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Relationship between Calcium Stone Disease and Metabolic Syndrome
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Purpose: We aimed to investigate relationship between metabolic syndrome and calcium-oxalate stone formation.
Materials and Methods: Between January 2008 and February 2015 we retrospectively investigated biochemical
parameters and anthropometric characteristics (height, weight, and waist circumference) of 198 patients who had
calcium-oxalate stones and we also randomly selected 200 participants who had no history of urolithiasis as the
controls.
Results: The presence of obesity increased the risk of calcium stones in both men (P = .003, OR = 2.92) and women (P = .03, OR = 2.18). Diabetes was significantly correlated to the risk of calcium stones (P = .04, OR = 1.94).
However, when calculated separately for men and women, diabetic men had a higher risk of calcium-oxalate stone
disease (P = .04, OR = 2.59), but diabetic women did not (P > .05). Hypertension also significantly increased the
risk of calcium stones when compared with normotensive individuals (P = .0001, OR = 3.03).
Conclusion: The risk for the development of calcium-oxalate stone disease is most significantly associated with
the patient’s body mass index and the presence of hypertension.
Keywords: metabolic syndrome; epidemiology; outcome assessment; prevalence; risk assessment; urolithiasis;
etiology.
factors for kidney stones may result in new approaches
etabolic syndrome (MS), the simultaneous oc- to the treatment and prevention of urolithiasis.(4)
currence of hyperglycemia, hyperlipidemia, hy- Much like MS and obesity, the prevalence of nephropertension, and visceral obesity, is a chronic disease lithiasis in the United States and other countries is inassociated with high mortality. In addition, this condi- creasing. There is evidence that these parallel changes
tion substantially increases the risk of developing cardi- might be linked.(5) Studies have shown that MS and its
ovascular diseases and type 2 diabetes.(1) In the United components (obesity/increased waist circumference
States, the prevalence of MS is 24% in men and 23.4% [WC], hypertension, and etc.) are associated with inin women, increasing at ages 60-69 years to 43.5% in creased rates of nephrolithiasis.(6-8) Although the exact
both sexes.(2) Through out the years, numerous defi- pathophysiologic mechanisms underlying the associanitions of MS have been proposed by various organi- tion between MS and nephrolithiasis are unclear, MS
zations. The National Cholesterol Education Program has been associated with changes in urinary constituAdult Treatment Panel III (NCEP/ATP III) definition is ents, including lower urinary pH, decreased citrate exthe one most used today because it incorporates the key cretion, and increased uric acid and calcium excretion,
concepts of MS, relies on commonly used laboratory leading to increased risks of uric acid and calcium stone
studies available to most physicians, and is less restric- formation.(9-12)
tive than the other classifications.(3) The prevalence of Since 80% of kidney stones consist of calcium oxalate
urolithiasis ranges from 2 to 20% throughout the world (CaOx),(13,14) studies exploring the relationship between
based on the geographic and socioeconomic character- urinary risk factors for calcium stone formation and
istics of the different populations. The worldwide prev- features of the MS are critical. Therefore in this study,
alence of the disease appears to have increased in the we aimed to investigate the relationship between CaOx
last quarter of the twentieth century for both men and stone disease and MS components.
women. The identification of common, modifiable risk
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and ≥ 89 cm in women, according to the NCEP/ATP III
obesity criteria.
MS was diagnosed in those who satisfied at least 3 of
the following 5 criteria: WC ≥ 102 cm in men, ≥ 89
cm in women, triglyceride concentration >150 mg/dL
or undergoing treatment for hypertriglyceridemia, HDL
cholesterol concentration < 40 mg/dL in men and ˂
50 mg/dL in women or undergoing treatment for low
HDL-cholesterol level, blood pressure > 130/85 mmHg
or undergoing treatment for hypertension, and fasting
blood glucose level > 100 mg/dL or undergoing treatment for hyperglycemia.(3)

Table 1. Demographic characteristics of the participants.
Variables

CaOx Stone (+)

Stone (-)

P Value

Gender, male/female; n (%)

105/93 (53/47)

108/92 (54/46)

˃ .05

Age (years)

43.3 ± 9.3

42.7 ± 9.7

˃ .05

Abbreviation: CaOx, calcium oxalate.

MATERIALS AND METHODS

We retrospectively investigated biochemical parameters and anthropometric characteristics (height, weight,
and WC) of 198 patients who had CaOx stones and we
also randomly selected 200 participants who had no
history of urolithiasis as the controls between January
2008 and February 2015.
Patients who had a surgery for urolithiasis (open nephrolithotomy, percutaneous nephrolithotomy and ureterorenoscopy) and whose stones were stones with a CaOx
content ˃ 70% and a calcium apatite content ˂ 5% with
Fourier transform infrared spectroscopy and high-resolution X-ray diffraction(15) were enrolled in the study.
Patients were excluded from the study if they had primary hyperparathyroidism, chronic diarrheal syndromes,
intestinal malabsorption, complete distal renal tubular
acidosis, primary hyperoxaluria, recurrent or active urinary tract infection, history of kidney transplantation,
ongoing 5-α reductase inhibitor therapy, liver disease,
primary gout, any debilitating chronic illness, or a calculated creatinine clearance of ≤ 50 mL/minute.
Weight, WC, and blood pressure were measured after an
overnight fasting, and a blood sample was drawn. Fasting blood glucose, serum total cholesterol, high-density
lipoprotein (HDL) cholesterol, and triglycerides were
measured using enzymatic methods with an autoanalyzer. MS was defined according to the criteria established
in 2005 by the NCEP/ATP III. For the criteria for MS,
abdominal obesity was defined as WC ≥ 102 cm in men

Statistical Analysis

Analyses were performed using Chi-square tests. Odds
ratios (OR) were calculated. Statistical determinations
were within the 95% confidence interval (CI). All P
values were two-tailed, and P < .05 was considered
statistically significant. The data were analyzed with
Statistical Package for the Social Science (SPSS Inc,
Chicago, Illinois, USA) version 16.

RESULTS

Baseline demographic characteristics of the 398 participants are shown in Table 1. In the study population,
198 were patients with CaOx stone disease, aged 36-58
years and 200 were patients without urolithiasis aged
31-64 years.
Body Mass Index (BMI) was significantly correlated
with the risk of CaOx stone disease. Overall, participants with a BMI > 30 kg/m2 increased their risk of
calcium stones by 2.54-fold when compared with participants with a BMI < 30 kg/m2 (Table 2). The presence of obesity increased the risk of calcium stones in
both men (P = .003, OR = 2.92) and women (P = .03,
OR = 2.18). Increased WC also increased the risk of
CaOx stone disease (P =.002, OR = 1.91). When WC

Table 2. Correlation of Body Mass Index (kg/m2) and presence of CaOx stone disease.*
BMI

Subjects without Stone

Subjects with CaOx Stone P Value

Odds Ratio

95% CI

.0003

2.54

1.53-4.21

.003

2.92

1.42-5.99

.03

2.18

1.07-4.43

Overall
˂ 30

172 (86)

140 (70.7)

˃ 30

28 (14)

58 (29.3)

˂ 30

95 (88)

75 (71.4)

˃ 30

13 (12)

30 (28.6)

˂ 30

77 (83.7)

65 (70)

˃ 30

15 (16.3)

28 (30)

For men

For women

Abbreviations: BMI, Body Mass Index; CI, confidence interval; CaOx, calcium oxalate.
* Data are presented as no (%).
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Table 3. The association between waist circumference and CaOx stone disease.*
WC			

Subjects without Stone

Subjects with CaOx Stone P Value

Odds Ratio

95% CI

.002

1.91		

1.28-2.85

.02

2

.02

2.07

Overall
Abdominal obesity (+)

78 (39)

109 (55)		

Abdominal obesity (-)

122 (61)

89 (45)

˂102 cm		

81 (75)

63 (60)

≥102 cm

27 (25)

42 (40)

For men
1.11-3.59

For women
˂89 cm

41 (44.5)

26 (28)

≥89 cm

51 (55.5)

67 (72)

1.12-3.82

Abbreviations: WC, waist circumference; CI, confidence interval; CaOx, calcium oxalate.
* Data are presented as no (%).

was calculated separately for men and women, both abdominally obese men (WC ≥ 102 cm) and abdominally
obese women (WC ≥ 89 cm) had higher risk of CaOx
stone disease respectively (P = .02, OR = 2; P = .02, OR
= 2.07) (Table 3).
Of the participants, 50 (12.5%) had been diagnosed
with diabetes mellitus and 99 (24.8%) with hypertension. Diabetes was significantly related to the risk of
calcium stones (P = .04, OR = 1.94). However, when
calculated separately for men and women, diabetic men
had a higher risk of CaOx stone disease (P = .04, OR
= 2.59), but diabetic women did not (P > .05) (Table
4). Hypertension also significantly increased the risk of
calcium stones when compared with normotensive individuals (P = .0001, OR = 3.03) (Table 5). Multi-variant
analysis revealed that only hypertension and obesity
had significant impacts on the development of CaOx
stone disease (P = .001 and P = .02, respectively). The
calculated OR was 2.32 (95% confidence interval [CI]:
1.32–3.51) for hypertension and 1.43 (CI: 1.21–2.42)

for obesity.

DISCUSSION

Our study was a retrospective analysis designed to
explore the relationship between MS factors and the
CaOx stone disease. We found that, both obesity and
hypertension were independently and significantly
associated with CaOx stone disease. Insulin resistant
individuals often have an abnormal distribution of fat
that is predominantly characterized by upper body fat.
(16)
Upper body obesity may result in insulin resistance
in otherwise normal weight individuals, so we analyzed
our data for BMI and WC as separate entities. Our results showed that the number of individuals with a WC
of over 100 cm (n = 106, 26.6%) was greater than the
number of individuals with a BMI of over 30 kg/m2(n
= 86, 21.6%).
Uric acid and infectious stones are both linked with increased body weight as well as insulin resistance.(17,18)
Although the association between body weight and calcium nephrolithiasis has not been clearly established,

Table 4. Relation of CaOx stone disease with diabetes mellitus.*
DM

Subjects without Stone

Subjects with CaOx Stone P Value

Odds Ratio

95% CI

DM (+) 		

18 (9)

32 (16.2)

.04

1.94

1.05 - 3.6

DM (-) 		

182 (91)

166 (83.8)

DM (+)		

7 (6.5)		

16 (15.2)

.04

2.59

1.02 - 6.59

DM (-)

101 (93.5)

89 (84.8)

DM (+)

11 (12)

16 (17.2)

DM (-)

81 (88)

77 (82.8)

Overall

For men

For women
-

Abbreviations: DM, diabetes mellitus; CI, confidence interval; CaOx, calcium oxalate.
* Data are presented as no (%).
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Table 5. Correlation of CaOx stone disease with hypertension.*
HT

Subjects without Stone

Subjects with CaOx Stone P Value

Odds Ratio

95% CI

HT (+)

30 (15)

69 (34.8)

.0001

3.03

1.86-4.92

HT (-)

170 (85)

129 (65.2)

HT (+)

13 (12)

32 (30.5)

.002

3.2

1.57-6.53

HT (-)

95 (88)

73 (69.5)

HT (+)

17 (18.5)

37 (39.8)

.002

2.91

1.49-5.7

HT (-)

75 (81.5)

56 (60.2)

Overall

For men

For women

Abbreviations: HT, hypertension; CI, confidence interval; CaOx, calcium oxalate.
* Data are presented as no (%).

Sarica and colleagues showed that an increased body
size increased the excretion of urinary stone-forming
risk factors such as oxalate, calcium, and citrate.(19)
Parvin and colleagues realized that oxalate play the
most important role as a urinary stone risk factor in idiopathic calcium stone disease followed by calcium and
uric acid and that the adjusted values for body weight
is a stronger and more determinant factor in calcium
stone formation than their concentration.(20) Siener and
colleagues(21) evaluated the relationship between BMI
and 24 h urine parameters in a population of idiopathic
CaOx stone formers and found that an increased BMI
was strongly associated with an increase in the excretion of stone promoters but not inhibitors. In our study,
the OR was 2.92 for men and 2.18 for women with BMI
≥ 30 kg/m2 versus BMI ˂ 30 kg/m2. As with BMI, WC
also showed a significant correlation with the risk of
CaOx stone disease. The calculated OR was 2 for men
and 2.07 for women with WC of 102 and 89 cm, respectively. Although our study showed a strong association
between body weight (BMI and WC) and CaOx stone
disease, one of the limitations of our research is the lack
of the metabolic evaluation of the individuals.
Taylor and colleagues(22) showed a higher prevalence of
a past history of kidney stones and a higher incidence
of stone episodes among diabetic patients than among
non-diabetic patients. This association was independent
from age and BMI. The crosssectional study conducted
by Meydan and colleagues compared the prevalence of
kidney stone disease between diabetic and age-matched
non-diabetic subjects. Diabetic individuals had a significantly higher prevalence of nephrolithiasis (21%
among 321 vs. 8% among 115).(23) Lieske and colleagues,(24) in a case–control community-based study,
compared 3,561 stone formers with 3,561 age and gender-matched control subjects to show the relationship

between urolithiasis and diabetes. Their results showed
that a higher proportion of stone formers were diabetic
and that stone formers had a 22% increased risk of being diabetic. The frequency of diabetes was much higher in patients with uric acid nephrolithiasis. Our results
showed that diabetes was significantly related to the
risk of calcium stones (P = .04, OR = 1.94). However,
when calculated separately for men and women, diabetic men had a higher risk of CaOx stone disease (P =
.04, OR = 2.59), but diabetic women did not (P > .05).
Differences in racial/ethnic variables, age distribution,
and study populations may have affected the results of
analyses. Therefore, additional studies are needed to determine whether diabetes is an independent risk factor
for the formation of calcium stones.
To date, several epidemiologic studies have analyzed
the association between hypertension and nephrolithiasis. In cross sectional studies, it has been reported that
nephrolithiasis is more frequent in hypertensive patients
than in those who are normotensive, but the pathologic
link between hypertension and stone disease remains to
be clarified.(21-24) In addition, some prospective studies
reported the risk of stones in hypertensive patients.(22,25)
Animal studies have consistently shown hypercalciuria
and metabolic acidosis in hypertensive rodent models.
(26)
The research of Eisner and colleagues(27) has confirmed that there is an increased excretion of calcium
in hypertensive patients. Another possible mechanism
may be the hypocitraturia, which occurs secondary
to acidosis in hypertensive patients. In our study, we
found a significant correlation between hypertension
and CaOx stone disease with an OR of 3.
Our study has several inherent limitations. Due to the
retrospective nature of the study, 24-hour urine data,
urine pH and metabolic evaluation were either unavailable or unobtainable for an unacceptable number of paVol 12 No 06 November-December 2015 2394
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tients. Also due to the lack of number of the patients, we
could not make age related statistical analysis. We believe that since 80% of kidney stones consist of CaOx,
studies exploring the relationship between urinary risk
factors for calcium stone formation and features of the
MS with metabolic evaluation will be more critical on
this topic.

CONCLUSIONS

Patients who have MS components are at a higher risk
for developing CaOx stone formation. Among the components, the risk for the development of CaOx stone
disease is most significantly associated with the patient’s BMI and the presence of hypertension with the
lack of the patient’s metabolic evaluation.
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