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Abstract

Background Although excess body weight has been

associated with cancers of the gastric cardia, relationships

with gastric cancer at other anatomic subsites are not well

defined. Furthermore, subsite-specific associations with

attained height have not been fully assessed.

Methods In 1995–1996, 483,700 Whites enrolling in the

multi-state NIH-AARP Diet and Health Study self-reported

height and weight. Gastric cancers occurring through 31

December 2006 were ascertained from regional popula-

tion-based registries. We used Cox regression models to

estimate cancer hazard ratios (HRs) for sex-specific tertiles

of height and weight and for body mass index (BMI) cat-

egories of the World Health Organization.

Results One thousand incident cancers (48 % localized to

the cardia, 4 % fundus, 6 % corpus, 3 % greater curvature,

6 % lesser curvature, 10 % antrum, 2 % pylorus, 5 %

overlapping lesion, and 16 % unspecified) occurred an

average of 5.4 years after enrollment. After controlling for

effects of age, sex, education, and smoking, we found an

inverse association between height and total noncardia

cancers (i.e., fundus, corpus, greater and lesser curvatures,

antrum, and pylorus), with HRs vs. tertile 1 of 0.65 and

0.71 for tertiles 2 and 3, respectively (p trend = 0.016).

Trends were consistent for individual noncardia subsites. In

contrast, although weight and BMI were each associated

with risk of cardia cancer, neither was associated with total

noncardia cancer nor individual subsites.

Conclusion Noncardia gastric cancer is associated with

short stature but not with high body weight or obesity. The

excess risk for shorter adults would be consistent with the

known association of chronic H. pylori infection with

growth retardation during childhood.
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Introduction

Although incidence rates have decreased, gastric cancer

remains the second leading cause of cancer-related mor-

tality worldwide [1]. Gastric cardia and noncardia cancers

have distinct epidemiological and clinical characteristics

[2]. In particular, seropositivity for Helicobacter pylori is

positively associated with noncardia cancer, but inversely

associated with cardia cancer [3].

Noncardia gastric cancer incidence rates among Whites

in the USA have been declining in older adults but rising in

younger persons [4]. Moreover, subsite-specific analyses

indicate a shifting distribution by anatomic subsite, with a

significant increase of corpus cancer among younger and

middle-aged Whites [5].

The association between attained height and overall

gastric cancer risk has been previously examined, but

findings have been inconsistent [6, 7]. Furthermore, sub-

site-specific associations have been insufficiently investi-

gated. Based on the established association of excess body

weight with risk of cardia cancer [8], we hypothesized that

anthropometric factors may be related to the incidence
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patterns in noncardia cancer as well. To examine this

hypothesis, we evaluated subsite-specific associations of

height, weight, and body mass index (BMI) with gastric

cancer among Whites, including nearly twice as many

cases as our previous reports from the same US cohort [9,

10].

Materials and methods

Study population

The US National Institutes of Health (NIH)-AARP Diet

and Health Study design has been described in detail

elsewhere [11]. In brief, the cohort was established in

1995–1996 by inviting 3.5 million AARP members aged

50–69 years residing in six states (California, Florida,

Louisiana, New Jersey, North Carolina, and Pennsylvania)

and two metropolitan areas (Atlanta, Georgia and Detroit,

Michigan) to complete a baseline questionnaire on demo-

graphic, anthropometric, dietary, and lifestyle characteris-

tics. The study was approved by the Special Studies

Institutional Review Board of the US National Cancer

Institute, and consent was assumed for participants who

completed and returned the questionnaire.

A total of 566,401 self-administered questionnaires were

returned with satisfactory data. Our analysis is restricted to

White responders (n = 516,914). We excluded 33,214

subjects with cancer at baseline, proxy respondents, and

those missing data for BMI. The resulting cohort consisted

of 483,700 participants (290,291 men and 193,409

women).

Case ascertainment and cohort follow-up

Incident cancers, including gastric cancer cases, were

identified by probabilistic linkage with population-based

cancer registries in the original recruitment areas and three

common states of relocation (Arizona, Texas, and Nevada).

Cancer sites were identified by the anatomical site and

histological code of the International Classification of

Disease for Oncology (ICD-O, 3rd edition). Tumors with

ICD-O codes C16.0–C16.9 were classified as gastric can-

cers, and, for this analysis, those with site codes C16.1–

C16.6 were grouped as total noncardia.

Cohort members were followed annually through the US

Postal Service national database for address changes and

the US Social Security Administration Death Master File

and the National Death Index Plus for updated vital status.

Follow-up for each subject began on the date of ques-

tionnaire return and continued until the date of cancer

diagnosis, date of censoring due to loss to follow-up, date

of death, or 31 December 2006, whichever came first.

Exposure assessment

Self-reported height and weight were obtained from the

baseline questionnaire, and BMI was derived as weight in

kilograms/height in square meters. Height and weight were

analyzed as tertiles according to sex-specific distributions.

Average heights for men and women, respectively, were

66.8 and 61.1 inches for tertile 1, 69.6 and 63.6 inches for

tertile 2, and 72.7 and 66.6 inches for tertile 3. Average

weights for men and women, respectively, were 158.2 and

124.4 pounds for tertile 1, 185.4 and 150.4 pounds for

tertile 2, and 225.9 and 195.1 pounds for tertile 3. For BMI,

we used predefined World Health Organization standard

categories: underweight, \18.5 kg/m2; normal, 18.5 to

\25; overweight, 25 to \30; obese, 30 to \35; and mor-

bidly obese 35 or greater.

Statistical analysis

We used multivariable Cox hazards regression to estimate

hazard ratios (HR) and 95 % confidence intervals (CI) of

height, weight, and BMI for combined and individual

noncardia cancer subsites. Referent categories were tertile

1 for height and weight, and normal for BMI.

All models were adjusted for age (continuous), sex,

education (less than high school, completion of high

school, some post-high school training, completion of

college, or completion of graduate school), cigarette use

(never smokers, former smokers who smoked up to 20

cigarettes/day, former smokers who smoked more than 20

cigarettes/day, current smokers who smoke up to 20 ciga-

rettes/day, or current smokers who smoke more than 20

cigarettes/day). Missing values were included as a separate

category for education (2.4 %) and smoking (3.4 %). Tests

for linear trend with height or weight were performed by

assigning values of 1, 2, and 3 to their tertiles and modeling

as ordinal variables.

We examined possible effect modification by sex for the

associations between height and noncardia cancer as well

as individual gastric cancer subsites. Statistical tests for

interaction evaluated the significance of categorical cross-

product terms in the multivariable models. The propor-

tional hazard assumption was tested by including time-

dependent variables in the models. All analyses were per-

formed with SAS 9.1.3 (SAS Institute, Cary, NC). All tests

were two-sided, and a p value of \ 0.05 was considered

statistically significant.

Results

The 483,700 White participants contributed 4,669,852

person-years of observation. The average time from
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enrollment to gastric cancer diagnosis was 5.4 years

(standard deviation 3 years). There were 786 gastric cancer

cases ascertained in men and 214 in women. Of these,

1,000 total cancers, 478 (48 %) were localized to the car-

dia, 42 (4 %) fundus, 58 (6 %) corpus, 30 (3 %) greater

curvature, 64 (6 %) lesser curvature, 98 (10 %) antrum, 16

(2 %) pylorus, 55 (5 %) overlapping, and 159 (16 %)

unspecified.

Figure 1 presents adjusted HRs for associations between

attained height and gastric cancer risk for combined and

individual anatomic subsites. For all gastric cancers com-

bined, there was no significant trend across tertiles

(p trend = 0.47). The risk of cardia cancer was not asso-

ciated with height. Risks of individual subsites of noncar-

dia gastric cancer were inversely associated, but not

statistically significant. For total noncardia cancer, indi-

viduals in the second and third tertiles of height had lower

gastric cancer risk vs. the first tertile (p trend = 0.016). As

compared to crude risk estimates, HRs adjusted for con-

founders were somewhat attenuated. Furthermore, there

were no significant multiplicative interactions between

height and sex (data not shown).

Excess weight was associated with increased gastric

cancer risk for all subsites combined (p trend = 0.028) and

for cardia cancer specifically (p trend = 0.0002), while no

consistent associations were found for noncardia subsites

(Fig. 2). Patterns were similar for associations with BMI

(Fig. 3). The proportional hazard assumption was satisfied

for all models (data not shown).

Discussion

To our knowledge, this study represents the first attempt to

investigate whether associations of height, weight, and

BMI with gastric cancer vary by detailed anatomical sub-

site. In this large cohort, we found an inverse association

between attained height and total noncardia gastric cancer,

with a consistent decreased risk across individual subsites.

Excess body weight was not related to noncardia cancers,

but was associated with a significantly increased risk of

cardia cancer.

Height is a complex trait, involving a variety of genetic,

hormonal, and environmental factors [12]. Interestingly,

chronic H. pylori infection, the primary risk factor for

noncardia gastric cancer [13], is a suspected cause of

growth retardation during childhood [14, 15]. The possible

mechanisms through which this bacterial infection may

affect growth include lower food intake, impaired nutrient

absorption, and direct nutrient loss [16, 17]. Inadequate

childhood nutrition may also affect susceptibility to H.

pylori infection, perhaps by reducing immune competence

All subsites combined (C16.0−C16.9) Tertile 2
Tertile 3

Total noncardia (C16.1−C16.6) Tertile 2
Tertile 3

Cardia (C16.0) Tertile 2
Tertile 3

Fundus (C16.1) Tertile 2
Tertile 3

Corpus (C16.2) Tertile 2
Tertile 3

Antrum (C16.3) Tertile 2
Tertile 3

Pylorus (C16.4) Tertile 2
Tertile 3

Lesser curvature (C16.5) Tertile 2
Tertile 3

Greater curvature (C16.6)Tertile 2
Tertile 3

Overlapping lesion (C16.8) Tertile 2
Tertile 3

Not otherwise specified (C16.9) Tertile 2
Tertile 3

.25 .5 1 2 4
Hazard Ratio

Fig. 1 Adjusted hazard ratios and 95 % confidence intervals for associations between attained height and gastric cancer risk by anatomic subsite
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All subsites combined (C16.0−C16.9) Tertile 2
Tertile 3

Total noncardia (C16.1−C16.6) Tertile 2
Tertile 3

Cardia (C16.0) Tertile 2
Tertile 3

Fundus (C16.1) Tertile 2
Tertile 3

Corpus (C16.2) Tertile 2
Tertile 3

Antrum (C16.3) Tertile 2
Tertile 3

Pylorus (C16.4) Tertile 2
Tertile 3

Lesser curvature (C16.5) Tertile 2
Tertile 3

Greater curvature (C16.6)Tertile 2
Tertile 3

Overlapping lesion (C16.8) Tertile 2
Tertile 3

Not otherwise specified (C16.9) Tertile 2
Tertile 3

.25 .5 1 2 4
Hazard Ratio

Fig. 2 Adjusted hazard ratios and 95 % confidence intervals for associations between weight and gastric cancer risk by anatomic subsite

All subsites combined (C16.0−C16.9) Overweight
Obese

Morbidly obese

Total noncardia (C16.1−C16.6) Overweight
Obese

Morbidly obese

Cardia (C16.0) Overweight
Obese

Morbidly obese

Fundus (C16.1) Overweight
Obese

Morbidly obese

Corpus (C16.2) Overweight
Obese

Morbidly obese

Antrum (C16.3) Overweight
Obese

Morbidly obese

Pylorus (C16.4) Overweight
Obese

Morbidly obese

Lesser curvature (C16.5) Overweight
Obese

Morbidly obese

Greater curvature (C16.6) Overweight
Obese

Morbidly obese

Overlapping lesion (C16.8) Overweight
Obese

Morbidly obese

Not otherwise specified (C16.9) Overweight
Obese

Morbidly obese

.25 .5 1 2 4
Hazard Ratio

Fig. 3 Adjusted hazard ratios and 95 % confidence intervals for associations between body mass index and gastric cancer risk by anatomic

subsite
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[18] or by high metabolic demands of the inflammatory

response [19]. Nevertheless, it cannot be completely dis-

missed that H. pylori infection may be a surrogate marker

for other factors associated with socioeconomic depriva-

tion in early life.

Previous findings for the association of overall gastric

cancer with attained height have been inconsistent. Case-

control comparisons have found an inverse association [6,

20], while cohort studies have suggested a weak-to-null

association [7, 21–25]. We found an average reduction in

noncardia gastric cancer risk of 33 % for height tertiles 2

and 3 as compared to tertile 1 (35 % for tertile 2 and 29 %

for tertile 3). This observation is consistent with several

independent reports associating H. pylori infection with a

roughly 0.5–1 in. decrement in attained height [26–28],

presumably due to the above-described pediatric growth

velocity relationship.

Unfortunately, we could not directly assess potential

confounding by H. pylori infection status because we did not

have this information. However, under the assumption that

all of the cancer risk difference is explained by variation in H.

pylori infection and that prevalence is 40 % overall [29], our

data would imply H. pylori prevalences of about 50 % for

height tertile 1 and 33 % for tertiles 2 and 3. Accordingly,

5/12 (i.e., 1/3 9 50/40 %) of H. pylori-infected subjects and

5/18 (i.e., 1/3 9 50/60 %) of H. pylori-uninfected subjects

would be in height tertile 1. Based on the height distribution

for the NIH-AARP population overall, these considerations

lead to estimated averages of 69.4 and 63.4 inches for H.

pylori-positive men and women, respectively, and of 70.0

and 64.0 inches for H. pylori-negative men and women,

respectively. Thus, indirect estimates from our data lead to

the same 0.6-inch difference that has been empirically

observed. Importantly, this analysis suggests that the height

difference in gastric cancer may merely reflect association

with H. pylori infection rather than any effect on progression

from infection to malignancy. Furthermore, the null associ-

ation with cardia cancer substantiates previous evidence that

gastric cancer at this anatomic subsite is largely unrelated to

H. pylori infection.

As we previously reported [5], there are subsite-specific

differences in gastric cancer incidence trends in the US,

suggesting that progression to cancer may require different

co-factors by anatomic subsite. Our results are consistent

with the known association of excess body weight with

cardia cancer [8], which may be mediated at least in part by

gastroesophageal reflux disease [30]. However, our find-

ings suggest that excess body weight is not associated with

risk of noncardia gastric cancer, either as individual or

combined subsites.

Our study had several strengths, including its prospec-

tive nature and relatively low proportion of subsite-

unspecified cancer (16 %). However, the analysis was

based on self-reported anthropometric variables, which

tend to understate weight and overstate height [31, 32].

Nevertheless, there is no reason to expect differential

misclassification associated with future development of

gastric cancer. Lastly, although our study was large, we

still had limited statistical power to examine associations

with cancers localized to some anatomic subsites.

In conclusion, patients with noncardia gastric cancer

tend to be short in stature. The known association between

attained height and H. pylori status seems to be sufficient in

magnitude to fully explain the difference in cancer risk.

Our study provides additional data regarding the role of

early life exposures in gastric carcinogenesis.
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