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Objectives: The aim of this study was to investigate the association between Vietnam experience including exposure to military her-
bicides and cancer incidence in Korean Vietnam War veterans.

Methods: The cancer cases of 185 265 Vietnam veterans from January 1, 1992 to December 31, 2003 were confirmed from the Korea
National Cancer Incidence Database. The age-adjusted incidence and standardized incidence ratios (SIRs) were calculated using the
male population during 1992 to 2003 as a standard population.

Results: The age-adjusted overall cancer incidence per 100 000 person-years was 455.3 in Vietnam veterans. The overall cancer inci-
dence was slightly yet significantly lower in veterans (SIR, 0.97; 95% confidence interval, 0.95 to 0.99) than in the general population.
The overall cancer incidence in enlisted soldiers was not lower (SIR, 1.00), whereas that in officers was significantly lower (SIR, 0.87)
than in the general population. The incidences of prostate cancer and T-cell lymphoma in all veterans, and lung cancer and bladder
cancer in enlisted soldiers, and colon cancer and kidney cancer in non-commissioned officers, and colon cancer, kidney cancer, and
prostate cancer in officers, were higher than in the general population. The SIR for overall cancer among Vietnam veterans rose from
0.92 for 1992-1997 to 0.99 for 1998-2003.

Conclusions: The overall cancer incidence in Vietnam veterans was not higher than in the general male population. Vietnam veterans
and military rank subcohorts experienced a higher incidence of several cancers, including prostate cancer, T-cell lymphoma, lung can-
cer, bladder cancer, kidney cancer, and colon cancer than the general population. The SIR for overall cancer increased over time in
Vietnam veterans.
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INTRODUCTION The herbicides, containing phenoxy herbicides as a major in-
gredient, were coded as Agent Green, Orange, Pink, Purple,
During the Vietnam War, between 1961 and 1971, the US and White. During the manufacturing process, 2,4,5-T, an in-

and allied forces sprayed herbicides for military purposes [1]. gredient of phenoxy herbicides, was contaminated by 2,3,7,8-

tetrachlorodibenzo-p-dioxin (TCDD), the most toxic dioxin
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amount of dioxin sprayed during the Vietnam War ranged
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From the initial deployment of a support unit in 1964 until its
complete withdrawal in 1973, the Korean military sent 320 000
military personnel [5]. It is presumed that many Korean Vietnam
veterans were exposed to toxic herbicides, including TCDD.
TCDD is being classified by the International Agency for Re-
search on Cancer (IARC) as a group 1 carcinogen that is carci-
nogenic to humans [6]. Likewise, the US National Toxicology
Program listed it as a known human carcinogen [7].

While the major news media and Vietnam veterans in Korea
have expressed their concerns about veterans’ health problems,
no empirical study has been published in a scientific journal
exploring whether the cancer incidence of Korean Vietnam
veterans, who encountered Agent Orange, an unfamiliar cli-
mate, food and water, and infectious diseases, as well as war-
related stress in Vietnam, is different from that of the Korean
male population. Corresponding studies on Vietnam veterans
in America and Australia [8-10] have limitations in exploring
infrequent and rare cancers due to their relatively small sam-
ple sizes [8,9]. Further, due to ethnic differences, the direct
comparison between Korean Vietnam veterans and Western
counterparts may present some challenges [10,11].

The purpose of this study was thus to identify Korean Viet-
nam veterans'incidence of cancer of all sites combined as well
as specific sites, to compare them with the general Korean
population of the same age group, and to investigate whether
there were differences in cancer incidence between Vietnam
veterans and the general population in Korea.

METHODS

Study Subjects

With the cooperation of the Ministry of Defense and then
the Ministry of Government Administration and Home Affairs,
the author and colleagues identified 187 897 veterans during
1999 to 2000 and confirmed their official residential status as
of June 2004 [12]. The Korean Veterans Health Study included
these 187 987 veterans, and it was established to evaluate pri-
marily the association between Vietnam experience and Agent
Orange exposure, and the morbidities and mortality from vari-
ous diseases. Most of the information on individuals deceased
before January 1, 1992 was deleted from the Korean Resident
Registration Database. Therefore, after excluding 2137 individ-
uals who were deceased or had emigrated before 1992, and
495 people who were reported to have cancer before Decem-
ber 31,1991, in the end, 185 265 veterans were selected as the
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study cohort in order to trace cancer incidence starting from
January 1, 1992. The research project was approved by the In-
stitutional Bioethics Committee of Kwandong University.

Cancer Incidence Follow-up

The data from the National Cancer Incidence Database (NCID)
from 1988 to 2003 enabled us to confirm the veterans’ cancer
incidence and cancer site. December 31, 2003 was the last date
of the cancer incidence follow-up. The cancer statistics of the
NCID were listed in official reports of the IARC [13].

Cancer Classification

The International Classification of Diseases, tenth revision
(ICD-10) code from the NCID was utilized to categorize cancer
by cancer site. The classification followed the categorization by
the IARC report [13]. Non-Hodgkin lymphoma and leukemia
with 10 or more incidents were segmented by 4-digit catego-
rization of the ICD-10 code, and were included in the analysis.

Age Standardization and Analysis

Cancer incidence of veterans was calculated from follow-up
person-years and cancer cases. Since the range of veterans’
ages during 1992 to 2003 was 36 to 81, the population esti-
mate of males aged 36 to 81 years from the National Statistical
Office of Korea was used. The standard population for direct
age standardization was all males aged 36 to 81 years during
1992 to 2003 (216 906 479 males), while that for indirect stan-
dardization was Korean males with the same age per calendar
year during 1992 to 2003. The cancer incidence in the general
population (population rate) was calculated with a total of Kore-
an males aged 36 to 81 years during 1992 to 2003 (216 906 479
persons), along with the number of cancer cases.

When a case of cancer was identified by December 31, 2003,
the date of diagnosis was considered the end of the follow-up
period. When an individual’s residential record was cancelled
(unknown residence), or a veteran emigrated to another coun-
try, the date the residential status changed was the date of
loss to follow-up. The number of person-years by 1-year age
group by each calendar year was calculated.

The age-adjusted cancer incidence rate was calculated by
applying 5-year age-specific rates (years of age: 36-39, 40-44,
45-49, 50-54, 55-59, 60-64, 65-69, 70-74, 75-79, and 80-81) to
the standard population. The expected number of cancer cas-
es was calculated by applying 1-year age-specific rates by cal-
endar year to the follow-up person-years by calendar year in
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veterans, and standardized incidence ratios (SIRs) were calcu-
lated.

When the SIR was bigger than 1, the cancer incidence of
veterans was higher than that of the general population. When
the SIR was smaller than 1, the cancer incidence of veterans
was lower than that of the general population. The 95% confi-
dence interval (Cl) and p-value were calculated by the Poisson
asymptotic method [14]. All of the statistical analyses were
performed using SAS version 9.2 (SAS Inc,, Cary, NC, USA).

For major cancers with 100 or more incidents, additional
analysis was performed, stratifying by military rank (military
rank subcohorts: the enlisted, non-commissioned officers, and
officers) or follow-up period (the first half [1992 to 1997] and
the latter half [1998 to 2003]).

RESULTS

An average age of Korean veterans was 46.3 years (£3.5
years) as of January 1, 1992. The Capital Division and the 9th
Division made up the vast majority of the Korean Army. Enlist-
ed personnel, with about 145 000 troops, made up the most
common rank, while field officers or generals comprised 2724
personnel. For the year of the initial deployment to Vietnam,
the period of 1969 to 1970 had the largest number of person-
nel, with 56 000 troops (Table 1).

The total follow-up person-years was 2 098 602, and 9058
veterans were diagnosed with cancer up to December 31, 2003,
the end of the follow-up period, in 185 265 veterans. The crude
incidence rate of all sites of cancer (hereafter, “all cancer”) in
the veterans was 431.6 per 100 000 person-years and the age-
adjusted rate was 455.3 per 100 000 person-years. For the pe-
riod of 1992 to 2003, the all-cancer incidence rate in the gen-
eral population aged 36 to 81 years old was 472.6 per 100 000
(Table 2). The most common cancers in the general population
were stomach cancer, liver cancer, and lung cancer in sequence,
while those in veterans were stomach cancer, lung cancer, and
liver cancer. The SIR for all cancer in the Vietnam veterans was
significantly lower than that of the general population (SIR,
0.97; 95% Cl, 0.95 to 0.99; p=0.04). The veterans' incidence of
prostate cancer (p=0.03) was significantly higher and the rate
of T-cell ymphoma (p=0.07) was marginally higher than that
of the general population. In the meantime, the incidences of
pharyngeal cancer (p=0.04), esophagus cancer (p<0.001), and
gastric cancer (p<0.001) in veterans were significantly lower
than in the general population (Table 2).

Cancer Incidence in Vietnam Veterans

Characteristics Classification ] %
Age as of <45 74459 402
January 1,1892(y) - 45.49 91742 495
50-54 12 547 6.8
>5b5 6517 35
Deployed unit Capital Division (combat) 66 705  36.0
9th Division (combat) 62405 337

Marine 2nd Brigade (combat) 5822 3.1
ROK Army Headquarters 5241 28
Construction Support Group 10 061 5.4
Naval Transport Group 562 0.3
100th Logistic Command 32447 175

Unknown 2022 1.1
Military rank Enlisted 144804  78.2
Noncommissioned officer 25545 1338
Company officer 12192 6.6
Field officer or general 2724 1.5
First year of Up to 1966 31441 170
deployment 1967-1968 49194 2656
1969-1970 56448 305
1971 and beyond 48132  26.0
Unknown 50 0.0

ROK, Republic of Korea.

The SIR for all cancer in the enlisted veterans was not differ-
ent from the general population (SIR, 1.00; 95% Cl, 0.98 to 1.03)
(Table 3). The incidence of lung cancer (p=0.002) was higher
than in the general population, and the rate of bladder cancer
(p=0.064) was marginally higher than in the general popula-
tion. The enlisted did not have significantly lower SIRs for any
cancers than in the general population. In contrast to the en-
listed, the noncommissioned officers (SIR, 0.91; p<0.001) and
officers (SIR, 0.87; p<0.001) had a significantly lower cancer
incidence than the general population. Among the non-com-
missioned officers, the colon cancer incidence was higher (p=
0.04) and kidney cancer incidence was marginally higher (p=
0.096) than in the general population, while the cancer inci-
dences of the esophagus (p=0.01), stomach (p<0.001), and
lung (p=0.047) were significantly lower than in the general
population. Among the officers, the colon cancer (p<0.001)
and prostate cancer (p<0.001) incidences were higher than in
the general population, and the kidney cancer (p=0.097) inci-
dence was marginally higher than in the general population,
while the incidences of esophagus, (p<0.001), stomach (p<
0.001), liver (p<0.001), larynx (p=0.02), and lung cancer (p<
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Table 2. Incidence and SIRs for cancers among Korean Vietnam veterans (n=185 265) (1992 to 2003)

Crude Age-adjusted Population Observed  Expected

Sites ICD-10 : | , SIR 95% ClI
rate rate rate’ cases (n) cases (n)

All sites €00-C97, MPD, MDS 4316 455.3 4726 9058 9344.2 0.97 0.95,0.99
Lip €00 0.2 0.1 0.2 4 30 1.35 0.49,3.73
Tongue C01-C02 1.6 1.7 1.9 33 39.6 0.83 0.59,1.18
Mouth C03-C06 1.6 1.2 23 33 45.2 0.73 0.51,1.04
Salivary gland C07-C08 0.8 0.4 1.0 16 20.0 0.80 0.48,1.32
Tonsil €09 1.1 0.9 1.0 24 23.8 1.01 0.67,1.53
Other oropharynx C10 05 0.6 0.6 10 118 0.84 0.45,1.60
Nasopharynx C11 24 10.1 1.8 51 46.9 1.09 0.82,1.45
Hypopharynx C12-C13 15 2.0 2.4 31 45.6 0.68 0.47,0.97
Pharynx unspecified C14 0.1 0.0 0.3 3 42 0.72 0.23,2.29
Esophagus C15 9.1 15.8 14.6 190 257.4 0.74 0.64,0.85
Stomach C16 105.7 94.6 121.2 2218 24141 0.92 0.88,0.96
Small intestine c17 15 0.7 1.6 31 311 1.00 0.69,1.43
Colon C18 214 27.0 21.6 450 434.9 1.03 0.94,1.14
Rectum €19-C20 245 214 24.3 514 518.1 0.99 0.91,1.08
Anus C21 0.4 0.4 0.6 9 9.7 0.93 0.47,1.83
Liver C22 101.3 77.2 80.6 2126 21247 1.00 0.96, 1.05
Gall bladder (23-C24 1.1 10.3 12.9 232 2211 1.05 0.92,1.20
Pancreas C25 95 9.8 119 199 216.3 0.92 0.80,1.06
Nose, sinuses, etc. C30-C31 1.0 0.5 1.3 22 27.1 0.81 0.53,1.25
Larynx €32 75 72 8.8 157 1736 0.90 0.77,1.06
Lung (33-C34 58.3 79.7 80.0 1223 1235.9 0.99 0.93,1.05
Other thoracic organs C37-C38 1.0 0.5 1.2 22 23.3 0.94 0.61,1.45
Bone C40-C41 1.1 0.7 1.0 23 18.9 1.21 0.79,1.86
Melanoma of skin C43 1.0 1.3 0.9 20 18.8 1.06 0.67,1.67
Other skin C44 37 49 40 78 70.8 1.10 0.87,1.39
Mesothelioma C45 0.1 0.1 0.3 3 55 0.54 0.17,1.73
Connective and soft tissue C47+C49 1.7 2.1 1.8 36 36.6 0.98 0.70,1.38
Breast C50 0.4 0.9 0.4 8 5.8 1.37 0.67,2.83
Penis C60 0.0 0.0 05 1 6.9 0.14 0.02,1.04
Prostate C61 6.0 245 115 125 102.3 122 1.02,1.46
Testis 062 0.2 0.3 0.3 ® 47 1.05 0.42,2.63
Other male genital organs C63 0.1 0.1 02 3 47 0.64 0.20,2.05
Kidneyw C64 8.9 9.7 1.1 186 170.6 1.09 0.94,1.27
Renal pelvis C65 11 0.9 1.0 23 18.6 1.24 0.81,1.89
Ureter C66 0.9 0.8 0.8 19 14.9 1.27 0.80,2.04
Bladder Ce7 12.6 13.3 15.0 264 2454 1.08 0.95,1.22
Other urinary organs (68 0.1 0.1 02 2 3.0 0.66 0.16,2.71
Eye €69 0.1 0.1 0.2 3 39 0.76 0.24,2.44
Brain, nervous system C70-C72 32 3.1 37 68 78.4 0.87 0.68, 1.11
Thyroid C73 4.1 3.1 38 85 81.2 1.05 0.84,1.31
Adrenal gland C74 0.2 0.1 0.2 4 58 0.75 0.28,2.07
Hodgkin disease C81 0.6 0.5 05 13 135 0.96 0.55, 1.69
Non-Hodgkin lymphoma (£82-C85 9.2 10.2 9.0 194 185.5 1.05 0.90, 1.21
Follicular non-Hodgkin lymphoma 82 0.8 15 0.7 17 15.6 1.09 0.66, 1.79
Diffuse non-Hodgkin lymphoma 83 44 49 4.1 93 86.5 1.08 0.87,1.33
Diffuse large B-cell lymphoma (£83.3 37 43 32 78 68.6 1.14 0.90, 1.43
T-cell lymphomas (84 1.3 12 0.9 28 19.5 1.43 0.97,2.12
Peripheral T-cell lymphoma C84.4 0.7 0.6 05 15 10.4 1.45 0.85,2.46
Multiple myeloma €90 25 2.7 22 53 46.3 1.14 0.86, 1.51
Lymphoid leukemia C91 0.7 2.1 0.8 15 15.8 0.95 0.56, 1.60
Myeloid leukemia £92-C94 4.1 49 39 87 80.7 1.08 0.87,1.34
Myeloid leukemia C92 4.1 49 37 85 77.4 1.10 0.88,1.37
Acute myeloblastic leukemia £92.0 2.3 2.1 22 49 445 1.10 0.82,1.47
Chronic myeloid leukemia €921 1.1 2.1 1.1 23 233 0.99 0.65, 1.51
Leukemia unspecified C95 0.7 0.6 0.9 15 13.7 1.09 0.65, 1.85
Myeloproliferative disease MPD 0.4 0.3 04 9 9.0 1.00 0.51,1.96
Myelodysplastic syndrome MDS 0.3 1.1 0.3 6 52 1.15 0.50, 2.65

SIR, standardized incidence ratio (observed cases/expected cases); ICD-10, International Classification of Diseases, tenth revision; Cl, confidence interval.
'Incidence per 100 000 person-years.
“Crude rate in general male population 36 to 81 years old during 1992 to 2003 in Korea, per 100 000.
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i Enlisted soldiers

Sites ICD-10

n SIR 95% Cl
All sites C00-C97, MPD, MDS 6615 1.00 0.98,1.03
Esophagus il 149 0.89 0.75, 1.05
Stomach C16 1657 0.97 0.93,1.02
Colon C18 280 0.90 0.80, 1.02
Rectum C19-C20 390 1.05 0.95,1.16
Liver (22 1650 1.04 0.99,1.09
Gall bladder C23-C24 155 1.03 0.88,1.21
Pancreas C25 132 0.89 0.74,1.06
Larynx C32 118 1.00 0.83,1.20
Lung (33-C34 897 11 1.04,1.19
Prostate C61 48 0.85 0.64,1.14
Kidney C64 125 1.00 0.83,1.19
Bladder C67 192 1.15 0.99,1.33
Non-Hodgkin (82-C85 137 1.00 0.84,1.19

lymphoma

Cancer Incidence in Vietnam Veterans

Non-commissioned officers Officers
n SIR 95% CI n SIR 95% CI
1405 0.91 0.86, 0.96 1038 0.87 0.81,0.92
30 0.62 0.44,0.89 (il 0.26 0.15,0.48
326 0.81 0.73,0.91 235 0.76 0.67,0.86
88 1.24 1.01,1.53 82 1.52 1.22,1.89
68 0.81 0.64,1.03 56 0.89 0.69,1.16
324 1.01 0.91,1.13 152 0.71 0.61,0.83
37 0.96 0.69,1.32 40 1.24 0.91,1.70
35 0.94 0.68, 1.32 32 1.05 0.74,1.49
26 0.85 0.58,1.25 13 0.52 0.30,0.89
198 0.87 0.76, 1.00 128 0.63 0.53,0.75
18 0.81 0.51,1.29 59 2.49 1.93,3.21
35 1.33 0.95, 1.85 26 1.39 0.94,2.04
34 0.80 0.57,1.12 38 1.06 0.77,1.46
29 1.01 0.70, 1.46 3 2.59 0.83,8.08

SIR, standardized incidence ratio (observed cases/expected cases); ICD-10, International Classification of Diseases, tenth revision; Cl, confidence interval.

1992-1997 1998-2003

Sites ICD-10

n SIR 95% Cl n SIR 95% CI
All sites C00-C97, MPD, MDS 2980 0.92 0.89, 0.96 6078 0.99 0.97,1.02
Esophagus C15 68 0.77 0.61,0.99 122 0.72 0.60, 0.86
Stomach C16 747 0.85 0.79,0.91 1471 0.96 0.91,1.01
Colon C18 123 1.05 0.88,1.26 327 1.03 0.92,1.15
Rectum C19-C20 4 0.99 0.83,1.17 373 0.99 0.90,1.10
Liver C22 764 0.96 0.89,1.04 1362 1.02 0.97,1.08
Gall bladder C23-C24 73 0.97 0.76,1.23 159 1.09 0.93,1.28
Pancreas C25 59 0.88 0.68,1.14 140 0.94 0.79,1.11
Larynx €32 59 1.00 0.77,1.30 98 0.86 0.70,1.05
Lung C33-C34 344 0.88 0.79,0.99 879 1.04 097,1.11
Prostate C61 17 1.27 0.78,2.08 108 1.21 1.00, 1.48
Kidney C64 61 1.12 0.87,1.46 125 1.07 0.90, 1.29
Bladder C67 90 1.10 0.89, 1.37 174 1.06 0.91,1.24
Non-Hodgkin lymphoma (82-C85 72 1.01 0.80,1.29 122 1.06 0.89,1.28

SIR, standardized incidence ratio (observed cases/expected cases); ICD-10, International Classification of Diseases, tenth revision; Cl, confidence interval.

0.001) were significantly lower than in the general population
(Table 3).

The cancer incidence of the veterans from 1992 to 1997 was
significantly lower (p<0.001) than in the general population,
while the rate from 1998 to 2003 did not differ from that of the
general population. For the 1992 to 1997 period, no cancer in
veterans had a significantly higher incidence than in the gen-
eral population. However, during the period of 1998 to 2003,

the prostate cancer incidence of the veterans was marginally
higher (p=0.05) than in the general population (Table 4).

DISCUSSION

This study showed that the incidence of all cancer in Korean
Vietnam veterans was modestly lower than in the general pop-
ulation. Past research has demonstrated that all-cancer inci-
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dences in US Ranch Hand veterans (SIR, 1.08) and Australian
veterans (SIR, 1.15) were not lower than in the general popula-
tion [8,10], whereas the incidence in occupationally TCDD-ex-
posed workers was lower than in the general population [15,16].
In mortality studies, Vietnam veterans have usually been found
to have a lower death rate than the general population [5,8,17-
19]. A “healthy soldier effect” can explain why the all-cancer
incidence in the veterans was lower than in the general popu-
lation. The effect is a type of healthy worker effect, a phenom-
enon well-documented in the occupational epidemiology field.
Although Korea has a universal conscription system and Kore-
an men have an obligation to perform military service, the
status of full-time active duty of the enlisted is determined by
physical examination. The troops sent to the Vietnam War
were rigorously selected among volunteer servicemen in terms
of physical fitness, educational status, family background, and
other criteria. For the Capital Division, the enlisted who were
selected were only 20% to 30% of the volunteers [20]. There-
fore, the selected should be more fit and stronger than the
general population, or even non-Vietnam peers with military
experience. However, although the Vietnam veterans were
healthier than the general population, the difference in the
cancer incidence between the Vietnam veterans and general
population was small. For the enlisted, the incidence of all
cancer was the same as that of the general population.

In the present study, compared to the general population,
the veterans had a significantly elevated incidence of prostate
cancer, and a marginally significantly elevated incidence of T-
cell lymphoma (C84), a type of non-Hodgkin lymphoma. In
the enlisted, the lung cancer incidence was significantly high-
er and bladder cancer incidence was marginally higher than in
the general population. In the non-commissioned officers, the
colon cancer incidence was significantly higher and the kidney
cancer incidence was marginally higher than in the general
population. In the officers, the risks of colon cancer and pros-
tate cancer were significantly higher and the risk of kidney
cancer was marginally higher than in the general population.
Overall, the Korean Vietnam veterans and military rank subco-
horts had higher incidences of several cancers, including pros-
tate cancer, T-cell ymphoma, lung cancer, bladder cancer, kid-
ney cancer, and colon cancer than those of the general popu-
lation. Prostate cancer, non-Hodgkin lymphoma, and lung
cancer have been shown to have relationships with TCDD or
military herbicides in a previous literature review [1]. Several
studies on the IARC phenoxy herbicide cohort, National Insti-
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tute for Occupational Safety and Health cohort, and Ranch
hand veterans, who were occupationally exposed to high lev-
els of TCDD, have reported that the mortality from urinary sys-
tem cancer, including bladder cancer and kidney cancer, was
higher in TCDD-exposed workers and veterans than in control
groups; not all of the elevated mortality findings were signifi-
cant, though [8,21,22]. The incidence of colon cancer among
Australian Veterans was a little higher than that of the general
population [10], while US military studies and some occupa-
tional cohort studies did not report significant relationships
[8,21,22].

Soft tissue sarcoma (for the current study, connective and
soft tissue cancer: D47+D49), chronic lymphocytic leukemia,
Hodgkin lymphoma, laryngeal cancer, and multiple myeloma,
all of which have previously been shown to have relationships
with military herbicides/TCDD-related chemicals [1], did not
have a significantly elevated incidence in Vietnam veterans in
the present study. However, considering healthy soldier effects,
the fact that the veterans did not have a high cancer incidence
compared to the general population does not necessarily mean
that Vietnam experience, including Agent Orange exposure
during the Vietnam War, are not related to the incidence of
those cancers. In order to investigate the effects of Agent Or-
ange exposure on cancers while minimizing healthy soldier
effects, the incidence of cancers in Vietnam veterans should
be compared to more comparable internal controls such as
Vietnam veterans who were not exposed to Agent Orange
rather than the general population [5]. In the meantime, when
the cohort of the Korean Veterans Health Study was established,
the author and colleagues spoke with the then Ministry of
Government Administration and Home Affairs about selecting
Korean males who had been full-time soldiers on active mili-
tary duty during the Vietnam era as controls. However, access
to data on such controls did not materialize, partly due to pri-
vacy concerns.

While TCDD is a proven carcinogen in animal experiments,
some researchers have been questioning whether TCDD is a
multiorgan carcinogen to humans [23]. Although prostate
cancer was shown to have a higher incidence in Korean Viet-
nam veterans than in the general population, and has been
suggested to have a strong connection with Agent Orange or
TCDD in US Vietnam veterans, the mechanism of how TCDD
affects the prostate has not been clearly identified. It is thought
that aryl hydrocarbon receptor (AhR), a protein known to me-
diate the toxicity of TCDD, could play a role in the carcinogen-
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esis of prostate cancer. However, the ostensibly contradictory
mechanisms by which AhR promotes prostate cancer and pro-
hibits prostate carcinogenesis have been presented in animal
experiments [24]. In US veterans, some studies have confirmed
that the high TCDD exposure group had an increased incidence
of prostate cancer [8], while other studies have shown that the
group with high exposure to TCDD had a decrease in prostate
hyperplasia, a high risk factor for prostate cancer [25].

In the present study, officers with ages of lower than 45, 45-
49, 50-54, 55-59, and 60 or more years as of 1992 had SIRs of
4.6,2.2,3.2,2.6,and 1.4 for prostate cancer, and generally, the
younger the veterans were, the higher the SIR of prostate can-
cer was compared to the general population. This result con-
curs with a previous study of US veterans [26]. The current
study reported a high SIR of prostate cancer for officers only.
Since the enlisted and non-commissioned officers were young-
er by 6 and 3 years than the officers, respectively, extending
the follow-up would be needed to investigate whether the
prostate cancer incidence will increase in the future.

The current study found that the all-cancer incidence in the
veterans during 1992 to 1997 was lower than in the general
population, yet the incidence during 1998 to 2003 was close
to the incidence of the general population. Many occupational
studies, including research on veterans, have found lower
mortality or cancer incidence in TCDD-exposed subjects dur-
ing an initial stage of follow-up than in the general population,
and then incremental rates of change thereafter [18,27]. This
could be explained by the gradual disappearance of advan-
tages in the selection process of employment—in other words,
a decrease in the healthy worker effect over time—on the
other hand, it could be a consequence of accumulated harm-
ful effects of past exposure [27]. If the healthy worker effect
were to simply diminish with time, the cancer incidence in
Vietnam veterans would eventually become similar to that of
the general population. If the hazardous effects of past expo-
sure were to finally take a toll on veterans, the cancer incidence
in veterans could be higher than in the general population as
time passes. The SIR of all cancer in the enlisted during 1998 to
2003 was 1.02 (95% Cl, 0.99 to 1.06; p=0.12). This was not a
statistically significant difference from the general population,
but it was slightly higher. Thus, it is recommended that further
follow-up be performed to explore whether the cancer inci-
dence in Vietnam veterans becomes higher than in the gener-
al population in the future.

The current study demonstrated that a rise in military rank
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had an inverse relationship with the incidence of all cancer,
and officers had the lowest all cancer incidence among Viet-
nam veterans. Furthermore, the SIRs of some specific cancers
were different among military rank subcohorts. The fact that
socioeconomic status (SES) and SES-related demographic
characteristics, lifestyle, medical utilization characteristics, and
so on can affect the incidence, mortality, and survival of various
cancers has been well established [11,28]. In the 1960s and
1970s, Korean officers, compared to enlisted men and non-
commissioned officers, were an elite group with a high SES
who had graduated from the military academy; therefore, a
high SES-related characteristics and lifestyle may explain the
observed difference in SIRs of some cancers compared to vet-
erans with other military ranks. The officers had lower serum
TCDD concentrations than the enlisted in the Air Force Health
Study [29]. Thus, we cannot rule out the possibility that Korean
veterans may have different levels of exposure to Agent Orange
by military rank, although there has not been conclusive evi-
dence that Korean officers were less exposed to TCDD-con-
taminated military herbicides than the enlisted.

There were distinctive differences in the incidence of some
cancers according to the veterans’ military rank. With increas-
ing military rank, the incidence of cancers of the esophagus,
stomach, and lung clearly decreased. Additionally, the officers
had a significantly lower incidence of liver cancer and larynge-
al cancer than the general population. Meanwhile, the inci-
dence of colon cancer increased with increasing military rank,
and the officers had a significantly higher incidence of prostate
cancer than the general population. These results are in accord
with previous research that shows the risks of gastric cancer
[30,31], esophageal cancer [31,32], lung cancer [28,33], liver
cancer [34], and laryngeal cancer [35] have inverse relationships
with SES, while the risk of colon cancer [36] and prostate can-
cer [28] have positive relationships with SES. This agreement
with previous studies as well as the low all-cancer incidence in
the officers, suggest that military rank reflects SES in Vietnam
veterans, at least partially.

One of the strengths of this study lies in the opportunity to
identify the risk of rare cancers due to the large number of
subjects. As a cancer incidence study based on a nationwide
cancer registry, the diagnosis of cancer was more accurate,
and cancers with a low lethality were detected more frequent-
ly than in mortality studies [37]. At the same time, the current
study is not without limitations. First, follow-up on the study
cohort began in January 1992, when at least 19 years or at most
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27 years had passed after the veterans had returned from Viet-
nam. If veterans with severe consequences due to Vietnam
service or Agent Orange exposure had cancer or were deceased
before January 1, 1992, this study may have underestimated
the cancer incidence in Korean Vietnam veterans. However,
considering the fact that it usually takes 10 or more years to
develop cancer after exposure to toxic chemicals, the above
challenge may present fewer problems than in a mortality
study [5]. Second, even though the quality of the Korea NCID
has substantially improved in recent years, it had some limita-
tions in the early and mid-1990s [38]. Since this presents the
same challenges for both veterans and the general population,
the author does not consider it to have caused a substantial
bias in the SIR estimation. Third, the fact that this study con-
trolled for only age and calendar year of death and could not
adjust for important risk factors for mortality such as smoking,
drinking, and obesity, was another challenge. However, it is
practically impossible to control these variables, when com-
paring the cancer incidence of subjects with that of the gener-
al population. Thus, the author does not think this is a unique
challenge only applicable to the current study [27]. Finally, the
current study’s follow-up period was 12 years, which was short-
er than some of the existing research on veterans, workers, or
residents occupationally or environmentally exposed to toxic
chemicals [10,15,37]. Nevertheless, the substantial follow-up
in person-years due to the large sample size was strong enough
to compensate for the slightly shorter follow-up period.

In conclusion, the cancer incidence in Vietnam veterans was
modestly yet significantly lower than in the general popula-
tion. This could be explained by the “healthy soldier effect”. In
all of the Vietnam veterans, the incidence of prostate cancer
and T-cell ymphoma (C84) was higher than in the general
population, while the enlisted soldiers had a higher incidence
of lung cancer and bladder cancer than the general popula-
tion. Whereas the noncommissioned officers and officers had
a lower all-cancer incidence than the general population, the
enlisted had a similar all-cancer incidence to the general pop-
ulation. The incidence of cancers of the esophagus, stomach,
liver, larynx, lung, and prostate differed according to military
rank in the Vietnam veterans. The all-cancer incidence in the
Vietnam veterans was lower than in the general population
during 1992 to 1997, whereas the incidence was similar to
that in the general population during 1998 to 2003. Ongoing
follow-up is needed to investigate whether the incidence of all
cancer as well as specific cancers has an increasing trend rela-
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tive to the general population.
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