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Abstract

Purpose Helicobacter pylori (H. pylori) infection has been reported to be associated with multiple metabolic diseases.
However, the connection between H. pylori infection and gout has not been explored previously. Our study aimed to
investigate the association of gout and H. pylori infection in hyperuricemia population in China.

Patients and methods This cross-sectional study was performed among the subjects who underwent health
checkup in our health promotion center from January 1, 2020 to December 31, 2021. A total of 53,629 subjects with a
mean age of 44.2 years were included in this study. H. pylori infection was defined as a positive [13]C-urea breath test.
The effect of H. pylori infection on gout was assessed by multiple logistic regression analysis.

Results 720 subjects with gout and 15,077 subjects with asymptomatic hyperuricemia (>420 pmol/L in male and
>360 umol/L in female) were enrolled. The prevalence rates of H. pylori infection, hyperuricemia and gout were
26.3%, 29.5%, 1.3%, respectively. The prevalence rate of H. pylori infection was significantly higher in subjects with
gout than in those with asymptomatic hyperuricemia (35.0% vs. 27.2%; P<0.001). Multiple logistic regression analysis
showed that H. pylori infection was associated with an increased risk of gout independent of serum uric acid level in
hyperuricemia population (odds ratio [OR]: 1.320, 95% confidence interval [CI]: 1.124-1.550, P=0.001).

Conclusion H. pyloriinfection is positively associated with higher risk of gout in hyperuricemia population. The causal
relationship and potential mechanism between H. pylori infection and gout warrants further investigation.
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Introduction

Helicobacter pylori (H. pylori) is a gram-negative spiral
bacterium that colonizes in the gastric mucosa persis-
tently, infecting approximately 4.4 billion people world-
wide and varying considerably according to geographic
region [1]. H. pylori infection is associated to several
conditions including gastric cancer, mucosa-associated
lymphoid tissue (MALT) lymphoma, peptic ulcer disease,
gastric atrophy, gastric intestinal metaplasia [2, 3]. There-
fore, H. pylori was classified as a group 1 carcinogen
leading to gastric adenocarcinoma by the World Health
Organization (WHO) [2]. In recent decades, evidence
also linked H. pylori infection with many extra-gastro-
duodenal conditions including hematological, metabolic,
cardiovascular, neurodegenerative and allergic disorders
[4, 5].

Gout is a chronic disease with periods of inflamma-
tion, known as flares, resulting from the deposition of
monosodium urate crystals in joints, tendons and other
structures [6, 7]. Population-based studies have reported
the prevalence rate of gout ranges from 0-68% to 3-90%
among different areas worldwide, due to the variation
of ethnic groups and regions [8—12]. A meta-analysis
including 30 studies published from 2000 to 2016 found
a pooled prevalence of gout of 1.1% in mainland China
[13]. A more recent epidemiological survey estimated
that the prevalence rate of gout among general Chinese
adult population has reached 3.2%, corresponding to
25.56 million adults with gout during 2015-2017'*, The
increasing trend of the gout prevalence is possibly due
to the aging population as well as the growing rates of
metabolic diseases in recent years, which has imposed
heavy burden on the global economy by causing sub-
stantial medical costs and productivity losses. Hospital
admissions for gout have increased by 50-100% in the
UK, USA, Canada and Sweden over recent decades [15—
19]. Though high serum urate concentration is assumed
to be the key risk factor for gout, a large proportion of
hyperuricemia patients are exempt from developing
gout through a lengthy follow-up period [13]. Up to 76%
of asymptomatic hyperuricemia individuals fail to find
monosodium urate (MSU) crystal deposition by dual
energy CT scan of the feet [20], which triggers our inter-
ests on exploring the potential risk factors leading to the
gout attack among the hyperuricemia individuals.

Several studies have reported a significant associa-
tion between H. pylori infection and coronary heart
disease, especially for the CagA-positive strains [4, 21,
22]. H. pylori+CagA+infection might be involved in
coronary atherosclerosis via the change of serum lipids
profile, enhancement of low-density lipoprotein choles-
terol (LDL-C) oxidation, and activation of inflammatory
responses [23]. Further study found that the high-density
lipoprotein cholesterol (HDL-C) levels increased after H.
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pylori eradication, prompting an underlying benefit on
cardiovascular diseases from H. pylori eradication [24].
Potential connections between H. pylori infection and
metabolic diseases such as obesity, metabolic syndrome,
insulin resistance, diabetes mellitus and nonalcoholic
fatty liver disease (NAFLD) have also been indicated [5,
25]. Though the link between H. pylori infection and mul-
tiple metabolic diseases has been extensively explored,
there is in lack of study investigating the possible associa-
tion between H. pylori infection and gout.

Therefore, we conducted a cross-sectional study to
investigate the relationship between gout and H. pylori
infection in hyperuricemia population, which may pro-
vide evidence for screening and identifying the high-risk
population of gout.

Methods

Study design and subjects

This cross-sectional study was conducted at the Health
Promotion Center in Sir Run Run Shaw Hospital affili-
ated with Zhejiang University. A total of 56,471 partici-
pants who underwent a standard 13 C-urea breath test as
part of their health checkup in the period from January
1, 2020 to December 31, 2021 were enrolled in this study.

Subjects meeting the following criteria were excluded:

(1) Those with a self-reported history of gastric surgery
(n=99);

(2) Those with a self-reported history of malignant
tumor (7 =679);

(3) Those with self-reported history of severe hereditary
or auto-immune diseases (n = 754);

(4) Those with missing data (n=1262).

A total of 53,629 eligible subjects were finally enrolled
(31,692 male and 21,937 female). This study was
approved by the Ethics Committee of Sir Run Run Shaw
Hospital, affiliated with Medical College of Zhejiang Uni-
versity (NO. 2023-0047).

Data collection

Information including past medical history (including
gout), alcohol consumption, cigarette smoking, family
history, and physical examination were collected by well-
trained general practitioners. Alcohol consumption and
smoking status were classified as current (>6 months on
a daily basis) or non-current status.

Weight, height, blood pressure (BP), and waist circum-
ference (WC) were measured by well-trained nurses.
Standing height and body weight were measured without
shoes or coats. Body mass index (BMI, kg/m?) was calcu-
lated as weight in kilograms divided by height in meters
squared. BP was measured by an automated sphygmo-
manometer with the subject maintaining sitting position.
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WC was measured with the measuring tape positioned
midway between the lowest rib and the iliac crest.

Fasting blood samples were obtained from an antecubi-
tal vein to be used for the analysis of biochemical values.
Total cholesterol (TC), triglycerides (TG), HDL-C, LDL-
C, total protein (TP), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), c-glutamyltransferase
(GGT), alkaline phosphatase (ALP), total bilirubin (TBil),
fasting glucose (FBG), HbAlc, urea nitrogen (BUN), cre-
atinine (CR), and uric acid (UA) were measured after an
8-hour overnight fast.

Diagnostic criteria for H. pylori infection

After overnight fasting for 8 h, all participants under-
went a [13]C-urea breath test (UBT) in our Health Pro-
motion Center. After collecting an initial baseline breath
sample, participants took 75 mg of [13]C-urea that was
dissolved in 200 mL 0.1 N of citric acid made up in water.
The second breath sample was collected 30 minutes later.
A difference between the baseline sample and the second
sample that exceeded 3.5 parts per 1000 of [13]CO2 was
defined as positive for H. pylori infection according to the
manufacturer’s instructions. Participants who were eli-
gible to have not taken antibiotics in the previous month
and proton pump inhibitors at least two weeks before the
test were included in this study.

Definition of hyperuricemia

Due to the discrepancy between current guidelines and
consensuses [26], hyperuricemia in this study was identi-
fied with the classic cut-off (>6.0 mg/dL for females and
>7.0 mg/dL for males) [27] as well as with the cut-off of
>7.0 mg/dL for both males and females [28].

Statistics analysis

All statistical analyses were performed using SPSS ver-
sion 26.0 for Windows (SPSS Inc., Chicago, IL, United
States). In the process of statistical analysis, continuous
variables were presented as the mean and standard devia-
tion (SD) or the median and interquartile range (IQR)
as appropriate. The Student’s ¢-test or Mann-Whitney
U-test was used for comparing continuous data. Cat-
egorical variables were presented as the percentage and
compared by the x2-test. After univariate analysis, fac-
tors with P<0.05 were included in multivariate logis-
tic regression. Multivariate logistic regression models
were used to evaluate the risk factor for gout. In all sta-
tistical tests, a two-sided P-value<0.05 was considered
significant.

Results

Clinical and demographic characteristics of study subjects
This cross-sectional study involved 53,629 subjects,
31,692 males (59.1%) and 21,937 females (40.9%). The
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overall prevalence rate of H. pylori infection was 26.3%
(27.6% in males and 24.4% in females). Hyperuricemia
was identified in 15,797 subjects (720 subjects with gout
and 15,077 subjects without gout).

Clinical characteristics of all participants as well as
participants having hyperuricemia with/without gout
are presented in Table 1. The gout group was older, had
higher proportion of male gender, smoking percentage,
drinking percentage, BMI, WC, SBP, DBP, FBG, HbAlc,
ALT, AST, GGT, TG, Cr, UA levels and lower HDL-C lev-
els than the hyperuricemia without gout group (P<0.05).
Notably, significantly higher H. pylori infection percent-
age was identified in the hyperuricemia subjects with
gout than in those without gout (2<0.001).

Risk factors analysis for gout in hyperuricemia subjects
Gender, age, smoking status, drinking status, H. pylori
infection status, BMI, WC, SBP, DBP, FBG, HbAlc, ALT,
AST, GGT, TG, Cr, HDL-C levels were entered into the
original equation of the stepwise multiple regression
model (Table 2). Model 1 entered serum uric acid (SUA)
level as a covariate as well. Our results showed that age,
male gender, drinking, WC, DBP, HbAlc, CR, UA, H.
pylori infection were closely related to the risk for gout
in hyperuricemia subjects in model 1. All the variables
except for drinking status were also associated with the
risk for gout in hyperuricemia subjects in model 2. Nota-
bly, H. pylori infection was found to be an independent
risk factor for gout in both model 1 (OR: 1.320, 95%CI:
1.124-1.550; P=0.001) and model 2 (OR: 1.327, 95%CI:
1.131-1.558; P=0.001).

Association between H. Pylori infection and gout

Table 3 shows that H. pylori infection is significantly asso-
ciated with the risk for gout in both univariate analysis
(OR: 1.438, 95%CI: 1.229-1.683; P < 0.001) and multivar-
iate analysis (OR: 1.320, 95%CI: 1.124-1.550; P=0.001)
after adjusting for confounding variables. When sub-
jects were classified as hyperuricemia according to cut-
off of >7.0 mg/dL for both males and females, the results
remains significant in both univariate analysis (OR: 1.422,
95%ClI: 1.215-1.666; P < 0.001) and multivariate analysis
(OR: 1.326, 95%CI: 1.130-1.557; P=0.001).

Table 4 shows the associated factors for gout in hyper-
uricemia population stratified by gender. H. pylori infec-
tion is closely associated with the risk for gout in male
hyperuricemia subjects in multivariate analysis (OR:
1.326, 95%CI: 1.128-1.559; P=0.001). In female group,
however, H. pylori infection showed no significant asso-
ciation with the risk for gout (OR: 0.812, 95%CI: 0.205—
3.216; P> 0.05).
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Table 1 Basic characteristics of the study participants with and without gout

Characteristics Total (n1=53,629) Hyperuricemia without gout (1=15,077)  Gout (n=720) t value P
Age (yr) 442 (12.0) 44,0 (12.4) 48.0(11.5) 9.105 <0.001
Male gender (%) 59.1 81.2 98.5 139.127° <0.001
Smoking (positive%) 229 30.2 42.5 48.886° <0.001
Drinking (positive%) 328 443 56.8 43.686° <0.001
H. pylori infection (positive%) (number) 26.3 (14,103) 27.2 (4108) 35.0 (252) 20.672° <0.001
BMI (kg/mz) 239(3.3) 255(3.2) 26.5(3.4) 8.156 <0.001
WC (cm) 82.8(10.6) 88.3(9.3) 924(8 6) 12.130 <0.001
SBP (mmHg) 121.9(16.7) 125.8 (16.0) 0.0 (15.7) 6.690 <0.001
DBP (mmHg) 732(11.2) 76.1(11.1) 79.6 (11.0) 8216 <0.001
FBG (mmol/L) 5.17 (4.87-5.70) 5.27 (4.95-5.68) 542 (5.05-5.94) 6.769° <0.001
HbATc (%) 540 (5.20-5.70) 5.50 (5.20-5.80) 5.60 (5.33-6.60) 8.222° <0.001
TP (g/L) 724 (4.0) 73.1(4.0) 73.0(4.0) 0.405 0.686
ALT (U/L) 20.0 (14.0-30.0) 26.0 (18.0-40.5) 29.0 (24.0-39.0) 3.559° <0.001
AST (U/L) 21.0 (18.0-26.0) 24.0 (20.0-29.0) 25.0(21.0-31.0 4389° <0.001
ALP (U/L) 71.7(21.7) 75.1(20.7) 753(19.7) 0.259 0.795
GGT (U/L) 22.0(15.0-38.0) 33.0 (22.0-54.0) 420 (26 0-65. O) 7.498° <0.001
TBil (umol/L) 13.9(11.0-17.8) 14.8 (11.8-18.6) 611, 0.239° 0811
TG (mmol/L) 1.25(0.87-1.87) 1.69 (1.17-2.43) 2.07 (1.49-2. 88) 9.744° <0.001
TC (mmol/L) 5.08 (0.98) 5.25(1.02) 5.28 (1.03) 0.783 0434
LDL-C (mmol/L) 3.17(0.79) 331(0.81) 333(0.82) 0.592 0.554
HDL-C (mmol/L) 131(0.31) 1.20(0.27) 6 (0.26) 3.873 <0.001
BUN (mmol/L) 5.02 (1.23) 5.26(1.22) 5.33(1.44) 1416 0.157
CR (umol/L) 722(17.5) 80.3 (15.6) 89.7 (50.7) 4951 <0.001
UA (umol/L) 358.6(92.0) 456.0 (429-540) 4940 (417-561)  8.480° <0.001

Note *Data are shown as mean (SD) or median (IQR) for continuous variables, shown as percentage of subjects (%) for categorical variables. a, x2 value; b, Z value.
t Value and P are presented as the results of comparisons between the hyperuricemia without gout group and the gout group. Hyperuricemia is defined as
>6.0 mg/dL for females and >7.0 mg/dL for males. Helicobacter pylori (H. pylori), body mass index(BMI), waist circumference (WC), systolic blood pressure (SBP),
diastolic blood pressure (DBP); fasting glucose (FBG), Glycated hemoglobin (HbA1c), low-density lipoprotein cholesterol (LDL-C), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase (ALP), c-glutamyltransferase (GGT), total bilirubin (TBil), triglycerides (TG), total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), urea nitrogen (BUN), creatinine (CR), and uric acid (UA)

Table 2 Associated factors for gout in hyperuricemia population

Characteristics Model 1 P Model 2 P
aOR (95%Cl) aOR (95%Cl)

Age 1.023 <0.001 1.021 <0.001
(1.016-1.030) (1.014-1.027)

Male gender 8.366 <0.001 9.128 <0.001
(4.508-15.525) (4917-16.916)

Smoking - - 1.145 0.099

(0.975-1.344)

Drinking 1.194 0.026 1.167 0.059
(1.021-1.395) (0.994-1.370)

WC 1.021 <0.001 1.024 <0.001
(1.012-1.031) (1.014-1.033)

DBP 1.010 0.007 1.011 0.002
(1.003-1.017) (1.004-1.018)

HbA1c 1318 <0.001 1.306 <0.001
(1.208-1.437) (1.198-1.424)

CR 1.011 <0.001 1.013 <0.001
(1.007-1.016) (1.009-1.018)

SUA 1.003 <0.001 NA NA
(1.002-1.004)

H. pylori 1.320 0.001 1327 0.001

infection (1.124-1.550) (1.131-1.558)

Note OR, odds ratio; Cl, confidence interval; NA, not applicable. SUA was entered
as a covariate in model 1. Hyperuricemia is defined as SUA>6.0 mg/dL for
females and >7.0 mg/dL for males

Table 3 Odds ratio (OR) of H. pylori infection for gout in
hyperuricemia population

Unadjusted crude P
OR (95%Cl)

aOR (95%Cl) P

Hyperuricemia 1 1438 (1.229-1.683) <0.001 1.320 0.001
(1.124-1.550)

Hyperuricemia2 1422 (1.215-1.666) <0.001 1326 0.001
(1.130-1.557)

Note aOR: Adjusted with age, gender, smoking, drinking, WC, DBP, HbA1c, CR
and UA. Hyperuricemia 1 is defined as SUA>6.0 mg/dL for females and >7.0 mg/
dL for males. Hyperuricemia 2 is defined as SUA>7.0 mg/dL for both males and
females

Discussion

Our study provided evidence that H. pylori infection is
significantly associated with the risk of gout in hyperuri-
cemia population, particularly in men (OR, 1.430; 95%
CI, 1.219-1.676). Multiple logistic regression analysis
showed that gout individuals were older, with higher H.
pylori infection percentage, drinking percentage, male
gender percentage, higher levels of WC, DBP, HbAlc, Cr
and UA comparing to asymptomatic hyperuricemia indi-
viduals. And H. pylori infection significantly contributed
to the risk for gout under both of the two definitions of
hyperuricemia.
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Table 4 Associated factors for gout in hyperuricemia population
according to gender

Characteristics Male P Female P
aO0R (95%Cl) aOR (95%Cl)

Age 1.023 <0.001  1.021 <0.001
(1.016-1.029) (1.014-1.027)

Smoking 1.139 0.114 NA NA
(0.969-1.338)

Drinking 1.160 0.070 1.079 0.059
(0.988-1.363) (0.134-1.370)

WC 1.020 <0.001 1.056 0.083
(1.010-1.030) (0.993-1.0122)

DBP 1.010 0.005 1.006 0.845
(1.003-1.018) (0.949-1.066)

HbA1c 1.291 <0.001 2253 <0.001
(1.181-1.411) (1.578-3.218)

CR 1.012 <0.001 0997 0910
(1.007-1.017) (0.950-1.047)

SUA 1.003 <0.001  1.000 0.943
(1.002-1.004) (0.986-1.013)

H. pylori 1.326 0.001 0.812 0.767

infection (1.128-1.559) (0.205-3.216)

Hyperuricemia is defined as SUA>6.0 mg/dL for females and >7.0 mg/dL for
males

Previous study found that half of individuals with
serum urate level>10 mg/dL did not develop gout after
12-year follow up [29], implying other potential factors
involved in the development of gout and crystal for-
mation when tissue uric acid level is high. Our results
indicated H. pylori infection as a risk factor for gout
independent of SUA level under hyperuricemia con-
dition. One of the possible explanations for the asso-
ciation between H. pylori infection and gout is that H.
pylori infection may lead to a chronic inflammatory
condition provoking the gout flare. Some studies found
reduced circulating levels of C-reactive protein (CRP)
after H. pylori eradication, despite the lack of verifica-
tion in the sub-analysis of randomized controlled trials
[30, 31]. Recent Mendelian randomization study indi-
cated that H. pylori is associated with the risk of stroke,
in which CRP may mediate the association [32]. Previous
study demonstrated that the CRP level of gout patients
is significantly higher than asymptomatic hyperuricemia
patients, which is one of the most widely used inflamma-
tory markers [33]. Another study indicated that oxidative
stress and inflammatory markers including tumor necro-
sis factor, CRP, interleukin (IL) 1B, IL-6 may affect the
development and clinical manifestations of gout based
on hierarchical cluster analysis [34]. The priming and
activation of the NLRP3 inflammasome may the poten-
tial mediating mechanism. The NLRP3 inflammasome
relies on a two-signal initiation system, which avoids
inappropriate activation of the pathway that might cause
extra damage. In the gouty inflammation, the first signal
results in stimulation of NF-kB via TLR4 and TLR2, and
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synthesis of pro-IL-1B and inflammasome components
[35]. Monosodium urate crystals then act as the second
activation signal, leading to the assembly of the inflam-
masome and activation of caspase-1, which cleaves pro-
IL-1P to mature IL-1B36. IL-1B then triggers a signaling
cascade resulting in the rapid recruitment of neutrophils
and other cells to the site of crystal deposition and finally
leads to the acute inflammation episodes [37]. While
priming by the first signal is essential for inflammasome
assembly in gout flare, this step is nonspecific and can
be induced by multiple conditions or factors [6, 38]. Sev-
eral studies have shown that H. pylori activated NLRP3
inflammasome in different cell types including dendritic
cell, neutrophil, monocytic cell as well as macrophages
[39-43]. The activation of TLR2 by bacterial factors has
been indicated to mediate IL-1p production by regulating
NLRP3 and pro IL-1f expression (signal 1) in H. pylori
infected cells [41-44]. Therefore, chronic H. pylori infec-
tion is likely to contribute to the activation of NLRP3
inflammasome in gout flare by providing the first signal,
which makes NLRP3 inflammasome a potential bridge
between infections inflammation and non-infectious
inflammation. Further studies may provide evidence for
the mediating role of inflammatory cytokines between
the relationship of H. pylori infection and gout.

The association between H. pylori infection and gout
may also be mediated by gut microbiome. Gout patients
showed less diverse gut microbiota than asymptomatic
hyperuricemia patients, which may play a role in gout
provocation [45]. Germ-free mice showed attenuated
MSU crystal-induced inflammation and this effect was
restored by reestablishing normal gut flora in murine
model of gout [46]. There have been studies indicating
that H. pylori may influence colonic microbiota both in
animal experiments and clinical studies [47]. This effect
of gut microbiota may participate in multiple H. pylori—
associated extragastric diseases including gout.

Since SUA has long been credited as the key element to
gout flare, most studies equated the influencing factors of
SUA level with those of gout. Due to the high prevalence
of hyperuricemia, screening the population with high-
risk of gout can provide more precise indications for uric
acid reduction therapy and reduce the medical burden.
Therefore, our study focused on the hyperuricemia popu-
lation and investigated factors associated to gout besides
SUA level. SUA level of gout participants is significantly
higher than asymptomatic hyperuricemia participants
and independently associated with the incidence of gout
flare. Our results also showed that older age, male gen-
der, drinking habit, WC, DBP, HbA1lc, CR and H. pylori
infection were also associated with an increased risk
of gout flare, independent of SUA. Previous study also
indicated significant differences of age, serum creatine
between gout and asymptomatic hyperuricemia groups
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[33], which is consistent with our study. The comorbid
conditions of gout including metabolic syndrome, renal
diseases and hypertension have been widely reported
[48], accounting for the increase of waist circumference,
diastolic blood pressure, HbAlc and creatine level indi-
cated in our study. It has been widely acknowledged that
the risk of gout was significantly higher in male gender as
well as elderly people [7]. Though the male gender per-
centage of gout population (98.5%) in our study is higher
than the recent epidemiological data in China [14], which
is possibly due to the difference of age structure, eco-
nomic conditions and lifestyles between health examina-
tion population and general population. People who take
medical check-up tend to be relatively younger, making
women more protected by the uricosuric action of oes-
trogen. While men with better economic conditions are
more likely to have unhealthy diets. The result of gender
subgroup analysis showed that older age and HbA1lc were
associated with higher risk of gout flare both for males
and females. While H. pylori infection, WC, DBP, CR
were significantly associated with higher risk of gout flare
only for males, emphasizing the role of H. pylori infec-
tion for male patients with hyperuricemia. The mecha-
nism behind the gender differences in the effect of H.
pylori infection is yet unclear and needs to be further
studied. Though the lack of adequate female patients
with gout in this study may influence the reliability of the
result of female subgroup analysis, warranting for further
investigation.

Results from the current study should be interpreted
in consideration of several limitations. First, whether H.
pylori infection is a bystander, a causal factor or a conse-
quence of gout cannot be answered due to the cross-sec-
tional study design. Since most of the H. pylori infections
are acquired in childhood long before the onset of gout
and persist throughout life [49], H. pylori infection is
more likely to play a role in the development of gout.
Besides, we speculate that the gout rate might be under-
estimated due to the self-reported method. Third, other
underlying confounding variables including H. pylori
eradication history, medication history like UA lowering
therapy, diuretics that might influence the SUA, envi-
ronmental factors like economic status, low purine diet
were lacking due to the retrospective study design. The
menopause age for female subjects was in lack, which is
an important factor that impact SUA. Yet we conducted
the analysis based on two definition of hyperuricemia
and the results remained to be significant. And the physi-
cal examiners who voluntarily self-reported a history
of H. pylori eradication were excluded in the study to
minimize the bias. Last but not least, UBT was used to
confirm H. pylori infection status without further defini-
tive examination including histology or H. pylori culture
in our study. Nevertheless, UBT is recommended as the
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best non-invasive approach to the diagnosis of H. pylori
infection [50], since most previous studies indicated a
similar high sensitivity and specificity ranging from 90
to 100%51. Prospective studies with a large population
are warranted to further explore the correlation between
H. pylori infection and gout especially in hyperuricemia
population.

Conclusion

In conclusion, our study showed a significant correla-
tion between H. pylori infection and gout, especially in
men. Further studies exploring the role of H. pylori in
gout flare will not only expand our understanding of the
mechanism of gout, but also contribute to the develop-
ment of new prevention and treatment strategies for the
disease.

Acknowledgements
The authors are grateful to all the doctors who assisted in data collection and
to all the subjects who participated in the study.

Author contributions

Lin Chen performed data analysis and manuscript writing; Yue Zhu performed
data acquisition; Yilin Huang and Keging Shen provided assistance in data
interpretation; and Liying Chen proposed the study, study planning and
manuscript revision. All authors have read and agreed to the published
version of the manuscript.

Funding
This work was supported by Medical Health Science and Technology Project
of Zhejiang Provincial Health Commission [WKJ-ZJ-2304].

Data availability
The raw data supporting the conclusions of this article will be made available
by the authors, without undue reservation.

Declarations

Ethical approval

The study was conducted in accordance with the Declaration of Helsinki, and
approved by the Ethics Committee of Sir Run Run Shaw Hospital, affiliated
with Medical College of Zhejiang University (NO. 2023-0047). Patient consent
was waived due to the research using the data obtained in the previous
clinical diagnosis and treatment, without using the medical records that

the patient has clearly refused to use, it will not have an adverse impact on
the rights and health of the subjects, and the privacy and personal identity
information of the subjects will be protected.

Competing interests
The authors declare no competing interests.

Disclosure

The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential
conflict of interest.

Received: 27 December 2023 / Accepted: 9 April 2024
Published online: 27 April 2024

References

1. Hooi JKY, Lai WY, Ng WK, et al. Global prevalence of Helicobacter pylori
infection: systematic review and Meta-analysis. Gastroenterol Aug.
2017;153(2):420-9. https.//doi.org/10.1053/j.gastro.2017.04.022.


https://doi.org/10.1053/j.gastro.2017.04.022

Chen et al. Gut Pathogens

20.

21

22.

23.

(2024) 16:24

Crowe SE. Helicobacter pylori Infection. N Engl J Med. Mar 2019,21(12):1158-
65. https://doi.org/10.1056/NEJMcp1710945.

Tshibangu-Kabamba E, Yamaoka Y. Helicobacter pylori infection and antibi-
otic resistance - from biology to clinical implications. Nat Rev Gastroenterol
Hepatol Sep. 2021;18(9):613-29. https://doi.org/10.1038/541575-021-00449-x.
Robinson K, Atherton JC. The spectrum of Helicobacter-mediated dis-
eases. Annu Rev Pathol Jan. 2021,24:16:123-44. https://doi.org/10.1146/
annurev-pathol-032520-024949.

Tsay FW, Hsu P1. H. Pylori infection and extra-gastroduodenal diseases. J
Biomed Sci Aug. 2018;29(1):65. https://doi.org/10.1186/512929-018-0469-6.
Dalbeth N, Gosling AL, Gaffo A, Abhishek A, Gout. Lancet May.
2021;15(10287):1843-55. https://doi.org/10.1016/50140-6736(21)00569-9.
Dehlin M, Jacobsson L, Roddy E. Global epidemiology of gout: prevalence,
incidence, treatment patterns and risk factors. Nat Rev Rheumatol Jul.
2020;16(7):380-90. https://doi.org/10.1038/541584-020-0441-1.

Rai SK, Avifia-Zubieta JA, McCormick N, et al. The rising prevalence and
incidence of gout in British Columbia, Canada: Population-based trends
from 2000 to 2012. Semin Arthritis Rheum Feb. 2017;46(4):451-6. https://doi.
0rg/10.1016/j.semarthrit.2016.08.006.

Kim JW, Kwak SG, Lee H, Kim SK, Choe JY, Park SH. Prevalence and incidence
of gout in Korea: data from the national health claims database 2007-2015.
Rheumatol Int Sep. 2017,37(9):1499-506. https://doi.org/10.1007/
500296-017-3768-4.

Kuo CF, Grainge MJ, Mallen C, Zhang W, Doherty M. Rising burden of gout in
the UK but continuing suboptimal management: a nationwide popula-

tion study. Ann Rheum Dis Apr. 2015;74(4):661-7. https://doi.org/10.1136/
annrheumdis-2013-204463.

Zobbe K, Prieto-Alhambra D, Cordtz R et al. Secular trends in the incidence
and prevalence of gout in Denmark from 1995 to 2015: a nationwide register-
based study. Rheumatology (Oxford). May 1. 2019;58(5):836-839. https.//doi.
0rg/10.1093/rheumatology/key390.

Chen-Xu M, Yokose C, Rai SK, Pillinger MH, Choi HK. Contemporary preva-
lence of gout and Hyperuricemia in the United States and Decadal trends:
the National Health and Nutrition Examination Survey, 2007-2016. Arthritis
Rheumatol Jun. 2019;71(6):991-9. https://doi.org/10.1002/art.40807.

Chen Y, Tang Z, Huang Z et al. The prevalence of gout in mainland China
from 2000 to 2016: a systematic review and meta-analysis. J Public Health.
10https://doi.org/10.1007/510389-017-0812-5.

Song J,Jin C, Shan Z, Teng W, Li J. Prevalence and risk factors of Hyperuri-
cemia and gout: a cross-sectional survey from 31 provinces in Mainland
China. JTransl Int Med Jun. 2022;10(2):134-45. https://doi.org/10.2478/
jtim-2022-0031.

Han GM, Michaud K, Yu F, Watanabe-Galloway S, Mikuls TR. Increasing Public
Health Burden of Arthritis and other rheumatic conditions and comorbidity:
results from a Statewide Health Surveillance System, 2007-2012. Arthritis
Care Res (Hoboken) Oct. 2016;68(10):1417-27. https://doi.org/10.1002/
acr.22856.

Kiadaliri AA, Englund M. Temporal trends and regional disparity in rheuma-
toid arthritis and gout hospitalizations in Sweden, 1998-2015. Clin Rheuma-
tol Mar. 2018;37(3):825-30. https://doi.org/10.1007/s10067-018-3983-8.

Lim SY, Lu N, Oza A, et al. Trends in gout and rheumatoid arthritis hospitaliza-
tions in the United States, 1993-2011. Jama Jun. 2016;7(21):2345-7. https://
doi.org/10.1001/jama.2016.3517.

Russell MD, Yates M, Bechman K, et al. Rising incidence of Acute Hospital
admissions due to gout. J Rheumatol Apr. 2020;47(4):619-23. https://doi.
0rg/10.3899/jrheum.190257.

Rai SK, Avifa-Zubieta JA, McCormick N, et al. Trends in gout and rheumatoid
arthritis hospitalizations in Canada from 2000 to 2011. Arthritis Care Res
(Hoboken). May 2017;69(5):758-62. https://doi.org/10.1002/acr.23012.
Dalbeth N, House ME, Aati O, et al. Urate crystal deposition in asymp-
tomatic hyperuricaemia and symptomatic gout: a dual energy CT

study. Ann Rheum Dis May. 2015;74(5):908-11. https://doi.org/10.1136/
annrheumdis-2014-206397.

Mayr M, Kiechl S, Mendall MA, Willeit J, Wick G, Xu Q. Increased risk of athero-
sclerosis is confined to CagA-positive Helicobacter pylori strains: prospective
results from the Bruneck study. Stroke Mar. 2003;34(3):610-5. https://doi.
0rg/10.1161/01.5tr.0000058481.82639.Ef.

Park MJ, Choi SH, Kim D, et al. Association between Helicobacter pylori Sero-
positivity and the coronary artery calcium score in a Screening Population.
Gut Liver Sep. 2011,5(3):321-7. https://doi.org/10.5009/gnl.2011.5.3.321.
Huang B, ChenY, Xie Q, et al. CagA-positive Helicobacter pylori strains
enhanced coronary atherosclerosis by increasing serum OxLDL and HsCRP

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 7 of 8

in patients with coronary heart disease. Dig Dis Sci Jan. 2011;56(1):109-14.
https://doi.org/10.1007/510620-010-1274-6.

Watanabe J, Hamasaki M, Kotani K. The Effect of Helicobacter pylori eradica-
tion on lipid levels: a Meta-analysis. J Clin Med Feb. 2021;25(5). https://doi.
0rg/10.3390/jcm10050904.

Zhou BG, Yang HJ, Xu W, Wang K, Guo P, Ai YW. Association between Heli-
cobacter pylori infection and nonalcoholic fatty liver disease: a systematic
review and meta-analysis of observational studies. Helicobacter Jun.
2019;24(3):212576. https://doi.org/10.1111/hel.12576.

Li Q Li X, Wang J, et al. Diagnosis and treatment for hyperuricemia and

gout: a systematic review of clinical practice guidelines and consensus
statements. BMJ Open Aug. 2019;24(8):e026677. https://doi.org/10.1136/
bmjopen-2018-026677.

[Chinese multi-disciplinary consensus on the diagnosis and treat-

ment of hyperuricemia and its related diseases]. Zhonghua Nei Ke

Za Zhi. Mar 1 2017,56(3):235-248. https://doi.org/10.3760/cma,j.i
ssn.0578-1426.2017.03.021.

Hu D. The diagnosis and treatment advice of cardiovascular disease com-
bined asymptomatic hyperuricemia. Chin J Cardiovas Res. 2012;10:241-9.
Dalbeth N, Phipps-Green A, Frampton C, Neogi T, Taylor WJ, Merriman TR.
Relationship between serum urate concentration and clinically evident
incident gout: an individual participant data analysis. Ann Rheum Dis Jul.
2018;77(7):1048-52. https://doi.org/10.1136/annrheumdis-2017-212288.
Kanbay M, Gir G, Yicel M, Yilmaz U, Boyacioglu S. Does eradication of Helico-
bacter pylori infection help normalize serum lipid and CRP levels? Dig Dis Sci
Jul. 2005;50(7):1228-31. https://doi.org/10.1007/510620-005-2764-9.
Watanabe J, Kotani K. The effect of Helicobacter pylori eradication on C-reac-
tive protein: results from a meta-analysis. Arch Med Sci. 2022;18(4):958-64.
https://doi.org/10.5114/aoms/130288.

Guo X, Tang P, Zhang X, Li R. Causal associations of circulating Helico-

bacter pylori antibodies with stroke and the mediating role of inflam-
mation. Inflamm Res Jun. 2023;72(6):1193-202. https://doi.org/10.1007/
$00011-023-01740-0.

Liang J, Jiang Y, Huang Y, et al. The comparison of dyslipidemia and serum
uric acid in patients with gout and asymptomatic hyperuricemia: a cross-
sectional study. Lipids Health Dis Mar. 2020;3(1):31. https://doi.org/10.1186/
$12944-020-1197-y.

Alduraibi FK, Saleem M, Ricart K, Patel RP, Szalai AJ, Singh JA. Clustering
patients with gout based on comorbidities and biomarkers: a cross-sectional
study. J Rheumatol Jun. 2023;50(6):817-26. https://doi.org/10.3899/
jrheum.220635.

Liu-Bryan R, Scott P, Sydlaske A, Rose DM, Terkeltaub R. Innate immunity
conferred by toll-like receptors 2 and 4 and myeloid differentiation factor 88
expression is pivotal to monosodium urate monohydrate crystal-induced
inflammation. Arthritis Rheum Sep. 2005;52(9):2936-46. https://doi.
org/10.1002/art.21238.

Martinon F, Pétrilli v, Mayor A, Tardivel A, Tschopp J. Gout-associated uric acid
crystals activate the NALP3 inflammasome. Nat Mar. 2006,9(7081):237-41.
https://doi.org/10.1038/nature04516.

Chen CJ, ShiY, Hearn A, et al. MyD88-dependent IL-1 receptor signaling is
essential for gouty inflammation stimulated by monosodium urate crystals. J
Clin Invest Aug. 2006;116(8):2262-71. https://doi.org/10.1172/jci28075.

So AK, Martinon F. Inflammation in gout: mechanisms and therapeutic
targets. Nat Rev Rheumatol Nov. 2017;13(11):639-47. https://doi.org/10.1038/
nrrheum.2017.155.

Li X, Liu S, Luo J, et al. Helicobacter pylori induces IL-1f and IL-18 production
in human monocytic cell line through activation of NLRP3 inflammasome via
ROS signaling pathway. Pathog Dis Jun. 2015;73(4). https://doi.org/10.1093/
femspd/ftu024.

Ng GZ, Menheniott TR, Every AL, et al. The MUCT mucin protects against
Helicobacter pylori pathogenesis in mice by regulation of the NLRP3
inflammasome. Gut Jul. 2016;65(7):1087-99. https://doi.org/10.1136/
gutjnl-2014-307175.

Koch KN, Mdller A. Helicobacter pylori activates the TLR2/NLRP3/caspase-1/
IL-18 axis to induce regulatory T-cells, establish persistent infection and pro-
mote tolerance to allergens. Gut Microbes. 2015,6(6):382-7. https://doi.org/1
0.1080/19490976.2015.1105427.

Kim DJ, Park JH, Franchi L, Backert S, Nifiez G. The Cag pathogenicity island
and interaction between TLR2/NOD2 and NLRP3 regulate IL-1(3 produc-

tion in Helicobacter pylori infected dendritic cells. Eur J Immunol Oct.
2013;43(10):2650-8. https://doi.org/10.1002/€ji.201243281.


https://doi.org/10.1056/NEJMcp1710945
https://doi.org/10.1038/s41575-021-00449-x
https://doi.org/10.1146/annurev-pathol-032520-024949
https://doi.org/10.1146/annurev-pathol-032520-024949
https://doi.org/10.1186/s12929-018-0469-6
https://doi.org/10.1016/s0140-6736(21)00569-9
https://doi.org/10.1038/s41584-020-0441-1
https://doi.org/10.1016/j.semarthrit.2016.08.006
https://doi.org/10.1016/j.semarthrit.2016.08.006
https://doi.org/10.1007/s00296-017-3768-4
https://doi.org/10.1007/s00296-017-3768-4
https://doi.org/10.1136/annrheumdis-2013-204463
https://doi.org/10.1136/annrheumdis-2013-204463
https://doi.org/10.1093/rheumatology/key390
https://doi.org/10.1093/rheumatology/key390
https://doi.org/10.1002/art.40807
https://doi.org/10.1007/s10389-017-0812-5
https://doi.org/10.2478/jtim-2022-0031
https://doi.org/10.2478/jtim-2022-0031
https://doi.org/10.1002/acr.22856
https://doi.org/10.1002/acr.22856
https://doi.org/10.1007/s10067-018-3983-8
https://doi.org/10.1001/jama.2016.3517
https://doi.org/10.1001/jama.2016.3517
https://doi.org/10.3899/jrheum.190257
https://doi.org/10.3899/jrheum.190257
https://doi.org/10.1002/acr.23012
https://doi.org/10.1136/annrheumdis-2014-206397
https://doi.org/10.1136/annrheumdis-2014-206397
https://doi.org/10.1161/01.Str.0000058481.82639.Ef
https://doi.org/10.1161/01.Str.0000058481.82639.Ef
https://doi.org/10.5009/gnl.2011.5.3.321
https://doi.org/10.1007/s10620-010-1274-6
https://doi.org/10.3390/jcm10050904
https://doi.org/10.3390/jcm10050904
https://doi.org/10.1111/hel.12576
https://doi.org/10.1136/bmjopen-2018-026677
https://doi.org/10.1136/bmjopen-2018-026677
https://doi.org/10.3760/cma.j.issn.0578-1426.2017.03.021
https://doi.org/10.3760/cma.j.issn.0578-1426.2017.03.021
https://doi.org/10.1136/annrheumdis-2017-212288
https://doi.org/10.1007/s10620-005-2764-9
https://doi.org/10.5114/aoms/130288
https://doi.org/10.1007/s00011-023-01740-0
https://doi.org/10.1007/s00011-023-01740-0
https://doi.org/10.1186/s12944-020-1197-y
https://doi.org/10.1186/s12944-020-1197-y
https://doi.org/10.3899/jrheum.220635
https://doi.org/10.3899/jrheum.220635
https://doi.org/10.1002/art.21238
https://doi.org/10.1002/art.21238
https://doi.org/10.1038/nature04516
https://doi.org/10.1172/jci28075
https://doi.org/10.1038/nrrheum.2017.155
https://doi.org/10.1038/nrrheum.2017.155
https://doi.org/10.1093/femspd/ftu024
https://doi.org/10.1093/femspd/ftu024
https://doi.org/10.1136/gutjnl-2014-307175
https://doi.org/10.1136/gutjnl-2014-307175
https://doi.org/10.1080/19490976.2015.1105427
https://doi.org/10.1080/19490976.2015.1105427
https://doi.org/10.1002/eji.201243281

Chen et al. Gut Pathogens

43.

44,

45.

46.

47.

(2024) 16:24

Jang AR, Kang MJ, Shin Ji, et al. Unveiling the crucial role of type IV Secretion
System and Motility of Helicobacter pylori in IL-13 production via NLRP3
inflammasome activation in neutrophils. Front Immunol. 2020;11:1121.
https://doi.org/10.3389/fimmu.2020.01121.

Koch KN, Hartung ML, Urban S, et al. Helicobacter urease-induced activation
of the TLR2/NLRP3/IL-18 axis protects against asthma. J Clin Invest Aug.
2015;3(8):3297-302. https://doi.org/10.1172/jci79337.

Kim HW, Yoon EJ, Jeong SH, Park MC. Distinct gut microbiota in patients
with asymptomatic hyperuricemia: a potential Protector against gout
development. Yonsei Med J Mar. 2022,63(3):241-51. https://doi.org/10.3349/
ymj.2022.63.3.241.

Vieira AT, Macia L, Galvéo |, et al. A role for gut microbiota and the metabolite-
sensing receptor GPR43 in a murine model of gout. Arthritis Rheumatol Jun.
2015,67(6):1646-56. https://doi.org/10.1002/art.39107.

Chen CC, Liou JM, Lee YC, Hong TC, EI-Omar EM, Wu MS. The interplay
between Helicobacter pylori and gastrointestinal microbiota. Gut Microbes
Jan-Dec. 2021;13(1):1-22. https://doi.org/10.1080/19490976.2021.1909459.

48.

49.

50.

5T

Page 8 of 8

Kuo CF, Grainge MJ, Zhang W, Doherty M. Global epidemiology of gout: prev-
alence, incidence and risk factors. Nat Rev Rheumatol Nov. 2015;11(11):649-
62. https://doi.org/10.1038/nrrtheum.2015.91.

Malfertheiner P, Camargo MC, El-Omar E, et al. Helicobacter pylori infec-

tion. Nat Rev Dis Primers Apr. 2023,20(1):19. https://doi.org/10.1038/
s41572-023-00431-8.

Malfertheiner P Megraud F, O'Morain CA, et al. Management of Helicobacter
pylori infection-the Maastricht V/Florence Consensus Report. Gut Jan.
2017;66(1):6-30. https://doi.org/10.1136/gutjnl-2016-312288.

Gisbert JP, Pajares JM. Review article: 13 C-urea breath test in the diagnosis of
Helicobacter pylori infection -- a critical review. Aliment Pharmacol Ther Nov.
2004;15(10):1001-17. https://doi.org/10.1111/j.1365-2036.2004.02203 x.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.3389/fimmu.2020.01121
https://doi.org/10.1172/jci79337
https://doi.org/10.3349/ymj.2022.63.3.241
https://doi.org/10.3349/ymj.2022.63.3.241
https://doi.org/10.1002/art.39107
https://doi.org/10.1080/19490976.2021.1909459
https://doi.org/10.1038/nrrheum.2015.91
https://doi.org/10.1038/s41572-023-00431-8
https://doi.org/10.1038/s41572-023-00431-8
https://doi.org/10.1136/gutjnl-2016-312288
https://doi.org/10.1111/j.1365-2036.2004.02203.x

	﻿The association between ﻿Helicobacter pylori﻿ infection and the risk for gout in hyperuricemia patients in China – A cross-sectional study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design and subjects
	﻿Data collection
	﻿Diagnostic criteria for ﻿H. pylori﻿ infection
	﻿Definition of hyperuricemia
	﻿Statistics analysis

	﻿Results
	﻿Clinical and demographic characteristics of study subjects
	﻿Risk factors analysis for gout in hyperuricemia subjects
	﻿Association between H. ﻿Pylori﻿ infection and gout

	﻿Discussion
	﻿Conclusion
	﻿References


