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Introduction: This cross-sectional study aimed to explore the relationship between Helicobacter pylori (Hp) infection and kidney
stone formation in China, given the high incidence of Hp infection and its potential to cause damage to multiple systems.
Methods: Conducted at the Department of Health Management of Wuhan Union Hospital, the study included 48,294 hp-negative and
28,455 hp-positive individuals. Hp infection was detected using the 13C urea breath test (13C-UBT), and kidney stones were identified
via urinary Doppler ultrasonography.

Results: Results showed that Hp-negative (Hp-) individuals had higher levels of blood urea nitrogen (BUN), serum creatinine (Scr),
and uric acid compared to Hp-positive (Hp+) individuals, while Hp- patients had lower urine pH (P < 0.001). The prevalence of kidney
stones was significantly higher in the Hp+ group. Univariate and multivariate regression analyses indicated that Hp infection is an
independent risk factor for kidney stones (OR: 1.275, 95% CI: 1.219-1.333, P < 0.001) after adjusting for confounding factors such as
age, body mass index (BMI), blood pressure, and lipid profiles.

Conclusion: In conclusion, Helicobacter pylori infection is an independent risk factor for kidney stone development in China.
Keywords: Helicobacter pylori, kidney stone, urine acid, urine pH, risk factor

Introduction
Kidney stones may cause urinary tract obstruction, infection, and damage to renal function, which may lead to irreversible
organ damage in some severe cases. In the past 40 years, the incidence of kidney stones in Europe, America, and parts of
Southeast Asia has significantly increased.' Similarly, a meta-analysis reported a significant increase in the incidence of
kidney stones in China, from 5.85% in the 1990s to 10.86% in the 2010s.? The treatment of kidney stones costs a lot, which
brings a heavy burden to the health care system every year.” Therefore, it is necessary to further study the risk factors of the
development of kidney stones, so as to provide new strategies for the primary prevention of kidney stones.

The etiology of kidney stones is very complex and multifactorial.* It has been shown that the formation of kidney
stones is affected by many factors, such as genetic, dietary, environmental factors and so on.” In recent years, studies
have shown that gastrointestinal flora play a potential role in stone formation.® Specifically, certain bacterial infections

and alterations in the gut microbiome can influence the metabolic pathways involved in stone formation.
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In addition to Helicobacter pylori (Hp), other bacterial infections have also been implicated in the formation of
kidney stones. For example, urinary tract infections (UTIs) caused by bacteria such as Escherichia coli and Proteus
mirabilis can lead to the formation of struvite stones, also known as “infection stones”.” These bacteria produce urease,
an enzyme that hydrolyzes urea to produce ammonia and carbonate, leading to an increase in urine pH and the
precipitation of magnesium ammonium phosphate (struvite) crystals.® Gastric factors, including Hp infection, can also
influence kidney stone formation through several mechanisms. Hp infection has been shown to induce systemic
inflammation and metabolic changes, which may contribute to the development of kidney stones.” For instance, Hp
infection can lead to alterations in lipid metabolism, resulting in hyperlipidemia, which is a known risk factor for kidney
stone formation'® Additionally, Hp infection can cause changes in gastric acid secretion, which may indirectly affect the
urinary excretion of stone-forming substances.'' When the injury invaded the urinary system, a kidney stone formed.

Since Hp was first isolated from the gastric mucosa of patients with chronic gastritis and peptic ulcer in 1982, it has
been demonstrated that Hp infection is not only associated with gastric diseases but can also lead to damage to multiple
systems.'? Specifically, Hp infection has been identified as a potential factor associated with stone formation,'? although
the specific mechanism remains unclear. Studies have shown that the incidence rate of gallstones in Hp positive patients
is significantly higher than that in Hp negative patients; however, after Hp eradication, the incidence rate of gallstones
inclined.'* However, studies on the correlation between Hp infection and kidney stones are rare. Only one retrospective
study with a small sample size showed that the incidence of kidney stones was higher in Hp+ patients.” No cross-
sectional study has been conducted on the association between Hp infection and kidney stones. Therefore, this study
aimed to explore the relationship between Hp infection and kidney stones.

Methods
Study Population

This cross-sectional study included healthy adults who underwent comprehensive physical examinations at the Health
Management Center of Wuhan Union Hospital between January 2015 and December 2019. Participants who underwent
renal ultrasound (US) for the detection of kidney stones and 13C urea breath test (13C-UBT) for the detection of
H. pylori infection were included (n = 122,763). Patients who had undergone nephrectomy and those with congenital
renal dysplasia were excluded. Additionally, patients with a history of recent Hp treatment (within the past 6 months)
were also excluded to avoid potential confounding effects of prior medication on the current Hp infection status.
Duplicate cases were excluded from this study. Finally, 76749 patients were included in the study, included 48294 hp
+ and 28455 hp- patients.

Data Collection

Clinical laboratory tests, including measurements of sex, age, body mass index (BMI), blood pressure (BP), fasting blood
glucose (FBG), low-density lipoprotein cholesterol (LDL), high-density lipoprotein cholesterol (HDL), total cholesterol
(TC), triacylglycerol (TG), aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyl trans-
peptidase (GGT), blood urea nitrogen (BUN), serum creatinine (Scr), uric acid, urine pH were performed and the results
were collected as baseline data.

The Diagnose of Hp Infection and Kidney Stones
3C-UBT was used to detect Hp infection. The urinary doppler ultrasound was applicated to detect kidney stones.

Statistical Analysis

Spss26.0 software was used for statistical analysis. Continuous variables are expressed as mean +SD. The 7 test was
used to compare continuous variables between the two groups. The chi-square test was used to analyze categorical
variables. Multivariate regression analysis was used to explore the relationship between the Hp levels and kidney
stones. P < 0.05.
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Result

The Characteristics of the Subjects
A total of 76749 subjects which including 45,862 men (59.8%) and 30,887 (40.2%) women with a mean age of 45.30
+12.88 years old comprised the primary population (Table 1). The incidence of kidney stones was 12.1%(n = 9280). All
individuals were divided into two groups according to Hp infection status. A total of 48,294 individuals were Hp+
whereas 28,455 were Hp-. The proportion of hypertension patients and the FBG in Hp+ group was significantly higher
than that in Hp- group, and compared with Hp - group, the Hp+ group had a more adverse lipid profiles, such as higher
levels of TC (P < 0.001), TG (P < 0.001) and LDL-C (P < 0.001), and lower levels of HDL-C (P < 0.001). Furthermore,
the levels of blood urea nitrogen (BUN) and serum creatinine concentration (Scr) were higher in Hp-negative (Hp-)
individuals compared to Hp-positive (Hp+) individuals. In contrast, Hp+ individuals had higher levels of uric acid and
lower urine pH compared to Hp- individuals (P < 0.001).

Specifically, the mean urine pH was significantly lower in Hp+ patients compared to Hp- patients (P < 0.001).
Additionally, the mean uric acid level was significantly higher in Hp+ patients compared to Hp- patients (P < 0.001).

Continuous variables are shown as the mean+SD. Hp, Helicobacter pylori; BMI, body mass index; SBP, Systolic
blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; LDL, low-density lipoprotein cholesterol;
HDL, high-density lipoprotein cholesterol; TC, total cholesterol; TG, triacylglycerol; AST, aspartate aminotransferase;
ALT, alanine aminotransferase; GGT, gamma-glutamyl transpeptidase; BUN, blood urea nitrogen; Scr, serum creatinine
concentration.

The Incidence Rate of Kidney Stones Was Significantly Higher in Hp+ Individuals
The prevalence of kidney stones according to different Hp infection statuses is shown in Figure 1. The incidence of
kidney stones in Hp+ group was 13.9%, which was significantly higher than that in the control group (11.0%; P < 0.001).

Table | The Baseline of the Patients

All Hp- Hp+ P value
(n=76749) (n=48,294) (n=28,455)
Age, mean (SD) 45.30+12.88 44.65+13.10 46.40+12.42 <0.001
Male sex (%) 59.8 59.2 60.4 <0.001
BMI (kg/m?) 23.98+3.67 23.85£3.39 24.22+4.10 <0.001
SBP (mmHg) 124.89+£19.39 | 124.26+19.15 | 125.96x19.75 | <0.001
DBP (mmHg) 78.22+11.53 77.84x11.37 | 78.87x111.76 | <0.001
Hypertension (%) 239 228 25.8 <0.001
FBG 5.09+1.33 5.05+1.26 5.16+1.45 <0.001
TC 4.82+0.92 4.80+0.92 4.86+0.92 <0.001
LDL 2.78+0.77 2.76+0.77 2.82+0.78 <0.001
HDL 1.41+0.34 1.42+0.35 1.40+0.34 <0.001
TG 1.61£1.44 1.58£1.40 1.66%1.52 <0.001
AST(IU/L) 23.40x14.11 23.29+13.31 23.59£15.37 0.004
ALT(IU/L) 26.95+23.70 26.70+22.32 27.38+25.88 <0.001
GGT(IU/L) 30.69+34.68 30.37+35.19 31.25+33.77 <0.001
Scr(uM) 71.12+22.95 70.76x+21.38 71.73+25.37 <0.001
BUN 4.90+1.36 4.88+1.35 4.94+1.37 <0.001
Kidney stone (%) | 9280 (12.1%) | 5318 (11.0%) | 3962 (13.9%) <0.001
Urine pH 6.14+0.55 6.1610.56 6.10+£0.54 <0.001
Urine acid(mM) 344.60+95.60 | 343.15+94.85 | 347.07+96.80 | <0.00I

Note: Continuous variables were shown as Mean+SD.

Abbreviations: Hp, Helicobacter pylori; BMI, body mass index; SBP, Systolic blood pressure; DBP,
diastolic blood pressure; FBG, fasting blood glucose; LDL, low density lipoprotein cholesterol;
HDL, high density lipoprotein cholesterol; TC, total cholesterol; TG, triacylglycerol; AST, aspar-
tate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transpeptidase; BUN,
blood urea nitrogen; Scr, serum creatinine concentration.
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Figure | The prevalence of kidney stones according to different Hp infection status in all the individuals (A), male (B), female (C). **P < 0.001.

Further analysis showed that the incidence rate of kidney stones in male with Hp infection was 17.4%, whereas that in

Hp- group was 14.1% (P < 0.001). The prevalence of kidney stones in female with Hp infection was also significantly
higher than in the control group (8.5% vs 6.6%, P < 0.001).

Univariate and Multivariate Analysis to Evaluate the Risk Factors for Kidney Stones
The association of the 16 continuous and two categorized variables with the prevalence of kidney stones was analyzed

using univariate and multivariate logistic regression (Table 2). Univariate analysis revealed that all variables were

associated with the prevalence of kidney stones (P < 0.001). Multivariate analysis revealed that Hp infection, age,

Table 2 The Risk of Kidney Stone in the Univariate and Multivariate Analyses

Univariate Analysis Multivariate Analysis
OR p value | OR p value
Age (years old) 1.023 (1.021-1.024) | <0.001 1.020 (1.018 —1.023) | <0.001
Male sex 0.434 (0.413-0.456) | <0.001 0.623 (0.578 —0.672) | 0.040
BMI (kg/m?) 0.434 (0.413-0.456) | <0.001 1.020 (1.011 —1.029) | <0.001
Systolic BP (mmHg) 1.014 (1.013-1.015) | <0.001 0.999 (0.996 —1.001) | 0.220
Diastolic BP (mmHg) 1.024 (1.022—-1.026) | <0.001 1.012 (1.008 —1.015) | <0.001
FBG (mM) 1.105 (1.090-1.120) | <0.001 1.040 (1.021 —1.059) | <0.001
Total cholesterol (mM) | 1.090 (1.065-1.115) | <0.001 0.999 (0.965 —1.034) | 0.949
LDL-C (mM) 1.204 (1.172—-1.238) | <0.001 1.057 (1.014 —1.101) | 0.008
HDL-C (mM) 0.486 (0.454-0.521) | <0.001 0.841 (0.766 —0.925) | <0.001
Triglycerides (mM) 1.086 (1.073-1.100) | <0.001 1.004 (0.984 —1.026) | 0.676
AST (IU/L) 1.004 (1.004-1.005) | <0.001 1.001 (0.999 —1.002) | 0.548
ALT (IU/L) 1.005 (1.004-1.007) | <0.001 1.000 (0.996 —1.003) | 0.796
GGT (IU/L) 1.004 (1.003-1.004) | <0.001 1.000 (0.999 —1.001) | 0.706
Scr (uM) 1.012 (1.010-1.013) | <0.001 1.001 (1.000 —1.002) | 0.139
BUN (mM) 1.109 (1.092-1.126) | <0.001 1.001 (0.979 —1.023) | 0.949
Hp (+) 1.307 (1.251-1.366) | <0.001 1.221 (1.157 —1.288) | <0.001
Urine pH 0.901 (0.864-0.939) | <0.001 1.073 (1.021 —1.127) | 0.005
Urine acid 1.004 (1.003-1.004) | <0.001 1.002 (1.001 —1.002) | <0.001

Abbreviations: Hp, Helicobacter pylori; OR, odds ratio; Cl, confidence intervals.
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sex, BMI, DBP, FBG, LDL-C, HDL-C, urine pH, and urine acid were significantly associated with kidney stones (P <
0.05), whereas AST, ALT, GGT, SBP, TC, TG, BUN, and Scr were not.

As shown in Table 3, Hp infection was associated with an increased risk of kidney stones (OR = 1.221, 95%
Cl:1.157-1.288, P < 0.001). After adjusting for age and sex (model 1), the results demonstrated that H. pylori infection
increased the risk of kidney stones (OR = 1.258, 95%Cl:1.203-1.315, P < 0.001)). After adjusting for BMI, SBP, and
DBP (Model 2), the same conclusion was drawn (OR = 1.242, 95%CI:1.184-1.303, P < 0.001). Meanwhile, models 3
(OR = 1.287, 95%C1:1.228-1.349, P <0.001) and 4 (OR = 1.275, 95%Cl:1.219-1.333, P < 0.001) also demonstrated that
Hp infection could promote the formation of kidney stones.

Model 0 is unadjusted. Model 1 was adjusted for age and gender. Model 2 was further adjusted for BMI, SBP, DBP.
Model 3 was further adjusted for serum creatinine and BUN. Model 4 was further adjusted for the LDL, HDL, TC, TG,
ALT, AST, and GGT levels.

As shown in Table 4, after adjusting for BMI and blood pressure (Model 2) (OR = 0.940, 95%Cl: 0.899-0.983, P =
0.007), Scr and BUN (Model 3) (OR = 0.949, 95%Cl: 0.910-0.990, P = 0.016), lower urine pH increased the risk of
kidney stones.

In addition, Table 5 shows that in subgroups stratified by sex, age, BMI, hypertension, diabetes, and dyslipidemia, no
significant correlation between Hp infection and an increased risk of kidney stones was detected.

Model 0 is unadjusted. Model 1 was adjusted for age and gender. Model 2 was further adjusted for BMI, SBP, DBP.
Model 3 was further adjusted for serum creatinine and BUN. Model 4 was further adjusted for the LDL, HDL, TC, TG,
ALT, AST, and GGT levels.

Table 3 The Risk of Kidney Stones According
to the Infection of Hp

OR 95% CI p value

Model 0 | 1.221 | (1.157 —1.288) | <0.00I
Model | | 1258 | (1.203-1.315) | <0.001
Model 2 | 1242 | (1.184-1.303) | <0.001
Model 3 | 1287 | (1.228-1.349) | <0.001
Model 4 | 1275 | (1.219-1.333) | <0.00I

Notes: Model 0 is unadjusted. Model | was adjusted for
age, sex. Model 2 was further adjusted for BMI, SBP, DBP.
Model 3 was further adjusted for Scr and BUN. Model 4
was further adjusted for LDL, HDL, TC, TG, ALT, AST,
and GGT.

Table 4 The Risk of Kidney Stones
According to the Urine pH

OR 95% ClI p value

Model 0 | 1.073 | (1.021-1.127) | 0.005
Model I | 0.988 | (0.948-1.031) | 0.578
Model 2 | 0.940 | (0.899-0.983) | 0.007
Model 3 | 0.949 | (0.910-0.990) | 0.0l6
Model 4 | 0.959 | (0.920-1.001) | 0.056

Notes: Model 0 is unadjusted. Model | was adjusted for
age, sex. Model 2 was further adjusted for BMI, SBP, DBP.
Model 3 was further adjusted for Scr and BUN. Model 4
was further adjusted for LDL, HDL, TC, TG, ALT, AST,
and GGT.
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Table 5 Association Between Hp Infection and
Kidney Stoned in Clinically Relevant Subgroups

OR 95% ClI P value

Sex

Female 0.991 | (0.899, 1.093) 0.863

Male 1.039 | (0.973, 1.109) 0.250
Age

<60 1.028 | (0.969, 1.091) 0.354

>60 0.992 | (0.869, 1.133) 0910
BMI>25

No 1.004 | (0.928, 1.085) 0.926

Yes 1.045 | (0.974, 1.122) 0.220
Hypertension

No 1.034 | (0.973, 1.098) 0.280

Yes 0.965 | (0.853, 1.090) 0.563
Diabetes

No 1.031 | (0.976, 1.089) 0.273

Yes 0.748 | (0.556, 1.006) 0.055
Dyslipidemia

No 1.030 | (0.965, 1.101) 0.372

Yes 1.044 | (0.955, 1.141) 0.346

Discussion

Our cross-sectional study involving more than 70 thousand patients showed that the incidence rate of kidney stones was
higher in Hp+ patients, and Hp infection was an independent risk factor for kidney stones. The findings are consistent
with the study’s objectives and contribute to the broader context of research on kidney stone formation.

Hp can cause many gastric diseases such as atrophic gastritis, peptic ulcer, gastric cancer, and mucosa-associated
lymphoid tissue lymphoma.'>'® Recently, it was reported that Hp is associated with extragastric diseases such as thyroid
nodules, metabolic syndrome, and autoimmune diseases.!” Additionally, some studies have shown that Hp specific DNA
can be detected in bile duct tissues and stone samples from patients,'® and cross-sectional studies have shown that Hp is
an important factor leading to gallstone occurrence.'’

The potential mechanisms linking Hp infection to kidney stone formation are multifaceted. Hp infection induces
a shift in intestinal flora, which may lead to metabolic changes that contribute to stone formation.”’ For example, Hp
infection can impair the function of Oxalobacter formigenesis, a bacterium that consumes intestinal oxalate and reduces
the risk of stone formation.?' This furthermore, changes in gastric acidity can affect the absorption and metabolism of
various nutrients and minerals, potentially influencing the urinary excretion of stone-forming substances [32].

Previous studies have shown that BMI, diabetes, hyperlipidemia, and age are closely related to the occurrence of kidney

22,23

stones, and our study also proves this point. The mechanism of stone formation in obese patients appears to be related to

insulin resistance, improper diet, and other metabolic factors, which can lead to an increase in stones in the urinary system.**
Bacterial infections, particularly those involving the urinary tract, can play a significant role in stone formation.*> For

example, certain bacteria such as Escherichia coli and Proteus mirabilis produce urease, an enzyme that hydrolyzes urea
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to produce ammonia and carbonate, leading to an increase in urine pH and the precipitation of magnesium ammonium
phosphate (struvite) crystals.%’27 These infection-induced stones, also known as “struvite stones”, are a common cause of
upper urinary tract infections and can lead to significant morbidity if not treated promptly.

Gastric acidity plays a crucial role in the pathogenesis of Hp infection.?® The bacterium thrives in the acidic environment of
the stomach, where it can cause chronic inflammation and damage to the gastric mucosa.*® This chronic inflammation can lead
to systemic effects, including alterations in lipid metabolism and increased levels of inflammatory cytokines, which may
contribute to the formation of kidney stones.*® Furthermore, changes in gastric acidity can affect the absorption and
metabolism of various nutrients and minerals, potentially influencing the urinary excretion of stone-forming substances.’

The study also had some limitations; for example, due to the limitations of the cross-sectional study, it cannot explain
the causal relationship between Hp infection and kidney stones. Therefore, we are planning a prospective study to prove
whether the eradication of Hp leads to a decline in the incidence of kidney stones after the exclusion of confounding
factors. Meanwhile, we are exploring the mechanism of Hp induced kidney stones in detail, which will be helpful in
clarifying the key points of disease prevention.

In summary, our study demonstrates that Hp infection is an independent risk factor for kidney stone formation in China.
The findings highlight the potential mechanisms linking Hp infection to kidney stone formation, including alterations in
gastric acidity, systemic inflammation, and metabolic changes. Future research should focus on elucidating these mechanisms
in more detail and exploring the potential benefits of Hp eradication in reducing the incidence of kidney stones.
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