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Abstract

Introduction: Kidney stone risk factors are understudied among Asians. Our study objective was to investigate
associations of obesity and other chronic diseases with incident kidney stones among the urban Chinese.
Patients and Methods: Included in this study are two prospective cohorts: the Shanghai Women’s Health Study
(N = 69,166) and Shanghai Men’s Health Study (N = 58,054). Incident kidney stones were determined by self-
report in 2004 and 2008. Cox regression models were used to evaluate the associations of study variables with
stone risk with adjustment of demographics, medical history, and dietary intakes.
Results: There were 2653 incident stones over 1,007,958 person-years of follow-up. Overall incidence rates
(per 1000 person-years, 95% confidence interval [CI]) were 2.10 (1.99, 2.21) among women and 3.80 (3.59,
4.02) among men. Higher body mass index (BMI) was associated with risk (BMI ‡25 vs 18.5–24.9 kg/m2,
women: hazard ratio [HR] = 1.14 [95% CI 1.01, 1.28]; men: HR = 1.17 [1.03, 1.32]). High waist–hip ratio (‡0.80
and ‡0.90 for women and men, respectively) was associated with risk (HR 1.13, 95% CI 1.01, 1.27 for women;
HR 1.19, 95% CI 1.05, 1.35 for men). Coronary heart disease or stroke history was associated with risk in
women only (HR 1.31, 95% CI 1.10, 1.56). Hypertension history was associated with risk in men only (HR
1.27, 95% CI 1.11, 1.45). No significant association with diabetes mellitus was observed.
Conclusions: Among the Chinese, kidney stone incidence in men is almost twice that of women. Obesity is a
shared risk factor. Hypertension history is associated with risk in men, whereas history of coronary heart disease
or stroke is associated with risk in women.
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Introduction

K idney stone disease is a global cause of morbidity and
is associated with systemic conditions, including coro-

nary heart disease, hypertension, and chronic kidney dis-
ease.1–4 Risk factors for incident kidney stones include
dietary factors and chronic conditions such as obesity.5–7

As nonwhite populations have not been well represented in
kidney stone epidemiologic research, whether these risk
factors apply to other populations has been understudied.

The population in China represents a unique opportunity
for kidney stone epidemiologic research because of the rapid
urbanization and adoption of an increasingly Westernized

diet over the last few decades.8 Urbanization in China has
been accompanied by dramatic increases in prevalence rates
of obesity, type 2 diabetes, hypertension, and cardiovascular
disease.9–12 As in Western countries, stone disease in China
affects predominantly men and is most prevalent between age
40 and 60.13 Approximately 80% of stones in China contain
calcium, of which the majority is calcium oxalate composi-
tion.14 Kidney stone prevalence among the Chinese urban
population is 4% to 6% compared to 5% in South Korea and
almost 9% in the United States.13,15–17

However, kidney stone incidence rates and risk factors
among the Chinese population have not been established. We
investigated the associations of obesity, diabetes, hypertension,
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and cardiovascular diseases (coronary heart disease and
stroke) with incident kidney stones in two population-based
prospective cohorts of urban inhabitants of Shanghai,
China: the Shanghai Women’s Health Study (SWHS) and
the Shanghai Men’s Health Study (SMHS). These NIH-
funded studies were designed to investigate the etiology and
progression of cancer and other noncommunicable diseases,
including nephrolithiasis. The investigation of these two
population-based cohorts represents the first large-scale
epidemiologic analysis of kidney stone disease in China.

Patients and Methods

Study population

Participants in the SWHS and the SMHS were included in
the analysis. Study design and details of the two studies have
been described previously.18,19 In short, a total of 74,941
women aged 40–70 years were recruited for the SWHS from
1996 to 2000, and a total of 61,480 men aged 40–74 years
were recruited for the SMHS from 2002 to 2006 (overall
study participation rate: women, 92.7%; men, 74.1%). All
participants were recruited among the urban communities
within Shanghai and followed by in-person surveys every
2–5 years and by linkage to the Shanghai Tumor Registry and
Shanghai Vital Statistics database. Institutional review
boards of all involved institutes approved the studies, and
written informed consent was obtained from all participants
before interview.

Data collection

At baseline survey, interviewers conducted in-person visits to
participants’ homes. Interviewers were retired nurses and other
medical professionals who completed standardized training in
survey administration. During the visit, a structured question-
naire was administered to assess demographic information,
medical history, lifestyle and habits, physical activity, oc-
cupational history, dietary intake, and physical activity.

Interviewers measured body weight (kg), height (cm),
and waist and hip circumference (cm) according to a stan-
dard protocol. Body mass index (BMI, kg/m2) was derived
by dividing weight by height squared, and waist-hip ratio
(WHR) was derived by dividing waist circumference by hip
circumference.

Self-reported history of diabetes, hypertension, coronary
heart disease, and stroke was collected from the baseline
questionnaire by asking the subject whether he or she had
ever been diagnosed by a physician. Hypertension in this
study was defined by self-reported disease diagnosis and/or
use of antihypertensive medication.

Dietary intake over the previous 12 months was assessed
at baseline using a validated food frequency questionnaire,
which covered *90% food items commonly consumed in
urban Shanghai during the study period.20,21 During the in-
terview, although drinking habits were assessed, overall
water and fluid intake volume was not assessed. Sodium in-
take was not included in the analyses because of incomplete
assessment and high within-individual variances.

Identification of incident kidney stone formers

A history of urinary tract stones was assessed by self-report
at the third and fourth follow-up visits for SWHS (2004,

2008) and first and second follow-up visits for SMHS (2004,
2008). Study participants were asked whether they were di-
agnosed by a physician with a urinary tract stone (diagnosed,
never diagnosed, suspected/probable, or unknown), followed
by questions on date of first diagnosis (month and year),
location of the stone (kidney, ureter, bladder, or unknown),
and whether the diagnosis was made with ultrasonography
and/or X-ray radiography. Incident kidney stone cases were
defined by the first report of a urinary tract stone located in the
kidney or ureter. Subjects whose first diagnosis occurred
before baseline interview were excluded from the study as
they may have changed their diet and other lifestyle after the
initial stone event (n = 833 women, n = 1828 men), as were
self-reported stone formers with missing diagnosis date
(n = 14 women, n = 20 men).

The end of follow-up for this study was defined as the date
of first stone diagnosis for cases and censored at the date of
last assessment for controls. Prevalent and incident bladder
stones, suspected/probable stones in the urinary tract, and
unknown stone status were excluded (women: n = 120, men:
n = 454). Of the 1451 women and 1202 men identified with
incident kidney stones, 99% (n = 1436) and 99% (n = 1190),
respectively, reported the stone was diagnosed by ultraso-
nography and/or X-ray radiography.

Statistical analysis

Participants who did not complete any follow-up surveys
that collected the kidney stone information (n = 3046 women,
n = 693 men) or had any malignancy diagnosis at or before
baseline survey (women: n = 1654, men: n = 211) were ex-
cluded from this analysis. Additional exclusion criteria in-
cluded extremes of reported total energy intake (women:
<500 or >3500 kcal/day, n = 108; men: <800 or >4200 kcal/
day, n = 220). Thus, a total of 69,166 women and 58,054 men
were included in the final analytic set.

In descriptive analyses, baseline host characteristics of
incident cases and controls were compared by univariable
Cox proportional hazards regression model unless noted.
BMI was categorized according to conventional WHO
cutoffs (underweight: <18.5 kg/m2; normal: 18.5–24.9 kg/m2;
overweight: 25–29.9 kg/m2; obese: ‡30 kg/m2). WHR was
categorized based on sex-specific cutoffs (men: low <0.9,
high ‡0.90; women: low <0.8, high ‡0.80).22 To compare
nutrient consumptions between two groups, linear regression
was employed with the inclusion of total energy intake (kcal/
day) and age at interview as covariates in the model.

Hazard ratios (HRs) and 95% confidence intervals (CIs) were
estimated using Cox proportional hazards regression models for
incident stone risk, with age as the time scale. The exposures of
interest included BMI, WHR, history of diabetes, hypertension,
and coronary heart disease and/or stroke. Covariates were in-
cluded as continuous variables unless otherwise noted: birth
year, education level (<12th grade, high/vocational school, and
college or above), family income per capita (low, middle, and
high), pack-year smoking, cholelithiasis history (yes/no), regu-
lar exercise (MET-h/day/year, categorized as none, low, me-
dium, and high), total energy intake (kcal), and intakes of
dietary protein (g/day), fat (g/day), calcium (mg/day), potassium
(mg/day), magnesium (mg/day), vitamin C (mg/day), calcium
supplements (yes/no), and vitamin C supplements (yes/no). The
proportional hazard assumption was examined by including
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time-varying covariates in the model. Tests for interaction were
performed by creating and modeling the multiplicative inter-
action terms between each exposure of interest variable and
gender. There was >80% of power to detect a significant asso-
ciation for each risk factor of interest in our study populations
(estimated event rate in unexposed group: 2%, effect size >1.2
for each categorical variable).

Sensitivity analyses were conducted restricted to never
smokers in SMHS because of the high prevalence of
smoking among urban Chinese men and the potential for
confounding (70% of participants in SMHS compared to 3%
in the SWHS). In addition, to minimize the potential met-
abolic, dietary, and lifestyle changes after cancer diagnosis
on kidney stone risk, sensitivity analyses were conducted
censoring incident cancer cases occurring within 6 months
before stone diagnosis.

All analyses were carried out using SAS version 9.4 (SAS
Institute, Inc.). All statistical tests were based on two-sided
probability and p < 0.05 was considered statistically significant.

Results

With an average 8.0 years of follow-up (range: 0.1–14.7,
overall 1,007,958 person-years), overall kidney stone inci-
dence rates were 3.80 (95% CI 3.59, 4.02) and 2.10 (95% CI
1.99, 2.21) per 1000 person-years for men and women, re-
spectively (Fig. 1 and Table 1). The incidence rates in men
were nearly twice the incidence in women, and the highest
age-specific incidence rates were observed in the 50 to 59 age
groups.

Descriptive analyses of participant characteristics showed
several differences between cases and noncases (Table 2).
For both cohorts, incident stone cases were more likely to
have had nonmanual labor occupation, greater BMI, and

greater WHR measurements. Among women, incident
stone formers were more likely to have a history of cor-
onary heart disease or stroke, cholelithiasis, and calcium
supplement intake. Among men, incident stone formers
tended to have less cigarette smoking exposure, and a
history of hypertension.

Table 3 presents multivariable-adjusted HRs and 95%
CIs for sex-specific associations of anthropometric and
medical characteristics with incident kidney stones. Higher
BMI was associated with incident stone risk for both men
and women (BMI ‡25 kg/m2 vs 18.5–24.9 kg/m2, women:
HR = 1.14 [95% CI 1.01, 1.28], p = 0.032; men: HR = 1.17
[1.03, 1.32], p = 0.017). WHR was associated with an in-
creased risk (women: HR = 1.13 [1.01–1.27], p = 0.037;
men: HR = 1.19 [1.05, 1.35], p = 0.006). History of coronary
heart disease or stroke was associated with risk in women
(HR = 1.31 [1.10, 1.56], p = 0.002), but not in men. Hy-
pertension was associated with risk in men only (HR = 1.27
[1.12, 1.45], p < 0.001). No significant associations were
observed for history of type 2 diabetes in either cohort.
The association between a history of coronary heart disease
or stroke and incident stones may be modified by gender,
although only a marginally significant interaction was ob-
served ( pinteraction = 0.089, in text only).

Sensitivity analysis conducted among never smokers in
men showed nonsignificant associations for BMI and WHR,
whereas only a history of hypertension maintained an asso-
ciation (Supplementary Table S1; Supplementary Data are
available online at www.liebertpub.com/end). Sensitivity
analysis censoring follow-up 6 months before cancer diag-
nosis showed that all significant/borderline significant asso-
ciations observed in the main analysis remained largely
unchanged (Supplementary Table S2).

Discussion

This first large prospective cohort study revealed several
important findings related to incident kidney stone risk
among middle aged and elderly urban Chinese inhabitants.
Incidence rates are higher among men and decline after age
50–59 in both men and women, similar to what has been
observed in other population-based studies in South Korea
and Japan.17,23 As a comparison, in a prospective study of
predominantly white males in the United States, incidence

FIG. 1. Incidence rates of kidney stones among urban
Chinese men and women. Error bar represents 95% CI.
CI = confidence interval.

Table 1. Overall and Age-Specific Incidence

Rates of Kidney Stones Among Urban

Chinese Men and Women

Women Men
Cases/noncases Cases/noncases

Incident cases (n) 1451/67,804 1202/56,895
PY of follow-up 691,836.17 316,122.06

Incidence rate/1000PY (95% CI)
Crude 2.10 (1.99, 2.21) 3.80 (3.59, 4.02)

Age specific
40–49.9 2.23 (2.08, 2.40) 3.94 (3.60, 4.32)
50–59.9 2.36 (2.14, 2.61) 4.01 (3.63, 4.43)
60–69.9 1.61 (1.43, 1.81) 3.85 (3.39, 4.37)
‡70 0.97 (0.37, 2.60) 2.66 (2.18, 3.26)

CI = confidence interval; PY = person-years.
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rates were highest among age 40–59 (3.09–3.77/1000/year),
were lower among those 60–69 (2.61–2.73/1000/year), and
declined after age 70 (1.36/1000/year).24 Incidence rates
among women are higher among younger women between
age 20 and 40 (1.83/1000/year) and plateau to <1 per 1000
person-years among older women.5,25 In this study, the reasons
for the incidence rates for both urban-dwelling Chinese men and
women being slightly higher are unclear, but may be attributable
to dietary and lifestyle factors, differences in the racial sus-
ceptibility toward risk, or methodological differences.

Obesity is an independent risk factor for incident kidney
stones among both Chinese men and women. These trends
are observed, although modeling both BMI and WHR to-
gether, suggesting both overall adiposity as measured by
BMI and central fat distribution as measured by WHR relate
to kidney stone risk. Because of a small sample size in the
obesity category (‡30 kg/m2), we did not observe significant
associations in this subgroup for either gender. However, the
effect size of association is similar or even larger for obese
subjects when compared to those who are overweight. As
overweight and obesity are emerging public health problems
in China, there is an urgent need for interventions to prevent
excess weight gain.

Differences in urinary composition may, in part, explain
differences in kidney stone risk by race. A previous study
reported that Asian American/Pacific Islander populations
excrete significantly less urinary citrate than whites.26 Ci-
trate inhibits calcium stone formation by complexing with
free calcium and directly inhibiting the precipitation and
aggregation of early stone crystals. In a single-center study
of 507 stone formers in Southern China, of which 78% had

majority calcium oxalate stone composition, the vast ma-
jority of those (94%) had hypocitraturia. The rates of
hyperoxaluria, hypercalciuria, and hyperuricosuria were
comparably low (all <35%).27 A study of calcium stone
formers in Eastern China similarly found a high prevalence
of hypocitraturia (80%).28

In this study, a history of coronary heart disease or stroke
was independently associated with incident kidney stone
disease in women, but not in men. The reasons for differences
by sex are unclear, but are more likely attributable to intrinsic
differences in stone risk by gender rather than a difference in
the two cohorts studied, since the methodology of SWHS and
SMHS is mirrored. Similarly, in this study, hypertension
history was associated with kidney stone risk in Chinese men,
but not in women. Prior studies of nephrolithiasis relating to
coronary heart disease observed an association in women, but
not in men,1,29 adding further evidence that gender is an
important effect modifier in kidney stone risk. We also found
a marginally significant interaction in this study, which may
be caused by insufficient statistical power.

Diabetes history is a well-established risk factor for kidney
stone disease.6 In this study, the absence of an observed as-
sociation could be because of two possibilities. First, diabetes
in China is underdiagnosed,10,30 and this nondifferentiated
misclassification may have biased the association toward the
null. The self-reported prevalence at baseline of diabetes
were 4% and 6% in the SWHS and SMHS, respectively,
compared to 9% and 11% among women and men, respec-
tively, published in a national diabetes screening study.30

Associations may be observed over the next few decades
within the context of the changing dietary and lifestyle

Table 3. Multivariable Cox Models for Associations Between Risk of Incident Kidney Stones

and Comorbid Diseases Among Urban Chinese Inhabitants

Variables

Women Men

Cases/noncases HR (95% CI) p Cases/noncases HR (95% CI) p

BMI (kg/m2) (%)
<18.5 44/2286 1.01 (0.75, 1.37) 0.944 34/2438 0.82 (0.58, 1.16) 0.252
18.5–24.9 850/41,680 Ref. 701/35,745 Ref.
25–29.9 476/20,322 1.14 (1.01, 1.28) 0.036 426/17,204 1.15 (1.01, 1.31) 0.032
‡30 81/3408 1.17 (0.92, 1.49) 0.194 41/1431 1.30 (0.94, 1.80) 0.111
‡25 557/23,730 1.14 (1.01, 1.28) 0.032 467/18,635 1.17 (1.03, 1.32) 0.017

WHR (%)
<0.90 (M); <0.80 (W) 547/27,539 Ref. 480/26,309 Ref.
‡0.90 (M); ‡0.80 (W) 904/40,159 1.13 (1.01, 1.27) 0.037 721/30,482 1.19 (1.05, 1.35) 0.006

History of coronary heart disease/stroke
No 1283/61,228 Ref. 1106/51,744 Ref.
Yes 168/6487 1.31 (1.10, 1.56) 0.002 96/5108 0.92 (0.74, 1.16) 0.491

History of hypertension
No 1077/51,592 Ref. 778/39,643 Ref.
Yes 374/16,123 1.09 (0.96, 1.25) 0.193 424/17,209 1.27 (1.11, 1.45) <0.001

History of type 2 diabetes
No 1387/64,940 Ref. 1131/53,352 Ref.
Yes 64/2775 1.11 (0.85, 1.44) 0.444 71/3500 0.98 (0.77, 1.26) 0.875

Cox regression models included birth year, pack-year smoking, education, income, energy intake (kcal), dietary protein intake, dietary
calcium intake, calcium supplement (yes/no), dietary vitamin C intake, vitamin C supplement (yes/no), dietary potassium intake, dietary
magnesium intake, physical activity (MET-h/day/year), BMI at baseline (kg/m2), WHR, history of coronary heart disease/stroke (yes/no),
history of type 2 diabetes, history of hypertension (yes/no), and history of cholelithiasis (yes/no).

HR = hazard ratio.
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patterns. Second, it is possible that effect modification by
race impacts the magnitude of associations between diabetes
and stone risk. This would need to be evaluated in a pro-
spective multiethnic cohort.

The findings of this study should be interpreted within the
context of the limitations of the study design. Self-reported
kidney stones were not adjudicated with the medical record.
However, follow-up data were collected in person and ob-
tained from a trained interviewer with a medical background.
Furthermore, a high proportion of kidney stones diagnoses
were reported to have been confirmed by imaging (99%). The
use of self-reported baseline measures, such as hypertension,
could have resulted in underestimation of the associations
with stone risk. Data on family history, stone composition,
and 24-hour urine constituents were not collected in this
study, which could have further elucidated inherited and
metabolic causes for stone formation. The population in
Shanghai has relatively high socioeconomic status in China,
and the findings may not be generalizable to other Chinese
populations. Despite these limitations, missing data were
very minimal (<1%), and the use of detailed medical and
dietary instruments in this prospective cohort is among the
strengths of the study design.

Conclusions

In conclusion, the incident rates of kidney stones among
middle aged and elderly Chinese are slightly higher than
those in Western populations, and incident kidney stones are
more common in men than women. Obesity remains a
common risk factor for both Chinese men and women. Risk
associations with cardiovascular disease and hypertension
appear to vary by gender, whereas no association was seen
with a history of diabetes mellitus.
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