin and race in the adjusted model (Table 13-5 [d]: p=O.OOI). There was a significant 
positive association between WBe count and initial dioxin in both strata (Appendix Table 
L-l: Black: slope=0.1495, p<O.OOI; non-Black: slope=O.0190, p=0.OO3). The significant 
interaction was due to the fact that the slope in the Black stratum was steeper than the slope 
in the non-Black stratum. The adjusted means in the Black stratum increased from 5.138 
thousandlmm3 to 6.476 thousandlmm3 and to 8.230 thousandlmm3 over the low, medium, and 
high initial dioxin levels, whereas the adjusted means in the non-Black stratum only 
increased from 6.615 thousandlmm3 to 6.886 tbousandlmm3 and to 7.045 thousandlmm3. 

Model2: Ranch Hands - Log2 (Current Dioxin) and Time 

The interaction between current dioxin and time since tour was not significant in the 
unadjusted analysis of the minimal cohort for WBe count (Table 13-5 [e]: p=0.479). 
However, there was a marginally significant positive association between WBe count and 
current dioxin for tbose Ranch Hands whose time since tour exceeded 18.6 years (p=O.090). 
The mean WBe counts in this time stratum increased over the current dioxin levels (low: 
6.913 tbousandlmm3; medium: 6.961 thousandlmm3; high: 7.244 thousandlmm3). 

Under the maximal assumption tbe current dioxin-by-time since tour interaction was 
not significant (Table 13-5 [f]: p=0.712). There was, however, a marginally significant 
positive association between WBe count and current dioxin when time since tour was less 
than or equal to 18.6 years (p=0.059). The means were 6.355, 6.874, and 6.897 
thousandlmm3 for tbe low, medium, and high initial dioxin levels. There was also a significant 
positive association when time was greater than 18.6 years (p=0.OO7). The mean WBe 
counts in tbis time stratum were 6.549, 6.826, and 7.311 tbousandlmm3. 

When tbe model for the minimal cohort was adjusted for significant covariates, there 
was a significant interaction among current dioxin, time, and age (Table 13-5 [g]: p=0.021). 

13-17 



Assumption 

a) Minimal 
(n=520) 
(R2=0.006) 

b) Maximal 
(n=741) 
(R2=0.016) 

Assumption 

c) Minimal 
(n=520) 
(R2=0.306) 

d) Maximal 
(n=741) 
(R2=0.309) 

TABLE 13·5. 

Analysis of White Blood Cell Count (thousandlmm3) 
(Continuous) 

Ranch Hands· Log2 (Initial Dioxin). Unadjusted 

Initial Slope 
Dioxin n Meana (Std. Error)b p-Yalue 

Low 130 6.589 0.0182 (0.0100) 0.071 
Medium 259 7.118 
High 131 6.978 

Low 185 6.496 0.0260 (0.0074) <0.001 
Medium 370 6.854 
High 186 7.055 

Ranch Hands· Log2 (Initial Dioxin) . Adjusted 

Initial Adj. Adj. Slope .Covariate 
Dioxin n Mean. ~Std. Error) p-Yalue Remarks 

Low 130 * ••• ** •• **** INIT·RACE (p<0.001) 
Medium 259 **** RACE·PACKYR (p=0.008) 
High 131 ** •• CSMOK·PACKYR 

(p<0.001) 

Low 185 **** **** * ••• INIT·RACE (p=0.001) 
Medium 370 **** RACE·PACKYR .(P=0.009) 
High 186 **** CSMOK·PACKYR 

(p<0.001) 

aTransformed from natural logarithm scale. 
bSlope and standard error based on natural logarithm white blood cell count,versUs log2 dioxin. 
····Log2 (initial dioxin)-by-covariate interactiort·(pSO.OI); adjusted mean. adjusted slope. standard error. and p-value 

not presented. 
Note: Mjnjmal .. Low: 52-93 ppt; Medium: >93-292 ppt; High: >292 ppl. 

Maxjmal-_Low: 25-56.9 ppt; Mediutn: >56.9-218 ppt; High: >218 ppt. 
lNlT: Log2(initial dioxin). 

13-18 



TABLE 13-5. (Continued) 

Analysis of White Blood Cell Count (thousandlmm3) 
(Continuous) 

Ranch Hands - Log2 (Current Dioxin) and Time - Unadjusted 

Meana/(n) 
Curn.mt DiQ~in 

Time Slope 
Assumption (Yrs.) Low Medium High (Std. Error)b p-Value 

e) Minimal 0.479" 
(n;520) 518.6 6.428 7.173 6.735 0.0077 (0.0163) 0.636d 

(R2;0.008) (72) (128) (54) 
>18.6 6.913 6.961 7.244 0.0227 (0.0134) 0.090d 

(58) (131) (77) 

f) Maximal 0.712c 
(n;741) 518.6 6.355 6.874 6.897 0.0219 (0.0115) 0.059d 

(R2;0.017) (106) (191) (83) 
>18.6 6.549 6.826 7.311 0.0275 (0.0102) 0.007d 

(79) (178) (104) 

Ranch Hands - Log2 (Current Dioxin) and Time - Adjusted 

Adj. Meana/(n) 
Curr~nl DiQxin 

Time Adj. Slope 
Assumption (Yrs.) Low Medium Hillh (Std. Error)b p-Value 

g) Minimal 0.193"c 

(n;520) 518.6 6.520 7.061 6.657 -0.0013 (0.0144)-- 0.929 .. d 

(R2;0.300) (72) (128) (54) 
>18.6 6.892 6.850 7.260 0.0222 (0.0117)·· 0.059··d 

(58) (131) (77) 

h) Maximal O.l97··c 

(n;741) 518.6 6.333 6.758 6.665 0.0135 (0.0098)·· 0.169··d 

(R2;0.312) (106) (191) (83) 
>18.6 6.314 6.624 7.180 0.0303 (0.0087)·· <O.OOI··d 

(79) (178) (104) 

8Transformed from natural logarithm scale. 
bSlope and standard error based on natural logarithm while blood cell count versus log2 dioxin. 

corest of significance for homogeneity of slopes (current dioxin continuous, time categorized). 
dTest of significance for slope equal to 0 (current dioxin continuous, time categorized). 

Covariate 
Remarks 

CURR-T1ME-AGE 
(p;0.021) 

RACE*PACKYR 
(p;0.004) 

CSMOK·PACKYR 
(p<O.OOI) 

CURR·TIME·RACE 
(p;0.050) 

RACE*PACKYR 
(p;0.012) 

CSMOK·PACKYR 
(p<O.OOI) 

··Log2 (current dioxin)·by·time.by-covariate interaction (O.Ol<p.sO.05); adjusted mean, adjusted slope, standard error, 
and p-value derived from a model fitted after deletion of this interaction. 

Note: MinimalnLow: >\0-14.65 ppt; Medium: >14.65-45.75 ppt; High: >45.75 ppl. 
MaximalnLow: >5-9.01 ppt; Medium: >9.01-33.3 ppt; High: >33.3 ppl. 
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TABLE 13-5. (Continued) 

Analysis of White Blood Cell Count (thousandlmm3) 
(Continuous) 

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

Current 
Dioxin Difference of 
Category n Mean" Contrast Means (95% C.I.)e p-Valuef 

Background 783 6.668 All Categories 0.017 

Unknown 345 6.700 Unknown vs. Background 0.032 0.799 
Low 195 6.950 Low vs. Background 0.282 -- 0.072 
High 187 7.124 High vs. Background 0.456 0.005 

Total 1,510 (R2=0.OO7) 

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

Current 
Dioxin Adj. Difference of Adj. Covariate 
Category n Mean" Contrast Means (95% C.I.)e E-Valuef Remarks 

Background 783 6.591 All Categories 0.010 AGE*CSMOK (p=0.048) 
AGE*PACKYR 

(p=0.006) 
Unknown 345 6.536 Unknown vs. Background -0.055 0.590 RACE*PACKYR 
Low 195 6.771 Low vs. Background 0.180 0.159 (p=0.022) 
High 187 6.983 High vs. Background 0.392 0.004 CSMOK*PACKYR 

(p<0.001) 
Total 1,510 (R2=0.312) 

aTransformed from natural logarithm scale. 

eOifference of means after transformation to original scale; confidence interval on difference of means not given 
because analysis was performed on natural logarithm scale. 

fP.value is based on difference of means on natural logarithm scalc. 
Note: Background (Comparisons): Current Dioxin S;IO ppl. 

Unknown (Ranch Hands): Current Dioxin $10 ppl. 
Low (Ranch Hands): 15 ppt < Current Dioxin $33.3 ppl. 
High (Ranch Hands): Current Dioxin >33.3 ppl. 
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Age was then divided into two strata, one containing Ranch Hands born in or after 1942, the 
other containing Ranch Hands born before 1942. In the stratum containing the younger Ranch 
Hands, the current dioxin-by-time interaction was significant (Appendix Table L-l: 
p=0.025). There was a nonsignificant negative association between WBC count and current 
dioxin for time less than or equal to 18.6 years (p=0.662) and a significant positive 
association for time greater than 18.6 years (p=0.006). The adjusted means in the early tour 
stratum (time>18.6 years) were 6.846, 6.771, and 7.543 thousandlmm3 for the low, medium, 
and high levels of current dioxin. 

In the stratum containing the older Ranch Hands, the current dioxin-by-time interaction 
was not significant (p=0.528). However, in contrast to the pattern found in the younger age 
stratum, the association between current dioxin and WBC count was greater in the later tour 
stratum (time ~18.6 years) than it was in the earlier tour stratum (time> 18.6 years). After 
the current dioxin-by-time-by-age interaction was removed from the model, the current 
dioxin-by-time interaction remained nonsignificant (p=0.193). The positive association 
between WBC count and current dioxin for time greater than 18.6 years remained marginally 
significant (p=O.059). 

When the model for the maximal cohort was adjusted for significant covariates, there 
was a significant interaction between current dioxin, time, and race (Table 13-5 [h]: 
p=0.050). To study this interaction race was divided into two strata: Black and non-Black. 
Within the Black stratum, the current dioxin-by-time since tour interaction was marginally 
significant (Appendix Table L-l: p=O.080). For time less than or equal to 18.6 years, there 
was a significant positive association between WBC count and current dioxin (p=0.004). The 
adjusted means were 5.150, 6.180, and 8.070 thousandlmm3 for the low, medium, and high 
current dioxin levels. For time greater than 18.6 years, the association was not significant 
(p=0.333). 

Within the non-Black stratum, the current dioxin-by-time since tour interaction was not 
significant (p=O.117). In contrast to the Black stratum, the association was not significant for 
time less than or equal to 18.6 years (p=0.356), and was significant for time greater than 18.6 
years (p<O.OOI). For time greater than 18.6 years, the adjusted means were 6.442, 6.819, 
and 7.333 thousand/mm3 for the low, medium, and high levels of current dioxin. 

After the interaction was removed from the model, the remaining covariates in the 
adjusted model were the interaction between race and lifetime cigarette smoking history and 
the interaction between current cigarette smoking and lifetime cigarette smoking history. The 
current dioxin-by-time since tour interaction remained nonsignificant in this adjusted model 
(p=0.197). The positive association between WBC count and current dioxin remained 
significant for time greater than 18.6 years (p<O.OOI), but became nonsignificant for time less 
than or equal to 18.6 years (p=0.169). 

Model3: Ranch Hands and Comparisons by Current Dioxin Category 
The unadjusted analysis showed a significant difference in WBC count among the four 

current dioxin categories (Table 13-5 [i] : p=O.017). The means for the background, 
unknown, low, and high categories were 6.668, 6.700, 6.950, and 7.124 thousandlmm3. The 
mean WBC count for the unknown category was not significantly different from the mean for 
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the background category (p=0.799), the mean for the low 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=O.OO5). 

After the model was adjusted for covariates, the overall contrast remained significant 
(Table 13-5 £j]: p=O.OlO). 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=O.590) and the 
mean for the high category remained significantly greater than the mean for the background 
category (p=0.OO4). 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-lifeqme cigarette smoking history, race-by~lifetime 
cigarette smoking history, and current cigarette smoking-by-lifetimecigarette smoking 
history. 

White Blood Cell Count (Discrete) 

Modell: 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=O.328). 

After the model was adjusted for covariates, the overall contrast remained 
nonsignificant in both cohorts (Table 13-6 [c] and [dl: p=0.467 for the miriimal, p=O.295 for 
the maximal). 

Model2: 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). 
The overall contrast ,ellhibited no significant association between the level of'current dioxin 
and the WBC count classification within either time stratum (p=0,330 for'time!>18.6,p=O.166 
for time>18.6). However, when time was restri¢ted 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=O.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. ' 

In the, unadjusted analysis of the maximal ,cohort th~ current dioxin-by-time since tour ' 
interaction was not significant for WBC count (Tab)eI3"6 CfJ: p=0.712). ,The overall 
contrast was also nonsignificant within both time strata (p=O.631 for time!>18.6, p=0.320 for 
time> 18 .6). ' 

After the model for the minimal cohort was adjusted for cQvllriate~, the currerit diollin­
by-time since torir intera:ction remained IlOnsignifibant (Table 13;-()'[g]:p';'O.184),as: djd the 
overall contrasts (pi:::0.538 for tirtle!>18.6" Il=O; 172 for time> 18;~) .• , TheriSkof,lII1abnorinally , 
high WBC cOUnt for the high versusil)w cOrltra:stremained rriargittally less man 1 fOr. thne '. 
greatet tharl 18.6 yearS (AdJ.RR=Q;20;95%C.r.: [(j~03:1.18];· p=Q:01oj:'Aft~r\:he mOdel for 



TABLE 13-6. 

Analysis of White Blood Cell Count 
(Discrete) 

Ranch Hands - Initial Dioxin (Categorized) - Unadjusted 

f~n,~nL Initial 
Initial Abn. Abn. Dioxin Est. Relative 

Assumption Dioxin n Low Normal High Contrast Risk (95% C.I.) p-Value 

a) Minimal Low 130 5.4 90.0 4.6 Overal1t 0.424 
(n=520) Medium 259 3.9 90.7 5.4 M vs. La 0.71 (0.26,1.92) 0.500 

High 131 5.3 93.1 1.5 H vs. La 0.96 (0.33,2.81) 0.938 
M vs. Lb 1.16 (0.44,3.10) 0.766 
H vs. Lb 0.32 (0.06,1.61) 0.167 

b) Maximal Low 349 6.0 89.7 4.3 Overal1t 0.328 
(n=741) Medium 261 3.8 90.8 5.4 M vs. La 0.63 (0.29,1.36) 0.239 

High 131 5.3 93.1 1.5 H vs. La 0.85 (0.35,2.06) 0.727 
M vs. Lb 1.23 (0.58,2.60) 0.584 
H vs. Lb 0.34 (0.08,1.52) 0.158 

Ranch Hands - Initial Dioxin (Categorized) - Adjusted 

Initial 
Dioxin 

Assumption Contrast 

c) Minimal Overaut 
(n=520) M vs. La 

H vs. La 
M vs. Lb 
H vs. Lb 

d) Maximal Overal1t 

(n=741) M vs. La 
H vs. La 
M vs. Lb 
H vs. Lb 

aAbnonnal1ow contrasted with normal. 
b Abnormal high cont:rasted with normal. 

Adj. Relati ve 
Risk (95% C.I .) p-Value 

0.467 
0.76 (0.28,2.04) 0.588 
0.97 (0.33,2.89) 0.957 
0.70 (0.26,1.94) 0.497 
0.29 (0.06,1.28) 0.101 

0.295 
0.64 (0.29,1.40) 0.264 
0.97 (0.40,2.33) 0.941 
0.87 (0.40,1.88) 0.725 
0.31 (0.08,1.26) 0.101 

t Overall test of independence of initial dioxin and white blood cell count. 
Note: Minim.I--Low: 52-93 ppt; Medium: >93-292 ppt; High: >292 ppt. 

Maximal--Low: 25-93 ppt; Medium: >93-292 ppt; High: >292 ppt. 
M VS. L: Medium initial dioxin category versus low initial dioxin category. 
H VS. L: High initial dioxin category versus low initial dioxin category. 
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Covariate 
Remarks 

AGE (p=0.057) 
RACE (p=0.002) 
CSMOK (p<O.OOI) 

RACE (p<O.OOI) 
CSMOK (p<O.OOI) 



TABLE 13·6. (Continued) 

Analysis of White Blood Cell Count 
(Discrete) 

Ranch Hands· Current Dioxin (Categorized) and Time· Unadjusted 

Percent/(n) 
White CUWDl Iliox'in Current 

Blood Cell Dioxin Est. Relative 
Assumption Time Category Low' Medium High Contrast Risk (95% C.l.) 

e) Minimal C-by-T * 
(n=520) :;;18.6 Abn. Low 4.2 4.7 9.3 Overallt 

Normal 94,.4 89.8 88.9 Mvs. La 1.18 (0.29.4.89) 
Abn. High 1.4 5.5 1.9 H vs. La 2.37 (0.54.10.36) 

(72) (128) (54) M vs. Lb 4.13 (0.50.34.27) 
Hvs. Lb 1.42 (0.09.23.29) 

>18.6 Abn. Low 6.9 3.1 2.6 Overallt 
Normal 84.5 , 91.6 96.1 M vs. La 0.41 (0.10.1.70) 
Abn. High 8.6 5.3 1.3 H vs. La 0.33 (0.06.1.88) 

(58) (131) (77) M vs. Lb 0.57 (0,17.1.89) 
Hvs,Lb 0.13 (0.02.1.17) 

f) Maximal * C-by-T 
(n=741) :;;18.6 Abn. Low 6.1 4.7 9.3 Overallt 

Normal 89.9 89.8 88.9 M vs. La 0.77 (0.28.2.12) 
Abn. High 4.0 5.5 1.9 H vs. La 1.55 (0.52.4.60) 

(198) (128) (54) M vs. Lb 1.36(0.48.3.84) 
H,vs. Lb 0.47 (0.06.3.82) 

>18.6 Abn. Low 5.9 3.1 2.6 Overallt 
Normal 89.5 91.6 96:1. M vs. La 0.51 (0.15.1.69) 
Abn. High 4.6 5.3 1.3 H vs. La 0.41 (0.09.1.95) 

(153) . (131) (77) M vs. Lb 1.14 (0.39.3.35) 
H vs. Lb 0.26 (0.03.2.19) 

a Abnormal low contrasted with normal. 
b Abnormal high contrasted with normal. 
CTest of significance for relative risk equal -to 1 (curreiu dioxin and time categorized). 
·Test of significance of current dioxin-by-time interaction. 
tOverall test of independence of current dioxin and white blood cell count withintirite strallln). 
Note: Minima!--Low: >10-14.65 ppt; Medium: >14.65-45,75 ppt; High: >4~)S ppl. .. 

Maxima!--Low: >5-14,65 ppt; Medium: >14:65-45.75 ppt; Hfgh: >45:1Sppt. 
M vs. L: Medium current dioxin 'category versUs low current'dioxin category. , I,' . 

. H vs. L: High current dioxin categ!itY"\lersus low oUIre'nfc!f,lxin category. ,," 
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p-Value 

0.179 
0.330 
0.816c 

0.253c 

0.189c 

0.806c 

0.166 
0.218c 

0.212c 
O.360c 

0.069c 

0.712 
0.631 
0.619c 

. 0.433c 

0.567c 

O.477c 

0.320 
0.269C 
O.264c 

0.81Oc 

0.218c 



TABLE 13-6. (Continued) 

Analysis of White Blood Cell Count 
(Discrete) 

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

Current 
Time Dioxin 

Assumption (Yrs.) Contrast 

g) Minimal C-by-T • 
(n=S20) S18.6 Overallt 

M vs. La 
H vs. La 
M vs. Lb 
H vs. Lb 

>18.6 Overallt 
M vs. La 
H vs. La 
M vs. Lb 
H vs. Lb 

h) Maximal C-by-T • 
(n=741) S18.6 Overallt 

M vs. La 
H vs. La 
M vs. Lb 
H vs. Lb 

>18.6 Overallt 
M vs. La 
H vs. La 
M vs. Lb 
H vs. Lb 

aAbnonnal low conO'asled with normal. 

b Abnormal high contrasted with normal. 

Adj. Relative 
Risk (9S% C.I.) p-Yalue 

0.184 
0.S38 

1.16 (0.30,4.47) 0.83OC 
2.36 (0.S6,9.9S) O.24lc 
2.04 (0.36,11.60) 0.421c 

1.1S (0.13,10.48) 0.9OQC 

0.172 
0.36 (0.09,1.43) 0.14~ 
0.31 (0.06,1.54) O.ISlc 
0.41 (0.12,1.36) 0.14Sc 
0.20 (0.03,1.18) 0.076c 

0.S29 
0.676 

0.84 (0.31,2.31) 0.737c 

2.09 (0.70,6.20) O.I84c 

0.97 (0.34,2.77) 0.954c 

0.43 (0.07,2.7S) 0.37Sc 

0.427 
0.46 (0.14,I.S2) O.20lc 
0.42 (0.IO,1.8S) O.25lc 
0.92 (0.31,2.71) 0.88OC 
0.34 (0.05,2.19) 0.259c 

cTesl of significance for relative risk equal to 1 (current dioxin and time categorized). 
·Overall test of significance of current dioxin-by-time interaction. 
tOverall test of independence of current dioxin and white blood cell count within lime stratum. 
Note: MjnjmaluLow: >10-14.65 ppt; Medium: >14.65-45.75 ppt; High: >45.75 ppl. 

MaximaluLow: >5-14.65 ppt; Medium: >14.65-45.75 ppt; High: >45.75 ppl. 
M Ys. L: Medium current dioxin category versus low current dioxin category. 
H vs. L: High current dioxin category versus low current dioxin category. 
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Covariate 
Remarks 

AGE (p=0.099) 
RACE (p<O.OOI) 
CSMOK (p<O.OOI) 

RACE (p<O.OOI) 
CSMOK (p<O.OOI) 



-w 
N 
'" 

Current 
Dioxin 
Category n 

Background 783 

Unknown 345 
Low 195 
High 187 

Total 1,510 

Curreill 
Dioxin 
Category n 

Background 783 

Unknown 345 
Low 195 
High 187 

Total 1,510 

TABLE 13-6_ (Continued) 

Analysis of White Blood Cell Count 
(Discrete) 

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

Abnormal Low 
~~['~nt v~[Sus NQ[mal 

Abnormal High 
versys Normal 

Abn. Abn. Est. Relative Est. Relative 
Low 

7.8 

6.7 
4.1 
4.8 

Normal High Contrast Risk (95% C.I.) p-Value Risk (95% C.I.) 

86.3 5.9 

87.8 5.5 Unknown vs. Background 0.84 (0.51,1.38) 0.496 0.92 (0.53,1.60) 
91.3 4.6 Low vs. Background 0.50 (0.23,1.06) 0.071 0.74 (0.36,1.55) 
92.0 3.2 High vs. Background 0.58 (0.28,1.19) 0.137 0.51 (0.22,1.22) 

All categories: p=0.285 

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

Contrast 

Abnormal Low 
versus Normal 

Adj. Relative 
Risk (95% C.I.) p-Value 

Abnormal High 
versus Normal 

Adj. Relative 
Risk (95% c.1.) p-Value 

p-Value 

0.771 
0.429 
0.132 

Covariate 
Remarks 

RACE (p<O.OOI) 
CSMOK (p<O.OOI) 

Unknown vs. Background 
Low vs. Background 
High vs. Background 

0.93 (0.56,1.54) 
0.58 (0.27,1.22) 
0.63 (0.31,1.30) 

0.780 
0.151 
0.214 

0.84 (0.48,1.50) 
0.62 (0.29,1.30) 
0.44 (0.19,1.05) 

All categories: p=0.215 

0.577 
0.206 
0.063 

Note: Background (Comparisons): Current Dioxin 510 ppt. 
Unknown (Ranch Hands): Current Dioxin 510 ppt. 
Low (Ranch Hands): 15 ppt < Current Dioxin 533.3 ppt. 
High (Ranch Hands): Current Dioxin >33.3 ppt. 



the maximal cohort was adjusted, the current dioxin-by-time since tour interaction also 
remained nonsignificant (Table 13-6 [h) : p=O.529) as did the overall contrasts (p=0.676 for 
time$18.6, p=O.427 for time>18.6). 

Model3: Ranch Hands and Comparisons by Current Dioxin Category 

The overall contrast in the unadjusted model showed no significant association between 
the four current dioxin categories and the WBC count classifications (Table 13-6 [i): 
p=0.285). However, the risk of an abnormally low WBC count was marginally less than I for 
the low versus background contrast (Est. RR=0.50, 95% c.1.: [0.23,1.06), p=O.071). In the 
background, unknown, low, and high current dioxin categories, 7.8, 6.7, 4.1, and 4.8 percent of 
the participants had an abnormally low WBC count. 

After adjusting the model for race and current cigarette smoking, the overall contrast 
remained nonsignificant (Table 13-6 U): p=O.215). However, the risk of an abnormally low 
WBC count for the low versus background contrast became nonsignificant (p=O.151), and the 
risk of an abnormally high WBC count for the high versus background contrast became 
marginally significant (Adj. RR=O.44, 95% C.I.: [0.19,1.05), p=0.063). The percentages of 
abnormally high WBC counts for the background, unknown, low, and high categories were 5.9, 
5.5,4.6, and 3.2 percent. 

Hemoglobin (Continuous) 

Modell: Ranch Hands - Log2 (Initiol Dioxin) 

The unadjusted analysis of the minimal cohort showed no significant association 
between hemoglobin and initial dioxin (Table 13-7 [a): p=O.232). A marginally significant 
association was exhibited, though, for the maximal cohort (Table 13-7 [b): p=O.079). The 
means for the low, medium, and high levels of initial dioxin were 15.619, 15.719, and 15.790 
gm/dl . 

When the minimal analysis was adjusted for covariates, the association between 
hemoglobin and initial dioxin remained nonsignificant (Table 13-7 [c): p=O.316). The 
association became nonsignificant in the maximal analysis after the model was adjusted for 
race and current cigarette smoking (Table 13-7 [d): p=O.l20). 

Model2: Ranch Hands - Log2 (Current Dioxin) and Time 

The current dioxin-by-time since tour interaction was not significant for the minimal 
cohort in the unadjusted analysis of hemoglobin (Table 13-7 [eJ; p=0.875). For the maximal 
cohort, the current dioxin-by-time since tour interaction was significant (Table 13-7 [f]: 
p=0.036). Within the maximal cohort, the association between hemoglobin and current dioxin 
was significantly positive when time was less than or equal to 18.6 years (p=O.OIO), and was 
negative, although nonsignificant, when time was greater than 18.6 years (p=0.795). The 
means were 15.518, 15.681, and 15.863 gm/dl for the low, medium, and high levels of current 
dioxin in the later tour stratum (timeS I 8.6 years) and were 15.938, 15.673, and 15.742 gm/dl 
in the earlier tour stratum (time>18.6 years). 

The interaction between current dioxin and time since tour remained nonsignificant in 
the adjusted analysis of the minimal cohort (Table 13-7 [g): p=O.969). For the maximal 
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Assumption 

a) Minimal 
(n=520) 
(R2=0.003) 

b) Maximal 
(n=741) 
(R2=0.004) 

Assumption 

c) Minimal 
(n=520) 
(R2=0.062) 

d) Maximal 
(n=741) 
(R2=0.078) 

TABLE 13·7. 

Analysis of Hemoglobin (gmIdI) 
(Continuous) 

Ranch. Hands· LogZ (Initial Dioxin) • Unadjusted 

Initial Slope 
Dioxin n Mean (Std. Error)a p-Value 

Low 130 15.641 0.0473 (0.0395) 0.232 
Medium 259 15.768 
High 131 15.768 

Low 185 15.619 0.0500 (0.0284) 0.079 
Medium 370 15.719 
High 186 15.790 

Ranch Hands· LogZ (Initial Dioxin) • Adjusted 

Initial Adj. Adj. Slope Covariate 
Dioxin n Mean (Std. Error)a p-Value Remarks 

Low 130 15.525 0.0387 (0.0386) 0.316 RACE (p=0.103) Medium 259 15.616 CSMOK (p<O.OOI) 
High 131 15.624 

Low 185 15.500 0.0426 (0.0274) 0.120 RACE (p=0.107) Medium 370 15.588 CSMOK (p<O.OOI) 
High 186 15;657· 

aSlope and standard error based on hemoglobin versus log2 dioxin. 
Note: Minimal-·Low: 52·93 ppt; Medium: >93-292 ppt; High: >292 ppt. 

Maxim~-·Low: 25·56.9 ppt; Medium: >56.9-218 ppt; High: >218 ppt. 
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Assum2tion 

e) Minimal 
(n=520) 
(R2=0.006) 

f) Maximal 
(n=741) 
(R2=0.01O) 

AssumE,tion 

TABLE 13-7. (Continued) 

Analysis of Hemoglobin (gm/dI) 
(Continuous) 

Ranch Hands - Log2 (Current Dioxin) and Time - Unadjusted 

Mean/(n) 
Cuwml DiQ3in 

Time Slope 
(Yrs.) Low Medium Hillh (Std. Error)a 

~18.6 15.701 15.784 15.865 0.0692 (0.0644) 
(72) (128) (54) 

>18.6 15.598 15.744 15.690 0.0561 (0.0527) 
(58) (131) (77) 

~18.6 15.518 15.681 15.863 0.1135 (0.0440) 
(106) (191) (83) 

>18.6 15.938 15.673 15.742 -0.0101 (0.0389) 
(79) (178) (104) 

Ranch Hands - Log2 (Current Dioxin) and Time - Adjusted 

Adj. Mean/(n) 
CuaCDl DiQ~in 

Time Adj. Slope 
(Yrs.) Low Medium Hillh (Std. Error)a 2-Value 

2-Value 

0.875b 

0.283c 

0.287c 

0.036b 

O.QlOC 

0.795c 

Covariate 
Remarks 

g) Minimal 0.969b RACE (p=0.115) 
(n=520) ~18.6 15.595 15.629 15.713 0.0522 (0.0628) O.406c 
(R2=0.065) (72) (128) (54) 

>18.6 15.450 15.598 15.566 0.0554 (0.0512) 0.28OC 
(58) (131) (77) 

h) Maximal O.073b 

(n=741) ~18.6 15.439 15.573 15.722 0.0964 (0.0425) 0.024c 

(R2=0.083) (106) (191) (83) 
>18.6 15.795 15.553 15.633 -0.0056 (0.0375) 0.881c 

(79) (178) (104) 

as lope and standard error based on hemoglobin versus 1082 dioxin. 

brest of significance fOT homogeneity of slopes (current dioxin continuous, time categorized). 
CTest of significance for slope different from 0 (current dioxin continuous, time categorized). 
Note: Minimal--Low: >10-14.65 ppt; Medium: >14.65-45.75 ppt; High: >45.75 ppt. 

Maxim.I--Low: >5·9.01 ppt; Medium: >9.01-33.3 ppt; High: >33.3 ppt. 
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CSMOK (p<0.001) 

RACE (p=0.112) 
CSMOK (p<0.001) 



TABLE 13·7. (Continued) 

Analysis of Hemoglobin (gm/dl) 
(Continuous) 

i) Ranch Hands and Comparisons by Current Dioxin Category. Unadjusted 
Current 
Dioxin Difference of Category n Mean Contrast Means (95% C.I.) p-Value 

Background 783 15.652 All Categories 0.323 
Unknown 345 15.673 Unknown vs. Background 0.021 (-0.111,0.153) 0.755 Low 195 15.740 Low vs. Background 0.088 (-0.075,0.252) 0.29>1 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. Category n Mean Contrast Means (95% C.I.) p-Value 

Background 783 15.467 All Categories 0.643 

Unknown 345 15.451 Unknown vs. Background -0.016 (-0.142,0,1 10) 0.808 Low 195 15.525 Low vs. Background 
High 187 15.548 Highvs. Background 

Total 1,510 (R2=0.100) 

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 Hands): Current Dioxin >33.3 ppt. 
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0.058 (-0.098,0.214) 0.464 
0.081 (-0.079,0.242) 0.320 

r 

Covariate 
Remarks 

AGE (p=0.031) 
RACE (p<0.001) 
CSMOK (p<0.001) 



cohort this interaction became marginally significant (Table 13-7 [h]: p=O.073). However, 
the association between hemoglobin and current dioxin remained positive and significant for 
time less than or equal to 18.6 years (p=O.024) and remained negative and nonsignificant for 
time greater than 18.6 years (p=0.881). The covariates that were retained in this model were 
race and current cigarette smoking. 

Model3: Ranch Hands and Comparisons by Current Diorin Category 
No significant association with hemoglobin was exhibited by the overall contrast of the 

four current dioxin categories in the unadjusted analysis (Table 13-7 [i]: p=0.323). 
However, the mean for the high category was marginally higher than the mean for the 
background category (p=O.09O). The hemoglobin means for the background, unknown, low, 
and high categories were 15.652, 15.673, 15.740, and 15.796 gm/dl. 

After adjusting the model for significant covariates, the overall contrast remained 
nonsignificant (Table 13-7 [j): p=O.643) and the difference between the high and background 
categories became nonsignificant for the analysis of hemoglobin (p=O.320). The significant 
covariates in this model were age, race, and current cigarette smoking. 

Hemoglobin (Discrete) 

Modell: Ranch Hands - Initilll Dioxin (Categorized) 
There was no significant association exhibited between the initial dioxin categories 

(low, medium, and high) and the hemoglobin classifications (low, normal, high) for either the 
minimal or maximal cohort in the unadjusted and the adjusted analyses (Table 13-8 [a-d]: 
p>0.65 for all overall contrasts). 

Model2: Ranch Hands - Current Dioxin (Categorized) and Time 
The interaction between current dioxin and time since tour for the minimal cohort was 

not significant for the unadjusted analysis of the hemoglobin concentrations (Table 13-8 [e]: 
p=0.136). For the maximal cohort, the current dioxin-by-time since tour interaction was 
significant (Table 13-8 [f]: p=O.OO6). When time since tour was less than or equal to 18.6 
years, the overall contrast showed a significant association between the current dioxin 
categories and the hemoglobin classifications (p=0.0l2). When time was greater than 18.6 
years, the association was not significant (p=0.553). However, the risk of an abnormally low 
hemoglobin concentration, in this time stratum, was marginally significant for the medium 
versus low current dioxin contrast (Est. RR=2.72, 95% c.l.: [0.83,8.94], p=O.lOO). The 
percentages of Ranch Hands, in the maximal cohort, with abnormally low hemoglobin in the 
low, medium, and high current dioxin categories were 2.6, 6.9, and 5.2 percent for time over 
18.6 years. 

The current dioxin-by-time since tour interaction remained nonsignificant in the 
adjusted analysis of the minimal cohort (Table 13-8 [g]: p=0.334). In the adjusted analysis 
of the maximal cohort, the current dioxin-by-time since tour interaction remained significant 
(Table 13-8 [h]: p=O.043), but the overall contrast for time less than or equal to 18.6 years 
became nonsignificant (p=O.l16). For time greater than 18.6 years, the risk of an abnormally 
low hemoglobin concentration, for the medium versus low contrast, remained marginally 
significant (p=0.076). Race and the interaction between current cigarette smoking and 
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TABLE 13·8. 

Analysis of Hemoglobin 
(Discrete) 

Ranch Hands· Initial Dioxin (Categorized» • Unadjusted 

~[Q~D' Initial 
Initial Abn. Abn. Dioxin Est. Relative Assumption Dioxin n Low Normal High Contrast Risk (95% C.I.) p-Value 

a) Minimal Low 130 3.9 96.2 0.0 Overal1t 0.703 (n-520) Medium 259 3.9 94.6 1.5 Mvs. La 1.01 (0.34.3.00) 0.983 
High 131 3.1 96.2 0.8 Hvs. La 0.80 (0.21.3.00) 0.739 

M vs.·Lb 
H vs. Lb 

b) Maximal Low 349 4.0 95.4 0.6 Overal1t 0.778 (n=741) Medium 261 3.8 94.6 1.5 Mvs. La 0.96 (0.42.2.20) 0.928 
High 131 3.1 96.2 0.8 H vs. La 0.76 (0.24.2.34) 0.627 

M vs.Lb 2.70 (0.49.14.83) 0.254 
H VS. Lb 1.32 (0.12.14.73) 0.820 

Ranch Hands· Initial Dioxin (Categorized) • Adjusted 
Initial 
Dioxin 

Assumption Contrast 

c) Minimal Overal1t 
(n=520) M vs. La 

H vs. La 
M vs. Lb 
Hvs. Lb 

d) Maximal Over~lt 
(n=74I) M vs. La 

H vs. La 
M vs. Lb 
H vs. Lb 

aAbnormal low conlraatedwith normal. 
b Abnormal high coDlraated with normal. 

Adj. Relative 
Risk (95% C.I.) 

1.02 (0.35.3.02) 
0.80 (0.22.2.98) 

.-

0.99 (0.44.2.22) 
0.93 (0.32,2.74) 
2.09 (0.46.9.47) 
2.04 (0.29.14.15) 

tOverall test of independence of initial dioxin end hemoglobin. 

Covariate 
p-Value Remarks 

0.694 CSMOK (p<0.001) 
0.968 
0.743 

--
0.896 AGE (v=0.076) • 
0.983 RACE (p=0.100) . 
0.900 CSMOK (p<0.001) 
0.341 
0.472 

--: Relative risk. confidence jn~rval. end p.value not gi~endue to the sparse number of .abnQ\'I1I,alilies. Notes: Minimal--Low: 52-93 Wt; Medium:' >93-292 ""I; High::>292 1'1'1.. ". Maximal--Low: 25'93 ppt; MediUm: >93-29Z Pi1t;HillIi: ·>2921'1'1. "-M vs. L: Mediiuniriitial dioxin category versus 10-* iilitialdioxin "illegory. 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 Hands - Current Dioxin (Categorized) and Time - Unadjusted 

Percent!(n) 
~l1[I~nt DiQ3in Current 

Time Hemoglobin Dioxin Est. Relative 
Assumption (Yrs.) Category Low Medium High Contrast Risk (95% C.I.) 

e) Minimal C-by-T • 
(n=520) S18.6 Abn. Low 4.2 0.0 1.9 Overal1t 

Normal 95.8 98.4 98.2 M vs. La 
Abn. High 0.0 1.6 0.0 H vs. La 0.46 (0.05,4.19) 

(72) (128) (54) M vs. Lb 
H vs. Lb 

>18.6 Abn. Low 3.5 6.9 5.2 Overal1t 
Normal 96.6 91.6 93.5 M vs. La 2.02 (0.44,9.38) 
Abn. High 0.0 1.5 1.3 H vs. La 1.52 (0.28,8.29) 

(58) (131) (77) M vs. Lb 
H vs. Lb 

f) Maximal C-by-T • 
(n=741) S18.6 Abn. Low 5.1 0.0 1.9 Overallt 

Normal 95.0 98.4 98.2 M vs. La 
Abn. High 0.0 1.6 0.0 H vs. La 0.39 (0.05,2.83) 

(198) (128) (54) M vs. Lb 
H vs. Lb 

>18.6 Abn. Low 2.6 6.9 5.2 Overal1t 
Normal 96.1 91.6 93.5 M vs. La 2.72 (0.83,8.94) 
Abn. High 1.3 1.5 1.3 H vs. La 2.05 (0.51,8.27) 

(153) (131) (77) M vs. Lb 1.23 (0.18,8.41) 
H vs. Lb 1.07 (0.11,10.94) 

8Abnormallow contrasted with nonnal. 
b Abnormal high contrasted with nonnal. 
CTest of significance for relative risk equal to 1 (current dioxin and time categorized). 
-Test of significance of current dioxin-by-time interaction. 
tOverall test of independence of current dioxin and hemoglobin within time stratum. 
--. Relative risk, confidence interval. and p-value nOl given due to the sparse number of abnormalities. 
Note: Minimal- -Low: >10-14.65 ppt; Medium: >14.65-45.75 ppt; High: >45.75 ppl. 

Maximal- -Low: >5-14.65 ppt; Medium: >14.65-45.75 ppt; High: >45.75 ppl. 
M VS. L: Medium current dioxin category versus low current dioxin category. 
H vs. L: High current dioxin category versus low current dioxin category. 
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p-Value 

0.136 
0.116 

0.493c 

0.743 
0.367c 

0.63OC 

0.006 
0.012 

0.349C 

0.553 
O.IOOc 
0.315c 

0.836c 

0.953c 



TABLE 13·8. (Continued) 

Analysis of Hemoglobin 
(Discrete) 

Ranch Hands· Current Dioxin (Categorized) and Time· Adjusted 

Current 
Time Dioxin 

Assumption (Yrs.) Contrast 

g) Minimal C-by.T" 
(n=520) s18.6 Overallt 

M vs .. La 
Hvs.La 
M vs. Lb 
Hvs.Lb 

>18.6 Overallt 
M vs. La 
H VB. La 
M vs. Lb 
H vs, Lb 

h) Maximal C-by-T" 
(n=741) s18.6 Overallt 

Mvs. La 
Hvs.V 
M vs.Lb 
H vs.Lb 

>18.6 OveraUt 
M vs. La 
H vs. La 
M vs. Lb .' 
H vs. Lb 

8A,bnormallow contrasted with normal. 
b Abnormal high conlIasted with normal. 

Adj. Relative 
Risk (95% C.I.) p-Value 

0.334 
0.446 

0.91 (0.16,5.20) 0.912c 

0.748 
2.21(0.53,9.17) 0.274c 
1.93 (0.41,9.14) 0.410c 

0.043 
0.116 

0.72 (0.16,3.35) 0.679c 

0.411 
2.79 (0.90,8.69) 0.076c 
2.23 (0.61,8.14) 0.226c 
1.14 (0.22,5.79) 0.877c 
1.79 (0.30,10;78) 0:524c 

Coresl of significance .for relative risk equal to 1 (current dioxin and time categorized). *Test of significance of current dio,xin-by-tim,e interaction. . _~ t Overall test of independence of current dioxin and hemoglobin within time slIatum. 

Covariate 
Remarks 

RACE (p=o.o06) 
CSMOK·PACKYR (p=0.007) 

RACE (p=0.OI5) 
CSMOK·PACKYR (p=O.OIO) 

--: Relativ~-risk, confidence, interval, and p-~alue not gi~en due to the spars,e number of ·abnormalities. Notes: M;n;rnaJ--Low: >10-14.65 ppt; Me(J;lIrn: >J4.65-45,75 PPI; High: >45.75 ppt. 
Max;rnal--Low: >5-14.65 ppt; Medivm: >14.6S-4~.75 .ppl; ijigh: . >45,75 ppl .. M VB. L: Medium current dioxin category vers~s'lQw ourrent dioxin eatellary. H vs. L: High current dioxin calegory verslls low, currenl dioxin category. 
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Current 
Dioxin 
Category n 

Background 783 

Unknown 345 
Low 195 
High 187 

Total 1,510 

Current 
Dioxin 
Category n 

Background 783 

Unknown 345 
Low 195 
High 187 

Total 1,510 

TABLE 13-8. (Continued) 

Analysis of Hemoglobin 
(Discrete) 

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

~~[~~nL 

Abnormal Low 
versus Normal 

Abnormal High 
versus Normal 

Abn. Abn. Est. Relati ve Est. Relative 
Low Normal High Contrast Risk (95% C.I.) p-Yalue Risk (95% C.I.) p-Yalue 

4.3 

3.5 
4.6 
2.7 

94.5 1.2 

95.9 0.6 
93.3 2.1 
96.8 0.5 

Unknown vs. Background 
Low vs. Background 
High vs. Background 

0.79 (0.40,1.55) 
1.08 (0.51,2.28) 
0.60 (0.23,1.56) 

0.491 
0.849 
0.294 

0.50 (0. l1 ,2.31) 
1.80 (0.55 ,5.92) 
0.45 (0.06,3.61) 

AU categories: p=0.576 

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

Contrast 

Abnormal Low 
versus Normal 

Adj. Relative 
Risk (95% C.I.) p-Yalue 

Abnormal High 
versus Normal 

Adj. Relative 
Risk (95% C.I.) p-Yalue 

0.372 
0.331 
0.455 

Covariate 
Remarks 

RACE (p=O.OO I) 
CSMOK (p<O.OOI) 

Unknown vs. Background 
Low vs. Background 
High vs. Background 

0.88 (0.45,1.72) 
1.11 (0.52,2.35) 
0.67 (0.27,1.70) 

0.716 
0.785 
0.402 

0.54 (0.13,2.24) 
1.81 (0.57,5.74) 
0.57 (0.10,3.42) 

All categories: p=0.703 

0.393 
0.315 
0.539 

Note: Background (Comparisons): Current Dioxin s.10 ppt. 
Unknown (Ranch Hands); Current Dioxin SIO ppt. 
Low (Ranch Hands); 15 ppt < Current Dioxin S33.3 ppt. 
High (Ranch Hands): Current Dioxin >33.3 ppt. 



lifetime cigarette smoking history were the significant covariates that were retained in the model. 

Model3: 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=O.576). In the adjusted analysis, the association was also nonsignificant (Table 13-8 [j]: p-=O.703). 

Hematocrit (Continuous) 

Modell: Ranch Hands· Logz (lnitiol Dioxin) 
The association between hematocrit ·and initial dioxin was not significant under the minillllll assumption in the unadjusted analysis (Table 13·9 [a]: p=O.299). However, under the maximal assumption, the association was marginally significant (Table 13-9 [b]: p=O.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 ·adjusted 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 Cd]: p-=O.105). 

ModelZ: Ranch Hands· LogZ (Current Dioxin) and Time 
The interaction betw~n current dioxin and time since tour was not significant in the unadjusted analysis of hematocrit under the minimal assumption (Table 13-9 eel: p=D,904). Under the maximal assumption, this interaction was marginally significant (Table 13-9 [f]: p=O.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=O.OI8). 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=O.901). 

The adjusted analysis of the minimal cohort continued to produce a nonsignificant interaction between· current dioxin and time since tour (Table 13-9 [g]: p-=O.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"'O.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-=O.037 for time.:::;18.6; p=O.989 for time>18.6). 

Model3: Ranch Hands and Comparisons by Current Dioxin Category 
The overall contrast of the fOUf current dioxin categories exhibited no significant association between hematocrit and current dioxin in the unadjusted analysis (Table 13-9 [i]: p=<l.428). 
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Assumption 

a) Minimal 
(n=520) 
(R2=0.OO2) 

b) Maximal 
(n=74I) 
(R2=0.004) 

Assumption 

c) Minimal 
(n=520) 
(R2=0.063) 

d) Maximal 
(n=74I) 
(R2=0.081) 

TABLE 13·9. 

Analysis of Hematocrit (Percent) 
(Continuous) 

Ranch Hands· Log2 (Initial Dioxin) . Unadjusted 

Initial Slope 
Dioxin n Mean (Std. Error)a p-Value 

Low 130 45.113 0.1183 (0.1138) 0.299 
Medium 259 45.500 
High 131 45.398 

Low 185 44.982 0.1485 (0.0819) 0.070 
Medium 370 45.331 
High 186 45.515 

Ranch Hands· Log2 (Initial Dioxin) . Adjusted 

Initial 
Dioxin n 

Low 130 
Medium 259 
High 131 

Low 185 
Medium 370 
High 186 

Adj. 
Mean 

45.160 
45.462 
45.427 

45.037 
45.305 
45.512 

Adj. Slope 
(Std. Error)a p- Value 

0.1091 (0.1104) 0.324 

0.1278 (0.0788) 0.\05 

Covariate 
Remarks 

CSMOK (p<O.OOI) 

CSMOK (p<O.OOI) 

aSlope and standard error based on hematocrit versus log2 dioxin. 
Note: Minimal-·Low: 52·93 ppt; Medium: >93·292 ppt; High: >292 ppt. 

MaximalnLow: 25·56.9 ppt; Medium: >56.9·218 ppt; High: >218 ppt. 
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TABLE 13·9. (Continued) 

Analysis of Hematocrit (Percent) 
(Continuous) 

Ranch Hands· Log2 (Current Dioxin) and Time· Unadjusted 

Mean/(n) 
Cu[nml I2iQ3in 

Time Slope 
AssumEtion (Yrs.) Low Medium High (Std. Error)a 

e) Minimal 
(n=520) $IS.6 45.263 45.477 45.570 0.1624 (O.IS55) 
(R2=0.003) (72) (12S) (54) 

>IS.6 45.126 45.450 45.251 0.1335 (O.151S) 
(5S) (131) (77) 

f) Maximal 
(n=741) $IS.6 44.697 45.171 45.676 0.3016 (0.1270) 
(R2=0.010) (106) (191) (S3) 

>IS.6 45.S77 45.226 45.466 -0.0140 (0.1123) 
(79) (17S) (104) 

Ranch Hands· Log2 (Current Dioxin) and Time· Adjusted 

Adj. Mean/(n) 
Cn[nml Dio3in 

Time Adj. Slope 
AssumEtion (Yrs.) Low Medium High (Std. Error)a E-Value 

g) Minimal 0.968b 
(n=520) $IS.6 45.331 45.43S 45.596 0.1345 (O.ISoo) 0.455c 
(R2=0.064) (72) (12S) (54) 

>IS.6 45.093 45.411 45.324 0.1440 (0.1472) 0.329c 
(5S) (131) (77) 

h) Maximal 0.116b 
(n=741) $IS.6 44.S14 45.1S3 45.617 0.2554 (0.1223) 0.037c 
(R2=0.OS4) (106) (191) (S3) 

>IS.6 45.S20 45.191 45.477 -0.0016 (O.10SI) 0.9S9C 
(79) (17S) (104) 

aSlope and standard error based on hematocrit versus log2 dioxin. 
b-rest of significance for homogeneity of slopes (current dioxin continuous. time categorized). 
c,'est of significance for slope different from 0 (current dioxin continuous. time categorized). Nole: Mjnjrnal--Low: >10-14.65 ppl; Medium: >14.65-45.75 ppl; High: >45.75 ppl. 

Max;rnal--Low: >5-9.01 ppl; Medium: >9.01-33.3 ppt; High: >33.3 ppl. 

13-3S 

E-Value 

0.904b 
0.3S2c 

O.3SOC 

0.063b 
O.OlSc 

0.901c 

Covariate 
Remarks 

CSMOK (p<O.OOI) 

CSMOK (p<O.OOI) 


