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INTRODUCTION

Nonalcoholic fatty liver 
disease (NAFLD) is a common 
disease characterized by fatty 
infiltration of the liver of greater 
than five percent of the liver 
weight that is not caused by 
other liver diseases or excessive 
alcohol consumption [1]. It has 
been estimated over 60 million 
people in the United States are 
affected by this disorder [2, 3]. 
The pathogenesis of NAFLD 
is closely linked to chronic 
systemic inflammation and 
insulin resistance [4]. There 
are several known risk factors 
for NAFLD such as obesity, 
diabetes mellitus, hypertension, 
hyperuricemia, chronic kidney 
disease, physical inactivity and 
hypothyroidism [4-6]. 

SYSTEMATIC REVIEW AND META-ANALYSIS

ABSTRACT

Background & Aims: Recent studies have suggested that nonalcoholic fatty liver disease (NAFLD) could 
be a predisposing factor for urolithiasis but the results  have been inconsistent. This systematic review and 
meta-analysis was conducted with the aim to summarize all available data.
Methods: A comprehensive literature review was conducted using MEDLINE and EMBASE databases through 
March 2018 to identify all studies that compared the risk of urolithiasis among patients with NAFLD versus 
those without NAFLD. Effect estimates from each study were extracted and combined together using the 
random-effect, generic inverse variance method of DerSimonian and Laird.   
Results: A total of eight studies with 238,400 participants fulfilled the eligibility criteria and were included in 
the meta-analysis. The risk of urolithiasis among patients with NAFLD was significantly higher than in those 
without NAFLD with a pooled odds ratio of 1.81 (95% confidence interval, 1.29-2.56; I2 92%). 
Conclusions: A significantly increased risk of urolithiasis among patients with NAFLD was observed in this 
meta-analysis. 
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Urolithiasis is one of the most common urological 
diseases caused by deposition of crystals in the renal medulla 
and genitourinary tract. Studies have demonstrated that 
the prevalence of urolithiasis in the United States increased 
from 4% in the year 1976 to 1980 to 8% in the year 2007 to 
2010 [7, 8]. Recent epidemiological studies have shown that 
urolithiasis is associated with several metabolic disorders, 
including obesity, diabetes mellitus and hypertension. Some 
authors even consider urolithiasis as a component of metabolic 
syndrome [9-12]. 

Recent studies have suggested that NAFLD could also 
be a risk factor for urolithiasis although the results varied 
considerably across the studies [9, 13-19]. The current 
systematic review and meta-analysis was conducted with the 
aims to identify all studies that compared the risk of urolithiasis 
among patients with NAFLD versus individuals without 
NAFLD and to summarize the results of those studies together.

METHODS

Information Sources and Search strategy
A systematic literature search of the MEDLINE and 

EMBASE databases was carried out from inception to March 
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2018 to identify all original studies that investigated the 
association between NAFLD and urolithiasis. The systematic 
literature review was independently conducted by three 
investigators (K.W., P.P., and P.U.) using a search strategy 
that included the terms for “nonalcoholic fatty liver disease”, 
“steatohepatitis”, “urolithiasis”, “kidney stone”, “ureteral stone”, 
and “bladder stone” as described in online Supplementary 
Table I. No language limitation was applied. Abstracts of several 
prominent conferences, including Digestive Disease Week from 
2010 to 2018, American College of Gastroenterology from 2004 
to 2018, American Association for the Study of Liver Diseases 
from 2003 to 2018, United European Gastroenterology from 
2009 to 2018 and European Congress of Radiology from 2003 
to 2018, were also searched. Hand-search was also performed 
on references of selected retrieved articles. The meta-analysis 
was conducted according to the PRISMA (Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis) statement, 
which is provided as the online Supplementary Table II.

Selection criteria
To be eligible for the meta-analysis, studies had to be cross-

sectional, case-controlled or cohort studies that investigated 
the risk of urolithiasis among patients with NAFLD versus 
individuals without NAFLD. For the cohort study and cross-
sectional study, cases must be patients with NAFLD and 
comparators must be individuals without NAFLD. One of the 
reported outcomes must be urolithiasis (incident urolithiasis 
for cohort study and prevalent urolithiasis for cross-sectional 
study). For the case-control study, cases must be patients 
with urolithiasis and controls must be individuals without 
urolithiasis. The exposure of interest must be the history of 
NAFLD. Eligible studies must also provide the effect estimates 
[odds ratios (OR), relative risks (RR), hazard ratios (HR) or 
standardized incidence ratio (SIR)] with 95% confidence 
intervals (CI).  Inclusion was not limited by study size. When 
more than one article utilizing the same database/cohort was 
available, only one study with the most comprehensive data/
analyses was included.

Retrieved articles were reviewed for their eligibility 
independently by the same three investigators (K.W., P.P., 
and P.U.) with disagreements resolved by consensus. The 
Newcastle-Ottawa quality assessment scale was used to 
appraise the quality of the studies in three domains, including 
the recruitment of participants, the comparability between the 
groups as well as the ascertainment of the outcome of interest 
for the cohort study and the ascertainment of the exposure 
of interest for the case-control study [20]. The modified 
Newcastle-Ottawa scale, described by Herzog et al., was used 
for the cross-sectional study [21].

Data extraction
The investigators used a structured information collection 

form to extract the following data from each study: title of 
the study, name of the first author, publication year, year of 
the study, country where the study was conducted, number 
of subjects, demographics of subjects, methods used to 
identify and verify NAFLD and urolithiasis, adjusted effect 
estimates with 95% CI and covariates that were adjusted in 
the multivariable analysis.

To ensure accuracy, this data extraction process was 
independently performed by two investigators (K.W. and P.P.) 
and was reviewed by the senior investigator (P.U.). 

Statistical analysis
Data analysis was performed using the Cochrane 

Collaboration’s Review Manager 5.3 software (London, 
United Kingdom). Adjusted point estimates from each study 
were consolidated by the generic inverse variance method of 
DerSimonian and Laird, which assigned the weight of each 
study for the pooled analysis based on its variance [22]. As 
the outcome of interest was relatively uncommon, we planned 
to use the RR and HR of cohort studies as an estimate for 
the OR to calculate the pooled effect estimates with OR of 
case-control studies and cross-sectional studies.  In light 
of the high probability of between-study variance because 
of different study designs, populations and methodologies, 
a random-effect model was used.  Cochran’s Q test and I2 
statistic were used to quantify the between-study heterogeneity. 
A value of I2 of 0-25% represents insignificant heterogeneity, 
26-50% represents low heterogeneity, 51-75% represents 
moderate heterogeneity, and more than 75% represents high 
heterogeneity [23].  Funnel plot was used for the assessment 
of the presence of publication bias.

RESULTS

A total of 347 potentially eligible articles were identified 
using the described search strategy (135 from Medline and 212 
from EMBASE). After the exclusion of 128 duplicate articles, 
titles and abstracts of 219 unique articles were reviewed. One 
hundred and ninety-one articles were excluded at this stage 
since they were case reports, case series, correspondence, 
review articles, in vitro studies, animal studies or interventional 
studies, leaving 28 articles for full-text review: 18 of them were 
excluded after the full-length review, as they did not report 
the outcome of interest while 4 articles were excluded since 
they were descriptive studies without comparative analysis. 
Two conference abstracts were identified from searching of 
conference abstract databases. Finally 8 studies [9, 13-19] with 
238,400 participants were included in the meta-analysis. The 
literature retrieval, review and selection process are shown in 
Fig. 1.  The characteristics and quality appraisal of the included 
studies are presented in Table I. Inter-rater agreement for the 
quality assessment using the Newcastle-Ottawa scale was high 
with the kappa statistic of 0.80.

Association between nonalcoholic fatty liver disease 
and urolithiasis

We found a significantly increased risk of urolithiasis 
among patients with NAFLD with the pooled OR of 1.81 (95% 
CI), 1.29-2.56) as demonstrated in Fig. 2. The between-study 
heterogeneity was high with an I2 of 92%.

Subgroup analysis
Subgroup analysis was conducted based on the methods 

used to diagnose urolithiasis (ultrasonography, computerized 
tomography [CT] and questionnaire) (Table I). The magnitude 
of the association was at the highest with the studies that used 
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Potentially relevant articles identified from search of 
MEDLINE (n=135) and EMBASE database (n=212) and 

screened for retrieval 

Title and abstract reviewed of potentially 
 relevant articles (n=219)

28 potentially relevant articles included for full-
length article review 

191 articles were excluded 
based on title and abstract 
for clearly not fulfilling 
inclusion criteria on basis of 
type of article, study design, 
population or outcome of 
interest 

4 articles were excluded because they 
were descriptive study without 
comparators. 
18 articles were excluded since they 
did not report the outcome of interest.  

8 articles were included in the meta-analysis. 

Exclusion of 128 duplications 

2 conference 
abstracts were 
identified from 
searching of 
conference abstract 
databases 

Fig. 1. Literature review process.

CT (pooled OR 2.83; 95% CI, 1.14 – 7.00; I2 90%), followed by 
ultrasonography (pooled OR 1.49; 95% CI, 0.79 – 2.78; I2 96%) 
and a questionnaire (pooled OR 1.29; 95% CI, 1.02 – 1.61).

Sensitivity analysis
To further explore the high heterogeneity of this meta-

analysis, a sensitivity analysis was performed by excluding 
the studies that did not adjust their effect estimates for 
comorbidities (i.e., excluding studies that did not adjust their 
results at all and studies that adjusted their results for only age 
and sex).  A total of four studies [14, 17-19] remained in this 
sensitivity analysis and the new pooled OR decreased slightly 
to 1.21 (remained statistically significant with 95% CI of 1.00 
– 1.45). Between-study statistical heterogeneity decreased to 
low level with I2 of 28%. 

Evaluation for publication bias
A funnel plot was constructed based on the effect estimate 

and accuracy of each study to assess for the presence of 
publication bias (Fig. 3). The plot is relatively asymmetric 
and is suggestive of the presence of publication bias in favor 
of positive studies. 

DISCUSSION

The current systematic review and meta-analysis of studies 
on the association between NAFLD and risk of urolithiasis 
found an almost two-fold increased risk of urolithiasis among 
patients with NAFLD compared with individuals without 
NAFLD. The mechanism behind the increased risk is not 
known with certainty but there are a few possible explanations. 

First, several classic metabolic risk factors for NAFLD, 
such as obesity, hypertension, diabetes mellitus and metabolic 
syndrome, have been increasingly recognized as predisposing 
factors for urolithiasis as well [24]. Studies have suggested that 
insulin resistance, the cornerstone of metabolic syndrome, may 
contribute to impaired ammonia synthesis by the kidneys. 
Insulin receptors are expressed in the renal tubular epithelium 
and insulin plays a significant role in the ammoniagenesis [25, 
26]. Therefore, insulin resistance would lead to a decrease in 
urinary ammonia synthesis and excretion, resulting in lower 
urinary pH [10, 25]. In addition, patients with NAFLD are also 
often found to have hyperuricemia [6]. These two factors would 
serve as fertile ground for the formation of uric acid stones, 
although we do not have data from the primary studies whether 
the magnitude of the increased risk was more pronounced 
with uric acid stones. Obesity and insulin resistance may also 
directly alter the urine composition and increase the likelihood 
of stone formation. For instance, a large study of almost 6,000 
participants found a higher concentration of metabolites and 
waste known to be associated with the formation of stones in 
the urine of obese participants [27].  

Another possible explanation involves the role of 
inflammation and reactive oxygen species. Studies have 
suggested that membrane-bound vesicles from cells that 
die from oxidative stress could serve as the nidus for stone 
formation [28]. The kidney is an especially vulnerable organ 
to oxidative injury due to the abundance of long-chain 
polyunsaturated fatty acids in renal lipids [15]. Patients with 
NAFLD and metabolic syndrome are known to have a higher 
inflammatory burden and, therefore, a higher likelihood of 
renal oxidative cell death [29, 30]. 
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Data on the association between the severity of NAFLD 
and the magnitude of the risk of urolithiasis are limited. 
Only one study investigated such a relationship. The authors 
divided NAFLD into mild, moderate and severe categories 
based on ultrasonographic appearance and found a significant 
correlation between the magnitude of the risk of urolithiasis 
and the severity of NAFLD (p for trend = 0.04) [17]. 

Although the included studies were of high quality 
as reflected by their high Newcastle-Ottawa scores, we 
acknowledge that this systematic review and meta-analysis 
has some limitations and the results should be interpreted 
with caution.  

First, statistical heterogeneity was high in the meta-analysis. 
We believe that the variation of quality of the effect estimates 
from each study was responsible for this as the sensitivity 
analysis that included only studies with more reliable results 
(i.e., studies that appropriately adjusted their effect estimates for 
potential confounders) showed I2 of only 28%. There was also 
an inconsistency in the methods/criteria used for the diagnosis 
of NAFLD. Secondly, most of the included studies were cross-

sectional studies. Therefore, the temporal relationship between 
NAFLD and urolithiasis could not be clearly established. 
Thirdly, the majority of the included studies were conducted 
in Asian countries, which may limit the generalizability 
of the observations to other populations. Fourthly, most 
of the primary studies included in this meta-analysis used 
ultrasonography to diagnose urolithiasis. Ultrasonography 
is a great tool to identify stones located in the kidney as well 
as pyeloureteral and vesicoureteric junctions but it often fails 
to detect ureteral calculi (unlike CT) [31]. Therefore, those 
studies may have missed some cases of urolithiasis, which 
may jeopardize the validity of their point estimates. This may 
also explain why subgroup analysis based on the methods 
used to diagnose urolithiasis found a higher magnitude of 
association among studies that diagnosed urolithiasis based 
on CT. Lastly, publication bias in favor of positive studies may 
have been present.

CONCLUSION

This study demonstrated a significantly increased risk of 
urolithiasis among patients with NAFLD. Insulin resistance, 
systemic inflammation and increased oxidative stress could be 
the link behind this association.
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