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DEPARTMENT OF THE AIR FORCE 
USAF SCHOOL OF AEROSPACE MEDICINE (AFSC) 

BROOKS AIR FORCE BASE, TEXAS 7B235 

AIR FORCE HEALTH STUDY UPDATE 

The USAF Surgeon General released the Air Force Health Study Mortality Update in 
April of this year. This report contains analyses of cumulative deaths occur­
ring up to 31 December 1987. This report differs from previous ones in that the 
entire Comparison population (19,101 individuals) has been incorporated into the 
mortality determination. The use of all the Comparisons and statistical methods 
that treated them as a population rather than as a sample produced the strongest 
epidemiologic study. The overall cumulative mortality of the Ranch Hands 

,- remains statistically indfstinguishable from that of the Comparison population. 

u 

There are a few minor differences mentioned in the report, but these are not 
suggestive of a herbicide effect. We have included a summary of the report with 
this letter for your information. This summary should keep you up to date with 
the findings of the study. 

For those of you who attended the last physical examination at Scripps Clinic, 
the findings are still being analyzed by our prime contractor, Science Applica­
tions International. We hope to have the report completed and released in early 
1990. Also, the Centers for Disease Control Environmental Laboratory is making 
good progress towards completion of the serum dioxin assays. They are approxi­
mately halfway through. 

If you are eligible for DOD care and are having trouble getting follow-up 
health care for problems identified at your physical examination at Scripps, 
please call us and let us know. We will work with the Surgeon General's office 
to get it handled. In addition, copies of any of your prior examinations or 
x-ray films are available if needed. Contact us toll free (outside Texas) at 
1-800-531-7231 or in Texas call collect at Area Code 512-536-3309. 

We have not included a blue card for address update with this mailing. However, 
if your address has changed, please call and let us know. 

Your support of the study has been gratifying to all of us and is one of the 
primary reasons the study continues to be viewed as the premier study of 
Vietnam-era veterans. Thank youl 

~rvL.~ 
U SON C. MINER, Colonel, USAF, BSC 
ief, Special Projects Branch 

~I 
WILLIAM H. WOLFE, olonel, USAF, Me 
Chief, Epidemiol gy Division 

9r-[~ 
JOEL E. MICHALEK, Ph.D. 
Chief, Biometrics Branch 
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(Continuation Block 19.) 

This report contains analyses of cumulative deaths occurring up to 31 December 
1987. These data show no statistical difference between the cumulative mortal­
ity of 1,261 Ranch Hands and that of 6,250 matched Comparisons and the entire 
popul ati on of 19,101 Compari sons. To date, 5.8% of the Ranch Hands, 6.02% of 
the matched Comparisons and 5.44% of the Comparison population have died. 

The overall cumulative mortality of the Ranch Hands remains statistically 
indistinguishable from that of both their matched Comparisons and the entire 
Comparison population, although there is a statistically significant increasi.ng 
trend in post-1983 death rates among Ranch Hand flying officers and a statisti­
cally significant increase in Ranch Hand digestive system deaths relative to 
the Comparison population; these findings are not suggestive of a herbicide 
effect. Ranch Hands are equivalent to all Comparisons in cumulative accidental, 
malignant neoplasm and circulatory system mortality. 



Executive Summary 

An evaluation of data through 31 December 1987 (certified as of 15 June 
1988) has found no statistical difference between the cumulative mortality of 
1,261 Ranch Hands, and that of 6,250 matched Comparisons and the entire popula­
tion of 19,101 Comparisons. The overall adjusted Ranch Hand mortality rate is 
2.81 deaths per 1000 person-years and the corresponding rates for the matched 
Comparisons and Comparison population are 2.74 and 2.87 deaths per 1000 person­
years, respectively. To date, 5.87% of the Ranch Hands, 6.02% of the matched 
Comparisons and 5.44% of the Comparison population have died. The overall 
adjusted relative risks assessing Ranch Hand mortality with all Comparisons is 
estimated as 1.01. This represents an increased risk of death of 1%, a differ­
ence that has a 95% probability of occurring by chance alone. 

This summary is based on a more extensive mortality report released in 
April 1989. The additional statistical analyses included in that larger report 
used data from the original 1:5 matched Comparison group. Additional analytic 
techniques which treated the Ranch Hands and the Comparisons as samples of 
1 arger popul ati ons were al so used. The results of these additi ona 1 ana lyses 
were the same as the results of the analyses presented in this summary. The use 
of all of the Comparisons and statistical methods that treated them as a popula­
tion rather than a sample produced the strongest epidemiologic study. Therefore, 
only these most important analyses were included in this summary. 

This evaluation also differs from previous statistical contrasts of Ranch 
Hand and Comparison mortal ity in that the mortality experience of the entire 
Comparison population has been used as the standard for assessing Ranch Hand 
mortality. 

Adjusted cause-specific analyses reveal group equivalence in accidental, 
malignant neoplasm and circulatory deaths. Digestive system deaths are statis­
tically si gnificantly more frequent in Ranch Hands (unadjusted SMR=2.7, P=O.Oll 
relative to the Comparison population. However, five of the six Ranch Hand 
digestive system deaths were attributable to alcohol consumption and, therefore, 
this finding is considered unrelated to herbicide exposure. 

Restriction to deaths occurring after 1983, however, shows a statistically 
significant increasing trend in the standardized mortality ratio (SMR), unad­
justed for year of birth, during the years 1983 through 1987 among flying 
officers. This pattern is due to unusually low Ranch Hand death rates prior to 
1986 and increased numbers of Ranch Hand circulatory and malignant neoplasm 
deaths during 1986 and 1987. However, Ranch Hand malignant neoplasm deaths in 
the flying officers are not restricted to a particular anatomic site or cancer 
type as would be expected if Herbicide Orange and its dioxin contaminant were 
exerting a direct effect on malignant disease. Additionally, current 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) assay results suggest that flying officers 
were among the least exposed of all Ranch Hand personnel. Although they appear 
unrelated to herbicide exposure, these results remain unexplained at this time. 
Continued surveillance is indicated to determine if this trend continues. 

i 
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In conclusion, the overall cumulative mortality of the Ranch Hands remains 
statistically indistinguishable from that of both their matched Comparisons and 
the entire Comparison population, although there is a statistically significant 
increasing trend in post-1983 death rates among Ranch Hand flying officers and 
a statistically significant increase in Ranch Hand digestive system deaths rela­
tive to the Comparison population; these findings are not suggestive of an herb­
icide effect. Ranch Hands are equivalent to all Comparisons in cumulative acci­
dental, malignant neoplasm and circulatory system mortality. 

ii 
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1. INTRODUCTION 

This report updates the findings of the Air Force Health Study baseline mortality report [1J released on June 30. 1983. Other updates were released in 1984 [2J. 1985 [3J and 1986 [4J. The reader is referred to the baseline report for information regarding the study design. the mortality determination process and previous findings. 

This report differs from previous reports in that the entire Comparison population has been incorporated in the mortality determination. This expan­sion has allowed the application of statistical procedures that accommodate population death rates to compare observed and expected numbers of deaths with adjustment for calendar period as well as age at death. rank and occupation. Additionally. small increases in the number of Ranch Hands have occurred as additional Ranch Hands were recently determined to be eligible for inclusion in the study. As these new Ranch Hands were added to the study. newly matched Comparisons were added to the matched Comparison cohort. Thus. the group sizes in this report differ somewhat from those in previous mortality reports. These analyses also differ from those shown in previous reports because tour dates were determined for all Ranch Hands and their matched Comparisons. allowing the appropriate mortality contrasts referenced from date of tour as well as from date of bi rth. 

This summary is based on a more extensive mortality report released in March 1989 and the reader is referred to that report for more detail. The additional statistical analyses included in that larger report used data from the original 1:5 matched Comparison group. Additional analytic techniques which treated the Ranch Hands and the Comparisons as samples of larger popula­tions were also used. The results of these additional analyses were the same as the results of the analyses presented here. The use of all of the Com pari sons and statistical methods that treated them as a population rather than a sample produced the strongest epidemiologic study. Therefore. only these most important analyses are included in this summary. 

Tour dates for the unmatched Comparisons were randomly generated to permit analyses and report writing to take place while tour date determination for this expanded group continues. These artificial dates were randomly produced and are uniformly distributed over the range November 1956 to October 1971. This range corresponds to the range of matched Comparison tour dates. The effect of the use of these artificial tour dates for unmatched Comparisons is negligible. as evidenced by the near equivalence of Ranch Hand versus Comparison mortality contrasts both with and without the use of tour date information. 
This report. therefore. contrasts the mortality of 1.261 Ranch Hands with that of the entire Comparison population of 19.101 Comparisons who flew or serviced C-130 cargo aircraft in Southeast Asia during the same calendar period that the Ranch Hand unit was active in Vietnam. The number of Ranch Hands has increased slightly above the 1.247 included in the Baseline Mortality report of June 1983 because 14 additional men were discovered to have served with the Ranch Hand organization in Vietnam. Except where necessary to relate to the December 1983 report. length of life is measured from the starting date of the qualifying tour of duty. rather than from the birth date. as in previous reports. These new data have allowed the presentation of death rates per person-year. a new statistic in these mortality updates. 

1 
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The analyses in this report are based on cumulative mortality as of 
31 December 1987 (verified as of 15 June 1988). Table 1 shows summary counts, 
person-years and death rates in deaths per 1000 person-years by group (Ranch 
Hand, All Comparisons); Tab·le 2 shows these summary statistics by group, rank 
and occupation. In Tables 1 and 2, the col umn headed "Rate (%)" shows percent 
dead [(number dead/number at risk) times 100], a statistic displayed 'in previous 
mortality updates and now supplanted by death rate per 1000 person-years. 
Throughout this report person-years are measured from tour start date. In 
some tables, columns of death rates per 1000 person-years are simply headed by 
the word "Rate" (without the % symbol). 

A person-year is the length of time lived by one person in one year. The 
total number of person-years for a cohort is the total length of life lived by 
the cohort. Persons surviving to the time of data analysis contribute the 
time in years between the dates of entry into follow-up and data analysis. 
Persons known to have died before the date of data analysis contribute the time 
in years between the dates of entry into follow-up and death. In this study, 
the date of entry into follow-up is the date of the start of the first qualify­
ing tour of duty. The date of data analysis is, effectively, 31 December 1987, 
the end of the 1987 calendar year. Throughout this report, person-years are 
rounded to the nearest year. 

TABLE 1 

Summary Counts by Group, All Personnel 

Number Number Rate Person- Rate Per 1000 
Group at Risk Dead ( %) years Person-years 

Ranch Hand 1261 74 5.87 24964 2.96 
All Comp 19101 1039 5.44 413726 2.51 

TABLE 2 

Summary Counts by Group, Rank and Occupation 

F1 yi ng Officers 

Number Number Rate Person- Rate Per 1000 
Group at Risk Dead ( %) years Person-years 

Ranch Hand 441 25 5.67 8736 2.86 
All Comp 5245 319 6.08 110304 2.89 

2 



TABLE 2 (Cont'd) 

Summary Counts by Group. Rank and Occupation 

Enlisted Flyers 

Number Number Rate Person- Rate Per 1000 
Group at Ri sk Dead ( %) years Person-yea rs 

Ranch Hand 207 12 5.80 4112 2.92 
All Comp 2833 202 7.13' 60292 3.35 

All Flyers 

Number Number Rate Person- Rate Per 1000 
Group at Risk Dead (%) years Person-years 

Ranch Hand 648 37 5.71 12848 2.88 
All Comp 8078 521 6.45 170596 3.05 

Nonflying Officers 

Number Number Rate Person- Rate Per 1000 
Group at Risk Dead ( %) years Person-years 

Ranch Hand 26 1 3.85 512 1.95 
All Comp 286 15 5.24 6185 2.42 

Nonflying Enlisted Personnel 

Number Number Rate Person- Rate Per 1000 
Group at Risk Dead ( %) years Person-years 

Ranch Hand 587 36 6.13 11604 3.10 
All Comp 10737 503 4.68 236945 2.12 

All Nonflyers 

Number Number Rate Person- Rate Per 1000 
Group at Risk Dead (%) years Person-years 

Ranch Hand 613 37 6.04 12116 3.05 
All Comp 11023 518 4.70 243130 2.13 

3 
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Group 

Ranch Hand 
All Comp 

Group 

Ranch Hand 
All Comp 

TABLE 2 (Cont'd) 

Summary Counts by Group, Rank and Occupation 

All Enl i sted Personnel 

Number Number 
at Risk Dead 

794 48 
13570 705 

All 

Number Number 
at Risk Dead 

467 26 
5531 334 

Rate 
( %) 

6.05 
5.19 

Officers 

Rate 
( %) 

5.57 
6.04 

Person­
years 

15716 
297237 

Person­
years 

9248 
116489 

2. RANCH HAND VERSUS COMPARISON NONCAUSE-SPECIFIC ANALYSES 

Rate Per 1000 
Person-years 

3.05 
2.37 

Rate Per 1000 
Person-years 

2.81 
2.87 

Survival contrasts were carried out between Ranch Hands and the entire 
population of Comparisons. Each analysis is presented with and without 
adjustment for the covariates of rank (officer, enlisted), occupation (flying, 
nonflying) and date of birth. All analyses are unadjusted for race due to the 
small proportion of blacks. 

Figures 1 through 5 show Ranch Hand and Comparison survival curves of the 
total cohort and in each of the four occupational strata: officers, enlisted, 
flying personnel and nonflying personnel. In every plot, survival is measured 
from the start of the qualifying tour. Each curve represents the proportion 
surviving since the start of the Southeast Asia tour. 

4 
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Fi gure 3 

Survival Curve Estimates 
Ranch Hand and All Comparison Enlisted Personnel 

Survival from Start of Tour 
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Fi gure 4 

Survival Curve Estimates 
Ranch Hand and All Comparison Flyers 
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Survival Curve Estimates 
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The survival curves are so close together in Figures 2 and 4 that there 
appears to be only a single curve in each of these figures. This occurred 
because the rel ati ve ri sks are nearly equal to one. 
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Unadjusted standardized mortality ratios (SMR), confidence intervals and 
P-va1ues, contrasting Ranch Hand and Comparison mortality overall and within 
each of the four occupational groups, are shown in Table 3. The SMR is an 
estimate of the ratio of the Ranch Hand death rate to the Comparison death rate. 

TABLE 3 

Unadjusted Odds Ratio Estimates Contrasting 
Ranch Hand and All Comparison Mortality, 

wi th Person··years Computed from Tour Start Date 

Stratum Obs Exp SMR P-va1ue 

Officer 26 26.5 0.98 0.92 
Enlisted 48 38.4 1.24 0.12 
Flying 37 39.2 0.94 0.72 
Nonf1ying 37 25.8 1.43 0.03 

All Personnel 74 62.7 1.18 0.15 

Table 3 demonstrates a near equivalence of Ranch Hand and Comparison 
mortality without adjustment for covariates, with the exception that the Ranch 
Hand nonf1ying personnel are experiencing significantly more deaths than non­
flying personnel in the Comparison population (SMR=1.43, P=0.03) in the 
unadjusted analysis. 

Analyses adjusted for the influence of rank, date of birth and occupation, 
summarized in Table 4, assess Ranch Hand mortality relative to all Comparison 
death rates in 5-year age and calendar time strata within each of the four rank 
and occupational strata (officer, enlisted, flying, nonf1ying) and over the 
entire Ranch Hand cohort. 

TABLE 4 

Adjusted Contrasts 
Ranch Hands versus All Comparisons 

Number Expected 95% Confidence 
Stratum Dead Deaths SMR Interval P-va1ue 

Offi cers 26 27.37 0.95 (0.59,1.32) 0.79 
Enlisted 48 45.63 1.05 (0.75,1.35) 0.73 
Flyers 37 43.19 0.86 (0.58,1.13 ) 0.35 
Nonflyers 37 30.11 1.23 (0.83,1.63) 0.21 

All Personnel 74 73.57 1.01 (0.80,1.26) 0.95 

After adjustment for rank, date of birth and occupation, Ranch Hand mor­
tality was found to be not significantly different from that expected relative 
to the Comparison population (Table 4). The number of Ranch Hand deaths was 
approximately equal to the expected number of deaths among officers and enlisted 

8 



personnel. Ranch Hand flyers are experi enci ng fewer than the expeGted number of 
deaths (37 deaths versus 43.19 expected deaths). Ranch Hand nonflyers are 
experiencing more than the expected number of deaths (37 versus 30.11). The 
overall cumulative Ranch Hand mortality (74 deaths) is approximated by the 
expected number (73.57) of deaths. 

The previous adjusted contrasts (Table 4), although fully accounting for 
the effects of rank, occupation and the year of birth, may not detect very recent 
trends. Therefore, chi-square tests for trend were applied to assess the 
presence of post-1983 trends in the SMR. These analyses were carried out twice, 
first with each of the years 1983 through 1987 considered separately and again 
with 1983 through 1985 collapsed to a single stratum and 1986 and 1987 collapsed 
to a second single stratum. The results are shown in Table 5. All analyses are 
conditioned on survival to 1983 and, due to data sparseness, are not adjusted 
for date of birth. The tests will detect both upward or downward trends in the 
SMR. To detect upward trends, divide the P-value by 2 when an increasing trend 
is apparent and replace the P-value by 1.00 when a decreasing trend is apparent. 
These data were not assessed relative to the Air Force exposure index due to 
sparseness. 

Year 

1983 
1984 
1985 
1986 
1987 

Year 

1983 
1984 
1985 
1986 
1987 

TABLE 5 

Ranch Hand Mortality 
Five-Year Trend Analysis versus All Comparison 

F1 yi ng Offi cers 

Chi-square (single year)=4.89 P=0.03 
Chi-square (83-85,86-87)=6.10 P=O.Ol 

Number Rate Per 1000 Expected 
Dead Person-Years Deaths 

0 0.00 1.87 
1. 2.35 1. 70 
1. 2.35 1.45 
5 11.84 1.79 
4 9.54 2.29 

Enlisted Flyers 

Chi-square (single year)=0.16 P=0.69 
Chi-square (83-85,86-87)=0.09 P=0.76 

Number Rate Per 1000 Expected 
Dead Person-Years Deaths 

1 5.03 1.03 
0 0.00 0.89 
1 5.07 0.89 
1 5.08 1.34 
1 5.11 0.74 
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SMR 

0.00 
0.59 
0.69 
2.80 
1. 75 

SMR 

0.97 
0.00 
1.13 
0.75 
1.35 
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TABLE 5 (Cont'd) 

Ranch Hand Mortality 
Five-Year Trend Analysis versus All Comparison 

All Flyers 

Chi-square (single year)=4.75 P=0.03 
Chi-square (83-85,86-87)=5.27 P=0.02 

Number Ra te Per 1000 Expected 
Year Dead Person-Years Deaths SMR 

19B3 1 1.60 2.92 0.34 
1984 1 1.60 2.60 0.38 
HJ65 2 3.21 2.36 0.85 
1986 6 9.70 3.17 1.89 
1987 5 8.13 3.00 1.67 

Nonflying Officers 

Number Rate Per 1000 Expected 
Year Dead Person-Years Deaths SMR 

1983 0 0.00 0.00 0.00 
1984 0 0.00 0.09 0.00 
1985 0 0.00 0.09 0.00 
1986 0 0.00 0.18 0.00 
1987 0 0.00 0.37 0.00 

Nonflying Enlisted Personnel 

Chi-square (single year)=O.Ol P=0.93 
Chi-square (83-85,86-87)=0.21 P=0.65 

Number Rate Per 1000 Expected 
Year Dead Person-Years Deaths SMR 

1983 2 3.58 1.24 1.62 
1984 0 0.00 1.88 0.00 
1985 2 3.59 2.21 0.90 
1986 3 5.42 1.88 1.59 
lY87 1 1.81 1.99 0.50 

10 



TABLE 5 (Cont'd) 

Ranch Hand Mortality 
Five-Year Trend Analysis versus All Comparison 

All Nonflyers 

Chi-square (single year)=0.03 P=0.86 
Chi-square (83-85,86-87)=0.13 P=O.71 

Number Rate Per 1000 Expected 
Year Dead Person-Years Deaths SMR 

19H3 2 3.43 1.26 1.59 
1984 0 0.00 1.97 0.00 
1985 2 3.44 2.30 0.87 
1986 3 5.19 2.03 1.48 
1987 1 1.74 2.24 0.45 

All Offi cers 

Chi-square (single year)=4.22 P=0.04 
Chi-square (83-85,86-87)=5.38 P=0.02 

Number Rate Per 1000 Expected 
Year Dead Person-Years Deaths SMR 

1983 0 0.00 1.88 0.00 
1984 1 2.22 1.79 0.56 
19&5 1 2.22 1.54 0.65 
1986 5 11.18 1.96 2.55 
1987 4 9.01 2.64 1.51 

All Enlisted Personnel 

Chi-square (single year)=0.02 P=0.89 
Chi-square (83-85,86-87)=0.30 P=0.58 

Number Rate Per 1000 Expected 
Year Dead Person-Years Deaths SMR 

19H3 3 3.96 2.14 1.40 
1984 0 0.00 2.72 0.00 
1985 3 3.98 3.08 0.97 
1986 4 5.33 3.07 1.30 
1987 2 2.68 2.72 0.7:l 
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TABLE 5 (Cont'd) 

Ranch Hand Mortality 
Five-Year Trend Analysis versus All Comparison 

Year 

1983 
1984 
1985 
1986 
1987 

All Personnel 

Chi -square (si ngl e year) =2.70 P=O.lO 
Chi-square (83-85,86-87)=4.31 P=0.04 

Number Rate Per 1000 Expected 
Dead Person-Years Deaths 

3 2.48 3.88 
1 0.83 4.48 
4 3.32 4.68 
9 7.52 5.01 
6 5.04 5.13 

SMR 

0.77 
0.22 
0.85 
1.80 
1.17 

The increased risks specific to the calendar years 1986 and 1987 for flyers 
shown in Table 5 are seen to produce an increasing trend from 1983 through 1987, 
with the respective SMR's being 0.34,0.38,0.85,1.89, and 1.67. This trend is 
statistically significant. The trend within the flyers is due to an increasing 
trend in the SMR within the flying officer stratum, with no trend apparent within 
the enlisted flyer stratum. No trends are apparent or are detected in the 
nonflying or enlisted strata. 

The trend is caused as much by the increased deaths in 1986 and 1987 as by 
the decreased deaths in the flying officers prior to 1986. Of the 5 flying 
officer Ranch Hand deaths during 1986, 3 were due to malignant neoplasm 
(SMR=3.92), 1 was a circulatory system death (S~IR=1.68) and 1 was due to unknown 
causes (SMR not defined). Of the 4 deaths within the Ranch Hand flying officers 
occurring during 1987,1 was accidental (SMR=6.00), 1 was due to a ma"lignant 
neoplasm (SMR=0.Y8) and 2 were due to diseases of the circulatory system 
(SMR=2.62). The single Ranch Hand flying officer death during 1984 was due to 
circulatory system disease (SMR=2.35) and the single death occurring during 1985 
was due to a malignant neoplasm (SMR=2.35). The observed Ranch Hand malignant 
neoplasm deaths during 1983 through 19!17 among flyers or flying officE!rS were 
not restricted to a particular anatomic site or morphological type. 

The observed statistically significant increasing trend in the SMR among 
flying officers is of concer'n and emphasizes the importance of continued 
mortality surveillance. However, it appears due to recent elevations in Ranch 
Hand circulatory and malignant neoplasm death rates with no apparent pattern 
by anatomic site or morphology among those deaths due to malignant neoplasm. 
If herbicide exposure were having a direct effect on malignant diseaSE!, one 
would anticipate a clustering by site or type of cancer. The implication of 
these observations is as ye-t unclear. Further, the trend is not expected in 

12 



relation to known TCDD body burdens among living Ranch Hands currently being 
assayed. Those assays suggest that flying officers were among the least exposed 
Ranch Hands; the heaviest exposure occurred in nonflying enlisted personnel. 
Although it appears unrelated to herbicide exposure, the finding currently 
remains unexplained. The analyses shown in Table 5 will be repeated in the 
next mortal i ty report. 

Graphical techniques to identify clustering of deaths by age or in time 
were carried out and revealed no evidence of clustering. 

3. CAUSE-SPECIFIC ANALYSES 

Table 6 shows death counts and death rates (deaths per 10UO person-years) 
referenced to the start of the qualifying tour by cause and subgroup. The death 
rate uni ts are deaths per 1000 person-years. 

TABLE 6 

Deaths and Death Rates by Cause and Group 

Fl yi ng Offi cers 

All 
Ranch Hand Comparison 
No. Rate No. Rate 

Acci dental 9 1.03 93 0.84 
Suicide 0 0.00 15 0.14 
Homicide 0 0.00 3 0.0:1 
Infections, Parasitic () 0.00 2 0.02 
Neoplasm, Malignant 5 0.57 79 0.72 
Neoplasms, Uncertain 0 0.00 2 0.02 
Endocrine 0 0.00 1 0.0l. 
Blood, Blood Forming 0 0.00 1 0.01 
Mental Disorders 0 0.00 2 0.02 
Nervous System 0 0.00 4 0.04 
Circulatory System 8 0.92 97 0.88 
Respiratory System 0 0.00 5 0.05 
Digestive 2 0.23 11 0.10 
Genitourinary System 0 0.00 1 0.01 
Congenital Anomalies 0 0.00 1 0.01 
I ll-Oefi ned 0 0.00 2 0.02 
Unknown 1 0.11 0 0.00 

Total 25 319 
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TABLE 6 (Cont'd) 

Deaths and Death Rates by Cause and Group 

Enl i sted Flyers 

All 
Ranch Hand Compari son 
No. Rate No. Rate 

Accidental 4 0.97 67 1.11 
Suicide 1 0.24 17 0.28 
Homici de 0 0.00 3 0.05 
Infections, Parasitic 0 0.00 1 0.02 
Neoplasm, Malignant 1 0.24 39 0.65 
Endocrine 0 0.00 1 0.02 
Nervous System 0 0.00 1 0.02 
Circulatory System 2 0.49 54 0.90 
Respiratory System 0 0.00 3 0.05 
Digestive 2 0.49 11 0.18 
Congenital Anomalies 0 0.00 1 0.02 
III -Defi ned 2 0.49 3 0.05 
Unknown 0 0.00 1 0.02 

Total 12 202 

All Flyers 

All 
Ranch Hand Comparison 
No. Rate No. Rate 

Accidental 13 1.01 160 0.94 
Suicide 1 0.08 32 0.19 
Homicide 0 0.00 6 0.04 
Infections, Parasitic 0 0.00 3 0.02 
Neoplasm, Malignant 6 0.47 118 0.69 
Neoplasms, Uncertain 0 0.00 2 0.01 
Endocrine 0 0.00 2 0.01 
Blood, Blood Forming 0 0.00 1 0.01 
Mental Disorders 0 0.00 2 0.01 
Nervous System 0 0.00 5 0.03 
Circulatory System 10 0.78 151 0.89 
Respiratory System 0 0.00 8 0.05 
Digestive 4 0.31 22 0.13 
Genitourinary System 0 0.00 1 0.01 
Congenital Anomalies 0 0.00 2 0.01 
Ill-Defined 2 0.16 5 0.03 
Unknown 1 0.08 1 0.01 

Total 37 521 
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TABLE 6 (Cont'd) 

Deaths and Death Rates by Cause and Group 

Nonflying Officers 

All 
Ranch Hand Comparison 
No. Rate No. Rate 

Acci dental 0 0.00 1 0.16 
Suicide 1 1.95 1 0.16 
Neoplasm, Malignant 0 0.00 5 0.81 
Circulatory System 0 0.00 7 1.13 
Di gestive 0 0.00 1 0.16 

Total 1 15 

Nonflying Enlisted 

All 
Ranch Hand Comparison 
No. Rate No. Rate 

Accidental 9 0.78 129 0.54 
Suici de 1 0.09 41 0.17 
Homicide 2 0.17 14 0.06 
Infections, Parasitic 0 0.00 6 0.03 
Neoplasm, Malignant 6 0.52 103 0.43 
Neoplasms, Uncertain 0 0.00 1 0.00 
Endocrine 1 0.09 1 0.00 
Blood, Blood Forming 0 0.00 1 0.00 
Mental Disorders 0 0.00 7 0.03 
Nervous System 0 0.00 7 0.03 
Circulatory System 15 1.29 151 0.64 
Respiratory System 0 0.00 14 0.06 
Di gestive 2 0.17 14 0.06 
Genitourinary System 0 0.00 8 0.03 
Ill-Defi ned 0 0.00 5 0.02 
Unknown 0 0.00 1 0.00 

Total 36 503 

15 



•.. ~----_______ . __ . ____ ._._._ •. J_ .... ________ _ -_ .. _._ ... _._--------

TABLE 6 (Cont'd) 

Deaths and Death Rates by Cause and Group 

All Nonflying 
All 

Ranch Hand Comparison 
No. Rate No. Rate 

Accidental 9 0.74 130 0.53 
Suicide 2 0.17 42 0.17 
Homicide 2 0.17 14 0.06 
Infections, Parasitic 0 0.00 6 0.02 
Neoplasm, Malignant 6 0.50 108 0.44 
Neoplasms, Uncertain 0 0.00 1 0.00 
Endocrine 1 0.08 1 0.00 
Blood, Blood Forming 0 0.00 1 0.01 
Mental Disorders 0 0.00 7 0.03 
Nervous System 0 0.00 7 0.03 
Circulatory System 15 1.24 158 0.65 
Respiratory System 0 0.00 14 0.06 
Digestive 2 0.17 15 0.06 
Genitourinary System 0 0.00 8 0.03 
I ll-Oefi ned 0 0.00 5 0.02 
Unknown 0 0.00 1 0.00 

Total 37 518 

All Personnel 
All 

Ranch Hand Comparison 
No. Rate No. Rate 

Acci dental 22 0.88 290 0.70 
Suicide 3 0.12 74 0.18 
Homicide 2 0.08 20 0.05 
Infections, Parasitic 0 0.00 9 0.02 
Neoplasm, Malignant 12 0.48 226 0.55 
Neoplasms, Uncertain 0 0.00 3 0.01 
Endocrine 1 0.04 3 0.01 
Blood, Blood Forming 0 0.00 2 0.00 
Mental Disorders 0 0.00 9 0.02 
Nervous System 0 0.00 12 0.03 
Circulatory System 25 1.00 309 0.75 
Respi ratory SystE!m 0 0.00 22 0.05 
Digestive 6 0.24 37 0.09 
Genitouri nary System 0 0.00 9 0.02 
Congenital Anomalies 0 0.00 2 0.00 
I ll-Defi ned 2 0.08 10 0.02 
Unknown 1 0.04 2 0.00 

Total 74 1039 
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Unadjusted group contrasts are shown in Table 7. 

TABLE 7 

Unadjusted Group Contrasts by Cause of Death 
Ranch Hands versus All Compari sons 

95% Conf. 
Dead Expected SMR Interval P-value 

Acci denta 1 22 17.50 1.26 (0.73, 1.78) 0.28 
Suici de 3 
Homicide 2 
Infections, Parasitic 0 
Neoplasm, Malignant 12 13.64 0.88 (0.38, 1.38) 0.66 
Neoplasms, Uncertain 0 
Endocrine 1 
Blood, Blood Forming 0 
Mental Disorders 0 
Nervous System 0 
Circulatory System 25 18.64 1.34 (0.82, 1.87) 0.14 
Respiratory System 0 
Digestive 6 2.23 2.69 (1.00, 5.85) 0.01 
Genitourinary System 0 
Congenital Anomalies 0 
I ll-Defi ned 2 
Unknown 1 

The unadjusted analysis of deaths by cause indicates a significant eleva­
tion (SMR=2.7, P=0.01) of the Ranch Hand SMR for digestive system deaths. 
However, 5 of the 6 Ranch Hand digestive system deaths were attributable to 
alcohol consumption and, therefore, this finding is considered unrelated to 
herbicide exposure. The 6 Ranch Hand digestive system deaths are distributed by 
rank and occupation as 2 flying officers, 2 flying enlisted and 2 nonflying 
enlisted. Ranch HanG accidental, malignant neoplasm and circulatory system mor­
tality was found to be not significantly different from that expected relative 
to the Comparison population. 
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Adjusted analyses contrasting Ranch Hands with all Comparisons on acciden­
tal, mal i gnant neoplasm and ci rcul atory deaths were carri ed out with person­
years computed from tour start date. Similar analyses of digestive systE!m 
deaths could not be carried out since the number of Ranch Hand digestive system 
deaths (6) were too few for meaningful adjustment. These analyses are adjusted 
for date of birth, survival time, calendar time, rank and occupation. The 
results are summarized in Tables 8, 9 and 10. 

TABLE 8 

Adjusted Contrasts of Ranch Hands and 
All Comparisons on Accidental Deaths 

Nuntler Expected 95% Confidence 
Stratum Dead Deaths SMR Interval P-value 

Officers 9 7.35 1.23 (0.43,2.03) 0.54 
Enlisted 13 10.99 1.18 (0.54,1.83 ) 0.54 
Flyers 13 11.89 1.09 (0.50,1.69) 0.75 
Nonflyers 9 6.98 1.29 (0.45,2.13) 0.44 
All Personnel 22 18.02 1.16 (0.64,2.36) 0.54 

In the adjusted analysis of accidental deaths summarized in Table 8, the 
SMR di d not change si gnifi cantly with rank and/or occupati on. No si gnificant 
group differences were detected. 

TABLE 9 

Adjusted Contrasts of Ranch Hands and 
All Comparisons On Malignant Neoplasm Deaths 

Number Expected 95% Confidence 
Stratum Dead Deaths SMR Interval P-value 

Officers 5 6.99 0.71 (0.09,1.34) 0.45 
Enlisted 7 9.88 0.71 (0.18,1.23) 0.36 
Flyers 6 10.45 0.57 (0.12,1.03) 0.17 
Nonflyers 6 6.44 0.93 (0.19,1.68) 0.86 
All Personnel 12 16.95 0.70 (0.40,1.24) 0.23 

In the adjusted analysis of malignant neoplasm deaths summarized in Table 
9, the SMR did not change significantly with rank and/or occupation. No 
si gnificant group differences were detected. 
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TABLE 10 

Adjusted Contrasts of Ranch Hands and 
All Comparisons on Circulatory Deaths 

Number Expected 95% Confidence 
Stratum Dead Deaths SMR Interval P-value 

Officers 8 8.58 0.93 (0.29,1.58) 0.84 
Enl i sted 17 14.61 1.17 (0.62,1.73) 0.51 
Flyers 10 13 .17 0.76 (0.29,1.23) 0.38 
Nonflyers 15 9.83 1.53 (0.75,2.30) 0.10 
All Personnel 25 23.68 1.09 (0.73,1.61) 0.67 

In the adjusted analysis of Ranch Hand circulatory deaths summarized in 
Table 10, the SMR did not change significantly with rank and/or occupation. No 
significant group differences were detected. 

Cumulative digestive system mortality is shown in Table .11. 

TABLE 11 

Group Cumulative Site-specific Digestive System Mortality 

Number of Deaths 

Ranch All 
Category Hand Comp 

Alcoholic Liver Disease 5 23 
Nonalcoholic Liver Disease 0 5 
Other Liver Disease 1 1 
Esophagus, Stomach and Duodenum 0 4 
Other Intestinal Disease 0 4 

Totals 6 37 

Five (83%) of the s'ix digestive system deaths in the Ranch Hand group were 
liver-related; all five (100%) of these were attributable to alcohol consump­
tion. Twenty-nine of the 37 Comparison digestive system deaths (79%) were liver 
related; 23 of the 29 liver-related deaths (79%) were attributable to alcohol 
consumption. Ranch Hand digestive system mortality during 1986 and 1987, as 
well as during 1983, 1984 and 1985, is unremarkable since the last Ranch Hand 
digestive system death occurred in 1985. Digestive system deaths did not, 
therefore, contribute to the already noted (Table 5) increased Ranch Hand 
mortality during 1986 and 1987. 
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Table 12 shows cumulative site-specific malignant neoplasm mortality by 
group. 

TABLE 12 

Group Cumulative Site-specific Neoplasm Mortality 

Category 

Lip, Oral Cavity and Pharynx 

Digestive Organs and Peritoneum 
Including Cancers of the Stomach, 
Pancreas and Colon 

Respiratory and Intrathoracic Organs 
Incl udi ng Lung 

Bone, Connective Tissue, Skin and Breast 

Genitourinary Organs 
Including Cancers of the Kidneys, 
Bladder, Testicles and Prostate Gland 

Other and Unspecified Sites 

Lymphatic and Hematopoietic Tissue 
Including Hodgkin's Disease, Leukemia 
and Lymphoma 

Benign Neoplasms 

Neopl asms of Unspecifi ed Nature 

Total 

Number of Deaths 

Ranch 
Hand 

o 

3 

5 

1 

1 

2 

o 

o 

o 

12 

All 
Comp 

11 

50 

85 

12 

8 

38 

22 

1 

2 

229 

Table 12 shows that the malignant neoplasm deaths appear to be widely 
distributed by site with approximately one third (33%) occurring in the lung 
in both groups. Within-year patterns were also similarly distributed. 

With regard to cell type, the 12 Ranch Hand malignant neoplasm deaths 
appear widely distributed in a pattern similar to that of the Comparisons, 
both cumulatively and within calendar year. 

In summary, an elaboration of Ranch Hand and Comparison digestive deilths 
by site and malignant neoplasm deaths by site and morphology revealed no 
unusual pattern of Ranch Hand deaths relative to the mortality experience of 
all Compari sons. 
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4. RANCH HAND EXPOSURE ANALYSES 

Analyses were carried out within each level of rank (officer. enlisted) 
to assess whether the Ranch Hand versus Comparison mortality contrast changed 
with level of exposure to dioxin (TCDD). Person-years were computed from tour 
start date. The results are summarized in Table 13. 

TABLE 13 

Ranch Hand Exposure within Officers and within Enlisted 
Person-years Assessment Relative to 

All Compa ri son s 

Officers 

Adjusted 
Number of Expected 

Exposure Deaths Deaths 

Low 7 7.52 
Medium 10 10 .16 
High 9 9.69 

Contrast Relative Risk 

Medium versus Low and High 
High versus Low and Medium 

1.06 
1.00 

Enlisted Personnel 

Exposure 

Low 
Medium 
Hi gh 

Contrast 

Number of 
Deaths 

17 
13 
18 

Medium versus Low and High 
High versus Low and Medium 

Adjusted 
Expected 
Deaths 

14.70 
13.78 
17.56 

Relative Risk 

0.82 
0.89 

Adjusted 
SMR 

0.93 
0.98 
0.93 

P-val ue 

0.91 
1.00 

Adjusted 
SMR 

1.16 
0.94 
1.03 

P-val ue 

0.58 
0.72 

Both analyses failed to reveal any relationship between mortality and the 
exposure index. 

Unpublished dioxin assay results suggest that the Air Force exposure index 
is not a valid measure of exposure to TCDD. The relationship between this index 
and dioxin body burden 'in living Ranch Hands will be described in a forthcoming 
report. 
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5. CONCLUSION 

An evaluation of cumulative and noncause-specific mortality revealed no 
statistically significant differences between Ranch Hands and all Comparisons, 
after adjustment for rank, occupation, date of birth, and calendar time in 5 
year interval s. 

The adjusted cause-specific analyses are summarized in Table 14. Only 
acci dental, mal i gnantneopl asm and ci rcul atory deaths were numerous enough to 
permit adjusted analyses. None of the adjusted odds ratios shown in Table 14 
are statistically different from one. 

TABLE 14 

Adjusted Cause-specific Summary 
Ranch Hand versus ArlComparison 

Accidental, Malignant Neoplasm and Circulatory Deaths 

Cause 

Acci dental 
Mal i gnant neop~,asms 
Circulatory system 

SMR 

1.16 
0.70 
1.09 

In an unadjusted analysis, Ranch Hands were found to have experienced 5'1g­
nificantly more di gesti ve system deaths than the Compari sons (SMR=2.7 ,P=O.Ol). 
However, five of the six Ranch Hand digestive system deaths were attributablE to 
alcohol consumption and, therefore, this finding is considered unrelated to 
herbicide exposure. 

Restriction to deaths occurring after 1983 shows a statistically signifi­
cant increasing trend in the SMR, unadjusted for year of birth, during the years 
1983 through 1987 among flying officers. This pattern is due to unusually low 
Ranch Hand death rates prior to 1986 and increased numbers of Ranch Hand circu­
latory and malignant neoplasm deaths during 1986 and 1987. However, Ranch Hand 
malignant neoplasm deaths in the flying officers are not restricted to a parti­
cular anatomic site or cancer type as would be expected if Herbicide Orange and 
its di oxi n contami nant wey'e exerti ng a di rect effect on mali gnant di sease. 
Additionally, current TCDD assay results suggest that flying officers were among 
the 1 east exposed of all Ranch Hand personnel. Although they do not appear 
related to herbicide exposure,these results remain unexplained at this time. 
Conti nued survei 11 ance is i ndi cated to determi ne whether thi s trend conti nues. 

An analysis of Ranch Hand mortality versus dioxin exposure, as estimated 
by the Air Force exposure index, revealed no association between mortality and 
exposure. 
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In conclusion, the overall cumulative mortality of the Ranch Hands remains 
statistically indistinguishable from that of both their matched Comparisons and 
the entire Comparison population, although there is a statistically significant 
increasing trend in post-1983 death rates among Ranch Hand flying officers and 
a statistically significant increase in Ranch Hand digestive system deaths 
relative to the Comparison population; these findings are not suggestive of a 
herbicide effect. Ranch Hands are equivalent to all Comparisons in cumulative 
acci dental, mal i gnant neopl asm and ci rcul atory system mortal ity. 

23 

_.--------_.,_ .. _--------- -----------~--- .. ------



--- -----------------._----------_. __ ._---_._-----."_ .. _---------- --_·_· __ · __ ·_-------1 

REFERENCES 

1. Lathrop, G.D., Moynahan, P.M., Wolfe, W.H., Albanese, R.A. (1983). An 
epidemiologic investigation of health effects in Air Force personnel 
foll owi ng exposure to herbi cides: basel i ne mortality results. USAF 
School of Aerospace Medicine, Brooks AFB, Texas. 61 pp. Available from 
NTIS, Springfield, Virginia. (Accession document no. AD A-130-793). 

2. Wolfe, W.H., Michalek, J.E., Albanese, R.A., Lathrop. G.D., and Moynahan, 
P.M. (1984). An ep'idemiologic investigation of health effects in Air 
Force personnel following exposure to herbicides: mortality update-1984. 
USAF School of Aerospace Medicine, Brooks AFB, Texas. 46 pp. Available 
from NTIS, SpringfiE!ld, Virginia. (Accession document no. AD A-162-687). 

3. Wolfe, W.H. and Michalek, J.E. (1985). An epidemiologic investigation of 
health effects in Air Force personnel following exposure to herbicides: 
mortality update-1985. USAF School of Aerospace Medicine, Brooks AFB, 
Texas. 43 pp. Available from NTIS, Springfield, Virginia. (Accession 
document no. AD A-163-237). 

4. Wolfe, W.H., Michalek, J.E., Niner, J.C. and Peterson, ~I.R. (1986). An 
epidemiologic investigation of health effects in Air Force personnel 
following exposure to herbicides: mortality update-1986. USAF School 
of Aerospace Medicine, Brooks AFB, Texas. 7 pp. Available from NTIS, 
Springfield, Virginia. (Accession document no. AD A-175-453). 

24 

I 



Principal Investigators 

William H. Wolfe, MD, MPH, FACPM 
Colonel, USAF, MC 
Chief, Epidemiology Division 

Joel E. Michalek, PhD, GM-14 
Chief, Biometrics Branch 
Epidemiology Division 

Judson C. Miner, DVM, MPH, ACVPM 
Colonel, USAF, BSC 
Chief, Special Projects Branch 
Epidemiology Division 

Coinvestigator 

Mr Vincent Elequin 
Medical Records Administrator 
Special Projects Branch 
Epidemiology Division 

Contributor 

Mr Thomas White 
Senior Subject Matter Specialist 
Biometrics Branch 
Epidemiology Division 

25 

------_. __ ._-----_._------_ .. ,_ ... _-------



Advisory Committee on Special Studies 
Relating to the Possible Long-term Health Effects 

of Phenoxy Herbicides and Contaminants 

Committee Members 

Robert W. Miller, M.D., M.P.H., Dr. P.H. 
Chairman 
Chief, Clinical Epidemiology Branch 
Execut'ive Plaza North, Room 400 
National Cancer Institute 
National Institutes of Health 
Bethesda, Maryland 20205 
Tel: (301) 496-5785 

Julianne Byrne, Ph.D. 
Clinical Epidemiology Branch 
Executive Plaza North, Room 400 
National Cancer Institute 
National Institutes of Hea"lth 
Bethesda, Maryland 20205 
Tel: (301) 496-5785 

George W. Comstock, M.D., M.P.H., 
Dr. P.H., F.A.C.E. 

Alumni Centennial Professor 
of Epidemiology 

The Johns Hopkins University 
School of Hygiene and Publ'ic Health 
Training Center for Public Health 

Research 
Box 2067 
Hagerstown, Maryland 21742-2067 
Tel: (301) 791-3230 

Jack Friedman, M.D., Ph.D. 
Grace Hospital 
4490 Oak Street 
Vancouver, British Columbia 
V6H-3V5 
CANADA 
Tel: (604) 228-2749 

2b 

Kathleen Kreiss, M.D. 
Director, Occupational Medicine 
Program 

National Jewish Center for 
Immunology and Respiratory Medicine 

3800 E. Colfax Ave 
Denver, Colorado 80206 
Tel: (303) 398-1525 

Leonard T. Kurland, M.D., Dr. P.H. 
Senior Consultant and Professor 
of Epidemiology 

Department of Health Sciences 
Research 

Mayo Clinic 
200 First Street, S.W. 
Rochester, ~li nnesota 55905 
Tel: (507) 284-5540 

Richard R. Monson, M.D., Sc.D. 
Department of Epidemiology 
Harvard School of Public Health 
677 Huntington Avenue 
Boston, Massachusetts 02115 
Tel: (617) 732-1050 



Norton Nelson, Ph.D. 
Department of Environmental Medicine 
New York University School of Medicine 
New York, New York 10016 
Tel: (914) 351-2566 

Peter O'Brien, Ph.D. 
Department of Health Sciences Research 
Section of Biostatistics 
Mayo Clinic 
200 First Street, S.W. 
Rochester, Minnesota 55905 
Tel: (507) 2&4-2511 

27 

Craig T. Ramey, Ph.D. 
Director of Research 
Frank Porter Graham Child 
Development Center 

University of North Carolina 
54 Bypass 
Chapel Hill, North Carolina 27514 
Tel: (919) 966-4121 

~u.s. GOVERNMENT PRINTING OFFICE: .989 - 671-005/15189 

. __ ._--_._-_ .. , •... _------ ._-----------_._.----------------_._--




