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ABSTRACT
Background: China has some of the highest incidence rates for
gastric adenocarcinoma (GA) and esophageal squamous cell carci-
noma (ESCC) in the world. Prospective studies suggested that vita-
min C may reduce risks; however, associations are unclear because
of limited sample size.
Objective: The objective was to examine the relation between pre-
diagnostic plasma vitamin C and the risk of GA and ESCC.
Design: A case-cohort study was used to assess the association be-
tween prediagnostic plasma vitamin C and incidence of GA (n =
467) and ESCC (n = 618) in the General Population Nutrition
Intervention Trial. With the use of multivariate Cox proportional
hazards models, we estimated the HRs and 95% CIs. We also con-
ducted a meta-analysis of the literature up to 1 October 2012 on the
relation between circulating vitamin C and gastric cancer incidence.
Two cohort studies and the current study were included to assess the
body of evidence.
Results: For GA, each 20-mmol/L increase in plasma vitamin C was
associated with a 14% decrease in risk (HR: 0.86; 95% CI: 0.76, 0.96).
Compared with individuals with low plasma vitamin C concentra-
tions (#28 mmol/L), those with normal concentrations (.28 mmol/L)
had a 27% reduced risk of GA (HR: 0.73; 95% CI: 0.56, 0.94). No
association between vitamin C concentrations and ESCC was seen.
Meta-analysis showed that the risk of incident GA among those with
the highest concentration of plasma vitamin C was 31% lower (ran-
dom-effects-pooled-odds ratio 0.69; 95% CI: 0.54, 0.89) than those
in the lowest category.
Conclusion: Our data provide evidence that higher circulating vitamin
C was associated with a reduced risk of incident GA, but no association
was seen for ESCC. Am J Clin Nutr 2013;98:1289–97.

INTRODUCTION

Gastric and esophageal cancer represent the second and sixth
most common causes of cancer death worldwide, respectively
(1). China has high incidence rates for these cancers, and its
population accounts for 42% of gastric and 50% of esophageal
cancers in the world (2). Within China, the Linxian region has the
highest rate of esophageal cancer and high rates of gastric ad-
enocarcinoma (GA)4; of note, essentially all cases of esophageal
cancers in this region are esophageal squamous cell carcinomas
(ESCCs).

Vitamin C or ascorbic acid is vital to most living tissues. Humans
lack the ability to synthesize vitamin C, and it must be obtained
from the diet. Serum vitamin C concentrations .28 mmol/L are
considered normal, 11–28 insufficient, and,11 deficient (3). The

prevalence of vitamin C insufficiency is likely to be greater in
nutritionally deficient areas of economically developing regions,
such as Linxian (4).

Vitamin C may be particularly relevant for gastric cancer be-
cause of its interrelation with Helicobacter pylori (5). Infection
with H. pylori is the leading etiologic factor for gastric cancer
across all populations (6). H. pylori–infected patients typically
have lower concentrations of vitamin C in their gastric juice,
which may normalize after H. pylori eradication (7). Atrophic
gastritis, a cancer-predisposing state caused by H. pylori, can
lead to increased gastric juice pH, which impairs vitamin C se-
cretion from the gastric mucosa (8). Vitamin C may possess anti-
microbial activity against H. pylori (9), although the evidence is
equivocal (10).

Linxian residents have low nutritional status, primarily be-
cause of the low consumption of fruit and vegetables (4) and the
high prevalence of H. pylori infection (11). However, the role of
nutritional deficiency in GA and ESCC is incompletely un-
derstood in Linxian. Some nutrients have shown strong associ-
ation with risk (12, 13), whereas others have not (14, 15); results
have also varied by cancer location within the stomach. Because
of the known relation with H. pylori (5) and potential anticancer
properties (16–18), vitamin C may contribute to the etiology of
both cancers in this high-risk area.

Few observational epidemiologic studies have examined the
association between circulating vitamin C concentrations and risk
of incident gastric or esophageal cancers. There are no published
prospective cohort studies of esophageal cancer and circulating
vitamin C, and the 2 extant prospective cohort studies of gastric

1 From the Division of Cancer Epidemiology and Genetics, National Can-

cer Institute, NIH, Genetic Epidemiology Branch (TKL and PRT), Nutri-

tional Epidemiology Branch (NDF, SMD, and CCA), and the Division of

Cancer Control and Population Sciences, Epidemiology and Genomics Re-

search Program (TKL), Rockville, MD; and the Cancer Institute, Chinese

Academy of Medical Sciences and Peking Union Medical College, Beijing,

People’s Republic of China (J-HF and Y-LQ).
2 Supported by the Intramural Research Program of the NIH, National

Cancer Institute, Division of Cancer Epidemiology and Genetics.
3 Address correspondence to TK Lam, 9609 Medical Center Drive, 4E125,

Rockville, MD 20850. E-mail: lamt@mail.nih.gov; or Y-L Qiao. E-mail:

qiaoy@cicams.ac.cn.
4 Abbreviations used: ESCC, esophageal squamous cell carcinoma; GA,

gastric adenocarcinoma; MPA, meta-phosphoric acid; NIT, Nutrition Inter-

vention Trial; QC, quality control; RCT, randomized controlled trial.

ReceivedFebruary 22, 2013. Accepted for publication August 9, 2013.

First published online September 11, 2013; doi: 10.3945/ajcn.113.061267.

Am J Clin Nutr 2013;98:1289–97. Printed in USA. � 2013 American Society for Nutrition 1289



cancer had modest sample size (n w 200) (19, 20). The only
study to report risks separately by gastric subsites (cardia and
noncardia) is the European Prospective Investigation into Can-
cer and Nutrition, which observed a significant inverse associ-
ation with GA (20).

In the current study, we investigated the association between
prediagnostic plasma vitamin C concentrations and risk of in-
cident GA, including both anatomic subsites, and ESCC in a large
population-based cohort study in China.

SUBJECTS AND METHODS

Study population

The Linxian General Population Nutrition Intervention Trial
(NIT) was a randomized double-blind primary intervention trial
(March 1986 through May 1991). The trial tested 4 regimens of
vitamin-mineral combinations, including a combination of vi-
tamin C and molybdenum, on the incidence of esophageal cancer
and gastric cancer. Detailed descriptions of the trial design (21),
results (22), and follow-up results (2) have been published. Briefly,
29,584 men and women aged 40–69 y were recruited from northern
Linxian in the Henan province of central China. In 1985, par-
ticipants were interviewed by baseline questionnaire on basic
demographic characteristics and dietary intakes. In 1991, at the
end of the trial, a questionnaire was administered to obtain selected
characteristics, including BMI. Last, a brief questionnaire was
administered in 1996 to obtain updated lifestyle information.

Since the conclusion of the trial in 1991, follow-up of all par-
ticipants for vital status and cancer endpoints has continued via
monthly checks of village doctors’ records and quarterly checks of
the Linxian Cancer Registry.

Between 1999 and 2000, all livingNIT participants were invited
to participate in a blood collection survey, and w16,000 par-
ticipated (w80% of all eligible participants). Participants were
requested to fast the previous night before blood collection.
Immediately after collection, the blood was stored on ice for 3 to
6 h, separated by centrifugation, and then portioned into aliquots
within 24 h An aliquot of plasma was mixed with 4 parts of 6%
meta-phosphoric acid (MPA) specifically to enable future anal-
ysis of plasma vitamin C. These stabilized samples were then
stored at 2858C until analyzed. In the current study, we used a
case-cohort design to select subjects for plasma vitamin C assays
from this subpopulation of NIT members.

Cases and subcohort

A schema illustrating the selection of the vitamin C subcohort
and the origins of cancer cases is shown in Figure 1. From the
NIT cohort members who participated in the blood collection
survey, we selected an age- and sex-stratified random sample of
1000 subjects to serve as a reference subcohort for the current
vitamin C study. Of these 1000 subcohort members, 52 were ex-
cluded because of inadequate MPA-preserved plasma and thus
could not undergo vitamin C analysis. The final vitamin C sub-
cohort consisted of 948 members.

Cases were defined as a census of all subjects with a diagnosis
of ESCC or GA after the 1999/2000 blood collection with
follow-up through the end of 2007. Gastric tumors were further
defined as cardia adenocarcinomas if they were centered in the

most proximal 3 cm of the stomach and as noncardia adeno-
carcinomas if they were centered distal to this region. Per the
definition of a case-cohort study, cases could originate from either
the entire cohort (eg, the blood collection survey) or from the
vitamin C subcohort. Sixty-six members of the vitamin C sub-
cohort developed cancer during the course of follow-up; all other
cases came from the entire cohort with available MPA-preserved
plasma. The current study comprised a total of 618 ESCC and 467
GA (329 cardia and 138 noncardia) patients.

Laboratory analyses

MPA-preserved plasma samples were thawed, pipetted into
aliquots, and immediately refrozen to2708C at Fisher BioServices.
Samples were shipped on dry ice overnight to Craft Technolo-
gies Inc. At Craft Technologies Inc, samples were stored at2708C
until processed for analysis. Plasma specimens were analyzed
for vitamin C by HPLC by using methods similar to those used
by NHANES for their vitamin C analysis (23).

Quality control (QC) for vitamin C measurements included 3
in-house QC samples with known concentrations (4.88, 23.3, and
164.4 mmol/L), whose target values had been verified against
National Institute of Standards and Technology Reference Ma-
terials. In addition to the 3 in-house QC samples, we included
QC samples from the pooled serum of 80 study subjects from
our cohort drawn at baseline. The 3 in-house QC samples were
included at the beginning and end of each batch. Each batch
therefore consisted of 30 randomly selected samples (6 in-house
QCs, 2 pooled QCs, and 22 pooled samples from the cohort).
The overall CVs corresponding to the 3 in-house QC samples
from the highest to the lowest concentrations were 9%, 4%, and
2%, respectively. The within-batch, between-batch, and total
CVs for the pooled QC samples were 4%, 4%, and 6%, respectively.

FIGURE 1. Schema of the vitamin C case-cohort study. aReference vita-
min C subcohort. bFifty-two subcohort members from the original selected
1000 members did not have adequate meta-phosphoric acid–preserved
plasma for vitamin C analyses and thus were excluded in the final subcohort.
ESCC, esophageal squamous cell carcinoma; GA, gastric adenocarcinoma.
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Laboratory personnel were blinded to subject case status and the
existence of pooled QC samples.

Methods used to measure H. pylori and pepsinogens (I and II)
were previously described (24). The H. pylori seropositivity
cutoff was defined as absorbances of $1.0 for whole-cell anti-
bodies (25). Pepsinogens were assessed by using an enzyme-
linked immunosorbent assay (Biohit ELISA kit; Biohit).

Statistical analyses

Median values for plasma vitamin C were calculated in the
vitamin C subcohort by using the sampling weights from the
entire Linxian General Population NIT cohort, so that estimates
represented the entire cohort, including those who later developed
cancer. We compared vitamin C concentrations by selected char-
acteristics with the use ofWilcoxon’sMann-WhitneyU test/K-sample
test for the equality of medians or the Jonckheere-Terpstra test
for categorical variables. For all primary risk analyses, we used
Cox proportional hazards models to estimate crude and adjusted
HRs and 95% CIs. Models were fit by using the case-cohort Cox
models available in Epicure Software (Hirosoft). We fit separate
models for each cancer evaluated (ESCC, GA, cardia adenocar-
cinoma, and noncardia adenocarcinoma).

Plasma vitamin C concentration was analyzed in 3 ways: 1)
as a continuous variable (with HRs estimated for risk related to
each 20-mmol/L increase (half the IQR), which approximates
the increment from one quartile to the next 2); in season-specific
quartiles (based on the distributions of the entire subcohort); and
3) as a dichotomous variable by using a single cutoff based on
the literature [normal (.28 mmol/L) compared with low (#2
mmol/L), ie, individuals with either insufficient (11–28 mmol/L)
or deficient (,11 mmol/L) circulating vitamin C concentrations].
Because circulating vitamin C varied by season of blood draw, all
estimates were based on the models conditioned on season of
blood draw with the cumulative HR presented. Multivariate
models were adjusted for 6 sex and age group categories used in
the subcohort selection, history of smoking (yes or no), BMI
(in kg/m2; by using cutoffs appropriate for Asians: ,18.5, 18.5–
23.9, or $24), season of blood draw (winter or spring), and
H. pylori seropositivity. Although we considered the contribu-
tion of the dietary intake (using data from the 1996 follow-up
questionnaire), we decided that inclusion of the dietary data in
the final models would not be informative because of the limited
distribution of the dietary data (see Supplemental Table 1 under
“Supplemental data” in the online issue) and the incomplete
detailed capture of all sources of vitamin C (ie, we did not
capture individual types of fruit) with plasma vitamin C con-
centration. In addition, further adjustment for alcohol consump-
tion, assignment to NIT intervention treatment Factor C, serologic
atrophic gastritis, fruit and vegetable intake, and meat intake did
not materially change the associations between plasma vitamin
C concentrations and cancer outcomes (data not shown).

We performed separate analyses by sex, age (above or below
median), smoking (yes or no), H. pylori seropositivity, Factor C
intervention (which included vitamin C treatment assignment),
and serologic atrophic gastritis status (defined as a serum pep-
sinogen I to II ratio #4). We based our selection on variables
that either showed differential plasma vitamin C concentration
or were hypothesized to be possible effect modifiers. Formal
interaction testing was based on the likelihood ratio test by using

plasma vitamin C concentrations as a dichotomous variable
(#28 or .28 mmol/L). The results did not materially change
when we used plasma vitamin C as a continuous variable. We
also examined the effect of time of follow-up by excluding cases
diagnosed within the first year of follow-up.

Statistical analyses other than Cox models were completed by
using SAS version 9.1 (SAS Institute Inc). We used 2-sided
P values and considered P values ,0.05 or CIs that excluded
1.0 as statistically significant. The proportional hazard assump-
tion was met as examined by using graphic representations and
formal testing with the use of time interaction terms.

Meta-analyses

To examine the totality of the evidence on prediagnostic plasma
vitamin C and incidence of gastric cancer, we conducted a sys-
tematic review of the literature and meta-analysis of the published
data and that of the present study.

Search strategy and data extraction

We searched PubMed using the following search terms:
((“plasma”[MeSH Terms] OR “plasma”[All Fields]) AND (“ascor-
bic acid”[MeSH Terms] OR (“ascorbic”[All Fields] AND “acid”[All
Fields]) OR “ascorbic acid”[All Fields] OR “vitamin c”[All Fields]))
OR (“plasma”[MeSH Terms] OR “plasma”[All Fields]) AND “as-
corbic acid”[All Fields] OR (prediagnostic[All Fields] AND (“trace
elements”[MeSH Terms] OR (“trace”[All Fields] AND “ele-
ments”[All Fields]) OR “trace elements”[All Fields] OR “mi-
cronutrient”[All Fields] OR “trace elements”[Pharmacologic
Action] OR “micronutrients”[MeSH Terms] OR “micronutrients”[All
Fields] OR “micronutrients”[Pharmacologic Action])) AND ((“stom-
ach neoplasms”[MeSH Terms] OR (“stomach”[All Fields] AND
“neoplasms”[All Fields]) OR “stomach neoplasms”[All Fields]
OR (“gastric”[All Fields] AND “cancer”[All Fields]) OR “gastric
cancer”[All Fields]) AND (“risk”[MeSH Terms] OR “risk”[All
Fields])) AND “humans”[MeSH Terms]. The search included all
studies published up to 1 October 2012. Only English articles
were included. In addition, we hand-searched relevant refer-
ences in review articles.

The following exclusion criteria were applied to the screening
of articles: 1) no original data (reviews, editorials, meta-analyses,
and systematic reviews); 2) studies not addressing the associa-
tion between plasma or serum vitamin C/ascorbic acid and gastric
cancer risk; 3) studies not in humans; 4) cross-sectional studies,
case-control studies, case reports, and case series; and 5) studies
of precancerous gastric lesions. The eligibility of each abstract
or full-text article was assessed independently by 2 reviewers. For
each eligible article, 2 reviewers abstracted the data into an Excel
spreadsheet. The data abstraction was performed serially, and any
disagreements between reviewers were resolved by consensus.

Statistical analysis

The primary quantitative analyses focused on prediagnostic
circulating (plasma or serum) vitamin C (or ascorbic acid) and
risk of incident gastric cancer. For all studies, risk estimates and
their respective 95% CIs were abstracted. We used inverse-variance
weights in random-effects models to obtain pooled RR estimates,
comparing the highest with the lowest categories of circulating
vitamin C. Statistical heterogeneity was assessed by using the
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DerSimonian and Laird’s Q statistic and the I2 statistic. This meta-
analysis was performed by using Stata version 11.1 (StataCorp).

RESULTS

Compared with the subcohort, subjects with GA were more
commonlymales and smokers with serologically defined atrophic

gastritis, whereas subjects with esophageal cancer were more
likely female, who tend not to smoke tobacco or drink alcohol
(Table 1).

Plasma vitamin C concentrations by selected characteristics
are shown in Table 2. The median plasma vitamin C concen-
tration in the subcohort was 32.7 mmol/L. Plasma vitamin C
concentrations were significantly higher in females, in samples

TABLE 1

Selected characteristics of subcohort and cases of the Linxian General Population Nutritional Intervention Trial1

Characteristics

Subcohort

(n = 948)

ESCC

(n = 618)

Gastric2

(n = 467)

Age at 1999/2000 blood draw (y)3 63.9 6 7.6 63.9 6 6.9 64.1 6 7.0

Mean time between blood donation and diagnosis (y) NA 3.6 3.7

Sex, female [n (%)] 475 (50.1) 330 (53.4) 196 (41.9)

BMI (kg/m2)4 22.3 6 2.6 22.1 6 2.5 22.1 6 2.5

Smoking [n (%)] 637 (67.5) 440 (71.4) 283 (60.6)

Alcohol consumption [n (%)] 695 (73.6) 479 (77.8) 338 (72.3)

Pepsinogen I:II ratio

Median (IQR) 8.6 (7.1) 8.3 (6.6) 6.6 (6.0)

Serologic atrophic gastritis (%)5 11.9 12.3 19.2

Helicobacter pylori–positive subjects [n (%)] 907 (95.6) 596 (96.4) 446 (95.5)

1Numbers may not add up to 100% because of missing data. ESCC, esophageal squamous cell carcinoma; NA, not

available.
2Gastric adenocarcinoma includes both cardia and noncardia cases.
3Values are means 6 SDs.
4Values are medians 6 SDs.
5Defined as pepsinogen I/pepsinogen II ,4.

TABLE 2

Plasma vitamin C concentrations in a subcohort of the Linxian General Population Nutrition Intervention Trial by selected characteristics1

Characteristic

No. of

subjects

Median vitamin

C concentration IQR

Percentile of vitamin C concentrations

P value5th 25th 75th 95th

mmol/L

Subcohort 948 32.7 41.6 5.0 13.5 55.2 72.6

Season of blood draw

Winter, 1999 457 51.5 27.5 11.4 34.8 62.3 76.4

Spring, 2000 487 16.8 23.0 3.7 9.1 32.2 64.9 ,0.00012

Sex

Female 475 37.3 41.0 6.0 16.4 57.4 75.3

Male 473 26.7 39.2 3.6 10.7 50.0 70.2 ,0.00012

Age at blood draw

,60 y 302 35.3 36.7 5.3 16.2 53.0 71.7

$60 y 642 31.9 43.8 4.8 12.5 56.3 72.8 0.202

BMI3

,18.5 kg/m2 41 35.9 52.6 3.8 12.0 64.6 90.7

18.5–23.9 kg/m2 545 31.2 40.1 4.8 14.2 54.3 74.4

$24 kg/m2 176 34.1 42.6 5.3 12.9 55.6 69.0 0.0504

Smoking

No 637 35.3 41.0 5.4 15.4 56.5 73.5

Yes 307 25.9 37.7 3.6 5.5 48.0 71.4 0.000302

Alcohol consumption

No 695 34.5 42.1 5.2 14.0 56.1 73.5

Yes 249 29.3 39.9 4.8 12.4 52.4 70.7 0.102

Serologic atrophic gastritis5

No 772 31.2 41.6 5.0 12.9 54.5 72.2

Yes 113 33.8 43.3 3.6 11.6 54.9 74.0 0.802

1Plasma vitamin C concentrations are weighted, accounting for age and sex, to the original cohort.
2Wilcoxon’s-Mann-Whitney test/K-sample test on the equality of medians.
3BMI (in kg/m2; on the basis of cutoffs appropriate for Asians: ,18.5, 18.5–23.9, or $24).
4 Jonckheere-Terpstra test.
5No = pepsinogen I/pepsinogen II $4; yes = pepsinogen I/pepsinogen II ,4.
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collected during the winter, and in never-smokers. The observed
seasonal difference in plasma vitamin C is consistent with the
previously reported lower consumption of fresh fruit and vege-
tables in the spring in this region (4, 26). There was no differ-
ence in plasma vitamin C between individuals with and without
serologically defined atrophic gastritis (31.2 and 33.8 mmol/L,
respectively; P = 0.75).

We found a significant inverse association between higher plasma
vitamin C concentrations and risk of gastric cancer. The HR (95%
CI) associated with each 20-mmol/L increase of plasma vitamin
C was 0.86 (0.76, 0.97) for GA (Table 3). The inverse associ-
ations remained when season-specific quartiles were used (Table
2). Similarly, when we used the established cutoff for low (#28
mmol/L) compared with normal (.28 mmol/L) plasma concen-
trations, individuals with normal plasma vitamin C concentra-
tions had a 27% reduced risk of gastric cancer compared with those
with low concentrations (HR.28 vs #28 mmol/L: 0.73; 95% CI:
0.56, 0.97; P = 0.03; Table 4). In analyses by anatomic subsites,
we found borderline statistically significant inverse association
for cardia (HR.28 vs #28 mmol/L: 0.73; 95% CI: 0.52, 1.00; P =
0.05) and no statistical association for noncardia (HR.28 vs #28

mmol/L: 0.74; 95% CI: 0.48, 1.14; P = 0.18. Although the median
concentrations were quite different, season did not modify the
association observed between plasma vitamin C concentration
and risk of gastric cancer (P-interaction . 0.05; Table 4).

For ESCC, we found no significant evidence of an association
with plasma vitamin C concentrations (HR.28 vs #28 mmol/L: 0.89;
95% CI: 0.69, 1.14; P = 0.37), regardless of the metric used to
model the exposure (Tables 3 and 4).

We examined the associations between plasma vitamin C con-
centrations and risk of each cancer separately by selected char-
acteristics. No evidence of effect modification by sex, age, smoking,
serologically defined atrophic gastritis, or Factor C intervention
group assignment were found for either gastric cancer or ESCC
(see Supplemental Figure 1 under “Supplemental data” in the on-
line issue). The results of the analyses that excluded individuals
with a diagnosis madewithin 1 y after the blood draw showed sim-
ilar risk estimates (data not shown).

In our systematic review, we identified 3 prospective cohort
studies (19, 20, 27) that quantified the association between cir-
culating vitamin C and gastric cancer. Of these, we excluded the
Basel Study (27) because results were presented only stratified by
age such that we were unable to calculate the overall RR (95%
CI) from the published data. Selected characteristics of the in-
cluded studies and ours are presented in Table 5. The 2 included
studies were nested case-control studies of comparable size. The
study in Chinese men (19) found no relation with the incidence
of unspecified gastric cancer (no. of cases = 191; ORQ4vsQ1:
0.92; 95% CI: 0.55, 1.55), whereas the European study found
that plasma vitamin C concentrations were inversely associated

TABLE 3

HRs and 95% CIs for the association between plasma vitamin C concentrations and cancers in the Linxian General Population Nutrition Intervention

Trial cohort1

Plasma vitamin C2

Continuous, per

20-mmol/L increase3

Cancer type No. of cases

Crude3 Adjusted4

HR 95% CI P-trend HR 95% CI P-trend HR 95% CI

ESCC

Q1 151 1.00 Ref 1.00 Ref 0.97 0.86, 1.09

Q2 161 0.99 0.74, 1.33 1.00 0.74, 1.35

Q3 151 0.89 0.67, 1.19 0.91 0.67, 1.23

Q4 155 0.89 0.67, 1.19 0.33 0.89 0.66, 1.20 0.35

Gastric adenocarcinoma

Q1 132 1.00 Ref 1.00 Ref 0.86 0.76, 0.97

Q2 124 0.88 0.63, 1.20 0.96 0.70, 1.32

Q3 109 0.73 0.52, 1.00 0.81 0.58, 1.12

Q4 102 0.67 0.48, 0.92 0.007 0.77 0.54, 1.04 0.070

Cardia adenocarcinoma

Q1 98 1.00 Ref 1.00 Ref 0.85 0.74, 0.98

Q2 89 0.85 0.58, 1.19 0.93 0.65, 1.32

Q3 64 0.58 0.39, 0.83 0.64 0.44, 0.94

Q4 78 0.69 0.49, 0.98 0.0090 0.80 0.55, 1.15 0.080

Noncardia adenocarcinoma

Q1 34 1.00 Ref 1.00 Ref 0.88 0.72, 1.08

Q2 35 0.97 0.58, 1.61 1.06 0.61, 1.77

Q3 45 1.17 0.71, 1.90 1.28 0.77, 2.11

Q4 24 0.61 0.36, 1.07 0.19 0.68 0.35, 1.21 0.38

1HRs were derived from Cox proportional hazard models. Multivariate models were fit by using the case-cohort Cox models available in Epicure

Software (Hirosoft). ESCC, esophageal squamous adenocarcinome; Q1–Q4, quartile 1 to quartile 4 (season-specific based on the vitamin C subcohort); Ref,

reference.
2Median plasma vitamin C concentrations (in mmol/L) of the subcohort per season-specific quartile (winter/spring): Q1: 20.0/5.5; Q2: 43.4/11.7;

Q3: 56.3/20.4; Q4: 68.5/47.8.
3Conditioned on season of blood draw (winter/spring).
4Conditioned on season of blood draw (winter/spring) and adjusted for 6 sex and age categories, BMI (in kg/m2; on the basis of cutoffs appropriate

for Asians: ,18.5, 15.5–23.9, or $24), smoking, and Helicobacter pylori seropositivity.
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with the risk of incident GA (no. of cases = 199; ORQ4vsQ1: 0.55;
95% CI: 0.31, 0.97) (20). The latter study also reported insignificant
inverse associations for gastric noncardia (no. of cases = 113;
ORQ4vsQ1: 0.28, 1.42; 95% CI: 0.52, 1.00) and gastric cardia (no.
of cases = 56; OR Q4vsQ1: 0.36; 95% CI: 0.10, 1.33). Similar to the
current study, the cases in the European study (20) were iden-
tified as GA, whereas cases in the study by Yuan et al (19) were
not specified. A meta-analysis of these 2 studies and the current
study showed an overall random-effect pooled RRhighest vs lowest

of 0.73 (95% CI: 0.58, 0.91, P-heterogeneity = 0.42; I2 = 0%),
Figure 2. When we pooled the results from Jenab et al (20) and
the current study to examine the association between plasma
vitamin C and GA only, the magnitude of the inverse association
was stronger (random-effect pooled RRhighest vs lowest: 0.69; 95%
CI: 0.54, 0.89; P-heterogeneity = 0.38; I2 = 0%).

DISCUSSION

In the current study, we found an inverse association between
higher prediagnostic concentrations of plasma vitamin C and
subsequent risk of incident GA in a high-risk Chinese population,
but little evidence of a relation with risk of incident ESCC. This
study was the largest prospective cohort study on the association
between circulating vitamin C and GA risk to date and the first
prospective evaluation of the relation with ESCC. Results based
on our meta-analysis of prospective cohort studies suggest that
plasma vitamin C is inversely associated with GA incidence.

To our knowledge, there are no published cohort studies re-
lating prediagnostic plasma vitamin C to ESCC risk. The World
Cancer Research Fund review concluded that foods containing
vitamin C probably protect against esophageal cancer (28). Case-
controls studies suggest that dietary vitamin C is inversely asso-
ciated with ESCC (29, 30). Fresh fruit consumption was inversely

associated with risk of ESCC in Linxian (31). Nevertheless, in the
current study, we found little evidence of an association between
circulating vitamin C concentrations and ESCC.

Two previous prospective studies (19, 20) reported on circu-
lating prediagnostic vitamin C and gastric cancer incidence, and
one prospective study (27) reported on gastric cancer mortality.
Our meta-analysis of gastric cancer incidence showed that per-
sons in the highest concentration of prediagnostic plasma vitamin
C had a significant 27% and 31% lower risk of incident gastric
cancer and GA, respectively, compared with thosewith the lowest
concentration. The gastric cancer mortality study (no. of cases =
20) from Switzerland showed a benefit of lower mortality from
gastric cancer with higher plasma vitamin C only among older
men (.60 y), but the effect was no longer significant when cases
diagnosed within the first 2 y were excluded (27).

Although vitamin C has been included as a component of
multivitamin supplements in randomized controlled trials (RCTs),
it has not been investigated as a single intervention agent with
respect to gastric cancer incidence. Its effects on precancerous
gastric lesions, however, were investigated in several RCTs, and
the results were largely null (22, 32–35). Correa et al (32) ob-
served a beneficial effect of vitamin C supplement and increased
rates of regression for precancerous gastric lesions; however,
a subsequent analysis after 12 y of follow-up showed no effect
(33). You et al (34) and Ma et al (36) found no beneficial effect
of a regimen of vitamins C and E and selenium on precancerous
gastric lesions.

The Linxian General Population NIT, from which participants
in the current study were selected, investigated the effect of
vitamin C supplementation on cancer incidence and disease-
specific mortality. Trial participants randomly assigned to Factor
C received vitamin C (120 mg, w1.5 times the US Recom-
mended Dietary Allowance) and molybdenum (30 mg) daily for

FIGURE 2. Forest plot of the highest compared with the lowest category of circulating plasma vitamin C and gastric adenocarcinoma and gastric cancer
risk in prospective studies. We used inverse-variance weights in random-effects models to obtain pooled RR estimates, comparing the highest with the lowest
categories of circulating vitamin C. Analyses were performed by using Stata version 11.1. ref., reference.
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5.25 y, but no effect was seen for Factor C on gastric cancer
mortality or incidence at the end of the intervention period (22)
or through the subsequent 10-y postintervention follow-up (2).

Contrary to the RCTs, results from observational studies have
shown beneficial effects associated with vitamin C concentrations.
Higher serum vitamin C concentrations were associated with
a reduced prevalence of intestinal metaplasia (37) and reduced
progression to dysplasia and gastric cancer (38). Notably, the
results of the current study differ from those of the NIT in-
tervention (2, 22). There are numerous reasons why the results of
observational studies and RCTs of nutritional agents might not
agree, particularly when RCTs are null. Most prominent among
these are the selection of an inappropriate intervention dose (too
high or too low), duration (too short), timing (too late in life), or
study population (already has adequate nutrition) (39).

Several biologically plausible mechanisms support the role of
vitamin C in the etiology of gastric cancer. Because infection of
H. pylori is linked to the development of gastric cancer, the in-
terrelation between vitamin C and H. pylori presents a compelling
hypothesis for vitamin C’s role as an inverse factor in gastric
carcinogenesis. As an antioxidant, vitamin C could protect cells
against oxidative DNA damage (40), inhibit the formation of N-
nitroso compounds (41), and/or neutralize the toxicity of reactive
oxidative species caused by H. pylori infection (42). Vitamin C may
also inhibit H. pylori growth (9, 43). There is also evidence that
vitamin C may inhibit cell proliferation (16, 18) and promote
H. pylori–associated apoptosis (10). A possible explanation for the
lack of association observed for ESCC in our study might be that
H. pylori is not a risk factor for ESCC (44); thus, vitamin C does not
confer strong protection against it in this population. Nevertheless,
this is speculative at best because the antioxidative properties at-
tributed to vitamin C should also apply regardless of cancer sites.

The strengths of the current study include its prospective de-
sign, large sample size, and detailed modeling of the associations
using a variety of strategies. Limitations include the fact that
assessment of vitamin C occurred at only one point before di-
agnosis and that follow-up was relatively short (averagew6.7 y).
A single measurement of vitamin C might not reflect true expo-
sure because plasma vitamin C varies seasonally. However, we
observed similar inverse associations for vitamin C concentra-
tions and GA when we stratified by season, which suggests that
season of blood draw did not modify the association. Whereas
the loss of vitamin C because of long-term storage was a pos-
sibility, a previous study showed no degradation in human
plasma preserved at 2808C following stabilization by MPA for
5 y (45). Furthermore, any differences should be nondifferential
with regard to case status. We assessed follow-up time as a po-
tential factor influencing our findings by excluding individuals
who received a diagnosis of cancer within 1 y of their blood
draw; we found similar results, which suggests that preclinical
disease did not explain our findings. Finally, because the study
population in Linxian was deficient in several essential nutrients
and had a high prevalence of H. pylori seropositivity, our results
may differ from Western populations with lower H. pylori rates
and better nutritional status. Nevertheless, our findings are
similar to those of the European Prospective Investigation into
Cancer and Nutrition study, whose population has adequate
nutrition.

In conclusion, we found evidence that higher plasma vitamin C
concentrations were associated with protection against the de-

velopment of GA but no evidence of an association between
circulating vitamin C and ESCC.

We thank the residents of Linxian for their generous participation in our

study.

The authors’ responsibilities were as follows—TKL: study concept and

design, data acquisition, statistical analysis, study management, data analysis

and interpretation, and manuscript writing; NDF and PRT: study concept and

design, data acquisition, data interpretation, and manuscript preparation;

J-HF and SMD: manuscript preparation; Y-LQ: data acquisition and manu-

script preparation; and CCA: study concept and design, data acquisition,

funding, technical support, manuscript preparation, and final approval of

the manuscript. None of the authors had a conflict of interest.

REFERENCES
1. Chen WQ, Zhang S, Zou X, Zhoa P. Cancer incidence and mortality in

China, 2006. Chin J Cancer Res 2011;23:3–9.
2. Qiao YL, Dawsey SM, Kamangar F, Fan JH, Abnet CC, Sun XD,

Johnson LL, Gail MH, Dong ZW, Yu B, et al. Total and cancer mor-
tality after supplementation with vitamins and minerals: follow-up of
the Linxian General Population Nutrition Intervention Trial. J Natl
Cancer Inst 2009;101:507–18.

3. Loria CM, Whelton PK, Caulfield LE, Szklo M, Klag MJ. Agreement
among indicators of vitamin C status. Am J Epidemiol 1998;147:587–96.

4. Zou XN, Taylor PR, Mark SD, Chao A, Wang W, Dawsey SM, Wu YP,
Qiao YL, Zheng SF. Seasonal variation of food consumption and se-
lected nutrient intake in Linxian, a high risk area for esophageal cancer
in China. Int J Vitam Nutr Res 2002;72:375–82.

5. Zhang ZW, Farthing MJ. The roles of vitamin C in Helicobacter pylori
associated gastric carcinogenesis. Chin J Dig Dis 2005;6:53–8.

6. Dawsey SM, Mark SD, Taylor PR, Limburg PJ. Gastric cancer and
H pylori. Gut 2002;51:457–8.

7. Zhang ZW, Patchett SE, Perrett D, Katelaris PH, Domizio P, Farthing MJ.
The relation between gastric vitamin C concentrations, mucosal histology,
and CagA seropositivity in the human stomach. Gut 1998;43:322–6.

8. Kawaguchi H, Haruma K, Komoto K, Yoshihara M, Sumii K,
Kajiyama G. Helicobacter pylori infection is the major risk factor for
atrophic gastritis. Am J Gastroenterol 1996;91:959–62.

9. Zhang HM, Wakisaka N, Maeda O, Yamamoto T. Vitamin C inhibits
the growth of a bacterial risk factor for gastric carcinoma: Helicobacter
pylori. Cancer 1997;80:1897–903.

10. Zhang ZW, Abdullahi M, Farthing MJ. Effect of physiological con-
centrations of vitamin C on gastric cancer cells and Helicobacter
pylori. Gut 2002;50:165–9.

11. Kamangar F, Qiao YL, Blaser MJ, Sun XD, Katki H, Fan JH, Perez-
Perez GI, Abnet CC, Zhao P, Mark SD, et al. Helicobacter pylori and
oesophageal and gastric cancers in a prospective study in China. Br J
Cancer 2007;96:172–6.

12. Mark SD, Qiao YL, Dawsey SM, Wu YP, Katki H, Gunter EW,
Fraumeni JF Jr, Blot WJ, Dong ZW, Taylor PR. Prospective study of
serum selenium levels and incident esophageal and gastric cancers.
J Natl Cancer Inst 2000;92:1753–63.

13. Taylor PR, Qiao YL, Abnet CC, Dawsey SM, Yang CS, Gunter EW, Wang
W, Blot WJ, Dong ZW, Mark SD. Prospective study of serum vitamin E
levels and esophageal and gastric cancers. J Natl Cancer Inst 2003;95:1414–6.

14. Abnet CC, Qiao YL, Dawsey SM, Buckman DW, Yang CS, Blot WJ,
Dong ZW, Taylor PR, Mark SD. Prospective study of serum retinol,
beta-carotene, beta-cryptoxanthin, and lutein/zeaxanthin and esophageal
and gastric cancers in China. Cancer Causes Control 2003;14:645–55.

15. Chen W, Dawsey SM, Qiao YL, Mark SD, Dong ZW, Taylor PR, Zhao P,
Abnet CC. Prospective study of serum 25(OH)-vitamin D concentration
and risk of oesophageal and gastric cancers. Br J Cancer 2007;97:123–8.
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