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Background:
Non-alcoholic fatty liver disease (NAFLD) is a hepatic manifestation of metabolic syndrome. According to previous studies, 
NAFLD can cause kidney dysfunction and the formation of urinary tract stones. In this study, the relationship between NAFLD 
and renal stone formation based on the sex and age of patients was investigated using non-contrast computed tomograms.

Material and Methods:
This study was performed in 2020 on 907 patients who were referred to Golestan Hospital and underwent computed tomography 
(CT) evaluation without contrast of the abdomen and pelvis. The statistical relationship between NAFLD and renal stone disease 
was assessed using the Chi-square test. 

Results: 
Participants in this study included 582 men (64.2%) and 325 women (35.8%). The frequency of NAFLD patients with renal stones 
was significantly higher than NAFLD patients without renal stones (82.1% vs 17.9%, P < 0.0001). The frequency of renal stones 
in severe NAFLD was significantly higher than in patients with mild NAFLD (100% vs 78.8%; P = 0.008). The risk of developing 
renal stones in patients with NAFLD disease increases with age compared with patients without NAFLD (P < 0.009). Renal stones 
in patients with NAFLD were not affected by sex (P = 0.487).

Conclusion:
These results show a significant association between NAFLD and renal stone formation in male and female populations. Also, 
this association is strengthened by the increase in the severity of NAFLD; therefore, NAFLD can be an independent risk factor for 
renal stone disease, and renal stone disease can be associated with metabolic syndrome or one of its components.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a hepatic 
manifestation of metabolic syndrome (1). When at least 
5% of the liver tissue composition is fat without a history 
of alcohol consumption and any chronic liver disease, it 
is said that the patient has non-alcoholic fatty liver (2). 
According to the World Health Organization, the disease 
has affected more than 25% of the world’s population 
(3). About 25% of people with NAFLD can develop 
non-alcoholic steatohepatitis (NASH), characterized by 
liver inflammation, and may progress to cirrhosis and 
hepatic failure (4). In most studies, the prevalence of 
NAFLD is highly correlated with the characteristics of 
metabolic syndrome and imposes high costs on healthcare 
organizations (5). Evidence suggests that NAFLD is 
associated with an increased risk of liver disease and can 
also act as a multisystem disease in some other organs, 
including the heart and urinary tract (6). Renal stone 
disease is caused by genetic and environmental factors 
of crystal deposition in the kidney and urinary tract (7). 
Recent studies show that renal stone disease is associated 

with obesity, diabetes, hypertension, and metabolic 
syndrome. These studies show that metabolic syndrome 
causes the formation of uric acid and calcium oxalate 
stones in the urinary tract by changing urine concentration 
(8). So, renal stone disease can be associated with 
metabolic syndrome or part of the metabolic syndrome 
(4). The exact mechanism has not yet been reported for 
the relationship between the two diseases. Due to the 
limited studies conducted to investigate the relationship 
between these two diseases, in this study, the relationship 
between NAFLD and renal stone disease based on the 
sex and age of patients was examined using non-contrast 
computed tomography (CT).

MATERIAL AND METHODS
This descriptive-analytical prospective study was 
performed on 907 patients referred to Golestan Hospital 
for non-contrast scanning in 2020. The following formula 
calculates the required sample size: n = (z)2 p (1 – p) 
/ d2. The flowchart of the study is shown in Figure 1. 
This research was conducted after obtaining permission 

Figure 1. Flowchart of the study. Non-alcoholic fatty liver disease (NAFLD)
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from the Research Council and approval of the Ethics 
Committee of Ahwaz University of Medical Sciences 
(code: IR.AJUMS.REC.1399.341). Informed and written 
consent was received from all patients before starting 
treatment. Inclusion criteria included: 1) NAFLD on a 
non-contrast CT scan, and 2) the presence of renal stones 
in the urinary tract, including kidneys, ureters, and bladder, 
in a non-contrast CT scan. Exclusion criteria include: 
1) suboptimal quality of images due to beam hardening 
artifact, 2) other liver diseases including viral hepatitis, 
cirrhosis, hepatocellular carcinoma, and metastasis from 
primary cancer and splenectomy, 3) alcohol consumption 
(more than 30 g in men and 20 g in women daily), 4) 
continuous use of corticosteroids and 5) chemotherapy. 
Out of 907 patients, 156 had NAFLD based on diagnostic 
criteria in this study. Of the 156 patients with NAFLD, 
128 had renal stones, and 28 had no renal stones.

CT scan method
Non-contrast abdominopelvic CT scan of patients was 
performed using a SIEMENS 64-slice CT scan machine 
made in Germany, model SOMATOM sensation. Patients 
were placed supine and scanned from 1 cm superior 
to the diaphragm to the lesser trochanters. Imaging 
data were obtained by LEONARDO software. the CT 
parameters were: tube voltage: 110 kvp, scan time: 7.9 
sec, ref mAs: care dose 4D 150, rotation time: 0.5 sec, 
pitch: 0.8, collimation: 128 × 0.6 mm, slice thickness: 
5 mm. A radiologist with 4 years of experience in non-
contrast-enhanced abdominopelvic CT scan reports, 
who was blinded to patients’ medical history, analyzed 
images to evaluate the presence of fatty liver or renal and 
urinary tract stones. To evaluate the presence of fatty 
liver, the radiologist measured the mean Hounsfield unit 
(HU) value of the liver parenchyma from three different 
parts: the right hepatic lobe and the left medial and lateral 
hepatic segments. If the average Hounsfield unit of the 
liver parenchyma in a non-contrast CT scan is at least 
10 units less than the Hounsfield unit of splenic tissue, it 
indicates NAFLD (Figure 2). The severity of fatty liver 
disease was also determined. Non-alcoholic fatty liver 
was defined as lower liver parenchyma density than a 
port vein and inferior vena cava (IVC) in non-contrast 
CT scans. Hyperdense foci in the renal collecting system, 

ureter, and bladder indicated stones (Figure 3).

Statistical analysis
Inferential statistics were used to evaluate the study 
hypotheses, and the Chi-square test was used to evaluate 
the relationship between NAFLD and renal stones. The 
mean age was compared between the groups using an 
independent t test. The incidence of renal stones in patients 
with NAFLD and vice versa was evaluated by calculating 
the odds ratio and confidence interval (CI) of 95% and 
using logistic regression analysis. A P value less than 0.05 
was considered a significant level. Statistical analysis of 
data was performed by SPSS software version 22.

RESULTS
In this study, based on inclusion criteria, 907 patients, 
including 582 men (64.2%) and 325 women (35.8%), 
participated with a mean age of 45.6 ± 16.4 years (range 
of 15 to 89 years). The results related to the prevalence 

Figure 2. Non-contrast computed tomograms a 49-year-old 
man show fatty liver. The average HU of liver parenchyma 
is 28.87 HU, which is less more than 10 HU to spleen 
parenchyma HU

Figure 3. Non-contrast image of the same patient shows a 
stone at the left ureterovesical junction
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of NAFLD and renal stones in the CT scan images of the 
study population are presented in Table 1. In this study, 
156 patients (17.2%) had fatty liver, and 751 patients 
(82.8%) had no fatty liver. Also, 398 patients (43.9%) 
had renal stones. In 509 patients (56.1%), no renal stones 
were observed.

Association between NAFLD and renal stone disease 
and age
The frequency and percentage of patients with renal 
stones in people with NAFLD are shown in Table 2. The 
results showed that patients with renal stones had a higher 
percentage of NAFLD than those without renal stones 
(82.1% vs 36.0%; P < 0.0001). As shown in the table, 
about 82.1% of patients with NAFLD had renal stones. 
On the other hand, the frequency of NAFLD patients with 
renal stones was equal to 128 (32.2%) cases (P = 0.0001). 
These results show that the diagnosis of NAFLD using 
a non-contrast CT scan technique has a significant 
relationship with the risk of renal stone formation (OR: 
8.14; 95% CI: 5.27–12.5) 

(Table 2). This study shows that the prevalence of 

NAFLD and renal stones increase with age (P = 0.016 
and P < 0.0001, respectively) (Table 2). Further analysis 
indicated that increasing age is associated with increased 
susceptibility to NAFLD patients for renal stone 
development (P < 0.009). 

Association between NAFLD and renal stone disease 
based on sex
The results related to the relationship between the 
prevalence of NAFLD and renal stones based on the 
sex of patients are reported in Table 3. The results show 
that in both men and women, the frequency of NAFLD 
in patients with renal stones is higher than in patients 
without renal stones (P < 0.0001). In other words, renal 
stones in patients with NAFLD were not affected by sex 
(P = 0.487).

Association between NAFLD and renal stone disease 
based on the severity of NAFLD 
The results related to the relationship between renal 
stone disease and the severity of NAFLD disease are 
shown in Table 4. As can be seen, increasing the severity 
of the NAFLD increases the incidence of renal stones 
(P = 0.008). The odd ratio of renal stone disease was 
reported at 0.81 (95% CI: 0.74-0.88) and 100 in patients 
with mild NAFLD and severe NAFLD, respectively.

DISCUSSION
The present study shows that NAFLD frequency is higher 

Table 1. Absolute and relative frequencies of NAFLD cases 
and renal stone cases in a total of 907 (M = 582 [64.2%], F = 325 
[35.8%]) using CT scan images

Disease status
Disease Positive Negative 
NAFLD, n (%) 156 (17.2) 751 (82.8)
Renal stone, n (%) 398 (43.9) 509 (56.1)

Table 2. Association between NAFLD and renal stone diseases and age

NAFLD (%) P value Renal Stone (%) P value

Mean age ± SD
Pos Neg

0.016
Pos Neg

 < 0.001
48.6 ± 15.8 45.0 ± 17.1 50.3 ± 16.9 41.9 ± 15.9

Renal Stone
128 (82.1) 28 (17.9)

0.0001
- -

-
270 6.0) 481 (64.0)

Table 3. Association between NAFLD and Renal stone diseases based on the sex factor of patients

Sex NAFLD Renal stone (Pos) (%) Renal stone (Neg) (%) OR (95% CI) P value

Male
NAFLD ( + ) 88 (81.5) 20 (18.5)

6.93 (4.12- 11.65)  < 0.0001
NAFLD (-) 184 (38.8) 290 (61.2)

Female
NAFLD ( + ) 40 (83.3) 8 (16.7)

11.1 (4.98- 24.7)  < 0.0001
NAFLD (-) 86 (31.1) 191 (68.9)
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in patients with renal stones than in people without renal 
stones. Also, the diagnosis of NAFLD was significantly 
associated with an increased incidence of renal stones. 
The results also showed that the risk of renal stone disease 
in patients with NAFLD increases with age, possibly due 
to metabolic syndromes. Also, in both sexes, the risk of 
renal stones was higher in patients with NAFLD than in 
patients without NAFLD, but renal stones in patients with 
NAFLD were not affected by sex. The frequency of renal 
stones was higher in patients with more severe NAFLD. 
This association between NAFLD and renal stone disease 
has been reported in several studies in recent years (6,9)
Consistent with the present study results, Chul and 
colleagues (2016), based on non-contrast CT scan images, 
showed the frequency of NAFLD in patients with renal 
stones was significantly higher than in patients without 
renal stones. Also, in that study, the diagnosis of NAFLD 
was associated with a higher risk of renal stone disease, 
and the incidence of renal stones was significantly higher 
in both men and women with NAFLD. These results are 
consistent with our study. However, in contrast to us, 
Chul and colleagues reported that the association of renal 
stones with NAFLD was not affected by the severity of 
fatty liver. The discrepancy between the results of studies 
requires further studies (10). Also, Einollahi and others 
(2013) reviewed 11,245 ultrasonographic reports. They 
reported that the incidence of renal stones in patients with 
NAFLD was significantly higher, and the diagnosis of 
NAFLD was associated with an increased risk of renal 
stone disease (6). Although the incidence of renal stones 
was higher in patients with non-alcoholic fatty liver than 
in patients without non-alcoholic fatty liver, this rate was 
lower than in the present study. Differences in the results 
observed in the present study compared with previous 
studies may be due to differences in the diagnostic 
performance of ultrasonography and CT. The sensitivity 
and specificity of routine CT in slice collimations less than 
3 mm have been reported to be about 98% to 100% (11). 

The results of a meta-analysis study by Niemann and co-
workers (2008) also reported 97% sensitivity in diagnosing 
renal stones by CT (12). Also, Ray and others (2010), in 
a prospective study using ultrasonography of the kidney 
after CT examination to diagnose renal stones, concluded 
that ultrasound accuracy was 65-77% (13). Therefore, 
it seems that ultrasonography leads to the diagnosis of 
fewer cases of renal stones. Also, in another similar result 
to our study, Paz and colleagues (2015) showed that the 
relationship between NAFLD and renal stone disease 
was statistically significant only in the male population 
and in people over 50 years. In contrast, no association 
was observed between young patients (under 50 years 
old) and the female population. The difference may be 
due to inclusion criteria. Also, all patients in that study 
were suspected of having renal stones, which could make 
a difference in the results (14). In another study by Zeina 
and others (2017), 508 patients with renal colic diagnosed 
by non-contrast CT scan showed a statistically significant 
association between nephrolithiasis and hepatosteatosis 
(15). Also, in a meta-analysis conducted by Qin and 
colleagues (2018), NAFLD was associated with an almost 
twice as high risk of developing renal stones compared 
with healthy individuals (16). In another study consistent 
with the present study, Arias and co-workers (2018), used 
CT images of 1010 patients and found that the frequency 
of diagnosis of NAFLD in patients with renal stones was 
significantly higher than in those without renal stones (17). 
Also, in contrast to the present study, Kaurav and others 
(2018) showed that the relationship between NAFLD and 
renal stones in men is significantly higher than in women, 
and also this relationship was observed in people aged 
under 50 years compared with patients over 50 years old 
(18). Results difference from the present study could be 
due to the small sample size in the study of Kaurav and 
others (2018) as well as differences in the characteristics 
of the study population. Reactive oxygen species (ROS) 
and oxidative stress play a major role in the pathogenesis 

Table 4. Association between NAFLD and renal stone diseases based on the severity of NAFLD

NAFLD degree Renal stone (Pos) (%) Renal stone (Neg) (%) Odd ratio (CI 95%) P value
Mild 140 (78.8) 28 (21.2) 0.81 (0.74- 0.88)

0.008
Severe 24 (100) 0 (0) 100
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of NAFLD (19). Oxidative and systemic metabolites also 
have formed stones (20). It has also been reported that 
fatty acids can alter renal excretion, which is associated 
with the development of renal stones (21). 

Overall, clinical and experimental data provide evidence 
for ROS production and oxidative stress in patients with 
NAFLD and renal stones, and oxidative stress may be 
jointly involved in the pathogenesis of both diseases 
(22,23). In addition, evidence suggests that renal stones 
are associated with a metabolic syndrome characterized 
by insulin resistance (24). Therefore, achieving the exact 
mechanism of this relationship requires more and more 
extensive research. Finally, it should be noted that the 
present study also faced some limitations, including 
failure to consider diet as an essential risk factor for renal 
stones. Data related to the chemical composition of renal 
stones and the type of renal stones were not examined. 
Therefore, with more studies, better results can be 
achieved.

CONCLUSION
The present study showed that the frequency of fatty liver 
in patients with kidney stones was higher than in those 
without kidney stones, and the frequency of kidney stones 
was higher in patients with NAFLD than those without 
fatty liver. Therefore, non-alcoholic fatty liver can be an 
independent risk factor for kidney stones. In addition to 
the significant relationship between fatty liver disease 
and kidney stones, it was observed that this relationship 
increases with the patient’s age and the increasing severity 
of the NAFLD. Therefore, it is recommended that people 
with NAFLD, especially older people with severe disease, 
be carefully evaluated for kidney stones.
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