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Introduction

The Hmong are an ethnic minority who migrated from
China into the northern regions of Vietnam, Laos,
and Thailand in the mid-1800s. For many decades the
Hmong led a secluded and peaceful existence, surviving
on subsistence agricultural practices and foraging. Dur-
ing the Vietnam War many Hmong were recruited by
the United States Central Intelligence Agency (CIA) to
fight its popularly known “CIA Secret War” in Laos and
rescue downed United States pilots in the main conflict
in Vietnam [1]. The fall of Saigon in 1975 forced ap-
proximately 300 000 Hmong to flee into refugee camps
in neighboring Thailand, from which most eventually
resettled in the United States [2].

In the United States, Hmong resettlements have
concentrated in Minnesota, Wisconsin, and California.
Currently, about 70000 Hmong reside in California
alone [3]. Hmong encounter numerous socioeconomic
and healthcare challenges. Differences in health belief
systems often cause conflicts between the health-legal
system and many Hmong families [4]. Consequently,
Hmong are wary of Western medicine [5], and would
consider biomedicines only as a last resort, which may
delay the early diagnosis and treatment of diseases such
as cancer.

From 1900 to 1950, gastric carcinoma was the first and
third leading cancer mortality for men and women in
the United States [6], respectively. The disease was
diagnosed in approximately 22000 to 24000 people
each year. Risk factors associated with gastric carci-
noma include genetic predisposition [7,8]; infection with
Epstein-Barr virus [9,10]; intake of large amounts of
rice; high levels of alcohol consumption; and the intake
of preserved, smoked, cured, pickled, and fermented
foods that are high in salt, nitrite, and preformed
N-nitroso compounds [11,12]. Consumption of moldy
foods [13] and frequent intake of meat-based meals [14]
also elevate stomach cancer risk. However, the most
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Background. This study examined gastric adenocarcinoma
incidence, mortality, and tumor characteristics in the Hmong
population of California, 1988–2000. Many Hmong relocated
to the United States at the conclusion of the Vietnam War.
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of Western medicine and would resort to it as the last option,
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to calculate incidence and mortality rates for Hmong, and
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non-Hispanic whites (NHW). The population at risk was esti-
mated through linear interpolation, using data from the 1990
and 2000 decennial censuses.
Results. Hmong experienced incidence and mortality rates
of gastric adenocarcinoma several times higher than those
of API and NHW. More than 97% of Hmong patients chose
no treatment, compared to only 25.6% of API and 30.3% of
NHW patients. Hmong were more likely to be diagnosed with
cancer at later stages but at better histologic grades than API
and NHW.
Conclusions. Further investigations into Helicobacter pylori,
Epstein-Barr virus, acid reflux, and dietary practices of
Hmong living in the United States are needed before any firm
conclusion can be made, as these risk factors may impact
gastric cancer development. Hmong should also be encour-
aged to use traditional and Western medicines simulta-
neously, provided that traditional healthcare practices do not
interfere with biomedicines.
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influential risk factor of gastric cancer is infection with
Helicobacter pylori. The relationship between H. pylori
and stomach cancer was established in the early 1990s
by several studies [15–17], which led to H. pylori being
classified as carcinogenic to humans [18].

Furthermore, risk of stomach cancer is associated
with socioeconomic status. Gastric carcinoma affects
mostly people with low socioeconomic status and low
literacy levels, as lower social class is associated with
poor living conditions [19–21]. The male-to-female ra-
tios range from 1.5 to 2.5 [22]. Asians have higher inci-
dence rates than other ethnic racial groups. Japan has
the highest stomach cancer rates [23]. Moderately high
gastric cancer rates are observed in Korea, China, the
Middle East, parts of Eastern Europe, and Central
and South America. North America, Australia, New
Zealand, India, and Northern Europe have the lowest
rates of gastric cancer [24].

Globally, stomach cancer incidence and mortality
have declined steadily since the early 1970s [25]. The
invention of refrigeration technologies decreased the
intake of salted, smoked, pickled, and cured food items
[26], which led to the declining trends of stomach cancer
incidence and mortality. Other contributing factors
have included improved living conditions and the
development of antibacterial medications [27]. How-
ever, gastric cancer is still a major health issue in the
Hmong, as there is no simple screening tool to detect it
[28]. In this study, patterns of gastric carcinoma devel-
opment (i.e., incidence rates, mortality rates, stage at
diagnosis, and trends over time) among Hmong in
California from 1988 through 2000 were evaluated, and
compared to the incidence and mortality rates of non-
Hispanic Whites (NHW) and Asian Pacific Islanders
(API).

Patients, materials, and methods

Gastric cancer data utilized in this study were obtained
from the California Cancer Registry (CCR). The CCR
is a state-mandated, population-based cancer registry
charged with abstracting cancer data from computer-
ized hospital cancer registries, private pathology labora-
tories, and other “case-finding” sources since 1988. The
methods of the CCR have previously been described
[29].

Patients selected for this analysis were Hmong, API,
and NHW in California who were diagnosed with stom-
ach cancer from 1988 through 2000. The API and NHW
cases were included for comparison purposes. To
ensure accurate incidence and mortality rates, the true
number of Hmong stomach cancer cases was deter-
mined by a previously developed case identification and
reclassification algorithm [30].

The Hmong population at risk of developing stomach
cancer from 1988 through 2000 was estimated by linear
interpolation on an age-, calendar year- and gender-
specific basis, using data from the 1990 and 2000 decen-
nial United States censuses. Incidence and mortality
rates calculated in this study used the direct method [31]
and were based on invasive, malignant gastric carci-
noma cases. In-situ cases were included for descriptive
analyses only. The total number of available Hmong
cases was too small for year-specific analyses of rates.
Thus, calendar time incidence and mortality trends of
gastric carcinoma among Hmong were analyzed for
three different time periods (1988 through 1991, 1992
through 1995, 1996 through 2000). Information on age,
tumor stage and grade at diagnosis, histological sub-
type, and anatomic subsites was also examined.

Results

Seventy-six gastric cancer cases were diagnosed among
the Hmong living in California from 1988 through
2000. More than 97% of these cases were malignant
tumors. From 1988 through 1991, the annual average
age-adjusted incidence rate for stomach cancer in the
Hmong was 26.9/100 000, compared to 19.8/100000 for
API and 8.4/100 000 for NHW (Fig. 1). While the inci-
dence rate for Hmong increased to 28.8/100 000 from
1992 through 1995, the incidence rates dropped to
19.1/100 000 for API and 7.4/100000 for NHW. As the
incidence rate for Hmong continued to climb, to 36.0/
100 000 from 1996 through 2000, the rates for API (16.4/
100 000) and NHW (6.8/100 000) continued to decline.
Overall, the annual average age-adjusted incidence
rates for the 13-year observation period were 31.9/
100 000 for Hmong, 17.9/100 000 for API, and 7.4/
100 000 for NHW.

Likewise, the patterns observed for gastric cancer
mortality paralleled those of incidence. From 1988
through 1991, the annual average age-adjusted mortal-
ity rates in the Hmong, API, and NHW were 25.9/
100 000, 12.5/100 000, and 5.5/100000, respectively.
From 1992 through 1995, the annual mortality rate in
the Hmong climbed to 27.4/100 000, while the mortality
rates for API and NHW dropped, to 12.1/100 000 and
4.7/100 000, respectively. This pattern continued from
1996 through 2000, as the death rate for Hmong in-
creased to 34.6/100 000, and decreased for both API
(10.0/100 000) and NWH (3.9/100000). The overall
annual average age-adjusted mortality rates for the
entire 13-year observation period were 30.5/100 000 for
Hmong, 11.1/100 000 for API, and 4.6/100 000 for NHW.

Rates comparable to those for all gastric cancer sites
were also observed when examining the anatomic
subsites of gastric antrum, pylorus, overlapping lesion,
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and stomach not otherwise specified (NOS; Fig. 2).
From 1988 through 2000, the annual average age-
adjusted incidence rates for gastric antrum adenocarci-
noma for the Hmong, API, and NHW were 16.2/
100000, 5.6/100000, and 1.1/100 000, respectively. The
incidence rate for gastric pylorus was higher in the
Hmong (3.1/100000) than in the API (0.8/100000) and
NHW (0.2/100000) combined. Similar incidence rate
patterns were also noted for overlapping lesion and
stomach NOS for Hmong, API, and NHW. The differ-
ences between Hmong, API, and NHW for the subsites
gastric antrum, pylorus, and overlapping lesion were
statistically significant (P value, �0.01).

The average age at diagnosis was roughly equivalent
for Hmong, API, and NHW (Table 1). Slightly more
Hmong and API than NHW were diagnosed with stom-
ach cancer in the younger age groups, and vice-versa for
those 60 years or older. Male-to-female ratios among
the three racial, groups were 1.1 for Hmong, 1.3 for
API, and 1.8 for NHW.

Grades of gastric carcinoma at diagnosis were compa-
rable among all three ethnic/racial groups. More than
half of the three ethnic/racial groups were diagnosed
with poorly differentiated gastric carcinoma. Both API
and NHW were more likely to be diagnosed with undif-
ferentiated stomach cancer than Hmong. For known
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stages at diagnosis, Hmong patients (10.6%) were less
likely to be diagnosed with the disease at the earlier
stages (in situ and local), compared to API (19.9%) and
NHW (17.6%). Higher percentages of Hmong (35.5%)
cases were unstaged, compared to API (14.1%) and
NHW (16.2%) cases.

Since grade and stage at diagnosis determine treat-
ment options and outcomes, analyses of treatment
data indicate that, while all Hmong patients were hos-
pitalized at inpatient care facilities, slightly more than
18%, 14%, and 2% were assigned to a medical oncolo-
gist, surgeon, and radiation oncologist, respectively.

First course of treatment, which is another treatment
variable, also revealed that more than 97% of Hmong
patients chose no specific treatment, compared to
25.6% for API and 30.3% for NHW, even though
specialists were assigned to provide the necessary
care.

As for histologic subtypes, there was no significant
difference among the three ethnic/racial groups.
However, analyses by anatomic subsites revealed that
Hmong patients (52.6%) were more likely to be diag-
nosed with stomach cancer of the gastric antrum than
both API (31.1%) and NHW (15.4%) combined.

Table 1. Distribution of patient/tumor characteristics (percentage) by ethnicities for
stomach cancer in California, 1988–2000

Hmong API White
Characteristics (n � 76) (n � 5052) (n � 18 261)

Age (years)
Mean (SD) 67.0 (13.7) 66.4 (14.7) 70.6 (12.9)
�20 0.0 0.1 0.0
20–39 2.6 5.6 2.0
40–59 26.3 23.3 16.3
60� 71.1 71.0 81.7

Sex
Male 52.6 57.3 63.8
Female 47.4 42.7 36.2

Histologic grade at diagnosis
Well differentiated 2.6 3.4 4.0
Moderately differentiated 25.0 21.1 22.3
Poorly differentiated 56.6 56.8 51.6
Undifferentiated 0.0 2.7 3.0
Unknown grade 15.8 16.0 19.1

Stage at diagnosis
In situ 2.7 1.4 1.1
Localized 7.9 18.5 16.5
Regional 26.3 37.9 34.7
Distant 27.6 28.1 31.5
Unknown 35.5 14.1 16.2

Histologic subtypes
Adenocarcinoma 83.3 88.2 84.7
Carcinoma 10.5 4.0 4.8
Squamous cell carcinoma 6.6 1.0 0.9
Others 2.6 6.8 9.6

First course of treatment
No treatment 97.4 25.6 30.3
Surgery 0.0 44.6 39.3
SCRa 2.6 29.8 30.4

Anatomic subsites
Cardia, NOS 0.0 9.4 33.6
Fundus 0.0 3.5 5.2
Body 2.6 8.5 6.5
Gastric antrum 52.6 31.1 15.4
Pylorus 9.2 4.3 2.4
Lesser curvature 4.0 13.3 8.2
Greater curvature 0.0 5.3 4.7
Overlapping lesion 17.1 9.6 8.8
Stomach, NOS 14.5 15.0 15.2

a Combination of surgery, chemotherapy, and radiation
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Discussion

This study was based on 76 stomach cancer cases diag-
nosed in the Hmong population in California from 1988
through 2000. The current results are similar to those
previously reported [32,33]. During the 13-year obser-
vation period, Hmong suffered gastric cancer incidence
rates 1.8 and 4.3 times higher than API and NHW,
respectively. These rates increased to 2.2 and 5.3 times
when analyses were restricted to 1996 through 2000.
Similarly, from 1996 through 2000, Hmong succumbed
to 3.5 and 8.9 times more stomach cancer mortality
than API and NHW, respectively. For the entire study
period, the rates at which Hmong died of gastric cancer
were 2.7 and 6.6 times those of API and NHW,
respectively.

The observed continuing increase of gastric cancer
incidence and mortality rates in the Hmong may be of
sociocultural and environmental origins. Daily tradi-
tional dietary practices may play a role in the increasing
trends. Studies have linked gastric carcinoma to the
consumption of high volumes of rice [34] and preserved
foods [35]. Mounting epidemiologic evidence has sug-
gested that increased consumption of fruits and veg-
etables protects against stomach cancer development
[36]. The ingestion of fruits and vegetables among the
Hmong is minimal, and is infrequent in comparison to
that of rice, pork, and chicken [37]. Frequent intake of
rice and meat-based meals not only elevates risk of
stomach cancer but also coincides with obesity, which
predisposes to gastric cancer through chronic acid reflux
disease as a result of increasing abdominal weight
pressures [38]. In the Hmong culture, being overweight
is perceived as being healthy and strong, and body
mass index among Hmong adults [39] averages more
than 25.5kg/m2, which is considered to be moderately
overweight.

Low socioeconomic status forced the Hmong to live
in dirt-floor, bamboo houses in Laos and Thailand,
which facilitated the acquisition of H. pylori. Early
childhood infection with H. pylori has been linked to
poor and overcrowded living conditions in China [40]
and Thailand [41]. Today, the bacterium is possibly ex-
erting its carcinogenic effects on the Hmong, and it will
continue to do so in the foreign-born generations of
Hmong living in the United States. With marked im-
provements in living conditions and socioeconomic sta-
tus in the United States, rates of stomach cancer should
decline as Hmong are acculturated and adopt healthier
dietary practices.

When examining stage at diagnosis, social class is less
influential than the fact that there is no simple diagnos-
tic tool available to detect gastric carcinoma at the early
stages. Data from the current analysis show that Hmong
experienced less undifferentiated and late-stage gastric

cancer than API and NHW. However, with unstaged
disease — which could very well be late-stage gastric
carcinoma — being much higher in the Hmong, the
lower proportions of undifferentiated and late-stage
stomach cancer in the Hmong may be superficial. The
higher percentage of poorly differentiated gastric carci-
noma observed in API and NHW may simply be attrib-
utable to Epstein-Barr virus infection, and may have
nothing to do with social class.

With regards to anatomic subsites of the stomach,
Hmong suffered 2.9 and 14.7 times more of gastric
antrum adenocarcinoma than API and NHW. Infection
with H. pylori is a possible explanation for the higher
incidence rate of gastric antrum adenocarcinoma in
the Hmong, as several studies have shown that H.
pylori is the etiologic agent for gastric antrum adeno-
carcinoma [42–44]. API and NHW experienced higher
incidences of cancer of the gastric cardia, fundus,
and other upper portions of the stomach. Currently
it is impossible to differentiate true gastric cardia
(AEG II) cancer from cancer of the esophagogastric
junction (GEJ) in the CCR database. It is possible
that the high proportions of gastric cardia in NHW
may have included GEJ cases, due to misclassification
[45].

Consistent with data from other studies [46,47], re-
sults from the current study clearly show that Hmong
patients did not seek treatment. More than 97% of
Hmong patients sought neither surgery, radiation, nor
chemotherapy for stomach cancer, compared to API
(25.6%) and NHW (30.3%) even though medical
oncologists, surgeons, and radiation oncologists were
assigned to provide the care needed. Studies have
shown that survival was significantly more favorable for
gastric cancer patients who had undergone some sort of
surgical resection, compared to those without a treat-
ment [48,49]. The “no-treatment” evidence is one of
numerous explanations of why more than 92% of
Hmong cancer patients died of the disease. Further-
more, this result is indicative of the underutilization of
biomedical care by the Hmong, as they continue to rely
on traditional health healings as the first line of defense.
The synergistic effect of the lack of diagnostic tools,
postponement in seeking healthcare, and not accepting
treatment among the Hmong exacerbates the situation
even further, which may negatively affect survival or
quality of life.

At this juncture, no data are available on H. pylori,
Epstein Barr virus, acid reflux disease, and current
dietary practices among Hmong living in the United
States. Thus, further investigations into the aforemen-
tioned variables among Hmong are warranted before
any firm conclusion can be drawn, as these variables
may impact gastric cancer development. Because
traditional religion and health beliefs are pivotal to
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Hmong health healing practices, Hmong should be en-
couraged to simultaneously seek both traditional and
biomedicines for chronic, biologically induced ailments.
This will potentially increase their utilization of medical
care and the selection of some sort of treatment when
serious chronic diseases such as cancers are detected
early. Support for concurrent access to traditional and
westernized healthcare options is not only culturally
responsive but also provides the greatest chance for
increasing the acceptance of non-traditional health
practices by the Hmong, provided traditional health-
care practices do not interfere with biomedicines.
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