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Abstract

Vitamins C and E can act as potent antioxidants to reduce the damage caused by reactive oxygen species in gastric mucosa. Whether

vitamin supplements for Helicobacter pylori eradication regimen could improve the rate of eradication remains uncertain. Therefore,

we performed a meta-analysis to evaluate the efficacy of vitamins C and E supplementation for the eradication of H. pylori. Searches

were conducted in the databases PubMed, EMBASE and Cochrane Library. Randomised controlled trials (RCT) that fulfilled the inclusion

criteria and addressed the clinical questions of this analysis were further assessed. Of the six RCT included, five had a low methodological

quality. Of the six RCT, three compared the efficacy of the eradication regimen v. eradication regimen plus vitamins C and E. The result of

the meta-analysis showed a non-significant difference in the eradication rate of H. pylori between the two groups (risk ratio (RR) 0·93,

P¼0·76). Another three RCT compared the eradication regimen v. eradication regimen plus vitamin C only, and there too there was no

significant difference in the eradication rate (RR 0·83, P¼0·32). In conclusion, vitamins C and/or E supplements to the H. pylori eradication

regimen could not improve the eradication rate. However, currently available data do not draw a definitive conclusion about the effective-

ness of antioxidant vitamins on H. pylori eradication, owing to the small sample size and low-to-moderate methodological quality.
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It has been shown that infection with Helicobacter pylori leads

to both acute and chronic inflammation in the gastric mucosa

and produces reactive oxygen species in areas that it colo-

nises. Reactive oxygen species can release harmful products

accumulating in the gastric mucosa, and further cause gastric

epithelial dysplasia and carcinogenesis(1,2). Therefore, it is

necessary to continuously regenerate antioxidant capacity

and provide homoeostasis in gastric mucosa.

Vitamin C (ascorbic acid) and vitamin E (tocopherol) can act

as potent antioxidants to reduce reactive oxygen species in the

gastric mucosa, as well as to inhibit nitrosoamine formation.

Moreover, vitamin E has an antioxidant effect via impairing

the lipid peroxidation pathway(3). A possible relationship

between H. pylori infection and antioxidant vitamins is

under investigation. In in vitro assays, high concentration of

vitamin C could inhibit the growth of H. pylori (4). In in vivo

assays, the feeding of vitamins C and E could reduce the

gastric H. pylori loads in animal models(4–7). These obser-

vations make antioxidant vitamins an interesting objective in

H. pylori eradication.

It is still unknown whether triple therapy (proton pump

inhibitors (PPI) or bismuth subcitrate along with two anti-

biotics selected from clarithromycin, metronidazole, amoxicil-

lin and tetracycline) supplemented with vitamins C and E

could improve the rate of H. pylori eradication. Several experi-

mental and clinical studies(8–15) have shown different results.

We therefore performed a meta-analysis of randomised

controlled trials (RCT) to evaluate the effect of the addition

of vitamins C and E to standard therapy on the eradication

rate of H. pylori infection.
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Methods

Study design

Studies were accepted based on the following criteria: study

design – RCT; study population – infection with H. pylori

identified by rapid urease test or histological examination;

intervention – drug regimen of a PPI and/or bismuth in

combination with two antibiotics; comparison intervention –

the same regimen plus vitamin C and/or vitamin E; and

outcome – eradication of H. pylori. We excluded review

articles, retrospective analyses, case reports as well as studies

that were only reported as abstracts. If a study that met the

selection criteria had missing data, we contacted the authors

in an attempt to obtain these data. Approval for all study

procedures was obtained from the ethics committee of the

host institution.

Literature search

There were two investigators who independently searched the

published RCT in the PubMed (US National Library of

Medicine, Bethesda, MD, USA) (1980 to present), EMBASE

(Reed Elsevier PLC, Amsterdam, The Netherlands) (1980 to

present) and Cochrane Library (2011, Issue 1) databases. Bib-

liographies of all relevant studies and recent review articles

were scanned to identify further citations. We also searched

for unpublished and ongoing trials in clinicaltrials.gov and

controlled-trials.com. The search terms were ‘Helicobacter

pylori’ and ‘vitamin’. There were no language restrictions.

Data extraction

There were two independent observers who used standar-

dised forms to independently extract data. Recorded data

included the demographic characteristics of the patients,

tests for confirming infection of H. pylori, protocol for

pharmacological therapy, eradication rate of H. pylori and

any reported side effects of the therapy. The quality of all

selected articles was ranked in accordance with the Jadad

composite scale(16). According to this scale, low-quality

studies had a score of #2 and high-quality studies had a

score of $3(16). Allocation concealment was assessed with

the classification of the Cochrane Collaboration. Disagree-

ments remaining after contact with authors were resolved by

consensus.

Statistical analysis

If several trials were available for a specific topic, we

performed meta-analysis with the software RevMan 4.2.10

(provided by the Cochrane Collaboration, Oxford, UK). The

risk ratio was presented with a 95 % CI. We used x 2 tests to

assess statistical heterogeneity and the Higgins I 2 statistic to

determine the percentage of total variation across studies

due to heterogeneity. If the I 2 statistic was #50 %, the fixed

effect model was used to pool studies; otherwise, the

random effects model was used.

Results

Literature search

The search strategy generated fifty-two studies. From these,

we retrieved a preliminary short list of eleven papers for

detailed evaluation, of which six papers were eligible for

this meta-analysis (Fig. 1)(10–15).

Study characteristics

A total of 811 participants were enrolled in the six studies

(Table 1). Of the six trials, three including 323 patients were

randomised to eradication therapy v. eradication therapy

plus vitamins C and E (159 in the eradication therapy and

Potentially relevant studies screened from literature search (n 52)

Articles excluded after initial screening of full paper (not
randomised controlled trials, duplicate publication, different
objectives, reviews or comments) (n 41)

Articles retrieved for more detailed evaluation (n 11)

Articles excluded after detailed screening (determined to be not
randomised after review, not target population, wrong intervention,
not target outcomes, ongoing trial, search overlap) (n 5)

Setting:
Eradication regimen v. eradication regimen plus vitamins C and E (n 3)
Eradication regimen v. eradication regimen plus vitamin C (n 3)

Articles included in the meta-analysis (n 6)

Fig. 1. Identification of trials for inclusion.
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164 in the eradication therapy plus vitamins C and E

group)(10–12). There were no significant differences between

the two groups with regard to age, sex and endoscopic or

pathological diagnosis. Another three trials were included

for the analysis of eradication therapy v. eradication therapy

plus only vitamin C (247 patients in the eradication therapy

and 241 patients in the eradication therapy plus vitamin C

group)(13–15). The demographic characteristics of the two

groups also had no differences.

Quality of methods

Table 2 showed the quality of the included studies as assessed

by the Jadad score, and allocation concealment was assessed

with the classification of the Cochrane collaboration. Of the

six included RCT, five(10,11,13–15) had a high risk of bias. None

of the trials reported on the generation of a randomisation list.

Only one trial performed double-blind outcome assessment

and adequate allocation concealment(12). All trials had a clear

explanation for withdrawals and dropouts in each group.

Eradication regimen v. eradication regimen plus
vitamins C and E

A total of three RCT compared the efficacy of the eradication

regimen v. eradication regimen plus vitamins C and E in

patients with H. pylori infection(10–12). Of the three trials,

one(10) used PPI, bismuth subcitrate plus two antibiotics as

eradication therapy; the other two(11,12) used PPI or bismuth

subcitrate plus two antibiotics. The daily dosage of vitamin

C in different trials varied from 400 to 1000 mg. Vitamin E

was used at a dose of 100–400 mg/d. In the different trials,

eradication therapy was continued for 1–2 weeks followed

by vitamin supplementation for 2–6 weeks (Table 3).

In the eradication therapy group, H. pylori eradication was

achieved in 56·67–60 % of patients. In the eradication therapy

plus vitamins C and E group, the eradication rate varied

between 40 and 91·25 % during the study period. Available

information on the eradication rate for three studies was

included in the meta-analysis. Our meta-analysis detected a

non-significant difference in the eradication rate of H. pylori

(eradication regimen 59·12 % v. eradication regimen plus vita-

mins C and E 69·51 %, risk ratio 0·93 (95 % CI 0·56, 1·53),

P¼0·76, Fig. 2), showing that vitamins C and E supplements

to the H. pylori eradication regimen might have no effect on

the treatment of H. pylori infection. The test for heterogeneity

indicated that the studies were significantly heterogeneous, so

the random effects model was used.

Eradication regimen v. eradication regimen plus vitamin C

A total of three RCT compared the eradication regimen v.

eradication regimen plus vitamin C only in patients with

H. pylori infection(13–15). Of the three trials, one(13) used PPI,

bismuth subcitrate plus two antibiotics as eradication therapy;

the other two(14,15) used PPI plus two antibiotics. The mean

dose of vitamin C varied from 500 to 1000 mg/d. In different

trials, the patients received the eradication therapy or eradica-

tion therapy plus vitamin C for 1 or 2 weeks (Table 3).

In the eradication therapy group, the eradication rate of

H. pylori varied from 48·77 to 66·67 %. In the eradication

therapy plus vitamin C group, the eradication rate in

Table 1. Characteristics of studies included in meta-analysis

Study
Country of

origin
No. of

patients
Mean age

(years)
Males
(%)

Test for confirming
infection

Test for confirming
eradication

Eradication regimen/eradication regimen plus vitamins C and E
Sezikli et al. (2009)(10) Turkey 80/80 44/43 35/30 Histology, RUT UBT, stool antigen test
Chuang et al. (2002)(11) Taiwan 49/55 35·6/37·9 39/38 Histology, culture UBT, histology, culture
Everett et al. (2002)(12) UK 30/29 49/52 53/62 RUT, histology, culture RUT, histology, culture

Eradication regimen/eradication regimen plus vitamin C
Zojaji et al. (2009)(13) Iran 162/150 45/43 40/36 RUT UBT
Chuang et al. (2007)(14) Taiwan 55/61 49·9/53·2 42/44 Histology, culture UBT
Koçkar et al. (2001)(15) Turkey 30/30 38·9/40 40/47 Histology Histology

RUT, rapid urease test; UBT, urea breath test.

Table 2. Methodological quality of trials included in meta-analysis

Study
Randomisation

method Blind
Explanation for

withdrawals/dropouts
Jadad
score

Allocation
concealment ITT analysis

Eradication regimen/eradication regimen plus vitamins C and E
Sezikli et al. (2009)(10) Unclear None Yes 2 Unclear Yes
Chuang et al. (2002)(11) Unclear None Yes 2 Unclear Yes
Everett et al. (2002)(12) Unclear Double-blind Yes 4 Adequate Yes

Eradication regimen/eradication regimen plus vitamin C
Zojaji et al. (2009)(13) Unclear None Yes 2 Unclear Yes
Chuang et al. (2007)(14) Unclear None Yes 2 Unclear Yes
Koçkar et al. (2001)(15) Unclear None Yes 2 Unclear Yes

ITT, intention-to-treat.
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individual trials varied from 50 to 78·69 %. We performed a

meta-analysis to evaluate the eradication rate as the outcome

measure for all three trials. No difference was observed

between the two groups (eradication regimen 54·25 % v. era-

dication regimen plus vitamin C 74·69 %, risk ratio 0·83 (95 %

CI 0·58, 1·19), P¼0·32, Fig. 3). The test for heterogeneity indi-

cated that the studies were statistically heterogeneous, so the

random effects model was used to pool studies.

Adverse events

The most frequent adverse effects were nausea, diarrhoea,

headache and skin rash. Because of a skin rash, one patient

in the eradication therapy plus vitamins C and E group had

to discontinue the therapy(11). There were no serious adverse

events. Most of the patients tolerated these drugs well.

Discussion

Helicobacter pylori infections play a major role in the develop-

ment of peptic ulcers, chronic gastritis, gastric adenocarci-

noma and mucosa-associated lymphoid tissue lymphoma(17).

Approximately 50 % of the world’s population is infected

with H. pylori (18). Eradication criteria defined in the Maastricht

III Report is now commonly used for H. pylori eradication(19).

However, increasing antimicrobial resistance, falling eradica-

tion rates, high treatment costs and drugs side effects have

led to the necessity of the development of new treatment

modalities.

The microenvironment created by H. pylori in the gastric

mucosa protected these bacteria from gastric acid and a host

of defensive mechanisms. Moreover, H. pylori infection

under this microenvironment promotes oxidative DNA

damage to gastric mucosa by reactive oxygen species(20).

Therefore, it is necessary to develop remedies combining

with antibiotics for impairing this microenvironment. Some

studies and clinical experiments suggest that vitamins C and

E could inhibit the growth of H. pylori and increase the effects

of the antibiotics(4–7,21,22). There are several suggestions for

the mechanism of vitamins C and E. First, vitamins C and E

impair the microenvironment of H. pylori by attenuating

oxidative stress and oxidative DNA damage in the gastric

mucosa, thus inhibiting the growth of H. pylori. Second, vita-

mins C and E may strengthen the immune system and provide

an appropriate environment for antibiotics to affect the bac-

teria. However, the opposite has also been observed by

Table 3. Intervention features and results of studies included in meta-analysis

ITT eradication (%)

Study Eradication regimen
Vitamin C
dose (mg/d)

Vitamin E
dose (mg/d)

Therapy duration
(weeks)

Without
vitamin

With
vitamin

Eradication regimen/eradication regimen plus vitamins C and E
Sezikli et al. (2009)(10) Lansoprazole þ amoxicillin þ

clarithromycin þ bismuth
1000 400 Eradication regimen: 2

Vitamins: 30 d
60 91·25

Chuang et al. (2002)(11) Lansoprazole þ amoxicillin þ

metronidazole
500 (1 week) to

250 (6 weeks)
400 (1 week) to

200 (6 weeks)
Eradication regimen: 1

Vitamins: 7
59·18 40

Everett et al. (2002)(12) Bismuth þ tetracycline þ

metronidazole
400 100 Eradication regimen: 2

Vitamins: 4
56·67 65·52

Eradication regimen/eradication regimen plus vitamin C
Zojaji et al. (2009)(13) Omeprazole þ amoxicillin þ

metronidazole þ bismuth
500 – Eradication regimen: 2

Vitamin: 2
48·77 78

Chuang et al. (2007)(14) Omeprazole þ amoxicillin þ

clarithromycin
1000 – Eradication regimen: 1

Vitamin: 1
63·63 78·69

Koçkar et al. (2001)(15) Lansoprazole þ amoxicillin þ

clarithromycin
1000 – Eradication regimen: 2

Vitamin: 2
66·67 50

ITT, intention-to-treat.

Study

Eradication
regimen

n/N

48/80

29/49

17/30

73/80

22/55

19/29

Eradication regimen plus
vitamins C and E

n/N
RR (random)

95 % CI
Weight

(%) RR (random) 95 % CI

Sezikli et al. (2009)(10) 37·21 0·66

Chuang et al. (2002)(11) 31·56 1·48

Everett et al. (2002)(12) 31·22 0·86

Total (95 % CI) 159 164 100·00 0·93

0·54, 0·80

0·99, 2·20

0·57, 1·30

0·56, 1·53

Total events: ninety-four (eradication regimen), 114 (eradication regimen plus vitamins)
Test for heterogeneity: c2 = 14·17, df = 2 (P = 0·0008), I2 = 85·9%
Test for overall effect: Z = 0·30 (P = 0·76)

0·1 0·2 0·5 1 2 5 10

Favours eradication
regimen

Favours eradication
regimen plus vitamins

Fig. 2. Forest plots for eradication rate comparison: eradication regimen v. eradication regimen plus vitamins C and E. RR, risk ratio.
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several investigators. Kamiji & Oliveira(9) found that the

administration of vitamin C did not alter the bacterial load in

the H. pylori-infected patients. Similarly, a high dose of

vitamin C had not been shown to protect vitamin C-deficient

gulo(2/2) mice against H. pylori-induced gastritis and

gastric premalignancy(23). Therefore, whether the eradication

regimen supplemented with vitamins C and E could improve

the H. pylori eradication rate remains uncertain.

The purpose of the present review was to provide

additional insight into the options for treating the infection

of H. pylori, focusing on the effect of the addition of vitamins

C and E to the eradication regimen in the H. pylori-infected

patients. Few RCT have tested the effects of antioxidant vita-

mins for H. pylori, and none of the existing trials was metho-

dologically rigorous. This is the first meta-analysis to compile

all available RCT comparing the eradication regimen with the

eradication regimen plus antioxidant vitamins for H. pylori

infection. The present results showed that vitamins C and/or

E supplements to the H. pylori eradication regimen had no

effect on improving the H. pylori eradication rate. Of the six

RCT included in our meta-analysis, two trials demonstrated

that the treatment plus vitamins was superior to the treatment

alone. The reasons for this discrepancy were not clear, other

than the possibility of the addition of bismuth subcitrate to

triple therapy in these two trials. High heterogeneity was

found among the trials, limiting the quality of meta-analysis;

hence, we provided a more conservative estimate of a treat-

ment effect by using a random effect model. The present

results should be interpreted with some caution while consid-

ering the relatively few trials and significant heterogeneity.

The reasons that the addition of vitamins C and E to the

eradication regimen did not increase H. pylori eradication

rate might be as follows: first, antioxidant vitamin supplements

might have either a beneficial or a harmful effect for H. pylori

eradication. It was reported that vitamin C could mediate the

formation of genotoxins from lipid hydroperoxides in the

absence of transition metal ions(24). Second, the observation

that vitamin C inhibits the in vitro growth of H. pylori at

concentrations of 2048, 512 and 128mg/ml at pH values of

7·4, 6·0 and 5·5 is of particular interest, and the inhibitory

activity of vitamin C might be pH dependent(4). Therefore,

PPI might have a negative effect on the H. pylori inhibitory

activity of vitamin C through elevating intra-gastric pH.

The eradication rate of H. pylori was poor in some studies

included in our meta-analysis(10–15). Several factors, including

patient compliance, bacterial density and antimicrobial

susceptibility of H. pylori, contributed to the unsatisfying

eradication rate of the standard treatment. A triple regimen

without the use of PPI in the trial by Everett et al.(12) could

be another reason for explaining the low eradication rate.

This meta-analysis has several limitations. The studies

included are of relatively poor quality, with five of the six

studies having a Jadad score of ,3. None of the RCT

described the generation of a random sequence. Only one

study included in this meta-analysis performed double blind-

ing and allocation concealment. Thus, the reliability of the evi-

dence presented in the present study is clearly low. An

additional limitation is the small number of available studies

and an overall sample size of fewer than 1000 patients

included in the meta-analysis, which does not allow for

conclusive statements on the effectiveness of vitamin sup-

plements to H. pylori eradication regimen for treating

H. pylori infection. Considering the low and moderate quality

of evidence and limited data, ongoing and future trials for

the effect of vitamins on H. pylori eradication might affect

the present results.

In summary, based on the available data, vitamins C and/or

E supplements to H. pylori eradication regimens could not

improve the eradication rate of H. pylori. However, these

data do not allow for definitive conclusions about the effec-

tiveness of antioxidant vitamins on H. pylori eradication,

owing to the small sample size and low-to-moderate meth-

odological quality. In future studies, more rigorous double-

blind and larger RCT to study the effects of vitamin

supplements to H. pylori eradication regimen are required.

The findings from our meta-analysis may allow for a better

planning of those trials, sample size estimation, definition of

treatment protocol and selection of trial end points.
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Study

Eradication
regimen

n/N

Eradication regimen
plus vitamin C

n/N
RR (random)

95 % CI
Weight

(%) RR (random) 95 % CI

79/162

35/55

20/30

117/150

48/61

15/30

Zojaji et al. (2009)(13) 38·41 0·63

Chuang et al. (2007)(14) 35·72 0·81

Kockar et al. (2001)(15) 25·87 1·33

Total (95 % CI) 247 241 100·00 0·83

0·52, 0·75

0·64, 1·03

0·86, 2·07

0·58, 1·19

Total events: 134 (eradication regimen), 180 (eradication regimen plus vitamin C)
Test for heterogeneity: c2 = 10·84, df = 2 (P = 0·004), I2 = 81·5%
Test for overall effect: Z = 1·00 (P = 0·32)

0·1 0·2 0·5 1 2 5 10

Favours eradication
regimen

Favours eradication
regimen plus vitamin C

Fig. 3. Forest plots for eradication rate comparison: eradication regimen v. eradication regimen plus vitamin C. RR, risk ratio.
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15. Koçkar C, Oztürk M & Bavbek N (2001) Helicobacter pylori
eradication with beta carotene, ascorbic acid and allicin.
Acta Medica (Hradec Kralove) 44, 97–100.

16. Kjaergard LL, Villumsen J & Gluud C (2001) Reported meth-
odologic quality and discrepancies between large and small
randomized trials in meta-analyses. Ann Intern Med 135,
982–989.

17. Kandulski A, Selgrad M & Malfertheiner P (2008) Helico-
bacter pylori infection: a clinical overview. Dig Liver Dis
40, 619–626.

18. Go MF (2002) Review Article: natural history and epidemiol-
ogy of Helicobacter pylori infection. Aliment Pharmacol
Ther 16, Suppl. 1, 3–15.

19. Suzuki H, Nishizawa T & Hibi T (2010) Helicobacter pylori
eradication therapy. Future Microbiol 5, 639–648.

20. Naito Y & Yoshikawa T (2002) Molecular and cellular mech-
anisms involved in Helicobacter pylori-induced inflammation
and oxidative stress. Free Radic Biol Med 33, 323–336.

21. Sasazuki S, Sasaki S, Tsubono Y, et al. (2003) The effect of
5-year vitamin C supplementation on serum pepsinogen
level and Helicobacter pylori infection. Cancer Sci 94,
378–382.

22. Jarosz M, Dzieniszewski J, Dabrowska-Ufniarz E, et al.
(1998) Effects of high dose vitamin C treatment on Helico-
bacter pylori infection and total vitamin C concentration in
gastric juice. Eur J Cancer Prev 7, 449–454.

23. Lee CW, Wang XD, Chien KL, et al. (2008) Vitamin C
supplementation does not protect L-gulono-gamma-lactone
oxidase-deficient mice from Helicobacter pylori-induced
gastritis and gastric premalignancy. Int J Cancer 122,
1068–1076.

24. Lee SH, Oe T & Blair IA (2001) Vitamin C-induced decompo-
sition of lipid hydroperoxides to endogenous genotoxins.
Science 292, 2083–2086.

Vitamins in Helicobacter pylori eradication 1637

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n

https://doi.org/10.1017/S0007114511003813  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114511003813

