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Background: To study the incidence of metabolic syndrome (MetS) and kidney stones in a healthy
screening population and to explore the correlation between them.

Methods: The physical examination data of 11,827 people screened at the First Affiliated Hospital of
Soochow University from August 2019 to July 2020 were analyzed. MetS diagnostic criteria were based on
the 2004 guidelines of Chinese Diabetes Society (CDS). Multivariate logistic regression was used to analyze
the correlation between MetS and various characteristics and kidney stones. Trend analysis was represented
by P value, and P<0.05 indicated statistical significance.

Results: The present study comprised 6,570 males (55.6%, aged 46.15+13.653 years) and 5,257 females
(44.4%, aged 41.41=11.712 years). Of these, 1,036 (8.8%) had kidney stones and 1,552 (13.1%) had MetS.
Among the MetS patients, 35.1% had a body mass index (BMI) >25, 27.7% had hypertension, 10.8% had
hyperglycemia, and 31.2% had dyslipidemia. Kidney stone morbidity was 14.5% in the MetS group and 7.9%
in the non-MetS group (P<0.05). As the number of MetS characteristics increased, kidney stone morbidity
showed a linear increasing trend (P<0.05 for trend). With an increase in BMI and blood triglycerides (TG),
and a decrease in lipoprotein cholesterol (HDL-C), the incidence of kidney stones had an increasing trend
(P<0.05 for trend). Sex, age and MetS were independent risk factors for the occurrence of kidney stones,
with and odds ratio (OR) of 1.493 [95% confidence interval (CI): 1.264-1.763] for MetS. Of the MetS
characteristics, BMII >25 and blood pressure (BP) >140/90 mmHg were independent risk factors for kidney
stones, with OR values of 1.209 (95% CI: 1.047-1.396) and 1.248 (95% CI: 1.071-1.453), respectively.
Conclusions: MetS is an independent risk factor for kidney stones. Appropriate medication and dietary

advice may help to correct urinary metabolic abnormalities and prevent the recurrence of kidney stones.
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Introduction

Metabolic syndrome (MetS) is associated with several
metabolic disorders, including obesity (mainly abdominal
obesity), fasting, postprandial hyperglycemia, hypertension,
and dyslipidemia (1). These conditions are linked to a
common mechanism: insulin resistance (2). Although there
are several definitions of MetS, such as the World Health
Organization (WHO 1999), the National Cholesterol
Education Program-Third Adult Treatment Panel (NCEP-
ATPIII 2005), the International Diabetes Federation
(IDF 2005) (3). We choosed the guidelines of the Chinese
Diabetes Society (CDS 2004), Diagnostic criteria for MetS
was listed in the Methods. MetS has become a major health
challenge globally, as it is associated with an increased risk
of cardiovascular disease and type 2 diabetes (4). MetS
morbidity varies by age, sex, race, and the definition used.
MetS is associated with many urinary disorders, such as
erectile dysfunction, benign prostatic hyperplasia, prostate
cancer, stress urinary incontinence, chronic kidney disease,
and kidney stones (5). The recurrence rate of kidney
stones is high, with a 50% chance of recurrence within
7 years without causal factor analysis and appropriate
intervention (6). For patients treated with percutaneous
nephrolithotomy (PCNL), the recurrence rate of kidney
stones during long-term follow up is >40%, and the risk
of postoperative kidney stone recurrence in MetS has
been found to be 3.2 times higher when compared with a
control group (7). MetS has been found to be associated
with renal function deterioration during long-term
follow up (7). Although treatments for removing kidney
stones have improved significantly over the past few
decades, optimizing preventive measures to reduce
the risk of kidney stone recurrence remains a major
issue (8). Kidney stones may be a systemic disease that
represents the interaction of multiple metabolic risk
factors, and many researchers support interventional
studies on the impact of MetS on the risk of kidney stone
development (9). Therefore, in the present study, we
analyzed the incidence of MetS and kidney stones in a
healthy screening population and explored the correlation
between them. This is the first cross-sectional study of a
large sample in the Chinese population, and the metabolic
syndrome standard developed by the Diabetes Society of
Chinese Medical Association is more closely related to the
characteristics of Chinese people. In addition, the statistical
method of P for trend is introduced in this study to
facilitate the trend test. We present the following article in
accordance with the STROBE reporting checklist (available
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at https://dx.doi.org/10.21037/tau-21-689).

Methods
General data

Data of 11,827 people who participated in a physical
examination at the Physical Examination Center of the First
Affiliated Hospital of Soochow University from August
2019 to July 2020 were included in the cross-sectional
study. Urological system ultrasound examination and/or
abdominal computed tomography were performed for all
patients to determine the presence of kidney stones. Past
medical history and BMI, BP, and blood biochemical and
urine routine examination results were collected for all
participants.

Diagnostic criteria for MetS

MetS diagnosis was based on the 2004 guidelines of the
Chinese Diabetes Society. MetS can be diagnosed with three
or all of the following four components: (I) Overweight
or obesity: BMI >25 (kg/m’); (I) hyperglycemia: fasting
blood glucose >6.1 mmol/L, and/or patients diagnosed
with and treated for diabetes; (III) hypertension: systolic
blood pressure (SBP)/diastolic blood pressure (DBP)
>140/90 mmHg, and/or patients diagnosed and treated for
hypertension; and (IV) dyslipidemia: TG >1.7 mmol/L and
(or) HDL-C <0.9 mmol/L (males) or <1 mmol/L (females).

Statistical methods

SPSS version 25.0 (SPSS Inc., Chicago, IL, United States)
was used to process data. Single sample Kolmogorov-
Smirnov test and QQ chart were used to judge the
distribution of all measurement data. Mean + standard
deviation was used for those conforming to normal
distribution, and Median (Q1, Q3) was used for skewed
distribution data. The 7-test was used for the comparison
between 2 groups of normal distribution data, and 1-way
analysis of variance and polynomial linear comparison
were used for the comparison between multiple groups of
data. Mann-Whitney U-test was used for comparison of
skewed distribution data between 2 groups, Kruskal-Wallis
H-test was used for the comparison of multiple groups,
and Jonckheere-Terpstra test was used for the trend test.
Enumeration data were expressed by frequency (percentage),
and y’-test was used for the comparison between groups.
Univariate logistic regression was used to screen out
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statistically significant variables, and these variables were
included in the multivariate logistic regression to analyze
the correlation between MetS and each component
(characteristic) and kidney stones. Trend analysis was
represented by P value, and P<0.05 indicated statistical
significance.

Ethical statement

The study was approved by the Ethics Committee of
First Affiliated Hospital of Soochow University (No. 178,
2021) and written informed consent was obtained from all
patients. All procedures performed in this study involving
human participants were in accordance with the Declaration
of Helsinki (as revised in 2013).

Results
General data

The present study comprised 6,570 males (55.6%, aged
46.15+13.653 years) and 5,257 females (44.4%, aged
41.41£11.712 years). Of these, 1,036 patients (8.8%) had
kidney stones and 1,552 patients (13.1%) had MetS. Among
all MetS patients, 35.1% had a BMI >25, 27.7% had
hypertension, 10.8% had hyperglycemia, and 31.2% had
dyslipidemia (8.5% low HDL-C, 28.5% high TG). The
proportion with BMI >25 was the highest.

Comparison of clinical indicators between the MetS group
and non-MetS group

As shown in Table 1, there were statistical differences
between the 2 groups in age, sex, BMI, SBP, DBP, blood
glucose, TG, HDL-C, urine pH, urine specific gravity,
urine white blood cell count, urine calcium oxalate crystal,
blood urea nitrogen, blood creatinine, and blood uric acid.
Age, male proportion, BMI, SBP, DBP, blood glucose, TG,
urine specific gravity, positive rate of calcium oxalate crystal,
blood urea nitrogen, blood creatinine, and blood uric acid
in the MetS group were all higher than those in the non-
MetS group, while the positive rate of HDL-C, urine pH,
and urine white blood cells were all lower than those in the
non-MetS group.

Patients were grouped according to the number of MetS
components (characteristics). Component 0 had 5,044 cases
(42.6%), component 1 had 3,004 cases (25.4%), component
2 had 2,227 cases (18.8%), component 3 had 1,250 cases
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(10.6%), and component 4 had 302 cases (2.6%). Table 2
shows the statistical differences in all clinical indicators in
the subgroup analysis (P<0.05). With an increase in the
component score, age, male ratio, BMI, SBP, DBP, blood
glucose, TG, urine specific gravity, positive rate of calcium
oxalate crystal, blood urea nitrogen, blood creatinine,
and blood uric acid gradually increased, and there was a
linear increasing trend (P<0.05 for trend). However, with
an increase in the component score, HDL-C, urine pH,
positive rate of urine white blood cell, and positive rate
of bacteria gradually decreased, and there was a linear
decreasing trend (P<0.05 for trend).

Comparison of kidney stone morbidity between the MetS
and non-MetS groups

As shown in Table 3, kidney stone morbidity in the MetS
group was 14.5% and 7.9% in the non-MetS group
(P<0.05). In addition, we also observed that kidney stone
morbidity had a linear increasing trend with an increase in
scores of the MetS group (P<0.05 for trend).

Correlation between MetS and kidney stone occurrence

We converted metabolic syndrome into grade variables
according to its characteristic numbers and calculated
the Sperman correlation coefficient with the kidney
stone occurrence, r,=0.107, P<0.001. Multivariate logistic
regression analysis showed that sex, age, and MetS
condition were independent risk factors for the occurrence
of kidney stones (Zable 4). The odds ratio (OR) of MetS was
1.493 [95% confidence interval (CI): 1.264-1.763]. The
highest risk of kidney stones was in the >33 and <43-year-
old subgroups. The risk in the >33 and <43-year-old
subgroups was 1.925-fold (95% CI: 1.556-2.383) compared
with the <33-year-old subgroup. As shown in Table 5,
compared with the 0-component group, the risk of kidney
stones in the 2-component group was 1.458-fold (95% CI:
1.204-1.766), the risk of kidney stones in the 3-component
group was 1.828-fold (95% CI 1.473-2.268), and the risk
of kidney stones in the 4-component group was 1.773 times
(95% CI: 1.237-2.542). When converting MetS component
scores into grade variables, P<0.05 for trend indicated that
there was a linear trend between MetS scores and kidney
stones, and the incidence of kidney stones increased with
the increase of group scores. As shown in Table 6, according
to MetS (CDS 2004) standards, BMI, blood pressure,
fasting blood glucose, TG, and HDL-C in the physical
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Table 1 Comparison of clinical indicators between the metabolic syndrome (MetS) group and the non-MetS group
Iltem MetS group (n=1,552) Non-MetS group (n=10,275) 2/t P value
Age (years) 52.14+13.65 42.82+12.50 25.319 <0.001
Sex, n (%) 613.249 <0.001
Male 1,314 (84.7) 5,256 (51.2)
Female 238 (15.3) 5,019 (48.8)
Body mass index (kg/m?) 27.69+2.80 23.35+3.10 56.072 <0.001
Systolic blood pressure (mmHg) 142.44£16.77 122.28+15.91 44.447 <0.001
Diastolic blood pressure (mmHg) 87.21+11.07 74.68+10.43 41.872 <0.001
Blood glucose (mmol/L) 5.95 (5.32, 6.88) 5.11 (4.82, 5.43) -38.387 <0.001
Triglycerides (mmol/L) 2.29 (1.82, 3.15) 1.11 (0.8, 1.58) -45.097 <0.001
High-density lipoprotein cholesterol (mmol/L) 1.07+£0.22 1.35+£0.34 -43.548 <0.001
Urine pH 6.106+0.599 6.229+0.619 —-7.502 <0.001
Urine specific gravity 1.0172+0.0072 1.0159+0.0077 6.712 <0.001
Urine erythrocyte, n (%) 0.946 0.331
Positive 160 (10.3) 979 (9.5)
Negative 1,392 (89.7) 9,296 (90.5)
Urine leukocyte, n (%) 8.306 0.004
Positive 305 (19.7) 2,356 (22.9)
Negative 1,247 (80.3) 7,919 (77.1)
Urine bacteria, n (%) 3.64 0.056
Positive 46 (3.0) 407 (4.0)
Negative 1,506 (97.0) 9,868 (96.0)
Calcium oxalate crystal, n (%) 9.029 0.003
Positive 107 (6.9) 520 (5.1)
Negative 1,445 (93.1) 9,755 (94.9)
Uric acid crystal, n (%) 0.365 0.546
Positive 6 (0.4) 27 (0.3)
Negative 1,546 (99.6) 10,248 (99.7)
Blood urea nitrogen (mmol/L) 5(4.3,5.8) 4.8 (4.1,5.7) -4.762 <0.001
Serum creatinine (umol/L) 68.8 (57.6, 77) 63.4 (53, 74.2) -10.275 <0.001
Blood uric acid (umol/L) 383.97+93.14 347.05+90.64 14.902 <0.001

examination population were set as the dichotomous
variables and were included in the model. The results
indicated that BMI >25 and blood pressure >140/90 mmHg
were independent risk factors for kidney stones, with OR
values of 1.209 (95% CI: 1.047-1.396) and 1.248 (95% CI:
1.071-1.453), respectively. As shown in 7iable 7, BMI, SBP,
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DBBP, fasting blood glucose, TG, and HDL-C values in the
physical examination population were grouped into the
model by quartile spacing. The findings indicated that there
was a linear relationship between BMI, TG, and HDL-C
values and stones. With an increase in BMI, and TG, and a
decrease in HDL-C, the incidence of kidney stones had an
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Table 2 Comparison of clinical indicators among different component (characteristic) numbers of metabolic syndrome

Item 0 (n=5,044) 1 (n=3,004) 2 (n=2,227) 3 (n=1,250) 4 (n=302) H/i? P value fzrvtilal;ed
Age (years) 38.97+10.24 45.47+13.16 47.99+13.41 51.16+13.71 56.19+12.64 1,577.677 <0.001 <0.001
Sex, n (%) 2,287.478 <0.001 <0.001
Male 1,581 (31.3) 1,933 (64.3) 1,742 (78.2) 1,059 (84.7) 255 (84.4)
Female 3,463 (68.7) 1,071 (35.7) 485 (21.8) 191 (15.3) 47 (15.6)
Body mass index (kg/m’) 21.47+1.95 24.32+2.72 26.29+2.82 27.55+2.81 28.27+2.69 6,177.833 <0.001 <0.001
Systolic blood pressure 115.08+11.18 126.55+16.14 132.81+16.78 141.60+16.37 145.95+17.92 3,679.59 <0.001 <0.001
(mmHg)
Diastolic blood pressure 70.24+8.25 77.28£10.22  81.20+10.52  86.91+10.88  88.46+11.79 3,261.386 <0.001 <0.001
(mmHg)
Blood glucose (mmol/L) 4.98 (4.74, 5.25)5.20 (4.91, 5.49) 5.36 (5.03, 5.77) 5.68 (5.24, 6.39) 7.02 (6.42, 8.16) 2,658.673 <0.001 <0.001*
Triglycerides (mmol/L) 0.88 (0.68, 1.13) 1.30 (0.96, 1.73) 1.84 (1.30, 2.50) 2.23 (1.80, 2.97) 2.60 (1.98, 3.89) 5,222.436 <0.001 <0.001*
High-density lipoprotein 1.49+0.33 1.27+0.30 1.15+0.26 1.08+0.23 1.02+0.19  3,204.339 <0.001 <0.001
cholesterol (mmol/L)
Urine pH 6.27+0.62 6.22+0.62 6.16+0.61 6.12+0.59 6.05+0.62 110.096 <0.001 <0.001
Urine specific gravity 1.0151+0.0079 1.0164+0.0076 1.0170+0.0073 1.0170+0.0070 1.0181+0.0080 160.421 <0.001 <0.001
Urine erythrocyte, n (%) 11.023 0.026 0.555
Positive 476 (9.4) 311 (10.4) 192 (8.6) 118 (9.4) 42 (13.9)
Negative 4,568 (90.6) 2,693 (89.6) 2,035 (91.4) 1,132 (90.6) 260 (86.1)
Urine leukocyte, n (%) 36.763 <0.001 <0.001
Positive 1,264 (25.1) 628 (20.9) 464 (20.8) 235 (18.8) 70 (23.2)
Negative 3,780 (74.9) 2,376 (79.1) 1,763 (79.2) 1,015 (81.2) 232 (76.8)
Urine bacteria, n (%) 12.989 0.011 0.001
Positive 228 (4.5) 109 (3.6) 70 (3.1) 36 (2.9) 10 (3.3)
Negative 4,816 (95.5)  2,895(96.4) 2,157 (96.9) 1,214 (97.1) 292 (96.7)
Calcium oxalate crystal, 21.029 <0.001 <0.001
n (%)
Positive 219 (4.3 168 (5.6) 133 (6.0) 82 (6.6) 25 (8.3)
Negative 4,825 (95.7) 2,836 (94.4) 2,094 (94.0) 1,168 (93.4) 277 (91.7)
Uric acid crystal, n (%) 12.419 0.010" 0.799
Positive 19 (0.4) 5(0.2) 3(0.1) 2(0.2) 4(1.3)
Negative 5,025 (99.6) 2,999 (99.8) 2,224 (99.9) 1,248 (99.8) 298 (98.7)
Blood urea nitrogen 4.7(4.1,55) 49(4.2,5.7) 5(4.2,5.8) 5(4.3,5.8) 5.1(4.3,6) 119.939 <0.001 <0.001*
(mmol/L)
Serum creatinine (umol/L)  59.4 (51, 71.7) 66 (54.8, 75.8) 68.1(57.3,76.7) 69 (57.68, 77) 67.95 (57, 474.365 <0.001 <0.001*
77.15)
Blood uric acid (umol/L) 327.98+87.87 357.70+87.40 375.88+91.17 384.12+91.86 383.35+98.41 746.159 <0.001 <0.001

T, Fisher’s exact test; ¥, Jonckheere-Terpstra test.
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Table 3 Comparison of the kidney stone morbidity between the metabolic syndrome (MetS) and non-MetS groups and between different

component (characteristic) number groups

MetS MetS component no. P value
Variable
Yes No P value 0 1 2 3 4 for trend
n 10,275 1,552 5,044 3,004 2,227 1,250 302
Kidney stones (%) 7.9 14.5 <0.001 5.8 8.7 11.5 14.6 14.2 <0.001
Yes, n (%) 811 (78.3) 225 (21.7) 294 (28.4) 261 (25.2) 256 (24.7) 182 (17.6) 43 (4.1)
No, n (%) 9,464 (87.7) 1,327 (12.3) 4,750 (44.0) 2,743 (25.4) 1,971 (18.3) 1,068 (9.9) 259 (2.4)

T, 1,036 patients with kidney stones (100%); *, 10,791 patients without ki

dney stones (100%).

Table 4 Logistic regression analysis of risk factors for kidney stone formation

ltem Crude OR (95% Cl) P value Adjusted OR (95% Cl) P value
Sex 2.505 (2.167-2.894) <0.001 2.284 (1.968-2.652) <0.001
Age (years) <0.001 <0.001
<33 1.000 1.000
33-43 2.061 (1.669-2.546) <0.001 1.975 (1.597-2.442) <0.001
43-53 1.953 (1.562-2.443) <0.001 1.716 (1.369-2.152) <0.001
>53 2.218 (1.789-2.751) <0.001 1.715 (1.376-2.139) <0.001
MetS condition 1.979 (1.689-2.318) <0.001 1.493 (1.264-1.763) <0.001

Cl, confidence interval; OR, odds ratio; MetS, metabolic syndrome.

Table 5 Logistic regression analysis of different MetS component (characteristic) number groups in patients with and without kidney stones

ltem Crude OR (95% ClI) P value Adjusted OR' (95% Cl) P value P value for trend
MetS characteristics <0.001 <0.001 <0.001

0 component 1.000 1.000

1 component 1.537 (1.293-1.828) <0.001 1.180 (0.983-1.417) 0.076

2 components 2.098 (1.761-2.501) <0.001 1.458 (1.204-1.766) <0.001

3 components 2.753 (2.262-3.351) <0.001 1.828 (1.473-2.268) <0.001

4 components 2.682 (1.902-3.782) <0.001 1.773 (1.237-2.542) 0.002

T, confounders were adjusted for age and sex. Cl, confidence interval; OR, odds ratio; MetS, metabolic syndrome.

increasing trend.

Discussion

The present cross-sectional study showed that kidney stone
morbidity was 8.8% and MetS morbidity was 13.1% in the
physical examination population. According to Jeong et al.’s
study on a physical examination population in South Korea,
kidney stone morbidity was 5.2% and MetS morbidity was

13.7%. These findings indicated that the morbidity of the 2
diseases is similar among East Asians (9).

BMI is considered a reliable alternative to waist
circumference because they are highly correlated (10). In
a number of previously published studies, BMI has been
used to define obesity instead of waist circumference,
there are many diagnostic criteria for MetS in China and
globally (3). In the present study, BMI was used instead

of waist circumference because the waist circumference

© Translational Andrology and Urology. All rights reserved. Transl Androl Urol 2021;10(9):3646-3655 | https://dx.doi.org/10.21037/tau-21-689



3652

Qiu et al. Metabolic syndrome and kidney stone

Table 6 Logistic regression analysis of MetS-related clinical indicators in patients with and without kidney stones

ltem Crude OR (95% ClI) P value Adjusted OR' (95% ClI) P value
Body mass index =25 (kg/m?) 1.766 (1.553-2.008) <0.001 1.209 (1.047-1.396) 0.010
Blood pressure >140/90 (mmHg) 1.673 (1.465-1.910) <0.001 1.248 (1.071-1.453) 0.004
Glucose =6.1(mmol/L) 1.666 (1.396-1.988) <0.001 1.171 (0.966-1.420) 0.109
Triglycerides =1.7 (mmol/L) 1.673 (1.466-1.908) <0.001 1.139 (0.983-1.320) 0.084
High-density lipoprotein cholesterol: males 1.491 (1.221-1.822) <0.001 1.088 (0.881-1.344) 0.434

<0.9, females <1.0 (mmol/L)

T, confounders were adjusted for age and sex. Cl, confidence interval; OR, odds ratio; MetS, metabolic syndrome.

data of patients could not be collected. Taking race into
account, CDS 2004 criteria were used to define overweight
or obesity as BMI >25. Data in the present study showed
that the proportion of MetS patients with a BMI >25 was
highest, suggesting that abnormal weight was the primary
feature of MetS in Chinese population.

The urine pH of the MetS group was lower than that of
the non-MetS group, and the higher the component score,
the lower the pH. Although the exact pathophysiological
mechanism of the association between MetS and kidney
stones is unknown, MetS is associated with changes in
urinary composition, including decreased urinary pH,
reduced citrate excretion, and increased uric acid and
calcium excretion, leading to an increased risk of kidney
stone formation (9). Studies have shown that acid urine,
caused by insulin resistance, is the cause of uric acid stone
formation (11). Urinary pH affects the composition of stone
formation. Unlike acid urine, alkaline urine pH promotes
calcium phosphate stone formation (12).

The urine specific gravity of the MetS group was higher
than that of the non-MetS group, and urine specific gravity
showed an increasing trend with an increase in component
number. Urine specific gravity is an important indicator
reflecting water content of the body. Few previous studies
have focused on the relationship between water intake
and MetS. A study by NHANES (National Health and
Nutrition Examination Survey), which included data from
3961 adults, showed that the highest urine specific gravity
group had a higher MetS risk (OR: 1.6, 99% CI: 1.0-2.7,
P=0.01) and diabetes risk (OR: 1.8, 99% CI: 1.0-3.4,
P<0.05) compared to the lowest quartile (13).

The positive rate of calcium oxalate crystals in the urine
of the MetS group was higher than that of the non-MetS
group. Further analysis based on the number of features
also showed that the positive rate increased with an increase

© Translational Andrology and Urology. All rights reserved.

in the number of features. Sakhaee et 4/. indicated that the
risk of CaOx (calcium oxalate) stone formation in patients
without kidney stones increased with an increase in the
number of MetS characteristics. However, the propensity
to precipitate CaOx crystals was much higher in patients
with kidney stones, but was not independently associated
with an increase in the number of MetS features (14).
The correlation between MetS and uric acid-based stones
has been reported in previous literature. Serum uric acid
was 383.97+93.14 pmol/L in the metabolic syndrome
group and 347.05+90.64 pmol/L in the non-metabolic
syndrome group, respectively, P<0.001. The incidence of
hyperuricemia in the metabolic syndrome group and the
non-metabolic syndrome group was 33.3% and 19.1%,
respectively, P<0.001. According to metabolic syndrome
characteristics, the incidence of hyperuricemia from
components 0 to 4 was 13.9%, 21.3%, 28.1%, 33.0% and
32.8%, respectively. Similar to the research results of Cho
et al. (15), our data showed that the blood uric acid value in
MetS was significantly higher than that in the non-MetS
group, and there was an increasing trend in blood uric
acid with the increase in the number of features, but no
difference was found in urine uric acid crystals between the
2 groups. The subgroup analysis showed that when there
were 4 features, the positive rate of uric acid crystals was
13%, which was higher than the other groups.

The indicators reflecting renal function, serum creatinine
and urea nitrogen, in the MetS group were higher than
those in the non-MetS group, and had an increasing trend
with the increase in the number of features. Previous studies
on the relationship between MetS and kidney function are
limited. Kawamoto et 4. showed that, for middle-aged and
elderly Japanese, MetS was significantly associated with a
decrease in eGFR (estimated glomerular filtration rate),
while low HDL-C and increased HbAlc (glycosylated
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Table 7 Logistic regression analysis of MetS-related characteristics (quartile) in patients with and without kidney stones
ltem ;;322’::2';) Crude OR(95% Cl)  Pvalue  Adjusted OR' (95% Cl)  Pvalue "t‘:;zf”
Body mass index (kg/m?) <0.001 0.013 0.001

<21.42 2,953 158 (5.3) 1.000 1.000

21.42-23.73 2,950 238 (7.8) 1.503 (1.219-1.852) <0.001 1.150 (0.923-1.432) 0.213

23.73-26.04 2,967 279 (9.4) 1.836 (1.500-2.248) <0.001 1.140 (0.908-1.433) 0.259

>26.04 2,957 368 (12.4) 2.514 (2.071-3.053) <0.001 1.420 (1.121-1.797) 0.004
Systolic blood pressure <0.001 0.523 0.608
(mmHg)

<113 2,928 178 (6.0) 1.000 1.000

113-123 2,864 230 (8) 1.349 (1.101-1.652) 0.004 1.121 (0.894-1.405) 0.323

123-135 3,012 294 (9.7) 1.671 (1.377-2.028) <0.001 1.206 (0.944-1.541) 0.134

=135 3,023 334 (11.0) 1.919 (1.588-2.319) <0.001 1.179 (0.894-1.556) 0.244
Diastolic blood pressure <0.001 0.550 0.404
(mmHg)

<68 2,659 167 (6.2) 1.000 1.000

68-76 3,230 252 (7.8) 1.263 (1.031-1.546) 0.024 0.966 (0.773-1.207) 0.760

76-84 2,963 265 (8.9) 1.466 (1.199-1.792) <0.001 0.923 (0.719-1.185) 0.528

=84 2,975 352 (11.8) 2.003 (1.652-2.427) <0.001 1.058 (0.802-1.395) 0.690
Fasting blood glucose <0.001 0.524 0.540
(mmol/L)

<4.86 2,890 204 (7.0) 1.000 1.000

4.86-5.17 2,998 228 (7.6) 1.084 (0.891-1.319) 0.422 0.949 (0.777-1.158) 0.605

5.17-5.54 2,947 260 (8.8) 1.274 (1.053-1.542) 0.013 0.948 (0.777-1.156) 0.598

>5.54 2,992 344 (11.4) 1.710 (1.427-2.051) <0.001 1.067 (0.872-1.307) 0.529
Triglycerides (mmol/L) <0.001 0.099 0.006

<0.84 2,916 168 (5.7) 1.000 1.000

0.84-1.2 2,906 226 (7.7) 1.379 (1.122-1.696) 0.002 1.104 (0.891-1.369) 0.366

1.2-1.82 3,034 284 (9.3) 1.689 (1.386-2.059) <0.001 1.161 (0.932-1.446) 0.183

>1.82 2,971 358 (12.0) 2.241 (1.851-2.713) <0.001 1.329 (1.052-1.680) 0.017
High-density lipoprotein <0.001 0.013 0.023
cholesterol (mmol/L)

>1.52 2,954 185 (6.2) 1.000 1.000

1.26-1.52 2,988 270 (9.0) 1.487 (1.224-1.806) <0.001 1.073 (0.873-1.320) 0.504

1.06-1.26 3,032 266 (8.7) 1.439 (1.185-1.749) <0.001 0.800 (0.640-1.001) 0.051

<1.06 2,853 315 (11) 1.858 (1.537-2.245) <0.001 0.845 (0.668-1.069) 0.161

', confounders were adjusted for age and sex. Cl, confidence interval; OR, odds ratio; MetS, metabolic syndrome.
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hemoglobin) levels were significantly associated with a
decrease in eGFR within 3 years (16). A cohort study of
Chinese centenarians showed that age, smoking, waist
circumference, SBP, and TG levels were inversely associated
with glomerular filtration rate, while DBP was positively
associated with glomerular filtration rate (17).

According to Tuble 3, we found that kidney stone
morbidity in the MetS group was higher than that in the
non-MetS group, and that an increase in the number of
MetS characteristics was associated with an increase in
kidney stone morbidity. As shown in Table 4, MetS was
found to be an independent risk factor for kidney stones,
with a 1.493 times higher risk than the non-MetS group
(95% CI: 1.264-1.763). Table 5 further confirmed that there
was a linear trend between the number of MetS features and
kidney stones. With the increase in the number of features,
the risk of kidney stones also increased. Wong et 4l. showed
that kidney stones morbidity increased with an increase in
MetS features; patients with >3 features had higher kidney
stone morbidity (12).

Logistic regression analysis was performed for specific
features of MetS, and the independent variables were
respectively converted into dichotomic variables according
to CDS 2004 standards, or into multicategorical variables
according to the interquartile interval. Results showed that
BMI >25 and blood pressure >140/90 mmHg in MetS (CDS
2004) were independent risk factors for kidney stones.
There was a linear trend between BMI, HDL-C, and TG
in the interquartile data and dependent variables, and BMI
and HDL-C were independent risk factors for kidney stone
formation. Kim ez a/. also reported that hypertension was
significantly associated with MetS (18), while Cho ez 4.
reported that high TG were the most significant feature
associated with kidney stones (15). Obese patients have
other special risk factors for kidney stones compared with
patients who are of normal weight, these risk factors may act
through a variety of mechanisms. Given this increased risk,
obese patients need more thorough and timely screening
for kidney stones (19). In a mouse study, Sasaki er 4/. found
that that weight loss intervention seemed to reduce the risk
of formation of uric acid stones by improving low urine
pH value, and reduced the risk of formation of calcium
oxalate stones by increasing urinary citrate excretion (20).
In terms of prevention, appropriate medication and dietary
recommendations may help to correct urinary metabolic
abnormalities and prevent recurrence in patients with
kidney stones.
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Conclusions

Most of the clinical indicators in the MetS group were
statistically different from those in the control group.
Abnormal weight is the primary feature of MetS in the
Chinese population. Kidney stone morbidity in the MetS
group was higher than that in the control group, and there
was a linear trend between the number of MetS features
and kidney stones. With the increase in the number of
features, the risk of kidney stones also increased. MetS is
an independent risk factor for kidney stones. Both BMI
>25 and blood pressure >140/90 mmHg in MetS are
independent risk factors for kidney stones. Appropriate
medication and dietary advice may help correct urinary
metabolic abnormalities and prevent kidney stone
recurrence.

The present study was a cross-sectional study, which
limited causal reasoning. Although the sample size was
large, the composition data of kidney stones could not be
obtained. Because it was based on screening data of physical
examination, other components of urine, such as citrate,
oxalate, phosphate, and calcium ions, cannot be collected.
Therefore, the relationship between MetS and specific
stone types, and the mechanism of stone formation, could
not be analyzed. We can do some prospective studies in the
future to further clarify.
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