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The metabolic syndrome and urolithiasis: a systematic review and
meta-analysis

Huseyin Besiroglu1, Alper Otunctemur1, and Emin Ozbek2

1Department of Urology, Okmeydani Training and Research Hospital, Istanbul, Turkey and 2Department of Urology, Katip Celebi University Atatürk

Training and Research Hospital, Izmir, Turkey

Abstract

Purpose: The aim of this study was to assess the association between metabolic syndrome
(MetS) and urolithiasis. Background: Observational studies and reviews suggest an association
between the incidence of urolithiasis and the prevalence of MetS. However, individual studies
are needed to be gathered to come to a more reliable and precise conclusion. Methods:
We searched the Pubmed–Medline and Embase databases up to February 2014 to identify
studies related to urolithiasis and metabolic syndrome. Three authors independently extracted
information on the study design, the characteristics of the study participants, exposure and
outcome assessments, and the method used to control for potential confounding factors.
A random-effects model was used for the risk estimates. Results: Five studies were included
in the final analysis. Our meta-analysis of five cross-sectional controlled studies identified
a significant association between urolithiasis and MetS, with an overall OR of 1.39 (1.14–1.70).
Conclusions: Patients with metabolic syndrome have an increased risk of having urolithiasis
indicating that it should be assessed as a systemic disorder. However, these observations need
to be evaluated using prospective, randomized studies.
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Introduction

Metabolic syndrome, also known as syndrome X and insulin

resistance syndrome, is the term which consists of a cluster of

disease states-glucose intolerance, elevated blood pressure,

dyslipidemia, and central obesity. It is responsible for a three-

fold increase in the risk of atherosclerotic cardiovascular

diseases (CVD) and also increases mortality from CVD, as

well as all-causes, in the general population.1 It has become a

major problem in public health because the prevalence of

metabolic syndrome in adults is around 20–25% throughout

the world.2 Various organizations have used different com-

binations of criteria for defining metabolic syndrome

[International Diabetes Federation, World Health

Organization, European Group for the Study of Insulin

Resistance, US National Cholesterol Education Program

(NCEP), American Heart Association]. The majority of the

definitions are on the basis of an individual having three or

more of the aforementioned five factors.

All the components of metabolic syndrome are frequently

observed in the obese population. Assessment of the overall

rise of type 2 diabetes, obesity, metabolic syndrome, and

stone disease suggests potential correlation between these

conditions. As suggested in recent studies, the increased

incidence of uric acid stone formation in the obese population

may be due to the production of more acidic urine than non-

obese patients. In a study evaluating 24-h urinalyses by

Taylor and Curhan,3 higher body mass index (BMI) was found

to be associated with increased urinary excretion of oxalate,

sodium, uric acid, calcium, and phosphorous as well as lower

pH. These findings were confirmed by the group from Boston

demonstrating that increased BMI, larger waist size, and

weight gain correlated with an increased risk of stone

episodes.4 Furthermore, in a study conducted by Einohalli

et al., urolithiasis was found more prevalent in patients with

nonalcoholic fatty liver disease indicating a strong association

between urolithiasis and metabolic disorders.5

Several studies have identified an increased risk of stone

disease in diabetics.4,6,7 Common pathophysiology among

these patients is insulin resistance, which is associated with a

reduction in renal ammonium production and low urinary pH,

which could lead to the development of uric acid stones and

oxalate calcium stones.8 A direct effect of hyperinsulinemia

on urinary calcium excretion was also observed under the

euglycemic condition,9 which could promote the formation of

kidney stones containing calcium. Furthermore, patients with

type 2 diabetes have been found to have lower urinary pH

independent of the formation of uric acid stones,10

Additionally, low urinary pH has been shown to directly

correlate with the number of metabolic syndrome features,
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and the degree of insulin resistance was also inversely related

to urinary pH.11

Current recommendations suggest that patients with uro-

lithiasis should be screened for metabolic syndrome by virtue

of close relationship between these disorders, but the strength

of this epidemiologic association has not previously been

examined systematically. Consequently, we aimed to combine

the individual studies to conduct a meta-analysis to assess the

relationship between urolithiasis and metabolic syndrome.

Methods

Study selection and data extraction

The PubMed–Medline and Embase databases were searched

independently by three investigators to retrieve relevant studies

published before February 2014. The search terms comprised

the following keywords: metabolic syndrome, urolithiasis,

kidney stone. Studies were included in our meta-analysis if

they met the following criteria: (1) the study design was

observational; (2) the outcome of interest was the prevalence of

MetS in patients with urolithiasis; (3) odds ratios (OR) and

corresponding 95% confidence intervals (CIs) (or data to

calculate them) were reported. For this study, we selected all

the publications that had various definitions of MetS from the

following panels/organizations including the Third Report of

the Expert Panel on Detection, Evaluation, and Treatment of

High Blood Cholesterol in Adults (Adult Treatment Panel

III),12 World Health Organization,13 International Diabetes

Federation,14 and the American Heart Association.15 The

language for searched publications was restricted to English.

Information extracted from an extensive review of each

publication included publication data (first author’s last name,

time period of the publication, and country of the population

studied), type of study design, cohort size, the percentage of

MetS in the study population, percentage of urolithiasis in

groups with and without metabolic syndrome, definitions of

metabolic syndrome, odds ratios with their corresponding

confidence intervals (CIs), and all the covariates (if any)

being used in the multivariate analyses and modeling. Three

reviewers independently conducted the literature search, study

selection and data extraction and any discrepancies were

resolved through discussion to come to a consensus.

Statistical analysis

Meta-analysis was performed using the fixed effects method

or the random effects method, depending on the absence or

presence of significant heterogeneity. Statistical heterogeneity

among trials was assessed by using Cochran’s Q and I2

statistic, and p-value50.10 or I2 value450% was considered

to be heterogeneous. The fixed effects method was used to

combine the results when statistically significant heterogen-

eity was absent. When heterogeneity was confirmed, the

random effects method was used. Sensitivity analysis was

conducted by omitting one study at a time, generating the

pooled estimates and comparing with the original estimates.

All statistical comparisons were two-sided, and p-value50,05

was considered statistically significant. All analyses were

performed using Comprehensive Meta-analysis Version 2

(Biostat, Englewood, NJ).

Results

Literature search and study characteristics

We initially identified 170 studies, either in full publications

or abstract forms, using the methodology and the search terms

described above. After title and abstract review (excluding

163 articles), seven publications were considered to be

relevant to our study subject. Of these seven studies, one

was excluded since it was about the association of metabolic

syndrome and kidney stone severity, not prevalence. The

other study was excluded because it identified the relationship

of the components of metabolic syndrome to urolithiasis and

did not group patients according to metabolic syndrome

presence. Finally, five studies were included in our meta-

analysis. The details of the literature search were depicted in

Figure 1.

One study was conducted in the USA, two in Korea and the

other two were in Brazil and Italy. The five selected studies

contained 169 173 participants (ranging from 740 to 116 536)

with 23 976 cases of metabolic syndrome from different

populations(two studies in Asia, one study in North America,

one study in South America, one study in Europe). The

studies were published between 2008 and 2013. Two included

studies used both the National Cholesterol Education

Program’s Adult Treatment Panel III (NCEP-ATP III) and

American Heart Association/National Heart, Lung, and Blood

Institute (AHA/NHLBI) criteria, while two studies used

AHA/NHLBI and the other study used harmonized criteria

(a joint interim statement of the International Diabetes

Federation Task Force on Epidemiology and Prevention;

NHLBI; AHA; World Heart Federation; International

Atherosclerosis Society; and International Association for

the Study of Obesity) to define metabolic syndrome. Two

studies (West et al., Pinto et al.) used self reports and

questionnaire to evaluate the presence or history of urolith-

iasis, two studies (Ju-Kim et al., Rendina et al.) used

ultrasonography and the other one (Jeong et al.) used both

ultrasonography and computerized tomography. The charac-

teristics of included studies are presented in Table 1.

Overall analyses on the association of metabolic
syndrome and urolithiasis

All studies were cross-sectional. The percentage of patients

with MetS was 33.2, 13.1, 11.5, 38.3, and 34%, respectively,

while the percentage of urolithiasis was detected higher

in patients with metabolic syndrome for all studies. Due to

evidence of heterogeneity of the five studies [Q¼ 27.0663,

p-value for heterogeneity¼ p50.0001, I2¼ 85.22% (67.26–

93.33)], random-effect model was used. Odds ratios (OR)

were used to evaluate the association between urolithiasis and

MetS. The overall OR in our study was 1.39 (1.14–1.70).

Figure 2 summarizes the outcomes of meta-analysis.

Sensitivity analysis and publication bias

We conducted sensitivity analysis by omitting one study at a

time, generating the pooled estimates, and comparing the

pooled estimates with the original estimates. Omitting any

one of five studies concerning MetS and urolithiasis did not

produce big difference on the original pooled ORs. The

2 H. Besiroglu et al. Ren Fail, 2015; 37(1): 1–6



details were shown in Table 2. Since the number of studies is

less, the interpretation of Funnel plot and/or implementation

of Egger’s or Begg’s test will not be accurate, but significant

heterogeneity might indicate that there could be a publication

bias. The bias seems to result from the fact that small studies

are disproportionately associated with larger effect sizes. In

our meta-analysis, we observed that studies with larger cohort

tend to have smaller effect size compared to the studies with

smaller cohort. This would also reflect the fact that smaller

studies are more likely to be published if they have larger than

average effects, which makes them more likely to meet the

criterion for statistical significance.

Discussion

Our systematic review and meta-analysis was designed to

estimate the risk of urolithiasis associated with metabolic

syndrome. Our results allow us to confirm the strong

association of metabolic syndrome with urolithiasis with a

1.4-fold increase.

The pathophysiological mechanism by which the meta-

bolic syndrome increases the risk of urolithiasis remains

under debate. The reasons for association between various

systemic processes collected within MetS and stone formation

cannot be exactly determined, but may include similar

metabolic responses and common pathophysiologic mechan-

isms. Therefore, it is reasonable to discuss the relationship

of individual components of metabolic syndrome with

urolithiasis.

Hypertension, one of the most important cardiovascular

risk factors, has been recognized to be a significant predictor

of kidney calcium stones. Borghi et al.21 reported that

hypertensive men and women had significantly increased

calcium and oxalate excretion and also found that men had

increased uric acid excretion as compared to the normotensive

cohort. Furthermore, the supersaturation of calcium oxalate

was higher in the hypertensive group. Mente et al.22 found

significant associations between hypercalciuria and hyperten-

sion (multivariate-adjusted odds ratios 2.9). Losito et al.23

found no difference in calcium excretion among stone formers

with or without hypertension but they also noted that

hypertensive subjects had reduced citrate excretion and

urine pH and increased titratable acid excretion when

compared with normotensive stone formers. Additionally, as

reported in some studies, patients with a history of

nephrolithiasis had an increased risk of subsequently develop-

ing hypertension.24,25 All these studies indicate that there

could be a bidirectional association between hypertension and

nephrolithiasis.

Obesity which is a growing health problem worldwide and

one of the leading components of MetS has been associated

with impaired carbohydrate tolerance and inappropriate

calcium response to glucose ingestion. Obesity has been

thought to be associated with changes in the environment of

urine that facilitate urinary stone formation. In a study by Lee

et al.,26 obese individuals were found to have increased

amounts of sodium, calcium, and uric acid, whereas their

urinary pH was lower compared to non-obese stone formers.

Stone analysis revealed that uric acid stone was significantly

more commonly found in the obese patients. Causes of low

urinary pH include excessive net acid excretion (NAE) and

impaired ammonium excretion resulting in poor urine

buffering. It has been demonstrated that NAE is significantly

elevated in persons with MetS compared with those without

the condition.11 Insulin resistance, which is a common entity

in MetS, could be a reasonable explanatory factor for the

associations between type 2 diabetes mellitus, obesity and

renal stone. Abate et al.27 demonstrated that uric acid stone

formers were severely insulin resistant. Sakhaee and

Maalouf28 reported that as the number of MetS features

increased, ammonium excretion was impaired. Furthermore, a

more acidic urinary load caused by diet would decrease the

amount of urinary citrate, an important inhibitor of kidney

stone formation. Cupisti et al.29 found that insulin resistance

Figure 1. Flow diagram of studies included in
the meta-analysis.

Potentially relevant publications identified
from literature (n=170)

Full text articles reviewed for more
detailed evaluation (n=7)

163 articles  excluded;

Reviews (n=53)

Outcomes not relevant (n=110)

5 articles included in meta-analysis.

2 articles excluded

    1 study on Metabolic syndrome traits
and severity of kidney stone. 

    1 study on the association between
Metabolic syndrome components and
urolithiasis-patients not grouped according
to incidence of metabolic syndrome or
not.
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is also associated with low urine citrate excretion. Diabetic

and overweight patients not only tend to have more frequent

uric acid stone prevalence but also urine oxalate levels

directly correlate with BMI. It has also been reported to be

higher in those with diabetes mellitus.30,31

The association between metabolic syndrome components

and urolithiasis might also be linked to dietary habits. A low-

calcium diet has been demonstrated to be a risk factor for the

development of kidney stones.32,33 Low dietary calcium

intake has also been reported to be associated with the

development of hypertension.34,35 The reasons for this

association are unclear but may be due to vitamin D

responses. A low-calcium diet stimulates an increase in

circulating levels of 1.25(OH)2D3 resulting in an influx of

calcium into smooth muscle cells and raised vascular tone,

whereas increased calcium consumption does the opposite.36

The metabolic syndrome is basically associated with high

risk in CVD, which is linked to chronic inflammation.

Inflammation and oxidative stress have also been proposed

as playing a major role in kidney stone formation. In light of

this, association between stone formation and the development

of CVD might be a result of certain common pathological

features. Reviews of the recent literature indicate that

production of reactive oxygen species (ROS) and development

of oxidative stress (OS) may be such a common pathway. In a

study conducted by Tsao et al.,37 proinflammatory cytokines,

acute inflammation markers, adhesion molecules, urinary

microalbumin, myeloperoxidase, 8-hydroxydeoxyguanosine,

3-nitrotyrosine, and monocyte chemoattractant protein were

found to be elevated in patients with urolithiasis. In another

study, Holoch and Tracy38 reported that kidney stone formers

in NHANES III had lower levels of serum antioxidant levels

including a-carotene, b-carotene, and b-cryptoxanthin.

Domingos and Serra39 conducted a study in over 23 000

adult individuals from the 4th Portuguese National Health

Survey and found a significant relationship between nephro-

lithiasis and CVD. Thus, chronic inflammatory status might be

another plausible explanation for an increased stone formation

in metabolic syndrome.

There are several limitations of this meta-analysis. The

studies included in the meta-analysis have cross-sectional

nature, which prohibits ascertainment of temporal associ-

ations and necessitates further prospective studies. Secondly,

there was no enough data for urinary stone formation in

studies, so we could only calculate risk ratios generally. We

were unable to demonstrate whether MetS increased the risk

of a specific type of nephrolithiasis. Thirdly, there was no

common method for detecting the presence of urolithiasis.

While the presence of urolithiasis was evaluated by self report

and questionnaire of the participants in the two studies,

ultrasonography and/or computed tomography were used as a

diagnostic tool in the other studies. Fourthly, the studies used

various versions of MetS definition criteria, which added

variation in the interpretation of the results. Fifthly, the

number of articles included in meta-analysis might be

insufficient but the total number of cases and controls were

enough to evaluate and to come to a reliable conclusion.

Finally, because the number of studies is less, using the tests

to investigate publication bias would not be accurate.

Nevertheless, significant heterogeneity could make us thinkT
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there could be a possible publication bias and despite

robustness of the results, this can be assessed as an another

deficiency of the study. Despite these limitations, all studies

included in the meta-analysis found the same directionality in

association between urolithiasis and metabolic syndrome.

Conclusions

Metabolic syndrome is associated with kidney stone disease,

and this association suggests that kidney stone disease should

be regarded as a systemic disease representing the interaction

of multiple risk factors. When treating stone formers, urolo-

gists need to be aware of these associations, as they may be

able to make the diagnosis of a significant comorbidity that

could impact on the patient’s life span and quality of life.

Patients should also be informed of these associations and

encouraged to make lifestyle modifications to improve their

general health and to limit cardiovascular risk.
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