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Abstract

Objectives Inconsistent evidence currently exists regarding the associations between Helicobacter Pylori (H. pylori)
infection and body mass index (BMI). The goal of the current study was to examine independent associations of H. pylori
immunoglobulin G (IgG) seropositivity and BMI in a U.S--based population sample.

Methods The US National Health and Nutrition Examination Survey (NHANES) with 2,576 subjects from 1999 to 2000
were analyzed. Using multivariate logistic regression models, associations between H. pylori IgG seropositivity and BMI were
calculated after potential confounders were taken into account. Subgroup analyses were conducted furtherly stratified by
sex, age, and race.

Results H. pylori1gG seropositivity was not associated with BMI in the general population (OR=0.998; 95% C1=0.977-
1.019; P=0.842). In the subgroup analyses stratified by race, a negative correction was found between the H. pylori

IgG seropositivity and BMI among other races (OR=0.873; 95% Cl=0.795-0.959; P=0.004) except non-Hispanic white
(OR=1.006, 95% Cl 0.966 to 1.048, P=0.762), non-Hispanic black (OR=1.021,95% Cl 0.979 to 1.065, P=0.335), and Mexican
American (OR=1.010,95% Cl 0.966 to 1.055, P=0.665).

Conclusions In the general population, H. pylori IgG seropositivity is not associated with increased BMI, which provides a

new perspective on obesity management.
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Introduction

Helicobacter Pylori (H. pylori) infection is a common,
usually lifelong, infection that is widespread worldwide.
It is reported that the overall global prevalence of H.
pylori infection is about 50% [1], and the prevalence in
US is about 35.6% [2]. The gastric mucosa-dwelling H.
pylori strain has the ability to secrete vacuolus toxins,
urea enzymes, and cytotoxin, even though the major-
ity of infected people show no symptoms. Chronic gas-
tritis, peptic ulcers, and gastric cancer are all known to
be caused by H. pylori infection. H. pylori infection is
believed to have additional gastrointestinal effects in
addition to causing the gastrointestinal disease, such as
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metabolic syndrome, cardiovascular disease, neurologi-
cal disorder, and ophthalmic disorder [3].

A major health issue worldwide, especially in devel-
oped nations, is obesity [4], which is one of the most
significant risk factors for metabolic syndrome and a
number of diseases [5]. Due to improved medical care
and risk factor management, obese people now live
longer than they did in the past, but obesity complica-
tions like idiopathic thrombocytopenic purpura, iron
deficiency anemia, and vitamin B;, deficiency place a
greater burden on their lives [6]. A significant associa-
tion between H. pylori infection and body mass index
(BMI) or obesity has been established in some recent
studies [6—8]; however, other studies came to contradic-
tory conclusions [9-11]. Furthermore, conflicting result
of multiple pathogenic mechanisms regarding the asso-
ciation of H. pylori infection and obesity have been pub-
lished [10]. H. pylori infection has been reported to affect
the production of hormones that regulate hunger, which
in turn enhances appetite and contributes to an increase
in BMI [12]. However, in the case of H. pylori infection,
leptin, a hormone that can lead to decreased food intake
and BMI, is significantly increased [13]. Additionally,
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H. pylori infection might result in dyspeptic symptoms,
which might cause a person to consume fewer calories
[10]. Thus, the aim of the present study was to explore
the association between H. pylori IgG seropositivity and
BMI among in a large, nationally representative sample of
US adults.

Methods

Subjects

Data was collected from the 1999-2000 cycle of
NHANES in the present study. Since 1960, the US Cen-
ters for Disease Control and Prevention have been
conducting the NHANES, a nationally representative
cross-sectional survey and physical examination of the
civilian, non-institutionalized US population [14]. The
current study population for this study was limited to
adults with complete BMI and H. pylori IgG serum anti-
body data, based on data from subjects who completed a
health questionnaire and health screening. Furthermore,
only adults aged 20 to 59 were included. 2,576 subjects
total were included for the final analysis out of the 9,965
total subjects chosen using the above method. Figure 1
depicts the flow chart for sample selection.
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Fig. 1 Flow chart of study populations

—»  Equivocal optical density
values of serology




Huang et al. BMC Infectious Diseases (2023) 23:485

Variables

The H. pylori 1gG enzyme-linked immunosorbent assay
(ELISA) (Wampole Laboratories), created and stan-
dardized at Vanderbilt University, was used to measure
H. pylori 1gG seropositivity. Immune status ratio values

Table 1 Baseline characteristics of the study subjects

H. pylorilgG H.pylorilgG+ P

-(n=1534) (n=1042) value
Age (years) 37.25+£10.71 39.86+10.78 <0.001
Sex (%) (OA N
Male 4791 5143
Female 52.09 48.57
Race (%) <0.001
Non-Hispanic White 79.01 4147
Non-Hispanic Black 7.56 19.49
Mexican American 397 15.60
Other races 946 2344
Educational level (%) 0.007
Less than high school 13.90 36.54
High school 2439 27.16
College graduate or 61.71 36.30
above
Ratio of family incometo  7.71+2.74 6.77+2.67 <0.001
poverty
Body mass index ((kg/mz) 27.88+6.56 2797+6.52 0.76
Waist circumference (cm)  94.34+16.15 9407 +15.38 0.71
Physical activity (MET- <0.001
based rank) (100%)
0 139 296
1 325 32.7
2 20.8 139
3 328 23.8
Smoking behavior (%) <0.001
None 54.4 455
Past 213 199
Current 24.3 346
Diabetes status (%) 0.03
None 96.2 94.2
Yes 38 58
Hypertension status (%) 0.013
None 82.5 782
Yes 17.5 218
Days drink in year 77.85+£96.17 70.23+97.60 0.15
Total calcium (mg/dL) 9.43+040 9.40+040 0.05
Serum uric acid (mg/dL) 519+146 525+149 0.29
Blood urea nitrogen (mg/  13.30+£4.30 13.03+£3.93 0.13
dL)
Total protein (g/dL) 751+044 7.60+044 <0.001
Serum creatinine (mg/dL)  1.52+0.44 1554049 0.095
Total cholesterol (mg/dL)  193.62+38.11 192.61+41.05 0.55
Triglycerides (mg/dL) 13463+101.52  140.34+£106.85 0.21
Plasma glucose (mmol/L)  5.39+0.77 5524160 0.004

Mean £SD for continuous variables: P value was calculated by one-way ANOVA
(normal distribution) and Kruskal-Wallis H (skewed distribution) test. % for
categorical variables: P value was calculated by weighted chi-square test
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of >1.1 and 0.9 were used to classify each specimen as
either seropositive or seronegative, respectively, while
values between 0.9 and 1.1 were considered ambigu-
ous [15]. To avoid misleading statistical results, subjects
with ambiguous values were excluded from this study.
Obesity (>30 kg/m?), overweight (25-30 kg/m?), normal
(18.5-25 kg/m?), and undernutrition (18.5 kg/m?) were
defined by BMI, which was calculated as weight in kilo-
grams divided by height in meters squared. As covariates,
age, poverty to income ratio, days drink in year, serum
uric acid, total calcium, blood urea nitrogen, total pro-
tein, serum creatinine, total cholesterol, triglycerides, and
plasma glucose were applied as continuous variables; sex,
race, educational level, physical activity, smoking behav-
ior, and other disease status were applied as categorical
variables. On the website of NHANES (www.cdc.gov/
nchs/nhanes/), more in-depth information on the vari-
ables used in the current study is available to the public.

Statistical analysis

The R (http://www.r-project.org, The R Foundation) and
EmpowerStats  (http://www.empowwerstats.com, X&Y
Solutions, Inc., Boston, MA) software were used for sta-
tistical analysis. To analyze the associations between H.
pylori 1gG seropositivity and BMI, weighted multivari-
ate logistic regression models were used. The weighted
logistic regression model was used to determine the dif-
ferences between groups for continuous variables, and
the weighted chi-square test was used for categorical
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Fig. 2 The association between H. pylori IgG seropositivity and BMI. Solid
red line represents the smooth curve fit between variables. Blue bands
represent the 95% of confidence interval from the fit. Age, sex, race, edu-
cational level, ratio of family income to poverty, physical activity, smoking
behavior, hypertension status, diabetes status, serum uric acid, total calci-
um, blood urea nitrogen, serum creatinine, total cholesterol, total protein,
triglycerides, and plasma glucose were adjusted
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Table 2 Association between H. pylori IgG seropositivity and BMI

Model I, OR Model I, OR  Model lll,
(95% ClI, P) (95% ClI, P) OR (95%
Cl, P)
Total 1.011(0.999, 0.995 (0.981, 0.998 (0.977,
1.023) 0.061 1.009) 0461 1.019) 0.842
BMI categories
Undernutrition Reference Reference Reference
Normal 1.200 (0648,  0.749(0.368,  0.919(0.329,
2.223) 0.562 1.521) 0424 2.573)0.873
Overweight 1.433(0.774, 0.711 (0.350, 0.902 (0.310,
2.651)0.252 1.447) 0.347 2.622) 0.849
Obese 1.476(0.798, 0.676 (0332, 0.891 (0.280,
2.732)0.215 1.376) 0.281 2.838) 0.845
P for trend 0.023 0.260 0.874

Model I: no covariates were adjusted; Model II: age, sex, and race were adjusted;
Model IlI: age, sex, race, educational level, ratio of family income to poverty,
physical activity, smoking behavior, hypertension status, diabetes status, serum
uric acid, total calcium, blood urea nitrogen, serum creatinine, total cholesterol,
total protein, triglycerides, and plasma glucose were adjusted

variables. NHANES is a stratified, complex, multi-
stage probability-based survey that oversamples certain
groups, and as such, all participants are assigned analytic
weights to account for their unequal sampling probability
and non-response [16]. In all analyses, sampling design

Table 3 Subgroup analyses of the association between H. pylori
IgG seropositivity and BMI

Model I, OR Model I, OR  Model lll, OR
(95% Cl, P) (95% ClI, P) (95% Cl, P)
Sex
Male 1.009 (0.988, 0.995 (0.972, 0.996 (0.961,
1.030) 0.397 1.019) 0.692 1.033) 0.838
Female 1.015 (1.000, 0.995 (0.979, 0.999 (0.972,
1.030) 0.046 1.012) 0.570 1.026) 0.936
Age
20~29 0.988 (0.963, 0.982 (0.954, 0.992 (0.945,
1.015) 0.381 1.010) 0.200 1.042) 0.749
~39 1.003 (0.980, 0.986 (0.959, 1.001 (0.960,
1.027) 0.771 1.013) 0.301 1.043) 0.970
~49 1.020 (0.998, 0.999 (0.974, 0.980 (0.937,
1.043) 0.080 1.025) 0.957 1.024) 0.364
~59 1.005 (0.978, 1.011(0.981, 1.027 (0.970,
1.032) 0.739 1.043) 0479 1.087) 0.359
Race
Non-Hispanic White 0.996 (0.971, 0.988 (0.962, 1.006 (0.966,
1.021) 0.726 1.014) 0.355 1.048) 0.762
Non-Hispanic Black  1.004 (0.983, 1.006 (0.983, 1.021 (0.979,
1.027) 0.691 1.030) 0616 1.065) 0.335
Mexican American  1.014 (0.988, 1.006 (0.979, 1.010 (0.966,
1.042) 0.295 1.035) 0.658 1.055) 0.665
Other races 0.969 (0.932, 0.956 (0.916, 0.873 (0.795,
1.008) 0.116 0.998) 0.038 0.959) 0.004

Model I: no covariates were adjusted; Model II: age, sex, and race were adjusted;
Model IlI: age, sex, race, educational level, ratio of family income to poverty,
physical activity, smoking behavior, hypertension status, diabetes status, serum
uric acid, total calcium, blood urea nitrogen, serum creatinine, total cholesterol,
total protein, triglycerides, and plasma glucose were adjusted

Page 4 of 6

complexity was taken into account by using two-year
interview weights for all sample estimations. Statistical
significance level was set at p<0.05.

Results

Characteristics of included subjects

In this study, 2576 people met the inclusion criteria, with
1534 being H. pylori IgG seronegative and 1042 being H.
pylori 1gG seropositive. People in these two groups dif-
fered significantly (P<0.05) in age, race, educational level,
income poverty ratio, physical activity, smoking behavior,
diabetes status, hypertension status, total calcium, total
protein, and plasma glucose. Baseline characteristics of
the study subjects are outlined in Table 1.

Association between H. pylori IgG seropositivity and BMI
Model of multiple regression

H. pylori 1gG seropositivity was not associated with
BMI in any of the multivariable logistic regression
models, as shown in Table 2; Fig. 2. After all subjects
were divided into four groups according to their BMI,
the association between H. pylori 1gG seropositiv-
ity and BMI was not found and there was no signifi-
cant trend between the different BMI category groups
(Table 2).

Subgroup analyses

As shown in Table 3; Fig. 3, when stratified by sex
or age, there was no statistically significant associa-
tion between H. pylori 1gG seropositivity and BMI.
When stratified by race, the association between H.
pylori 1gG seropositivity and BMI was not significant
in non-Hispanic white (OR=1.006, 95% CI 0.966 to
1.048, P=0.762), non-Hispanic black (OR=1.021, 95%
CI 0.979 to 1.065, P=0.335), and Mexican American
(OR=1.010, 95% CI 0.966 to 1.055, P=0.665); however,
a negative association between H. pylori IgG seroposi-
tivity and BMI was observed in other races (OR=0.873,
95% CI0.795 to 0.959, P=0.004).

Discussion

The present study used data from the NHANES to
investigate whether there are any independent rela-
tionships between H. pylori IgG seropositivity and
BMLI. In summary, H. pylori IgG seropositivity was not
associated with BMI in the general population. Except
for non-Hispanic white, non-Hispanic black, and
Mexican Americans, a negative association between
H. pylori 1gG seropositivity and BMI was found in the
subgroup analyses stratified by race.

There is conflicting and scant evidence that H. pylori
infection and BMI are related. A cross-sectional epide-
miological study that performed in USA have found no
association between H. pylori infection and BMI among
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Fig. 3 The association between H. pylori IgG seropositivity and BMI stratified by sex (A), age (B), and race (C). Educational level, ratio of family income to
poverty, physical activity, smoking behavior, hypertension status, diabetes status, serum uric acid, total calcium, blood urea nitrogen, serum creatinine,
total cholesterol, total protein, triglycerides, and plasma glucose were adjusted

adults [10], which is similar to the results of our study.
Nevertheless, there is a difference, that is, we performed
subgroup analysis according to race and found a nega-
tive association between H. pylori IgG seropositivity and
BMI in other races. The findings of a case-control study
in the USA, which included 60 participants, revealed that
H. pylori infection tended to be more common in obese
people [17]. Controversial findings have also been found
in studies conducted outside of the United States. A
positive correlation between H. pylori infection and BMI
among Chinese people was discovered by a cross-sec-
tional epidemiological study [8] and a meta-analysis [6].
Another study [7] performed in Japan have found similar
results. In Taiwan, people were found to have an inverse
relationship between H. pylori infection and obesity [18],
and it has been suggested that H. pylori infection eradi-
cation may cause a marked increase in BMI [19]. Nev-
ertheless, these studies were performed in East Asian
countries. It has been reported that H. pylori infection
tends to be more common in obese people, and eradica-
tion rates are significantly lower in overweight patients
than in controls, according to studies [20, 21] conducted
in European nations. The eradication of H. pylori infec-
tion, however, may cause a significant rise in BMI,
according to another study [22]. Additionally, according
to some studies [9, 11], there is no connection between
H. pylori infection and BMI, which is essentially in line
with the results of our study. Disparities in study design,
subject populations, sample size, and H. pylori I infec-
tion testing procedures may result in inconsistency of the
current evidence. Furthermore, because H. pylori infec-
tion is linked to ethnicity and socioeconomic status, both
of which are linked to BMI, studies examining the link
between H. pylori infection and BMI must accurately and
in large enough numbers to allow for adequate adjust-
ment [10]. We clearly discovered there is no correlation
between H. pylori IgG seropositivity and BMI in this

study by analyzing a sizable sample of the representative
US population using a rigorous sampling design, high-
quality research measurement, and detailed quality con-
trol procedures database. Our further subgroup analysis
results also showed that a negative association between
H. pylori 1gG seropositivity and BMI was observed in
other races except non-Hispanic white, non-Hispanic
black, and Mexican American.

For the connection between H. pylori infection
and BMI, numerous pathogenic mechanisms have
been put forth. Obese patients were found to have
decreased polymorph nuclear bactericidal capacity
[23], decreased ability of monocytes to mature into
macrophages [24], and significantly reduced activity
of natural killer cells [25]. A more favourable immune
environment for H. pylori infection may be caused by
these immunity changes seen in people with obesity or
an elevated BMI [8]. It was also found that H. pylori
infection can result in insulin resistance and abnormal
lipid metabolism by stimulating the release of pro-
inflammatory cytokines, ultimately causing obesity or
elevated BMI [26, 27]. The production and release of
the stomach-derived hormone ghrelin, which increases
appetite and contributes to obesity, have also been
reported to be affected by H. pylori infection [12].
However, in the case of H. pylori infection, leptin, a
hormone that can lead to decreased food intake and
BM]I, is significantly increased [13]. Additionally, H.
pylori infection might result in dyspeptic symptoms,
which might cause a person to consume fewer calories
[10]. As a result, obesity and H. pylori infection may
interact, and a large complex may form between them
[8]. The prevention and treatment of both H. pylori
infection and obesity may ultimately benefit from fur-
ther clarification of the mechanisms underlying the
association.
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The strength of the study was the use of a large, nationally
representative sample of adults. However, some limitations
are worth noting. First, the results of this study are based on
cross-sectional analysis. Therefore, the temporal relation-
ship between the variables and the causal relationship of
the reported associations could not be determined. Second,
the choice of confounders or unidentified factors cannot be
completely ruled out. Even if we try to reduce the effect of
confounders by adjusting for major demographic factors,
socioeconomic, and health-related factors. Third, only the
subjects of US were included in this study, the conclusions
of this study therefore do not apply to patients outside of
the US. Finally, a serological test was used to assess H. pylori
IgG seropositivity. Serological tests have, in general, a lim-
ited diagnostic accuracy. Furthermore, we did not test inter-
actions, which is one of the limitations of this study.

Conclusion

In the general population, H. pylori IgG seropositivity is not
associated with increased BMI, which provides a new per-
spective on obesity management.
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