






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 11-34. (Continued)
Analysis of Central Nervous System (CNS) Index

3'g) MOBELS4 5 AND6 RANCH HANDS — CURRENTBIO UNADJUSTED

Model® | ~ Medium = Higl (95%c1.)b p»Value.
4 6.5 4.3 7.1 1.00 (0.83,1.22) 0.959
(294) (300) (295)
5 5.4 5.4 7.1 1.03 (0.87,1.21) 0.721
(299) (296) (294)
6 5.4 54 7.1 0.99 (0.83,1.18) 0.869
(298) (296) (294)

h)'MODELS 4 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

~ Analysis Resi Lng2 (Current Bmxm + n

| Adj. Relative Risk . .
ModeP| n  (®5%CIL®  pVale , ,'Covanate Remarks- e
4 889 0.93 (0.75,1.16) 0.519 AGE (p=0.022)

OCC*INS (p=0.035)

5 889 0.97 (0.81,1.17) 0.766 AGE (p=0.020)
OCC*INS (p=0.036)

64 888 0.92 (0.76,1.12) 0.407 AGE (p=0.028)
OCC*INS (p=0.030)

4 Model 4: Log, (lipid-adjusted current dioxin + 1).

Model 5: Log, (whole-weight current dioxin + 1).

Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.

4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks” column.

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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None of the Ranch Hand categories differed significantly from the Comparison group in
the unadjusted and adjusted Model 3 analyses of the CNS index (Table 11-34(e,f): p>0.18
for all contrasts). The adjusted analysis contained the covariates age and lifetime alcohol
history.

The unadjusted and adjusted results for Models 4 through 6 did not reveal a significant
association between current dioxin and the CNS index (Table 11-34(g,h): p>0.40 for all
analyses). Each of the adjusted analyses included age and an occupation-by-insecticide
exposure interaction.

Longitudinal Analysis
Physical Examination Variables

Longitudinal analyses were conducted on two composite variables, the cranial nerve
index without range of motion and the CNS index, 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 1985 and 1992. For both
variables, the longitudinal analyses investigated the differences between the 1985 examination
and the 1992 examination to enhance comparability, because SCRF conducted both of these
neurological examinations.

The longitudinal analyses examined relative risks at the 1992 examination for
participants who were classified as “normal” at the 1985 examination. Participants classified
as “abnormal” at the 1985 examination were excluded because the focus of the analyses was
on investigating the temporal effects of dioxin during the period between 1985 and 1992.
Participants classified as “abnormal” in 1985 were already abnormal before this period;
consequently, only participants classified as “normal” at the 1985 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 1985 and 1992.
All three models were adjusted for age; 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.

Cranial Nerve Index without Range of Motion

Based on participants with a normal response in 1985, the Model 1 analysis of the
cranial nerve index without range of motion did not reveal a significant overall group
difference (Table 11-35(a): p=0.343). However, stratifying the analysis by occupation
revealed a significant group difference within the enlisted groundcrew stratum (p=0.049,
Adj. RR=2.33, 95% C.1.=[1.00,5.41]) and a marginally significant group difference within
the enlisted flyer stratum (p=0.068, Adj. RR=0.14, 95% C.1.=[0.02,1.16]. For the
enlisted groundcrew, Ranch Hands were more than twice as likely as Comparisons to
develop a cranial nerve index abnormality in 1992 conditioned on normality in 1985 (4.0%
vs. 1.8%). By contrast, the enlisted flyer Ranch Hands were less than one fourth as likely as
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the enlisted flyer Comparisons to have an abnormal cranial nerve index without range of
motion response in 1992 conditioned on normality in 1985 (0.7% vs. 4.4%).

~ The Model 2 longitudinal analysis did not detect a significant association between initial
dioxin and the cranial nerve index without range of motion (Table 11-35(b): p=0.747).
Similarly, the longitudinal analysis of Model 3 did not find a significant difference between
any of the Ranch Hands categorles and the Comparison group (Table 11-35(c): p>0.13 for
all contrasts). .

CNS Index

The Model 1 analysis for participants with a normal CNS index in 1985 did not reveal a
significant group difference based on the 1992 results (Table 11-36(a): p>0.21 for all '
contrasts).

For Model 2, the longitudinal analysis revealed a marginally significant positive
association between initial dioxin and the CNS index (Table 11-36(b): p=0.052, Adj.
RR=1.41, 95% C.I1.=[1.01,1.98]). Based on the Ranch Hands in the Model 2 analysis who
had a normal CNS index in 1985, the percentages of abnormalities in 1992 for the low,
medium, and high initial dioxin categories were 2.5, 3.1, and 6.2 percent respectively.

The Model 3 longitudinal analysis found that Ranch Hands in the low dioxin category
had significantly fewer CNS index abnormalities in 1992 than the Comparison group -
conditioned on normality in 1985 (Table 11-36(c): p=0.042, Adj. RR=0.43, 95%
C.1.=[0.19, 0.97]). Based on participants with a normal CNS index in 1985, the
percentages of participants that had a CNS index abnormality in 1992 were 2.9 percent of the
low Ranch Hand category versus 5.6 percent of the Comparison group.

DISCUSSION

Although definitive diagnosis usually requires laboratory testing beyond the scope of the
current study, the data analyzed in the neurological assessment can be relied upon to detect
the presence, if not the cause, of neurological disease including disorders of the peripheral
nervous system. CNS, cranial, and peripheral nerve variables examined can provide specific
clues to the anatomical site of neurological lesions and clarify the need for additional
diagnostic studies. Pertinent to the current study, the neurological examination is highly
sensitive in detecting the presence of peripheral neuropathy, a suspect clinical condition
related to TCDD exposure.

In clinical practice, it is convenient to divide the neurological assessment into -
examinations of the peripheral and cranial nerves. - The 5 motor, and 4 sensory peripheral
nerve variables and the 13 cranial nerve variables examined provide highly specific clues in
the anatomic site of neurological lesions and clarify whlch addmonal dlagnostlc studles would
be most helpful in establlshmg a diagnosis. :
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Table 11-35.

Longitudinal Analysis of Cranial Nerve Index without Range of Motion

- B Percent Abnormal/(n)

All Ranch Hand 3.7 4.4 4.8
(894) (862) (894)
Comparison 2.3 4.0 3.3
(1,133) (1,096) (1,133)
Officer Ranch Hand 2.9 3.6 4.1
(345) (337) (345)
Comparison 2.1 2.6 3.9
(435) (420) (435)
Enlisted Flyer Ranch Hand 3.2 4.6 3.2
(158) (154) (158)
Comparison 1.6 5.5 4.3
(187) (181) (187)
Enlisted Ranch Hand 4.6 5.1 6.1
Groundcrew (391) (371) (391)
Comparison 2.9 4.7 2.4
(511) (495) (511)
Normal in 1985
‘Occupational S Abnormal Adj. Relative Risk
Category ~ Group  nin1992 inf1992 = (95% C.L)* p-Value®
All Ranch Hand 861 3.4 1.29 (0.76,2.18) 0.343
Comparison 1,107 2.6
Officer Ranch Hand 335 3.9 1.37 (0.62,3.05) 0.439
Comparison 426 2.8
Enlisted Flyer Ranch Hand 153 0.7 0.14 (0.02,1.16) 0.068
Comparison 184 4.4
Enlisted Ranch Hand 373 4.0 2.33 (1.00,5.41) 0.049
Groundcrew Comparison 497 1.8

# Relative risk, confidence interval, and p-values are in reference to a contrast of 1985 and 1992 results; results
adjusted for age in 1992.

Note: Summary statistics for 1987 are provided for reference purposes for participants who attended the 1985
and 1992 examinations. Statistical analyses are based only on participants who had a normal cranial
nerve index without range of motion in 1985 (see Chapter 7, Statistical Methods).
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Table 11-35. (Continued)
Longitudinal Analysis of Cranial Nerve Index without Range of Motion

'b) MODEL 2: RANCH HANDS — INITIAL DIOXIN
—— : S

Examination
TEERL T ' 1987 1992
Low 2.4 3.7 6.1
(165) (162) (165)
Medium 3.0 6.8 2.4
(166) (162) (166)
High " 3.9 4.5 6.7
(164) (156) (164)
Initial Dioxin Category Summary Statistics |l Analysis Results for Log, (Initial Dioxin)®
~ Normal in 1985 |
Initial - Percent Abnormalin |  Adj. Relative Risk
Dioxin nin1992 1992 (95% C.L)° p-Value
Low 161 5.6 0.94 (0.63,1.39) 0.747
Medium 161 1.2
High 158 4.4

* 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 blood draw for dioxin, and age in 1992.

® Relative risk for a twofold increase in initial dioxin.
Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
Summary statistics for 1987 are provided for reference purposes for participants who attended the 1985

and 1992 examinations. Statistical analyses are based only on participants who had a normal cranial
nerve index without range of motion in 1985 (see Chapter 7, Statistical Methods).
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Table 11-35. (Continued)
Longitudinal Analysis of Cranial Nerve Index without Range of Motion

c} MODEL 3 RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY

Percent Abnormali{n)

‘ - ~ Examination
Dby e 1937 = T
Comparison 2:1 4.3 3.2
(980) (960) (980)
Background RH 4.6 3.5 4.6
(351) (342) (351)
Low RH 3.2 5.4 e
(247) (242) (247)
High RH 2.8 4.6 4.4
(248) (238) (248)
Low plus High RH 3.0 5.0 5.1
(495) (480) (495)
Normalmlgss__:__f”' L
o o Percent Abnormal  Adj. Relative Risk
_Dioxin Category  nin 1992 - in1992 95% CL*® pVale
Comparison - 959 2.5
Background RH 335 3.0 1.16 (0.54,2.47) 0.702
Low RH 239 4.6 1.75 (0.84,3.66) 0.134
High RH 241 2.9 1.27 (0.54,3.03) 0.584
Low plus High RH 480 3.8 1.53 (0.82,2.87) 0.183

2 Relative risk and confidence interval relative to Comparisons.

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 blood draw for dioxin, 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 1987 are provided for reference purposes for participants who attended the 1985
and 1992 examinations. Statistical analyses are based only on participants who had a normal cranial
nerve index without range of motion in 1985 (see Chapter 7, Statistical Methods).
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Table 11-36.

Longitudinal Analysis of Central Nervous System Index

 2a) MODEL 1: RANCH HANDS VS. COMPARISONS
e - _ : Examination
Category - Group 1985 1987 1992
All Ranch Hand 4.0 5.9 6.1
(908) (882) (908)
Comparison 2.7 4.7 oy
(1,149) (1,121) (1,149)
Officer Ranch Hand 29 3.5 5.1
(351) (343) (351)
Comparison 1.4 4.2 6.1
(443) (431) (443)
Enlisted Flyer Ranch Hand 6.3 52 7.0
(158) (154) (158)
Comparison 43 4.9 53
(188) (184) (188)
Enlisted Ranch Hand 4.0 83 6.5
Groundcrew (399) (385) (399)
Comparison 3.3 8l 5.6
(518) (506) (518)
Normal in 1985
Occupational S . Abnormal  Adj. Relative Risk
Category ~ Group nin1992  n1992 = (95% C.I)* - p-Value®
All Ranch Hand 872 4.1 0.78 (0.51,1.20) 0.252
Comparison 1,118 5.2
Officer Ranch Hand 341 3.8 0.64 (0.32,1.28) 0.212
Comparison 437 5.7
Enlisted Flyer Ranch Hand 148 4.7 0.93 (0.34,2.58) 0.892
Comparison 180 5.0
Enlisted Ranch Hand 383 4.2 0.87 (0.45,1.67) 0.679
Groundcrew Comparison 501 4.8

# Relative risk, confidence interval, and p-values are in reference to a contrast of 1985 and 1992 results; results

adjusted for age in 1992.

Note: Summary statistics for 1987 are provided for reference purposes for participants who attended the 1985
and 1992 examinations. Statistical analyses are based only on participants who had a normal cranial
nerve index without range of motion in 1985 (see Chapter 7, Statistical Methods).
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Table 11-36. (Continued)
Longitudinal Analysis of Central Nervous System Index

b) MODEL 2: R.ANCH HANDS INH'IAL DIOX!N

Percent Ahnomlal/(n)

Examinatlon
Dioxin e 1985 - 1987 1992
Low 3.6 2.4 4.2
(167) (167) (167)
Medium 3.0 4.9 5.4
(166) (163) (166)
High 3.0 8.0 7.2
(167) (162) (167)
Initial Dioxin Category Summary Statistics ~ Analysis Results for Log, (Initial Dioxin)*
 Normal in 1985 _
Initial ) - Percent Abnornm] in | Adj. Relative Risk
Dioxin nin1992 1992 ©5%cLy p-Value
Low 161 2.5 1.41 (1.01,1.98) 0.052
Medium 161 3.1
High 162 6.2

* 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 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 1987 are provided for reference purposes for participants who attended the 1985
and 1992 examinations. Statistical analyses are based only on participants who had a normal cranial

nerve index without range of motion in 1985 (see Chapter 7, Statistical Methods).
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Table 11-36. (Continued)
Longitudinal Analysis of Central Nervous System Index

c) MODEL 3: RANCH HANDS AND commsom BY moxm CATEGORY
i?ercent Ahnm-mamn)_ =

: Exammatmn
DioxinCategory =~ %8 1987
Comparison 2.6 4.9
(995) (981) (995)
Background RH 4.2 6.0 6.4
(360) (350) (360)
Low RH 2.8 2.0 4.4
(249) (247) (249)
High RH 3.6 8.2 6.8
(251) (245) (251)
Low plus High RH 3.2 5.1 5.6
(500) (492) (500)
Normai n 1985
ey Perct Abnormal Adj.RelahveRmk '
Dioxin Category ~  n ) in 1992 om 95%CL® p-Va.lue
Comparison 969 5.6
Background RH 345 4.4 0.76 (0.42,1.37) 0.358
Low RH 242 2.9 0.43 (0.19,0.97) 0.042
High RH 242 5.0 1.02 (0.53,1.98) 0.943
Low plus High RH 484 3.9 0.68 (0.40,1.17) 0.166

# Relative risk and confidence interval relative to Comparisons.

® 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 blood draw for dioxin, 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 1987 are provided for reference purposes for participants who attended the 1985
and 1992 examinations. Statistical analyses are based only on participants who had a normal cranial
nerve index without range of motion in 1985 (see Chapter 7, Statistical Methods).
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3 As indices of CNS function, tremor and coordination are less specific and more subject
~to individual variation in the absence of underlying neurological disease. Tremor, for

- example, may occur as a benign familial trait, may be reflective of alcohol withdrawal, or
.may be a marker of extra pyramidal motor system disease as in Parkinson’s Syndrome. The
“Romberg sign may signal a lesion in the cerebellum but is more often indicative of impaired
osition senseé in the lower extremities or of inner ear disease. Finally, the mental status
~examination is of obvious importance in the CNS assessment and, as in previous examination
- cycles, extensive psychometric studies were conducted and are reported in Chapter 12,

Psychology Assessment.

3 In the adjusted analyses of the med:cal records variables, the prevalence of neurological
- disorders by history was similar in the Ranch Hand and Companson cohorts. In a pattern
- consistent with a positive dose-response and with results reported in the serum dioxin
¥ analysis of the 1987 followup, the diagnosis of other neurological disorders occurred more
- commonly in Ranch Hands with high versus medium and low levels of serum dioxin. After
b adjustment for covariates, however, the associations were no longer statistically significant.
. In contrast, but of doubtful clinical significance, an inverse dose-response was noted in all
. adjusted analyses relating the current serum dioxin to the history of hereditary and
degenerative disorders. Disorders included in this ICD-9-CM category, more common in_
Ranch Hands than in Comparisons in the 1987 examinations, were equally prevalent in the
-current study.

In relation to the extrapolated initial level of serum dioxin, no significant associations
were noted in the adjusted analyses of any of the directly measured physical examination
wvariables. The analyses employing current serum dioxin yielded inconsistent resuits. A
.positive association was noted in relation to the cranial nerve motor variable smile and the
peripheral nerve variables pin prick and patellar reflex, while inverse dose-response patterns
‘were defined for smell and the Babinski reflex.

The dependent variable-covariate analyses confirmed associations well-established in

i clinical practice. Diabetes mellitus was associated with multiple motor and sensory

! manifestations of neurological disease including deficits in pin prick sensation and balance,

i the Romberg sign, and all. of the deep tendon reflexes tested. Consistent with the peripheral
4 -neuropathy common to age, alcoholism, and diabetes, highly significant associations were
noted between these risk factors and abnormalities i in the vibrotactile threshold (of both left
and right great toes).

In summary, data analyzed in the current section reflect a comparable prevalence of
neurological disease in the Ranch Hand and Comparison cohorts and no consistent evidence
for a dose-response effect in relation to the current body burden of dioxin.

SUMMARY

The neurological assessment focused on extensive physical examination data for cranial
nerve function, peripheral nerve status, and CNS coordination processes. Verified histories
of neurological diseases also were examined. Tables 11-37 through 11-40 summarize the
tesults of the group contrast analyses (Table 11-37), the initial dioxin analyses (Table 11-38),
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Table 11-37.
Summary of Group Analyses (Model 1) for Neurological Variables
(Ranch Hands vs. Comparisons)

Variable Al Officer  Enlisted Fyer Enlisted Groundcrew
Medical Records

Inflammatory Diseases (D) NS NS NS NS
Hereditary and Degenerative NS NS ns NS
Diseases (D)

Peripheral Disorders (D) NS NS NS ns .
Other Neurological Disorders (D) NS NS NS NS
Physical Examination: Cranial

Nerve Function

Smell (D) NS ns NS NS
Visual Fields (D) ns ns - NS
Light Reaction (D) NS ns ns NS*
Ocular Movement (D) NS NS NS NS
Facial Sensation (D) NS -- ns NS
Jaw Clench (D) - = s e
Smile (D) NS ns NS NS
Palpebral Fissure (D) ns ns NS ns
Balance (D) NS NS ns NS
Gag Reflex (D) -- - - -
Speech (D) NS NS NS NS
Palate and Uvula Movement (D) - - - -
Neck Range of Motion (D) NS NS ns NS
Cranial Nerve Index without Range NS ns ns +0.012
of Motion (D)

Physical Examination: Peripheral

Nerve Status

Pin Prick (D) NS ns ns NS
Light Touch (D) NS NS NS NS
Muscle Status (D) NS NS ns NS
Patellar Reflex (D) -0.043 -0.033 ns NS
Achilles Reflex (D) NS NS ns ns
Biceps Reflex (D) ns NS ns ns
Babinski Reflex (D) ns ns ns NS
Vibrotactile Threshold Measurement NS ns NS NS
of Right Great Toe (C)
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Table 11-37. (Continued)
Summary of Group Analyses (Model 1) for Neurological Variables
(Ranch Hands vs. Comparisons)

s S UNADJUSTED -
gVamble AR Oﬂim  Enlisted Flyer Enlisted Groundcrew
Vibrotactile Threshold Measurement NS NS ns NS
of Left Great Toe (C)
Physical Examination: CNS
Coordination Processes
Tremor (D) NS ns NS NS
Coordination (D) NS NS ns NS
Romberg Sign (D) NS NS ns NS
Gait (D) NS ns ns NS
Central Nervous System Index (D) NS ns NS NS
C: Continuous analysis.
D: Discrete analysis.
+: Relative risk =1.00.

Relative risk <1.00.

Analysis not performed due to sparse number of abnormalities.

NS or ns: Not s1gmﬁcant (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 1.00 for discrete
analysis or difference of means negative for continuous analysis.
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Table 11-37. (Continued)
Summary of Group Analyses (Model 1) for Neurological Variables
(Ranch Hands vs. Comparisons)

Variable Al Officer  Enlisted Flyer Enlisted Groundcrew
Medical Records

Inflammatory Diseases (D) NS NS NS NS
Hereditary and Degenerative NS NS ns NS
Diseases (D)

Peripheral Disorders (D) NS NS ns ns
Other Neurological Disorders (D) NS NS ' NS NS
Physical Examination: Cranial

Nerve Function

Smell (D) NS ns NS NS
Visual Fields (D) ns ns - NS
Light Reaction (D) NS ns - --
Ocular Movement (D) NS NS - NS
Facial Sensation (D) NS -- ns NS
Jaw Clench (D) - - - -
Smile (D) NS ns NS NS
Palpebral Fissure (D) ns ns NS ns
Balance (D) NS NS -- NS
Gag Reflex (D) - -- - -
Speech (D) NS* NS - NS
Palate and Uvula Movement (D) - - - -
Neck Range of Motion (D) NS NS ns* NS
Cranial Nerve Index without Range **(NS) ns ns +0.014
of Motion (D)

Physical Examination: Peripheral

Nerve Status

Pin Prick (D) ns ns ns NS
Light Touch (D) NS ns NS NS
Muscle Status (D) NS NS ns NS
Patellar Reflex (D) *%(-0.009) **(-0.021) **(-0.048) **(NS)
Achilles Reflex (D) NS NS ns ns
Biceps Reflex (D) ns NS - ns
Babinski Reflex (D) ns -- -- NS
Vibrotactile Threshold Measurement ns ns NS NS
of Right Great Toe (C)

Vibrotactile Threshold Measurement NS ns ns NS

of Left Great Toe (C)

11-176



Table 11-37. (Continued)
Summary of Group Analyses (Model 1) for Neurological Variables
(Ranch Hands vs. Comparisons)

Yariable AN Officer Enlisted Fiyer Enlisted Groundcrew
Physical Examination: CNS

Coordination Processes

Tremor (D) NS ns NS NS
Coordination (D) NS NS ns NS
Romberg Sign (D) NS NS - NS

Gait (D) NS ns ns NS

Central Nervous System Index (D) NS ns NS NS

Continuous analysis.

Discrete analysis.

: Relative risk =1.00.

Relative risk <1.00.

Analysis not performed due to sparse number of abnormalities.

NS or ms: Not significant (p>0.10).

NS* or ns*: Marginally significant (0.05<p<0.10).

**(NS) or **(ns): Group-by-covariate interaction (p <0.05); not significant when interaction is deleted;

refer to Appendix G-2 for further analysis of this interaction.

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

Note: 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.

L4A+90
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Table 11-38.

Summary of Initial Dioxin Analyses (Model 2) for Neurological Variables

(Ranch Hands Only)
Variable Unadjusted Adjusted
Medical Records
Inflammatory Diseases (D) NS ns
Hereditary and Degenerative Diseases (D) ns **(ns)
Peripheral Disorders (D) NS NS
Other Neurological Disorders (D) NS ns
Physical Examination: Cranial Nerve
Function
Smell (D) ns ns
Visual Fields (D) - -
Light Reaction (D) NS NS
Ocular Movement (D) ns ns
Facial Sensation (D) NS -
Jaw Clench (D) . £%
Smile (D) NS NS
Palpebral Fissure (D) NS NS
Balance (D) NS NS
Gag Reflex (D) - --
Speech (D) NS NS
Palate and Uvula Movement (D) -- -
Neck Range of Motion (D) ns NS
Cranial Nerve Index without Range of NS **(NS)
Motion (D)
Physical Examination: Peripheral Nerve
Status
Pin Prick (D) ns ns
Light Touch (D) ns ns
Muscle Status (D) ns NS
Patellar Reflex (D) ns NS
Achilles Reflex (D) ns **(NS)
Biceps Reflex (D) -0.030 ns
Babinski Reflex (D) - -
Vibrotactile Threshold Measurement of ns **(NS)
Right Great Toe (C)
Vibrotactile Threshold Measurement of Left ns* **(NS)

Great Toe (C)
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Table 11-38. (Continued)
Summary of Initial Dioxin Analyses (Model 2) for Neurological Variables

(Ranch Hands Only)
Physical Examination: CNS Coordination
Processes
Tremor (D) NS NS
Coordination (D) ns NS
Romberg Sign (D) 5 NS NS
Gait (D) NS **(NS)
Central Nervous System Index (D) NS NS

C: Continuous analysis.

D: Discrete analysis.

-1 Relative risk <1.00.

--: Analysis not performed due to sparse number of abnormalities.

NS or ns: Not significant (p>0.10).

ns*: Marginally significant (0.05 <p<0.10).

**(NS) or **(ns): Log, (initial dioxin)-by-covariate interaction (p<0.05); not significant when interaction is

deleted; refer to Appendix G-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 11-39.
Summary of Categorized Dioxin Analyses (Model 3) for Neurological Variables
(Ranch Hands vs. Comparisons)

UNADJUSTED
Backgmund Ranch Low Ranch  High Ranch = Low plus High
' ~ Handsvs. = Hands vs. ‘Hands vs. Ranch Hands vs.
Variable : : Conuxuumm5~i~ Comparisons Comparisons Comparisons
Medical Records
Inflammatory Diseases (D) NS NS NS NS
Hereditary and Degenerative NS NS ns NS
Diseases (D)
Peripheral Disorders (D) ns NS NS NS
Other Neurological Disorders ns NS +0.040 NS*
(D)
Physical Examination:
Cranial Nerve Function
Smell (D) NS NS ns ns
Visual Fields (D) - - -- --
Light Reaction (D) NS NS NS NS*
Ocular Movement (D) NS NS NS NS
Facial Sensation (D) NS - NS* NS
Comneal Reflex (D) - - - -
Jaw Clench (D) -- - -- -
Smile (D) NS NS NS NS
Palpebral Fissure (D) NS NS ns NS
Balance (D) NS ns NS NS
Gag Reflex (D) - - - -
Speech (D) NS NS* NS* +0.023
Tongue Position Relative to -- -- - --
Midline (D)
Palate and Uvula Movement -- - - -
(D)
Neck Range of Motion (D) NS NS NS NS
Cranial Nerve Index without NS NS NS NS
Range of Motion (D)
Physical Examination:
Peripheral Nerve Status
Pin Prick (D) ns NS ns NS
Light Touch (D) NS NS NS NS
Muscle Status (D) NS NS NS NS
Patellar Reflex (D) -0.033 ns ns ns
Achilles Reflex (D) NS NS ns NS
Biceps Reflex (D) ns NS ns ns
Babinski Reflex (D) ns ns ns ns
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Table 11-39. (Continued)
Summary of Categorized Dioxin Analyses (Model 3) for Neurological Variables
(Ranch Hands vs. Comparisons)

Vanable e

Vibrotactile Threshold ns NS ns

Measurement of Right Great

Toe (C)

Vibrotactile Threshold NS NS ns NS
Measurement of Left Great

Toe (C)

Physical Examination: CNS

Coordination Processes

Tremor (D) NS ns NS ns
Coordination (D) ns NS NS NS
Romberg Sign (D) NS ns NS NS
Gait (D) NS ns NS ns
Central Nervous System Index NS ns NS ns
(D)

C: Continuous analysis.

D: Discrete analysis.

+: Relative risk = 1.00 for discrete analysis or difference of means nonnegative for continuous analysis.

- Relative risk < 1.00 for discrete analysis or difference of means negative for continuous analysis.
Not applicable for unadjusted 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.
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 11-39. (Continued)
Summary of Categorized Dioxin Analyses (Model 3) for Neurological Variables
(Ranch Hands vs. Comparisons)

. Pukgromd
Vanable .

Ranchrf : Low Ranch High Ranch an plus High

Medical Records

Inflammatory Diseases (D) NS NS ‘NS NS
Hereditary and Degenerative NS NS ns ns
Diseases (D)

Peripheral Disorders (D) ns ns NS NS
Other Neurological Disorders NS NS NS NS
(D)

Physical Examination: Cranial

Nerve Function

Smell (D) **(NS) **(NS) **(ns) **(ns)
Visual Fields (D) -- - -- -
Light Reaction (D) NS NS NS NS*
Ocular Movement (D) NS NS NS NS
Facial Sensation (D) -- -~ -- --
Comeal Reflex (D) - - - -
Jaw Clench (D) - - - -
Smile (D) NS NS NS NS
Palpebral Fissure (D) NS NS ns NS
Balance (D) NS ns NS NS
Gag Reflex (D) -- = ok -
Speech (D) 2 L = L
Tongue Position Relative to = = e =
Midline (D)

Palate and Uvula Movement (D) - - - -
Neck Range of Motion (D) **(ns) **(NS) **(NS) **(NS)
Cranial Nerve Index without **(NS) **(NS) **(NS) *¥(NS)
Range of Motion (D)

Physical Examination:
Peripheral Nerve Status

Pin Prick (D) ns NS ns NS
Light Touch (D) NS NS NS NS
Muscle Status (D) **(NS) **(NS) **(NS) **(NS)
Patellar Reflex (D) **(-0.025) **(ns¥) **(ns) **(ns)
Achilles Reflex (D) **(NS) **(NS) **(NS) **(NS)
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Table 11-39. (Continued)
Summary of Categorized Dioxin Analyses (Model 3) for Neurological Variables
(Ranch Hands vs. Comparisons)

 Background Ranch Low Ranch  High Ranch  Low plus High
Hands vs. Handsvs.  Handsvs.  Ranch Hands vs.

Variable Comparisons Comparisons Comparisons  Comparisons
Biceps Reflex (D) - NS ns ns
Babinski Reflex (D) ns ns - ns
Vibrotactile Threshold **(ns) **(ns) **(NS) **(NS)
Measurement of Right Great Toe
©
Vibrotactile Threshold ns NS NS NS
Measurement of Left Great Toe
©
Physical Examination: CNS
Coordination Processes
Tremor (D) NS ns NS ns
Coordination (D) ns NS NS NS
Romberg Sign (D) NS ns NS NS
Gait (D) NS ns NS ns
Central Nervous System Index ns ns NS ns

(D)

C: Continuous analysis.

D: Discrete analysis.

-:  Relative risk <1.00 for discrete analysis or difference of means negative for continuous analysis.

--: Not applicable for unadjusted analysis.

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 (0.01 <p <0.05); not significant when

interaction is deleted; refer to Appendix G-2 for further analysis of this interaction.
**(ns*): Categorized dioxin-by-covariate interaction (0.01 <p <0.05); marginally significant when interaction
is deleted; refer to Appendix G-2 for further analysis of this interaction.
**(...): Categorized dioxin-by-covariate interaction (0.01 <p<0.05); significant (p=-0.025) when interaction is
deleted; refer to Appendix G-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.
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Table 11-40.

Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Neurological Variables

(Ranch Hands Only)
_ - oo . Modd6:
~ Model4: ModelS: = Whole-Weight Current
e . Lipid-Adjusted =~ Whole-Weight  Dioxin Adjusted for Total
Variable ~ Current Dioxin  Current Dioxin Lipids
Medical Records
Inflammatory Diseases (D) NS NS NS
Hereditary and Degenerative ns ns ns*
Diseases (D)
Peripheral Disorders (D) NS NS NS
Other Neurological Disorders (D) +0.022 NS* +0.011
Physical Examination: Cranial
Nerve Function
Smell (D) -0.018 -0.015 -0.019
Visual Fields (D) - - -
Light Reaction (D) NS NS NS
Ocular Movement (D) NS NS NS
Facial Sensation (D) NS NS NS
Jaw Clench (D) - - -
Smile (D) NS* NS NS*
Palpebral Fissure (D) NS NS NS
Balance (D) NS NS NS
Gag Reflex (D) -- - -
Speech (D) NS NS NS
Palate and Uvula Movement (D) -- - --
Neck Range of Motion (D) NS NS NS
Cranial Nerve Index without Range NS NS NS
of Motion (D)
Physical Examination: Peripheral
Nerve Status
Pin Prick (D) NS* NS* NS*
Light Touch (D) NS NS NS
Muscle Status (D) ns ns NS
Patellar Reflex (D) NS NS NS
Achilles Reflex (D) NS NS ' NS
Biceps Reflex (D) NS NS NS
Babinski Reflex (D) ns* ns ns
Vibrotactile Threshold Measurement NS NS ns
of Right Great Toe (C)
Vibrotactile Threshold Measurement ns ns ns

of Left Great Toe (C)
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Table 11-40. (Continued)

Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Neurological Variables

(Ranch Hands Only)
- ~ Model 6:
_ i : - Madel 5. - - Whole-Weight Current
L ' rprld Amusted Whole-Weight  Dioxin Adjusted for Total
Vanable o : Current Dioxin  Current Dioxin : Lipids
Physical Examination: CNS
Coordination Processes
Tremor (D) ns ns ns
Coordination (D) ns ns ns
Romberg Sign (D) NS NS NS
Gait (D) NS NS NS
Central Nervous System Index (D) NS NS ns

C: Continuous analysis.
D: Discrete analysis.

+: Relative risk =1.00.
-:  Relative risk <1.00.

Analysis not performed due to sparse number of abnormalities.

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 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 11-40. (Continued)

Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Neurological Variables

(Ranch Hands Only)
T e AT o e Y T e ADIUSTED
: -- : ~ Model6:

- Model 4: . Model 5: Whole-Weight Current
: o ‘Lipid-Adjusted =~ Whole-Weight  Dioxin Adjusted for Total
Variable S Current Dioxin  Carrent Dioxin Lipids '
Medical Records
Inflammatory Diseases (D) NS NS NS
Hereditary and Degenerative -0.030 -0.033 -0.009
Diseases (D)
Peripheral Disorders (D) **(NS) **(NS) **(NS)
Other Neurological Disorders (D) ns ns ns
Physical Examination: Cranial
Nerve Function
Smell (D) -0.018 -0.015 -0.019
Visual Fields (D) -- - --
Light Reaction (D) NS NS NS
Ocular Movement (D) NS NS NS
Facial Sensation (D) NS NS NS
Jaw Clench (D) - - --
Smile (D) NS* NS NS*
Palpebral Fissure (D) NS NS NS
Balance (D) NS NS NS
Gag Reflex (D) - - -
Speech (D) NS NS NS
Palate and Uvula Movement (D) -- %5 &
Neck Range of Motion (D) NS NS NS
Cranial Nerve Index without Range ns ns ns
of Motion (D)
Physical Examination: Peripheral
Nerve Status
Pin Prick (D) *¥(NS) **(NS) **(NS)
Light Touch (D) NS NS NS
Muscle Status (D) NS NS NS
Patellar Reflex (D) NS* NS* +0.039
Achilles Reflex (D) NS NS NS
Biceps Reflex (D) NS NS NS*
Babinski Reflex (D) -0.039 ns* ns*
Vibrotactile Threshold Measurement **(NS) **(NS) **(NS)
of Right Great Toe (C)
Vibrotactile Threshold Measurement **(NS) **(NS) **(NS)

of Left Great Toe (C)
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Table 11-40. (Continued)
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Neurological Variables

(Ranch Hands Only)

: Model 4: Mode! 5. Whole-Weight Current
e o iLrpid Adjusted i Whole—Welght Dioxin Adjusted for Total
Nagiable . Current Dioxin  Current Dioxin Lipids
Physical Examination: CNS
Coordination Processes
Tremor (D) **(ns) **(ns) **(ns)
Coordination (D) NS NS NS
Romberg Sign (D) NS NS NS
Gait (D) ns ns ns
Central Nervous System Index (D) ns ns ns
C: Continuous analysis.
D: Discrete analysis.
+: Relative risk =1.00.

- Relative risk <1.00.
Analyses not performed due to sparse number of abnormalities.
NS or ns: Not significant (p>0.10).
NS* or ns*: Marginally significant (0.05<p<0.10).
**(NS) or **(ns): Log, (current dioxin + 1)-by-covariate interaction (p <0.05); not significant when
interaction is deleted; refer to Appendix G-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 a nonnegative slope for
continuous analysis; a lower case “ns” denotes relative risk less than 1.00.
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Table 11-41.

Summary of Group-by-Covariate and Dioxin-by-Covariate Interactions from Adjusted
Analyses of Neurological Variables

MOdEI G : Nariable: = 0 ; : 3 Covariate

12 Cranial Nerve Index without Range of Motion Occupation :
Patellar Reflex (D) Lifetime Alcohol History

b Hereditary and Degenerative Diseases (D) Occupation
Cranial Nerve Index without Range of Motion Age, Diabetic Class
(D)
Achilles Reflex (D) Lifetime Alcohol History
Vibrotactile Threshold Measurement of Right Composite Exposure to Heavy
Great Toe (C) Metals
Vibrotactile Threshold Measurement of Left Diabetic Class, Composite Exposure
Great Toe (C) to Heavy Metals
Gait (D) Age

3% Smell (D) Insecticide Exposure
Neck Range of Motion (D) Occupation
Cranial Nerve Index without Range of Motion Occupation
(D)
Muscle Status (D) Insecticide Exposure
Patellar Reflex (D) Lifetime Alcohol History
Achilles Reflex (D) Lifetime Alcohol History
Vibrotactile Threshold Measurement of Right Lifetime Alcohol History
Great Toe (C)

4¢ Peripheral Disorders (D) Lifetime Alcohol History
Pin Prick (D) Diabetic Class
Vibrotactile Threshold Measurement of Right Lifetime Alcohol History, Composite
Great Toe (C) Exposure to Heavy Metals
Vibrotactile Threshold Measurement of Left Lifetime Alcohol History, Diabetic
Great Toe (C) Class, Worked With Vibrating Power

Equipment or Tools

Tremor (D) Age

5° Peripheral Disorders (D) Lifetime Alcohol History
Pin Prick (D) Diabetic Class
Vibrotactile Threshold Measurement of Right Lifetime Alcohol History, Composite
Great Toe (C) Exposure to Heavy Metals
Vibrotactile Threshold Measurement of Left Lifetime Alcohol History, Worked
Great Toe (C) With Vibrating Power Equipment or

Tools
6 Peripheral Disorders (D) Lifetime Alcohol History

Pin Prick (D)

Vibrotactile Threshold Measurement of Right
Great Toe (C)

Vibrotactile Threshold Measurement of Left
Great Toe (C)

Diabetic Class

Lifetime Alcohol History, Composite
Exposure to Heavy Metals

Lifetime Alcohol History, Worked
With Vibrating Power Equipment or
Tools

C: Continuous analysis.

D: Discrete analysis.

2 Group Analysis (Ranch Hands vs. Comparison).

® Ranch Hands—Log, (Initial Dioxin).

¢ Categorized Dioxin.

¢ Ranch Hands—Log, (Current Lipid-Adjusted Dioxin + 1).
¢ Ranch Hands—Log, (Current Whole-Weight Dioxin + 1).
f Ranch Hands—Log, (Current Whole-Weight Dioxin + 1), Adjusted for Total Lipids.

11-188




the categorized dioxin analyses (Table 11-39), and the current dioxin analyses (Table 11-40).
Table 11-41 lists the group-by-covariate and dioxin-by-covariate interactions that were
encountered in the adjusted analyses of the variables.

Medical R_ecords

Historical data collected at the 1982, 1985, and 1987 examinations were updated with
information collected at the 1992 health interview and grouped by ICD code into four
categories of neurological disorders for analysis: inflammatory disorders (ICD-9 codes 3200-
3269), hereditary and degenerative disorders (ICD-9 codes 3300-3379), peripheral disorders
(ICD-9 codes 3501-3599), and other neurological disorders (ICD-9 codes 3400-3499). The
category of other neurological disorders included mostly diagnoses of unspecified
encephalopathy (73.2%).

- Model 1: Group Analysis

The unadjusted and adjusted analyses found that the prevalence of neurological disorders
did not differ significantly between the Ranch Hand and Comparison groups for any of the
medical records variables. Although not significant, the estimated relative risk of
inflammatory disease was more than 4.00. These results were affected by sparse data, as
there were only six Ranch Hands and two Comparisons with a history of inflammatory
disease.

Model 2: Initial Dioxin Analysis

Estimated initial dioxin exposure was not significantly associated with any of the
historical neurological disorders in both the unadjusted and adjusted Model 2 analyses.

Model 3: Categorized Dioxin Analysis

The Ranch Hand dioxin category versus Comparison group contrasts were not
significant for inflammatory diseases, hereditary and degenerative diseases, or peripheral
disorders. The relative risk of the category of other neurological disorders was significantly
greater than 1.00 in the unadjusted analysis for Ranch Hands in the high dioxin category, but
this finding became nonsignificant after adjusting for age, race, and occupation. Occupation
was highly associated with other neurological disorders and also is associated with dioxin
exposure. Removing occupation from the adjusted model caused the relative risk to become
significant.

Models 4 though 6: Current Dioxin Analysis

The unadjusted analyses of the category of other neurological disorders found a
significant positive association with lipid-adjusted current dioxin in Model 4 and a marginally
significant positive association with whole-weight dioxin in Model 5. The association with

‘whole-weight dioxin became significant after forcing total lipids into the Model 6 analysis.
Similar to the Model 3 results, all of these associations became nonsignificant after adjusting
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for age, race, and occupation. The positive associations became highly significant when
occupation was removed from the final adjusted models.

The unadjusted current dioxin analyses of hereditary and degenerative diseases were all
nonsignificant, but the relative risks became significantly less than 1.00 in Models 4 through
6 after adjusting for covariates, including occupation and diabetic class. When occupation
and diabetic class were removed from the final models, the adjusted results supported the
unadjusted findings, revealmg no significant associations.

The unadjusted and adjusted peripheral disorders results were not significant, but the
adjusted relative risks became significantly greater than 1.0 after removing the occupation
and diabetic class covariates from the final modeis. When current dioxin was adjusted for
age only, the relative risks were significant, but the results became nonsignificant when
adjusting for the age-by-occupation interaction in the final model. - The diabetic class
covariate (whether in or out) had minimal effect on the current dioxin significance level.

Physical Examination Variables

The neurological assessment analyzed 14 cranial nerve function variables (smell, visual
fields, light reaction, ocular movement, facial sensation, jaw clench, smile, palpebral fissure,
balance, gag reflex, speech, palate and uvula movement, neck range of motion, and a cranial
nerve index), 9 peripheral nerve variables (pin prick, light touch, muscle status, vibrotactile
threshold (of left and right great toes), patellar reflex, Achilles reflex, biceps reflex, and the
Babinski reflex) and 5 CNS coordination process variables (tremor, coordination, Romberg
sign (balance), gait, and a CNS summary index) with respect to group differences and
associations with dioxin. There were few abnormalities for many of these vanables, limiting
the power to detect a significant difference.

Model 1: Group Analysis

There were no significant overall group differences for the cranial nerve function
variables. However, the group contrasts stratified by occupation found that the adjusted
relative risk of a cranial nerve index abnormality was significantly greater than 1.00 for
enlisted groundcrew Ranch Hands (p=0.014, Adj. RR=2.36, 95% C.I.=[1.19,4.71)).

- Although not significant, the estimated relative risk was greater than 4 00 for facial sensation
(3 Ranch Hands vs. 1 Companson)

The unadjusted and adjusted analyses of the penpheral nerves found significantly fewer
patellar reflex abnormalities in the Ranch Hand group than in the Comparison group
(p=0.009, Adj. RR=0.40, 95% C.I.=[0.19,0.83]). Stratified by occupation, the adjusted
relative risk of an abnormal patellar reflex was significantly less than 1.00 in the officer and
enlisted flyer categones and greater than 1.00, but not mgmﬁcant in the enlisted groundcrew
category _

The overall group contrasts and the group contrasts stratlﬁed by occupanon were not
significant for the CNS coordination process variables: : :
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Model 2: Initial Dioxin Analysis

The unadjusted Model 2 analyses found a significant negative association between biceps
reflex and estimated initial dioxin exposure, but this finding became nonsignificant after
adjustment for occupation. None of the other physical examination variables was associated
significantly with initial dioxin exposure.

Model 3: Categorized Dioxin Analysis

There were significantly more Ranch Hands in the high dioxin category with facial
sensation abnormalities and speech abnormalities than in the Comparison group (p=0.008,
0.8% vs. 0.0%). The percentage of speech abnormalities also was significantly greater in
the low and low plus high Ranch Hand categories than in the Comparison group. The results
from facial sensation and speech abnormalities must be interpreted with caution because, due
to the sparse number of abnormalities, there was no adjustment 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 (incorporated to adjust for possible differential dioxin half-life
elimination) or for any covariates. There also was a marginally significant increase in light
reaction abnormalities for Ranch Hands in the low plus high dioxin category relative to the
Comparison group. The only other significant finding in the unadjusted or adjusted Model 3
analyses was that the relative risk of patellar reflex abnormalities was significantly less than
1.00 for Ranch Hands in the background category.

Models 4 through 6: Current Dioxin Analyses

The unadjusted current dioxin analyses of the cranial nerve function variables found a
significant inverse association with smell in Models 4, 5, and 6. The adjusted results were
identical to the unadjusted findings because no covariates were retained in the final model.
There were no significant associations between current dioxin and any of the other cranial
nerve variables, although smile showed a marginally significant positive association with
current dioxin in the unadjusted and adjusted Model 4 and 6 analyses.

The unadjusted analyses of the peripheral nerve status variables revealed marginally
significant positive associations between current dioxin and pin prick in Models 4, 5, and 6,
and a marginally significant inverse association between lipid-adjusted current dioxin and the
Babinski reflex in Model 4.

The adjusted pin prick analyses yielded equivocal results. The associations with current
dioxin (both lipid-adjusted and whole-weight) were not significant after adjustment for
covariates, including occupation and diabetic class. However, the relative risks became
significantly greater than 1.0 when occupation and diabetic class were removed from the
model, and the current dioxin effect was adjusted only for age. In addition, the adjusted
analyses showed a significant interaction between current dioxin and diabetic class in each of
the adjusted analyses. Stratification of these interactions showed that the relative risk of a
pin prick abnormality was significantly greater than 1.0 for diabetics, while the relative risks
were not significant in both the normal and impaired strata.
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After adjusting for age and occupation, the Babinski reflex analyses found a significant
inverse relationship with lipid-adjusted current dioxin. The inverse association with whole-
weight dioxin was marginally significant in Models 5 and 6.

The unadjusted current dioxin results for patellar reflex were not significant, but after
adjusting for age, lifetime alcohol history, and diabetic class, the associations with lipid-
adjusted dioxin in Model 4 and with whole-weight dioxin in Model 5 became margipally
positive. The association with whole-weight dioxin became significantly positive in the
adjusted Model 6 analysis, which forced total lipids into the model. When diabetic class was
excluded from the final models, the association with lipid-adjusted current dioxin became
significant, while the association with whole-weight dioxin remalned marginally significant in
Model 5 and s1gmﬁcant in Model 6.

There were no significant associations between current dioxin and any of the CNS
coordination process variables.

CONCLUSION

Overall, the neurological assessment found the prevalence of neurological disease to be
comparable between the Ranch Hand and Comparison groups, and showed no consistent
evidence of a dose-response effect with either estimated initial dioxin exposure or current
TCDD levels. In the group contrasts stratified by occupation, Ranch Hand enlisted
groundcrew, the occupation category with the highest current levels of dioxin, had
significantly more cranial nerve index abnormalities than Comparison enlisted groundcrew,
but the serum dioxin analyses did not find a significant dose-response.

For several variables—other neurological disorders, peripheral disorders, hereditary and
degenerative diseases, neck range of motion, pin prick, light touch, vibrotactile threshold,
biceps reflex and Babinski reflex—the results of the current dioxin models adjusted for the
covariates occupation and diabetic class differed from results for followup models that
removed these covariates. Possible explanations for differences include confounding,
collinearity, differential half-life elimination associated with body fat measures related to
diabetic class, and an indirect relationship between current dioxin and the dependent variable
due to adjustment for diabetic class. Chapter 1, Introduction, and Chapter 7, Statistical
Methods, contain Interpretive Considerations sections that discuss these issues in more detail.

The results for the category of other neurclogical disorders were primarily attributable
to the confounding effects of occupation; enlisted personnel were three times as likely to
have an other neurological disorder (mostly unspecified encephalopathy) than were officers.
Thus more importance should be placed on the nonsignificant relative risks adjusted for
occupation than on the significant relative risks that were not adjusted for occupation.

Interpretation of the results for some of the other variables becomes ambiguous because
the diabetic class covariate is both a risk factor for the dependent variable and:also is
associated with body fat measures related to differential half-life elimination. The pin prick
results are particularly difficult to interpret because in addition to the discrepant results
. between occupation and diabetic class (in and out of the model), each of the current dioxin
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analyses found a significant interaction with diabetic class. The interactions displayed
significant positive associations between current dioxin levels (lipid-adjusted and whole-
weight) and pin prick for diabetics, but no significant association for participants classified as

normal and impaired.

While the current dioxin analysis results for these variables may be unclear and
inconclusive, they must be interpreted in conjunction with the other model results, which
found no significant group differences and no significant associations with estimated initial
dioxin (which was adjusted for differential half-life elimination).
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