




































































































































































































































































































































































































































































































































































































































































































































































































































Table 16-21. (Continued) 
Analysis of Absolute Basophils (thousand/mm3

) 

(Nonzero Measurements) 

.• ':::'•inti 
·· o .. <:· Cui-ajai ······· ··: ···.•· .. . :j,::: .'Jf;' P"V$e 

4 0.090 0.087 0.091 <0.001 0.0056 (0.0143) 0.695 
(162) (160) (166) 

5 0.089 
(165) 

0.091 
(165) 

0.087 
(158) 

0.087 
(158) 

.. : ·.· ::t!li!! 
-.:·""::;·::::). --::: -:--· .: ;. 

4 0.083 0.081 0.082 
(162) (160) (166) 

0.093 
(165) 

0.091 
(165) 

<0.001 

0.013 

0.0060 (0.0123) 

-0.0062 (0.0132) 

·>::(- ... ·H··:·>· 

0 .624 

0.640 

::: ·.· ·•. ·-.-·.·-··.-.-· •.. ·.. .-- . ··::·.·:··::::·-.····>"· 

·•· ... .•• ::.·:•: .. : .. 
0.067 0.0014 (0.0139) 0.921 RACE (p=0.014) 

CSMOK (p <0.001) 

'.·:··: 

5 0.081** 0.081** 0.083** 0.077 0.0020 (0.0119)** 0.869** CURR*RACE (p=0.023) 
(165) (158) (165) CSMOK (p<0.001) 

6e 0.083** 0.082** 0.082** 0.086 -0.0079 (0.0128)** 0.537** CURR*RACE (p=0.019) 
(165) (158) (165) CSMOK (p<0.001) 

a Transformed from natural logarithm scale. 

b Model 4: Log2 (lipid-adjusted current dioxin + 1). 
Model 5: Log2 (whole-weight current dioxin + 1). 
Model 6: Log2 (whole-weight current dioxin + 1), adjusted for log2 total lipids. 

c Slope and standard error based on natural logarithm of absolute basophils versus log2 (current dioxin + 1): 

d Adjusted for log2 total lipids. 

e Adjusted for log2 total lipids in addi.tion to covariates specified under "Covariate Remarks" column. 

** Log2 (current dioxin + !)-by-covariate interaction (0.01 <p$;0.05); adjusted mean, adjusted slope, standard 
error, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table 
L-2-12 for further analysis of this interaction. 

Note: Model 4: Low = $; 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt. 
Models 5 and 6: Low = $; 46 ppq; Medium = >46-128 ppq; High = > 128 ppq. 
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16-21(gl): p>0.67). The adjusted analysis was identical to the unadjusted analysis because 
no covariates were retained in the final model. All results from the Model 4, 5, and 6 
continuous analyses of nonzero measurements for absolute basophils were nonsignificant 
(Table 16-21(g2-h2): p > 0.53 for all analyses). The Model 5 and Model 6 adjusted analyses 
retained a significant interaction between current dioxin and race. Appendix Table L-2-12 
shows results from these two models stratified by race. Current cigarette smoking was 
retained in all three adjusted analyses, and race was additionally retained in the Model 4 
analysis. 

Longitudinal Analysis 

Laboratory Examination Variables 

Longitudinal analyses were conducted on platelet count, both in the continuous form and 
discretized as abnormally high versus normal and abnormal low combined. The purpose of 
these analyses were to examine whether changes over time differed with respect to group 
membership (Model 1), initial dioxin (Model 2), and categorized dioxin (Model 3). Models 
4, 5, and 6 were not examined in the longitudinal analyses because current dioxin is the 
measure of exposure in these models. Current dioxin changes over time and is not available 
for all participants for 1982 and 1992. 

Longitudinal analyses for the continuous form of platelet count examined the paired 
difference between the measurements from 1982 and 1992. These paired differences 
measured the change in the ratio over time. Each of the three models used in the 
longitudinal analysis was adjusted for age and the platelet count measured in 1982. The 
analyses of Models 2 and 3 also were adjusted for percent body fat at the time of duty in 
SEA and change in percent body fat from the time of duty in SEA to the date of the blood 
draw for dioxin. 

For the discretized longitudinal analysis of platelet count, relative risks at the 1992 
examination were examined for participants who were classified as "normal" or "abnormal 
low" at the 1982 examination. Participants classified as "abnormal" at the 1982 examination 
were excluded because the focus of the analyses was on investigating the temporal effects of 
dioxin during the period between 1982 and 1992. Participants classified as "abnormal" in 
1982 already were abnormal before this period; consequently, only participants classified as 
"normal" or "abnormal low" at the 1982 examination were considered to be at risk when the 
effects of dioxin over time were explored. The rate of abnormalities under this restriction 
approximates an incidence rate between 1982 and 1992. All three models were adjusted for 
age; Models 2 and 3 also were adjusted for percent body fat at the ti.Ii:te of duty in SEA and 
change in percent body fat from the time of duty in SEA to the date of the blood draw for 
dioxin. 

Platelet Count (Continuous) 

Platelet count group differences of examination mean change (from 1982 to 1992) 
overall and within the enlisted flyer and enlisted groundcrew strata were nonsignificant 
(Table 16-22(a): p > 0.44 for each analysis). The officer stratum displayed a marginally 
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Table 16-22. 
Longitudinal Analysis of Platelet Count (thousand/mm3

) 

(Continuous) 

•·•·· .. =.:a::·>·.= .. ·,.=.,::-... ·,:.-:··:(};.. D. :liir···.•==·.'=.:.'.,•1 .. =···• .. f? ri. ~.'.•:]l.. T 'c· ••u'". =.·.:a.··:.>~ 11..nu:.< -.=·=:·=.·.:' :.'• ... =.'.:a-.•.·.·.·.~==s·'.' ' ·.= .. ·•••· :;,·o··. :··~fri. ·;,.==~:=:-: :n-.. 'r' c.-o· ..... "·=.=s·.=.·=' .. '·:.:, :'.="" . ::· , ... ::: -:::;::: ·:.. ._:::::.:, .. · .,..... ·. :1V.l.' '.l!J..:i- .n:.t'IJ.... :Dn.J:-,.U.:J :;:y, ~ .LTA:r-~ 1,i ····:··::;:::\::··-:::::::·: ··{ ·'.·:;·:::.·.·. 

All Ranch Hand 273.9 268.1 261.1 250.7 -23.1 -5.2 0.444 
(891) (866) (859) (891) 

Comparison 262.9 264.4 
(1,058) (1,033) 

Officer Ranch Hand 263.0 258.8 
(335) (328) 

Comparison 258.2 262.5 
(401) (393) 

Enlisted Flyer Ranch Hand 281.8 272.6 
(158) (156) 

Comparison . 261.8 257.0 
(174) (171) 

Enlisted Ranch Hand 280.0 274.4 
Groundcrew (398) (382) 

Comparison 267.1 268.6 
(483) (469) 

a Transformed from square root scale. 

255.4 
(1, 027) 

253.6 
(328) 

252.7 
(387) 

265 .2 
(153) 

246.6 
(172) 

266.0 
(378) 

260.8 
(468) 

244.9 -18.0 
(1,058) 

238.9 
(335) 

-24.1 

241.1 -17.1 
(401) 

256.0 
(158) 

-25 .9 

240.5 -21.4 
(174) 

258.8 
(398) 

-21.2 

249.6 -17.5 
(483) 

-7.l 

-4.5 

-3.7 

b Difference between 1992 and 1982 examination means after transformation to original scale. 

0.068 

0.576 

0.830 

c P-value is based on analysis of square root of platelet count; results adjusted for square root of platelet count 
in 1982 and age in 1992. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 
Baseline, 1985, and 1992 examinations. Summary statistics for 1987 are provided for reference purposes 
for participants who attended the Baseline, 1987, and 1992 examinations. 
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:·IDitiaI 

Low 

Table 16-22. (Continued) 
Longitudinal Analysis of Platelet Count (thousand/mm3

) 

(Continuous) 

264.6 
(167) 

263.5 
(163) 

254.7 
(165) 

245.2 
(167) 

0.0224 (0 .0442) 0.612 

Medium 281.3 271.3 
(162) 

266.9 
(164) 

253.0 
(168) (168) 

High 279.3 
(165) 

271.9 
(162) 

266.1 
(159) 

258.3 
(165) 

a Transformed from square root scale. 

b Results based on difference between square root of platelet count in 1992 and square root of platelet count in 
1982 versus log2 (initial dioxin); results adjusted for percent body fat at the ti.me of duty in SEA, change in · 
percent body fat from the ti.me of duty in SEA to the date of the blood draw for dioxin, square root of 1982 
platelet count, and age in 1992. 

Note: Low = 39-98 ppt; Medium = > 98-232 ppt; High = > 232 ppt. 
Summary statistics for 1985 are provided for reference purposes for participants who attended the 
Baseline, 1985, and 1992 examinations. Summary statistics for 1987 are provided for reference 
purposes for participants who attended the Baseline, 1987, and 1992 examinations. 
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>;:::::::=:::.:: :: ;i. 

Di(Jiiii .. : ,, ;:. 
·,cit~~~: 
Comparison 

Background RH 

Low RH 

High RH 

Low plus High RH 

Table 16-22. (Continued) 
Longitudinal Analysis of Platelet Count (thousand/mm3

) 

(Continuous) 

261.6 
(912) 

271.0 
(337) 

268.4 
(249) 

281.7 
(251) 

275.0 
(500) 

263.4 
(899) 

266.3 
(333) 

264.4 
(242) 

273.3 
(245) 

268.9 
(487) 

254.4 
(898) 

259.2 
(331) 

257.1 
(246) 

268.0 
(242) 

262.5 
(488) 

244.4 -17.2 
(912) 

246.9 -24.1 -7.0 
(337) 

245.6 -22.8 -5.6 
(249) 

258.7 -23.0 -5.8 
(251) 

252.1 -22.9 -5.7 
(500) 

a Transformed from square root scale. 

b Difference between 1992 and 1982 examination means after transformation to original scale. 

::-: 

0.097 

0.510 

0 .755 

0.819 

c P-value is based on analysis of square root of platelet count; results adjusted for percent body fat at the time of 
duty in SEA, change in percent body fat from the time of duty in SEA to the date of the blood draw for dioxin, 
square root of platelet count in 1982, and age in 1992. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin ~ 10 ppt. 
Background (Ranch Hand): Current Dioxin ~ 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin ~ 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
Summary statistics for 1985 are provided for reference purposes for participants who attended the 
Baseline, 1985, and 1992 examinations. Summaty statistics for 1987 are provided for reference 
purposes for participants who attended the Baseline, 1987, and 1992 examinations. 
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significant difference of examination mean change between Ranch Hands and Comparisons 
(p=0.068, Diff. of Exam. Mean Change= -7.1). 

The Model 2 longitudinal analysis of platelet count in continuous form was not 
significant (Table 16-22(b): p=0.612). For Model 3, the difference of examination mean 
change betWeen background Ranch Hands and Comparisons was marginally significant (Table 
16-22(c): p=0.097, Diff. of Exam. Mean Change= -7.0). The background Ranch Hands 
exhibited a larger decrease in platelet count means from 1982 to 1992 than Comparisons. 
The remaining Model 3 contrasts were not significant (Table 16-22(c): p >0.51 for each 
analysis) . 

Platelet Count (Discrete) 

The longitudinal analysis of platelet count in discrete form was conditioned on 
participants who had either low or normal platelet counts in 1982. The longitudinal analysis 
for Model 1 did not detect a significant difference between Ranch Hands and Comparisons in 
the percentage of participants with normal or low platelet counts in 1982 and abnormally 
high platelet counts in 1992 (Table 16-23(a): p>0.52 for all analyses). 

Model 2 did not show a significant relationship between initial dioxin and abnormally 
high platelet counts in 1992, conditioned on normal or low platelet counts in 1982 (Table 16-
23(b): p=0.272). 

The Model 3 longitudinal analysis of abnormally high platelet counts detected a 
marginally significant relative risk for the high Ranch Hand category (Table 16-23(c): 
p=0.072, Adj. RR=3 .24). Among Ranch Hands in the high dioxin category with either low 
or normal platelet counts during the 1982 examination, 2.0 percent had abnormally high 
platelet counts in 1992, while only 0.6 percent of Comparisons with either low or normal 
platelet counts during the 1982 examination had abnormally high platelet counts at the 1992 
examination. The remaining contrasts in Model 3 were nonsignificant (p > 0 .25). 

DISCUSSION 

The variables analyzed in this chapter serve as indices of the three peripheral blood 
lines (erythrocytes, leukocytes, and platelets). These variables are heavily relied upon to 
reflect disease of the hematopoietic system and also to alert the clinician to the presence of 
disease in other organ systems. The total WBC count varies across a broad range of disease 
states. Though lacking specificity, leukocytosis or leukopenia can serve as a sensitive clue to 
.the presence of a host of infections, inflammatory and neoplastic disorders, and can point to 
the need for further investigation. 

As elements essential to normal coagulation, the platelets have a short half-life and are 
most subject to decreased survival in the presence of a wide range of diseases, toxic chemical 
exposure, and numerous prescription and over-the-counter medications. The normal range 
(130,000/mm.3 to 400,000/mm.3) allows subtle changes in platelet survival to occur and not be 
identified as abnormal. Furthermore, small differences in the total platelet count do not have 
a clinically significant effect on clotting mechanisms. 
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Table 16-23. 
Longitudinal Analysis of Platelet Count 

(Discrete) 

?tm·>· . ·:J9~sy: r:/\{· :f:·r?: ·:=:::: }1'87:::::::· 
All Ranch Hand 0.8 1.8 2.2 

(891) (866) (859) 

Comparison 1.0 1.6 1.5 
(1,058) (1,033) (1,027) 

Officer Ranch Hand 0.6 2.1 L8 
(335) (328) (328) 

Comparison 0.5 LO L3 
(401) (393) (387) 

Enlisted Flyer Ranch Hand 0.6 1.9 3.3 
(158) (156) (153) 

Comparison 1.7 1.8 0.6 
(174) (171) (172) 

Enlisted Ranch Hand LO L6 2.1 
Groundcrew (398) (382) (378) 

Comparison 1.0 2.1 1.9 
(483) (469) (468) 

1.2 
(891) 

1.0 
(1,058) 

0.3 
(335) 

0.7 
(401) 

L3 
(158) 

Ll 
(174) 

2.0 
(398) 

1.0 
(483) 

i< ·x"<•:•:n·:~· · · ·::·. ··· •·: .. •<· ·::.:;o;. =t.X'bi6nnat:Low•:or•Nffiilliliii •:· ·•· '•' "::'.:;ffi:?'.ff,:: ,:::·:.;: > .. :"·"· '· . 

:;~~r~~2~!!~~11~,;,,,, = ' 1:=t,~,!::riJ::;~1:1~tJ~i~ii ,, .· ·" 
Category · :'H' .·::·rG.roui_fl:·;::::=: ··=::1LiiN1992'. in ·l992 :::::'• ·.·: ::::·:.::m~s.~tC~l.)~ ' \/ .. ~Vafu?· ·:· 
All Ranch Hand 

.Comparison 
Officer Ranch Hand 

Comparison 

Enlisted Flyer Ranch Hand 
Comparison 

Enlisted Ranch Hand 
Groundcrew Comparison 

884 0.8 1.18 (0.41,3.39) o. 752 
1,048 0.7 

333 0.0 
399 0.5 

157 
171 

394 
478 

1.3 
0.6 

1.3 
0.8 

2.19 (0.20,24.45) 0.523 

1.53 (0.41,5.69) 0.529 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1992 results; results 
adjusted for age in 1992. 

--: Adjusted relative risk, confidence interval, and p-value not presented due to the sparse number of 
abnormalities. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 
Baseline, 1985, and 1992 examinations. Summary statistics for 1987 are provided for reference purposes 
for participants who attended the Baseline, 1987, and 1992 examinations. Statistical analyses are based 
only on participants who had abnormal low or normal platelet counts in 1982 (see Chapter 7, Statistical 
Methods). 
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Low 

Medium 

High 

Low 

Medium 

High 

166 

167 

164 

Table 16-23. (Continued) 
Longitudinal Analysis of Platelet Count 

(Discrete) 

0.6 
(167) 

0.6 
(168) 

0.6 
(165) 

0.0 

1.2 

2.4 

1.2 
(163) 

1.2 
(162) 

1.9 
(162) 

2.4 
(165) 

3.1 
(164) 

2.5 
(159) 

1.41 (0.77,2.57) 

0.6 
(167) 

1.8 
(168) 

3.0 
(165) 

0.272 

·_· .: 

a Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxin, and age in 1992. 

b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 39-98 ppt; Medium = > 98-232 ppt; High = > 232 ppt. 
Summary statistics for 1985 are provided for reference purposes for participants who attended the 
Baseline, 1985, and 1992 e:raminations. Summary statistics for 1987 are provided for reference purposes 
for participants who attended the Baseline, 1987, and 1992 examinations. Statistical analyses are based 
only on participants who had abnormal low or normal platelet counts in 1982 (see Chapter 7, Statistical 
Methods). 
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Comparison 

Background RH 

Low RH 

High RH 

Low plus High RH 

Table 16-23. (Continued) 
Longitudinal Analysis of Platelet Count 

(Discrete) 

0.9 
(912) 

1.2 
(337) 

0.4 
(249) 

0 .8 
(251) 

0 .6 
(500) 

1.6 
(899) 

2.1 
(333) 

1.2 
(242) 

1.6 
(245) 

1.4 
(487) 

1.3 
(898) 

1.8 
(331) 

2.0 
(246) 

3.3 
(242) 

2.7 
(488) 

0.8 
(912) 

0 .3 
(337) 

0.8 
(249) 

2.8 
(251) 

1.8 
(500) 

:::•>,·· ····/ .. · · ········· .. ,.. A:h&>~tlih#.tif• N"cihnal··•ili :1m ;:: · " ··• ········. : : =:· '•:: ::· ·•· •··•·· .,. '.'' \•n ·•/:)/ /. :! : •!:• } . •( : . ... .. :: .: ;·::·· :: .. :.· :.:.:··········· ......... · ..... ····· .. . ... . .. ········· ········ · .··.·. •:•• t \ )• ).<.i\{'' •: .. : ... :::•: 

: l)j4i.in ·.·.·.···· ...... : ::··· · > ·: .• ·. •:::: , :····· ..•• ,. . . · y : · ·• .•·: '•~a.:#.0.t '·Al>IJ!imi.I:·• • • ..... • ... ·· .... • .... • ... • ... •.·· .... • .. · .. • ..... • .• :·A······ ..• : •.• •.• •. · .• •.•.·.· ...• :···d•· ..• • .• • •. ·.·.··tr·.·· ~•····~,95:.• •. :.R··· .• :·Df.:~.·.:-.. ·.ia· ···.··· ... · .... •c: .ti.·.•.·.~···.·.v.1•·•·.e~··· .. · .• ·)·•.-.. ms.·.·~ .• ·.· ..• • .• ·.: .• · .• : ..• ~.· .. ·••.··•· ..• ·· ...• : ...• : ..• : ..• ·.k.• .... • ... •.· • ... ·· .. ··· ... •.· .. •·• .. •. · · :_::. •·:n•:: . . . . .. ....... . :::.p~~eg-0; . •••.••·• •.••• .. •• .. ·: ·:..::::· •»i~: .. j~· • :: •. :.:·tJiig11.11(:1m.:.:•··· ··•· · . " '" ..., . •. •• . p;yajile~ .. :••r:n 
Comparison 

Background RH 

Low RH 

High RH 

Low plus High RH 

904 

333 

248 

249 

497 

0.6 

0.0 

0.4 

2.0 

1.2 

a Relative risk and confidence interval relative to Comparisons. 

0.71 (0.08,6.15) 

3.24 (0.90,11.70) 

2.00 (0.60,6.66) 

0 .755 

0.072 

0.258 

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in 
SEA to the date of the blood draw for dioxfu, and age in 1992. 

--: Adjusted relative risk, confidence interval, and p-value not presented due to the sparse number of 
abnormalities. 

Note: RH =Ranch Hand. 
Comparison: Current Dioxin :s; 10 ppt. 
Background (Ranch Hand): Current Dioxin :s; 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin :s; 143 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt. 
Summary statistics for 1985 are provided for reference purposes for participants who attended the 
Baseline, 1985, and 1992 examinations. Summary statistics for 1987 are provided for reference 
purposes for participants who attended the Baseline, 1987, and 1992 examinations. Statistical analyses 
are based only on participants who had abnormal low or normal platelet counts in 1982 (see Chapter 7 , 
Statistical Methods). 
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Of the 13 laboratory variables examined, only the analyses of the platelet count yielded 
significant positive results. In the enlisted flyer and enlisted groundcrew occupational 
categories, mean platelet counts in continuous (but not discrete) form were significantly 
higher in Ranch Hands than in Comparisons; though the difference in the means 
(14,100/m.m3 and 9,200/mm3 for enlisted flyers and enlisted groundcrew respectively) cannot 
be considered clinically significant. 

Very few of the serum dioxin analyses yielded significant results. By both unadjusted 
and adjusted analysis, Ranch Hands with high extrapolated initial levels of serum dioxin had 
significantly higher mean platelet counts than Comparisons. In the unadjusted continuous 
analyses of the three models employing current serum dioxin and in a pattern consistent with 
a positive dose-response, mean platelet counts were increased in Ranch Hands with higher 
levels of serum dioxin. When adjusted for covariates, however, the findings were no longer 
significant. In the unadjusted discrete analyses, Ranch Hands with the highest levels of 
current serum dioxin were most at risk for an elevated platelet count and in Model 4 (lipid­
adjusted current dioxin), the findings remained significant after adjustment for covariates. 
Although of uncertain biologic significance, these results are consistent with those noted in 
the 1987 Followup Report, and the Serum Dioxin Analysis Report. 

In the 1987 examinations, the mean WBC and platelet counts and the erythrocyte 
sedimentation rates (ESR) were higher in Ranch Hands than in Comparisons, raising the 
possibility of a subclinical. inflammatory response associated with prior dioxin exposure. In 
the current study, no group differences were noted in either the WBC or, as reported in 
Chapter 9, General Health, the ESR. Furthermore, in the current study, current serum 
dioxin was inversely related to the prevalence of abnormally elevated WBC counts. 

Dependent variable-covariate associations confirmed numerous observations that have 
been well established in clinical practice. In cigarette smokers, cellular hypoxia related to 
carboxyhemoglobin formation and systemic arterial desaturation in obstructive airway disease 
combine to raise the hemoglobin and hematocrit in comparison to non-smokers. The 
increased incidence of chronic bronchitis in smokers is often associated with an elevation in 
the total WBC count. Older participants were found to have statistically significant 
reductions in the total RBC count, hemoglobin, and hematocrit, associations that may reflect 
the increased incidence of chronic disease associated with age. 

Race-related associations also were noted. When compared to non-Black participants, 
Black participants had statistically significant reductions in the RBC indices, findings that 
may relate to the increased incidence of glucose-6-phosphate dehydrogenase (G-6-PD) 
deficiency and of hemoglobin variants (S and C) associated with heterozygous sickling 
disorders. Blacks were found to have a greater prevalence of abnormally low WBC counts 
than non-Blacks (13.03 versus 3.1 %), though the difference in the means (6,580/mm3 vs. 
7 ,430/mm3) is not likely of clinical significance. 

The longitudinal analyses documented a gradual reduction in the total platelet count in 
each cohort and across all occupational strata. As in the 1987 followup report, Ranch Hands 
continue to have a greater reduction in the total platelet count over time than do 
Comparisons, although the current means (250,700/mm3 vs. 244,900/mm3) are nearly equal. 
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In summary, the results of the current study reveal no evidence for any hematopoietic 
toxicity associated with prior dioxin exposure. Based on the analyses of three indices noted 
above (WBC, ESR, and total platelet count), there is no longer evidence that a subclinical 
inflammatory reaction may be present in Ranch Hands. 

SUMMARY 

The assessment of the hematologic system comprised analyses on 13 dependent 
laboratory endpoints. Associations with group (Model !), initial dioxin (Model 2), 
categorized dioxin (Model 3), and current dioxin (Models 4, 5, and 6) were examined for 
each variable. Continuous and discrete analyses were performed for each cell count variable 
as well as for.prothrombin time. In addition, due to the large number of nonzero 
measurements for absolute neutrophils (bands), absolute eosinophils, and absolute basophils, 
investigations on these variables incorporated two analyses. First, a discrete analysis was 
executed on the proportion of zero measurements and secondly, a continuous analysis was 
performed on the nonzero measurements. Summarized results from the analyses are 
presented in Tables 16-24 through 16-27. Significant group-by-covariate and 
dioxin-by-covariate interactions found in the six exposure analyses are listed in Table 16-28. 

Model 1: Group Analysis 

Analyses on the hematologic cell count variables disclosed significant group effects for 
platelet count only. Mean platelet count levels were significantly greater for Ranch Hands 
than for Comparisons in the enlisted flyer and enlisted groundcrew strata of the unadjusted 
analysis and in the overall, enlisted flyer, and enlisted groundcrew strata of the adjusted 
analysis. In the unadjusted and adjusted RBC count analyses of all participants, Ranch 
Hands possessed a marginally significantly greater percentage of abnormally low levels of 
RBC count than did Comparisons. Analysis restricted to officers detected a marginally 
greater percentage of abnormally high hemoglobin levels in Ranch Hands than in 
Comparisons. In the group analyses of the cell count variables, several group-by-covariate 
interactions were retained, most of which involved one of the smoking risk factors. 

Few significant results were observed in the group analyses of the absolute blood count 
variables. In the adjusted analysis of enlisted flyers, the difference between Ranch Hands 
and Comparisons in mean levels of nonzero absolute neutrophil (bands) and absolute basophil 
measurements were significant and marginally significant respectively, with Ranch Hands 
having a lower mean than Comparisons. Also, the proportion of nonzero measurements for 
absolute eosinophils was significantly greater for Comparisons than for Ranch Hands for all 
participants and within the officer category. 

Means and abnormality percentages for the remaining hematology variables, 
prothrombin time, and RBC morphology did not differ significantly betWeen Ranch Hands 
and Comparisons. 
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Table 16-24. 
Summary of Group Analyses (Model 1) for Hematology Variables 

(Ranch Hands vs. Comparisons) 

..... ·:--:,. 

.. 
Variable 

Laboratory 

Red Blood Cell (RBC) Count (C) 

Red Blood Cell (RBC) Count (D) 
Abnormal Low vs. Normal 
Abnormal High vs. Normal 

White Blood Cell (WBC) Count (C) 

White Blood Cell (WBC) Count (D) 
Abnormal Low vs. Normal 
Abnormal High vs. Normal 

Hemoglobin (C) 

Hemoglobin (D) 
Abnormal Low vs. Normal 
Abnormal High vs. Normal 

Hematocrit (C) 

Hematocrit (D) 

Platelet Count (C) 

Platelet Count (D) 

Prothrombin Time (C) 

Prothrombin Time (D) 

RBC Morphology (D) 

Absolute Neutrophils (segs) (C) 

Absolute Neutrophils (bands) (Zero vs. Nonzero) (D) 

Absolute Neutrophils (bands) (Nonzero Measurements) 
(C) 

Absolute Lymphocytes (C) 

Absolute Monocytes (C) 

Absolute Eosinophils (Zero vs. Nonzero) (D) 

Absolute Eosinophils (Nonzero Measurements) (C) 

Absolute Basophils (Zero vs. Nonzero) (D) 

Absolute Basophils (Nonzero Measurements) (C) 

C: Continuous analysis. 
D: Discrete analysis. 
+: Difference of means nonnegative. 
: Relative risk < 1.00. 

NS or ns: Not significant (p>0.10). 
NS*: Marginally significant (0.05 < p s0.10). 
Note: P-value given if pS0.05. 

UNADJUSTED 

:Enlisted··· 
All Officer Flyer 

ns ns ns 

NS* NS NS 
ns ns ns 

NS NS NS 

NS ns NS 
NS NS NS 

NS NS ns 

NS ns NS 
NS NS NS 

NS NS ns 

NS ns NS 

NS ns +0.016 

NS ns NS 

NS NS NS 

NS NS NS 

ns NS NS 

NS NS ns 

NS NS ns 

NS NS ns 

ns ns ns 

NS NS ns 

-0.050 -0.018 ns 

ns ns ns 

ns ns ns 

NS NS ns 

Enlisted 
Groundcrew 

ns 

NS 
NS 

NS 

ns 
NS 

NS 

NS 
NS 

ns 

NS 

+0.011 

NS 

ns 

NS 

ns 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

A capital "NS" denotes a relative risk 1.00 or greater for discrete analysis or difference of means nonnegative 
for continuous analysis; a lower case "ns" denotes relative risk less than 1.00 for discrete analysis or 
difference of means negative for continuous analysis. · 
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Table 16-24. (Continued) 
Summary of Group Analyses (Model 1) for Hematology Variables 

(Ranch Hands vs. Comparisons) 

:;;:;:;.;:;:.:· .· .. ,.. : .AD.JusT.EJj ::.:-.:, .'\·::·:·::·.:.,: 
:: !.! ., o: :, .. , .. --=~....; . .;;,;\ :...;.< ____ ... E-.n-lkt-. .;..,..;a.;;,; ... ..;.;.''.·.: .. .;;,;.' .'.·.:.:..;..,· En;...· _li_st_ed.;.;... - : 

Laboratory 

Red Blood Cell (RBC) Count (C) 

Red Blood Cell (RBC) Count (D) 
Abnormal Low vs. Normal 
Abnormal High vs. Normal 

White Blood Cell (WBC) Count (C) 

White Blood Cell (WBC) Count (D) 
Abnormal Low vs. Normal 
Abnormal High vs. Normal 

Hemoglobin (C) 

Hemoglobin (D) 
Abnormal Low vs. Normal 
Abnormal High vs. Normal 

Hematocrit (C) 

Hematocrit (D) 

Platelet Count (C) 

Platelet Count (D) 

Prothrombin Time (C) 

Prothrombin Time (D) 

RBC Morphology (D) 

Absolute Neutrophils (segs) (C) 

Absolute Neutrophils (bands) (Zero vs. Nonzero) (D) 

Absolute Neutrophils (bands) (Nonzero Measurements) (C) 

Absolute Lymphocytes (C) 

Absolute Monocytes (C) 

Absolute Eosinophils (Zero vs. Nonzero) (D) 

Absolute Eosinophils (Nonzero Measurements) (C) 

Absolute Basophils (Zero vs. Nonzero) (D) 

Absolute Basophils (Nonzero Measurements) (C) 

C: Continuous analysis. 
D: Discrete analysis. 
+: Difference of means nonnegative. 

Relative risk < LOO. 
NS or ns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p~0.10). 

::.·{·.: ·.· · a:I: . 

All ·.. . :: Off'~ , ·Flyer < .· GroundCrew 

**** **** **** **** 

NS* NS NS NS 
ns ns ns NS 

**(NS) **(NS) **(ns) **(NS) 

NS ns NS NS 
NS NS ns NS 

**(ns) **(NS) **(ns) **(ns) 

NS ns NS NS 
NS NS* NS ns 

**(ns) **(NS) **(ns) **(ns) 

NS ns NS NS 

**( +0.036) ns +0.014 +0.010 

NS ns NS NS 

NS NS NS ns 

NS NS NS NS 

ns ns NS ns 

NS NS ns NS 

NS NS . ns NS 

ns NS -0.038 NS 

ns ns ns NS 

**(NS) **(NS) **(ns) **(NS) 

-0.050 -0.018 ns NS 

ns ns ns NS 

ns ns ns NS 

NS NS ns* NS 

**(NS) or **(ns): Group-by-covariate interaction (p~0.05); not significant when interaction is deleted; refer to 
Appendix L-2 for further analysis of this interaction. 

**( +0.036): Group-by-covariate interaction (0.01 <p ~0.05); significant when interaction is deleted and p­
value is given in parentheses; refer to Appendix L-2 for further analysis of this interaction. 

**** Group-by-covariate interaction (p ~0.01); refer to Appendix L-2 for further analysis of this interaction. 
Note: A capital "NS" denotes a relative risk LOO or greater for discrete analysis or difference of means 

nonnegative for continuous analysis; a lower case "ns" denotes relative risk less than LOO for discrete 
analysis or difference of means negative for continuous analysis. 
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Table 16-25. 
Summary of Initial Dioxin Analyses (Model 2) for Hematology Variables 

(Ranch Hands Only) 

Variable 

Laboratory 

Red Blood Cell (RBC) Count (C) 

Red Blood Cell (RBC) Count (D) 
Abnormal Low vs. Normal 
Abnormal High vs. Normal 

White Blood Cell (WBC) Count (C) 

White Blood Cell (WBC) Count (D) 
Abnormal Low vs. Normal 
Abnormal High vs. Normal 

Hemoglobin (C) 

Hemoglobin (D) 
Abnormal Low vs. Normal 
Abnormal High vs. Normal 

Hematocrit (C) 

Hematocrit (D) 

Platelet Count (C) 

Platelet Count (D) 

Prothrombm Time (C) 

Prothrombin Time (D) 

RBC Morphology (D) 

Absolute Neutrophils (segs) (C) 

Absolute Neutrophils (bands) (Zero vs. Nonzero) (D) 

Absolute Neutrophils (Nonzero Measurements) (bands) (C) 

Absolute Lymphocytes (C) 

Absolute Monocytes {C) 

Absolute Eosinophils (Zero vs. Nonzero) (D) 

Absolute Eosinophils (Nonzero Measurements) (C) 

Absolute Basophils (Zero vs. Nonzero) (D) 

Absolute Basophils (Nonzero Measurements) (C) 

C: Continuous analysis. 
D: Discrete analysis. 
+: Slope nonnegative. 
NS or ns: Not significant (p > 0.10). 
NS*: Marginally significant (0.05<p::!>:0.10). 

Unadjusted Adjusted 

NS NS 

ns ns 
NS NS 

NS* **(NS) 

ns ns 
ns ns 

+0.029 NS 

ns ns 
NS NS 

+0.015 NS* 

NS NS 

+0.025 NS 

NS NS 

NS **(+0.019) 

ns ns 

ns NS 

NS **(NS) 

ns **(ns) 

NS **(ns) 

NS NS 

NS* NS 

NS **(NS) 

NS ns 

ns ns 

+0.037 NS* 

**(NS) or **(ns): Log2 (initial dioxin)-by-covariate interaction (p ::!>:0.05); not significant when interaction is deleted; 
refer to Appendix L-2 for further analysis of this interaction. 

Note: P-value given if p ::!>:0.05. 
A capital "NS" denotes a relative risk 1.00 or greater for discrete analysis or slope nonnegative for continuous 
analysis; a lower case "ns" denotes relative risk less than 1.00 for discrete analysis or slope negative for 
continuous analysis. 
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Table 16-26. 
Summary of Categorized Dioxin Analyses (Model 3) for Hematology Variables 

(Ranch Hands vs. Comparisons) 

Variable 

Laboratory 
Red Blood Cell (RBC) Count (C) 

Red Blood Cell (RBC) Count (D) 
Abnormal Low vs. Normal 
Abnormal High vs. Normal 

White Blood Cell (WBC) Count (C) 

White Blood Cell (WBC) Count (D) 
Abnormal Low vs. Normal 
Abnormal High vs. Normal 

Hemoglobin (C) 

Hemoglobin (D) 
Abnormal Low vs. Normal 
Abnormal High vs. Normal 

Hematocrit (C) 

Hematocrit (D) 

Platelet Count (C) 

Platelet Count (D) 

Prothrombin Time (C) 

Prothrombin Time (D) 

RBC Morphology (D) 

Absolute Neutrophils (segs) (C) 

Absolute Neutrophils (bands) (Zero vs. 
Nonzero) (D) 

Absolute Neutrophils (bands) (Non.zero 
Measurements) (C) 

Absolute Lymphocytes (C) 

Absolute Monocytes (C) 

Absolute Eosinophils 
(Zero vs. Non.zero) (D) 

Absolute Eosinophils (Nonzero 
Measurements) (C) 

Absolute Basophils (Zero vs. Non.zero) (D) 

Absolute Basophils 
(Nonzero Measurements) (C) 

C: Continuous analysis. 
D: Discrete analysis. 

Background 
Ranch Hands vs. 

Comparisons 

ns 

+0.049 
ns 

ns 

ns 
NS 

NS 

NS 
NS 

NS 

NS* 

ns 

ns 
NS 

NS 

ns 

ns 

NS 

NS 

ns 
NS 

ns 

NS 

ns 
NS 

UNADJUSTED •• -::=·· 

Low.Ranch High Ranch Low plus High 
Hands vs. Hands vs. .Ranch Bands 'V.S. 

Comparisons Comparisons . Comparisons 

ns ns ns 

NS* ns NS 
NS ns ns 
NS NS* NS 

NS NS NS 
NS NS NS 

ns NS NS 

NS ns NS 
NS NS NS 

ns* NS ns 
NS NS NS 

NS +<0.001 +0.004 

ns +0.027 NS 

ns ns ns 
NS ns NS 

ns ns ns 

ns NS* NS 

NS ns NS 

NS ns ns 

ns NS NS 

ns NS* NS 

ns ns ns 

ns ns ns 

ns ns ns 

ns NS ns 

+: Relative risk ~ 1.00 for discrete analysis or difference of means nonnegative for continuous analysis. 
NS or ns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p~0.10). 
Note: P-value given if p~0.05. 

A capital "NS" denotes a relative risk 1.00 or greater for discrete analysis or difference of means nonnegative for 
continuous analysis; a lower case "ns" denotes relative risk less than LOO for discrete analysis or difference of 
means negative for continuous analysis. 
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Table 16-26. (Continued) 
Summary of Categorized Dioxin Analyses (Model 3) for Hematology Variables 

(Ranch Hands vs. Comparisons) 

Variable 
Laboratory 
Red Blood Cell (RBC) Count (C) 
Red Blood Cell (RBC) Count (D) 

Abnormal Low vs. Normal 
Abnormal High vs. Normal 

White Blood Cell (WBC) Count (C) 
White Blood Cell (WBC) Count (D) 

Abnormal Low vs. Normal 
Abnormal High vs. Normal 

Hemoglobin (C) 
Hemoglobin (D) 

Abnormal Low vs. Normal 
Abnormal High vs. Normal 

Hematocrit (C) 
Hematocrit (D) 
Platelet Count (C) 
Platelet Count (D) 
Prothrombin Time (C) 
Prothrombin Time (D) 
RBC Morphology (D) 
Absolute Neutrophils (segs) (C) 
Absolute Neutrophils (bands) (Zero vs. 
Nonzero) (D) 
Absolute Neutrophils (bands) (Nonzero 
Measurements) (C) 
Absolute Lymphocytes (C) 
Absolute Monocytes (C) 
Absolute Eosinophils (Zero vs. Nonzero) (D) 
Absolute Eosinophils 
(Nonzero Measurements) (C) 
Absolute Basophils (Zero vs. Nonzero) {D) 
Absolute Basophils 
(Nonzero Measurements) (C) 

C: Continuous analysis . 
D: Discrete analysis. 

ADJUSTED 
Background Low Ranch High Ranch LowpJusIDgh 

Ranch Hands vs. Hands v.s. Hands vs. Ranch Hands vs. 
Comparisons Comparisons Comparisons Comparisons 

**(ns) **(ns) **(ns*) **(ns*) 

NS* NS ns NS 
ns ns ns ns 
NS NS NS NS 

NS NS NS NS 
NS NS ns NS 

**(NS) **(ns) **(NS) **(ns) 

NS NS ns NS 
NS NS NS NS 

**(NS) **(ns) **(NS) **(ns) 
NS NS NS NS 
NS NS +<0.001 +0.010 
ns ns +0.029 NS 

**(NS) **(ns) **(ns) **(ns) 
NS NS NS NS 

-0.049 ns NS ns 
ns NS NS NS 

**** **** **** **** 

ns NS ns NS 

NS ns ns ns 
NS ns NS* NS 
ns ns ns ns 
NS ns ns ns* 

ns ns ns ns 
NS ns NS ns 

+: Relative risk ~ 1.00 for discrete analysis or difference of means nonnegative for continuous analysis. 
-: Difference of means negative. 
NS or ns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p:=;0.10). 
**(NS) or **(ns): Categorized dioxin-by-covariate interaction (p:=;0.05); not significant when interaction is deleted; refer to 

Appendix L-2 for further analysis of this interaction. 
**(ns*): Categorized dioxin-by-covariate interaction (p ~0.05); marginally significant when interaction is deleted; refer to 

Appendix L-2 for further analysis of this interaction. 
**** Categorized dioxin-by-covariate interaction (p :=;0.01); refer to Appendix L-2 for further analysis of this interaction. 
Note: P-value given if p :=;0.05. 

A capital "NS" denotes a relative risk 1.00 or greater for discrete analysis or difference of means nonnegative for 
continuous analysis; a lower case "ns" denotes relative risk less than 1.00 for discrete analysis or difference of 
means negative for continuous analysis. 

16-133 



Table 16-27. 
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Hematology Variables 

(Ranch Hands Only) 

·::::' ...... ,.(::: .. :.':'=.:.: · .. =.:=:·=:· ·:<i.<>:: r . <.:.:::.::::-:::·:· ........ , ' . "·" ·::: ·.\ .. UN .. ·. AD.JU.··.·. .· : ... ':.STE ... ·. If.: ....... , .. ..,.: .. ' .. '>': .: .. ,:==:.::..::."·'· · · 
,:;::. ·.· -:.:·: ...... ·:· ; . ~ (:~: :.:- . . : : . . - -

S.:.=::: .. ·t:::•t:f:;:::· ~: :=:-: :::::=:.:•·.: .. ::!:.:=.:.: ... :.;;··.1'.:,:=:rn::.:,:'=:n i: ·.. . ........ u: , .. :•. .. / ..... , ./ ·: .. . / /. / .. / ./ .. > Mooe16•= : .. >< .. 

. ;:·[i!h[:;'i:i:,r·::J.; .. i:.l! .!ili·= .... !.:;.·:·".;.:: ... ·.•· ·< • :.: , ·.·· : > .•: .... <: i i it-~ .4: < ·: .• · ... •: .•. : .. ·.·.: .. ,:.l .. •.•.•Wh•·.•.!.••.•• ........ : .. •: .•. '.M····.• .. ~.• .:·.~w.·.e·l. : .... ·.~.'.· ... L .···.'.:.••.•,••.•,i.• .. ••: ........... : ......... :~ ....... ·.· ... :Di .. · .. ·· ···.·~o·.•····.··~.·.e-..... •.~ .. w .... · ... · ...•. '.Ae ...... ·.id•.gbt,:1-...••.•.• •=.·•.~•.:.•.· .. ··:~.··.•.••.••·.:: .•.•. ~.o••'.· .. ·.·.nt .. }f' ':.Jt ·.. \ !!: : : .. . : . = IJ.p~tf;~dj~ Uh.- '-&~ " A&U ~~CU 11 ~ 
V·.:ana .. .,:·. ·. ble".·.: ... ' .. ' .. ·':":·.:.•:' ... r.?/\.F · "}\ .. ·· ....... "'· · · ·· ···· .. ··· ·· ··· c ............ Dio · ... ··:r> .... · Di ... .......... ·".W',;..:.;.i. Li .. ·ds· ·· .. ·.· · .. ·.···: ::;: ... ·· . ...:. ·> •·:":' · .... \ /:."." .. ··.·. ··.u.rtent::. : • xin (:.,;.utrent: .. : .. · OXui•: · .. : ..... , .... u.LiU::·. · p1 . )( 
Laboratory 
Red Blood Cell (RBC) Count (C) 

Red Blood Cell (RBC) Count (D) 
Abnormal Low vs. Normal 
Abnormal High vs. Normal 

White Blood Cell (WBC) Count (C) 

White Blood Cell (WBC) Count (D) 
Abnormal Low vs. Normal 
Abnormal High vs. Normal 

Hemoglobin (C) 

Hemoglobin (D) 
Abnormal Low vs. Normal 
Abnormal High vs. Normal 

Hematocrit (C) 

Hematocrit (D) 

Platelet Count (C) 

Platelet Count (D) 

Prothrombin Time (C) 

Prothrombin Time (D) 

RBC Morphology (D) 

Absolute Neutrophils (segs) (C) 

Absolute Neutrophils (bands) (Zero vs. Nonzero) 
(D) 

Absolute Neutrophils (bands) (Nonzero 
Measurements) (C) 

Absolute Lymphocytes (C) 

Absolute Monocytes (C) 

Absolute Eosinophils (Zero vs. Nonzero) (D) 

Absolute Eosinophils (Nonzero Measurements) (C) 

Absolute Basophils (Zero vs. Nonzero) (D) 

Absolute Basophils (Nonzero Measurements) (C) 

C : Continuous analysis. 
D: Discrete analysis. 

NS* +0.042 

ns ns 
NS NS 

NS NS 

NS NS 
ns ns 

NS NS 

ns ns 
NS NS 

NS NS 

NS NS 

+0.033 +0.018 

+0.014 +0.017 

ns ns 

ns ns 

NS NS 

NS NS 

NS NS 

ns ns 

NS NS 

NS NS 

NS NS* 

ns ns 
ns ns 

NS NS 

+: Relative risk ~ 1.00 for discrete analysis or slope nonnegative for continuous analysis. 
NS or ns: Not significant (p>0.10). 
NS*: Marginally significant (0.05 <p~0.10). 
Note: P-value given if p~0.05. 

NS 

ns 
NS 

NS 

NS 
ns 
NS 

ns 
NS 

NS 

NS 

+0.045 

+0.016 

NS 

ns 
NS 

NS 

NS 

ns 

NS 

NS 

NS 

ns 
ns 
ns 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or slope nonnegative for 
continuous analysis; a lower case "ns" denotes relative risk less than 1.00 for discrete analysis or slope 
negative for continuous analysis. 
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Table 16-27. (Continued) 
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Hematology Variables 

(Ranch Hands Only) 

Variable 
Laboratory 

:;..: 
:-:~­

~ 

Red Blood Cell (RBC) Count (C) 
Red Blood Cell (RBC) Count (D) 

Abnormal Low vs. Normal 
Abnormal High vs. Normal 

White Blood Cell (WBC) Count (C) 
White Blood Cell (WBC) Count (D) 

Abnormal Low vs. Normal 
Abnormal High vs. Normal 

Hemoglobin (C) 
Hemoglobin (D) 

Abnormal Low vs. Normal 
Abnormal High vs. Normal 

Hematocrit (C) 
Hematocrit (D) 
Platelet Count (C) 
Platelet Count (D) 
Prothrombin Time (C) 
Prothrombin Time (D) 
RBC Morphology (D) 
Absolute Neutrophils (segs) (C) 
Absolute Neutrophils (bands) 
(Zero vs. Nonzero) (D) 
Absolute Neutrophils (bands) (Nonzero 
Measurements) (C) 
Absolute Lymphocytes (C) 
Absolute Monocytes (C) 
Absolute Eosinophils (Zero vs. Nonzero) (D) 
Absolute Eosinophils (Nonzero Measurements) (C) 
Absolute Basophils (Zero vs. Nonzero) (D) 
Absolute Basophils (Nonzero Measurements) (C) 

C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk ~ 1.00. 
-: Relative risk < 1.00. 
NS or ns: Not significant (p>0.10). 

ADJUSTED 

Model :4: Model 5! \ 
Lipid-Adjusted Whole-Weight 
Current Dioxin Current Dioxin 

NS NS* 

ns ns 
NS NS 

**(NS) **(NS) 

**(NS) **(NS) 
**(-0.029) **(ns*) 

NS NS 

ns ns 
NS NS 
NS NS 
NS NS 
ns NS 

+0.014 NS* 
NS ns 

**(ns) ns 
NS* NS* 

**(NS) **(NS) 
**** **** 

NS NS 

ns ns 
NS NS 
NS* NS* 
ns ns 
ns ns 
ns **(NS) 

ModeJ :6: 
Whole-Weight Current 

Dioxin Adjusted for 
Total Lipids 

NS 

ns 
NS 

**(ns) 

**(NS) 
**(-0.034) 

NS 

ns 
NS 
NS 
NS 
ns 
ns 
NS 
ns 

+0.045 
**(NS) 

**** 

ns 

ns 
NS 

**(NS) 
ns 
ns 

**(ns) 

NS*: Marginally significant (0.05<p~ 0.10). . 
**(NS) or **(ns): Log2 (current dioxin + 1)-by-covariate interaction (p ~0.05); not significant when 

interaction is deleted; refer to Appendix L-2 for further analysis of this interaction. 
**(ns*): Log2 (current dioxin + 1)-by-covariate interaction (p~0.05); marginally significant when interaction 

is deleted; refer to Appendix L-2 for further analysis of this interaction. 
**** Log2 (current dioxin + 1)-by-covariate interaction (p~0.01); refer to Appendix L-2 for a detailed 

description of this interaction. 
Note: P-value given ifp~0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or a nonnegative slope for 
continuous analysis; a lower case "ns" denotes relative risk less than 1.00 for discrete analysis or slope 
negative for continuous analysis. 
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Table 16-28. 
Summary of Group-by-Covariate and Dioxin-by-Covariate Interactions from Adjusted 

Analyses of Hematology Variables 

Model Variable 

Red Blood Cell (RBC) Count (C) 
White Blood Cell (WBC) Count (C) 
Hemoglobin (C) 

Hematocrit (C) 

Platelet Count (C) 
Absolute Monocytes (C) 

White Blood Cell (WBC) Count (C) 
Absolute Neutrophils (segs) (C) 
Absolute Neutrophils (bands) (C) 
Absolute Neutrophils (bands) (C) 
Absolute Eosinophils (C) 

Red Blood Cell (RBC) Count (C) 
Hemoglobin (C) 

Hematocrit (C) 

Prothrombin Time (C) 
Absolute Neutrophils (bands) (C) 

White Blood Cell (WBC) Count (C) 
White Blood Cell (WBC) Count (D) 
Prothrombin Time (D) 
Absolute Neutrophils (segs) (C) 
Absolute Neutrophils (bands) (C) 

White Blood Cell (WBC) Count (C) 
White Blood Cell (WBC) Count (D) 
Absolute Neutrophils (segs) (C) 
Absolute Neutrophils (bands) (C) 
Absolute Basophils (C) 

White Blood Cell (WBC) Count (C) 
White Blood Cell (WBC) Count (D) 
Absolute Neutrophils (segs) (C) 
Absolute Neutrophils (bands) (C) 
Absolute Eosinophils (C) 
Absolute Basophils (C) 

C: Continuous Analysis 
D: Discrete Analysis 
a Group Analysis (Ranch Hands vs. Comparison). 
b Ranch Hands-Log2 (Initial Dioxin). 
c Categorized Dioxin. 
d Ranch Hands-Log2 (Current Lipid-Adjusted Dioxin + 1). 
e Ranch Hands- Log2 (Current Whole-Weight Dioxin + 1). 

Covariate 

Current Cigarette Smoking 
Race 
Current Cigarette Smoking, 
Lifetime Cigarette Smoking History 
Current Cigarette Smoking, 
Lifetime Cigarette Smoking History 
Occupation 
Race 

Race, Occupation 
Race 
Lifetime Cigarette Smoking History 
Occupation 
Age, Occupation 

Current Cigarette Smoking 
Current Cigarette Smoking, 
Lifetime Cigarette Smoking History 
Current Cigarette Smoking, 
Lifetime Cigarette Smoking History 
Age 
Lifetime Cigarette Smoking History 

Race 
Race 
Lifetime Cigarette Smoking History 
Race 
Lifetime Cigarette Smoking History 

Race 
Race 
Race 
Lifetime Cigarette Smoking History 
Race 

Race 
Race 
Race 
Lifetime Cigarette Smoking History 
Occupation 
Race 

f Ranch Hands-Log2 (Current Whole-Weight Dioxin + 1), Adjusted for Total Lipids. 
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Model 2: Initial Dioxin Analysis 

In the unadjusted analysis of the cell count variables, hemoglobin, hematocrit, and 
platelet count displayed significant associations with initial dioxin, which indicated a positive 
dose-response relationship. However, adjustment for covariate information caused the dioxin 
effect for both platelet count and hemoglobin to become nonsignificant. Adjusted analysis 
results for hematocrit became marginally significant. Analyses on the remaining cell count 
endpoints disclosed nonsignificant associations with initial dioxin. 

Nonzero measurements of absolute basophils increased significantly with initial dioxin in 
the unadjusted Model 2 analyses; the adjusted slope was only marginally significant. A 
marginally significant positive association between initial dioxin and absolute monocytes was 
found in the unadjusted analysis. 

Analyses on the remaining hematology variables detected a significant positive 
relationship between continuously measured prothrombin time and initial dioxin in the 
adjusted analysis. 

Model 3: Categorized Dioxin Analysis 

Significant results from the categorized dioxin analyses of the cell count variables were 
seen mainly in the analyses of platelet count. Measured continuously, mean levels of platelet 
count in the high and low plus high Ranch Hand categories were significantly greater than 
those of the Comparisons in both the unadjusted and adjusted analyses. Additionally, the 
percentage of abnormally high platelet count levels was greater in high Ranch Hands than 
Comparisons. Adjusted RBC count means displayed marginally significant inverse 
associations in the analyses of high Ranch Hands and low plus high Ranch Hands versus 
Comparisons. The inverse associations indicate that mean levels of RBC count in the 
aforementioned Ranch Hand categories were lower than the mean levels of RBC count in the 
Comparison group. Analyzed discretely , the percentage of abnormally low RBC counts in 
background Ranch Hands was significantly greater than that of the Comparisons in the 
unadjusted analysis and marginally significant in the adjusted analysis. Several cell count 
variables displayed marginally significant associations with categorized dioxin in the 
unadjusted analyses that became nonsignificant after covariate adjustment (i.e. , abnormal low 
RBC counts, continuously measured WBC counts, continuously measured hematocrit, and 
abnormal low hematocrit levels) . 

Only marginally significant results were disclosed in the categorized dioxin analyses of 
the absolute blood count variables. Unadjusted means for absolute neutrophils (segs) and 
absolute monocytes were greater in high Ranch Hands than Comparisons. However, this 
result remained marginally significant only for absolute monocytes after covariate adjustment. 
Adjusted mean levels of nonzero absolute eosinophil measurements were lower in the low 
plus high Ranch Hand category than in the Comparison group. 

In the adjusted analysis of coagulation, the percentage of abnormal RBC morphology 
measurements was significantly lower in the background Ranch Hand category than in the 
Comparison group. 
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Models 4, S, and 6: Current Dioxin Analyses 

Current dioxin analyses of platelet count, similar to the other exposure analyses, led to 
significant results. Unadjusted for covariates, platelet counts in both discrete and continuous 
fozms were positively associated with each of the current dioxin measurements. However, 
with the exception of significant and marginally significant associations between discrete 
platelet counts and current dioxin in Models 4 and 5, the adjusted results became 
nonsignificant. Adjusted relative risks of abnonnally high WBC counts were significantly 
less than 1.00 in the adjusted analyses of Models 4 and 6. The adjusted relative risk was 
marginally significant in Model 5. Marginally significant and significant positive associations 
between RBC counts and current dioxin were found in the unadjusted analyses of Models 4 
and 5. Adjusted results of RBC counts became nonsignificant in Model 4 and marginally 
significant in Model 5. 

Marginally significant positive associations between the proportion of zero 
measurements of absolute eosinophils and current dioxin were found in the unadjusted 
analysis of Model 5 and the adjusted analyses of Models 4 and 5. Current dioxin analyses 
on the remaining absolute blood count variables were nonsignificant. Dioxin-by-covariate 
interactions retained in the adjusted analyses primarily involved either race or lifetime 
cigarette smoking history. 

Among the remaining hematology variables, RBC morphology w.as significantly related 
to whole-weight current dioxin adjusted for total lipids in the adjusted analysis of Model 6. 
Positive relationships of marginal significance also were observed in the lipid-adjusted and 
whole-weight current dioxin analyses of RBC morphology. 

CONCLUSION 

The thirteen endpoints analyzed in the hematology assessment provide a comprehensive 
evaluation of the three peripheral blood lines (erythrocytes, leukocytes, and platelets) and 
their relation to dioxin exposure. In the analyses of these variables, only platelet count 
exhibited significant associations with the herbicide exposure indices. Ranch Hands in the 
enlisted flyer and enlisted groundcrew categories possessed statistically significant higher 
mean platelet counts than Comparisons, although the result cannot be considered significant 
from a clinical point of view. Analyses employing extrapolated levels of initial dioxin 
showed that Ranch Hands with high dioxin levels had significantly greater mean platelet 
count measurements than Comparisons. Platelet counts also were positively associated with 
current serum dioxin measurements, although the association became nonsignificant when 
adjusted for covariates. These results support the results found in both the 1987 followup 
study and in the serum dioxin analysis of the 1987 followup study, but the biologic 
significance is uncertain. · 

Results from the 1987 followup study generated.questions regarding the possibility of a 
subclinical inflammatory response associated with prior dioxin exposur~. • '.lbis· was due to 
elevated WBC counts, platelet counts, and erythrocyte sedimentation rates in Ranch Hands. 
However, the current study did not produce significant results to sQpp.Qrk~:possibility. 
Therefore, in conclusion, there is no evidence from the present StlldY · tb.atlauggests an 
association between hematopoietic toxicity and prior dioxin exposure. " 
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