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Project Ranch Hand II Mortality Update - 1.984 

EXECUTIVE SUMMARY 

JlflCKGROIiNIl 
I 

The purpose of the Ranch Hand II Study is to determine whether. those 
individuals involved in the aerial. spraying of herbicides in Vietnam during 
the Ranch Hand operation have experienced any adverse health effects as a 
result of .their participation in that program.' The study' evaluates both 
mortality .(death) and morbidity (disease) in these individuals over a 
20-year period of time after the studies were initiated. 

The baseline mortality study was released in June 1983 and the baseline 
morbidity study in February 1984. Neither study demonstrated heslth 
effects which could be conclusively attributad to herbicide or dioxin 
exposure. The reader is referred to reports of the studies for further 
details (1. 12). 

METHOD 

The present study report describes. the secopd !!Iortality analyses. Deaths 
in the 1256 Ranch Hand and .6171 comparison ~ubj;.cts were determined. using 
the data sources of the Air Force. Veterans4dIl1'ilistration. SocislSecurity 
Administration, Internal Revenue Service, a~ p~r.onal contaets. As of 31 
December 1983, 54 Ranch Handel'S snd 265 cOlllliarison subjects had died. 
Death ·cereificateswere obtained on all subj,ct~~ Autopsies were conducted 
on 157 of the individuals who had died. Re."lt". have beenobt/lined for 104 
of these autopsies to confirm the .death :ce~~if1,cate f1tid~l1g8. Autopsy 
reports for the 53 others have been reque.t~. b)lt hIlV'!, ~otyet been 
obtained.:;····,' 

Extensive statistical analyses were IIccomp1:tiitl1ed.· asdaUiled tn the 
report, to, compare the death experience in the! Rancb Hand p0l'ulation with 
the comparison group. In addition •. death tixpe'i;'ience in tlies. group" was 
compared to the 1978 U.S. White Male Mortality experilince. the 1978 
Department of Defense Nondisability Retir,d ,Life Table.: the mortality 
experience of the West Point Class of 1956. the;USAF active duty personnel. 
and the active U. S. Civil servicepopulation.t 

RESULTS 

As was the cjlse 1n the first mortality report. the current mortality 
analyseS did not reveal any statistically ,,1gn1ficant differences in 
mortality between the exposed and compadsoni ~T,(lUps. The percentages dead 
in each major category are summarized below. 

Rank 
Officers 
Enlisted 

occupation 
Flying 
Ground 

Percent·J')e~ths 
Ranch Hand Co!Parison 

3.2 
4.9 

3.6 
5.1 

4.0 
4.5 

4.7 
3.9 

Note: None of the above differences between the. Ranch Hand and Comparison 
groups are statistically significant. 
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Total 
Overall 

Ranch Hand 

4.3 

Comparison 

4.3 

As was reported it) the l>aseline mortality study. the Ranch Han.d officers 
had a notililUtistically' j,1p:l.ficant thoufi:h slightly lower death rate. than 
the:l.r campadsons. Ranch Hand flyers had a nonstatistical1y signifi cant 
though slightly 10wer death rate thai! c;omparisons. and Ranch Hand ground 
personnel had a slightly:h:l:.gher but nonstatisticslly significant deat~ rate 
than the comparisons. 

The herbicid.e/dioxin exposure index deseribed in the morbidity repot\t was 
applied to the data. and no relationsh;ip between exposure a·nd· mortality 
experience was identified. 

As was aho noted in the baseline mortality study. anallyiSes consistently 
demonstrated significant,;!.y better survival in the Ranch Hand officers thsn 
Ranch Hand enlisted meml>ers. as was the case with comparison officers and 
comparis.on enlisted. pen,onnel. Cause-specific analyses cUd not demonstrate 
any increased Ranch l\!Lnd mortality 'for accidents;' suicide. hotn:l,c1de. 
malignat)cy O.r circulatory aystem . disease... No unueualpat tern's. of 
malignancy ~er'" observ"'~ in either the .Ranch Hand' or comparison grotlps. a 
finding which woul.:r be eilcpei:tedfrom tlle 8111811 number of deaths to date. L ' " ., ' , 

When" compar.ed to the ~97$ ... ~. S. White male population. the l\an.chlland 
officerlil •. comparison !'lfficers, and .:comparisonenHsted sre ~iving 
significantly longer th.tl8!ltpected. Although Ranch Rand enlisted are also 
living long.r. the diftlltretlce is not ilignificant. A s1:lII'11'lIr patte\\TI was 
seen :l:.n ana1ysea using the nOD ret1re:d population. All gr&ups .. :lIad a 
mortality :~perience siljll1ar to the c;1vil service population. As wo.~ld be 
expected .from t.he fact that individual!! in the active duty populaUqt1 Who 
develop' sev,rechronicdis!lase are' med,tcallyretired. all groufls in this 
study. ha.falit inc;re.sed WO.r.tality when !lampared to the Air ForcepoPUtation 
currently on active duty. Both Ranc~·.Hand and comp·arison officer,s had 
mortality similar to the West Point group. 

CONCLUSION AND RECOMMENDArION 

Continued mortality sUr\lieillauce is re~~e:cI .•. lli:nee the study groul's are 
still relatively young end healthy. wtihe sufficient time may have elapsed 
for some clinically si,snificant conditions to occur. addi.tional ttme is 
necessary for otherc<!lnditions. which may possibly be attributable to 
herbicide exposure. to d,v,~op. At;'. this time. however. there is no 
evidence of increased mortality asa rlisult of herbiCide exposure in those 
individuals who accomplished the Ranch~and spray operations in Vietnam. 
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Project: Ranch Hand II Mort:al ity Update - 1984 

1. Introduction 

This report updates the findings of the baseline mortality report (1) released 
on June 30., 1983. The reader is referred to the baseline report for information 
r.egarding the study design, statistical procedures, the mortality determination 
process and previous findings. Nine newly identified Ranch Handers have been added 
to the data file since the baseline report. One of, these •. a non-Black Enlisted 
ground crew member. died in 1981 of circulatory diasase. Summary counts of the 
population at risk and the number of deaths in each of '·the three groups are shown in 
Table I. The analyses in this report are based on this data and the data in Table 
4. Table 2 contains the counts of new deaths in the population since the leat 
report. Table 3in this report corresponds to Table 3 in the baaeline report and 
contains summary counts and death ratea by :l ob. race and group. These counts 
reflect cumulative mortality as of 31 December 1983 (certified as of 8 June 1984). 

Table 1 

Summary Counts of Dea.th by Rank and Occupation 

Ranch Hand COIIIparieon 
Rank At Risk Dead Rate (%) At, Riillk ~ Rate (%) 

Officera 466 15 0..0.32 (3.2) 2~78 91 0..0.40. (4.0.) 
Enlisted 790. 39 0..0.49 (4.9) 3893 174 0..045 (4.5) 

Occupation 

Flying 646 23 0..0.36 (3.6) 31.63 .149 0..0.47 (4.7) 
Ground 610 31 0..0.51 (5.1) 3008 116 0..039 (3.9) 

Total 1256 54 0..0.43 (4.3) 6171 265 0..043 (4.3) 

Table 2 

Deaths During 1983 by Rank and o.ccupation 

Ranch Hand Comparison 

1983 1983 
Rank At Risk Deaths At Riek Deaths. 

o.fficer * 451 0. 2190. 3 
Enlisted 754 3 3731 12 

Occupation 

Flying* 624 1 30.23 9 
Ground 581 2 2898 6 

* At risk count does not include the newly identified Ranch Hander who died pr:f:pr to 
1983. 
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Table 3 . 

Occupational and Race SpeCific Mortality 

Ranch Rand Come!!iBons 
.!!:!.!:.! Occupation At Riel{ nliad Rate At Risk n.ad Rate - - -
Non-Black . Officer-Pilot 350 12 0.034 1740 74 0.043 

Officer-Nav 82 2 Q.024 390 14 0.036 
Officer-Otner 25 1 0.040 123 3 0.024 
Enlisted-F1t Eng 191 7 0.037 935 51 0 .• 055 
Enlisted-Oliher 532 28 0.053 2628 Ull 0.038 . 

Baack Officer-Pilot 6 0 0.000 13 0 0,000 
Officer-Nav 2 ° 0.000 10 0 '1l;.000 
Of ficer-Otbe·r 1 0 0.000 2 () .0.000' 
Enliated-Flt Eng 15 2 0.133 75 1,0 0.133 
Enlisted-Other 52 2 0.038 ..12i 12 0.047 - -

Total 1256 54 0.043 6171 265 0.043 

2. Ranch Hand Versus Comparls!I!n Group Analyses. 

Survival contrasts were $ode using linlla!' ranle. pro.cedur.,s., "nttYal curves, 
relative risk .• st1;\IUltion andlltandard:l.r;ed mortsUty ratio.s. hnr:l.valc~eswere 
estimated via the praduct-liui1t estimate af 'Kaplan and Meier (2). Ltneax: rank 
tesl;ing was carried aut using. the logrank eel't and Prentice I.S ee.nllO,teddata 
ext.nsion of tha Wilcoxon taat (~) • All lin •• r rank teats were ,C81Tded oU.twith 
matched sets mened when Ranch Randers differld by less t.han OM ,yearrelativ,e to 
date af birth. Within each stratUDI of job and race, theae mer ... :ute!uld let'$were 
used as aeparate. strata for" tellting purpos'lI. The matched. da,ea relad,ve risk 
procedure, due to Ejigou and ~cH"gh (4) is ap,plied only to the 12.4l tl.Pcb !landers 
with matched comparisons and the stratified relative risk or SMRestilllllte is a'Pplied 
to all 1256 Raneh Handel's .• 



• 

Group contrasts were made on officers. enlisted person.nel. flying perBonnel. 
ground personnel and the total group. Summary counts are shown in Table 4. 

Groups 

Ranch Hand 
Comparisons 

,Groups 

Ranch Hand 
Comparisons 

At Risk 

440 
2153 

At Risk 

26 
125 

Summary 

Officer 
Dead 

14 
88 

Officer 
Dead 

1 
3 

Table 4 

Counts by Rank. Occupation and Group 

F1IinS Personnel 

Enlisted Total 
Rate At Risk ~ . !ill. At Risk Dead !!!!. 
0.032 206 9 0.044 646 23 0.036 
0.041 1010 61 0.060 3163 149 0.047 

Ground Personnel 

Enlisted . Total 
Rate At Risk ~ Rate At R.isk Dead !!!!. -
0.038 584 30 0.051 610 31 0.051 
0.024 2883 113 0.039 3008 116 0.039 

Survival curves' were estimated only for' offfce~s. enlisted;. flying, ground 
personnel and all personnel in Ranch Band and the c<*parison gro~ps. There is a 
substantial degree of overlap between thEIIge subgrollPs~ with 96% of both the Ran.ch 
Hand and comparison ground personnel being enl:ist.d~ ~e enliSted eategory includes 
both ground support and flying enlisted personnel. . Su'j:vtval'curvesf,or the overall 
Ranch Hand and comparison groups •. re sho-lmin Fi~re :'1. The cUl'li'es for officers. 
enlisted personnel, flyers. and ground personnel are.sh~ in Figures 2 through 5. 
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Figure 1 

Survival Curve EstilDlltes for All Ranch Randers and All Compsr.isons 
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Survival Curve Estimates for Ranch Hand and Comparis:on Offi.cers 
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Figure 3 

SUl"V,t VFJ 1 Curve F:stimates for RnHsted Ranch Handers and Comparisons 
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Survival Curve Estimates for Ranch Hand and Comparison Flyers 
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Figure 5 

Survival Curve Estimates for Ranch Hand and Comparison 
Ground Pe'tsonnel 
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Th~. pa1:t~rns qualitatively evident in th~se graphs sre seen 'quantitatively 1.n 

subsequent statistical' analyses. 

Linear rank proclldures were carried out on the same fowr S)lbgrtlUps .and on 811 
personnel to asses .• death patterns by time. These procedure. are ·designed so that 
the statistic will be positive when Raneh Handel's are dyiit1g beftn:II' comparison 
subjects and negative when comparisons are dying prior to 'Ranch Handars. The 
results are shown in Table 5 (Table 6 inth!! baseline report). 

The rank statistic used is a fair meJ.ure of group di·ffeTetKle on~y when this 
difference occurs conSistently within ea9P tested stratum. Since the strata in 
these analyses were formed by date of birth. occupstion and race, the rank statistic 
is fair only when the group difference in death times does not chanp with date of 
birth, race and occupation. As will be shown later, there is SlI indication that 
there is an effect of date of birth on relative risks in the officer subgroup. 
Thus, rank statistics on officers must be interpreted carefully. Further, sinc.e 
there is an indication that mortality contrasts change with rank.sn4 occupa,t:ion, the w 

overall logrank value and p-value, sho.lm in Table 5 arl! not vlI:1id summary 
statistics. 
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Tahle 5 

Test Results and P-values for Noncause-Specific Survival 

Group 
Officer 
Enlisted 
Flying 
Ground 

Total 

Lo,rank 
(value . P-value 
(-0.682) 0.495 
(0.640) 0.522 
(-1.14.4) 0.253 
(1.303) 0.192 

(0.076) 0.939 

Wl1(!oxon 
(value) P-value 
(-0.771) 0.441 
(0.575) 0.565 
(-1.228) 0.220 
(1.235) 0.217 

(0.009) 0.993 

Table 5 suggests that ground personnel in the Ranch Hand group are dying sooner 
than their matched comparisons (logrank .. 1.303), but the difference is not 
statistically significant (p-0.192). The negative values of the logrank and 
IHlcoxon statistics for officers (logrank - -0.682) and flying personnel (logrank .. 
-1.144) suggest that Ranch Handers in this group may be living longer than their 
matched comparisona. 

Similar analyses on the same subgroups (officer,en1iste". flying, ground and 
total) were carried out on data from non-Black subjects only. The results are shown 
in Table 6. 

Table 6 

Test Results and P-values for Noncause-Specific Survival 
Non-Black Ranch Handers and Non-Black Comparisons' 

Logrank W:I.lcoxon 
Group (value) P-value (value) P-value 

Officer (-0.668) 0.504 (-0.755) 0.450 
Enlisted (0.686) 0.492 ( 0.626) 0 .• 531 
Flying (-1.229) 0.219 (-1.305) 0.192 
Ground ( 1.436) 0.151 ( 1. 360) 0.174 

Total ( 0.101) 0.919 ( 0.037) 0.970 

The findings in Table 6 clearly parallel those of Table 5, as would be expected 
from the small' size of the Black cohort in this study. 

Relative risk estimates, the associated 95% confidence intervals, two-sided 
p-values for testing the null hypothesis of relative dsk .aqual to. ullity, and power 
for detecting a relative risk of 2 in these data are shown in Table 7. These 
estimates are based on a matched data algorit,hmand summarize the relative 
prevalence of death in the Ranch Hand and cO!llpa1tiBon groups. As with the rank 
tests, the estimated relstive risks are unbiased only wnen the relat.i"'e risks can be 
assumed to be constant across date of birth strata. There is indication that this 
assumption is not 'met in the officer cohort so that their estimated relative risks 
must be viewed with caution. On the other hand, the assumption applllars to be well 
met in the flying, ground and enlisted subgroups so that these relative risk 
estimates appear to be reliable. Since there' is an indication that relative risk 
changes with rank and occupation, the overall relative risk, 0.96S, is not a valid' 
summary statistic. 
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Table 7 

Relattve Risks,95% Confidence Intervals, P-Values and 
Power for Noncause-Specific D'eaths to Date 

(1241 Ranch Handel's Venus 6t7l Matched Comparisons) 
~' 

Groul! RelRisk Conf Int' , P-value Power 

Officer 0.715 (0.295, 1.134) 0.275 0.886 
Enlisted 1.017 (0.679, 1.47;5) 0.692 0.980 
Flying 0.718 ({I. 385, 1.052) 0.174 0.968 
Ground 1.259 (0.724, 1. 793) 0 •. 274 0 •. 9213' 

Total 0.965 (0.666, 1. 264) 0.823 0.99<8 

Table 7 shows that Ranch Hand flyers. are ixperiencing fewer d'eaths than their 
matched compadeons (relative risk = O. nay • but this group d:tf'ferenee :J:s. not 
statistically significant (p-0.174). The hnch Hand ground panonnel' have 
experienclld more deaths (relative risk -1.259) than the:tr matched 8,round 
comparisons, but, again, this excess is i!lsonot statistiClally s;ign,:tticant 
(p·0.274). . 

Year-of-birth specific mortality rates are"given :l:n Tables. 8 thr.ouglr 12. with 
the corresponding standardized, mortality ratio~ (SMR) and assoctS'.ted p-\talusa (5). 
In each analysiS, the comparison group is the internal standard.. The; $:m will 
accurately estilJlate the reiaUta riskswUhin each strstum in theseanalys~:e if the 
ye;ar-of-birth specific reiativII dsks are; equa'!. A liltelihood. !tete te'st' fo·r the 
hypothesis of equal year-of-birth specifiC relative risks was cB;!tY:i!ed, .outfall' each 
analysis, and its p-value; is!\enoted by P'l.~~'addit:lon. the n,pothes:Es that the 
relative risk is unity • given that relaU've . risk is constant; across, strat.&, was 
tested; its p-value is denoted by P2. The SMR~sndboth p-valuea ar .. g;t_ for each 
contrast.. Additional post hoc ' analyses are pr,sented at the end' ol·,. t.Ms; set!l.tion'. to' 
show that the hypotheds of equal year-of-b:lrtih specHic relative risk" may, not be 
met in the officer and flying cohorts. . 

'. 
Table 8 

Yeall'-O,f-JYirth SpecifiC: Mortality" Rates. 
(l2S6R:anch Handers Verst/II &171 Comparisons)' 

(SMR .. L008, P1 • 0i258,. P2 .. 0.983) . 

Birth Ranch Hand Comparison 
Year At Risk Dead ~ At Risk nead , 
'1905-1914 5 2 O.~O 14 3 
1915-19.19 17 5 0.i94 96. 12 
1920-1924 48 3 0.&:63 241 24 
1925-1929 84 2 0.024 501 44 
1930-1934 305 '17 0.056 1389 73 
1935-1939 210 7 0.033 1020 36 
1940-1944 210 5 0.024 1096 23 . 
1945-1954 ..11l 13 0.('134 1814 50 

Total 125~ 54 
'~, 

"}'- hili 'l f> r) 

8 j,\ 
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!!!!. 
0.214 
O. t25' 
a.lllt\! 
0'.08'8 
0.053, 
11.03'5 
0'.021 
0'.028 ('I-



Table 9 

Offlc:"r~SpccHi" Mortality Rates by Yeat'-Of-IIit'th 
(SMR aO.797, PI a 0.236, P2 .. 0.404) 

Birth Ranch Rand Comparison 
Year At Risk Dead Rate At Risk ~ Rate --. 
1910-1924 41 3 0.073 205 17 0.083 
1925-1934 194 4 0.021 930 51 0.055 
1935-1939 95 4 0.042 458 12 0.026 
1940-1944 91 2 0.022 495 6 0.012 
1945-1949 45 2 0.044 190 2- 0.026 

Total 466 15 2278 91 

Table 10 

Enlisted-Specific Mortality Rates by Yesr-Of-Bit'eh 
(SMR" 1.105, PI .. 0.663. p2 .. 0.590) 

Birth Ranch Rand Comparison 
Year At Risk Dead Rate At Risk ~ 

1905-1914 4 2 0.500 12 3 
1915-1919 9 2 0.222 54 8 
1920-1924 16 3 0.188 . 80 11 
1925-1929 41 2 0.049 ~ll 24 
1930-1934 154 13 0.084 749 42 
1935-1939 US 3 0.026 562 24 
1940-1944 119 3 0.(J25 ~01 17 
1945-1954 332 .ll 0.033 1~24 -& 
Total 790 39 . 3893 174 

Table 11 

Flying-Specific MortaUty''RatU' byYeaT"'Of-Birth 
(SMR -0.751, PI .. 0.765. P2 "0.18~) 

Binh Ranch· Hand ComParison 
Year At Risk ~ Rate AlhUsk Dead. 

1910-1924 44 4 0.091 220 23 
1925-1934 272 9 0.033 1316 78 
1935-1939 145 6 0.041 .698 24 
1940-1944 121 2 0.017 .653 14 
1945-1949 64 2 0.031 .l!! 10 

Total 646 23 3163. 149 
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0.250 
0.148 
0.138 
0.114 
0.056 
0.043 
0.028 
0.028 

Rate -
0.105 . 
0.059 
0.034 
0.021 
0.036 



Table 12. 

G~ound 8p.ecific Mo~tality Rates by Year-of-Birth 
(8MR .. 1.306, PI .. O.604.P2 .. 0.203) 

Birth Ranch Hand Compariaon 
Year At~1.slt Dead 11.ate At Risk ~ Rate - - -
19.05-1914 5 2 0.400 14 3 0.214 
1915-1919 8 1 0.125' 51 6 0 .• 118 
1920-1924 13 3 0.231 66 7 0 .• 106 
1925-1929 31 2 0.065 151 19 0.126 
1930-1934 86 8 0.093 423 20 0..047 
1935-1939 65 1 0.015 322 12 0.037 
1940-1944 89 3 0.034 443 9 0.,020 
1945-1954 313 11 0.035 llli. 40 0.,026 - -
Total 610 31 3008 116 

" 

When year-of-bi~th is dichotomized (1905'-1934, 1935-1954) end Burviv.a1 S1:8tus 
(alive, dead) is analyzed by group (Ranch Hand, comparison) atld' .rank (officer. 
enlisted), a sisnificant four-way in.teraction 'is evident (P"0 •. G24) • That iill., the 
surv;l.val status bybiTth year by group relat:Lonilhipehsnges with rll1ik. The offfeer 
and enlisted reletivedslts ani 0.50 and 1.23 ift the. 1905-1934 yeK-ef-bb:,th. stratum 
and 1. 72 and 0.97 in the 1935-1954 birth-yeat stratum. Thera W4re no three-way 
interactions in this analYBis~ When ~ank is. ~eplaced by flytn,&tatus (flying, 
ground) in this four faeto~ analysis, no fout-way irtteractioll ill!.· seen. (p ... 0.250). 
and no significant group by flying status by bi~th-year interaetten (p"O •. 790) is 
observed. . 

, . . 

Further, when the officer .• enlisted, flying and ground subgrou!p'a aTe .analyzed 
separately on survival Statu8, group and birth year, there i'&, no. three-way 
interaction for enlisted (p-0.,80), flying (1''''0.265) o.r ground per.onnel <1'"'0.(34) 
but there is a significant three-way interacti.on for the officen, (p-o.,02:7). That 
is, the survival .tatus by group relationshiJi chenges with year 01£ b:l:rth· tn the 
officer cohort. 

Taken toge!;her, these log-linear enalyses indicate that dait:e of birth is 
affecting the relative risk est1maU (and t1\ue the SMR and ran.lt tests)!' in the 
officer category. 8pec:l.fically, the overaUdeat'h experience of the Ranch Hand 
officers appears to compaTe favorably with the comparisons.. HQwe~er.. these 
diminished death rates appear to~e found in the Ranch Hand offtcers bO.rn· before 
1935, while Ranch Hand officers with later birth dates evidencea' rate equal to or 
exceeding that of the comparisons (as seen in.~able 1:4) •. 

A sU\1llll8ry of logrank, relative risk and SMR results obtained is shown in 
Table 13. 
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Group 
Officer 
Enlisted 
Flying 
Ground 

Total 

Table 13 

Noncause-Spec1fic Statl st.1cnl Summary 

Group 
Officer 
Enlisted 
Flying 
Ground 

Total 

Age at Death 
Loe~ 

Value P-value 
-0.682 0.495 

0.640 0.522 
-1.144 0.253 

1.303 0.192 

0.076 0.939 

Deaths to Date 
Relative Risk SMa 
RR Po.value 
0.715 0.275 
1.077 0.692 
0.718 0.174 
1.259 0.274 

0.965 0.823 

SMa -P-valu, 
"ii:797 0.404 
1.105 0.590 
0.751 0.186· 
1.306 0.203 

1.008 0.983 

The data· in Table 13 show reasonable consistency. Tbeground cohort displays 
excess destl1in. the Ranch Hand group in cont.1;'ast ~o tlte cOlllparison group. but. this 
group diffep;enceis not statistically significent.. !The officer cohort evidences 
iessdel'1thin thll Ranch Hand gt:0up in contrast to the.:~01IIparison gro~p. but. again. 
this group difference is not statistically 81gn1fic!lnt.; However. ItBdiscussed abOve 
and shown in Tsb1e 14, this favorable mortality, experience· occurs in thOse 
individuals born before 1935. while Ranch Hatld ,officers born after 1935 have 
experienced the same or greater deathra,te than theitt comparisons •. 
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'rab1e 14 

Death Ra.tesby Group, Rank, @.ccupation and Year-Of-Birth 

Ranch Hand Comparis~n Relathe 
Rank Year of Birth Death 'Rate Death Rate Risk -. 
Officer Before 1935 0.030 0.060 0.50 

After 1935 0.034 0.020 1.72 

Enlisted Before 1935 0.100 0.080 1<"23: 
After 1935 0.030 0.031 0,.9-7 

Occupation 

Flying Before 1935 0.041 0.066 0.62 
After 1935 0.030 0.030 .t .. QO 

Ground Before 1935 0.112 . " . 0.078 1:.44 . 
After 1935 0.032 0.026 1 •. 23 

The favorable. though not statistically si'anificant, survWal tllc:perience of 
Ranch Hand flying personnel, relative to the lIIatc::hed compad,SClII\ f.lye'1:18 1>11 shown 
in Figure 4 ,wherethe survival curves fdr. Ra~ch Rand and comp.:rban flyer.$ are 
drawn on the same ,. scale 'and' coordinate . system. In·. ,contrast, the·.M1.ttwly poorer, 
but not statisttcallys1gnificant,' IillrvivsleltPerience of tha . ..,c\\. Hand"ll'ound 
personnel is il1ustrated in Figure 5, whetein t\l.e Ran'chHand ail4i ~~on'8'tound 
personnel surVival 'curves are drawn ot! the same.coordinstl;! syst·8IIl., . . . 

3. Within Group'Anal;tses of Mortality' 

Within group year-of-birth 
are sUDDD8rized in Table 15. 
Appendix. 

adjusted contraata by occupation and! eank vi'S SMR'II 
The corresponding SMR analyses a;e ah:olRi tn the 

'l'aHe 1-5', 
1 

SU\Dl1lary of Within Group'sMR Analyses , 

Subgroups ~ Pl tt 
Officers versus Enlisted 

Ranch Hand 0.483 0.204 0.031 
Comparison 0.663 0.8n 0.00]. 

Flying versus Ground 
Ranch Hand 0.548 0.376 0.052 
Comparison 0.926 0.607 0;782 

12 
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Table 15 shows that Ranch Hand officers are having significantly fewer deaths 
(SMR=D.483, p=D.D31) than Ranch Hand enlisted personnel, after adjustment for yea.r­
of-birth. This officer versus enlisted differential is also significant and in the 
same direction in the comparison group (SMR-D.663, p-D.D03). The table demonstrstes 
the favorable mortality experience of Ranch Hand flyers and adverse mortality of the 
Ranch Hand ground personnel in that Ranch Hand flyers are experiencing significantly 
fewer deaths than Ranch Hand ground personnel (SMR-O.548, p-O.052). This flyer 
versus ground differential is not apparent in the comparison group (SMR-O.926 , 
p=O. 782) • As discussed before and as displayed in . Table 14, the favorable Ranch 
!land officer and flyer mortality experience if! confined to the group born before 
1935. 

4. Cause-Specific Analyses 

Table 16 shows death counts by cause and· subgroup (flying officer, ground offi­
cer, flying enlisted and ground enlisted). Counts are shown for all 1256 Ranch 
!landers and the 6171 comparisons. The distribution of new deaths in the Ranch Hand 
and comparison groups are present.ed in Table 17 and age adjusted relative risks for 
these dats are shown in Table 18. Relstive risks are calculated ulling a matched 
data algorithm, hence, only the 1241 Ranch Handel's having matched comparisons are 
used. Df the '15 unmatched Ranch Handers, two have died; a flying officer died. of an 
accident and a ground airman died of Circulatory system disease. Since these data 
are sparse, relative risks are only calculated ono'fficer, enlisted. flying and' 
ground subgroups, as well as on all personnel combined. Three cells in Table 18 
contain two p-values for the significance of the relative risk est:lmate. The first 
is calculated using s null variance of the .estimated relative risk and the second, 
wi thin parentheses, is calculated using the group non."'tIull variance estimate. A 
null variance is defined as a variance that requires knowledge of the true value ·of 
the estimated parameter, and that value is set equal to the value specified in the 
null. hypothesis. The question of which variance estimate to use·, and hence, which 
p-value to report is a point of research in' theoretical statistics. We have choaen 
to use the null.variance when computing p-values because of analogies with otber 
testing situations and because our power studies have sbown the resulting test to be 
more powerful than the test using the general non-null estimate. Unfortunately, the 
non-null variance must be used in computing ~5% confidence intervals . for the 
relative risk, making the p-value and confidence interval sometimes ineoinpatible. 
Whenever this kind of disparity occurs,· both p-values are g:tven. 
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Table 16 

Deaths by Cause and Subg,roup 

Flying Gr.ound Fltit\g Ground Total 

Cause an C an e !! £ RH £ RH C -
Accident 8 32 0 1 4 26 7 35 19 -94 

Suicide 0 4 1 0 1 3 1 9 3 16 

Homicide 0 0 0 0 0 1 2 3 2 '" 
Parasitic 

infection 0 2 0 0 0 0 0 2 '0 4 

Malignant . 
neoplasm 0 13 q 1 1 n 5 H! .6 43 

Uncertain 
neoplasm .0 1 0 0 0 0 0 1 0 2 

Endocrine 0 1 0 0 0 0 1 ·0· t 1 

Mental 
disorder 0 0 0 ,0 0 0 0 1 0 t 

Nervous 
System 0 1 0 0 0 0 0 1 iO :if 

Circulatory 
System 4 27 0 0 1 14 12 34 n 7'5 

Respiratory 0 1 0 0 0 2 0 2 0 . ' '5 
System 

Digestive 2 4 0 1 1 3 2 5 5 n 
System 

Genitourinary 0 1 0 0 0' 0 0 2 0 3 

System 

COD.genital 
anomalies 0 0 0 0 0 0 0 0 0 0 

III defined J1. 1 0 _.Q. 1 1 0 ---2. -1.-1. 

Tot.sl 14 88 1 3 9 61 30 113 54 265 
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* 

Total 

Table 17 

New Deaths by Cause 

Ranch Hand 

1 Lung Cancer 
1 Stomach Cancer 
1 Undetermine~ 
1 Circulatory 

Comparison 

4 Circulatory 
2 Digestive 
4 Cancer 
1 Homicide. 
1 Parasitic Infection 
1 Respiratory 
2 Suicides 

is 

The newly identified deceased Rsnch Rander. 
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Table 18 

Cause-Specific Age Adjusted Relative Risks by Group 
(1241 Raneh Handers versus 6171 Comparisons) 

Cause 
Group Statistic Accident Suicide Homicide Hall8!!!tlCI 'Cirtulat0!I !!8eatlve 

Officer ReI Risk 0.9'14 .0.400 
Conf Int (0.161, 1.827) (0.000, 0.972) 
P-Value 0.989 0.221 (0.412) 
PoWe-i 0.601 0.526 

Enlisted ReI Risk 0.844 0.3j3 2.500 0.998 1.258 1.875 
Conf Int (0.279, 1.4111) (0.000, 2.081) (0.000,6.143) (0.108,1.889) . (0.445,2.1172) (0.000,4.363) 
P-Value 0.624 0.814 0.221 0.997 0.474 0.312 
POWer 0.780 0,374 0.262 0.565 0.701 0.320 

Flying ReI Risk 0.935 0.714 0.208 0.385 2.143 
Conf. lnt (0.324,1.546) (0.OOO,2.211) (0.000,0.625) (0.000,0.836) (0.000,5.041) 

,.~' P"-Value 0.841 0.758 0.1l3(0.flOO) 0.117(0.008) O.t17 
Power 0.167 0.306 0.515 0 .. 652 0.306 

Gro'und Rel Risk 0.803 1.111 3.333 1.235 1.633 1.667 
Conf tnt (0.090, 1.516) "(O .. OOO, 2.814) (0.000, 9.297) (iI.uoo, 2.486) (0.48fJ, 2.786) (0.000, 4.334) 
P"'Vtilue 0.633 0.892 0.099 0.675 0.144 0.505 

I-' . PoWer 0.621 0.'334 0.246 0.461 0.591 0.291 

'" Total Rel Risk 0.937 0.937 2.500 0.684 1.043 1.923 
Conf lilt (0.456, L411f) (0.000, 2.1)94) (O.OOU, 6.743) (0.095, l. 212) (0.459, 1.627) (0.000, 3.9(7) 
P,;..Value 0.8fJ4 O.91~ a.lai G.)9] 0.883 0.174 
POver 0.899 0.425 0,262 O.lia! 0.832 0.387 



Tables 16 and 18 must be interpreted with care since the data are very spaTse 
111 Home categories . The Ej igou-!1cHugh relative risk estimate uses a variance 
weightIng scheme of relative risks. The variance expression used is correct only 
for large aggregates of such matched sets. Since matched sets with large numbers of 
comparison deaths·are rare, but tend to occur in the older subject cohorts. it must 
be anticipated that relative risks from the older cohQrts may not be properly 
weighted in the relstive risks shown here. Most disease information resides in the 
categories of malignant neoplasm and circulatory system deaths. 

Digestive system mortality by lCD code is shown in Table 19. site-specific 
malignant neoplasm mortality is shown in Table 20 and the morphology of neoplasms is 
shown in Table 21. There was one case of soft tissue sarcoma in a cOt11parieon 
individual. but none in the Ranch Hand group. 

Table 19 

Digestive System Mortslity 

Deaths 
rCD Code Ranch Hand Comparison 

Pancreatitis (5770) 1 2 
Alcoholic cirrhosis (5712) 0 4 
Nonalcoholic cirrhosis (5715) 3 3 
Nonalcoholic fstty liver (5718) 0 1 
Chronic liver disesse (5728) 0 2 
Alcoholic liver disease (5711) 1 0 
Duodenal ulcer (5325) ·0 1 
Peptic ulcer (5334) 0 0 
Hepatocellular disease (573-e.) 0 ~ 

Total 5 13 

These codes were based on death certificate data; more detsiled etiologiC 
information has been requested but not yet received for the nonalcoholic cirrhosis 
and fatty liver deaths. 
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Table 20 

Si.te-SpE!cif.icMaUgnant Neoplasm Mortality 

Site lCD Code 

Lip. oral cavity. pharynx (t40';'14!1') 
D:l.gesdve organs. peritoneum (150-159) 
Respiratory. intrathoracic '(160-165) 
Bone. conne,c.tive tiss.ue, skin. 

breast (170~175) 
Genitourinary organs (179-189) 
Brain (191-192) 
Lymphatic and hematopoietic 

tissue (200-208) 
No site specification (199) 

Total 

18 

Ranch Hand 

o 
1 
3 

o 
1 
o 

o 
1 

6 

4 
9 

17 

1 
3 
3 

5 
1 -



leD Code 
9th Ed. 

M800 

M801-804 

M80S-80S 

M814-838 

MS72-879 

N905 

M938-948 

M959-963 

M964 

M96S-966 

M986 

Table 21 

Morphology of Neoplasms 

Nomenclature 

Neoplasms not otherwise specified (NOS) 
Brain 
Bronchus and Lung 
Colon 
Esophagus 
P/lncreas 
In'testinal tract 
UnspeCified site 

Epithelial neoplasms (NOS) 
Bronchus and Lung 
Esophagus 
Kidney 
Nasopharynx 
Pancreas 
Stomach 
Prostate 
Unspecified site 
Colon 

Papillary and Squamous "£ell 
Nasal Sinus 
Lip 
Tongue 
Lung 
Tonsil 

Adenomas and'Adenocarcinomas 
Appendix 
Bronchus and'Lung 
Colon 
,Kidney 
, Stomach 
Pancreas 

Nevi and Melanomas 
Skin (NOS) 
Mediastinal 
Trunk 

Mesothelioma 
Bronchus and Lung 

Gliomas 
, Frontal Lobe 

Brain (NOS) 
Lymphomas NOS and Diffuse 

Lymphomas (NOS) 
Reticulosarcoma 

Malignant lymphoma histiocytic • (NOS) 
Hodgkin's disease 

Hodgkin's (NOS) 
Myeloid Leukemias 

Acute Myelocytic Leukemia 
Total 

19 

Deaths 
Ranch Hand Comp 

o 1 
1 5 
o 1 
o 0 
o 1 
o 1 
o 0 

1 8 
o 1 
1 1 
o 1 
o 2 
1 0 
o 0 
1 1 
o 0 

o 1 
o 1 
o 1 
o 0 
o 1 

o 1 
o 2 
o 1 
o 2 
o 1 
o 0 

o 1 
0} 0 
00 

o 1 

o 1 
o 1 

o 1 

o 1 

o 2 

o 1 
"6 43 



5. Noncallse-Specific Comparisons with Externel Poplliations 

It is important to know not only how' Ranch Handers and their matched 
comparisons relate to each other, bllt: also how their mortality rates. compare with 
other military and civilian' poplliations in cheUnited States. These enntra·st.s are 
used in an attempt to place the stlldy group$ in perspective with l:he overall 
mortality experience of known popula.C':I,ons. Give~ the selection fsctors involVed for 
entry to an.d retention in the military se·rvice, it is antic.ips.ted that the study 
groups would exhibit lower mor.tal:tty than the U • .8. White msle population but poorer 
mortality than the active duty Air For.ce population. S.imilarly. they mtght be 
expected to be more equivalent to the DOD retir .• d personnel oroec:upe.tt'onal,c,ohorts 
such as the U.S. civil service. In this report, the. mortality 'experience o,f Ranch 
Handers and their matched comparisons is c:ompared with the expacted: d-eath rates with 
reference to the 1978 U.S •. White Male Life Table: (6), the 1978 Department of Pefenee 
period life tables. for nondisability retired mi1,itary office'r and. _Us ted personnel 
(7). 1979 active duty Air Force officer and enlisted personnel ute· t,ables (8,) and a 
1974 U.S. active male civil set'vice life table (9) and the West Point class 0·£ 1956 
(10) • 

5.1 Comparisons with 1978 POD Life Ta1>les 

In Tables 22 and 23. Ranch Hand officers and comparison g,roup ofHcers are 
contrasted to a 1978 DOD nondisability retired, .officer life tabl.s .. d in Tables 24 
and 25. Ranch Hand and compadson group enlisted personnel are. cmnpl'sd W!$t:th a 1978 
DOD nondisability retired enlisted life table. In each table. the c01umn. rlabeled 
"At Risk" lists the number of 'sub·ject$ entering each five-year age interval. the 
column labeled "Deaths" tabulates the numbn of deaths in the age :Lnte:rvalsand the 
column labeled "Expected Deatbs" "gives the eXpected number of deaths: in the age 
intervals of the study subjects if they hadllxper:tenced the same, d.eath rUes as 
those specified by the DOD table. The value of the test statistic fQr testing the 
null hypothesis of equality of the $tudy and rd,ferenced life table :l:.s'. de.noted by T; 
its two-sided p~value is denoted by P. . While each table summari2:e& the.f1ndin.gs 
with five-year age intervals f(>r ease of presentation, one-year age'interval's:. were 
used for the actual computation of the statisticT. A negative value. offr means 
that the study cohort has lived longer than. expected' relativec te . the rdference 
population. All contrasts' are unadjusted fet' raee since the DOIY tables are not 
race-specific. All analyses are conditioned"on survival to age' 35', s1·nce· the DOD 
tables do not begin until that age. The tete Is in Tablea 22 tlYcough 25 do not, 
therefore, agree with Table 1. 

\ l 
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Table 22 

Ranch Hand Officer Versus DOD Nondisab:llity Retired Officer Life Table 
(T--4.494, P<O.OOl) 

Age At Risk Deaths Expected Deaths 

36-39 459 2 3.568 
40-44 386 1 4.469 
45-49 309 1 5.021 
50-54 209 1 3.847 
55-59 71 1 2.320 
60-64 36 2 1.212 
65-69 5 0 0.141 

Total 8 20.578 

Table 23 

Comparison Officers Versus DOD Nondisability Retired 'Officer Life Table 
(T--3.288, P<O.OOl) 

!&.I!. At Risk Deaths E:!1lsctedDeaths 
. " 

. -,35-39 2264 12 n.63() 
40 ... 44 1924 13 21.~92 
45-49 1448 24 23.808 
50~54 988 14 19.291 ".),',: ' 

~5-59 367 .10 1l.860 
60,..64 170 4 6.144 . 
65-69 . 33 0 1.158 -
Totd 77 105.783 

Table 24 

RanchHllnd Enlisted Ps~sonne1 Versus DOD Nondisibility 
Retired Enlisted LUll Tllble 

(T--0.220, P-O.826) 

m. At Risk put;h8 E!1lecta4Deaths 

35.39 735 7 7.562 
40 .. 44 . ,'. 432 5 I 5 .• 999 
45.,.49 311 6 7 .• 163 
50-54 182 6 5 •. 228 
55-59 54 2 2.553 
60-64 23 3 . 1.774 
65-69 9 0 0.779 
70-71 2 ...l 0.118 

Toul 30 31.176 
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Table 25 

Comparison Enlisted Personnel Versus DOD Nondisability Retired 
Enlisted Life Table 
(T--3.731,P<0.00l) 

Age At Risk Deaths Expected Deaths 

35-39 3611 21 37.166 
40-44 2117 20 29.397 
45-49 1534 36 35 .• 350 
50-54 907 17 25 .•. 53.3 
55-59 258 14 12.545 
60-64 116 4 9.005 
65-69 46 2 3.638 
70-74 7 0 0.908 
75-76 2 0 0.065 

Total 114 153.607 

Tables 22 and 23 show highly favorable mortaUty experienc.es 'f,mrRaneh ,Rand .and 
comparison officen. . Conditioned on' surviv.!I.to age 3'5, '~ ,Ai'\! IJ.iying 
significantly longer than expected using the DOD death rates (p<10.,aOl ,and ".:.'0 .i001, 
respectively). Tables 24 and 25 show that Ranch Hand enlis,tedpsrsonnel are 
experiencing mortality patterns sim:Uar to .the DOD retire:d ailll.st\e4 IP,opula.t:Lorl 
(p-0.826). and comparis.onenHst.ed are l:I.ving significantly 10Jl8Uf:p< ',O .• o:0H than 
the DOD nondisability retired enl:l.sted population (conditicineli _ :SUT'!/,i1.l\<al ·tXlsge 
35). This. togetherw:l.th the nonsignificant logrank value fur Ra~CIbi Mani! versus 
comparison enl:l.sted personnel shown in Table S (p.0.522). s1lgg;ests It'll_ the Ranch 
Hand versus comparison officer and enlisted contrasts change wieh .... ,811: ,dea>t:h.. A 
view of this is seen in Table 26. which shows linear rank test %',aUllts. iCD1IIParing 
Ranch Handers and compari,_ conditionedonsurv.ival to age .3'lihtl'llllto,g.owa '1:0 Table 
5) • 

Table 26 

Test Results 'and i'-vs\tuesfor Noncajj!se-Sped:f1c 'Surv!lvell 
Conditioned on Su,rvival to, Ale 35 

," 

Losrank W:UcDx,on 
Group , (villue) P-'value ,(value) P-value 

Officer (-1.741) 0.082 (-1.879) 0.060 
Enlisted ( 1. 379) 0.168 ( 1.345) 0.179 
Flying (-1.331) 0.183 (";1.440) 0.150 
Ground ( 1.535) 0.125 ( 1.491 ) 0.136 

'rota] (-O.03:n 0.974 (-0.110) t);9,13 
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CategoricalanalYFIE~s reveal the interaction suggested by the, Ranch Hand Verl!UR 
U.S. White male contrasts. These are shown ,in Tables 27 and 28 where survival 
status (alive. dead) is analyzed as a function of group (Ranch Hand, comparison) and 
rank (officer. enlisted) on deaths under 35 ye"rB of age and separately, an deaths 
over 35 yesrsof age. 

Table 27 

Death Before 35. Ranch Hand Versus Comparisons 
, (Group By Rank By Status Int8I'action: P.0.043) 

Status 

Rank Group Alive ~ !!!.&1. Relative Risk 

Officer 

Enlisted 

Rank 

Officer' 

, Enlisted 

Ranch Hand 459 7 466 

Comparison 2264 14 2278 

Ranch Hand 781 9 790 

Comparison 3833 60 3893 

Table 28 

Death After 35. 'Ranch Hand Vet-sus Comparisons 
(Group By Rank"By StatUs Interaction: P.0.019) 

Group Alive Daad Totd 

Ranch Hand 451 8 459 

Comparison 2187 77 ",2264 

Ranch Hand 705 30 735 

Comparison " 34!17 114 3611 

23 

2.44 

0.74,' 

0.51 

1.29 



. In Table 28, the Ranch Hand ve.nus compari.~on contrast in the officer category 
is slgn:lif:tcantly different from the corresponding contrast in the .enlisted category. 
This suggests. that, amollg ehj)se surviving to age 35, Ranch Hand officers are 
experiellcing fewer deaths (rl!lativl!!' risk .. Q.51) than their matched comparisons 
while the Ranch Hand enlisted are experiencing more deaths than their matched 
comparisons (relative risk .. 1.29). Death rates are shown in Table 29. The rate 
that is most apparently different is the low· Ranch Hand officer death rate for those 
officers who survived to' age 35. This low rate may parallel the £avollablemortality 
experienced by those Ranch Halld officers born before 1935. Further analyses will 
attempt to clarify these patterns, with specific attention to cause: of death~ 

Death 
Rates 

Before Age 35 
After Age 35 

Table 29 

Death Rates as a Function of Age at Death 

Ranch Hand 
Officers Enlisted 

0.015 (N-466) 
0.017 (N-459) 

Q.014 (N*790) 
0.041 (N-735) 

CompaTison 
Officers Ehlisted 

0.,006 (N-2278) 
. 0.035 (N .. 2264) 

O"G16 (N-Ol89Ol) 
a'~033 Ot"Ol6U) 

5.2 Comparison w:tth Active Duty Air Force Life, T-ables 

The mortality experience of the Ranch Hanllers and their matc:he:d com~«'d!l6nS is 
contrasted with the total active dut:y 1979 Air Forc'e life tabh:" unlldj,ulilted for 
race, in Tables 30-35 •. ,Qtliillllrs and enlisted. personnel in'tllle ,rumch lfaG and 
comparisoll cohorts arecontra$tI!d. with active ,Juty oflitcer.IIM' fh'!i1l1S4:ed' Air Force 
life tables in Tables 32-35. Since the active duty: Air Force life: tabJiE18 were 
accurate to only three significallt figures,ehe expected d~81th:s StYOtm in: 'tables 
3Q-35 are computed to three significant figures. In the active; dUllY Idr. Foree, 
individuals found to . have ~jor'hea];th defltcits are quteMy t~ed' fr~1n the 
population by medical dheharge or disability red.rement. l'felf¢"~, eli,:li5, otternal 
population is biased toward. eXllellent health, and £av"'r,ab1e. lMtttaUty... The'se 
contrasts are conditioned on survival to age 2() and de'ath up to age< 50<, T1'I-a, t'otals 
in Tables 30 through 35 do not, therefore,. 118r,e' with Table 1. . 

Table 30 

Ranch Handers Ver/i1us 1979 Active Duty Air Force Life Ta&:te 
(T-3. 99, P 0.601) 

Age At Rbk . Deaths -Expected Deaths· 
i 

2Q-24 1256 2 5.04 
25-29 1254 7 5.06 
30-34 1247 7 3.72 
35-39 1194 9 5.12 
4Q-44 818 6 4.41 
45-49 620 7 ...i:12 
Total 38 27.52 
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Table 31 

. Comparison Versus 1979 Active Duty Air Force 
(T-7.41, P<O.OOl) 

Age At Risk Deaths Deaths Expected 

17-19 6171 2 18.5 
20-24 6169 18 24.7 
25-29 6151 29 24.8 
30-34 6122 25 18 .• 2 
35-39 5875 33 25.2 
40-44 4041 33 21.6 
45-49 2982 60 20.2 

Total 200 153.20 

TS.ble 32 

Ranch Handofficers Venus 1,979 4ctive Duty 
Air Force Officer tife Table 

(t-4.43. P<0.001) 
, ' , 

Age At ll,iak Deaths Expected Deaths 

25-29 466 3, 2.34 
30-34 463 4 1.40 
35-39 459 2 0.859 
40.,.44 386 1 1.06 
45-49 309 .J. 1.32 

'Iota1 11 6.979 

'~ab1e 33 

CODlpariso.n Officers V;er~us;~9?9 Active Duty Air Force 
Off,icer Life Table 
(T';'8. :n, P<Q.QO 1) .• 

Age At Risk be!1\h! tieatbs'a!pected 

25-29 22.1~ , 9 ,'·"0 11.4 
30-34 22.69 5 6.86 
35-39 2264 12 4.26 
40-44 1924 13 5.15 
45-49 1448 24 6,25 -
Total 63. 33.92 
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Table 34 

Ranch Hand Enlisted Versus the 1979 
Active Duty Air Force Enlisted Life Table 

(T~3.3(l, P<O.OOl) 

Age 

20-24 
25-29 . 
30-.34 
35-39 . 
40~44 
45-49 

Total 

Compar:l.sOnEnli!l1;ed 

.. Age 

17-19 
20-24 
25-29 
30-34 
35-39 
40-44 
45-49 

To·tal 

At Risk Deaths Expec1:ed 'Deaths 

790 2 3.17 
788 4 3.18 
784 3 2.31 
735 7 3.57 
432 5 2.67 
311 6 3.59 

27 18.49 

Table 35 

Personnl>l .Vel'BII.S the 1979 Active 'DUtY. A:I:.rFall:'ce 
1!nlisted Li~e:rable 
(T~6.42, P<0.001) 

At R:l.Elk Deaths EXJ2ected Deaths 

3893 2 11.7 
3891 18 15,6 
3873 20 15.6 
3853 20 11.4 
.3611 21 17 .5 
2117 20 13.1 
1534 36 17 .• 8 

137 102.70 

As expected, thecentl'aldea,th l'Stes. for Che .activ~.tIu'tYA1IIr iFiell:'oe p:e.puladon 
are lower than those for tbe 'DOD ''!iondisability Jretired 1l0:pulat1Lem. .fn :addition, it 
is expected that the Ranch Halld~.rs atldtheitcomparisons'shGUlLd 13l.e samewhere 
between these two reference populations • f·or reas'oDssuch as ·t.Jasiheal.d!y worker 
effect and the mediealretlrem/intofllnfit indi~iduals from the .activ.eooTee·. This 
is, in fact, the case for Ranch Hand officers', ·comparisonoff.:Lcers allli·llbmparison 
enlisted personnel. All. three of these groups are living signUiLeandy bagel' .than 
expected from the DOD l~fe table, but are dying s:l.gnifieantly soemsr than ·~ected 
relative to the active duty Air Force Hfe tables • The excePt.:Lon .t-o tlh"Il~I1:'tern is 
seen in the Ranch Hand enlisted personnel Who are eltpetienclLngmo:r1:a!L'tty ·on ly 
equivalent to the DOD enlisted life table (p"0.826) • They, like t·he odlll'r $.roul's. 
are also having a significantly wone than elq)e<!tedmortality experiu'berelative to 
the active duty Air Force enlisted life table (p<.(l.OO!).' . 
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'i. I !.:.5!!".1)!.1.~}..0!!n" wIth the U.S. Active Male C:lv1.1 Service Ufe Table 

1'0 funh"r place the Ranch BanderA rind the1.r matched comparisons tn 
perspectlv", Hanch flanders, comparisons,· and office!: and enlisted personnel are 
contrasted with the 1974 male active U.S. cIvil' service life table (9). These 
contrasts are shown in Tables 36 through 41. There is no adjustment tor civil 
service grade in these analyses. Therefore, socioecor.omic factors may not be fully 
equIvalellt. especially in the analyses of the officer and enlisted subsroups. In 
future mortality updates. attempts will be madE! to account for the grade structure 
of the cIvil service population. 

Tsble 36 

All Ranch Handers Versus U.S. Male Civi~ Service 
(T-0.140, P-0.S89) 

Age At Risk . Deaths Expected Deaths 

21-24' 1256 2 6.773 
25-29 1254 7 5.998 
30-34 1247 7 5.679 
35-39 1194 9 6.495 
40-44 818 6 7.830 
45 .. 49 620 7 8.859 
50-54 391 7 5.907 
55-59 125 3 3.176 
60-64 59 5 1.758 
65-69 14 0 0.463 
70.;.V1 2 ..l 0.054 

Total 54 52.997 

Table 37 

Comparison Versus 1];"S. Male Civil 
(T--0.957. P-O.339) 

Service 

Age At Risk Deaths' Expected Deaths 

19-19 6169 2 10.523 
20-24 6167 18 43.093 
25-29 6149 29 29.444 
30-34 6120 25 27.912 
35-39 5873 33 31.995 
40-44 4039 33 38.333 
45-49 2980 60 42.793 
50-54 1893 31 29.220 
55-59 623 24 15.906 
60-64 284 8 8.797 
65-69 77 2 2.355 
70-73 5 0 0.168 -
Total 265 280.549 
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Table 38 

Ranch Rand Officer.s Versus U.S. Male Civil SerVice' 
(T--l. 728, P-0.084) 

Age At 'Rillk Deaths EXj!ected Deaths 

25-29 466 3 2.226 
30-34 463 4 2.118 
35-39 459 2 2.885 
40-44 . 386 1 3.821 
45-49 309 1 4,,461 
50-54' . . 209 1 3.239 . 
55-59 71 1 1.8'86 
60-64 36 2 1l.~917 

65-69 5 '0 0.099 

Total 15 .21.652 

Table 39 

Comparison Officers Versus 'U.S. iMale Civil Ser.v!lioe 
. (Comparisons: T=-1.6"58" ;1'-.0.097) 

Age At Risk Deaths Expected 'Deathil 

25-;29 2278 I) 10:9'1:0 
30-34 2269 5 10.418 
35-39 2264 12 14 •. 261 
40-44 1924 13 l'8.nO 
45-'49 1448 24 21..152 
50-54 988 14 16,.237 
55-'59 .367 10 '.9.648 
60-64 170 4 4.635 
65-69 33 0 0 .• 817 

To.tal 91 106 .• 7.8'8 
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Table 40 

Ranch Hllnd Enlisted Personnel Versus U .,S. MaJ.e Civil Service 
(T-1.66J. P·0.097) 

~ At Risk Deaths Expected Deaths 

21-24 790 2 4.258 
25-29 788 4 3.772 
30-34 784 3 3.561 
35-39 735 7 3.610 
40-44 432 5 4.009 
45-49 311 6 4.392 
50-54 182 6 2.668 
55-59 54 2 1.289 
60-64 23 3 0.841 
65-69 9 0 0.364 
70-71 2 1 0.054 

Total 39 28.828 

Table 41 

Comparison Enlisted Personnel Versus U.8. Male Civil Serv.ice 
(T-l.528, P~O.127) 

Age At Risk Dea'ths Expected Deaths 

19-19 3891 2 6.637 
20-24" , 3889 18 27.158 
25-29 3871 20 18.535 
30-34 3871 20 17.494 
35-39 3609 21 17.733 
40-44 2115 20 19.623 
45-49 1532 36 21.641 
50-54 905 17 12.983 
55-59 256 14 6.258 
60-64 114 4 4.162 
65-69 44 2 1.538 
70-73 5 0 0.168 

Total 174 153.930 

The Ranch Handers and their matched comparieons are ststistically quite close 
to the male civil service population. In these contrasts, the healthy worker effect 
is roughly equivalent although there is no adjustment for socioeconomic status. The 
contrasts of officers and enlisted pet'sonnel in the Ranch Hand and comparison 
cohorts wi,th the male civil service reveal that the Ranch. Hand and comparison 
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officers are experiencing a slightly, but not significantly better mortality than 
the civilaervice, with the Ranch Hand officers faring somewhat better ehan the 
comparisoD officers. Ranch Rand and comparison 'enlisted personnel are experiencing 
more mortality than the civ:ll service with the Ranch Hand enlisted pet'SoDnel faring 
slightly worse than the matched comparison personnel, but none of these obsetvations 
are statistically significant,. All of these findings are consistent with the linesr 
rank testing shown in Table 5, the relative risks in Table 6 snd the SI111:'s in Tables 
8, 9, and 10. 

5.4 Comparisons With the U.S. 1978 White Male Li·fe Table 

Finally, the mortality experienc.e of the non-Black Ranch Handers and their 
matched comparisons is contrasted with the 1978 U.S. White MaleL:!.fe' Table. 

Table 42 

Non-Black Ranch Handers Versus the t978tl.S. White Male Life Table 
(T--4.828, P<O.tlOl) 

I 
Age At Risk! Deaths Expected Deaths· 

21-24 1180 
25-29 1178 
30:"34 1172 
35-39 1121 
40-44 779 
45-4!} •. ' 592 
50-54 379 

, 55-59 124 
60-64 59 
65-69 14 
70-71 2 

Total 

2 
6 
7 
8 
5 
7 
6 
3 
5 
0 
1 

50 

30 

9.073 
9.858 
9.596 

10.022 
11.028' 
13 •. 424 
10.093 
5.763 
3.699 
0.959 
0.110 

83.635 
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Non-Black Comparisons Versus the 1978 U.S. White Male Life Table 
(T--12.286,P< 0.001) 

Age At Risk Death!: Expected Deaths 

19-19 5816 1 10.325 
20-24 5815 16 55.444 
25-29 5799 27 48.592 
30-34 5772 23 47.336 
35-39 5537 31 49.594 
40-44 3857 29 54.105 
45-49 2846 53 64.837 
50-54 1831 31 . 49.932 
55-59 618 22 28.956 
60-64 286 8 18.756 
65-69 79 2 5.228 
70-74 7 0 0.845 
75-76 2 0 0.063 

Total .243 430.324 

Table 44 

Non-Black Ranch Hand Officers Versus the 1978 U.S. White Male Life Table 
(T--5.438,P< 0.001) 

Age .. At Risk ~ Expected Deaths 

25-29 457 3 3.819 
30-34 454 4 3.735 
35-39 450 2 4.620 
40-44 381 1 5.585 
45-49 306 1 6.981 
50-54 208 1 5.633 
55-59 71 1 3.429 
60-64 36 2 1.919 
65-69 5 0 0.205 

Total 15 35.926 
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Table 45 

Non~Black CompariaonOff:l.cera Versu$the 1978 U.S. White Male LUeTe:ble 
. (T--9.141. P<O.OOl) 

6a!.' At R!l.lik Dead . Expected Deaths -
25-29 2253 9 . 18.880 
30-34 2244 5 18.530 
35-39· 2239 12 22.997 
40-44 . 1899 13 27.325 
45-49 1433 24 33.096 
50-54 980 14 2'8.249 
55-59 367 10 17.513 
60-64 170 4 9.725 
65-69 3:3 0 1.699 -
Total 91 150.689 

Non-Black Ranch Hand Enlisted Pers.onnel Versus the 1978 U.S. Wh:l:t'l!, Maletife llable 
(T--1.585.P-O .113) 

Age AtRii!k 1>eed - E!pected Ileat:li>s 

21-24 723 2 505'56 
25-29 721 3 6.039 
30"::34 ' 718 3 5.861 
35-39 671 6 5.402 
40-44 398 4 5.44:3 
45-49 286 6 6.443 
50-54 171 5 4.460 
55-59 53 2 2.334 
60-64 23 3 1.n9 
65-69 9 0 0.15.4 
70-71 2 -1 O.UO 

Total 35 44.UH 
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Table 1,7 

Non·-1l1ack Comparison Enlisted Personnel Ver!lus the 1978 U. S. White Male Life Table 
(Ta-6.393, P 0.001) 

Age At Risk Dead Expected Deaths 

18-19 3563 1 6.325 
20-24 3562 16 33.938 

. 25-29 3546 18 29.713 
30-34 3528 18 28.806 
35-39 3298 19 26.597 
40-44 1958 16' 26.780 
45-49 1413 29 31.741 
50-54 851 17 21.683 
55-59 251 12 11.443 
60-64 116 4 9.031 
65-69 46 2 3.529 
70-74 7 0 0.845 
75-75 2 0 0.063 _. 
Total 152 230.494 

The healthy worker effect is an expected phenomenon in thesf\ data since Air 
Force veterans·· have been selected for active duty on the basis of health and tech­
nical ability. 'this effect is clearly evident in the overall contras.ta shown in 
Tables 42. Both Ranch Handers and c01llparisons are seen to be living far longer than 
expected relative to the general U.S. White male population. The liame effect is 
seen in both Ranch Hand and comparison bfficers (Table 44) and in comparison 
enlisted personnel in Table 47. The Ranch ,Hand enlisted personnel, however. are 
seen to be similar to the U.S. White male population ('1'--1.585, p-0.113); they are 
living lOI\ger than expected but not signHicantly so, in contrast to the other 
groups. The healthy worker effect is less eVident in the Ranch Hand enlisted group, 
and this suggests that they are faring less well against the U.S. White male 
population than their matched comparis.ons. 

It is also important to note, in view of the poorer survival experience of 
Ranch Hand ground personnel, shown in Tables 5 and 6, that this group is closer to 
the U.S. White male popUlation than the. enlisted (T--0.729, p-0.466) with an 
observed to expected death ratio of 0.883, bssad on 557 non-Black Ranch Hand 
enlisted personnel. Further, the corresponding finding for Ranch Hand enlisted 
ground personnel, T--0.559, p-0.576, with ,an observed to expected ratio of 0.909 
(based on 584 Ranch Hand enlisted ground. personnel) suggests that the enlisted 
ground personnel may be experiencing adversie mortality that, while not significant 
relative to their matched comparisons, deserves. dose attention in future updates. 

6. Comparisons with the West Point study Group 

The mortality experience of Ranch Hand and comparison officers is also 
contrasted with the West Point Study Group. Although the West Point group is too 
smsll for all but· very crude statistical comparisons, it does provide II useful 
benchmsrk for general mortality contrasts. 



The West Point Study Group consists of 474 members of the West Point Cl$sS of 
1956. These men have been followedsinee that time for morbidity and mortality. 
All members of that class were. or still are. officers in the U. S. Armed Forces. 
The purpose of the West Point Study is to investigate the relationship betwlien blood 
lipid levels and cardiovascular disease. l!:ach$tudy subject is physically examined 
biennially and blood samples are obtained' for lipid and lipoprotein an'alyses at the 
USAF School of Aerospace Medicine (11). 

6.1 Noncause,..Specific Compadsons of Ranch Hand and Comparisllm Subgroups With the 
West Point Study Group 

No new deaths have occurred in the: West 1>oint (10) group s.ince the ):lase line 
report and prior to 31 December 1983. The number of West Point deaths. thi!refore. 
remains at 36. For the purpose of these morta:1ity comparisons. 15 of the 36 known 
West. Point deaths occurring on or before 31 Decembe.r 1983 were d'aleted,; 9 of the 15 
were killed in action. 1 wae killed in 1959 in the line of duty and 5 welte k:Uled in 
automobile crashes pdor to 1962. ThE. rationale for these deletions is identical to 
that used for deaths of personnel killed in action from the Ranch Hand and 
comparison groups. Noncombat or ac.cidental deaths prior to, 1962 we.re d .. leted 
because death pdor to 1962 would ha.ve precluded membership in the Ranch, Hand or 
comparison group. In addition, one West Pointer is also a Ranch Handerand was 
removed from the West Point data bae,e. That individual was aUve on 31 December 
1983. 

A summary ,~f the reli1aining .21dllllths among the 458 West Potn.taub.teets uaed in 
theseanalYlles·.ia given in Tab I •. 48 an~ by age :In Table 49. TI$ble49 Hs~:s the 
number of Wel1tPointers at ri.sk in each flge 8rl)\1P. the numbn aU-v!! on 31 D.ecember 
191!3. and the,n\llDber dead. 

T,aJ>le 41\' 

West Point Dllath" by Y4!ar..()f-Bireh 

Year of Birth 

1930 
1931 
1932 
1933 
1934 
1935 

Total 

At R*sk 

20 
59 
90, 

136 
14L 

12 

458 

/' 

, 
I 

," 
34 

"~,I 

Delld 

o 
2 
6 
8 
4 
1 -

21 

i 

I 
.! , 

i , 
l,l 
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Table 49 

West Point Dea.ths 1.y Age 

~~ At Risk Ali"..!. Dead 

25-29 458 (I 2 
30-34 456 (I 5 
35-39 451 (I 3 
40-44 448 (I 2 
45-49 446 148 8 
50-52 290 289., 1 

Total 437 21 

Itt this analysis, non-Black Ranch Hand and comparison officers are compared, 
without regard to cause of death, with the ,West Point Study group (all of the West 
Point subjects are non-Black). Non-Blac).t Ranch Hand officers were matched, 
one-to-qne,. by year-of-birth, to West P()int i subjects. D.ue to the t:elatively small 
number of Ranch. Hand. offic.ers lind, the limite\:! year-:-()f-birth range imposed by the age 
of the class of 19$6, on:1Y 297 of the 458 i West Po;i.nt subjects received a matched 
Ranch Hander. Matched sets with West Pointers having the same year-of-birth were 
then merged to create six matched sets, corresponding to the six years-of-birth, 
1930 through 1935. To compare West P01nters with comparison offic::ers, 1368 
non-Black comparison officers were matched tathe 458 West Point offieers,and these 
were then merged to six. single-year-of-birtl/ stl'lIta. . >. ' - "'. I • 

, 

I 

Logrank tests were carried out on the,e matched data sets and the results .re 
summarized in Table 50. In these analy·seS;survival time' is age at death. SMR 
analyses, with the West Pointers being the sltandard, are shown in Table 51. 

Table: 50 , 

Non-Black Study Group Versus West Point Group 
Logrank r-values 

Contrasts P-value 

Ranch Hand officers versus West PO,int 
Comparison officers versus West Point 

35 

0.273 
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Ta~le 51 

SMR Compar:i!sQIl: of Nort-Bla~J,t Ranch Hand and Comparison 
Officers W:I;th West Point 

(SMR-O.490) 
Ranch Hand 

Birth Year At Risk Dead Rate 

1925-31 98 2 0.020 
1932 35 1 0.029 
1933-34 60 1 0.017 
1935-40 ill 4 0.037 

Total 300 8 

(SMlt-0.790) 
i€ompsdson 
I . 

At R$Sk De!d. !lli.. 
i 

50(> 38 0.076 
1641 '7 0~0:~3 

JJl 6 0.023> 
55 ,ll 0.023 

141~ 64 

7'91 
90' 

27171 
.J]. 

458i 

(SM'R"1. 00) 
Wes,t. Po·int: 

2' (}.025 
6, 0 •. 067 

12' 0 •. 043 
t 0' •. 083 

21 

In Table 51 .• the test for conat,snt'l relad'll., rtsJi: a~ro .. a )!ielW'-oJl'-h:llrth,' Strata 
has a p-valJ1eofO.134. an.d a likelihood rado. tut sugges.tsluhal!': thee g:mul'S are 
not different (p-0.3()6). The analyses sh\)Wn in. Tables 5() and: 5,1 tmtIteate tl'la.~ there 
is no significantdi.fference between no~-Inack bineh Hand; and' _JarisQit tIl'f'fi~ers 
and the Weat PO:U1ter!h I 

6.2 Cause-Specific Comparisons I 

The cause-specific death counts for the West Perlllt s,tud\y p:lINpy an· g$venl in 
Table 52. 

I 
table 52 

West pO:l.ntrortalil:Y by Caus .. 

CaJ1ae I 
I 

ACcidents I , 
In£' ftuiG)1s1 .1ll!lllle&SfS 
MaU!ll'I'a'll·t lfeoV1as s 
CircJ11atory . 
Digestive 
GanitoJ1rinary I 
Ill-Definad C(mditions. 

I 

·t, 

i 

Total 

• 
lllea'$!!sl 

6. 
t 
6 
5' 
t 
r. 
t 

21 

CSJ1se-,lIpecific . comparisons are ca.rr~ed OJ1.t for cancer (ma.t:!IIl1\,_t ne01'.],asms), 
other dheases. and nondiseases (acc1d4ljnts, wicides, hom:lie:lidles 'Imd! :tlll-deffned 
conditions), with an adjustment for ye~r-of"'birth by s'tratif:llea,tiefl; on ye"r~"f­
birth. Relative risks an calculated' usirg the'method of Mantel! and lJlaenszal (1 I). 
The results, based on the counts in '1'"b1e8 53 ~,nd 5:4. are shown :lin 'P·ab·l,e 55. 

36 



• 

Table 53 

Cause-Specific Comparisons 
Non-Black Ranch Hand Officers Versus West Point 

Ranch Hand West Point 
Cause Birth Year At Risk ~ At Risit ~ ---
Nond:lsease 1925-1933 169 J 305 5 

1934-1940 131 4 153 1 

Cancer 1925-1930 74 0 20 0 
1931 24 0 59 1 
1932 35 0 90 3 
1933 36 0 136 1 
1934 24 0 141 1 

1935-1940 107 0 12 0 

Other diseases 1925-1934 193 2 446 8 
1935-1940 107 1 12 1 

Table 54 

Cause-Specific Comparisons 
Non-Black Comparison Officers Versus West Point 

Cause Birth Year 
Comparison 

At Risk ~ 
West Point 

At Rbk Dead -
Nondisease 1925-1931 500 18 79 1 

1932 164 2 90 2 
1933 148 1 136 2 

1934-1940 664 6 153 1 

Cancer 1925-1931 500 4 79 2 
1932 164 2 90 3 
1933 148 1 136 1 

1934-1940 664 3 153 1 

Other diseases 1925-1932 664 19 169 1 
1933 
193~ 

1935-~940 

I 
, 
, 

148 
109 
555 

I 
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1 136 5 
1 141 2 
6 12 1 



Cause 

Nondisease 

Cancer 

Other diseases 

All causes 

Table 55 

Cause-Specific ·Relative Riaks,P-values and 
95% Canfidence.lntervals fpr Relative RiSk 

ComEarison ,RE!l Risk 25%Conf lnt 

RH vsWP 1.250. (o.'~257, 6.0.72) 
Comp vsWP 1.192 (0. • .361, 3.939) 

RH VB liP 
Comp vsWP 0..551 (0.\156, 1.949) 

RHvs WP 0..446 (0..0.27, 7.27'8) 
·.CompvsWP 0..951 (0...131, ' 6.9);,6) 

RH vs WP 0.475 (Da98, 2.279) 
Comp vsWP 0..882 (0.0189, ,,4.10.0.) 

'P~value 

.0..7182 
0..774 

0..'355 

iD,·571 
·M961 

;O~'3'S,2 

0 .. 0'872 

The Ranch Hand versus lIest Point'Cllncer compa'1fison cannot 'be'1M1lifesud ;;uIJi'JiI,g·;the 
Mantel-Haenszel procedure due to the lack 'of canci"rdeaths'in .tlte,iIIlatICb'lBattd,Q'f,·f:l:(l·er 
group. The overall .and cause specific equivalexllile .·,)of;th.se,~ ".S1!oViP's,al\1d :the 
West Pointers suggest ,that .these analY,lIes do.not',contr.ibuteeno*:l!I:o;,.tb:l\s'$,tudy to 
warrant yearly reporting. 

7. Further Covariate Adjustments 

Some of the contrasts shown inprevi'ouB s.~tionsin th:Ls'~l't "Ia.re <furtrher 
analyzed here using ':blfont4tion about ,tthe·'V:l:etn_ln .·expet'ience f,ot'lIItanCh ·,lIIaruie.t's·,and 
comparisons. These'andyses'are mo!ltVlIcted ,byth~".need f'or 'cl.at'ilKf.'ieS'.t';lom!df .~pr.evious 
contt'astsand should be viewed.as prel:Ltninary tli,'more comtllete ,l&l:Iai1.",,," lNhd:ch 'will 
be presented in futurer.eports. The±nformat·illn used .here conaiL",oi,(l) . \lour 
length and (2) a measure of cumulative 'exposuretbdiox'in. 

Tour length is defined ,S's the cumulative t:fiine, in ,:months, ''QI4mt ,m\;;Bsllliicgnment 
to . Ranch Hand units by a Ranch Hander .and ~ :.C-13Dcargo .1lXi11is ,,\1n.;S'IF.A ~bya 
comparison. Cumulative exposure .tod:l:o~in.\lerme.dthe "exposure :'j,lde&;·' Jils Jde'fiine'd 
in the baseline ,morbiditYI!e,port(12) .snd isproport:£onaltothe l,d!roJt:i1l',J!u't(,tent of 
the herbicides being'sprayed.,,4I'1d l.tnY.e't'sely . propbrt.:l:onal ,to '!the l'lllu/llaer,:of,:,persQns 
sharing the workload with the subject t,owhom tt1<s:ap.plied. 

7.1 Ranch Hand and Comparison Contrasts DnTour J .. et!:sth 
< 'ii'?' 

The' effect of tour length on 'moll'talitywill be inves,tigs'1I11.din,:dets:i11 j:n 
future reports. In this report .some'delicrip~bre:ststist:!'CS'/im ,ltallr.:l:e1'!Str>h :,are 
presented, and tour length is used as a factorf~.:some .;exposure arui'<l.y.s8'f1..l'll"b'le "56 
shows the 5. 50. and 95 percentiles ·Of.tour length . .inmonths·for fLyi,1!-g ., .. sn'd.,jgT0und 
personnel, and .officers and enlisted personnel in ,Ranch ',Handers :·,auld .th .. 
comparisons. 
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Tahle 56 

To,,",' I&ngth Percentl1es~(Tn Months) for Ranc:hHanders and Compsrisons , 
Flying Percentiles Sample 

Group Rank Status -1! 50% 95% Size 

Ranch Hand Officer Flying 5 13 19 439 
Ground 5 13 16 2/i 

Enlisted Flying 4 12 22 206 
Ground 5 13 19 582 

Comparison Officer Flying 12 20 48 2939 
Ground 11 17 44 152 

Enlisted Flying 10 20 52 1412 
Ground 10 19 48 3767 

In general, the comparisons had longer tour lengt.ha than Ran.ch Randers. This 
is the result of longer tours of duty at noncombat zone bases (cODIj)srisonll) relative 
to combat area bases (Ranch Hand). 

7.2 Ranch Hand Exposure Analyses 

The effect of exposure on mortality 'was assessed on the 1:Z30Ranch Handel's 
having exposure inforination in a log~linesr analysis based oll. sprv:lval (dead, 
alive); tank (officer, enlisted), year-of"bil'th (1905-1934, 1935· .. t954)·· and expollllre 
(light. medium, heavy). 'l'hese data are shown in 'l'sble 57. 

Table 57 ,. 
Ranch Hand Mortality Adjusted for Year-Of-Birth, Rank and !l::Kp08Ure 

Birth Survival Status 
EXl20sure Rank Year Dead Alive Totai Death Rate 

Light Officer 1905-1934 2 62 64 0·.031' 
1935-1954 3 80 83 0.036 

Enlisted 1905-1934 8 "62 70 0.114 
1935-1954 6 173 179 0.034 

Medium Offic.er 1905-1934 2 M 82 0;024 
1935-1954 2 66 68 0.029 

Enlisted 1905-1934 9 .~'5 64 0.141 
1935-1954 5 2'74 279 0.018 

lIeavy Officer 1905-1934 3 78 81 0.037 
1935-1954 2 60 62 0.032 

Enlisted 1905-1934 5 81 86 0.058' 
1935-1954 6 106 . 112 0.054 
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There is no, four-way interact:/.on in theee d,ata (p-0.304), there is no three-way 
interaction involving eurvival and expOsure and the two-way survival by exposure 
interaction is Ilot significant (p-0.691). Thli! survival by year-ot-birth ,by rank 
interaction is II/llrginally sigl):ifieant(p-0.0627) and the year-of-birth by 'rank by 
exposure interac:!;ion is verysignificllnt (p 0.001). Both of these obeervatione are 
expected from previous analyses of these data. ,In summary, survival is not affected 
by exposure, with or without adjustment for rank,and year-of-birth. 

A reatriction of the analysh to officers ahowa no relat:lonahip between 
survival, exposure and birth year (p-O.967) or between survival and~x,posure 
adjusted for birth year (p-0.907) or unadjusted' for birth year (p-O.905). :Finally, 
a restriction to deaths after 35 years of age in non-Black Ranch Randers y:!ields no 
new findings. 

A restriction of the analysis to enlisted personnel shows a sig'Qificant 
survival by exposure by birt,h year interact:lion (p-0.044), indicating' that the 
survival by exposure relationship llithin the 1905,-1934 birth year cohort is 
significantly different from that of the 1935':'1954 cohort. Classic dose-telponse 
patterns are not seen here so that a herbicide i!ffect cannot be reliably fnf,rred at 
this time. 1 

8. Future Commitments 

Future work will attempt to evaluate mortality patterns.9 a' fWcti,<ln of 
occupational subgroup in the ground cohort • This effort willrequ:iresfmlulation 
studies and additional interviews to delineate differential exposure' "between 
occupational "subgroups. Flight, line dutili!li and herbic,ide' ,contS!';t '11111 be 
ascertained ,ol?jel!tiV!~lyalong ,with addition,al" medical risk fac:to>rs ,Q(\'C~aj:ional 
exposures an!'! socioeconomic factors, These analyses will beinc1:*ednglymlhlningful 
as the population ages andmortaHty, rates permit use of more blcis:!;ve sta,t1sti<:al 
tools. Finally, joint morb:ldity-mortality;' analyses, adjust.1ng for relevant 
covariates will be carried out. 

Future 
which take 
feasibility 
studied. 

research will be d~rected at the development of stl\ti.tic-al llr~cedure8 
the repeated testing, aepect of these upd'ates ,:tnto aect>unl. The' 
of using comparison data from die entire 1:8 designwfU '.lso be 

;~ 

9. Summary and Conclusion 

Evaluation of summary counts o,f death by r~nk and Qccupation did not TErteal any 
statistically significant differences between tlie Ranch l:Iandand comparison ;groups. 
Other mortality analyses described in this repi!!rt have revealed 8Q1111! diffe!'t_nces in 
death experience between the herbicide/dic.ltin exposed 8ro~, thEdr ,mstched 
comp.nisons and other external comparison group'.. ; 

Overall mortality of the Ranch Hand group is nearly identical' to that of the 
comparison group,being 4.3%. Ranch Hand officers born between 190'5 and 1;935 have 
experienced fewer deaths than comparison ofUce,re born eluring the eamp. PYIi., On th,· 
other hand, Ranch Hand officer. born after Iq~S hov .. <'xperf",w."fmon· """'h" II",,, 
r;twir compar18ona. Although th"",. d1.fferel1"eR wHhfn birrh YtlllrRr,rlltll Ill'" ",,' 

statisticslly aignificant, this changft, in thellroup hy Burv iVlll "tatuA rellttl "Ill/Ilip 
with birth year is statistically significant ;(p-O .027) • Additionally" Hanr.h Hand 
officers experienced fewer deaths after ;Il@;e 35, years thand1d cnmpariAnn 
offiCers, whi le' 

~; 

~~ 

• 
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\1 :.inch lIand {I f f -, CC t: B 
(.omparisons .. Further 
betwee" birth year. ami 

experienced more deaths 
research wil 1 investigate 
age of "death and mortality 

before age 35 years than did 
whether there is any associatiotl 
patterns 1,n these officer cohorts •. 

At this t 1me, Ranch Hand ground and enlistE,d personnel have experienced mor~, 

mortality thaD their comparisons, but these dUfel'ences are not statistically 
significant. Preliminary analyses using expOf!ure indices have indicated ,\ no 
association between herbicide exposure in either the officer, enlisted, flying or. 
ground Ranch Hand subgroups. 

Both Ranch Hand and comparison officers have experienced less mortality than 
Ranch Hand or comparison enlisted personnel. Ranch Hand flying personnel 1:)avIl 
experienced less mortality than Ranch Hand ground personnel, while eomptrison flying 
and ground personnel have experienced similar mortality patterns. '. 

Examining causes of death, Ranch Hand officer and flying groups have 
experienced fewer deaths from cardiovascular d:lsease and cancer· than have the 
comparisons. but this difference is not statistically significant. No apparent: 
specific disease excesses were noted in the Ran<:h Hand ground or. enl:iatedgroups 
relative to their comparisons. All Ranch Hand cohorts are elevated :in.the category 
of digestive system deaths, but this difference is not statistically significant. 
There was a single case of soft tissue sarcoma in the comparison grout! and no caseR 
occurred in the Ranch Handers. . 

The Ranch Hand and compar~son groups have been contrasted with five comparison 
groups. Ranch Hand and comparison officers arl! experiencing signii'icantly len 
mortality than U.S. White males and DOD : retired Off:l:cers. Comparison enlisted 
personnel are similarly experiencing signi~icantly less. mortality ~h.it'U.S. White 
males and DOD retired enlisted. Ranch Hand enlisted. personnel have eXperienced a 
mortality rate not statistically disting~ishable from U.S. WhitEi1ija;J;ea or DOJ) 
retired enlisted personnel. . . 

The Ranch Hand and comparison groups taken together have experieri~.e~ a mortalit~" 
pattern not statistically different from :civil service employed. However, all 
Ranch Hand and comparison groups are experi~ncing significantly moremorta1ity thsn 
the. active duty Air Force, as would be expectec by active duty Air Force health 
qualification standards. Finally, no significant differences between Ranch Hand orr 
comparison officer death rates and those of West Point officers from the class of 
1956 were detected. 

In conclusion, summary counts of death by rank and occupation did not revesl any 
statistically significant differences between the R4nch Rand and compartaon groups. 
However, Ranch Hand officers born between 1905 and 1935 have experienced favorsble 
morte11.ty relative to their comparisons While the converse is true forofficets born 

• after 1935. Analogous patterns are seen in officers conditioned on age at death. 
Although Ranch Hand ground personnel have experieYlced unfavorable mottality relatiVE! 
to comparisons irrespective of date of birth or age at death, this difference is noi: 
statistically significant. Exposure index analyses indicate thst, thaise mortality 
rate differences cannot be attributed to herbic:lde exposure stthis ·time. These 
analyses have :Identified several f:l.ndings of interest, which will 'be further 
evaluated in future mortality updates. 
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Appondix Table 1 

Ranch Hand O'fficers Versus Ranch Hand Enlisted 
Mortali.ty by Year-Of-Birth 

(SMR .. 0.481, PI .. Q.2.o4. P2 .. 0.Q31) 

Birth Ranch Hand Officers Ranch Hand EnUsted 
Year - At Us..! ~ !!!! At Risk Dead, !!!!. 
1905-1924 41 3 0 • .073 29 7 (\),,241 
1925-1934 194 4 0.021 195 15 0' • .077 
1935-1939 95 4 Q.D42 115 J O'~D26 
194.0-1944 91 2 .0 • .022 119 3 0:.Q25 
1945-1954 45 2 0.Q44 ...ill. -ll f:1'~0,3>3 -
Total 466 15 790 39 

Appendix Table 2 

Comparison .officers Versus Comparison Enlisted' Mortality by Y..-Oii'-Bf,l'th 
(SMR· 0.563. PI .. 0.8q, Pt .. 0.,06'3) 

Birl!h Officers EnHsted 
Yeer At Risk £!.!~ Rate At Risk Deed Bate -
19.05-1919 44 4 .0 • .091 60 11 0'.'1'&7 
192.0 ... 1924 151 13 D.081 80 11 91.1'38' 
1925-1929 290 20 0.069 211 24 D,.U4, 
193D-1934 640 31 0.048 749 42 0.656 
1935-1939 458 12 0.Q26 562 24 0.,0'43 
1940-1944 495 6 0.012 6Dl 17 0.021> 
1945-1954 ...!!Q. ..1. 0.026 1624 - 45, 0.028 

Total 2278 91 38'91 174 

Append:l.x Tab Ie 3 

Ranch Hand Flying Per_nel Versus Ranch Heiul Ground :tosqnnel 
Mortality by Year-&f-Birth 

(SMR .. .0.548, PI .. .0.376, P2 .. .0 • .052) 

Birth F1y"rs Ground 
~ At R:lsk Dend Rate - At Risk Dead ~ 

19D5-1924 44 il .0.091 26 6 O.23'L 
1925-1934 272 9 D.033 117 ID 0.0'&5 
1935-1939 145 Ii D.041 65 1 (') .0:15 
194D-1944 121 2 D.D17 89 3 o .,(i),3'4: 
1945-1954 64 2 .0 • .031 313 11 0,.0';15, 

Total 646 2:3 610 31 
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Comparison 

Appendix Table 4 

~'lying Versus Comparison Ground Personnel Mortal1 ty by 
" Wi thin Comparison Group. 

(SH~'R 0.926, Pl .• 0.607, P2- 6.782) 

Ilirth Flyers Ground 
Year At Risk Dead Rate ,!It Risk Dead 

1905-1919 45 6 0.133 65 9 
1920-1924 175 17 0.097 66 7 
1925-1929 350 25 0.071 151 19 
1930-1934 966 53 0.055 423 20 
1935-1939 698 24. 0.034 322 12 
1940-1944 653 14 0.021 443 9 
1945-1954 276 10 0.036 ~ 40 

Total 3163 149 . 3008 116 

Appendix Table 5 

Non-Black Ranch Hand Ground Personnel 
Versus the 1978 U.S. White Male Life Table 

(T • -0.728, P • 0.466) 

Age At Risk ~ Expected Deaths 

21-211 557 2 4.277 
25-29 555 3 4.647 
30-34 552 4 4.481 
35-39 504 4 3.742 
40-44 255 3 3.433 
45-49 179 4 4.152 
50"'54 117 3 3.236 
55-59 45 2 .2;052 
60-64 22 3 1.789 
65-69 10 0 0.902 
70-71 2 1 .Q..J..!Q 

Total 29 32.824 
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Year-Of-Birth 

Rate 

0.138 
0.106 
0.126 
0.047 
0.037 
0.020 
0.026 



A.ppendh Ta'llle6 

,Non-131ackRanch :land En1istedGrol,lnd Personnel. 

Age 

21-24 
25-29 
3'0-34 
35-39 
40,.44 
;4'5-49 
50-'54 
55-59 
60-64 
65-M 
70-71 

Total 

V'el".5I;Is the 197,3 U .$. White Male Life T!itble 
(T .. -O.5119.~P" 0 .• 583) 

At Ri.$1< Dead E~pe ctad lD:eait:hs -, 
532 .2 4.085 
530 3 4.431 
527 3 4,.2~n 
48.0 4./' 3.'492 
;Wi 3 3.1Sl3 

' "69 " 3,.927 
11() 3 2.991 

41 2 1.884 
21 3 1.674 

9 Q 0.1'54 
2 ...L O.1H) 

28 30.1l28 

. ,". 

'46 


