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SUMMARY
OBJECTIVE: Non-alcoholic fatty liver disease, which is characterized by lipid being deposited into hepatocytes, affects nearly one 

in three adults globally. Inflammatory markers were suggested to be related with hepatic steatosis. Uric acid to HDL cholesterol 

ratio is proposed as a novel inflammatory and metabolic marker. We aimed to compare Uric acid to HDL cholesterol ratio levels 

of patients with Non-alcoholic fatty liver disease to those of healthy controls and find out potential correlations between Uric 

acid to HDL cholesterol ratio and other inflammatory and metabolic markers of Non-alcoholic fatty liver disease.

METHODS: Patients with a diagnosis of Non-alcoholic fatty liver disease who were on clinical follow-up in our institution were 

enrolled in the study as the Non-alcoholic fatty liver disease group, while healthy volunteers were enrolled as the control group. 

The Uric acid to HDL cholesterol ratio of the groups was compared and potential correlations were studied between Uric acid 

to HDL cholesterol ratio and fasting blood glucose, transaminases, serum lipids (triglyceride, LDL-cholesterol), weight, and body 

mass index. 

RESULTS: The Uric acid to HDL cholesterol ratio of the Non-alcoholic fatty liver disease (13±5%) group was significantly higher compared 

to the Uric acid to HDL cholesterol ratio of the control (10±4%) group (p<0.001). Uric acid to HDL cholesterol ratio was significantly 

and positively correlated with fasting blood glucose, transaminases, triglyceride, body weight, waist circumference, hip circumference, 

and body mass index. A ROC analysis revealed that a Uric acid to HDL cholesterol ratio level greater than 9.6% has 73% sensitivity and 

51% specificity in determining Non-alcoholic fatty liver disease.

CONCLUSION: Due to the inexpensive and easy-to-assess nature of Uric acid to HDL cholesterol ratio, we suggest that elevated Uric 

acid to HDL cholesterol ratio levels be considered a useful tool in diagnosing hepatic steatosis. 
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is characterized by 
lipid being deposited into hepatocytes. It affects nearly one in 
three adults globally, especially in developed territories. The 
clinical spectrum of the disease includes hepatic steatosis, ste-
atohepatitis, fibrosis, and even cirrhosis1. In addition to hyper-
lipidemia, the burden of chronic inflammatory also contributes 
to the pathogenesis of NAFLD2. Indeed, inflammatory mark-
ers, including C-reactive protein (CRP), mean platelet volume 
(MPV), red cell distribution width (RDW), and mean platelet 
volume to platelet count ratio were suggested to be associated 
with hepatic steatosis3-7.

Uric acid is an end product of the metabolism of purine 
(adenine and guanine). High serum uric acid levels can trigger 
inflammation since antigen-presenting cells have been reported 
to sense uric acid as a cause of endogenous pro-inflammatory 
signal8. In fact, decreased uric acid levels are associated with 
reduced inflammatory burden9. Higher uric acid levels are 
associated with the development of various conditions that are 
associated with chronic low-grade inflammation, such as, type 
2 diabetes mellitus, obesity, and metabolic syndrome10-12. It is 
also associated with the control level of diabetes mellitus and 
correlates with glycated hemoglobin (HbA1c) levels in diabetic 
subjects13,14. Accordingly, elevated serum uric acid levels were 
reported to be associated with non-alcoholic fatty liver disease 
in the literature15-17. Hepatic steatosis is suggested to be pro-
moted by elevated serum uric acid levels18. 

 Uric acid to HDL cholesterol ratio (UHR) is pro-
posed as a novel inflammatory and metabolic marker in recent 
research studies. It has higher sensitivity and specificity com-
pared to other criteria of metabolic syndrome in diagnosing the 
disease19. Moreover, HbA1c and fasting plasma glucose (FPG) 
levels of type 2 diabetic patients were significantly and positively 
correlated with serum uric acid levels20. It is also considered to 
be related with cardiac conditions21. In addition, high UHR lev-
els were associated with increased risk of NAFLD in a study by 
Zhang et al22. 

In the present study, we aimed to compare the UHR lev-
els of patients with NAFLD to those of healthy controls. We 
also aimed to observe potential correlations between UHR 
and other inflammatory and metabolic markers in NAFLD. 

METHODS

Study population
Patients with a diagnosis of NAFLD who were on clinical fol-
low-up in the gastroenterology and internal medicine outpatient 

clinics of our institution between January 2019 and January 
2020 were enrolled in this retrospective study. Control sub-
jects consisted of healthy volunteers that visited our institution 
for a routine check-up. Patients under 18 years of age, preg-
nant women, or patients with any other type of liver disease 
were not included in the study. Patients with active infection, 
inflammatory diseases (i.e. rheumatoid arthritis), and malig-
nant conditions were also excluded. The local ethics committee 
approved the study protocol (approval number: 2020/202).

Laboratory analyses
Age, gender, height, body weight, waist circumference, and hip 
circumference of the subjects were obtained from the patients’ 
files and database of the institution. The waist to hip ratio was 
calculated dividing the waist circumference by the hip circum-
ference in centimeters. The body mass index (BMI) was cal-
culated dividing the body weight in kilograms by the height 
in meters squared. Cigarette smoking, alcohol drinking, and 
physical exercise history of the subjects were also recorded. 
Fasting blood glucose (FBG), fasting insulin, aspartate and 
alanine transaminases (AST and ALT), gamma-glutamyl trans-
ferase (GGT), uric acid, total cholesterol, LDL cholesterol, 
HDL cholesterol, and serum triglyceride of the subjects were 
also obtained and recorded. Homeostasis model assessment 
of insulin resistance (HOMA-IR) was calculated using the 
following equation: (FBG x fasting insulin)/405. Insulin 
resistance was considered to be present when HOMA-IR 
was greater than 2.5. UHR was obtained dividing serum 
uric acid levels by HDL-cholesterol levels. General char-
acteristics and laboratory variables of the study groups 
were compared.

Statistical analyses
Statistical analyses were conducted with statistic software (SPSS 
15.0 for Windows, IBM Co., Chicago, Il, USA). Distribution of 
the variables among study groups was analyzed with Kolmogorov-
Smirnov test. Variables with normal distribution were com-
pared using independent samples t-test and these variables were 
expressed as mean±standard deviation (SD). On the other hand, 
variables without normal distribution were compared using the 
Mann Whitney-U test and these variables were expressed as 
median (min–max). Chi-square test was used to compare 
categorical variables among study groups. Correlation 
between study variables was analyzed with Pearson’s cor-
relation test. UHR sensitivity and specificity in selecting 
NAFLD patients were analyzed with a receiver operating 
characteristic (ROC) curve. When p-value was lower than 
0.05, it was considered statistically significant. 
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RESULTS
Once subjects who did not meet the inclusion criteria were 
excluded, a total of 117 subjects, 60 patients with NAFLD and 
57 healthy volunteers, was enrolled in the study. The median 
ages of the NAFLD and control groups were 49 (27–81) years 
and 46 (18–73) years, respectively (p=0.19). Thirty-three out 
of 60 subjects (55%) in the NAFLD group were men and 27 
(45%) were women, while 27 out of 57 subjects (47%) in the 
control group were men and 30 (53%) were women (p=0.41). 

The height (p=0.94), waist to hip ratio (p=0.25), and HDL 
cholesterol (p=0.06) of the study and control groups were not 
significantly different. 

The body weight (p<0.001), BMI (p<0.001), waist cir-
cumference (p<0.001), hip circumference (p<0.001), fasting 
insulin (p<0.001), FBG (p<0.001), AST (p=0.001), ALT 
(p=0.001), GGT (p=0.003), triglyceride (p<0.001), total 
cholesterol (p=0.002), LDL cholesterol (p=0.04), uric acid 
(p<0.001), and HOMA IR (p<0.001) levels of the NAFLD 

group were significantly higher than those of the control 
group. Table 1 shows the general characteristics and labora-
tory data of the study cohort. 

The rates of smokers (p=0.72), alcohol drinkers (p=0.12) 
and subjects that exercise regularly (p=0.52) were not statisti-
cally different between NAFLD and control groups. 

The UHR of the NAFLD (13±5%) group was sig-
nificantly higher compared to the UHR of the control 
(10±4%) group (p<0.001). 

In a correlation analysis, UHR was significantly and 
positively correlated with FBG (r=0.23, p=0.01), ALT 
(r=0.20, p=0.03), triglyceride (r=0.4, p<0.001), body 
weight (r=0.39, p<0.001), waist circumference (r=0.4, 
p<0.001), hip circumference (r=0.22, p=0.02), and BMI 
(r=0.29, p=0.002).

In a ROC analysis, a UHR level greater than 9.6% 
has 73% sensitivity and 51% specificity in determining 
NAFLD (Figure 1).

Table 1. General characteristics and laboratory data of the study population.

NAFLD group Control group p

Sex
Men (%) 33 (55) 27 (47)

0.41
Women (%) 27 (45) 30 (53)

Mean±SD

UHR (%) 13±5 10±4 <0.001

Uric acid (mg/dL) 5.6±1.3 4.6±1 <0.001

LDL cholesterol (mg/dL) 123±37 107±41 0.04

Total cholesterol (mg/dL) 208±44 182±43 0.002

Median (Min–Max.)

Height (cm) 168 (130–184) 167 (140–195) 0.94

Weight (kg) 84 (63–120) 68 (46–105) <0.001

BMI (kg/m2) 30.1 (25–45) 25 (17.3–35) <0.001

Hip circumference (cm) 110 (90–157) 100 (75–126) <0.001

Waist circumference (cm) 103 (85–140) 88 (59–102) <0.001

Waist to hip ratio (%) 0.9 (0.8–1.1) 0.9 (0.6–1) 0.25

Fasting insulin (uIU/mL) 14.3 (7–64) 8.6 (3.1–17-5) <0.001

FBG (mg/dL) 99 (80–127) 91 (69–99) <0.001

AST (U/L) 23 (11–266) 18 (9–157) 0.001

ALT (U/L) 28 (8–160) 18 (6–111) 0.001

GGT (U/L) 26 (9–180) 17 (7–177) 0.003

Triglyceride (mg/dL) 160 (53–414) 95 (31–455) <0.001

HDL cholesterol (mg/dL) 45 (26–71) 47 (28–103) 0.06

HOMA-IR 3.34 (1.1–14) 1.8 (1–4.7) <0.001

NAFLD: non-alcoholic fatty liver disease; UHR: uric acid to HDL cholesterol ratio; BMI: body mass index; FBG: fasting blood glucose; AST: transaminases; 
ALT: transaminases; GGT: gamma-glutamyl transferase; HOMA-IR: homeostasis model assessment of insulin resistance.
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DISCUSSION
The present study showed that UHR is significantly increased 
in subjects with NAFLD compared to the healthy population. 
Moreover, UHR has significant positive correlation with other 
determinants of NAFLD, such as, BMI, waist circumference, 
hip circumference, blood glucose, ALT, and triglyceride levels. 
Finally, the present study demonstrated that increased UHR 
has high sensitivity and considerable specificity in selecting 
NAFLD subjects. 

Uric acid is an end product of the metabolism of purine 
and is associated with a variety of chronic conditions. Elevated 
serum uric acid levels were suggested to be linked with type 2 
diabetes mellitus and hypertension23. Indeed, the authors showed 
that 1 mg/dL increase in serum uric acid levels increases the 
risk of incident hypertension 1.2 fold24. In another study, it has 
been claimed that high uric acid levels predicted the develop-
ment of type 2 diabetes mellitus25. A meta-analysis in type 2 
diabetic subjects suggested that increased uric acid levels were 
an independent marker of vascular complications and mortal-
ity in this population26. The risk of microvascular complica-
tions of type 2 diabetes mellitus is increased in subjects with 
high uric acid levels and low total bilirubin blood levels27. The 
combination of uric acid and HDL cholesterol has been pro-
posed as a novel and more sensitive marker of metabolic and 
inflammatory conditions. UHR has been shown to be higher 
in metabolic syndrome and suggested to have greater sensitiv-
ity and specificity than any other criteria used to select sub-
jects with metabolic syndrome19. Since hepatic steatosis was 

associated with metabolic syndrome28, a similar increase in 
the UHR in subjects with hepatic steatosis could be expected. 
In 2020, the authors reported elevated UHR levels in subjects 
with non-alcoholic fatty liver disease compared to controls22. 
However, since the study population consisted of subjects with 
a BMI lower than 24kg/m2, this association was only applied 
for lean adults. In the present study, the BMI of the subjects 
with hepatic steatosis was significantly higher than the BMI 
of control subjects. Additionally, UHR was significantly cor-
related with BMI in the study population. 

Increased UHR was reported in other conditions as well. 
Higher UHR has been reported in patients with coronary 
artery fistula compared to control subjects with normal coro-
nary arteries21. Furthermore, in a recent study, elevated UHR 
was reported in poorly controlled diabetic subjects compared 
to well-controlled diabetic subjects and non-diabetic controls20. 
UHR was significantly and positively correlated with waist cir-
cumference, body weight, body mass index, fasting glucose, and 
HbA1c levels in a study mentioned in the literature20. Similarly, 
we reported that UHR was positively correlated with FBG, 
body weight, BMI, and waist circumference. In addition, we 
found a positive correlation between UHR and ALT, triglycer-
ide, and hip circumference.

UHR is calculated dividing serum uric acid levels by HDL 
cholesterol and is an inexpensive, easy-to-assess tool. Therefore, 
it could be measured repeatedly during the follow-up of subjects 
with hepatic steatosis. Elevated serum uric acid levels are asso-
ciated with hepatic steatosis, as reported in a Chinese study29. 
Furthermore, the authors reported decreased HDL cholesterol 
levels in subjects with non-alcoholic fatty liver disease30. Thus, 
uric acid to HDL cholesterol ratio could be a better predictor 
of hepatic steatosis. In the present study, despite uric acid and 
UHR levels were significantly increased in patients with hepatic 
steatosis compared to healthy controls, the HDL cholesterol of 
the study subjects was not statistically different. 

Our study confirmed that UHR could be a marker of hepatic 
steatosis, and due to its inexpensive and easy-to-assess nature, it might 
also be useful to follow the treatment of the disease. However, our 
study did not answer whether elevated UHR in hepatic steatosis 
begins to decrease after lifestyle modification or medical treatment 
of the subjects with liver steatosis. A prospective study, rather than 
a retrospective report, could answer this question. 

The present study has two limitations. First, the retro-
spective design, which could make the results of the study 
difficult to interpret. Second, a relatively small study pop-
ulation. However, to the best of our knowledge, this is the 
first study in the literature that reported both a significant 
association between UHR and hepatic steatosis, and a 

Figure 1. The ROC curve of uric acid to HDL cholesterol ratio 
in determining non-alcoholic fatty liver disease. 
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