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Association of Helicobacter pylori Infection with Vitamin D Deficiency in Infants and Toddlers
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Abstract. Helicobacter pylori (H. pylori), a gram-negative pathogen, has been shown to colonize multiple organs and
cause various forms of extra-gastrointestinal diseases. The association of H. pylori infection with vitamin D status in
apparently healthy children remained unclear; therefore, we investigated the relationship between vitamin D andH. pylori
infection among apparently healthy infants and toddlers. In this large cross-sectional study, the examination data of
children were collected from January 2013 to September 2017 in the Center for Children’s Health Care. Among these
children, 6,896 infants and toddlers were screened for our study. Helicobacter pylori infection and vitamin D status were
the main indicators, and micronutrients (zinc, iron, copper, magnesium), and growth parameters (height, weight, and
weight for age Z score [WAZ], height for age Z score [HAZ]) were also analyzed in this study. Among the 6,896 infants and
toddlers, the detection rate of H. pylori seropositivity was 30.6%. The prevalence of vitamin D deficiency in H. pylori
seropositive and seronegative groups was 20.7% and 12.1%, respectively (P < 0.001). The logistic regression analysis
suggested children with H. pylori–positive antibody were 2.06 times more likely to be vitamin D deficient compared with
children who had negative H. pylori antibody (odds ratio: 2.06; 95% CI: 1.77, 2.38) after controlling for confounding
factors. These data suggested that there was a significant association between H. pylori seropositivity and vitamin D
deficiency in children aged 6–36 months, which would make a contribution to the treatment and monitoring of vitamin D
deficiency and H. pylori infection.

INTRODUCTION

Helicobacter pylori (H. pylori), one of the most common in-
fectious bacteria, is known as the cause of digestive tract dis-
eases.1 At present, more and more articles emphasize the
relationship between H. pylori infection and extra-gastrointestinal
diseases,2 such as refractory iron deficiency anemia, autoim-
mune thrombocytopenic purpura, asthma, urticaria, poor neu-
rodevelopment, and growth and development retardation.2–7

A large number of studies have confirmed that H. pylori in-
fection primarily happens in childhood,8 especially in the early
stage of life. Most individuals carry a lifelongH. pylori infection
if regular radical treatment is not administered.1 Unlike adult
patients, children with H. pylori infection do not have severe
digestive symptoms.9 However, mounting evidence suggests
that children with H. pylori infection, even without gastroin-
testinal symptoms, may develop other diseases,10,11 of which
growth retardation and micronutrient deficiencies are most
concerning.12,13

Infancy and toddlerhood are the fastest growth phases for
individuals. Many infants and toddlers are diagnosed with
H. pylori infection only after healthy physical examination for
lack of significant clinical symptoms. 1, 25-dihydroxyvitamin
D3 (1, 25 (OH)2D3) is critical for the health of the infants and
toddlers. Studies have shown that H. pylori infection affects
the level of vitamin D receptor both at the tissue and the cell
levels. In the previous research, there was preliminary work on
the relationship between H. pylori infection and vitamin D
deficiency, which explained that clinical research of 496
H. pylori–positive and 257 H. pylori–negative adults demon-
strated serum vitamin D levels were significantly lower in the
H. pylori–infected group compared with control group.14

However, the association between vitamin D deficiency and

H. pylori infection in infants and toddlers remains unknown
and still needs studies with larger samples.
In this large cross-sectional study, we analyzed the exam-

ination data of apparently healthy infants and toddlers, com-
pared the status of vitamin D of H. pylori seropositive and
seronegative groups, and further investigated the relationship
between H. pylori infection and vitamin D deficiency.

RESEARCH POPULATION AND INDICATORS

Research population and exclusion criteria. The study
population and indicators were extracted from a pre-built
database, which met the following requirements: 1) The es-
tablishment of this data platform followed the code of conduct
and the use of data in health research. 2) It was approved
by The Institutional Review Board of Central South Univer-
sity (Approval No. 2018-S228). 3) Informed consents were
obtained before the use and storage of clinical data. 4) The
data entry and review were carried out by professionals, dur-
ing which strict checks were made. The examination data
were collected from January 2013 toOctober 2017 in Children
Health and Care Center in the Third Xiangya Hospital, Central
South University, Changsha, China.
In this study, we included the infants and toddlers whose

age varied from 6 to 36 months and excluded the subjects
without H. pylori serum antibody test result, with abnormal
birth history such as premature birth, multiple births, and as-
phyxia or with severe disease history, such as genetic meta-
bolic disease, congenital dysplasia, feedingdifficulties, severe
malnutrition, repeated respiratory diseases, and severe liver
and kidney dysfunction.
The physical examination data of 100,333 children were

collected from January 2013 to September 2017, and 16,289
cases were at age varying from 6 to 36 months. Of 16,289
cases, 9,393 were excluded (7,597 were not screened
for H. pylori serum antibody, 1,021 were abnormally born,
and 775 were severely ill). In our study, 6,896 apparently
healthy infants and toddlers were selected including 2,113
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H. pylori–seropositive cases and 4,783 H. pylori–seronegative
cases. The schematic of the subject selection was shown in
Figure 1.
Research indicators. In this study, demographic charac-

teristics (age, gender, and place of residence), H. pylori in-
fection status, micronutrients (zinc, iron, copper, magnesium,
and vitamin D), and physical development indicators (height,
weight, and weight-for-age Z score [WAZ] and height-for-age
Z score [HAZ]) of all study population were extracted. We
defined the children with all of these data as those with com-
plete healthy physical examination data. Helicobacter pylori
infection and vitamin D deficiency were the main indicators.
Helicobacter pylori infection was detected by the colloidal

gold method for anti–H. pylori IgG (the kit was prepared by
Singapore MP biomedical company, The Cavendish, Singa-
pore), according to the manufacturer’s instructions. The sta-
tus of 25 hydroxyvitamin D (25-OH-D) was detected by ELISA
(the kit was produced by Aomeng company, Lubeck,
Schleswig-Holstein,Germany). 25-OH-D level³20ng/mLwas
designated as vitamin D sufficiency and 25-OH-D level < 20 ng/
mLwasdefinedas vitaminDdeficiency.15 The atomic absorption
method (the experimental instrument adopted BH7100S, Beijing
Bohui, Beijing, China) was adopted to accomplish the de-
termination of iron, zinc, copper, and magnesium.
Weight and height of children were measured. The children

were laid in a supine positionwith the neck in a neutral position
wearing light clothes and no shoes. The measurement was
performed by two independent observers to make the differ-
ences less than 0.01 kg and 0.5 cm, respectively. For elimi-
nating confounding effects of age and gender, WAZ and HAZ
were used to conduct statistical analysis and were calculated
by WHO Anthro Software (version 3.2.2, 2011).

STATISTICAL ANALYSIS

We used a chart review to perform descriptive statistics,
with categorical variables summarized as frequencies and
proportions and continuous variables as median and range.

The rank-sum testwas used for continuous variables between
the H. pylori–seropositive group and H. pylori –seronegative
group, and chi-square test was applied for categorical vari-
ables. The logistic regression analysiswas used to explore the
relationship between H. pylori infection and vitamin D de-
ficiency in apparently healthy infants and toddlers, and the
odds ratio (OR) and 95% CI were calculated. P < 0.05 was
considered statistically significant. Statistical Package for the
Social Sciences was used in this study (SPSS for Windows
21.0, IBM Corp., Armonk, NY).

RESULTS

Baseline characteristics of the subjects. The character-
istics of the subjects at baseline are shown in Table 1. Among
the 6,896 cases, the detection rate of H. pylori seropositivity
was 30.6% (2113/6,896). The medians of 25-OH-D in the
H. pylori–seropositive group and the H. pylori–seronegative
group were 26.3 ng/mL and 26.7 ng/mL, respectively. A sig-
nificant difference was observed in the 25-OH-D level be-
tween H. pylori–seropositive and H. pylori–seronegative
groups (P < 0.001). The prevalence rates of H. pylori sero-
positivity in urban and rural subjectswere29.6% (1,625/5,481)
and 34.5% (488/1,415), respectively (P < 0.001). There were
also significant differences in the age and levels of hemoglobin,
copper, iron, and magnesium between H. pylori–seropositive
and H. pylori–seronegative groups; however, no significant
differencewas detected in the gender, level of zinc, weight, and
height between those two groups.
What ismore in our study is that growth parameters such as

WAZ and HAZ were analyzed for eliminating confounding ef-
fects of age and gender. And results showed that HAZ was
relatively lower in H. pylori seropositivity group. However,
there was no statistical difference in WAZ between H. pylori–
seropositive and the H. pylori–seronegative groups as pre-
sented in Table 1.
Factors associated with vitamin D deficiency. In Table 2,

it was obvious that among 6,896 apparently healthy infants

FIGURE 1. Schematic of the subject selection in the study.
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and toddlers, 1,015 (14.7%) children had vitaminDdeficiency,
and the prevalence of vitamin D deficiency in the H. pylori–
seropositive group (437/2113, 20.7%)was significantly higher
than that in the seronegative group (676/4,783, 12.1%) (P <
0.001).Comparedwith thegroupwithout vitaminDdeficiency,
the age of vitamin D deficiency group was younger, and there

were higher prevalence rates of anemia and iron deficiency in
vitamin D deficiency group (P < 0.001). In addition, the height
and weight of the vitamin D deficiency group were lower than
those of the vitamin D sufficiency group. After elimination of
confounding effects of age and gender, WAZ and HAZ in
vitamin D deficiency group were all lower than those in

TABLE 1
Characteristics of subjects at baseline (n [%])/(M [P25, P75])

Independent variable

Groups

χ2/Z PH. pylori-Ab(+), n = 2113 (30.6%) H. pylori-Ab(−), n = 4,783 (69.4%)

Age (months, M) (P25, P75) 12.1 (7.2, 18.4) 12.4 (7.0, 19.7) −2.48 0.01
Gender, n (%) 0.34 0.59
Male 1,202 (30.9) 2685 (69.1) – –

Female 911 (30.3) 2098 (69.7) – –

Hemoglobin (g/L, M) (P25, P75) 118 (112, 124) 117 (110, 122) −2.18 0.03
25-OH-D (ng/mL, M) (P25, P75) 26.3 (21.1, 28.2) 26.7 (22.5, 28.6) −3.84 < 0.001
Copper (μmol/L) 13.3 (12.4, 14.0) 13.2 (12.3, 13.9) – < 0.001
Zinc (μmol/L) 56.4 (50.3, 62.10) 56.1 (50.5, 61.6) – 0.18
Iron (μmol/L) 7.3 (6.8, 7.8) 7.2 (6.7, 7.8) – 0.02
Magnesium (μmol/L) 1.5 (1.3, 1.6) 1.4 (1.3, 1.5) – < 0.001
Weight (kg, M) (P25, P75) 9.8 (8.6, 11.3) 9.9 (8.6, 11.5) −0.50 0.62
Height (cm, M) (P25, P75) 75.4 (70.0,82.0) 76.0 (70.0, 84.0) −1.50 0.13
Height-for-age Z score −0.1 (−0.8, 0.6) 0.1 (−0.6, 0.8) −8.878 < 0.001
Weight-for-age Z score 0.0 (−0.7, 0.61) 0.5 (−0.5, 0.6) −0.39 0.70
Place of residence (urban, 111 [12.7];
rural, 761 [87.3])

Urban, n (%) 1,625 (29.6) 3,856 (70.4) 12.39 < 0.001
Rural, n (%) 488 (34.5) 927 (65.5) – –

H. pylori-Ab = Helicobacter pylori antibody; M = median; P25 = the 25th percentile; P75 = the 75th percentile.

TABLE 2
Factors associated with vitamin D deficiency

Independent variable

Groups

P
Vitamin D deficiency
n = 1,015 (14.7%)

Vitamin D sufficiency
n = 5,881 (85.3%)

Age (months) < 0.001
6～, n (%) 675 (24.4) 2091 (75.6)
12～, n (%) 235 (8.4) 2577 (91.6)
24～36, n (%) 105 (8.0) 1,213 (92.0)

Gender, n (%) 0.355
Male 586 (15.1) 3,301 (84.9)
Female 429 (14.3) 2580 (85.7)

Anemia*, n (%) < 0.001
Yes 335 (22.3) 1,170 (77.7)
No 680 (12.5) 4,771 (87.5)

Zinc deficiency†, n (%) 0.044
Yes 80 (18.1) 363 (81.9)
No 935 (14.5) 5,518 (85.5)

Iron deficiency‡, n (%) < 0.001
Yes 181 (18.5) 798 (81.5)
No 834 (14.2) 5,038 (85.8)

Magnesium deficiency§, n (%) 0.228
Yes 1 (10.0) 9 (90.0）
No 1,014 (14.7) 5,872 (85.3)

H. pylori-Ab < 0.001
H. pylori-Ab (+) 437 (20.7) 1,676 (79.3)
H. pylori-Ab (−) 578 (12.1) 4,205 (87.9)

Weight (kg) 8.8 (8.0, 9.9) 10.1 (8.8, 11.6) < 0.001
Height (cm) 70.0 (67.3, 79.0) 77.0 (71.0, 85.0) < 0.001
Height-for-age Z score 0.1 (−0.7.0.7) 0.1 (−0.6, 0.8) < 0.001
Weight-for-age Z score 0.2 (−0.4. 0.9) 0.5 (−0.2, 1.1) < 0.001
Place of residence (urban, 111 [12.7];
rural 761 [87.3])

< 0.001

Urban, n (%) 861 (15.7) 4,620 (84.3)
Rural, n (%) 154 (10.9) 1,261 (89.1)

H. pylori-Ab = Helicobacter pylori antibody.
* Anemia was defined according to Geneva, Switzerland 2011 guideline.15

†‡§ Zinc deficiency, iron deficiency, and magnesium deficiency were defined according to product specifications of corresponding kit.
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vitamin D sufficiency group (P < 0.001). The prevalence rates
of vitamin D deficiency and vitamin D sufficiency in urban and
rural subjects were 15.7% (861/5,481) and 10.9%(154/1,415),
respectively (P < 0.001).
Multivariate logistic regression analysis of vitamin D

deficiency. A multivariate logistic regression analysis was
performed to identify the relevant factors for vitamin D de-
ficiency. Before the multivariate logistic regression analysis,
the collinearity of covariate was checked, and the result il-
lustrated that variables in our studywere not highly collinear in
the same model (Table 3). After correcting the confounding
factors (age, anemia, zinc deficiency, WAZ, HAZ, and place of
residence), the results suggested that thechildrenwith anemia
were 1.62 times (95%CI: 1.36, 1.96)more likely to lack vitamin
D compared with children without anemia. In addition, WAZ
and the resident of rural area had significant associations with
vitamin D deficiency Children with H. pylori–positive antibody
were 2.06 times (95% CI: 1.77, 2.38) more likely to be defi-
cient in vitamin D compared with children who had H. pylori–
negative antibody (P < 0.001, Table 4).

DISCUSSION

In 1994, the International Agency for Research on Cancer
classified H. pylori as a class I carcinogen,16 and approxi-
mately 4.4 billion individuals suffer from H. pylori infection
worldwide.17 In China, the H. pylori infection prevalence is
about 60–70%.17–19 Helicobacter pylori infection–related
diseases have been studied in some reports recently; there-
fore, there is no doubt that to carry out research on H. pylori
infection has become a hot topic. In this study, we first eval-
uated the relationship between H. pylori infection and vitamin
D deficiency in apparently healthy infants and toddlers.
It is commonly stated that H. pylori infection chiefly occurs

in childhood, and in our country, the prevalence of H. pylori
infection in children seems to be in the range of 40–50%.17,20

There are several studies that provide us new viewpoints
about H. pylori infection of children. First, recent studies have
reported that most children acquiring H. pylori infections are
before the age of 5 years.21 So it is reasonable to believe that
H. pylori testing should be strengthened among children
younger than 5 years. Serologic detection for H. pylori is a
frequently usedmethod for detecting the amount ofH. pylori in
children, whose sensitivity to H. pylori is more than 90%
compared with histopathology-based studies.22Helicobacter
pylori antibody (H. pylori-Ab) detection can reflect a persistent
or transient infection, which is considered as themost suitable
method for the physical examination of healthy children be-
cause the specimens are easily available and results are not

affected by proton pump inhibitors and antibiotics. In this
study, the detection ratio ofH. pylori seropositivity was 30.6%
in apparently healthy infants and toddlers. The result reminded
us that we had to paymuch attention to themonitoring and in-
depth study of infants and toddlers with H. pylori seroposi-
tivity. Another point needed to bementioned is that compared
with symptomatic children, the H. pylori-Ab detection rate is
mildly lower in asymptomatic ones according to a systematic
review about the H. pylori infection of children, and the same
conclusion is disclosed in Saudi Arabia study.23 Therefore, we
focused on the in-depth study of apparently healthy infants
and toddlers with H. pylori infection in this article. Finally, low
income and poor sanitation are two risk factors for H. pylori
infectionof children.24,25 In our present study,wecollected the
examination data from theCenter for Children’sHealth Care in
the Third Xiangya Hospital, Central South University, one of
the best hospitals in central China, and the health physical
examination was not free. So, we deemed that the subjects in
our study came from upper income families and they had a
relatively equal economic condition. In this way, we could
avoid choosing children with malnutrition owing to poverty.
Actually, micronutrients and physical development indexes

of H. pylori–infected children were not the main contents of
this current study; however, we discovered a significant as-
sociation between H. pylori infection and a decreased height
or weight in these subjects aged 6–36 months. We used Z
scores to eliminate the confoundingeffects of ageandgender,
and the result showed a significant difference in HAZ between
H. pylori–seropositive and H. pylori–seronegative groups.
Some studies have reported similar results to ours, for ex-
ample, a research in Mexico indicates a meaningful associa-
tion between lower height and H. pylori infection, but this
difference is not found inWAZ.26What ismore is that pieces of
evidence from other studies show that short stature is more
commonly seen inH. pylori–infected children than children not
infected with H.pylori27,28; however, this finding is still con-
troversial and researchers have different views on it.29,30

TABLE 3
Collinearity diagnostics in multivariate logistic regression analysis of
vitamin D deficiency
Independent variable Tolerance VIF

Age 0.93 1.07
Male 0.99 1.01
anemia 0.79 1.25
Zinc deficiency 0.98 1.01
Iron deficiency 0.80 1.25
Urban rural 761 (87.3) 0.95 1.05
Weight-for-age Z score 0.52 1.91
Height-for-age Z score 0.53 1.90
VIF = variance inflation factor.

TABLE 4
Multivariate logistic regression analysis of vitamin D deficiency
Independent variable β Odd ratio (95% CI) P

H. pylori-Ab
H. pylori-Ab(+) 0.73 2.06 (1.77, 2.38) < 0.001
H. pylori-Ab(−) 1*

Age (months)
6～ −2.76 0.06 (0.04, 0.08) < 0.001
12～ −0.04 0.96.(0.075, 1.45) 0.86
24～36 1*

Anemia
Yes 0.09 1.62 (1.36, 1.96) < 0.001
No 1*

Zinc deficiency
Yes 0.40 1.48 (1.12, 1.98) 0.01
No 1*

Iron deficiency
Yes −0.16 0.87 (0.68, 1.06) 0.14
No 1*

Height-for-age
Z score

−0.10 0.99 (0.90, 1.11) 0.83

Weight-for-age
Z score

0.15 1.21 (1.02, 1.32) 0.003

Place of residence
Rural 0.61 0.15 (1.32, 2.41) < 0.001
Urban 1*
* Indicates the reference group.
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Growth is an important but complicated issue; hence, the
association between growth and H. pylori infection needs
further study.
Nurinnisa finds out that the serum concentration of zine is

dramatically higher in children with H. pylori infection, but the
elements of copper and magnesium have no differences be-
tween infected and noninfected children,31 and Anla reports
that there are no significant differences in contents of calcium,
magnesium, iron, zinc, selenium, and copper between the two
groups.32 Besides, iron deficiency anemia is revealed to be
associated with H. pylori infection.33,34 In our study, we un-
veiled that the contents of copper, iron, andmagnesium in the
H. pylori–seropositive group were higher than those in the
H. pylori–seronegative group. These results were different
from the data obtained from other reports, and we failed to find a
significant relationship of anemia with H. pylori. Regarding to this
finding, it may be due to the reason that we did not control the
confounding effect of age, which had a huge effect on anemia and
micronutrients.Therefore,wecouldnotdeterminethecorrelationof
the deficiency of trace elements or anemia withH. pylori infection.
The active form of vitamin D in the human body is 1, 25

(OH)2D3, which maintains the calcium absorption and me-
tabolism balance in the body. Vitamin D is also distinctly as-
sociated with the health of the immune and cardiovascular
systems; thus, 1, 25 (OH)2D3 is highly valued by families and
communities for the health examinations of children. First, in
our study, vitamin D deficiency was detected in 1,015 cases
(14.7%); the prevalence of vitamin D deficiency in H. pylori–
seropositive group was relatively higher than that in
H. pylori–seronegative group (20.7% versus 12.1%), hinting
that vitamin D deficiency was highly prevalent in these ap-
parently healthy children with H. pylori infection. In addition,
we found anemia was more common in vitamin D deficiency
group, and our logistic regression analysis revealed a signifi-
cant association between vitamin D deficiency and anemia,
consistent with the similar findings in other reports.35–37

Therefore,weemphasized the importance of correcting vitamin
D deficiency in anemic children. And last, after controlling for
age, gender, and other possible confounders, we uncovered
that WAZ was lower in vitamin D deficiency group than that in
vitamin D sufficiency group, as another study concluded.38

However, the role of vitamin D deficiency in underweight was in
need of further study because of the complexity of growth.
The logistic regression analysis was used to make a further

investigationabout the relationshipbetweenH.pylori infection
and vitamin D deficiency in this study, and the result sug-
gested that childrenwithH. pylori–positive antibodywere 2.06
times more likely to be vitamin D deficient compared with
children who had negative H. pylori antibody (OR: 2.06; 95%
CI: 1.77, 2.38) after elimination for confounding factors. Re-
cently, a research about the relationship of 25-OH-D with
H. pylori infection has been published, which demonstrates
that serum vitamin D levels are significantly lower in the
H. pylori–infected adults.14 Our finding also supported this
result in children aged 6–36 months, but the causality of vi-
tamin D deficiency and H. pylori infection could not be
ascertained here because of the limitations of this research.
Nevertheless, most researchers believe that vitamin D de-
ficiency is associated with an increased risk of H. pylori in-
fection. Evidence from the clinical study of Oguzhan et al.
suggests that vitamin D deficiency may increase the failure
rate of H. pylori radical treatment,39 and Kawarau et al.

demonstrate the supplementation of 1, 25 (OH)2D3 decreases
the rate of H. pylori infection in healthy elderly women aged
77–99 years.40 Some basic research works have tried to find
out how vitamin D deficiency causes H. pylori infection. Guo
et al.41 study the relationship between H. pylori infection and
vitamin D receptors and reveal that vitamin D receptor mRNA
expression significantly increases in H. pylori–infected patients
and vitamin D receptor is in positive correlation with chronic
inflammationscores.Thesedatagiveusmore informationabout
the anti-inflammatory mechanism of vitamin D; however, a re-
cent research reported by Hu et al.42 indicates that the antimi-
crobial effect is mediated through the PDIA3 receptor but not
vitaminD receptor. In all, this study still needs a further research.

LIMITATIONS

Our study had some limitations, and some of them had
been mentioned earlier. Next, we would make a specific
description of the limitations of this article as follows. First of
all, our study was a cross-sectional study, the causality of
vitamin D deficiency and H. pylori infection could not be
identified. Second, the detection of H. pylori-Ab was quali-
tative, rather than quantitative, so we were unable to com-
plete the further study of the dose–response relationship
between H. pylori infection and 25-OH-D. Last, our study
data were from a children’s health center, and the month of
the 25-OH-D assay was not available. Thus, confounding
biases were unavoidable.

CONCLUSION

In China, H. pylori infection in the term of infancy and tod-
dlerhood was still very common. Helicobacter pylori sero-
positivity was more commonly observed in infants and
toddlers with vitamin D deficiency. The result suggested that
there was a significant association between H. pylori sero-
positivity and vitamin D deficiency in children aged 6–
36 months. In addition, although weight, height, and anemia
were not themain indicators of our study, the following results
were also worth noting: 1) the HAZ of growth parameter was
lower in H. pylori–seropositive group and 2) vitamin D de-
ficiency was associated with anemia and lower WAZ. We
believed that this study would be helpful to the treatment and
monitoring of vitamin D deficiency and H. pylori infection.
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27. Süoglu OD, Gökçe S, Saglam AT, Sökücü S, Saner G, 2007. As-
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