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Background/Aims: The number of patients with nonalcoholic fatty liver disease (NAFLD) 
and chronic kidney disease (CKD) is on the rise. Epidemiological studies have shown the 
role of hyperuricemia in the development of NAFLD and CKD through oxidative stress and 
inflammatory mediators. Therefore, this study was conducted to investigate the prevalence 
and risk factors of hyperuricemia in patients with CKD and NAFLD in Iran.
Patients and Methods: This study was conducted in 450 CKD patients. NAFLD was diag
nosed by ultrasonography. According to the serum uric acid level, all CKD+ NAFLD+ patients were 
divided into non-hyperuricemia and hyperuricemia groups. The patients’ demographic and clinical 
data such as age, sex, abdominal obesity, metabolic syndrome, diabetes, hypertension, CRP, hepatic 
steatosis, blood pressure, serum uric acid (UA), lipid and creatinine were collected for analysis.
Results: A total of 279 cases (62%) were diagnosed with NAFLD. The prevalence rate of 
NFALD in CKD patients was significantly lower in normal UA level than hyperuricemia 
(42.7% vs 57.3%) (P=0.039). The prevalence of hyperuricemia was about 57.3% in patients 
with CKD and NAFLD. Accordingly, 279 CKD patients with NAFLD were enrolled and divided 
into hyperuricemia (n =160) and non-hyperuricemia groups (n =119). Patients with hyperuricemia 
showed higher creatinine and lipid levels, and a lower GFR compared to patients with normal uric 
acid levels (P< 0.05). However, no significant difference was observed in age, sex, abdominal 
obesity, metabolic syndrome, hypertension, type 2 diabetes, CRP, and steatosis between hyperur
icemia and non-hyperuricemia groups (P>0.05). Three factors, including type 2 diabetes, hyperli
pidemia, and a low GFR, serve as independent risk factors for hyperuricemia (P<0.05).
Conclusion: The results showed a high prevalence of hyperuricemia in patients with CKD 
and NAFLD. A more comprehensive strategic management is necessary to address the 
potential harmful effects of hyperuricemia on the health of CKD+ NAFLD+ cases.
Keywords: hyperuricemia, serum uric acid, chronic kidney disease, non-alcoholic fatty liver 
disease, Iran

Introduction
Chronic kidney disease (CKD) or chronic kidney failure is defined as a gradual loss of 
kidney function. It is an important cause of morbidity and mortality, and is rapidly 
becoming a major burden on the global health-care system.1 The prevalence of CKD is 
estimated at about 15.14% in Iranian general population2 There is a substantial interest 
in identifying the causes and risk factors of CKD to reduce its global burden.

Uric acid (C5H4N4O3) is a heterocyclic organic compound and the final 
product of purine metabolism. Purine nucleosides are converted to uric acid from 
adenosine and guanosine.3 Hyperuricemia (serum uric acid (SUA) level >7.0 mg/dL 
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in men and >5.7 mg/dL in women) is an independent 
determinant of hypertension, diabetes, metabolic syn
drome, CKD, and cardiovascular events.4,5 We have pre
viously shown that the use of allopurinol as an inhibitor of 
the production of uric acid slows down stage 3 chronic 
kidney disease progression.6

The increasing prevalence of hyperuricemia is consid
ered as an emerging public health concern. Many factors 
such as dietary and lifestyle changes, excess weight, popu
lation aging, and increased prescription of antihyperten
sive drugs may be associated with an increase in the risk 
for hyperuricemia.7 Increasing evidence indicates a close 
relationship between hyperuricemia and NAFLD, and ele
vated UA levels increase the prevalence of NAFLD.8 

NAFLD is characterized by lipid accumulation in hepato
cytes without excessive alcohol consumption or other liver 
diseases.9,10 Increased oxidative stress and lipid peroxida
tion injury contribute to the development and progression 
of NAFLD.10 Hyperuricemia induces pro-inflammatory 
and pro-oxidative mediators, which may lead to hepato
cellular damage through elevated liver enzymes and the 
subsequent development of NAFLD.11

It is becoming increasingly clear that there is a correlation 
between CKD and NAFLD. A high incidence and prevalence 
of CKD are observed in patients with NAFLD compared to 
patients without NAFLD.12,13 Thus, NAFLD and CKD are 
related to the same group of risk factors including hyperur
icemia, insulin resistance, oxidative stress biomarkers and 
hypertension.12,14 Several epidemiological studies have 
assessed the prevalence of hyperuricemia and its correlates 
in different population.15,16 To the best of our knowledge, no 
study has investigated risk factors of hyperuricemia in 
patients with CKD and NAFLD. Hence, this study was 
conducted to determine the prevalence and correlates of 
hyperuricemia in CKD and NAFLD patients.

Patients and Methods
Study Design and Subjects
This case control study initially enrolled all adult patients 
with CKD who consecutively presented to Mahdiyeh Clinic 
affiliated with Kermanshah University of Medical Sciences, 
Kermanshah, Iran, from April 2016 to March 2017. Subjects 
meeting the following criteria were excluded: a history of 
alcohol consumption (≥30 g/day in men or ≥20 g/day in 
women), positive hepatitis B surface antigen or hepatitis 
C virus antibodies, a history of cirrhosis of any etiology, 
gout, cancer, corticosteroid and drugs affecting SUA 

consumption, and pregnancy or lactating women. All 
patients were evaluated for non-alcoholic fatty liver. 
A diagnosis of NAFLD was made according to the clinical 
evidence, liver enzymes, and ultrasonography criteria. Then, 
patients without NAFLD were excluded from the study. 
Eventually, according to the serum uric acid level, all 
CKD+ NAFLD+ patients were divided into normal uric acid 
and hyperuricemia groups. Written informed consent was 
obtained from all participants. Hyperuricemia was defined 
as serum uric acid >70 mg/l in males and >60 mg/l in 
females.

Clinical Examination and Biochemical 
Analyses
Demographic data such as age, sex and medical history were 
gathered through interview with patients during screening. 
A fasting blood sample was obtained from each subject in 
the morning. Laboratory measurements included high- 
sensitivity C-reactive protein (CRP), serum creatinine con
centration, high-density lipoprotein cholesterol (HDL-C), 
total triglycerides, SUA and fasting insulin. All measure
ments were done by an automatic biochemical analyser 
using standard methods (Hitachi 902 autoanalyzer, Japan) 
using standard methods. The glomerular filtration rate 
(eGFR) rate was estimated using the four-variable 
Modification of Diet in Renal Disease (MDRD) formula. 
CKD was defined as the presence of an eGFR < 60 mL/min/ 
1.73 m2 and/or abnormal albuminuria.

Blood pressure was measured by a standard sphygmo
manometer after the patient had been sitting quietly for at 
least 5 min. The subjects were considered to have hyperten
sion if their blood pressure was ≥130/85 mmHg or if they 
were taking any antihypertensive drugs. Ultrasound exami
nation was performed using the Ultramark 9 High Definition 
Imaging (HDI) ultrasound device with a 3.5 MHz detector. 
The ultrasound severity of hepatic steatosis was graded using 
a semi-quantitative scale (mild, moderate, and severe).

Statistical Analyses
Continuous variables are presented as mean ± standard 
deviation (SD). Student’s t-test or Mann–Whitney U-test, 
depending on the data normality, was applied to compare 
continuous variables. Categorical variables such as steatosis 
and CRP were analyzed using either the Fisher’s exact or χ2 
tests. Multivariate logistic regression analysis (enter; entry: 
0.05, removal: 0.10) was used to evaluate the risk factors of 
hyperuricemia in CKD+ NAFLD+ patients. All the statistical 
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analyses were performed using the SPSS software version 20 
for Windows. P<0.05 was considered statistically significant.

Results
Four hundred and fifty elderly patients with CKD were 
enrolled in the current study, of whom 53.55% (241/450) 
had hyperuricemia. A total of 279 cases (62%) were diag
nosed with NAFLD. According to Table 1, NFALD was more 
prevalent in patients with hyperuricemia compared to non- 
hyperuricemia patients (57.3 vs 47.4, respectively, P=0.039).

Accordingly, 279 CKD patients with NAFLD were 
enrolled and divided into hyperuricemia (n =160) and non- 
hyperuricemia groups (n =119). The mean age of subjects in 
the hyperuricemia and non-hyperuricemia group was 62.2 
±13.28 and 62.96±13.31 years, respectively (P = 0.65). There 
were 48 female participants in the non-hyperuricemia and 79 
in the hyperuricemia group. (P =0.134). Although diabetes 

was more common in the hyperuricemia versus the non- 
hyperuricemia group, the difference was not significant 
(P=0.065). Patients with hyperuricemia showed higher crea
tinine and lipid levels, and lower GFR compared to those 
with non-hyperuricemia levels (P=0.002, P=0.038 and 
P=0.001, respectively). However, no significant differences 
were detected in abdominal obesity, metabolic syndrome, 
hypertension, CRP, and steatosis between hyperuricemia 
and non-hyperuricemia groups (P=0.874, P=0.782, P=0.782 
and P=0.622, P=0.98, respectively). Differences in clinical 
and laboratory characteristics of patients with and without 
hyperuricemia are shown in Table 2.

Table 3 shows the multivariable logistic regression ana
lysis of the risk factors of hyperuricemia in CKD+NAFLD+. 
Patients with diabetes had a twofold higher chance of devel
oping hyperuricemia (OR: 2.09, 95% CI: 1.13 to 3.89). Other 
significant predictors of the progression of hyperuricemia in 

Table 1 Characteristics of Patients According to Different Serum Uric Acid Levels

Non-Hyperuricemia, n (%) Hyperuricemia, n (%) t-value P-value

CKD+ NAFLD+ 119 (42.7) 160 (57.3) 4.24 0.039

CKD+ NAFLD− 90 (52.6) 81 (47.4)

Table 2 Clinical and Laboratory Characteristics of Patients According to Different Serum Uric Acid Levels

Variables Non-Hyperuricemia (n = 119) Hyperuricemia (n = 160) t-value P value

Age, year 62.96±13.31 62.2±13.28 0.45 0.65

Gender, n (%)
Males 71 (59.7) 81 (50.6) 2.24 0.134

Females 48 (40.3) 79 (49.4)

Abdominal obesity, n (%) 0.25 0.874

Diabetes diagnosis, n(%) 76 (63.9) 86 (53.8) 3.49 0.065

Hepatic steatosis, n(%)

Mild 56 (47.1) 76 (47.5) 0.039 0.98

Moderate 51 (42.9) 69 (43.1)
Severe 12 (10.1) 15 (9.4)

Metabolic syndrome, n(%) 62 (52.1) 95 (59.4) 0.127 0.782
Hypertension, n(%) 87 (73.1) 120 (75) 0.127 0.782

GFR, mL/min per 1.73m2 34.57±11.21 29.87±9.8 3.56 0.001

Creatinine, mg/dl 2.08±07 2.32±0.93 3.08 0.002

C-reactive protein, mg/L, n (%)

+1 34 (30.6) 38 (27.1) 1.76 0.622
+2 24 (21.6) 28 (20)

+3 4 (3.6) 10 (7.1)

Hyperlipidemia, n (%) 60 (50.4) 101 (63.1) 4.51 0.038
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CKD+ NAFLD+ patients were a low eGFR and a high serum 
lipid level.

Discussion
The present study found that more than half of CKD+ 

NAFLD+ patients had hyperuricemia. The global prevalence 
ranges from 2.6% to 36% in different populations.17 The 
prevalence of hyperuricemia was 11.4% in the general 
Korean population and 13.3% in mainland China and 
12.1% in Turkey.18–20 Hyperuricemia is mostly due to 
decreased uric acid excretion or accelerated purine degrada
tion. It has been suggested that approximately 70% of uric 
acid is excreted from the kidney into the urine and the 
remaining 30% is excreted into the intestine.21 Thus, 
impaired renal function results in decreased uric acid excre
tion, elevated serum uric acid levels, and increased risk of 
hyperuricemia.22

In our study, the prevalence of hyperuricemia in CKD+ 

NAFLD+ patients was approximately similar in both sexes 
(50.6% in men and 49.4% in women). Some authors have 
suggested that hyperuricemia is higher in men than in 
women,23 but it tends to be consistent between man and 
woman after the age of 50 years.24 The mechanism of the 
increased prevalence of hyperuricemia with age in women 
may be related to menopause, underlining the effect of 
sexual hormones.25 In this study, the mean age of subjects 
in the hyperuricemia and non-hyperuricemia group was 
62.2±13.28 and 62.96±13.31, respectively. Thus, older 
women in our study population may have contributed to 
a higher risk of hyperuricemia.

This study found that the risk of hyperuricemia in 
CKD+ NAFLD+ cases with abdominal obesity increased 

by 2 times compared to controls. Our findings were con
sistent with a large population-based study reporting that 
increased abdominal obesity or BMI increased the risk of 
hyperuricemia.18,26 In obesity, stimulation of the pro- 
inflammatory M1 macrophages in the adipose tissue 
induces the production of IL-6, TNF-α, and free radicals, 
promoting the progression of insulin resistance. Dendritic 
cells, mast cells, neutrophils, B cells, and T cells increase 
in the adipose tissue during obesity, which plays a crucial 
role in the development of adipose tissue inflammation and 
insulin resistance. Subsequently, uric acid synthesis path
ways are activated, leading to increased production of uric 
acid.26

Decreased physical activity, decreased grain consump
tion and increased consumption of animal food, fried food, 
and fast food, which are full of purine, are probably related 
to hyperuricemia.27 Inappropriate dietary habits and life
style may therefore be a cause of hyperuricemia in our 
subjects, but a causal relationship between these two vari
ables was not evaluated in this study. The present study 
showed that hyperlipidemia was significantly associated 
with hyperuricemia. This finding is consistent with the 
results of Keenan et al that reported an increase in serum 
uric acid with an increase in the triglycerides to HDL 
cholesterol ratio.28 It is worth mentioning that lipid- 
lowering drugs such as fenofibrate are also effective in 
reducing the serum uric acid level.29 Furthermore, insulin 
resistance is closely related to the pathogenesis of meta
bolic syndrome and increased synthesis of purines, which 
result from energy synthesis involving hypertriglyceride
mia that plays a major role in this relation.28 On the other 
hand, decreased HDL cholesterol will give rise to the 
formation of atherosclerosis and eventually predisposes 
the patient to cardiovascular disease.30 Previous studies 
showed a stronger association between hyperuricemia 
and risk of cardiovascular disease.31–33 However, the ben
eficial effects of uric acid lowering drugs on decreased risk 
of cardiovascular disease and progression of kidney dis
ease should be assessed in prospective randomized studies 
including a large cohort of recipients.

In conclusion, the findings of the present study suggest 
that three factors, including type 2 diabetes, hyperlipide
mia, and a low GFR, serve as independent risk factors for 
hyperuricemia. More comprehensive strategic manage
ments are necessary to reduce the potential harmful effects 
of hyperuricemia on the health of CKD+ NAFLD+ 

patients, and further studies are needed to validate the 
precise mechanism of these relationships.

Table 3 Multivariable Logistic Regression Analysis Shows the 
Risk Factors of Hyperuricemia in CKD+NAFLD+

Variables B Odd Ratio (95% CI) P values

Age 0.007 0.99 (0.97–1.017) 0.591

Gender 2.296 0.74 (0.31–1.75) 0.498

Abdominal obesity 0.694 2 (0.95–4.17) 0.065
Diabetes diagnosis 0.741 2.09 (1.13–3.89) 0.019

Hepatic steatosis 0.0001 1 (0.65–1.52) 0.99

Metabolic syndrome 0.424 0.65 (0.33–1.28) 0.217
Hypertension 0.126 0.88 (0.45–1.70) 0.707

GFR 0.096 0.90 (0.851–0.97) 0.004
Creatinine, mg/dl 0.479 0.62 (0.30–1.26) 0.187

C-reactive protein 0.014 1.01 (0.76–1.37) 0.928

Hyperlipidemia 0.772 0.46 (0.25–0.85) 0.013
Constant 5.14 171.96 0.068
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