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Introduction. Nonalcoholic fatty liver disease (NAFLD) has been
reported to have effects on kidney diseases; however, a link
between NAFLD and urinary calculi remains to be confirmed. This
study was conducted on a male population based on our previous
Fangchenggang Area Male Health and Examination Survey in
Guangxi, China in order to estimate the frequency of urinary
calculi and assess the association between NAFLD and urinary
calculi while controlling for possible confounders.

Materials and Methods. This was a population-based cross-sectional
study conducted in the Fangchenggang region in Guangxi, China.
The diagnoses of NAFLD and urinary calculi were made by
ultrasonography. Clinical and laboratory findings were analyzed
to investigate whether NAFLD was a risk factor for urinary calculi.
Results. A total of 3719 men were enrolled (age range, 17 to 88
years). Slightly more than a quarter (26.5%) of the participants
were diagnosed with NAFLD. The percentage of urinary calculi in
all participants was 6.9%, and the percentage of NAFLD patients
with urinary calculi (8.4%) was significantly higher than that
among patients without NAFLD (6.4%, P < .05). Advanced age;
high body mass index; elevated levels of blood glucose, cholesterol,
triglycerides, and low-density lipoprotein cholesterol; low education;
lower or higher physical activity; and NAFLD were independent
risk factors for urinary calculi (P < .05).

Conclusions. Our results showed that NAFLD was associated with
a higher incidence of urinary calculi in this cohort and NAFLD
might represent a risk factor for urinary calculi.
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The incidence of nephrolithiasis, a common
kidney disease, has increased significantly in the
past 2 decades. About 5% of adults were reported
to experience urinary calculi from 1988 to 1994
in the United States by the National Health and
Nutrition Examination Survey IlI, and this frequency
represented a 4% increase compared to that in
the phase II of that study conducted from 1976
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to 1980.! The most recent studies showed that the
incidence of nephrolithiasis among Americans is
9.4% to 11.9% for men and 7% for women.? The
incidence of urinary calculi in European countries
varies from 4.7% to 10%. In Germany, the incidence
was 1.47%, which represented a 3-fold increase
over the past 20 years.>* In Britain, a 63% increase
in the incidence of nephrolithiasis episodes and a
127% increase in ureteroscopic calculus treatments
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were recorded in the last decade.’ The incidence of
urinary calculi also varies in Asian countries. About
9.01% of men and 5.79% of women were diagnosed
with upper tract urolithiasis in Taiwan based on
the National Health Insurance Research Database
containing 22.72 million enrollees.® Ahmad and
colleagues’ reported a urinary calculus incidence
of 19.1% among the examined participants, and
the prevalence of urinary calculi according to
country of origin in ascending order of frequency
was 7.4% in Saudi Arabia, 15.4% in Eritrea, 16.2%
in Bangladesh, 17.6% in Sudan, 20.5% in Yemen,
23.3% in India, 24.9% in Pakistan, and 29.5% in
Egypt. Approximately, 75% of the calculi were
located within the kidney.

The incidence of urolithiasis is increasing
worldwide. Epidemiological, biochemical, and
genetic factors including aging, eating habits,
greenhouse effect, and advanced diagnostic tools
are associated with this increase.® An increasing
incidence of nephrolithiasis not only brings patients
excruciating discomfort and complications, but also
higher medical expenses to societies.’

Urinary calculi are formed by precipitating
calculi in the urological system and are facilitated
by reduced solubility of salts in the urinary
tract. Urinary calculi likely occur when urine
is “supersaturated” with insoluble compounds
such as calcium oxalate and phosphate, which
may result from ongoing overdehydration or a
genetic predisposition to overexcrete these ions
into the urine.'° Socioeconomically, like metabolic
syndrome, urinary calculi are also perceived as an
affluence-associated disease as it is more prevalent
in wealthy countries.''? Mechanistically, metabolic
diseases like metabolic syndrome can alter urinary
constituents, facilitating accumulation of both uric
acid and calcium oxalate calculi.

Nonalcoholic fatty liver disease (NAFLD) is an
increasingly alarming healthy issue in the 21st
century.®!* The estimated prevalence of NAFLD
ranges from 6% to 35% worldwide, affecting an
average 20% of the general population.’® As many
as 15% to 20% of Chinese adults may have been
affected, and the incidence continues to surge as
a result of the increasing frequency of overweight
and obesity in the Chinese population.'®

Accumulating evidence indicates that the
increasing incidence of chronic kidney disease
may be associated with the increased NAFLD

incidence,'” implying that NAFLD may represent
a newly uncovered risk factor for chronic kidney
disease. Furthermore, NAFLD and chronic kidney
disease may share some vital cardiometabolic risk
factors and possible mutual pathophysiological
mechanisms.!® However, a possible link between
NAFLD and urinary calculi has not been well
established. A literature search of the MEDLINE
database only found 3 recent studies that suggested
an association between fatty liver and renal calculus
disease. Einollahi and coworkers! investigated the
link between NAFLD and the incidence of urinary
calculi. For the first time, Paz and colleagues®
showed a significantly higher percentage of fatty
liver disease among the group of patients with
urinary calculi using computed tomography as
the imaging diagnostic modality, supporting the
notion of association between urinary calculi and
fatty liver, especially in the male population.
Although pioneering, their research did not account
for confounding factors such as age, education
status, smoking status, alcohol drinking, physical
activity, and body mass index (BMI). To verify the
suggested link between NAFLD and urinary calculi,
we conducted this population-based cross-sectional
study using the database of the Fangchenggang Area
Male Health and Examination Survey (FAMHES)
in Guangxi, China.

In 2009, the FAMHES was conducted in the
Medical Centre of Fangchenggang First People’s
Hospital to investigate the impact of environmental
and genetic factors on the development of chronic
diseases. After obtaining the informed consent
from all participants and the approval of the local
ethics committee, data from physical examination
of 4303 male participants were collected.

Participants in the FAMHES were excluded if one
of following conditions was present: no ultrasonic
imaging of the liver and kidney or diagnosis of the
severity of NAFLD available; a history of coronary
heart disease, stroke, hepatitis, hepatocellular
carcinoma, or other malignant tumors; ongoing
hepatitis B or hepatitis C infection (presence
of hepatitis B surface antigen or antibodies to
hepatitis C virus) or liver cirrhosis; use of any
medications that would induce steatosis or treat
kidney disease; high alcohol consumption defined
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by the NAFLD diagnosis???; and unavailability
of clinical or laboratory findings. In total, 3179
Chinese male participants were finally selected
from the FAMHES for this study, and their age
ranged from 17 to 88 years (Figure).

All of the participants were subjected to
abdominal ultrasonographic examination, which
was performed by 2 experienced roentgenologists
using a 5.0-MHz transducer. Data on hepatic size,
morphology, and echoic pattern were collected

4303 men aged 17 to 88 years
participated in the routine physical
examination at Medical Centre,
Fangchenggang First People’s Hospital
from September 2009 to December 2009.

for each participant. The severity of the fatty liver
was categorized as mild, moderate, or severe.??!

The diagnosis of urinary calculi was established
by ultrasonographic imaging, as it is a routine
method for the detection of urinary calculi.?? In
this study, any calculus that was greater than 3
mm in diameter was detected by our 2 experienced
radiologists. Patients with calculi in the kidneys,
ureters, or both were enrolled, and those with
bladder calculi were excluded.

Inclusion criteria:
1. Ultrasonography showed increased liver echogenicity
(bright), stronger echoes in the hepatic parenchyma than in
the renal parenchyma, vessel blurring, and narrowing of the
lumen of the hepatic veins;
2. Renal calculus
Exclusion criteria (n = 1124):
1. No ultrasonic imaging of the liver and kidney or diagnosis
of the severity of NAFLD;
2. History of coronary heart disease, stroke, hepatitis,
> chronic liver disease, liver cirrhosis, hepatocellular

carcinoma, or other malignant tumors;
3. Ongoing hepatitis B or hepatitis C;
4. Medications that induce steatosis or treat kidney disease;
5. Excessive alcohol intake (= 20 g/d);
6. No clinical or laboratory findings available .

AV

3179 Chinese Men

NAFLD (n = 843)

No NAFLD (n = 2336)

Urinary Calculus
(n=71)

Urinary Calculus
(n = 149)

The flow chart of selecting participants. NAFLD indicates nonalcoholic fatty liver disease.
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A standardized questionnaire was used to
collect information on baseline demographic
characteristics (such as age, height, weight, family,
education, and occupation), social habits (cigarette
smoke, amount of alcohol, and body kinematics),
health status, previous medical treatment, and
medication history.?* All data were managed
using the EpiData 3.1 software. Body mass index
was calculated as weight (in kilograms) divided
by body area (in meters squared). Average daily
alcohol intake was assessed based on the number
of drinks consumed daily, weekly, or monthly,
and the volume and concentration of alcohol in
the drink.?83*

The mean, median, quartile, or percentage
values were used to describe the results. The
Student t test or the chi-square test was selected
when appropriate. Logistic regression analysis was
used to assess the association of NAFLD quartiles
with the presence of urinary calculi. Odds ratios
(ORs) and 95% confidence intervals (Cls) were
calculated for the occurrence of urinary calculi
among the NAFLD patients. P values less than
.05 were considered significant.

The clinical and laboratory characteristics of the
participants are shown in Table 1, and they were

Table 1. Baseline Characteristics of Participants Stratified by Presence or Absence of Urinary Calculi

Participants
Characteristic No Urinary Calculi Urinary Calculi P

Number of participants 2959 220
Age, y 36.00 (29.00 to 45.00) 42.50 (36.00 to 50.00) <.001
Systolic blood pressure, mm Hg 120.00 (110.00 to 130.00) 120.00 (110.00 to 130.00) .03
Diastolic blood pressure, mm Hg 80.00 (70.00 to 82.00) 80.00 (70.00 to 86.00) .06
Body mass index, kg/m? 23.38 (20.97 to 25.82) 24.07 (21.94 to 26.15) .001
Urea, mg/dL 31.93 (27.11 to 37.35) 33.13 (27.29 to 39.04) .06
Creatinine, mg/dL 9.84 (8.93 to 10.74) 10.00 (8.82 to 11.17) .10
Uric acid, mg/dL 6.34 (5.53 to 7.26) 6.38 (5.59 to 7.64) A7
Glucose, mg/dL 93.70 (88.30 to 100.912) 95.51 (88.30 to 102.71) .03
Cholesterol, mg/dL 217.33 (191.03 to 244.01) 228.15 (199.92 to 254.45) <.001
Triglyceride, mg/dL 105.26 (70.76 to 169.83) 118.53 (73.42 to 186.64) .03
High-density lipoprotein cholesterol, mg/dL 51.82 (45.24 to 59.94) 50.66 (44.86 to 58.78) .35
Low-density lipoprotein cholesterol, mg/dL 113.69 (94.35 to 133.80) 121.04 (100.54 to 143.08) .001
Glomerular filtration rate, mL/min 112.38 (100.77 to 126.85) 107.27 (94.00 to 122.70) .001
Education level, years, n (%)

Up to grade 6 20 (0.68) 6 (2.72) .001

Grade 7 t0 9 548 (18.52) 31 (14.10) .10

Grade 10 and higher 2391 (80.80) 183 (83.18) .39
Smoking status, n (%)

Nonsmoker 1408 (47.58) 97 (44.09) .32

Quitter 1401 (47.35) 106 (48.18) .81

Current smoker 150 (5.07) 17 (7.73) .09
Drinking status, n (%)

Nondrinker 402 (13.58) 24 (10.91) .26

Quitter 2435 (82.30) 186 (84.54) 40

Current drinker 122 (4.12) 10 (4.55) .76
Physical activity, n (%)

Low 2167 (73.23) 140 (63.64) .002

Moderate 390 (13.18) 26 (11.82) .56

High 402 (13.59) 54 (24.54) <.001
Nonalcoholic fatty liver disease, n (%)

No 2187 (73.91) 149 (67.73) .045

Mild 462 (15.61) 30 (13.64) 43

Moderate 240 (8.11) 27 (12.27) .03

Severe 70 (2.37) 14 (6.36) <.001
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grouped based on the presence or absence of urinary
calculi. Among the 3179 participants included, 2187
(68.8%) were healthy without NAFLD or urinary
calculi. Among the remaining participants, 843
(26.5%, mean age, 40.90 years; age range, 20 to 88
years) were diagnosed with NAFLD and 220 with
urinary calculi (mean age, 43.59 years; age range,
20 to 81 years). Urinary calculi were detected in
6.4% of the participants without NAFLD and in
8.4% of those with NAFLD (P < .05; OR, 1.35; 95%
CI, 1.01 to 1.81). Advanced age; high BMI; elevated
levels of blood glucose, cholesterol, triglycerides,
and low-density lipoprotein cholesterol (LDLC);
low education; lower or higher physical activity;
and NAFLD were risk factors for urinary calculi
(P < .05).

The rates of recurrent urinary calculi in our
study were 3.5%, 5.0%, and 3.0% for the total
cohort, the NAFLD group, and the non-NAFLD
group, respectively (P < .05).

There was a noticeable increase in the OR
for urinary calculi with increasing severity of
NAFLD, from 0.953 in the participants without
NAFLD to 2.936 in those with severe NAFLD in
the nonadjusted model (model 1, P =.001). The
same effect was detected in the calibrated age-
adjusted model (model 2, P =.006), the model
further adjusted for education status, smoking
habit, alcohol consumption, and physical activity
(model 3, P = .01), and the model further adjusted
for BMI (model 4, P = .047). After excluding many
factors including age, education status, smoking,
alcohol consumption, physical activity, and BMI,
participants with severe NAFLD still had a 2.11-
fold greater risk of urinary calculi (Table 2).

In this study, we investigated the frequencies
of both NAFLD and urinary calculi in a cohort

consisting of 3179 men who participated in an
annual physical examination. We found that 26% of
participants had NAFLD and 6.9% of them carried
urinary calculi. The incidence of urinary calculi
in participants with NAFLD was significantly
higher than that in participants without NAFLD. In
addition, the frequency of recurrent urinary calculi
in the NAFLD group (5.0%) was higher than that
in the non-NAFLD group (3.0%). Our correlation
analysis showed that NAFLD was one of the risk
factors for developing urinary calculi and the
recurrence rate of urinary calculi is regarded as one
of the risk factors for fatty liver. Nonalcoholic fatty
liver disease remained a risk factor that increased
the likelihood of developing a urinary calculus by
2.1-fold after adjustment for the impact of other
risk factors in our analysis. Interestingly, the OR
for urinary calculi increased consistently from 0.953
in participants without NAFLD to 2.936 in those
with severe NAFLD. Our results confirmed the
epidemiologic link between NAFLD and urinary
calculi suggested by early reports.'?20%

Despite our confirmation that NAFLD is a
newly uncovered risk factor for urinary calculi,
we cannot yet offer a clear explanation of why
NAFLD could increase the risk for urinary calculi.
It is conceivable that NAFLD may mechanistically
facilitate calculus formation in the renal system.
Fundamentally, NAFLD is a metabolic disease,
which may cause the production of altered
metabolites that could change the composition as
well as concentrations of metabolites in the urine
flow, leading to accelerated accumulation and
precipitation of calcium and other salts.

In addition, NAFLD is often associated with
overweight or obesity. Recent retrospective and
cross-sectional studies revealed that metabolic
syndrome and a greater BMI were independent
risk factors for nephrolithiasis.?** Additionally,

Table 2. Multivariable Analysis for Nonalcoholic Fatty Liver Disease and Urinary Calculi among Participants Grouped by Ascending

Severity of Nonalcoholic Fatty Liver Disease*

Degree of NFLD

. P for
Model Absent Mild Moderate Severe Trend
(n = 2336) (n = 492) (n = 267) (n = 84)
Model 1 1.000 0.953 (0.636 to 1.429) 1.651 (1.073 to 2.541) 2.936 (1.615 to 5.335) .001
Model 2 1.000 0.913 (0.608 to 1.371) 1.499 (0.970 to 2.314) 2.545 (1.393 to 4.649) .006
Model 3 1.000 0.841 (0.558 to 1.268) 1.392 (0.897 to 2.160) 2.435 (1.318 to 4.501) .01
Model 4 1.000 0.782 (0.507 to 1.207) 1.234 (0.750 to 2.028) 2.114 (1.079 to 4.141) .047

*Model 1 was not adjusted for any variable; model 2 was adjusted for age; model 3 was further adjusted for education status, smoking, alcohol
consumption, and physical activity; and model 4 was further adjusted for body mass index.
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these studies also suggested that insulin resistance,
a hallmark of metabolic syndrome, contributes to
uric acid nephrolithiasis. These studies support
the potential role of insulin resistance in an
impaired urinary synthesis of ammonia could
lead to decreased urinary ammonia excretion and
low urinary pH. Ultimately, it may lead to the
formation of uric acid calculi.**-*! Insulin resistance,
which occurs in association with obesity, can
also alter the composition of the urine. Urinary
composition in the obese population seems to
contain higher levels of metabolites or wastes
known to be lithogenic compared with the nonobese
population.*> Unduly acidic urine (urine pH <
5.5) leads to precipitation of the sparingly soluble
protonated uric acid, increasing the predisposition
to uric acid nephrolithiasis.** Indeed, studies of 3
large groups of individuals with nephrolithiasis
have demonstrated that higher weight is associated
with lower urinary pH.*** Although a lower
urinary pH is generally associated with uric acid
calculi, an impaired ability to excrete acid could
result in hypocitraturia, an important risk factor
for calcium calculi.

In addition, it can also indirectly contribute
to the retention and precipitation of salts in the
renal tract because individuals with overweight
and obesity are inclined to be less active, which
can lead to a reduced flow rate in the renal system
that could favor the precipitation of salts. Indeed,
we found in this study that both high BMI and
reduced physical activity represented additional
risk factors for urinary calculi.

Imaging techniques, including ultrasonography,
computed tomography, and magnetic resonance
imaging, offer reliable diagnosis of NAFLD. A
recent meta-analysis showed that ultrasonography is
accurate at detecting moderate to severe fatty liver,
with a specificity reaching 93.4% and sensitivity
of 84.8% for NAFLD diagnosis.* The diagnosis
of urinary calculi with the ultrasonography is
also appropriate and cost effective for this cohort
that involved more than 3000 participants. We
are confident about both the NAFLD and urinary
calculus diagnoses in this study.

Although NAFLD primarily affects the liver, it
is a systematic disease involving multiple organs.
An implication of our results that confirmed the
association between NAFLD and urinary calculi
is that an increase in the prevalence of NAFLD

may lead to an increase in the incidence of urinary
calculi. An effective management of NAFLD should
focus on the prevention and mitigation of damage
to multiple organs.

Although we fulfilled the purpose of this cross-
sectional study and verified the suggested link
between NAFLD and urinary calculi, there are
a few limitations. One is that our study did not
include women and the findings from the male-
only population may not be representative for
the general population. In addition, this study
was conducted in a single center and our findings
need to be further verified in multicenter large
population-based prospective studies.

We confirmed that the incidence of urinary
calculi was significantly higher in participants with
NAFLD than those without NAFLD. Our further
analysis showed that NAFLD increases the risk
for urinary calculi by 2.1-fold after removal of
confounding factors. Our results suggest a possible
link in the pathogenic processes of NAFLD and
urinary calculus disease.
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