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FIGURE F-1-43. Other Malignant Neoplasms of Lymphoid and 
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APPENDIX F-2. 

Interaction Displays for the Malignancy Assessment 

The following figures graphicaJly display dioxin-by-covariate interactions found in the 
statistical analyses of the dependent variables in the malignancy assessment. Fot interactions wilh 
initial dioxin in the Ranch Hands involvin~ discrete variables, tho stratum-specific pe. reenta~e of 
participants that exhibited a s\ltlCif1ed Il\IOpIasm is displayed for low, medium. and high ininal 
dioxin categQries (as defme<1 m Appendix Table F-I). and each stratum is represented by a 
different design. Appendix Table P·I al~o displays the sample sil.es for each bar on the graph. 
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Exposure"Related Malignant Skin N~plasms:'(Ranch Hands, 
Minimal Assumption) .... p-", •••• '.'; .,', •• '; •••••• ~ •••• ,,~, .-.. _~ ._ •• ~-••• ~-." ~ ••• 

:' ,'-

," 

• , 1,. 

F-2-1 

Page 

F-2-2 

F-2-3 



>-.. 
0 
ell • .. • 0 
c 
;c 

'P 0 
':-' Q 
N 

Ii .. 
C 

(al Ionizing Radiation: No (bl Ionizing Radiation: V •• 

High 

Medium 

Low 

20 15 10 5 o 5 10 15 

Percent Abnormal 

FIGURE F-2-1. Interaction of Initial Dioxin and Ionizing Radiation for 
Malignant Skin Neoplasms (Ranch Hands, Minimal Assumption) 

20 



>-.. 
0 
til • .. • (J 

c 
71 ;c ..., 

0 , ... 
is 
'i .. 
'E 

la) Ionizing Radiation: No Ib) Ionizing Radiation: V.a 

High 

Medium 

Low 

20 15 10 5 o 5 10 15 20 

Percent Abnormal 

FIGURE F-2-2. Interaction of Initial Dioxin and Ionizing Radiation for Sun 
Exposure-Related Malignant Skin Neoplasms (Ranch Hands, Minimal Assumption) 



Appendix G 

Neurological Assessment 



TABLE G·l. 

Summary of Dioxhl.by-Covariate Interactions for Neurological Variables 

Ranch Hands· Log2 (Initial Dioxin) 

Variable/ 
(Assumption-- Initial Percent Adj. Relative 
Table Ref.) Interaction Stratum Dioxin n Abnormal Risk (95% C.I.)a p-Value 

Neck Range Initial-by- Black Low 12 8.3 
of Motion Race Medium 17 0.0 
(Minimal-- High 3 0.0 
8-20 [cD Initial-by-

Diabetic Class Non-Black Low 86 7.0 1.20 (0.87,1.64) 0.267 
Normal Medium 169 11.8 

High 93 8.6 

Non-Black Low 19 21.1 0.52 (0.18,1.49) 0.221 
Impaired Medium 43 9.3 

High 16 0.0 

Non-Black Low 13 7.7 2.20 (1.33,3.64) 0.002 
Diabetic Medium 29 17.2 

High 19' 21.1 

Neck Range Initial-by- Normal Low 148 13.5 1.01 (0.80,1.27) 0.956 
of Motion Diabetic Class Medium 271 10.7 
(Maximal-- High 128 7.8 
8-20 [dD 

Impaired Low 26 19.2 0.61 (0.33,1.14) 0.122 
Medium 57 14.0 
High 27 0.0 

Diabetic Low 10 10.0 1.85 (1.21,2.82) 0.004 
Medium 41 12.2 
High 31 19.4 

0-1 



TABLE G-t. (Continued) 

Summary of Dioxin-by.-Covariate Interactions for Neurological Variables 

Ranch Hands and Comparisons by Current Dioxin Category 

Variable/ 
(Table Ref.) Interaction 

Neck Range 
of Motion 
(8-20 UJ) 

Variable! 
(Assumption--

Categorized 
Current 
Dioxin-by­
Diabetic 
Class 

Table Ref.) Interaction 

Percent 
Current 
Dioxin 

Stratum Category n Abnormal Contrast 

Normal Background 608 

Unknown 275 
Low 149 
High 130 

11.3 

10.9 
13.4 
7.7 

Impaired Background 108 12.0 

Unknown 
Low 
High 

48 18.8 
28 10.7 
26 . 0.0 

Diabetic Background 66 15.2 

Unknown 
Low 
High 

19 10.5 
17 5.9 
31 22.6 

All 

Uvs. B 
Lvs.B 
Hvs. B 

All 

Uvs. B 
Lvs. B 
Hvs. B 

All 

Uvs. B 
Lvs.B 
Hvs. B 

Ranch Hands - LogZ (Initial Dioxin) 

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

0.97 (0.60,1.58) 
1.42 (0.79,2.54) 
1.22 (0.58,2.58) 

0.631 

0.901 
0.237 
0.593 

0.240 

1.46 (0.53,4.05) 0.464 
0.92 (0.22,3.85) 0.913 

0.35 (0.07,1.90) 
0.18 (0.02,1.63) 
2.05 (0.65,6.48) 

0.094 

0.226 
0.127 
0.221 

Initial 
Dioxin 

Percent Adj. Relative 
Stratum n Abnormal Risk (95% C.I.)a p-Value 

Cranial Nerve Initial-by- Normal 
Index 'Diabetic Class 

Low 147 
Medium 268 
High 124 

17.7 
14.9 
9.7 

0.99 (0.81,1.21) 0.916 

(Maximal--
8-21 [dJ) 

Impaired Low 26 
Medium 56 
High 27 

Diabetic Low 10 
Medium 41 
High 31 

, 0-2 

19.2 
17.9 
7.4 

10.0 
12.2 
22.6 

0.89 (0.57,1.38) 0.603 

1.69 (1.14,2.50) 0.009 



TABLE G·!. (Continued) 

Summary of Dioxin·by·Covariate Interactions for Neurological Variables 

Ranch Hands and Comparisons by Current Dioxin Category 

Current 
Variable/ Dioxin Percent Adj. Relative 

(Table Ref.) Interaction Stratum Category n Abnormal Contrast Risk (95% C.J.) p-Value 

Cranial Nerve Categorized No Background 335 2.7 All 0.056 
Index Without Current 
Range of Dioxin-by- Unknown 98 2.0 Uvs. B 0.72 (0.15,3.41) 0.684 
Motion Insecticide Low 51 9.8 Lvs. B 3.76 (1.20,11.76) 0.023 
(8-22 U]) Exposure High 53 7.5 Hvs. B 3.34 (0.98,11.34) 0.053 

Yes Background 438 6.8 All 0.113 

Unknown 243 3.3 U vs. B 0.46 (0.21,1.02) 0.056 
Low 143 4.2 L'vs. B 0.62 (0.13,3.04) 0.554 
High 130 2.3 Hvs. B 0.38 (0.06,2.48) 0.310 

Ranch Hands· Log2 (Initial Dioxin) 

Variable/ 
(Assumption-- Initial Percent Adj. Relative 
Table Ref.) Interaction Stratum Dioxin n Abnormal Risk (95% C.J.)a p-Value 

Pin Prick Initial-by- Normal Low 94 9.6 0.92 (0.62,1.37) 0.682 
(Minimal-- Diabetic Class Medium 180 6.1 
8:23 [c]) High 93 4.3 

Impaired Low 21 9.5 0.20 (0.02,2.07) 0.175 
Medium 44 2.3 
High 17 0.0 

Diabetic Low 13 7.7 1.58 (0.97,2.60) 0.069 
Medium 29 6.9 
High 19 21.1 

r Pin Prick Initial-by- Normal Low 147 5.4 1.06 (0.80,1.40) 0.678 
ly (Maximal-- Diabetic Class Medium 269 5.9 

8-23 [d]) High 125 6.4 

Impaired Low 26 7.7 0.44 (0.17,1.15) 0.093 
Medium 57 7.0 
High 27 0.0 

Diabetic Low 10 10.0 1.40 (0.93,2.10) 0.111 
:(; Medium 35 8.6 

High 31 16.1 

0-3 



TABLE G·t. (Continued) 

Summary of Dioxin·by·Covariate Interactions for Neurologleal Variables 

Ranch Hands· LOl2 (Current Dioxin) and Time 

Percent AbnormaI/(n) 
. Variablel CumDl 12iD3io 
(Assumption-- Time Adj. Relative 
Table Ref.) Interaction Stratum (Yrs.) Low Medium High Risk (95% C.I.)a p-Value 

Pin Prick Curront'by- s40 O.Ol3b 

(Minlmal-- Time-by- S18.6 13.1 4.9 4.7 0.73 (0.38,1.40) 0.337c 
8-23 [g)) Lifetime (61) (103) (43) 

Alcohol >18.6 2.6 4.3 10.7 1.81 (1.15.2.86) o.onc 
History (38) (94) (S6) 

>40 0.108b 

S;18.6 10.0 14.3 10.0 1.24 (0.49.3.11) 0.648c 
(10) (21) (10) 

>18.6 15.8 3.0 0.0 0.34 (0.07.1.65) 0.181c 
. (19) (3.3) (18) 

Pin Prick Current-by- S;40 0.2q3b 

(Maximal-- Time,by- S18.6 3.5. .8.1 4.8 0.99 (0.66.1.51) .0.976c 
8-23 [hJ) Lifetime (86) (160) (63) 

Alcohol >18.6 6.3 4.1 9.2 1:39 (0.99.1.93) O.OSSc 
History (64) (122) (76) 

>40 0.022b 
S;18.6 5.6 10.7 12.5 1.43 (0.74.2.78) 0.28Sc 

(18) (28) (16) 
>18.6 IS,4 10.0 0.0 0.42 (0.15.1.14) 0.089c 

(13) (50) (24) 
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TABLE G·t. (Continued) 

Summary of Dioxin.by·Covariate Interactions for Neurological Variables 

Ranch Hands and Comparisons by Current Dioxin Category 

Current 
Variablel Dioxin Percent Adj. Relative 

(Table Ref.) Interaction Stratum Category n Abnormal Contrast Risk (95% C.I.) p-Value 

Muscle Categorized Normal Backgroun~ 606 2.3 All 0.467 
status Current 
(8~25 UD Dioxin-by- Unknown 272 1.1 Uvs. B 0.45 (0;13,1.58) 0.214 

Diabetic Low 148 1.4 Lvs.B 0.59 (0.13,2.63) 0.488 
Class High 126 2.4 Hvs. B 1.32 (0.36,4.79) 0.672 

Impaired Background 107 0.0 All 0.022 

Unknown 47 6.4 Uvs. B 
Low 27 0.0 Lvs.B 
High 26 0.0 Hvs. B 

Diabetic Background 66 4.5 All 0.328 

Unknown 19 0.0 Uvs. B 
Low 17 . 11.8 Lvs.B 2,26 (0.29,17.38) 0.434 
High 31 3.2 Hvs. B 0.60 (0.05,6.73) 0.675 

Ranch Hands and Comparisons by Current Dioxin Category 

Current 
Variablel Dioxin Percent Adj. Relative 

(Table Ref.) Intetaction Stratum Category n Abnormal Contrast Risk (95% C.I.) p-Value 

Achilles Categorized Black Background 47 6.4 All 0.D78 
Reflex Current 
(8-28 [j]) Dioxin-by- Unknown 12 16~7 Uvs. B 4.11 (0.57,29.48) 0.160 

Race Low 11 0.0 Lvs. B 
High 8 0.0 ' H vs. B 

Non-Black Background 735 5.6' All 0.123 

Unknown 329 3.3 Uvs. B 0.58 (0.29,1.15) 0.115 
Low 182 8.2 Lvs. B 1.52 (0.81,2.87) 0.193 
High 179 5.6 Hvs. B 1.16 (0.55,2.45) 0.702 



TABLE G.1, (Continued) 

Summary of Dioxin-b9'Cavariate Intel'actiollS for NeurplQgical. Variables 

RanCh .Hand's • ,1.012' (Gurrent :Dio~ill')an4 lime 

Variable! 
(A.s~umptiQn,-. . . 
Table Ref.)' Interaction 

,". I 

Stratum' 

Current-by- Bo~1942 

Percent Abnormall(n) 
Cprrerit l)iOxlD 

Tbne Adj. Relative 
(~rs.)· Low M~iliun\HiBII' . Risk'!9S% <::.1:)a 

Tremor 
{Maximal., 
8·31 Ib)) . 

'fimc-by.Age 518.6 (to 
(47~ 

7.1 
(13) 

3.6 ." 0.0 
(84)(57) 

0.82 (O.33.2.(2) 

0.80 (0.45.1.42) >18:6 3.8 5.0 
(53) (60) 

pNalue 

O.954b 

0.67OC 

0.440c 

0,008b 

2.96 (1.38,6.32) 0.OO5c 

0.70 (0.28,1.72) 0.432c 

, ;", Ranch Hamlsalld Compllrisons by Cur~nt Dioxin Category 

Current 
Variable! Dioxin Percent Adj. Relative 

crable Ref.) Intep!etion '$H;!ltylil Clltegory.!) A1m9!'!l!!1 ;C9/1tt;a!t ,Risk (95% C.I.) p-Value 

Coordination Categorized Born~I942 Background 321 0.3 All 0.317 
(8-32 UJ) , CUrrilnt . !;' . ,~ '.' ' 

Dioxin-b¥" ' Unknown.' Ii7 .(l.9,·, U:Vfii ,.a; . 2.71 .'U.H l4414il~. <0.485 
Age Low &U 2.5 Lvs.B 7,66 (0.67;87.19) 0.101 

High, 117 c, ;Q,9 ,,j , Hvs.,B ,;,' 3S9.(IUl,s\l.97) 0.374 

,;.' BQI'II<;J942 Backgropnd "'60 0,2 All 0.003 .' 
Unknown 224 1.3 Uvs.B 6.23 (0:611,00.79) 0.115 
'LoW"" 114 0.0 Lvs,B 
High. ,70 ~':/ R,NS,a, 32.71 {3.S0,306.0) 0.002 

,~ . 

, -
,1"'\ 
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TABLE G·l. (Continued) 

Summary of Dloxin.by·Covariate Interactions for Neurologlclll Variables 

Ranch Hands and Comparisons by Current Dioxin Category 

Variable/ 
(Table Ref.) Interaction 

Gait Categorized 
(8-34 [j]) Current 

Dioxin-by-
Diabetic 
'Class, 

Variable/ 
(Assumption--
Table Ref.) Interaction 

CNS Index Initial-by-
(Minimal·- Age 
8·35 [c]) 

CNS Index Initial-by· 
(Maximal-- Age 
8-35 [d]) 

Current 
Dioxin Percent' Adj. Relative 

Stratum CategOry n Abnormal Contrast Risk (95% C.I.) p-Value" 

Normal Background 606 

Unknown 272 
Low 148 
High 126 

Impaired Background 107 

Unknown 47 
Low' 27 
High 26 

Diabetic Background 66 

Unknown, 19 

2.3 

0.7 
2.7 
4.0 

1.9 

8.5 d' 

0.0 
0.0 

1.5 

5.3 

All 

Uvs. B 
Lvs.B 
Hvs. B 

All 

Uvs. B 
Lvs.B 
Hvs. B 

All 

Uvs. B 

0.095 

0.32 (0.07,1.43) 0.136 
1.24 (0.40,3.84) 0.709 
2.14 (0.74,6.22) 0.163 

0.052 

5.27 (0.92,30.11) 0.062 

I:ow ~17'" 5:9 '" . L'vS';1f ' 

0.630 

,1.85 (0.09,37.28) 0.688 
'3.48 (0.20;59.47) 0.388 
4.16 (0.36,48.21) 9.255 High 31 " 6:5' "Ifys; 11 

Ranch Hands ~ Log2 (Initial Dioxin) 

Initial Percent Adj. Relative 
Stratum Dioxin "n AbnoirnalRisk (95% C,I.)8 p-Value 

Bo~I942 Low 43 4.7 0.87 (0.56,1.34) 0.523 
Medium 111 8.1 
High 83 4.8 

Bom<I942 Low 87 2.3 1.66 (1.13,2.45) 0.010 
Medium 149 4.0 
High 48 12.5 

Bom~I942 Low 68 4.4 1.00 (0.73,1.38) 0.976 
Medium 126 7.1 
High 114 5.3 

Bom<1942 Low 113 2.7 
Medium 242 3.3 

1.53 (1.11,2.10) 0.009 

High 68 10.3 

G-7 



Sum~J!y ftf nio~.·b.J1·Covariate In.teractions for Neurological Va,iables 

RallcllHallcls~d CompariSOI1& by· Current Dioxin Category 

Current 
Variablel Dioxift Pen:enl Adj. Relative 

(Table. RbI.} mterae~ilm Stratum category 11'. AbnomaL .' Contrast .. Risk (95% CJ.) . 

CNS Index Categorized ~I!14a BaclcgRlWld 312 3:.4 AU 
(8-3:5 ill) Cunenl 

, ,f)jOiin-by~ Unknown 117 S~l Uvs. B VI6 (11153>4.01) 
, Aile Low'. 81 8.6 Lvs.B 2.50 (o.t3J.f).72) 

Hi&b 117 6.0 Hvs.B 1.69 (0.63:.4..49) 

Bomd942 Back'gn>und 4.61 ' ", '.9. AU 

Unknown 225 ,.'.3, , Uvs. B OJJ5 (0.42,1.71) 
Low ,US l.1 Lvs.B 0.21 (0,06,1 . .16) 
High 70 12.9 Hvs .. B 2.39 (l.OJ,5.34) 

aRolaIive. rid> .... a twofold incr. in .dioxin. . ' 
!'Tefl. ofsi&1M~~ 6lrhom08.n,it¥ o{ relativ~ tisks (~.nt, dioxin' ~tin ....... , tim. cate&orizod). 

. "Te,ot of 8i8llif'1II_ f!>r relativo mt,.~ '10 l(~ cIIOxin contin'l'l~; lime .'leS""izod). . . 
Noie:lnitial Dioxin: Minimal··Low: 52-!13' ppI;. Medium: >93"292»pt; Hip: >292 ppI. 

MnjmaJ--Low: 2S-S6.9 1'1'1; Medium: >56.9·218 1'1'1; Bigb: >218 1'1'1. 
CUrrent DiOJlin: MjnimAl-:Low; .. ,>IQ..'II,65 1'1'. I; ~.~: . >~4.~S4S.7~ 1'1'1; Hi&It: >4$.15. 1'1'1. 

MoximJd..'Low: >$"9:&1' ppIl,JitecIIwIk' ~,Ol-l3i.' 'PIlI; Hi&It: >33 . .3 ppI. 
AD: All categories. 
&ckpouRd. (8) (Comp..nson.): CIlrtenl Dioxin $10 "". 
Unknown ~);(l1IIICji) Honds), , ,C>\monl Dioxin SIO ppt. 
Low (LHIl-": HatIdJ):, .'1S;,1l1\~ :I';,~'Wont ,l)ioxin ~.3.ppI. 
H1a1l(H) (R-": HaruIs): CUrrem:DIoJlin >,3.3 )lit. 

, ','. 

.p-Value. 

0.4Ql 

OA~ 
0.069 
0.294. 

0.017 

0.647 
0.079 
0.034 

'~ , 



Variable/ 
(Table Ref.) 

TABLE G-Z. 

Summary of Models Without Adjustment for Diabetic Class for 
Neurological Variables 

Ranch Hands - LogZ (Initial Dioxin) 

Assumption 
Adj. Relative 

Risk (9S% C.i.)a p-Value 
Covariate 
Remarks 

Palpebral Fissure 
(S-17 [c]) 

Minimal 
(n=521) 

1.34 (0.79,2.2S) 0.299 AGE (p=0.334) 
INS (p=0.569) 

Ranch Hands - LogZ (Current Dioxin) an,d,Tif!1e 

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

Palpebral Fissure Minimal 0.570b AGE (p=0.47S) 
(8-17 [g]) (n=521) :S;IS.6 0.S6 (0.20,3.73) 0.S3Sc INS (p=0.563) 

>IS.6 1.31 (0.73,2.37) 0.366c 

Ranch Hands and Comparisons by Current Dioxin Category 

Current 
Variable! Dioxin Adj. Relative Covariate 

(Table Ref.) Category n Contrast Risk (95% C.I.) p-Value Remarks 

Neck Range Background 784 AU Categories 0.901 AGE (p<O.OOI) 
of Motion RACE (p=0.004) 
(8-20 0]) Unknown 343 Unknown vs. Background 0.99 (0.66,1.51) 0.975 INS (p=0.979) 

Low 196 Low vs. Background 1.1 0 (0.66,1.84) 0.725 
High 187 High vs. Background 1.23 (0.69,2.20) 0.491 

Total I,SI0 

Ranch Hands and Comparisons by Current Dioxin Category 

Current 
Variable/ Dioxin Adj. Relative Covariate 

(Table Ref.) Category n Contrast Ri~, (9S%,C.I.) p-Value Remarks 

Pin Prick Background 771 AU Categories 0.776 AGE*INS 
(8-23 0]) (p=O.OSO) 

Unknown 339 Unknown vs. Background 0.91 (0.52,1.61) 0.744 
Low 194 Low vs. Background 0.92 (0.45,1.88) 0.826 
High 183 High vs. Background 1.35 (0.69,2.65) 0.383 

Total 1,487 



Variable! 
(Table Ref.) 

LigblToucll 
(8·24 Ie]) 

Light Touch 
(8.24 Ed]) 

Variablel 
(Table Ref.) 

Ligbl Tonch 
(8·24 [g}l 

Light t6ucll' 
(8·24 [h]) 

, ' 

Variablel 
(Table Ref.) 

TABLE G·2. <Continued) 

Summary of Models Without AdjuSlmentfor Diabetic Class for 
Neurological" Variables 

Ranch Hands· Loa2 (lnkIalDio'llin) 

Adj. RelaSive 
Assumption Risk (95% C.I.)8 p-Value 

Minimal 1.08 (0.75.1.55) 0.690 
(n=512) 

Maximal" tI}6 (0.81.1.38) 0.679 
(n-729) 

Ranch Hands· LOll (ClJrrent Dioxin) and Time 

Time Afli, Relative 
Assumption ' (YI'lI.} , 'Risl E95% C.I.f;, p.Value 

Minimal" Q.04:3b 
(n=512) S18.6 0.\17 (0.33.1.36) O:J.T2c 

>111.6 1.49 (0.96.2.32) 0;079c 

" Mailimal CM32b 
(n=729) ~;t8.6 0.94 (MO,I.46} 0;771c 

>18.6 1.16 (I):as,t.64) o.384c 

, . ' ~" " ", 
, .. I;. r' ,." 

Covariate 
Remarks 

AGE· RACE (paG.02&) , 

AGE·RACE (p .. O,028) 

Covariate 
Remarks 

,AGJi*RACE (p=0.052) 

Ra~~. 8#P~~ij~;~9mpa~~~,~",Cilr"~", DlQ_ Cate~',: 
'. .~~ 

Current 
Dioxin 

CateM 
". ' 

,n 

Light Touch Background 
(8·24 U}) 

", Unknown 
Low ., 
High 

," i' ;"" 

Total 
I 

" ';,. " ;~) I.' :' 



Variablel 
(Table Ref.) 

Muscle Status 
(8-25 [c]) 

Muscle Status 
(8-25 [d]) 

Variable! 
(Table Ref.) 

Muscle Status 
(8-25 [g]) 

Muscle Status 
(8-25 [h]) 

Variable! ., 
~~ . (Table Ref.) 

Muscle 
Status 
(8-25 u]) 

TABLE G·2. (Continued) 

Summary of Models Without Adjustment for Diabetic ClasafQr 
N eurologicalVariables 

Ranch Hands· Log2 (Initial Dioxin) 

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

Minimal 1.13 (0.68.1.90) 0.644 AGE (p=0.106) 
(n=521) 

Maximal 1.27 (0.85.1.89) 0.257 AGE (p=0.056) 
(n=740) 

Ranch Hands· Log2 (Current Dioxin) and Time 

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

Minimal 0.796b AGE (p=0.070) 
(n=521) ::>18.6 1.29 (0.60.2.79) 0.509c 

>18.6 1.13 (0.52,2.45) 0.765c 

Maximal 0.564b AGE (p=0.032) 
(n=740) S18.6 1.53. (0.85.2.74) 0.154c 

>18.6 1.20 (0:65,2.20) 0.555c 

Ranch Hands and Comparisons by Current Dioxin Category 

Current 
Dioxin Adj. Relative Covariate 

Category n Contrast Risk (95% C.I.) p-Value Remarks 

Background 781 All Categories 0;890 AGE (P=0;010) 
DRKYR (p=0.091) 

Unknown 339 Unknown vs. Background 0.7(j ,(0.30.1.95) 0.568 
Low 194 Low vs. Background 0.94 (0.31.2.85) 0.917 
High 183 High vs. Background 1.26 (0.41.3.87) 0.686 

Total 1.497 
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TABLE G.l. (ContInued) 

Summary of 'Models Wlthout~ddustmeJ1t4'or DJabetic Class for 
NeurologlclllVariabiei 

Raneh Handl· LOfl2 (CurrentlDloXin) and Time 

Vllriablel' Time Adj. Relative 
O'eb1, Rllf.}"·· As!!!mplipn . (Yrs·l Rillk (9S%;e.I.11I p.¥alue 

Vibtjllion Maximlll 0.8811b 
(8,U [hJ) (n .. 729) S18.6 1.11 (0.50.2.45) O.804e 

>18.6 1.03 (0.61,1.75) O.906c 

Raneb Hands. Logl (initial DioJin) 

Variable/ Adj. Relative 
(Ta~le Re~~t Assumption Risle (95 % C .1.)11 R,Value 

, :,; ,j 

Jlljtellllr R~floll Mlnlllliil 1.17 (0,71,1;113) 0.547," 
(8,$7 [eJ) (n .. 521) 

I"at'llllr Refl~x MIIlIimal '.~O (O,8IU.92) ; j 0.198 ' 
(H7 [d]) (n .. '141) 

~ ; ; 

Time Adj. Relative VlUiIIble/ 
(fable !1If.} .Asa~rpeiif~ "",P;r,tJ " ,ais!' !?~'1Y <;h~ , \},pNaluQ 

Patell!\\' Reflex Minimal 
(8'~1 ~j,) (lI"m) I sH\·.(\ 

>18'.6" 

l'lI\ollAr' ~eA'I'·" ;, ·Mallimal 
(8," l\lil} (11 .. 741) sHU 

""l,6; 
',,' 

1.Z4 (0.51.3.05) 
1.08 (O.S7,a,tl!) 

1.40 (O.7lJ.76> 
, t~ (O:7~~.!:)l) 

';',,; l' _, ',. 

0.79gb 
0.1I34e 
o.816c 

o.752l) 
o.326C 
O.","e 

Covarlato, ' 
Remarks 

AGE· INS 
(p .. 0.004) . 

Covariate 
Remarles 

' AOll (p..o.453) 

AGll (pooO.lIlO) 

Covariate 
Remarks 

AG~ !p..O.S05) 

"",'.,,. , 



TABLE G·2. (Continued) 

Summary of Models Without Adjustment for Diabetic Class for 
Neurological Variables 

Ranch Hands . Log2 (Initial Dioxin) 

Variablel Adj. Relative Covariate 
(Table Ref.) Assumption Risk (95% c.I.)a p-Value Remarks 

Achilles Reflex Minimal 1.05 (0.77,1.43) 0.771 ... J\.GE (p=O.OO2) 
(8-28 [cl) (n=520) RACE (p=O.068) 

Achilles Reflex Maximal 1.26 (0.99,1.59) 0.063. AGE (p<O.OOI) 
(8-28 [dl) (n=739) RACE (p=0.084) 

Ranch Hands· Log2 (Current Dioxin) and Time 

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

Achilles Reflex Minimal O.066b AGE (p=0.OO3) 
(8-28 [gl) (n=520) s18.6 0.69 (0.36,1.33) O.266c RACE (p=0.068) 

>18.6 1.32 (0.92,1.90) 0.131c 

Achilles Reflex Maximal 0.357b AGE (p<O.OOI) 
(8-28 [hl) (n=739) S18.6 1.12 (0.74,1.70) 0.578c RACE (p=0.086) 

>18.6 1.42 (1.05,1.91) 0.022c 

Ranch Hands and Comparisons by Current Dioxin Category 
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TABLE G·2. (Continued) 

Summary of Models Without Adjustment for Diabetic Class for 
Neurological Variables 

Ranch Hands· Log2 (Initial Dioxin) 

Variablel 
(Table Ref.) 

Coordination 
(8-32 (e]) 

Coordination 
(8-32 (d]) 

Assumptioll " 

Minimal 
(n=521) 

Maximal 
(n=740) 

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

1.41 (0.84.2.31) 

1.49 (0.97,2.29) 

Covariate 
p-Value .. Remarks 

0.220 AGE (p..O.050) 

0.085 AGE (p=o.o43) 

Ranch Hands· Logz(Current Dioxin) and Time 

Variable! Time Adj. Relative Covariate 
(Table Ref:) ASlumption (Yrs.) Risk (95% C.1.)8' p-Value Remarks 

Coordination Maximal O.lOOb AGE (p=0.030) 
(8-32 Ih)) (n .. 740) $18.6 2.45 (1.18.5.08) 0.016C 

>18.6 Ll3 (0.60.2.15) 0.70SC 

Ranch Hands and Comparisons by Current Dioxin Category 

Current 
Variable! . Dioxin 

(Table Ref,) Category 

Coordination BackgrOund 
(8-32 Ij)) 

Unknown 
, Low 

High 

n 

783 

342 ' 
196 
187 

. Total 1.508 

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

" :" 

All Categories 0.023 AGE (",,0.106) 
RACE (paO.IS7) 

U$own vs. Background 3.38 (O.74.1S,35) Mt4,INS ~O.4Q2.) 
l,o~ vs. Backgroun¢ "" 2.86 (0.47,,.1.39) 0.254., 
High vs. Background 9.82 (2.23.43.20) 0.003 

. .l\ .. ~~ Ha~& • L08,a(loltlal;'J>toxin) 

Variab1el 
(Table Ref.) 

Gait 
(8-34 (e)) 

Gait 
(8-34 (d}) 

Assumption 

Minimal 
(nw515) 

Maximal 
(n .. 731) 

Adj. Rela~~e 
Risk (9S% C.I.)8 

1.20 (0.81.1.79) 

1.30 (0-95.1.77) 

. " :: 

p-Value' 

0.363 

0.113 

Covariate 
, ' .. ,' ,R4Ilmarks 

AGE (PWM79) 
DRKYR (pao.I43) 
INS (p •• M40) 

AGE (pooO.726) 
DUYR (pwO.03l) 



1,; 

TABLE G·Z. (Continued) 

Summary of Models Without A<lju~tlPent for Diabetic Class for 
. Neurological Variables' , 

Ranch Hands· LogZ (Current Dioxin) and Time 

Variable! Time Adj. Relative Covariate 
(fable Ret'.)- Assumption (Yrs.) Risk (95% CJ.)a .' p-Value Remarks 

Gait Minimal 0.913b AGE (p=O.822) 
(8-34 (8)) (n~521) :5:18.6 1.15 (0.48.2.75) 0.75SC INS (p=0.036) 

>18.6 1.09 (0.67.1.76) o.nC)C 

Gait Maximal 0.902b AGE (p=O.935) 
(8-34 [h)) . (n=731) :5:1.8.6 . 1.23 (0.63.2.41) 0.543c DRKYR (p=0.038) 

>18.6 1.17 (0.81.1.70) 0.39OC 

aRelative risk.for, a twofold increase in dioxin. " , 
bre~t of significance for homogeneity. of relative risks (cmTent\d~Q'.lip continuous. tim~ ca~gorized). 
cTesl df significance for relative risk equal to I (currenl dioxin conlinuous. time categorized). 
Note: Inilial Dioxin: Mjnjmal--Low: 52-93 ppl; Medium: >93-292 ppl; High: >292 ppl. 

Maxjmal--Low: 25-56.9 ppl; Medium: . >56.9-218 ppl; High: >2l8 .ppl. 
Cunen~ Dioxin: Mjnjm.l .. ""w: >:10-14.65 ppl; Medium: >14.65-45.7~ ppl; High: >45.75 ppl. .. :" 

Maxjmal--Low: >5-9.01 ppl;Medium: >9.01-33.3 PPI; High: >33.3 ppl. 
Background (Comparisons): Cunenl Dioxin SIO ppl. 
UnknOwn (Ranch Hands): CUrrenlDlCixin SIO ppl. 
Low (Ranch Hands): IS ppt < Cunenl Dioxin :s;33.3 ppl. 
High (Ranch Hands): Cunent DioxiJp33.3 ppl. 



TABLE G·:t: ' ,. 

SUMlflaryor Models W!th AdJUSb)1efftfol' Qecupatloh fot Other 
N'eutt)t~~al nt~tdt!rs 

AS$um,ptiOll( " 
n)!,bl~ Ref.> 

-.,1 .. ,' 

Mintmal' , 
(8·10 te» 
(1I11t~20) " 

MWMi1' 
(8·10 rdJ) 
(1'1";'139) 

Minirmll 
(8-10 laD 
(nlltS20) 

Maximal 
(~.l'O fit]) 
(n-739) 

stu; 
>iUi 

5:18;6 
:>18.ti 

R.abch' Haho ~ l..oa:a {Initial DIo1Clb) 

, Adj. R$lative " " 
Risk {?S'" C.t)1l p.Value 

0.740 

" ,,}!(,,--

( ;-' 

. f " 

.i " .~,$o3t1", ' 
l.U ta.i2,UO)" "',, e,'S'ltt ' 
tl.90 (O.10,LHI) , ',O:.S~ ," 

1.21 «t<)$,L53) 
0.97 (0.80,1.17) 

'O.133b 
O.l16¢ 
O.72SC 

Covart~e"" ,:. 
Rematks , 

AGE(p<O.OOl~ 
ace (p<O.OOl) 

, " 

·'Aai,(p<o.mm 
~~~;09t) 

AOS (p<!O:OOi) 
OCC (p<O.OO 1) 

:-' r 



TABLE G·3. (Continued) 

Summary of Models With Adjustment for Occupation for Other 
Neurological Disorders 

Ranch Hands and Comparisons by Current Dioxin Category 

Current 
Dioxin 
Category! Adj. Relative Covariate 
(Table Ref.) n Contrast Risk (95% C.I.) p-Value Remarks 

Background 781 All Categories 0.924 AGE (p<0.001) 
acc (p<0.001) 

Unknown 342 Unknown vs. Background 1.12 (0.78,1.62) 0.545 
Low 195 Low vs. Background 1.09 (0.74.1.62) 0.660 
High 187 High vs. Background 1.06 (0.72.1.58) 0.760 

Total 1,505 

(8-10 [j)) 

aRelative risk for a twofold increase in dioxin. 
borest of significance for homogeneity of relative risks (current dioxin continuous. time categorized). 
CTest of significance for relative risk equal to 1 (current dioxin continuous. time categorized), 
Note: Background (Comparisons): Current Dioxin SIO ppt. 

Unknown (Ranch Hands): Current Dioxin SIO ppt. 
Low (Ranch Hands): 15 ppt < Current Dioxin S33.3 ppt. 
High (Ranch Hands): Current Dioxin >33.3 ppt. 

G-17 



APPENDIX G-1. 

Data Displays for the Neurological Assessment 

The following figures graphically display relationships between the dependent variables 
and measures of dioxin for the neurological assessment. The panels are arranged as follows: 

Dioxin 
Panel Group Assumption Measure 

a Ranch Hand Minimal . Initial . 
b Ranch Hand Maximal Initial 
c Comparison Current 
d Ranch Hand Current 

'I<' /'1' 

Dioxin measures are presented in original units, but spacing of intervals is based on the 
logarithm (base 2) scale, similar to the statistical analysis .. For discrete variables, the percent of 
participants that exhibited an abnormal condition is displayed on the vertical aXis for given intervals 
of dioxin. The intervals of dioxin and the sample sizes (excluding participants with syphilis, but 
assuming no missing data or other exclusions) for oachofthese intervals are given below.· Alist 
of figures found in this appendix follows .the table. 

Panel 

a b c d 
Dioxin 

Dioxin Scale Sample Size 
Interval Midpoint 

0.0-0.5 0.25 0 0 42 8 
>0.5-2.0 1 0 0 28 8 
>2.0-8.0 4 0 0 679 247 
>8.0-32.0 16 0 23 52 408 
>32.0-128.0 64 219 416 1 158 
> 128.0-512.0 256 234 234 0 33 
>512.0-2,048.0 1024 65 65 0 2 
>2,048.0 4096 3 3 0 0 
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