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Abstract

Objective: The objective of this study is to evaluate the correlation of radiologically diagnosed non-al-

coholic fatty liver disease (NAFLD) with serum uric acid (SUA) levels.

Methods: It is a case control study conducted in private sector tertiary care hospital. A total of 200

subjects were involved in this study after calculation of sample size. The study participants were re-

cruited from the medicine ward while the healthy controls were taken from the general population.

Non probability consecutive sampling technique was employed. Inclusion criteria was patients who

were diagnosed with fatty liver through abdominal ultrasonography. Exclusion criteria was patients

suffering from any other chronic illness that can lead to an echogenic liver on ultrasound (viral hepati-

tis and diabetes) and history of alcohol consumption. Ethical approval for the study was taken from

IRB. Data were entered and analysed using IBM SPSS version 23.0. Mean with standard deviation for

age, BMI, SBP, DBP and SUA were reported between two study groups.

Results: Highly significant results were observed between two groups; diseased and controls. Mean

uric acid levels were found to be significantly higher in NAFLD (non-alcoholic fatty liver disease)cases

as compared to controls, with serum uric acid showing an affirmative and positive linear relationship

with fatty liver. An increase in BMI and systolic and diastolic blood pressures was also seen in

NAFLD group as compared to controls which indicates that BMI is a comorbid for cardiac complica-

tions among the NAFLD patients.

Conclusions: The study determined that uric acid levels elevate with progression of non-alcoholic fatty

liver disease. This finding brings a new insight of uric acid in clinical practice. Increase in serum uric

acid levels might serve as a trigger for physician to screen for NAFLD. An increase in BMI and systolic

and diastolic blood pressure in NAFLD patients indicates underlying causes leading to cardiovascu-

lar complications in these patients.

Keywords: Non-alcoholic fatty liver disease, uric acid, body mass index.

IRB: Approved by Sharif Institute of Allied Health Sciences, No. SMDC/SIAHS/441. Dated: 30-01-2020

Citation: Rehman S, Mehboob F, Anjum N, Salahuddin H, Kumar W, Wasi N. Evaluation of Serum Uric

Acid as a Marker of Non-Alcoholic Fatty Liver Disease [Online]. Annals ASH KMDC 2020;25:

Introduction

With an increase in metabolic syndrome and

obesity, NAFLD has become one of the most com-

monly occurring chronic liver disorders across the

world1. NAFLD is characterized by excessive depo-

sition of triglycerides in the liver cells which may

range from simple steatotic changes to non-alco-

holic steatohepatitis (NASH), fibrosis, and eventu-

ally lead to liver cirrhosis which may progress to

hepatocellular carcinoma (HCC)2. NAFLD is among

the most prevalent hepatic diseases in the Western

countries. About 20%-30% of the population is af-

fected by it. NAFLD is among the most prevalent

problems of the Asia-Pacific region and its preva-

lence is expected to increase in future because of

the rapidly changing lifestyles and dietary habits1,3.
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NAFLD is a complication of metabolic syn-

drome (MetS) involving the liver. Uric acid is formed

as the final metabolic end product of purine me-

tabolism and is a strong predictor of metabolic syn-

drome. Disorders of purine metabolism cause

hyperuricemia, which has a close association with

NAFLD2. NAFLD is prevalent among the general

population ranging from 20%-30% and up to 75%-

100% in individuals suffering from obesity3. As the

dietary patterns and lifestyle are changing, increase

in the incidence of NAFLD has emerged as a seri-

ous community health concern. Increased serum

uric acid (SUA) levels and increased triglycerides

have independently been known to be associated

with fatty liver. Identification and early detection of

risk factors leading to the development of NAFLD is

vital for its prevention4. The pathogenesis of NAFLD

involves a series of physiologic and biochemical

events. These events include various hereditary and

environmental factors and factors related to metabo-

lism and stress-related factors. Excessive intake of

foods rich in purine, endogenously produced purine

and purine metabolic end products lead to the pro-

duction of uric acid. All cells of the body need a

well-balanced number of purines for growth, repro-

duction and existance5. Uric acid which is final

metabolic end product of purine metabolism is ex-

creted via the kidneys and the rest enters into the

intestinal tract via the bile duct and is decomposed

by intestinal bacteria. When the amount of uric acid

production exceeds the amount of its excretion, the

level of uric acid in the body is elevated5,6. Studies

have found that consuming energy rich foods with

high purine content can result in metabolic syn-

drome and fatty liver disease because they also in-

crease triglyceride production7. Moreover, in

individuals having metabolic abnormalities increased

synthesis of triglycerides also leads to increased

SUA production8. In addition to this inflammatory

mediator such as tissue necrosis factor? which in-

duces apoptosis and oxidative stress, have been

proposed to be important factors that lead to dam-

age to the hepatocellular architecture and function9.

The association between uric acid and NAFLD has

been demonstrated by many clinical and epidemio-

logical studies. It has been seen that increased se-

rum uric acid levels often coexist with insulin resis-

tance, coronary artery disease, visceral obesity and

low high-density lipoprotein levels. Inflammation and

oxidative stress are hypothesized to be the impor-

tant link in this relationship7. Accumulating evi-

dence has shown that the SUA level is an

independent predictor of increased prevalence of

NAFLD2. As discussed in earlier studies, while

staying in the almost normal range not only frank

hyperuricemia but also SUA levels showed a posi-

tive correlation with metabolic syndrome.

The correlation between serum uric acid and

NAFLD is demonstrated by the '2-hit' theory10.

Deposition of fat inside hepatocytes is the first

damage, due to which the hepatocytes become

more susceptible to get damaged by other stressful

triggering factors, which include inflammation, insu-

lin resistance and obesity. Among these factors, in-

sulin resistance has a major role in promoting

lipolysis of the adipocytes hence increasing the in-

flux of free fatty acids in the liver. Thus, resistance

to insulin causes hyperinsulinemia, increasing the

production of uric acid and decreasing its renal

clearance3,6. Obesity, a public health problem

worldwide leads to hyperuricemia and metabolic

syndrome8. A negative correlation is seen between

insulin resistance and reduced renal clearance of

uric acid, which is itself associated with increased

levels of serum uric acid11.

Early identification of individuals who are at

risk for developing fatty liver disease is essential for

early diagnosis and prevention especially through

life style modifications. For the prevention and diag-

nosis of NAFLD researches on the relationship be-

tween SUA and NAFLD are important12.

The aim of this study was to identify relation-

ship between uric acid levels and NAFLD (Non-al-

coholic fatty liver disease). The detection of this

association is important because NAFLD can lead

to many metabolic abnormalities. This study will

help in prompt detection and treatment of NAFLD.
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Subjects and Methods

A case control study was conducted in Sharif

Medical city hospital, which is a private sector ter-

tiary care hospital located in Lahore, Pakistan from

January 2018 to November 2018.

Sample size was calculated using open epi

website calculator. A sample size of 200 subjects

was calculated which were further subdivided into 2

groups. GROUP A: 100 healthy controls with no

history of alcohol intake or any chronic illness.

GROUP B: 100 subjects who were diagnosed as

having fatty liver disease on ultrasound but with no

history of alcohol intake.

Inclusion criteria included patients of age group

18 to 60 years, both male and female, group B

comprised all subjects who had been diagnosed

with fatty liver disease on ultrasound. Exclusion cri-

teria excluded all patients having history of alcohol

intake, history of drug abuse and history of hepati-

tis A,B or C. Non probability consecutive sampling

technique was utilized for selection of participants.

Biochemistry lab investigations were measured in

both groups. Hypertensive cut-off was taken for

systolic BP 140 mmHg and diastolic BP at 90

mmHg. Ethical permission for the present study

was taken from ethical review board. Data which

was obtained during the study was kept confiden-

tial.

Blood samples were taken from subjects after

informed consent.Serum uric acid was analysed us-

ing The Uric Acid Assay Kit Catalog Number STA-

375 using a sensitive quantitative fluorometric as-

say for measuring uric acid concentrations.

Body mass index was calculated by the fol-

lowing formula;

Body mass index (BMI) = Weight in kilograms

                                 (height in meter)2

Ultrasonography of the liver has a sensitivity of

82 to 89 percent and a specificity of 93 percent for

identifying fatty liver infiltrate. On Ultrasound, fatty

liver is identified as a bright liver having more

echogenicity than that of the right kidney. The grad-

ing system of steatosis is from mild, moderate and

severe steatosis.

Mild steatosis: Increased echogenicity of liver,

normally seen diaphragm and intra hepatic vessels.

Moderate steatosis: Moderately increased

echogenicity, mildly obscured visualization of dia-

phragm and intra hepatic vessels.

Severe steatosis: significantly increased

echogenicity, obscured penetration, poor or non-vi-

sualization of diaphragm and intrahepatic vessels.

Data wasentered and analysed using IBM

SPSS version 23.0. Mean with standard deviation

for age, BMI, SBP, DBP and SUA were reported be-

tween two study groups. Independent sample t-test

was used to compare these mean levels among

cases and controls. Pearson Correlation was done

to find the any relationship of NAFLD with SUA. p-

values <0.05 were considered as significant. Pie

chart and scatter diagram also given for graphical

presentation of data.

Results

In the present study there were two hundred

samples equally distributed into two study groups

cases and controls. The proportion of females in

control group (A) was 62% and among diseased

group (B) it was 41%. NAFLD was classified as

mild, moderate or severe depending upon the

echogenicity seen on ultrasound. Figure 1 shows

the percentage of gradings of NAFLD in group B,

18% was mild, 41% were moderate and 41% were

severe grade of NAFLD. In Figure: 2 Scatter plot

was used to show correlation between NAFLD and

SUA levels. A positive correlation was seen between

SUA and NAFLD using Pearson's correlation con-

sidered significant using Independent sample t-test

Mild NAFLD in 18%, Moderate NAFLD in 41% and

severe NAFLD in 41%.
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Table 1. Baseline characteristics

Characteristics  GROUP(A) GROUP(B)

(n=100) (n=100)

Mean SD Mean SD

Age (years) 41.9 5.4 46.6 5.8

BMI (kg/m2) 25.1 1.4 32.1 5.3

SBP (mmHg) 117.6 9.0 153.5* 8.4

DBP (mmHg) 76.4 8.0 96.3* 7.6

Serum uric acid (µmol/L) 236.6 39.0 355.7* 40.2

*p<0.05 was

Fig 1. Grading of non-alcoholic fatty liver disease in group B

Fig 2. Correlation of Serum Uric Acid and Non-Alcoholic Fatty
Liver Disease

Discussion

Recent evidence suggests that NAFLD should

be considered a risk factor for cardiovascular dis-

ease (CVD). NAFLD is a strong clinical signal for

insulin resistance and metabolic syndrome (MetS).

Fatty liver is considered a confirmative risk factor

for diabetes mellitus type 213. Our study showed

that increase in SUA level in cases of NAFLD as

compared to normal controls. This study shows the

correlation between elevated SUA levels and NAFLD

that has been conducted in Pakistan. The correla-

tion among SUA and NAFLD was significant and

was not dependent upon anthropometric variables

like gender, age and all other clinical variables14.

These associations provide a strong basis for corre-

lation between SUA and NAFLD. Hence serum uric

acid can be used as an independent marker and a

diagnostic tool for the assessment of fatty liver dis-

ease15. This association between SUA and develop-

ment of NAFLD give an indication that increased

SUA levels may have a role in the progression of

NAFLD. Two underlying causes can explain the

mechanism by which high SUA levels leads to the

development of NAFLD15,16. One is that uric acid is

an oxidant and in metabolic syndrome it potentiates

oxidative stress.The second cause is that the pro-

duction of uric acid by the enzyme xanthine oxi-

doreductase leads to the formation of reactive

oxygen species which cause further oxidative dam-

age leading to damage to healthy cells17. Hence in-

crease in serum uric acid levels lead to oxidative

stress induced complications to the liver cells and

hence is an important causative factor and marker

of NAFLD18. Studies conducted previously also give

results similar to our results18,20. Some studies

proved that serum uric acid level is an unconven-

tional marker and risk factor for detection of NAFLD

in individuals who are at a risk of developing the

disease and presented it as an important measure

in the diagnosis of NAFLD19,21. In clinical practice

detection of fatty liver is usually an incidental find-

ing while performing ultrasound abdomen for some

other cause, as serum uric acid is significantly cor-

related with fatty liver disease, all individuals pre-

senting with fatty liver on ultrasound must be

Evaluation of Serum Uric Acid as a Marker of Non-Alcoholic Fatty Liver Disease
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tested for serum uric acid levels and all individuals

presenting to physicians with elevated serum uric

acid levels must be tested radiologically for pres-

ence of fatty liver disease22. Further research

should be conducted in finding out the effects of

treatment on lowering serum uric acid levels on

fatty liver disease progression. This association is

also important in detecting hyperuricemia in pa-

tients who have been diagnosed with NAFLD on ul-

trasonography. In our study systolic and diastolic

blood pressures were also establish to be signifi-

cantly greater in NAFLD group as compared to con-

trols, this shows the association of fatty liver

disease with cardiovascular complications12,23. In-

creased triglycerides and LDL-C in these patients

also contribute to these cardiovascular complica-

tions.  This may occur due to excessive deposition

of fat in vessels and heart. Further the oxidative

role of uric acid may contribute to enhanced lipid

peroxidation leading to development of atherosclero-

sis24.  An increase in BMI was also seen in NAFLD

group. It has been demonstrated a statistically sig-

nificant, correlation between BMI and NAFLD in in-

dividuals who have no metabolic illness. NAFLD is

associated with increased deposition of triglycerides

in hepatocytes which is explained by this increase

in BMI in these patients25,26. Weight loss and exer-

cise have been shown to reduce liver enzyme levels

and steatosis in children and adults who are

obese27. Hence restricted diet and exercise are ad-

vised in NAFLD individuals. Bayard et al.(2006) has

shown in his study that treatment of insulin resis-

tance has improved disease oriented outcomes in

patients with non-alcoholic fatty liver disease. Medi-

cations for treating hyperlipidaemia also have im-

proved biochemical and histologic findings in

patients with non-alcoholic fatty liver disease28,29.

This study has some limitations. We made the

diagnosis of hepatic changes in NAFLD on the ba-

sis of ultrasonography, which is not a sensitive

method for determining mild steatosis. However, it a

safe and reliable method for detecting hepatic ste-

atosis in most of the epidemiological surveys for

detection of NAFLD.

Conclusion

NAFLD is associated with an increase in se-

rum uric acid levels and an increase in BMI as well

as systolic and diastolic blood pressures. Serum

uric acid shows a positive correlation with NAFLD

severity and can be used as a predictor and marker

in the screening and diagnosis of fatty liver disease.

Conflict of Interests

Authors have no conflict of interests and re-

ceived no grant/funding from any organization.

References

1. Alvarez-Lario B, Macarron-Vicente J. Uric acid and
evolution. Rheumatology (Oxford) 2010;49: 2010-
5.

2. Browning JD, Szczepaniak LS, Dobbins R,
Nuremberg P, Horton JD, Cohen JC, et al. Preva-
lence of hepatic steatosis in an urban population
in the United States: impact of ethnicity.
Hepatology 2004;40:1387-1395. [doi:10.1002/
hep.20466]

3. Choi SS, Diehl AM. Hepatic triglyceride synthesis
and nonalcoholic fatty liver disease. Curr Opin
Lipidol 2008;19: 295-300. [doi:10.1097/
MOL.0b013e3282ff5e55]

4. Cohen JC, Horton JD, Hobbs HH. Human fatty
liver disease: old questions and new insights.
Science 2011;332:1519-23. [doi: 10.1126/sci-
ence.1204265]

5. Darmawan G, Hamijoyo L, Hasan I. Association
between serum uric acid and non-alcoholic fatty
liver disease: a meta-analysis. Acta Med Indones
2017;49(2):136-47.

6. De Oliveira EP, Burini RC. High plasma uric acid
concentration: causes and consequences.
Diabetol Metab Syndr 2012;4: 12. [doi:10.1186/
1758-5996-4-12]

7. Gaggini M, Morelli M, Buzzigoli E, DeFronzo R,
Bugianesi E, Gastaldelli A. Non-alcoholic fatty liver
disease (NAFLD) and its connection with insulin
resistance, dyslipidemia, atherosclerosis and
coronary heart disease. Nutrients 2013;5(5):1544-
60. [doi:10.3390/nu5051544.]

8. Jensen T, Niwa K, Hisatome I, Kanbay M, Andres-
Hernando A, Roncal-Jimenez CA, et al. Increased
serum uric acid over five years is a risk factor for
developing fatty liver. Sci Rep; 2018;8(1):11735.
[doi: 10.1038/s41598-018-30267-2]

9. Kumar A, Singh AK, Panda PK, Nischal N, Soneja
M. Non-alcoholic fatty liver disease diagnosis,

Sadia Rehman, Fatima Mehboob, Nargis Anjum, Huma Salahuddin, Winay Kumar, Nosheen Wasi



Volume No. 25 (1), March 2020

grading and staging; a simplified tool for clini-
cians [Online]. J Adv Med 2017;6(1):15. Available
f r o m : h t t p : / / w w w . i n d i a n j o u r n a l s . c o m /
ijor.aspx?target=ijor:jam&volume=6&issue=1&article=003.
Accessed on: 19th February 2020. [doi:10.5958/
2319-4324.2017.00003.7]

10. Lee YH, Cho Y, Lee BW, Park CY, Lee DH, Cha
BS, et al. Nonalcoholic Fatty Liver Disease in Dia-
betes. Part I: Epidemiology and Diagnosis. Dia-
betes Metab J 2019;43(1):31-45 [doi:10.4093/
dmj.2019.0011.]

11. Lee YJ, Lee HR, Lee JH, Shin YH, Shim JY. Asso-
ciation between serum uric acid and non-alco-
holic fatty liver disease in Korean adults. Clin
Chem Lab Med 2010;48:175-180. [doi:10.1515/
CCLM.2010.037]

12. Lima WG, Martins-Santos ME, Chaves VE. Uric
acid as a modulator of glucose and lipid metabo-
lism. Biochimie 2016;116:17-23. [doi:10.1016/
j.biochi.2015.06.025]

13. Li Y, Xu C, Yu C, Xu L, Miao M. Association of se-
rum uric acid level with non-alcoholic fatty liver
disease: a cross-sectional study. J
Hepatol2009;50:1029-1034. [doi:10.1016/
j.jhep.2008.11.021]

14. Maiuolo J, Oppedisano F, Gratteri S, Muscoli C,
Mollace V. Regulation of uric acid metabolism
and excretion. Int J Cardiol 2016;213:8-14.
[doi:10.1016/j.ijcard.2015.08.109]

15. Modan M, Halkin H, Karasik A, Lusky A. Elevated
serum uric acid--a facet of hyperinsulinaemia.
Diabetologia 1987;30:713-718. [doi:10.1007/
bf00296994]

16. Pratt DS, Kaplan MM. Evaluation of abnormal
liver-enzyme results in asymptomatic patients. N
Engl J Med 2000;342:1266-1271. [doi:10.1056/
NEJM200004273421707]

17. Quiñones Galvan A, Natali A, Baldi S, Frascerra S,
Sanna G, Ciociaro D, et al. Effect of insulin on uric
acid excretion in humans. Am J Physiol
1995;268(1 Pt 1):E1-5. [doi:10.1152/
ajpendo.1995.268.1.E1]

18. Sonsuz A, Basaranoglu M, Ozbay G. Relationship
between aminotransferase levels and histopatho-
logical findings in patients with nonalcoholic
steatohepatitis. Am J Gastroenterol
2000;95:1370-1371. [doi:10.1111/j.1572-
0241.2000.02046.x]

19. Williams CD, Stengel J, Asike MI, Torres DM,
Shaw J. Prevalence of nonalcoholic fatty liver dis-
ease and nonalcoholic steatohepatitis among a
largely middle-aged population utilizing ultra-
sound and liver biopsy: a prospective study. Gas-
troenterology 2011;140:124-31. [doi:10.1053/
j.gastro.2010.09.038]

20. Xie Y, Wang M, Zhang Y, Zhang S, Tan A, Gao Y, et
al. Serum uric acid and non-alcoholic fatty liver
disease in non-diabetic Chinese men. PLoS One
2013;8(7):e67152. [doi:10.1371/
journal.pone.0067152]

21. Yang C, Yang S, Feng C, Zhang C, Xu W, Zhang
L. Associations of hyperuricemia and obesity with
remission of nonalcoholic fatty liver disease
among Chinese men: A retrospective cohort study.
PLoS ONE 2018;13(2): e0192396. [doi:10.1371/
journal.pone.0192396]

22. Yoo TW, Sung KC, Shin HS, Kim BJ, Kim
BS.Relationship between serum uric acid con-
centration and insulin resistance and metabolic
syndrome. Circ J 2005;69: 928-933. [doi:10.1253/
circj.69.928]

23. Zhang S, Du T, Li M, Lu H, Lin X, Yu X. Combined
effect of obesity and uric acid on nonalcoholic fatty
liver disease and hypertriglyceridemia. Medicine
2 0 1 7 M a r ; 9 6 ( 1 2 ) : e 6 3 8 1 . [ d o i : 1 0 . 1 0 9 7 /
MD.0000000000006381]

24. Zhang C, Song H, Yang L, Liu Y, Ji G. Does High
Level of Uric Acid Lead to Nonalcoholic Fatty Liver
Disease [Online]. G J Dig Dis 2018; 4. Available
from:http://digestive-diseases.imedpub.com/does-
high-level-of-uric-acid-lead-to-nonalcoholic-fatty-
liver-disease.pdf. Accessed on: 19th February
2020.

25. Chopra HK, Ram CV. Recent guidelines for hy-
pertension: a clarion call for blood pressure con-
trol in India [Online]. Circulation research
2019;124(7):984-6. Available from: https://
w w w. a h a j o u r n a l s . o r g / d o i / f u l l / 1 0 . 11 6 1 /
CIRCRESAHA.119.314789. Accessed on: 19th
February 2020.

26. Xu C, Yu C, Xu L, Miao M, Li Y. High serum uric
acid increases the risk for nonalcoholic Fatty liver
disease: a prospective observational study. PloS
one 2010 Jul 14;5(7):e11578. [doi:10.1371/
journal.pone.0011578.]

27. Bayard M, Holt J, Boroughs E. Nonalcoholic fatty
liver disease [Online]. Am Fam Physician
2006;73(11):1961-8. Available from: https://
www.aafp.org/afp/2006/0601/p1961.html.Accessed
on: 19th February 2020.

Evaluation of Serum Uric Acid as a Marker of Non-Alcoholic Fatty Liver Disease

15


