
2. Internal Comparison Group 

Based on these early results, there appears to be no significant differ­
ence between Rapch Handers and comparisons as regards mortality. This null 
finding holds for both cause specific and noncause specific comparisons. OM 
within' group comparison did· yield a significant difference. however. The 
non-Black comparison officers are living significantly longer than the 
non-Black comparison enlisted personnel. This may reflect the underlying 
heal th care and socioeconomic differences between these two groups. Non-Black 
Ranch Hand officers also appear to be 11 ving longer than non-Black Ranch Hand 
enlisted. personnel, but this finding cannot be viewed as significant. with a 
P-value of .142 (Table 17). This lack of' significance in the Ranch Hand 
analysis might be attributed to the smaller group sizes within the Ranch Hand 
cohort in .contrast to the comparison c()hort. 

3. External Comparisons 

As outlined in the study protocol, considerable effort was expended in the 
selection of the study comparison group. While the chosen comparison group 
appeared closest to the Ranch Hand cohort excep1:for· herbicide exposure, it 
seemed appropriate to also contrast the Ranch Hahd mortality experience to 
that of' additional comparison groups. Three addi tionalcomparison data sets 
were then selectE!d: mortality data from the West Point .. Class of 1956, the 000 
Nondisabili ty Retired Officer and Enlisted Life Tables for 1978 .• and the U. S. 
White Male Life Table, also for 1978. These data sets were ohosen in a hier­
archical fashion with the. expectatiop that, in the absence of ~ herbicl.de' 
effect, the Ranch Handel's .would have: 1)a mortality pattern comparable to 
the West Pointers, 2) a lower mortality than the 000 group due to the heal~hy 
worker effect; and 3) astnl lower mortality than the U.S. male oohOrt dUel to 
healthy worker and military selection effects. These expectatIons were reas­
suringly fully realized with respect to overall mortal! ty.. . Additionally, 
interesting officer-enlisted differential$er!terged. ASdfscuslled' bel()w, these 
officer-enlisted differentfalsmay have resulted. from samplEisize effects or 
from covariableeffects,' potentially Including herbioide'exposUre. 

4. Power Considerations 

The power limitations of this study, specifically regarding mortality from 
rare conditions,. SUCh as soft tis.sue sarcoma, Were fuily acknowledged and 
described In the protocol (Ref 1, page 67). For example, a fatal disease with 
an incidence of .001 would require an approximate risk of 4 for a.po.wer of 
O.B. . 

Power calculations, while desirable for planning artd stuct¥design, are 
also revealing at analysis •. They are, however, sometimes diUlcult.to,carl'Y 
out without fur.ther assumptions. The powers' of the 199r.artk arl'd,V/1l'C6xort tests. 

,'" :.,::", 
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and the 11.kelihood ratio tests in the SMRanalyses are not calculable at 
this time due to the lack of appropriate methodology. The powers of the tests 
for cause specific mortality were calculated at the estimated relative risk. 
The values were low because the estimates of relative risk were close to unity 
and/or the data were sparse. 

The null findings in this report are unlikely to have been observed by 
chance had the true group differences been substantial. For example, if the 
true overaH rfi!l!\tive risk were in fact equal to 2, a crude calculation givel'! 
a probabiUty of .0007 of observing a relative risk smaller than the observed 
.964 (Table 7). This probability is less than.001 if the true relative risk 
is 1.5. These findings are, therefore, very likely reflective of a near over­
all equi valence between Ranch Handel'S and their matched comparisons. Finally, 
these unadjusted findings do not preclude the possibility of the emergence of 
significant differences after adjustment for risk factors. 

5. Consistency Patterns 

When the analysis of each external comparison dat(ibase is considered 
separately, the restrictions inherent in each source limit .the strength, of the 
inferences which. can be made. However, when the results of all internal and 
external comparison data bases are considered in context, some patterns of 
consistency emerge. While some of these. patterns may not have firm statisti­
cal underpinnings, they still may provide epidemiologic clues to the dynamics 
of the mortality process. . 

The Ranch Hand officers exhibi.t a very consistent and predictable pattern 
across all analyses. As shOwn in Table 43, their mortality!s. nearly the same 
as that of theIr most equivalent comparison groups (the matched. comparison 
group officers and the West POint group). As the comparison groups be.come 
progressively less equivalent to the Ranch Hand group, the relative mortality 
of the Ranch Hand officers improves ,presumably due to selectloncomparabili ty 
(heaHhy worker effect, etc.). Theil' mortality is lower than that of· their 
enlisted counterparts; however ,this difference is not as striking as is the 
statistically significant comparable analysis between the matched oomparison 
offioers and 'the matched enlisted personnel. 

Unfortunately, the cross-comparison trends for the enlisted Ranch Handel'S 
are not as clearcut. Their mort ali ty is greater. though not signif.icantly dH­
ferent from. their matohedoomparisons. The enlisted comparison group had a 
highly signff1can~ underrepreaentation of mortality against both the 000 an~ 
US life tables •. whereas the Ranch Handel'S are equivalent to the 000 group and 
only marginally better thsnthe1976 US White males,.' , . 

The consiE)tent obServation that .the enlisted Ranch Handllrsappear to~em., 
onstrate lessor'a diff'erenQe in relati 'fe mortall tythan dothei~matoMtl 
comparisons.1s intriguing. ·This.tnay reflect an aotual increaSe In!J'lor~ali bY 
due. to herbicide exposure or some other factor , .01' it coul(i be .. anart.1fi3.ct of 
small .samplesize creat.ed by the 1 : 5 matching or basic Qomparablli typrobletns 
as previously des.cribed. The inolusion of subst.antla:nytnorell)ubJects !none 
group than another can have a profoundeffeot on the slgnifica.noll Illvelofa 
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statistical technique. Nevertheless, these observations are of interest,and 
will continue to be subjected to detailedatlalyeis throughout the oourse of 
the follow-up stUdy. This trend is consistent with self-perception of herbi­
aide' exposure held by many of the Ranch Hand group. Covariate analyses will 
be conducted, the herbioide expOSUre indexwlll be applied to these data, and 
the effects of interaotion will be assessed to determine whether the Ranch 
Hand enlisted findings are real or artifactual. 

The next mortality assessment wIll include analyses by person-year of 
follow-up, adjusted for age in an effort· to better address the issue of la· 
tency. As the number of '. deaths tn the study. population increases with the 
passage. of time,alI of the stati$ticalapproaches outlined in t.heprotocol 
(1) will be applied to the data·; , . 

I 
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· Appendix III 

MATCHING RESULTS IN THE MORTALITY POPULATION 

The matching results are 
consisting of' 12111 Ranch Hands, 
the six unmatched Ranch Hands. 
Protocol (Ref'. 1, pages 23-26). 

descri bed her'e for the mortali ty population 
their 6171 matched mortal1tycomparisons, and 

The matching procedure is desort bed in the 

AU study subjects were matched perfectly on jOb category. Thr.ee mis­
matches occurred on race because the recorded race designations for three 
study subj ects were found to be incorrect at the LHA interview. These three 
subjects were comparisons, two were in the enlisted-other stratum (one was 
originally recorded as Black and was discovered to be non-Black, the other wa.s 
or igina.lly recorded "s non-Black alld was disooveredto be Blaak), and one was 
in the enlisted-flight engineer stratum (he was originallY reoorded as BlaCk 
and was discovered to be non-Black). 

Matching on date of birth was carri&dout by first expressing date of 
birth in months from 1 J"nuary 1900, to the nearest month; theres\.llt. Is term,. 
ed month'"of-birth. Six discrepanclesoc'ourred in matching on montl1-of-'birtl1 
due to erroneous months-of-birth for one Ranch Hand and one comparison. These 
were diScovered at the LHA interview. The Ranch Hand,in the non-Black en­
listed-other stl"atum, was discovered to be 72 months older than was reCOrded' 
prior to the matching. The comparison, in the non-Black ot't'ioer-pilotstra" 
tum, was found to be 15 years younger than was or 1 ginaUy recorded. Theerl"O­
neous Ranch· Hand month-of-birth put all five of his matched. ccmparisons 12 
months out of range since he was originally perfectly matohedtb<allfi 'Ie 
mortality comparisons.' The erroneous comparison month-of-b'irth.· put thAt 
comparison 119 months out of range. Given the very small number Ofmisrnatches 
on age and race relat! ve to the number of subj ects. their ertl;;ct was assumed 
negligi ble. . 

The matching by month-of'-birth, overall, and within each .of the ten job 
and race categories within the mortali ty population is summarized in this 
Appendix, The column headed "Agepifference" Hsts . absolute differences of 
months-of-birth of Ranch Hands and comparisons. The column headed "Number of 
c.omparisons with RH younger (older )" gives, at e"ch level. of age dit'ference, 
the .. numberef comparisons within the . level of age difference and. older 
(younger) than the Ranch Hand to whom they are matched. The column he~ded 
"Total Count" gives the total numbers of compar isons having the apSel1Jte.age 
differences with. their m"tched Ranch Hand given. in the first .. c.oli.ttnrirfn 
"Total Percent", .these counts are expressed as percentages of 617L ',. ·':('hese 
are cumulated in the last two columns. . .... 
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Appendix III 

MATCH SUMMARY FOR THE MORTALITY POPULATION 

Number of 
Age Comearisons with RH Total Cumulative 

Strata Difference Younger Older Count L Total .J. 

Overall 0 4261 69.0 4261 69.0 
1-6 743 706 1449 23.5 5710 92.5 
7-12 77 102 179 2.9 5889 95.4 

13-18 40 36 76 1.2 5955 . 96.7 
19-24 22 22 44 0.7 6009 97.4 
25-30 12 19 31 0.5 6040 97.9 
31-36 16 14 30 0.5 6070 98.4 
37-42 10 19 29 0.5. 6099 98.8 
43-48 9 13 22 0.4 6121 99.2 
49-54 13 7 20 0.3 6141 99.5 
55-60 17 .7 24 0.4 6165 99.9 

7.2 0 5 5 0.1 6110 100.0 
179 0 1 1 0.0 6171 100.0 

Officer-pilot 0 961 55.2 961 55.2 
Non;..Black. 1-6 . 272 259 531 30.5 1492 85.8 

7-12 33 32 65 3.7 1557 89.5 
13-18 20 17 37 2.1 . 1594 ·91;6 
19-24 8 12 20 1.1 1614 92.8 
25-30 9 11 20 . 1.1 ·.1634 93.9 
31-36 13 10 23 1.3 1657 95.2 

·37-42 7 18 25 1 .4 1682 .96.1 
43-48 7 11 18 1.0 1700 .97.7 
49"'54 11 7 18 1.0 1718 98.1 
55-60 14 7 21 1.2 . 1739 ,99.9 

179 0 1 1 0.1 1740 100.0 

Officer-P 110t 0 0 . 0.0 0 0.0 
Black 1-6 3 0 3 23.1 3 23.1. 

7-12 3 0 3 23.1 6 46.2 
31-36 0 1 1 7.7 7 53.9 
37-42 2 0 2 15.4 9 69.2 
43-48 . 1 0 1 7.7 10 76.9 
49-54 2 0 2 15.4 12 92.3 
.55 1 0 1 7.7 13 100.0 

orf'lcer- 0 240 61 .5i .. 240 61;5 
Navigator 1-6 74 70 144 36.9 384 .98.5. 
Non-Black 7-12 0 6 6 1 .5 ·390 10.1);.0. 



Appendix III (Cont1.nued) 
MATCH SUMMARY FOR THE MORTALITY POPULATION 

Number of 
Age Comparisons wi thRH Total 

Strata Difference Younger Older Count· _%_ 

Officer-- 0 1 10.0 
Nav,igator 1-6 0 1 1 10 •. 0 
Black 7-12 2 2 4 40.0 

13-18 0 1 1 10.0 
19-24 0 1 1. 10.0 
.25-30 0 1 1 10.0 
31-3.6 0 1. 1 10.0 

Officer-Other' 0 14 n.4 
Nqn-Blapk 1-6 38 57 95 77.2 

7-12 2 8 10 '8.1 
13-18 1 1 2 1.6 
19-24 1 0 1 0.8 

25 0 1 1 0.8 

Officer-Other 13-18 2 0 2 100~ 0 
Black 

Enl1sted- 0 516 55.2 
fl1g!1t 1-6 165 "·141 306 32.1 
Engineer 7-12 29 3.4. 6.3 6.( 
Non-·alack 13-18 16 111. 30 .3 .• 2 

19-24 0 7 7 0.7 
2 !)-3 0 2 6 8 0.9 

Cumulative 
Total _%_ 

1 10.0 
2 20.0 
6 60.0 
7 70.0 
8 80.0 
9 90.0 

10 100.0 

14 11 .• 4 
109 88.6 
119 96.8 
121 98.4 
122 99.2 
123 10.0.0 

.2 
. 
100,'0 

5.16 55,;2 
>822 $7. •. 9 
'885 94;.7 
915 97;9 
922 98 •. 6 
930 99.5 

. 31.-'36 2 1. .3 0.3 933 99.8 
99.9" 37--42 1 0 1 0.1 934' 

46 1 0 1 0.1 .•. 93, .100.0 

Enlisted- 0 10 13.3 .10 13·3 
Flight 1.-6 2.Q 22 48 64.0 58 77.3 
Engineer 7-12 7 5 12 16.0 70 93.3 
Black 19-24 3. 0 $ 4.0 '73 97.3 

55""58 2 .0 2 2.7 75· 100.0 

Enl1sted- 0 2382 90:6 '2382 90 •. 6 
Other 1-6 116 91 2.07 7.9 2589 98.5 
Non-Bl?,-ok 7-12 1 11 12 0.5 2601.' 99.0 

13-18 1 .3 4 .0.2 2605. 99:t 
19-24 10 2 12 0.5 ,2617 '99 • .6 .. 
25-30 1 0 1 0.0 2618 '99ii~; 
31-36 1 1 2 0.1 .' ·.?6~O; '/'997 .. 
37-42 0 1 1 0.0.. ; g$2J" 'i~~::i~i . '. 
43-48 0 2 2 0.1 ,a!~.~:3 ' 
72 0 5 ,'5 ,(:)';.2.:,. <~U'8' /,.,1',9;0.0 ,1,). ' ; :, 1-'-;" 

?' .",: 

'!(;:'_f;':', ,~~ i.' }',' 

137' Enlisted"' 0 
65/ 

'137 ""·53'7 53,7 
Other 1-6 . 49 1'14 il4,7 . 251 98.;4 
Bl.a9k 7-12 .0 4 .4 .1. I) 25.5 100;0' 

5,0. 
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Appendix IV 

YEAR OF BIRTH, OCCUPATIONAL AND RACE SPECIFIC MORTALITY 

Birth. Ranch Hand Death ComEarison Death 
Job Categi0ry, lIace ~ At Risk . Dead Rate At Risk Dead ~ - -
Off1.cer-PUot, 1915-19 8 3 .375 39 4 .103 
Non-Blaok 1920-24 31 0 155 13 .084 

1925-29 31 0 232 14 .060 
1930~34 113 3 .027 456 23 .050 
1935-39 66 3 .045 326 8 .025 
1940-44 60 1 .017 354 5 .014 
1945-49 40 2 .050 178 5 ,028 

TOTAL 349 12 .034 17.40 
" ~ i, 

72 ,041 

Officer~Pllot, 1930-34 0 0 '3 0 
Black 1935-39 1 0 4 0 

1940-44 . 3 0 6 0 
1945-49 2 0 0 0 

TOtAL 6 0 '13 0 

Officer-Navigator 1925":W9 . '·9 0 47 3 .064" 
Non-Black ' 1930-34. '. 35 1 .029 .. 163 "'7 ' .O~3' 

1935-3.9 21 1 
( 

;04'8 105 ''';I,S''' ,ot?~ 
1940-44 13 0 61 0 
1945-49 2 0 ~.,' 6 

TOTAL 80 2 .025 390 13 .033 

Officer-iNavlgator 1930-34 0 6 0 
Black 1935'-39 

, i~ 
0 4 0 

TOtJ\L 2. 0 to 0 

Officer-Other, 1910"'14 1 0 , :2 0 . Non-Black 1915'"19 0 0 .g Q 
1920--24 1 0 0 
1925.-29 3 0 1,t .. , ',.1" ~O91 

.' 1930""34 2 0 '1~' ",'1 • (jag 
1935'-39 4 0 

;017 
"'19 :>:0, 

1940.-44 13 1 >~~ " .' ;)~15" : 
1945-49 1 0 () 

x-\ , - '~'." 

TO'l,'AL' 25 
(, ,"',040;' 'lar 3 ,024 
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Appendix IV (Conti nued) 

Birth Ranch Hand Death ComEarfson. Death 
Job Category. Race Year At Risk Dead Rate At Risk ~ Rate -
Officer-Other, 1940-44 0 2 0 
Black 

TOTAL 0 2 0 

Elllisted-Flt EnS 1915-19 1 1 1.000 6 2 .333 
Non~Black 

i 19.20-24 4 0 20 4 .200 
1925:-29 12 0 61 3 .049 
1930-34 64 3. .047 304 15 .O~9. 
1935-39 48 2 .042 243 10 .041 
1940-44 41 0 211 7 .033 
1945-49 19 0 90 5 .056 

TOTAL 189 6 •. 032 935. 46 .049 

EnHs ted;-p t Eng 192~~29 1 0 10 1. 
! .. ;j~~ .' B).ack 1930,-,34 6 1 .161 34 5' 

1935-39 5 0 16 1 :063.······ 
1940-44 .3 1 '.333 15 2 ' .. .' .133 

,cilAL 15 2 .133 15 ··9 , .• 12.0'. 

Enlisted-Other 1905- 9 0 0 2 0 
Non-Black 1910-14 4 2 .500 '10 .2 .200 

1915-19 8 O. . 48 5 ;t04 
1920-24 12 3 .2?O 60 . 7 .117 
1925-29 28 2 • 0Tl 140 18 .129 
1930-34 76 6 .·079 376 14 .037 
1935-39 52 1 .(J19 263 13 .• 030 
1940-44 67 2 .030 340 7 i.Q~l 
1945-49 270 9 .033. 1333. 36 .... :,M7 
1950-54 11 Q 56 '0 ,'; 

TotAL 528 25 .047 2628 ·.·.91' .037 

.143. 
',: ' 

~~, EnlistE!d~Other' 19.30-34 . 7 1 .057 
Black 1935-39 . 9 0 . .. 4ef 00()75 

.1940"'~H . 7 0 
.034 W®~; .• 029 

1945..,49 ". 29 . 1 ..028 

to·T·U, 52 2 .038 :<?55 10 ,039. 
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Appendix V 

THE EXTENDED EJIGOU-McHUGH RELATIVE RISK ESTIMATOR 

Let Rk' k=1.2 ••.•• K. denote the distin.ot numbers of comparisons matched 
to the cases and let. nk denote. the number of matched sets wi thexact1y Rk com­
parisons. A matched set is defined as the case and his matched comparisons. 
Let n-n1 +n2+ ••• +nKdenote the tot,a1 number of matched sets. 

Zk.O.T - the number of matched sets. among those havlngexact1y Rk 
comparisons. in which the case is a11 ve and exactly T of 
the Rk comparisons have died. T-1.2 ••..• Rk 

the number of matched sets • among those. having exactly Rk 
comparisons in which the case has died and exactly T of 
the Rk comparisons have died. T-().1.2. ' .... Rk-l. 

The extended estimate. ",.' isgi Yen by 

and its variance is estimated by 

• 

Since. K is finite. this estimate has the same dist,ributional propertIes 
as the EJigou;';MCHugh estimator; it is asymptotically efficient ,and unbiased. 
The underlying assumptions used il\ it.s derivation are that the diselilse under 
study is' Clf low incidence and that relative .risk is constant, OVer the 'lievels 
of the mat.ching: variables. The E:j igou-McHughesUmate and tile ab'OVe exteriirion 
are equivalent 'in asymptotic efficfencyto maXimum 11kellhClod ,estlmatlClri (1.'2). 

, " 
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Appendix VI 

Fi$l;ure 4 
SURVIVAL CURVE ESTIMATE AND 95% CONFIDENCE BANDS 

FOR POOLED RANCH HANDERS , F" - ""'" ----'----- J 
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Figure 5 
SURVIVAtCURVll:E$TJ.W.TJtAND;95%CONFIPENCEBAND~ 

FOR poOtEP COMPARISONS· . 

0.9 

Die 

0.7 

O,S 

0.& -
o.~ 

.0.3 

0.2 

0.1. 

I 
70 

0 ., 
0 M~-lO 

-..I. 
~,O 
_~~,. ~--~I. ---~r---~ - 3tf--·-~:- bO- 6~ 70 

1'1(\[ 

54 



C!> 
z 
H 

> ..... 
> 
tI:: 
:::l en 
% 
Q ..... .... 
LJ 
a: 
~ .... 

C!> z ..... 
> ..... 
>. 
tI:: 
:::l en 
z 
Q ... .... 
(.J 

.0: 
~ .... 

I 

0.9 

G., 
0.7 

. 

0,6 

O.~ 

o .~ 

0.1 

0.2 

0./ 

0 
0 

I 

O.g 

0.8 

0·7 

0.6 

O.~ 

0.4 

0.3 

O.:!: 

0.1 

Figure 6 
SURVIVAL CURVE ESTIMATE ANIf 95% CONFIDENCE BANDS 

FOR RANCH HAND OFFICERS 
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Figure 8 
SURVIVAL CURVE . ESTIMATE AND 95% CONFIDENCE BANDS 

FOR RANCH HAND ENLISTED PERSONNEL 
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Figure 10 
SURVIVAL CURVE ESTIMATE ANn 95% CONFIDENCE BANDS 

FOR RANCH HAND FLYING PERSONNEL 
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Figure 11 
SURVIVALCllRVE. ESTIMATE MID 95% CONFIDENCE BANDS 

FOR COMPARISON FLYING PERSONNEL 
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