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Abstract
Background: Nonalcoholic fatty liver disease (NAFLD) is commonly occurred in the non-obese
individuals. The serum uric acid (UA) to high-density lipoprotein cholesterol (HDL-c) ratio (UHR) is
considered as a predictive factor of NAFLD. However, it is still di�cult to con�rm the correlation in lean
Chinese people with normal blood lipid levels. It is aimed to analyze the correlation of UHR with NAFLD
among lean Chinese population without dyslipidemia and compared UHR with other predictors in this
study.

Methods: 9838 lean people without NAFLD were included in a retrospective cohort study. NAFLD was
diagnosed by liver ultrasound.

Results: A total of 9,838 lean patients with normal blood lipid levels were included in the �nal study.
During the �ve-year follow-up period, the overall prevalence of NAFLD was 8.7%. across the quintile 1, 2,
3, 4 and 5 of UHR, the prevalence of NAFLD among lean patients was increased from 2.4%, 5%, 7.9%,
10.3% to 17.8%. After adjustment for age, markers of liver and kidney function, gender and metabolic
indicators, multivariate cox proportional hazard regression analysis demonstrated that the hazard
ratio(HR) was 1.99(1.43-2.73) in highest UHR (quintile 5) compared with lowest UHR(quintile 1). The area
under the curve(AUC) of UHR (0.690) was higher than in UA (0.666) and HDL-c (0.636), which showed
that the predictive ability of the UHR to new-onset NAFLD was better than serum uric acid and HDL-c.
Even within the normal range of UA and HDL-c levels, UHR was independently associated with NAFLD,
and HR (95% con�dence interva, 95%CI) for NAFLD in Quintile 5 of UHR was 6.74(4.32-10.53). Compared
with other signi�cant predictors, the AUC value of UHR(0.67) was similar to that of low-density lipoprotein
cholesterol(LDL-c)/HDL-c ratio(0.68), non-high-density lipoprotein cholesterol (NHDL-c)/HDL-c ratio(0.68)
and alanine aminotransferase (ALT)/ aspartate aminotransferase (AST) ratio(0.7), and superior to that of
LDL-c (0.63), remnant cholesterol (RC,0.59), albumin(ALB)/alkaline phosphatase(ALP) ratio(0.61). The
sensitivity of UHR (70.5%) was the highest among all indicators. In the subgroup of ALT, the AUC of UHR
was 0.70, which was the highest among all predictors in subjects with ALT< 40. For subjects with
elevated ALT levels (ALT > 40 U/L), there was no statistical signi�cance among RC (P=0.441), ALB/ALP
(P=0.419) and ALT/AST(P=0.159). In contrast, UHR's performance in predicting NAFLD was meaningful
and reliable (AUC=0.61, p<0.001).

Conclusions: UHR serve as an inexpensive and reliable predictor of NAFLD in lean Chinese people with
normal blood lipid levels. It can be used to identify people at high risk of NAFLD.

Background
Millions of people worldwide suffer from liver disease, with advances in modern medicine, the prevalence
of many liver diseases is declining.  The number of new cases has also fallen sharply in many countries,
including China. However, with the improvement of living standards, the incidence of nonalcoholic fatty
liver disease (NAFLD) is increasing every year[1]. NAFLD is characterized by lipid deposits in liver cells,
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including hepatic steatosis, steatohepatitis, �brosis and cirrhosis[2]. It affects nearly a third of adults
worldwide and is particularly severe in developed countries[3]. NAFLD has become a new challenge for
China. From 2003 to 2012, the prevalence of NAFLD increased from 17% to 22%, comparable to the
United States and Europe, according to statistics[1,4]. At present, liver biopsy is the gold standard for
evaluating liver injury in NAFLD, but it is di�cult to be widely carried out in clinical due to various
limitations. Therefore, many studies hope to �nd simpler and valuable predictive indicators through
different serum markers. Recent a study has proposed that serum uric acid (UA) may be a predictor of the
severity of liver damage in NAFLD[5]. However, current information on the association of serum uric acid
to high-density lipoprotein cholesterol(HDL-c) ratio (UHR) with new-onset NAFLD among the lean
population with normal blood lipid levels is limited. Given this, our study was performed to demonstrate
whether UHR could be used to independently assess risk of NAFLD in lean people with normal lipids and
to analyze its predictive value.

Methods
Study design and population

This study was a secondary analysis of a longitudinal cohort study which enrolled 16,173 lean Chinese
People in Wenzhou People’s Hospital from January 2010 to December 2014 . The data were from the
Dryad database and shared by Sun et al[6]. Exclusion criteria at baseline has been mentioned in previous
studies. In addition, patients with dyslipidemia (total cholesterol (TC) >5.2 mmol/L, triglyceride (TG) > 1.7
mmol/L, low-density lipoprotein cholesterol (LDL-c)> 3.12 mmol/L, HDL-C < 1.03 mmol/L) were excluded;
A total of 9838 subjects were enrolled in this study. The research ethics had been authorized in the former
study and this study did not need to apply for ethical approval again.

Data collection 

The trained physician would deliver the standardized self-�lling spreadsheet to collect the detailed
information on basic clinical data such as height, weight, gender, age and body mass index (BMI) was
calculated as weight divided by height. Blood pressure was measured and recorded by the professional
investigators using an automated sphygmomanometer. All values of biochemical measurements were
measured by an automated analyser (Abbott AxSYM) using standard methods. The laboratory
parameters included TC, TG, LDL-c, HDL-c, UA, blood urea nitrogen (BUN), creatinine(Cr), alanine
aminotransferase(ALT), aspartate aminotransferase (AST), albumin (ALB), fasting plasma glucose (FPG),
total bilirubin (TB), globulin (GLB), total protein (TP).

Diagnosis of NAFLD and follow-up

During the 5-year follow-up period, subjects were evaluated annually by hepatic ultrasonic examinations.
Diagnosis of NAFLD was based on criteria suggested by the Chinese Liver Disease Association in 2010[7].
The contents included diffuse hyperechogenicity of the liver compared to spleen and kidney, combined
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with any of the following: i) unclear display of intrahepatic structure; ii) enlarged liver with a round and
blunt border; iii)The right liver lobe and diaphragm are unclear or incomplete; and iv) weakening of
hepatic blood �ow signal, but the distribution of blood�ow is normal. UA/HDL-c ratio was calculated as
serum uric acid levels(mmol/L) divided by HDL-c levels (mmol/L).

Statistical analysis

To assess the association between UHR and prevalence of NAFLD, all subjects were divided into �ve
quintile groups as follows: Q1: ≤120.88; Q2: 120.89-154.01; Q3: 154.02-189.91; Q4: 189.92-240.46; Q5:
≥240.47. Baseline characteristics were described and compared. Continuous variables are summarized
as mean ± standard deviation(SD), and categorical variables are displayed as median (quartile). The
signi�cance of differences between groups was evaluated by a non-parametric test and a one-way
analysis of variance(ANOVA) for continuous variable and χ2 test for categorical variables. P values <0.05
(double-tailed) was considered statistically signi�cant. Kaplan-meier analysis was used to calculate the
cumulative hazard of NAFLD over time. The hazard ratios(HRs) and 95% con�dence intervals (CI) based
on the Cox proportional hazards regression model. Five models were used in this study, and model 1 was
the original model without adjustment. Model 2 was adjusted only for age and gender. Model 3 adjusted
for model 2 plus major markers of liver and kidney function (ALP, ALT, AST, ALB, TP, ALB, TB, BUN and Cr).
Model 4 adjusted for model 3 plus metabolic indicators (FPG, TC, TG, LDL, BMI and SBP). UA and HDL
were excluded from the model to avoid potential confusability effects since UA and HDL were included in
UHR. Receiver operator characteristic (ROC) curve analyses were performed to evaluate the best model. A
sensitivity analysis tests were performed to exclude the interaction effect between UA and HDL levels on
UHR. In order to assess the abilities of UHR to detect NAFLD. UHR was compared to other signi�cant
predictors that have been proposed recently, such as LDL-c /HDL-c ratio, ALB/ALP ratio, ALT/AST ratio,
non-HDL cholesterol(NHDL-c) to HDL-c ratio and remnant cholesterol (RC). The ability to diagnosis of
NAFLD by ROC curve analyses. Finally, considering that the correlation between the above indicators and
NAFLD may be affected by different conditions, some subgroup strati�ed analyses (gender and ALT)
were conducted. All data were evaluated using SPSS 22.0 (SPSS Inc., Chicago, IL, USA).

Results
Characteristics of study subjects

Among the 16,173 Lean chinese participants enrolled in the study. Through inclusion and exclusion
criteria, a total of 9,838 lean patients with normal blood lipid levels were included in the �nal study. The
study subjects mean age was 42.5±14.7 years old, the proportion of male and female patients was
almost equal (51.4% VS 48.6%). During the �ve-year follow-up period, the overall prevalence rate of
NAFLD was 8.7%. the subjects were divided into �ve quintile groups according to UHR and  the basic
characteristics of �ve groups in table1. The subjects with high UHR levels had higher age, weight, height,
DBP, SBP, BMI, LDL-c, ALT, AST, TP, TB, TC, TG, ALP, ALB, BUN, UA, Cr and FPG, while GLB, TC and HDL-c
were lower.
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Association between UHR and new-onset NAFLD.

In Table1 and Fig.1, across the quintile 1, 2, 3, 4 and 5 of UHR, the prevalence of NAFLD among lean
patients was increased from 2.4%, 5%, 7.9%, 10.3% to 17.8%. The Kaplan-Meier analysis showed that
increased UHR level was positively correlated with the cumulative incidence of NAFLD. This trend
suggests that higher UHR levels are associated with higher prevalence of NAFLD. Table2 summarizes the
analysis results of the multivariate cox proportional hazard regression. In unadjusted model1, we found a
positive correlation between UHR and new-onset NAFLD. After adjustment for age and gender (model 2),
and further for ALP, ALT, AST, ALB, TP, ALB, TB, BUN and Cr(model 3), The positive correlation did not
change and less variation between quintile groups. Finally, after further adjusting for FPG, TC, TG, LDL,
BMI and SBP(model 4), Compared with quintile 1, the HR(95%CI) for new-onset NAFLD in the increasing
quintiles of UHR (Q2, Q3, Q4 and Q5) were 1.44(1.02-2.04), 1.48(1.06-2.06), 1.69(1.22-2.34) and
1.99(1.43-2.73), p<0.001,respectively. As shown in Fig.2, the results of ROC curve analyses showed that
model 4 is the best model to detect NAFLD, the area under receiver operator characteristic curve(AUC) of
model4 was 0.723(p<0.001).

Association between UA, HDL-c and UHR.

A ROC curve analyses to evaluate the ability of serum uric acid, HDL cholesterol and the UA/HDL-c ratio
to predict the risk of new-onset NAFLD. The AUC of UHR was 0.690 (0.672-0.708), which is higher than
0.666 (0.647-0.684) in UA and 0.636 (0.617-0.654) in HDL-c(Fig.3). It showed that the predictive ability of
the UHR to new-onset NAFLD was better than UA and HDL-c. At the same time, participants with
hyperuricemia (UA >420μmol/L in male and >360μmol/L in female) and low high-density lipoprotein
cholesterolemia (HDL-cholesterol < 1.03 mmol/L) were further excluded from the initial enrollment and
sensitivity analysis tests were performed. Among 5,357 participants with normal serum uric acid and
high-density lipoprotein cholesterol levels, 518 lean patients had new-onset NAFLD. As shown in Table 3,
even within the normal range of UA and HDL-c levels, UHR was independently associated with NAFLD,
and HR (95%CI) for NAFLD in Quintile 5 of UHR was 6.74(4.32-10.53).  

UHR and other signi�cant predictors

The difference in the ability of UHR and other signi�cant predictors in detecting new-onset NAFLD in lean
Chinese adults was tested by ROC curve analyses. In table 4, the AUC value of UHR and other seven
predictors indices were greater than 0.5, showing that all indicators have certain predictive ability. NAFLD.
Furthermore, the AUC value of UHR(0.67) was similar to that of LDL-c/HDL-c ratio(0.68), NHDL-c/HDL-c
ratio(0.68) and Alt/AST ratio(0.7), and superior to that of LDL (0.63), RC (0.59) and ALB/ALP ratio(0.61).
The sensitivity of UHR (70.5%) was the highest among all indicators, with a speci�city of 57.3% and cut-
off point of 179.9. In the subgroup of gender (Fig.4), the core outcome of the association between the
signi�cant predictors and NAFLD risk did not change. Compared with males, the AUC of the above-
mentioned indicators were greater in females (AUC of the UHR was 0.65 in males and 0.69 in females). In
another subgroup of ALT (Fig.5), the AUC of UHR was 0.70, which was the highest among all predictors in
subjects with ALT< 40. For subjects with elevated ALT levels (ALT > 40 U/L), there was no statistical
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signi�cance among RC (P=0.441), ALB/ALP ratio(P=0.419) and ALT/AST ratio(P=0.159). In contrast,
UHR's performance in predicting NAFLD was meaningful and reliable (AUC=0.61, p<0.001). Therefore,
UHR is a Valuable predictor to detect new-onset NAFLD.

Discussion
In this 5-year longitudinal cohort study, we found that UHR has signi�cant positive correlation with
NAFLD in lean Chinese people with normal blood lipid levels. According to quintile 1 to 5 of UHR, the
result of Kaplan-Meier analysis and multivariate cox proportional hazard regression analysis were shown
that the Chinese population with elevated UHR had higher risk and cumulative incidence of NAFLD
among lean individuals with normal lipid levels. Meanwhile, the relationship between UHR and NAFLD
was independent of other variates. The rising global incidence of NAFLD has been associated with
obesity and metabolic syndrome in the past[8]. But recently, NAFLD has become more common in non-
obese people, especially in China[9].Sun et al.[6] found that the association of LDH-c within the normal
range and NAFLD in the non-obese Chinese population for the �rst time. To date, the risk factors for
NAFLD in lean adults have not been elucidated. Kosekli et al. proposed that UHR might serve as a novel
and reliable marker for NAFLD. This was consistent with the main results of this study, but we focus on
the association between non-obese patients with normal lipid levels and the prevalence of NAFLD[3].
Recently, a new terminology, metabolic dysfunction-associated fatty liver disease (MAFLD), has been
widely discussed. Although its utility requires further con�rmation, it has been proved that metabolic
disorders played a signi�cant role in the occurrence of NAFLD[10]. Serum uric acid is a product of purine
metabolism in body, which is closely related to metabolic diseases such as gout, cardiovascular disease,
hypertriglyceridemia and diabetes mellitus[11-14]. The relationship between NAFLD and serum uric acid
level was �rst mentioned in 2002[15]. Since then, some studies have con�rmed that UA was an
independent risk factor for NAFLD[16,17] and level of serum uric acid was positively correlated with
histological damage[18]. Each 1 mg/dL UA level increment , twenty-one percent increase in the risk of
NAFLD[19]. Hyperuricemia promotes metabolic disorder and prevalence of NAFLD through various
mechanisms including insulin resistance (IR), oxidative stress, and fructose metabolism disorder[20,21].
There was evidence that HDL-c was involved in metabolic syndrome and NAFLD patients had low HDL
cholesterolemia usually[22]. In this study, through ROC curve analysis, we found that the predictive ability
of the ratio of UA to HDL-c was higher than that of UA and HDL alone. Moreover, UHR was independently
associated with NAFLD even within the normal range of UA and HDL-C levels, which greatly increases the
clinical application value.  Our results are consistent with Zhang et al[23]. In addition to sensitivity
analysis, we also compared UHR with recently proposed indicators for predicting new-onset NAFLD
among lean adults[24-28]. The results showed that UHR was excellent in predictive value and sensitivity.
Subgroup analysis was performed to determine whether there were differences between genders and
levels of liver function. Finally, we found that gender had little effect on each predictor, but abnormal liver
function had different effect on each indicator. In contrast, the predictive value of UHR was stable and
applicable in patients with abnormal liver function.  
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This is a large sample retrospective cohort study. As we know, this is the �rst study to demonstrate the
association between UHR and new-onset NAFLD in Lean Chinese People with normal blood lipid levels.
This study has the following limitations: Frist, this study was designed retrospectively, which could let
to results of the study less prospective predictive value. Secondly, the object of this study is the Chinese
population, which differ from other ethnic groups in some indicators and de�nitions (such as BMI).
Finally, the recently proposed new concept of MAFLD, whose diagnostic criteria were not used in this
study[29]. Therefore, the correlation cannot be further con�rmed.

Conclusion
UHR is independently associated with NAFLD in lean Chinese people with normal blood lipid levels or
normal serum uric acid levels. UHR is an inexpensive and reliable predictor to detect new-onset NAFLD.

Abbreviations
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abbreviation full title

NAFLD Nonalcoholic fatty liver disease

HR hazard ratio

AUC area under the curve

UHR serum uric acid to HDL-cholesterol ratio

BMI body mass index

LDL-c low-density lipoprotein cholesterol

HDL-c high-density lipoprotein cholesterol

CI con�dence intervals

NHDL-c non-high-density lipoprotein cholesterol

ALT  alanine aminotransferase

AST aspartate aminotransferase

RC remnant cholesterol

ALB albumin 

ALP  alkaline phosphatase

UA uric acid 

BUN blood urea nitrogen

Cr creatinine

FPG fasting plasma glucose

GLB globulin 

TP total protein

TB total bilirubin

ROC Receiver operator characteristic
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Figure 1

The Kaplan-Meier curves re�ecting increased UA/HDL-c ratio level was positively correlated with the
cumulative incidence of NAFLD in lean individuals with normal blood lipid levels. P trend<0.001. HDL-c,
highdensity lipoprotein cholesterol; UA, uric acid;
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Figure 2

ROC curves of the �ve model, model 1 is unadjusted; Model 2 is adjusted for age, gender; Model 3 is
further adjusted for markers of liver and kidney function; model 4 is further adjusted for metabolic
markers. AUC, area under the curve;
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Figure 3

ROC curves of the UA/HDL-c ratio, UA and HDL-c. UA, uric acid; HDL-c, highdensity lipoprotein cholesterol;
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Figure 4

Comparison of the predictive value of NAFLD-related parameters for diagnosis of NAFLD among males
and females.

Figure 5
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ROC curves of NAFLD-related parameters in subjects among ALT<40 and ALT>40.
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