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Background: Currently, the available evidence regarding the relationship
between the lipid profile and Helicobacter pylori (H. pylori) infection is limited
and conflicting. There is also a dearth of studies that have explored the possibility
of sex-specific differences in the association between H. pylori infection and
triglyceride levels.

Methods: We conducted a cross-sectional study involving 1,146 participants
utilizing data from the National Health and Nutrition Examination Survey
(NHANES) 1999-2000 conducted in the United States. A logistic regression
model was employed to evaluate the association between H. pylori
seropositivity and triglyceride levels. Subgroup analyses stratified by sex were
conducted to explore sex-specific differences in this association.

Results: Serum triglyceride levels were significantly higher in H. pylori-
seropositive participants than in H. pylori-seronegative participants. In the
logistic regression analysis, there was a positive correlation between H. pylori
seropositivity and triglyceride levels (OR=1.231; 95% Cl, 1.016-1.491; P=0.033). In
the subgroup analysis, the adjusted association between serum triglycerides and
H. pylori seropositivity was significant in females (OR=1.732; 95% Cl, 1.113-2.696;
P=0.015) but not in males (OR=1.091; 95% CI, 0.698-1.705; P=0.704).

Conclusion: The association between high triglyceride levels and H. pylori
infection is specific to the female population.
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Introduction

Helicobacter pylori, a gastric pathogen, has been shown to
infect more than half of the global population (1). Since 1994, it
has been classified as a Group I carcinogen by the World Health
Organization and is capable of causing serious chronic diseases,
including chronic gastritis, peptic ulcers, mucosa-associated
lymphoid tissue (MALT) lymphoma, and gastric cancer (2, 3). In
addition, H. pylori infection has been implicated in various
extragastric diseases, such as endocrine disorders, osteoporosis,
Alzheimer’s disease, and autoimmune thyroid diseases (4-7).

Numerous studies have previously reported a significant
correlation between H. pylori infection and atherosclerosis, as well
as cardiovascular diseases (CVDs) (8-10). Chronic infection with H.
pylori has been closely associated with alterations in lipid metabolism.
Several studies have shown a significant correlation between H. pylori
infection and triglycerides, total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), and high-density lipoprotein
cholesterol (HDL-C) (8, 11, 12). However, the results are not
consistent between different studies. LDL-C was significantly
elevated in the subjects with H. pylori infection compared to those
without H. pylori infection. There were no associations among other
lipid profiles and H. pylori infection. However, another study showed
that an H. pylori-positive group had lower HDL-C than the H. pylori-
negative group. Significant differences between the two groups were
not found in other lipid profiles, including triglycerides, total
cholesterol and LDL-C. Elucidating the precise association between
H. pylori and cardiovascular risk factors is an important objective in
reducing the incidence of CVD.

In this study, we aimed to investigate the potential association
between H. pylori seroprevalence and lipid profile, utilizing data
from the National Health and Nutrition Examination Survey
(NHANES) conducted in the United States during 1999-2000.
Our primary objective was to shed light on the influence of H.
pylori infection on cardiovascular risk factors by assessing the
relationship between H. pylori seroprevalence and the lipid profile.

Materials and methods
Study design

All data in this study were obtained from the 1999-2000
NHANES conducted in the United States. NHANES is a research
project designed to evaluate the health and nutrition status of both
adults and children in the United States and utilizes a complex,
multistage, probability sampling design to provide information on
the nutrition and health of the general U.S. population (13).

Inclusion and exclusion criteria for study
participants

A total of 9,965 participants were enrolled in the NHANES
1999-2000 cycle. The inclusion criteria for this study were as
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follows: individuals in the NHANES database who had data for
serological testing for H. pylori, lipid laboratory testing, and
demographic variables. The exclusion criteria were as follows:
individuals with missing data for serological testing for H. pylori,
lipid laboratory testing, and demographic variable information; and
individuals with conditions that could potentially affect blood lipid
levels, including diabetes, coronary heart disease, angina pectoris,
thyroid disorders, cancer, and liver disease. A total of 1146
individuals were included in the final analysis. The flowchart of
the sample selection process is shown in Figure 1.

Helicobacter pylori seropositivity

As described in the NHANES protocol, serum samples were
collected by venipuncture from 7,493 participants and stored at -80°
C before being tested at the University of Washington. The H. pylori
immunoglobulin G (IgG) antibodies were detected using an
enzyme-linked immunosorbent assay (ELISA) kit manufactured
by Wampole Laboratories (Cranbury, NJ) to determine the quantity
of IgG antibodies against H. pylori (14). Participants were divided
into two groups, H. pylori seropositive (optical density (OD) value
>1.1) and seronegative (OD value <0.9), using the standard ELISA
cut-off value. To avoid misleading statistical results, ambiguous
values (0.9-1.1) were excluded from the analysis (15).

Triglyceride levels

The collected samples were stored at -20°C until transported to
the Lipoprotein Analysis Laboratory at Johns Hopkins University
for testing. Triglyceride levels were measured enzymatically in
serum or plasma using a series of coupled reactions in which
triglycerides were hydrolysed to produce glycerol. Glycerol was
then oxidized using glycerol oxidase, and H202, one of the reaction
products, was converted via peroxidase to a phenazone. Absorbance
was measured at 500 nm. Elevated triglyceride levels are typically
defined as a fasting serum triglyceride level greater than 1.7 mmol/
L (16).

Cholesterol levels

Cholesterol is measured enzymatically in serum or plasma in a
series of coupled reactions that hydrolyse cholesteryl esters and
oxidize the 3-OH group of cholesterol. One of the reaction
byproducts, H202, is measured quantitatively in a colourimetric
peroxidase-catalysed reaction. Absorbance was measured at
500 nm.

High-density lipoprotein cholesterol and
low-density lipoprotein cholesterol levels

In NHANES 1999-2000, HDL-C was measured using two
methods. A heparin-manganese (Mn) precipitation method and a
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Total participants from NIHHANES
1999-2000 (n=9965) Excluded (n=2472)
Missing data for H. pylori serology
Equivocal optical density values of
serology (n=170)
With H. pylori serology data
(n=7323)
Excluded (n=3904)
Missing data for triglyceride
With total triglyceride data
(n=3419)
Excluded (n=2076)
Missing data: LDL, HDL, total
cholesterol, racc, poverty, cducation,
BMTI and discascs
With I1. pylori and demographic
data ( n=1343)
Excluded (n=197)
Discascs affecting blood lipids
Final sample (n=1146)
FIGURE 1

The selection flow chart of study populations.

direct immunoassay technique were used. The Heparin-Mn
Precipitation Method was conducted as follows: apolipoprotein B-
containing lipoproteins were removed by precipitation with heparin
sulfate and MnCl2, and cholesterol was measured in the HDL-
containing supernatant. The HDL-C Direct Immunoassay Method
was conducted as follows: HDL was measured directly in serum.
The apolipoprotein B-containing lipoproteins in the specimen were
reacted with a blocking reagent that rendered them nonreactive
with the enzymatic cholesterol reagent under the conditions of the
assay. Absorbance was measured at 600 nm.

LDL-C was calculated from measured values of total
cholesterol, triglycerides, and HDL-C according to the Friedewald
calculation: [LDL-C] = [total cholesterol] - [HDL-C] -
[triglycerides/5].

Covariates

Numerous studies have shown that H. pylori infection is
associated with various factors, such as age (17), smoking (18),
alcohol consumption (19), race (17), education (20), poverty (17),
and body mass index (21). In this study, covariates included age,
sex, race, education level, household size, poverty-to-income ratio,
BMI, alcohol consumption, smoking behaviour, and C-reactive
protein. The covariates were classified as categorical variables,
including sex, education level, household size, poverty-to-income
ratio, BMI, alcohol consumption, and smoking behaviour, and as
continuous variables, including age and C-reactive protein.
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Statistical analyses

Continuous variables are presented as the mean * standard
deviation, while categorical variables are reported as numbers and
percentages. To compare baseline characteristics among different
groups, the chi-square test, Student’s t test, and Fisher’s exact test
were utilized as appropriate. The independent correlation between
H. pylori seropositivity and triglyceride levels was evaluated using a
logistic regression model. A P value < 0.05 was considered to
indicate statistical significance. All P values were two-tailed, and
the regression analysis results were presented as ORs and 95% Cls.
All statistical analyses were performed using SPSS version 26.

Results
Clinical characteristics of study participants

A total of 478 participants (41.71%) were H. pylori seropositive,
while 668 participants (58.29%) were H. pylori seronegative.
Significant differences were observed between the two groups in
terms of age, education level, household size, and poverty income
ratio (P < 0.05) Table 1. Notably, the H. pylori seropositive group
had a higher mean age, lower education level, larger household size,
and lower poverty income ratio compared to the seronegative
group. The mean triglyceride level was also higher in the H.
pylori seropositive group than in the seronegative group (mean
triglyceride level, 2.44 mmol/L vs. 1.07 mmol/L) (Figure 2).
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However, there were no significant differences between the two
groups in terms of total cholesterol, HDL-C, and LDL-C levels.

Association between Helicobacter pylori
seropositivity and triglyceride levels

The results of the logistic regression analysis for the composite
outcome are shown in Table 2. The results of univariate analysis
showed eight H. pylori seropositivity-related variables, including
age, sex, race, educational level, household size, PIR, BMI and
triglycerides. Multivariate regression analysis was performed with
factors showing a significant difference (P<0.05) in univariate
analysis as covariates. After adjusting for confounding factors, the
results showed a significant positive association between H. pylori
seropositivity and elevated triglyceride levels (OR=1.231; 95% CI,
1.016-1.491; P=0.033). Subgroup analysis by sex revealed that there
was no significant association between H. pylori seropositivity and
triglyceride levels in males (OR=1.091; 95% CI, 0.698-1.705;
P=0.704), while a significant positive association was found in
females (OR=1.732; 95% CI, 1.113-2.696; P=0.015). Details are
presented in Table 3.

Discussion

In this study, we conducted an observational association
analysis between triglyceride levels and H. pylori infection using
the NHANES 1999-2000 dataset. To our knowledge, this study was
the first to provide evidence of a significant correlation between
high triglyceride levels and H. pylori infection in women using
NHANES data. NHANES is characterized by its rigorous sampling
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FIGURE 2

Levels of triglyceride in patients with H. pylori seropositive (Hp+) and
H. pylori seronegative (Hp-). **p value < 0.01.
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design of the U.S. national population, high-quality research
measurements, and detailed quality control procedures (15).

Our research findings indicate a positive correlation between H.
pylori seropositivity and triglyceride levels, while no significant
correlations were observed with total cholesterol, LDL-C, or
HDL-C. In the stratified analysis, adjusted triglyceride levels
showed a statistically significant difference with H. pylori
seropositivity in women but not in men.

Cardiovascular disease (CVD) is a leading cause of death and
disability worldwide, significantly impacting people’s lives (22).
Various risk factors, such as hypertension, obesity, lack of
physical activity, and diabetes, are commonly associated with
CVD. Previous studies have shown that CVD is associated with
several infectious pathogens, such as Chlamydia pneumoniae,
cytomegalovirus, and herpes simplex virus (23). Epidemiological
studies based on bacterial discovery in the past two decades have
suggested a potential link between H. pylori infection and the
incidence of heart disease (24-27), with the hypothesis that
bacteria may be one of the underlying mechanisms directly or
indirectly influencing heart disease (28). Inflammation or immune
response caused by H. pylori infection in gastric mucosa is
considered a major potential cause of CVD. H. pylori infection
induces acute and chronic inflammatory responses in gastric
mucosa (29, 30), which are usually systemic (31) and are
associated with elevated serum fibrinogen and lipid levels, as well
as the release of proinflammatory mediators, all of which are well-
known risk factors for CVD (25). In addition, H. pylori with CagA
may stimulate macrophages to produce foam cells, leading to
enlargement of atherosclerotic plaques and arterial dysfunction
(32). H. pylori infection may also promote the development of
diabetes (33), and diabetes accelerates the progression of
atherosclerosis (34). H. pylori-induced abnormalities in glucose
metabolism, increased inflammatory stress, and lipid
abnormalities may be underlying mechanisms of CVD.

Elevated serum levels of LDL-C are a well-known risk factor for
CVD, especially coronary artery disease (35). The role of
hypertriglyceridaemia in cardiovascular disease, however, is not as
well established. Nevertheless, as more and more research is
conducted, the evidence supporting hypertriglyceridaemia as an
independent risk factor for CVD is increasing. The results from
numerous large observational, epidemiological, genetic, and
Mendelian randomization studies support the hypothesis that
elevated levels of triglycerides in the blood, whether in the fasting
or nonfasting state, are associated with an increased risk of CVD
(16). Triglycerides undergo hydrolysis mediated by lipoprotein
lipase (LPL), producing high concentrations of lipid products
such as oxidized free fatty acids, which are associated with an
increased risk of atherosclerosis and CVD through various
mechanisms, including the production of cytokines, fibrinogen,
clotting factors, and proinflammatory interleukins and fibrinolytic
impairment (36). H. pylori infection activates an inflammatory
response involving the expression of various cytokines, including
interleukins, through a large number of polymorphonuclear and
mononuclear cells (37).

It is widely believed that endogenous oestrogen during
reproductive years can delay the onset of CVD in women.
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TABLE 1 Weighted characteristics of 1146 participants by H. pylori seroprevalence.

Variable H. pylori seroprevalence P value
Positive(n=478) Negative(n=668)
Age (years) 49.45(17.47) 42.40(16.76) <0.001
Gender 0.038
Male 245(51.30%) 301(45.10%)
Female 233(48.70%) 367(54.90%
Race <0.001
Mexican American 203(42.50%) 102(15.20%)
Other Hispanic 48(10.00%) 28(4.20%)
Non-Hispanic White 104(21.80%) 406(60.80%)
Non-Hispanic Black 109(22.80%) 110(16.50%)
Other Race 14(2.90%) 22(3.30%)
Educational level <0.001
Less Than High School 268(56.10%) 132(19.80%)
High School Diploma 80(16.70%) 180(26.90%)
More Than High School 130(27.20%) 356(53.30%)
Household size <0.001
Small (1-3members) 272(56.90%) 447(66.90%)
Large (4 or more members) 206(43.10%) 221(33.10%)
Poverty income ratio <0.001
<2 254(53.20%) 222(33.30%)
2-4 143(29.90%) 202(30.20%)
>4 81(16.90%) 244(36.50%)
BMI (kg/m2) 0.025
Undernutrition (<18) 6(1.30%) 8(1.20%)
Normal (18-25) 139(29.10%) 241(36.10%)
Overweight (25-30) 183(38.20%) 203(30.40%)
Obese (30+) 150(31.40%) 216(32.30%)
Smoking behavior 0.090
Never 102(21.30%) 109(16.40%)
Sometimes 16(3.30%) 21(3.10%)
Everyday 360(75.40%) 538(80.50%)
Alcohol behavior 0.074
Yes 311(65.10%) 468(70.10%)
No 167(34.90%) 200(29.90%)
CRP (mg/dL) 0.49(0.67) 0.45(0.81) 0.781
Triglyceride (mmol/L) 0.004
Normal (<1.7) 308(64.40%) 483(72.30%)
Abnormal (21.7) 170(35.60%) 185(27.70%)
Total cholesterol(mmol/L) 5.29(1.05) 5.24(1.07) 0.986

(Continued)
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TABLE 1 Continued

Variable
Positive(n=478)
HDL cholesterol (mmol/L) ‘ 1.29(0.39)

LDL cholesterol (mmol/L)

3.28(0.90)

H. pylori seroprevalence

10.3389/fendo.2023.1220347

P value

Negative(n=668)

‘ 1.34(0.37) 0.764

‘ 3.24(0.93) 0.739

The meaning of the bold values is statistically significant.

TABLE 2 Univariate and multivariate logistic regression analyses of risk factors of Helicobacter pylori seropositive patients.

Variable Univariate analysis Multivariate analysis
95% Cl P value 95% Cl P value

Age (years) 1.024 1.017-1.031 <0.001 1.032 1.022-1.041 <0.001
Gender 0.780 0.616-0.987 0.039 0.869 0.657-1.149 0.324
Race - - <0.001 - - <0.001
Educational level - - <0.001 - - <0.001
Household size 1.532 1.202-1.952 0.001 1.366 0.998-1.870 0.052
Poverty income ratio - - <0.001 - - 0.219
BMI (kg/m2) - - 0.025 - - 0.036
Smoking behavior - - 0.091 - - -
Alcohol behavior 1.257 0.978-1.614 0.074 - - -
CRP (mg/dL) 1.071 0.917-1.251 0.387 - - -
Triglyceride (mmol/L) 1.441 1.119-1.855 0.005 1.231 1.016-1.491 0.033
Total cholesterol(mmol/L) 1.048 0.938-1.171 0.987 - - -
HDL cholesterol (mmol/L) 0.732 0.534-1.002 0.765 - - -
LDL cholesterol (mmol/L) 1.038 0.913-1.179 0.740 - - -

The meaning of the bold values is statistically significant.

TABLE 3 Association of triglyceride level with Helicobacter pylori seropositivity based on subgroup of sex.

Total (n=1146)

95% Cl P value OR

Triglyceride 1.231 1.016-1.491 0.033 1.091

The meaning of the bold values is statistically significant.

However, epidemiological evidence suggests that the rate of increase
in CVD during menopause does not differ by age (38). Women are
at a more disadvantageous position than men in terms of CVD (39).
In addition, women infected with H. pylori have a faster rate of
antibody clearance than infected men (40). This may also
contribute to an increased risk of CVD in women.

Our study has some limitations. The study design was cross-
sectional based on NHANES, and therefore, we cannot determine a
causal relationship between serum triglyceride levels and H. pylori
seropositivity. Additionally, NHANES only provides serological
data for H. pylori infection, which does not differentiate between
past or current infection, so we cannot accurately determine
whether the infection coexists with hypertriglyceridaemia.

Frontiers in Endocrinology

Male (n=546)

Female (n=600)

95% Cl P value OR 95% ClI P value

0.698- 1.705 0.704 1.732 1.113- 2.696 0.015

Furthermore, our study cannot elucidate the underlying
mechanisms linking H. pylori infection in women with
hypertriglyceridaemia. Finally, the data used in this study were
limited to the period between 1999 and 2000, as serum triglyceride
and H. pylori serological data were only available for these two years
in NHANES. To further substantiate our conclusions, a study with a
larger sample size is needed.

Conclusion
In summary, a positive correlation between serum triglyceride

levels and H. pylori infection can be observed in females. It is crucial
for female patients infected with H. pylori to prioritize monitoring
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their triglyceride levels to mitigate the likelihood of developing
cardiovascular ailments.
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