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Abstract

The U.S. active-duty military population may differ
from the U.S. general population in its exposure to can-
cer risk factors and access to medical care. Yet, it is not
known if cancer incidence rates differ between these
two populations. We therefore compared the incidence
of four cancers common in U.S. adults (lung, colorectal,
prostate, and breast cancers) and two cancers more com-
mon in U.S. young adults (testicular and cervical can-
cers) in the military and general populations. Data
from the Automated Central Tumor Registry (ACTUR)
of the Department of Defense and the nine cancer reg-
istries of the Surveillance, Epidemiology and End Re-
sults (SEER) of the National Cancer Institute for the
years 1990 to 2004 for persons with ages 20 to 59 years
were analyzed. Incidence rates were significantly lower

in the military population for colorectal cancer in White
men, lung cancer in White and Black men and White
women, and cervical cancer in Black women. In con-
trast, incidence rates of breast and prostate cancers were
significantly higher in the military among Whites and
Blacks. Incidence rates of testicular cancer did not differ
between ACTUR and SEER. Although the numbers of
diagnoses among military personnel were relatively
small for temporal trend analysis, we found a more
prominent increase in prostate cancer in ACTUR than
in SEER. Overall, these results suggest that cancer pat-
terns may differ between military and nonmilitary po-
pulations. Further studies are needed to confirm these
findings and explore contributing factors. (Cancer Epi-
demiol Biomarkers Prev 2009;18(6):1740–5)

Introduction

The U.S. military population may differ from the U.S.
general population in exposure to factors associated with
cancer risk, such as physical fitness, smoking, alcohol con-
sumption, diet, and sunlight exposure. Exposures associ-
ated with military deployments, such as immunizations
and depleted uranium, may also influence cancer risk
among military personnel. Yet, compared with the gener-
al population, the military population may be generally
healthier and more likely to undergo cancer screening
and surveillance because military members have free ac-
cess to health care. Despite these potential differences,
cancer incidence rates in the U.S. military and general po-
pulations have not been extensively compared.
The elucidation of differences in cancer incidence pat-

terns between the military and general U.S. populations
may lead to a better understanding of etiology and the

development of preventive strategies for both popula-
tions. Researchers have often used data from cancer reg-
istries such as the Surveillance, Epidemiology and End
Results (SEER) program of the National Cancer Institute
to study demographic patterns and trends in incidence
and generate study hypotheses (1-7).
Studies on cancer incidence rates in the U.S. military

population are few. Using the data from the Department
of Defense Automated Central Tumor Registry (ACTUR)
and the Defense Manpower Data Center, Thompson et al.
(8) found that the incidence of testicular cancer among
active-duty members of the military had increased over
time. Yamane's (9) study on ACTUR data from 1989 to
2002 for U.S. Air Force active-duty personnel found that
cervical, prostate, and vulvar cancers were more frequent
than expected, whereas bladder, brain, colorectal, oral
squamous cell, and testicular cancers, as well as lympho-
mas, were less frequent than expected in comparison with
national data. These two studies focused on either a spe-
cific cancer (8) or a specific military service (9). Therefore,
the current study was conducted to gain a broader picture
of cancer among military members by comparing inci-
dence patterns of six cancers among all active-duty mili-
tary personnel and the general U.S. populations.

Materials and Methods

This study was based on nonidentifiable data and was ap-
proved by the institutional review boards of U.S. Military
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Cancer Institute, Armed Forces Institute of Pathology, and
the National Cancer Institute.
ACTUR was established in 1986 as the cancer database

and clinical tracking system for the Department of De-
fense. Military medical treatment facilities are required
to report cancer data on all Department of Defense bene-
ficiaries, including active-duty military personnel and
their family members, retired military personnel, and Re-
serve and National Guard personnel who are temporarily
activated. For the current study, data on diagnoses from
1990 to 2004 were analyzed.
For this study, data analyses were confined to person-

nel on active military duty. Records for retired military
personnel, reservists, National Guard personnel, and fam-
ily members are less complete because they may get med-
ical care outside the military system.
To reconcile duplicate records for the same patient so

that only one summary record existed for each primary
cancer, we used data consolidation procedures based on
national and state cancer registry guidelines (10-12). The
guidelines were used to determine multiple primary ma-
lignancies and to select the best information on diagnostic
and demographic variables from the multiple records per
person that exist in ACTUR.
The following items from the ACTUR database were

used in the data analysis: primary cancer site, age at diag-
nosis, gender, and race. Diagnoses are classified using the
International Classification of Diseases for Oncology (13).
The annual numbers of active-duty military personnel
were used to calculate incidence rates. The numbers were
obtained from the Defense Manpower Data Center, which
maintains demographic and military data on personnel in
all military services.
National comparison data were obtained from the

SEER program of the National Cancer Institute (14). SEER
collects and publishes cancer statistics from population-
based cancer registries. For the current study, cancer rates
for 1990 to 2004 were drawn from the SEER-9 Registries
Database (Atlanta, Connecticut, Detroit, Hawaii, Iowa,
New Mexico, San Francisco–Oakland, Seattle–Puget
Sound, and Utah), covering ~10% of the U.S. population.
The age distribution of the active military population

differs substantially from that of the general population
in that there are no members of the military younger than

17 y old and few 60 y or older. Because the small number
of persons <20 y and ≥60 y would generate statistically
unstable rates, analyses were restricted to persons with
ages 20 to 59 y. Furthermore, within this age range, the
active-duty military population is considerably younger
than the general U.S. population. To give more weight
to the age groups with a large number of active-duty
members and thereby generate more stable rates, the
1990 to 2004 military population was used as the standard
population for age adjustment. Age-adjusted incidence
rates, incidence rate ratios, and their 95% confidence inter-
vals (95% CI) were calculated. The Tiwari method was
used to estimate confidence intervals (15). Because the mil-
itary population was used as the standard population for
these calculations, the absolute incidence rates in this
study differ from those based on U.S. population data.
We analyzed the incidence of six cancers (lung, color-

ectum, prostate, testis, breast, and cervix) by gender, year
of diagnosis (1990-1994, 1995-1999, 2000-2004), and race
(White, Black). Small numbers of military patients pre-
cluded the examination of data among other racial or eth-
nic groups. Small numbers also precluded trend analyses
of lung cancer and testicular cancer among Black men, co-
lorectal cancer and lung cancer among women, and cervi-
cal cancer among Black women.

Results

Among the six cancers examined, the most common
among active-duty military personnel (the ACTUR popu-
lation) was testicular cancer (n = 1,826), followed by pros-
tate (n = 910), breast (n = 864), and colorectal (n = 738)
cancers. In the SEER population, breast cancer (n =
107,601) among women was the most common cancer
in this 20 to 59 year age group, followed by lung (n =
46,083), prostate (n = 42,751), and colorectal (n = 36,092)
cancers (Table 1). These frequencies reflect the dramatic
differences in the size and gender/age distribution of
the two populations. Colorectal cancer incidence among
White men was significantly lower in the ACTUR popu-
lation than the SEER population (incidence rate ratio,
0.83), but there were no differences among the other
three race/gender groups. Lung cancer incidence was

Table 1. Cancer incidence in the U.S. active-duty military population and the SEER program for breast, lung,
prostate, colorectal, testicular, and cervical cancers; ages 20 to 59 years; 1990-2004; by race and gender

Cancer site ACTUR SEER ACTUR:SEER

Whites Blacks Whites Blacks Whites Blacks

Count Rate* Rate
95% CI

Count Rate* Rate
95% CI

Count Rate* Rate
95% CI

Count Rate* Rate
95% CI

IRR IRR
95% CI

IRR IRR
95% CI

Men
Colorectum 513 3.49 3.19-3.80 146 4.89 4.06-5.83 17,642 4.22 4.09-4.35 2,693 5.31 4.95-5.68 0.83 0.75-0.91 0.92 0.75-1.11
Lung 277 1.85 1.63-2.08 70 2.49 1.91-3.20 20,682 3.17 3.08-3.27 4,957 7.21 6.83-7.60 0.58 0.51-0.66 0.35 0.26-0.45
Prostate 689 4.32 4.00-4.65 221 10.02 8.64-11.57 35,175 2.03 1.99-2.08 7,576 4.80 4.60-5.01 2.12 1.95-2.30 2.09 1.77-2.43
Testis 1,756 12.63 12.05-13.23 70 1.97 1.54-2.50 9,318 13.11 12.79-13.43 243 2.17 1.87-2.52 0.96 0.91-1.02 0.91 0.67-1.21

Women
Colorectum 49 3.26 2.41-4.31 30 4.52 3.01-6.52 13,051 3.41 3.29-3.53 2,706 5.03 4.69-5.39 0.96 0.69-1.27 0.90 0.58-1.31
Lung 30 1.99 1.34-2.84 25 4.70 2.78-7.33 17,413 2.89 2.80-2.99 3,031 4.27 3.99-4.56 0.69 0.45-0.98 1.10 0.62-1.73
Breast 543 36.44 33.43-39.64 321 45.8740.65-51.61 95,058 30.62 30.29-30.96 12,543 33.41 32.54-34.31 1.19 1.09-1.30 1.37 1.21-1.55
Cervical 113 7.31 6.02-8.80 30 3.42 2.30-4.90 9,308 7.92 7.70-8.14 1,732 7.97 7.47-8.49 0.92 0.75-1.11 0.43 0.28-0.62

Abbreviation: IRR, incidence rate ratio.
*Rates are per 100,000 person-years and age-adjusted to active-duty military population with ages 20 to 59 years.
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significantly lower in all groups of the ACTUR popula-
tion compared with the SEER population, except for Black
women (incidence rate ratio, 0.58, 0.69, 0.35, 1.10 among
White men, White women, Black men, and Black women,
respectively). Cervical cancer incidence was significantly
lower in the ACTUR compared with SEER among Blacks
(incidence rate ratio, 0.43) but not among Whites (inci-
dence rate ratio, 0.92).
In contrast to the lower rates of colorectal, lung and

cervical cancers among some military personnel, the inci-
dence rates of prostate and breast cancers were signifi-
cantly higher in the ACTUR population (prostate cancer
incidence rate ratio is 2.12 and 2.09, and breast cancer
incidence rate ratio is 1.19 and 1.37 among Whites and
Blacks, respectively). Testicular cancer rates did not differ
between the ACTUR and SEER populations (incidence
rate ratio, 0.96 and 0.91 among Whites and Blacks).
Figure 1 and Table 2 show the temporal trends in race-

and gender-specific age-adjusted incidence rates among
the ACTUR and SEER populations from 1990-1994 to
2000-2004. Among men, colorectal cancer incidence in-
creased significantly among ACTUR and SEER Whites
(33% and 23%, respectively), but not Blacks. In contrast,
lung cancer rates decreased 43% and 30% among ACTUR
and SEER White men. Prostate cancer rates increased sig-
nificantly among Whites and Blacks in both populations.
The increases in both racial groups seemed more promi-
nent in ACTUR than in SEER: rates doubled among SEER
Whites but tripled among ACTUR Whites. Among
Blacks, SEER rates rose to more than double, while
among ACTUR Blacks, rates increased more than 8-fold.
Testicular cancer rates rose nonsignificantly among White
men in both populations.
Among women, breast cancer rates did not change sig-

nificantly in either population except among SEER Blacks
(incidence rate ratio, 0.92). Cervical cancer rates among
White women declined nonsignificantly in ACTUR (inci-
dence rate ratio, 0.93) and significantly in SEER (incidence
rate ratio, 0.80).

Discussion

Our study found differences in cancer incidence rates be-
tween military personnel and the general population.
Rates were lower among military personnel than the gen-
eral population for colorectal, lung, and cervical cancers.
However, for colorectal cancer, the difference in rates be-
tween the two populations was significant only among
White males and, for cervical cancer, only among Black
females. Rates were significantly higher for prostate and
breast cancers, and the rates of prostate cancer over time
rose more rapidly among military personnel. There were
no significant differences between the populations in the
rates of testicular cancer.
It is unclear why White men in the military would have

lower colorectal cancer incidence than other White men,
although several factors may be related to the difference.
Men in the military are a selected population because in-
dividuals with certain diseases or conditions are not eligi-
ble for military service. For example, military personnel
may be less likely to be obese or to have familial polypo-
sis. Individuals who enter the military are more physical-
ly active because of the fitness standards required for
entry (9). Once in the military, servicemen might maintain

healthier lifestyles than men in the general population.
For instance, military personnel are generally engaged
in more rigorous physical activities than their civilian
counterparts because they must pass the military physical
fitness tests and meet the military weight standards.8,9 In
addition, military personnel are granted free access to
medical care and cancer screening services. As a result,
precancerous lesions such as colonic polyps may be more
likely to be detected and treated early (16-18) in the mil-
itary population, thereby potentially reducing the risk for
colorectal cancer. These differences between the military
and general populations were not significant for women
and Black men, although the same direction in incidence
rate ratio was observed. Although this might be related to
a relatively small number of patients for these groups, fur-
ther research is needed to understand whether the racial/
gender differences exist.
The significantly lower risk for cervical cancer among

servicewomen versus nonservicewomen might be related
to greater access to medical care and cancer screening ser-
vices in the military. Cervical cancer screening can result
in the detection of precancerous lesions and the treatment
of these lesions may lower cervical cancer incidence rates.
In the general population, Black women are more likely
than White women to have a low family income and a
lack of usual source of medical care, factors that are asso-
ciated with a lower rate of cervical cancer screening
(19, 20). In the military population, access to medical care
is equal between Black and White women. This might
have produced the larger differences between the two po-
pulations in incidence of cervical cancer in Black women.
Further research is needed on why the incidence rate is
lower in Black women than White women in the military.
Lung cancer rates were significantly lower in the mili-

tary among all groups except Black women. Cigarette
smoking is the single most important risk factor for lung
cancer. In the past, the prevalence of smoking in the mil-
itary, particularly among junior enlisted military person-
nel (21, 22), exceeded that in the general population
(23, 24). Therefore, the lower rate of lung cancer in mili-
tary personnel is an unanticipated finding. It is possible
however that smoking patterns, which influence the risk
for lung cancer, differ among military and nonmilitary
personnel. Although most smokers in the general popula-
tion begin smoking in their teens, adult-onset smoking is
a phenomenon seen in military populations (25). It is also
possible that, because of the emphasis on physical activity
in the military, servicepersons smoke fewer cigarettes
than their counterparts not in the military.
The prevalence of smoking in the United States has

been declining, especially among males, and lung cancer
rates have been decreasing, especially among the younger
and middle age groups (26). Among military members,
cigarette smoking dropped sharply from 1980 to 1998,
whereas it increased somewhat afterward (27). The lower
rates in the military compared with SEER are welcome
observations.
Prostate cancer rates in the military were twice those in

the general population, and breast cancer rates were 20%
to 40% higher. These differences may be related to free

8 http://www.military.com/military-fitness/fitness-test-prep/physical-
fitness-test-standards
9 http://www.apft.net/
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access to medical care for the military population. Mili-
tary members may have more frequent visits to the doctor
and thus are more likely to undergo breast and prostate
cancer screening (28, 29). Several studies have now con-

firmed that cancer screening is associated with increases
in breast and prostate cancer incidence rates (30-32).
In addition to the potential differences in screening

practices between the military and general populations,

Figure 1. Trends in cancer incidence rates among active-duty members and in the SEER program 1990-1994 to 2000-2004 (rates
age-adjusted using the active-duty military population with ages 20-59 y).
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variations in some risk factors may have contributed to
the higher breast and prostate cancer rates in the military.
With respect to breast cancer, military women may differ
from those in the general population in reproductive his-
tory such as age at first birth, parity, and use of contracep-
tives. Military women may be more likely to use oral
contraceptive pills because of a need or desire for anovu-
latory cycles and menstrual regulation and the easier ac-
cess to prescription drugs. As shown in our recent
analysis, 34% of active-duty women and 29% of women
in the general population used oral contraceptive pills in
the preceding 12 months. Oral contraceptive pill use has
been shown to increase the risk for breast cancer, particu-
larly in younger women (33, 34). Military women are also
more likely to be engaged in industrial jobs than females
in the general population and hence potentially more like-
ly to be exposed to chemicals that may be related to breast
cancer (35). A study in military women showed that those
with ages 34 years or younger had higher age-specific
incidence rates of breast cancer than women in the gener-
al population, and the incidence was higher among mili-
tary women with a moderate to high exposure to volatile
organic chemicals than those with low or no exposure
(35). Our findings of higher breast cancer rates in military
women are consistent with those from this study.
In regard to prostate cancer, although the results have

been inconsistent, depleted uranium (the material used in
armor penetrators) has been suggested to increase the risk

for prostate cancer (36). Because military personnel are
more likely to be exposed to depleted uranium, these
factors may have contributed to the increased risk for
prostate cancer in military members, although most of
the elevated rates and more dramatic increase over time
in rates in military personnel might be attributed to
screening in the population.
A number of factors may affect the comparability of the

ACTUR and SEER databases. First, the two databases
may differ in completeness of reporting. Although cancer
reporting is required by the Department of Defense and
regular training is provided to cancer registrars, some
military treatment facilities do not have American College
of Surgeons–approved cancer programs. Some small
clinics and hospitals may not have dedicated cancer regis-
trars. In addition, some military personnel may be diag-
nosed and treated outside military treatment facilities
through spouses' health insurance. Nevertheless, as long
as military personnel are subsequently seen in a military
treatment facility, which is usually true, they are included
in the ACTUR data. These suggest that underreporting of
cancer in ACTUR is of potential concern. However, the
higher (rather than lower) breast and prostate rates in
the military suggest that other factors beyond reporting
are related to the observed differences between the two
populations. Second, data consolidation procedures may
vary between our analysis of the ACTUR data set and
SEER because no shared standards for case consolidation

Table 2. Incidence in the U.S. active-duty military population and the SEER program for breast, lung, prostate,
colorectal, testicular, and cervical cancers by race and gender; ages 20 to 59 years; comparison of 2000-2004 to
1990-1994

Cancer site 1990-1994 2000-2004 IRR* (95% CI†)

Count Rate† (95% CI) Count Rate† (95% CI)

Colorectum
White males
ACTUR 171 3.08 (2.63-3.57) 182 4.09 (3.51-4.74) 1.33 (1.07-1.65)
SEER 5,099 3.84 (3.64-4.05) 6,802 4.74 (4.49-4.99) 1.23 (1.14-1.33)

Black males
ACTUR 58 5.17 (3.82-6.84) 47 5.16 (3.74-6.95) 1.00 (0.65-1.54)
SEER 727 5.62 (4.96-6.34) 1,105 5.40 (4.82-6.03) 0.96 (0.81-1.14)

Lung
White males
ACTUR 130 2.35 (1.96-2.79) 63 1.34 (1.02-1.72) 0.57 (0.41-0.78)
SEER 7,137 3.83 (3.65-4.02) 6,672 2.70 (2.54-2.86) 0.70 (0.65-0.76)

Prostate
White males
ACTUR 112 2.07 (1.70-2.49) 352 6.55 (5.87-7.28) 3.17 (2.55-3.96)
SEER 6,877 1.25 (1.18-1.31) 16,704 2.63 (2.53-2.72) 2.11 (1.98-2.25)

Black males
ACTUR 11 1.85 (0.89-3.31) 137 15.39 (12.81-18.33) 8.33 (4.51-17.80)
SEER 1,258 2.32 (2.07-2.61) 3,824 6.33 (5.95-6.75) 2.73 (2.39-3.11)

Testis
White males
ACTUR 634 11.18 (10.33-12.09) 515 13.09 (11.98-14.28) 1.17 (1.04-1.32)
SEER 2,937 12.57 (12.04-13.12) 3,327 14.05 (13.48-14.64) 1.12 (1.05-1.19)

Breast
White females
ACTUR 164 33.23 (28.19-38.91) 190 37.31 (32.07-43.13) 1.12 (0.90-1.40)
SEER 27,067 30.43 (29.87-31.00) 35,275 30.68 (30.10-31.28) 1.01 (0.98-1.04)

Black females
ACTUR 76 40.54 (26.13-59.75) 122 45.12 (37.38-54.03) 1.11 (0.74-1.80)
SEER 3,448 34.96 (33.34-36.63) 4,862 32.32 (30.88-33.81) 0.92 (0.87-0.99)

Cervix
White females
ACTUR 43 7.29 (5.25-9.88) 30 6.80 (4.57-9.70) 0.93 (0.56-1.52)
SEER 3,254 8.67 (8.28-9.07) 2,830 6.94 (6.58-7.30) 0.80 (0.75-0.86)

*Incidence rate ratio of 2000-2004 compared with 1990-1994.
†Rates are per 100,000 person-years and age-adjusted to active-duty military population.
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have been developed to date.10 Nevertheless, it is unlikely
that data consolidation differences are substantial enough
to account for the observed large differences in incidence
rates of certain cancers such as prostate cancer. Our find-
ings of similarities and differences in incidence rates
between military personnel and the general population
according to cancer, race, gender, and over time suggest
that further research on risk factors and cancer screening
practices in the military are warranted.
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