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Abstract

Nonalcoholic fatty liver disease (NAFLD) is a common chronic disease that is associated with

high serum uric acid (SUA) levels, although the effects of high SUA levels on NAFLD remission

remain unclear. In addition, it is unclear whether obesity and high SUA levels have a combined

effect on NAFLD remission. This retrospective cohort study evaluated male employees of

seven Chinese companies and investigated the association between high SUA levels and

NAFLD remission, as well as the potential combined effect of high SUA levels and obesity on

NAFLD remission. The study followed 826 men with NAFLD for 4 years, and the NAFLD remis-

sion rate was 23.2% (192/826). Comparing to obese and non-obese individuals with normouri-

cemia, individuals with hyperuricemia had significant higher values for total cholesterol,

triglycerides, creatinine, and aspartate transaminase (all P < 0.05). Among non-obese individu-

als, hyperuricemia was associated with a lower NAFLD remission rate, compared to normouri-

cemia (P < 0.001). However, no significant difference was observed between hyperuricemia

and normouricemia among obese subjects (P > 0.05). Similar results were observed in the mul-

tivariate cox proportional hazard regression analyses. Compared to the normouricemia sub-

jects, individuals with hyperuricemia had a significant lower likelihood of NAFLD remission (RR

= 0.535, 95% CI: 0.312–0.916); and obese subjects had a significant lower likelihood of

NAFLD remission than the non-obese individuals (RR = 0.635, 95% CI: 0.439–0.918). In addi-

tion, the interaction between hyperuricemia and obesity had a statistically significant effect on

NAFLD remission (P = 0.048). In conclusion, hyperuricemia and obesity may be involved in

NAFLD development and remission, with similar pathogenic mechanisms. Further studies are

needed to confirm our findings and determine how to improve these individuals’ conditions.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most prevalent chronic liver disease in West-

ern and Asian countries, and approximately 20 million Chinese individuals (15% of the popu-

lation) have NAFLD [1]. Recent studies have demonstrated that NAFLD precedes and is a

risk factor for the development of metabolic syndrome [2], and patients with NAFLD have

markedly higher risks of death from diabetes [3], cardiovascular disease, and liver-related dis-

ease [4], compared to the general population. Serum uric acid (SUA) is the end product of

purine metabolism in the human body [5], as the endogenous precursors (nucleoproteins orig-

inating from cellular metabolism) and exogenous dietary precursors are delivered to the liver

and subsequently excreted by the kidneys and intestine. Any disruption in this process can

lead to high SUA levels [6, 7].

In 2002, a small Italian study revealed that SUA was closely associated with NAFLD [8],

and subsequent evidence from three cohort studies [9–11] and two meta-analyses [12, 13]

have confirmed that high SUA levels are independently associated with the development of

NAFLD. However, few studies had focused on the relationship between NAFLD remission

and high SUA levels. To the best of our knowledge, only one study of Chinese men has

revealed that high baseline SUA levels were significantly associated with a lower likelihood of

NAFLD remission [14]. Thus, additional evidence is needed to confirm the relationship

between high SUA levels and NAFLD remission.

A community-based retrospective longitudinal cohort study has revealed that body mass

index (BMI) can predict NAFLD onset [15]. Furthermore, several studies have evaluated the

association between high SUA levels and the risk of NAFLD development among non-obese

[16–19] and obese individuals [20, 21]. The vast majority of those studies consistently found

that high SUA levels were independently associated with NAFLD risk, although a Brazilian

study revealed that high levels of uric acid were not associated with NAFLD among overweight

or obese children and adolescents [22]. Moreover, Zhang et al. have suggested that obesity and

uric acid have a combined effect on the risk of NAFLD [23]. Therefore, we hypothesized that

there might be an interactive effect of high SUA levels and obesity on the likelihood of NAFLD

remission. As approximately 80% of individuals with NAFLD are male [24], the present study

evaluated Chinese men to confirm the association between high SUA levels and NAFLD

remission, and to explore the potentially interactive effect of high SUA levels and obesity on

NAFLD remission.

Materials and methods

Ethical considerations

This study’s retrospective protocol was approved by the Ethics Committee of the First

Affiliated Hospital (Clinical Medicine College, Southwest Medical University). Verbal

informed consent had been obtained from each individual before they completed the physical

examinations.

Study design and subjects

This retrospective cohort study evaluated health examination data from 4,668 employees of

seven Chinese companies. The examinations were performed in 2012 and 2016 at the first

Affiliated Hospital of Southwest Medical University (Luzhou, China). A total of 3,842 subjects

were excluded because of missing ultrasonography or blood biochemistry data, no evidence of

fatty liver disease, heavy drinking (ethanol intake of�140 g/week), serological positivity for

hepatitis B or C, or being women with fatty liver disease. Thus, the cohort included 826 men
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with NAFLD at the baseline examination, and these individuals completed the examination in

2016 to detect NAFLD remission (Fig 1).

Measurements

The examinations included anthropometric measurements, hepatic ultrasonography, and bio-

chemical testing. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were mea-

sured using an automated sphygmomanometer, with the subject in a seated position. Standing

height and body weight were measured without shoes or heavy clothing, and BMI was

reported as kg/m2. All examinations were performed between 8 AM and 11 AM after a 12-h

overnight fast and before the subjects performed any exercise. The biochemical testing was

performed using an automatic biochemical analyzer (SIEMENS ADVIA2400), which deter-

mined the levels of total cholesterol (TC), triglycerides (TG), high-density lipoprotein choles-

terol (HDL-c), low-density lipoprotein cholesterol (LDL-c), fasting plasma glucose (FPG),

creatinine (Cr), blood urea nitrogen (BUN), serum uric acid (SUA), aspartate aminotransfer-

ase (AST), and alanine aminotransferase (ALT).

Outcomes and definitions

Based on the results of previous studies, we defined obesity as a BMI of�25 kg/m2 [16–19].

Hyperuricemia among men was defined as a SUA level of>420 μmol/L, while men with SUA

levels at and below this cut-off were classified as having normouricemia [25]. We categorized

the subjects into four groups based on their SUA levels and BMI: a group with normouricemia

and normal weight (the non-obese & normo group), a group with hyperuricemia and normal

weight (the non-obese & hyper group), a group with normouricemia and obesity (the obese &

normo group), and a group with hyperuricemia and obesity (the obese & hyper group).

The diagnosis of fatty liver disease was based on results from abdominal ultrasonography (a

GE Logig 9 sonography machine with a 10.0-MHz probe), which was performed by two senior

Fig 1. Flow diagram of subjects’s selection. A total of 4668 employees underwent health screening in 2012, of which

3842 subjects were excluded due to following reasons: absence of ultrasonography or blood biochemical examination;

without fatty liver evidence; with heavy drinking(daily alcohol intake of 140g/week or more); with a positive serologic

marker for hepatitis B or C; diagnosed with fatty liver based on ultrasonography in female; consequently, 826 subjects

were observed for remission of NAFLD after 4 years.

https://doi.org/10.1371/journal.pone.0192396.g001

Hyperuricemia, obesity, and NAFLD among Chinese men

PLOS ONE | https://doi.org/10.1371/journal.pone.0192396 February 7, 2018 3 / 12

https://doi.org/10.1371/journal.pone.0192396.g001
https://doi.org/10.1371/journal.pone.0192396


imaging specialists. Hepatic steatosis was diagnosed based on the characteristic echo patterns

from the conventional criteria, which include evidence of diffuse liver hyperechogenicity (vs.

the kidneys), ultrasound beam attenuation, and poor visualization of the intrahepatic struc-

tures [26]. NAFLD was diagnosed based on with abdominal ultrasonography findings plus the

exclusion of alcohol consumption, viral infection, or autoimmune liver disease [27].

Statistical analyses

Continuous variables were expressed as mean ± standard deviation or median (interquartile

range). Based on the data’s normality, variables were compared using Student’s t-test, one-way

analysis of variance, or the Kruskal-Wallis H test, as appropriate. Categorical variables were

compared using the chi-square test. Results from the multivariate Cox proportion regression

analyses were expressed as relative risk (RR) and 95% confidence intervals (CIs). Model 1 ana-

lysed on hyperuricemia (hyper), obesity and the interaction of them (hyper�obese). Model 2

was adjusted for the variables in Model 1 plus age, SBP, DBP, ALT, AST, Cr, BUN, TC, TG,

FPG, HDL-c, and LDL-c. Model 3 was adjusted for the variables in Model 2 plus the changes

in SBP, DBP, Cr, BUN, SUA, TC, TG, FPG, HDL-c, LDL-c. All analyses were performed using

SPSS software (version 17.0; SPSS Inc., Chicago, IL). All tests were two-tailed, and differences

with a P-value of<0.05 were considered statistically significant.

Results

Baseline characteristics

At baseline, the 826 men had a mean age of 45.1 ± 10.8 years (range: 21–82 years). The baseline

clinical characteristics of the four groups, according to their BMI and SAU levels, are presented

in Table 1. Significant differences between the four groups were observed for BMI, SUA, TC,

Table 1. Baseline characteristics of the non-obese & normo, non-obese & hyper, obese & normo, and obese & hyper groups.

Non-obese individuals Obese individuals Overall P
Normo (n = 242) Hyper (n = 114) P Normo (n = 259) Hyper (n = 211) P

Age (years) 46.5 ± 10.5 43.7 ± 11.2 0.021 44.8 ± 10.9 44.8 ± 10.8 0.985 0.088

BMI (kg/m2) 23.3 ± 1.4 23.3 ± 1.5 0.828 27.2 ± 1.8 27.7 ± 2.2 0.014 <0.001

SBP (mmHg) 129.1 ± 17.2 131.2 ± 16.8 0.279 131.9 ± 17.2 136.0 ± 20.7 0.020 0.001

DBP (mmHg) 85.8 ± 10.6 87.1 ± 10.9 0.288 88.3 ± 11.1 90.8 ± 13.2 0.031 <0.001

TC (mmol/L) 4.97 ± 1.00 5.28 ± 0.98 0.007 5.05 ± 0.92 5.32 ± 0.94 0.002 <0.001

TG (mmol/L) 1.95 (1.39–92.59) 2.43 (1.65–3.85) <0.001 2.28 (1.47–3.04) 2.64 (1.88–3.78) <0.001 <0.001

HDL-c (mmol/L) 1.27 ± 0.31 1.18 ± 0.34 0.018 1.16 ± 0.27 1.14 ± 0.25 0.317 <0.001

LDL-c (mmol/L) 2.62 ± 0.72 2.60 ± 0.76 0.837 2.69 ± 0.80 2.75 ± 0.80 0.444 0.205

FPG (mmol/L) 5.49 ± 1.72 5.37 ± 1.31 0.496 5.92 ± 2.18 5.59 ± 1.26 0.045 0.010

BUN (mmol/L) 5.33 ± 1.29 5.28 ± 1.37 0.724 5.56 ± 1.33 5.64 ± 1.50 0.570 0.027

Cr (μmol/L) 76.3 (69.1–83.7) 81.8 (70.5–89.0) 0.009 75.0 (69.3–84.4) 80.2 (74.0–91.7) <0.001 <0.001

ALT (μmol/L) 28.3 (21.3–41.4) 35.9 (25.6–53.9) <0.001 34.6 (25.9–50.2) 38.4 (25.7–54.9) 0.513 <0.001

AST (μmol/L) 26.4 (22.4–33.0) 30.5 (25.7–40.3) <0.001 28.7 (24.1–36.2) 31.3 (25.3–38.1) 0.019 <0.001

SUA (mg/dL) 5.89 ± 0.78 8.06 ± 0.86 <0.001 6.07 ± 0.82 8.26 ± 0.92 <0.001 <0.001

Data are expressed as mean ± standard deviation or median (interquartile range). The subjects were grouped according to serum uric acid (SUA) levels and body mass

index (BMI): non-obese & normo, non-obese & hyper, obese & normo, and obese & hyper. The four groups were compared using one-way analysis of variance if

variables obey normal distribution or the Kruskal-Wallis H test if variable not obey normal distribution (TG, Cr, ALT, AST). Among non-obese or obese individuals,

similarly, the hyper and normo groups were compared using Student’s t-test and the Mann-Whitney U test.

SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglycerides; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density

lipoprotein cholesterol; FPG, fasting plasma glucose; BUN, blood urea nitrogen; Cr, creatinine; AST, aspartate aminotransferase; ALT, alanine aminotransferase.

https://doi.org/10.1371/journal.pone.0192396.t001
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FPG, TG, HDL-c, BUN, Cr, ALT, AST, SBP, and DBP (all P< 0.05). However, no significant

differences between the four groups were observed for age and LDL-c.

Among both obese and non-obese individuals, hyperuricemia was associated with signifi-

cantly higher values for TC, TG, Cr, and AST, compared to normouricemia (all P< 0.05). No

significant differences were observed in the LDL-c and BUN values according to SUA levels or

BMI. Among non-obese individuals, hyperuricemia was associated with significantly lower

values for age and HDL-c, and significantly higher ALT values, compared to normouricemia.

These differences were not observed among obese individuals. Among obese individuals,

hyperuricemia was associated with significantly higher values for BMI, SBP, and DBP, and sig-

nificantly lower FPG values, compared to normouricemia (Table 1).

Changes in the subjects’ characteristics

The changes in the subjects’ characteristics over the 4-year period were shown in Table 2 (2016

values minus 2012 values). Significant changes were only detected in the values for BMI, SUA,

and Cr. In the normo and hyper groups, non-obese individuals exhibited a significant increase

in BMI over the 4 years, although the BMI of obese individuals in these groups remained

nearly unchanged. However, no significant differences in BMI were observed when we com-

pared the hyper and normo groups, regardless of whether the individuals were obese or non-

obese. Compared to the hyper group, the normo group exhibited a greater increase in SUA lev-

els, and this difference was observed among both non-obese and obese individuals. Among

obese individuals, the Cr decrease in the hyper group was significantly greater than that in the

normo group, although no significant difference was observed among non-obese individuals.

The association of hyperuricemia and obesity with NAFLD remission

The overall rate of NAFLD remission was 23.2% (192/826), with rates of 36.4% in the non-

obese & normo group, 14.9% in the non-obese & hyper group, 18.5% in the obese & normo

Table 2. Changes in the characteristics of the non-obese & normo, non-obese & hyper, obese & normo, and obese & hyper groups.

Non-obese individuals Obese individuals Overall P
Normo (n = 242) Hyper (n = 114) P Normo (n = 259) Hyper (n = 211) P

BMI (kg/m2) 0.5 ± 1.6 0.8 ± 2.2 0.156 -0.1 ± 1.7 0.0 ± 1.8 0.859 <0.001

SBP (mmHg) -0.7 ± 13.9 0.6 ± 18.3 0.495 1.1 ± 16.7 1.0 ± 17.8 0.957 0.631

DBP (mmHg) 0.7 ± 10.3 3.6 ± 12.1 0.022 1.2 ± 11.2 1.2 ± 12.7 0.993 0.163

TC (mmol/L) -0.22 ± 0.78 -0.36 ± 0.80 0.115 -0.34 ± 0.74 -0.39 ± 1.12 0.572 0.177

TG (mmol/L) -0.10 (-0.56, 0.38) -0.10 (-0.87, 0.49) 0.732 -0.12 (-0.63, 0.42) -0.18 (-0.96, 0.56) 0.462 0.714

HDL-c (mmol/L) -0.10 ± 0.22 -0.14 ± 0.24 0.161 -0.11 ± 0.22 -0.08 ± 0.31 0.289 0.275

LDL-c (mmol/L) 0.32 ± 0.66 0.29 ± 0.71 0.688 0.23 ± 0.64 0.18 ± 0.70 0.444 0.149

FPG (mmol/L) -0.30 ± 1.18 -0.21 ± 0.94 0.451 -0.29 ± 1.60 -0.09 ± 1.54 0.165 0.344

BUN (mmol/L) -0.04 ± 1.38 -0.06 ± 1.32 0.921 -0.25 ± 1.20 -0.33 ± 1.60 0.545 0.084

Cr (μmol/L) -1.1 (-6.1, 3.8) -2.2 (-6.9, 2.5) 0.346 -0.9 (-7.2, 3.2) -3.0 (-9.4, 2.3) 0.013 0.020

SUA (mg/dL) 0.007 ± 0.015 0.001 ± 0.019 0.001 0.003 ± 0.016 -0.005 ± 0.020 <0.001 <0.001

Data are expressed as mean ± standard deviation or median (interquartile range). The subjects were grouped according to serum uric acid (SUA) levels and body mass

index (BMI): non-obese & normo, non-obese & hyper, obese & normo, and obese & hyper. The four groups were compared using one-way analysis of variance if

variables obey normal distribution or the Kruskal-Wallis H test if variables not obey normal distribution (TG, Cr). Among non-obese or obese individuals, similarly, the

hyper and normo groups were compared using Student’s t-test and the Mann-Whitney U test.

SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; FPG, fasting plasma glucose; TG, triglycerides; HDL-c, high-density lipoprotein

cholesterol; LDL-c, low-density lipoprotein cholesterol; BUN, blood urea nitrogen; Cr, creatinine.

https://doi.org/10.1371/journal.pone.0192396.t002
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group, and 18.5% in the obese & hyper group (Fig 2). Individuals with hyperuricemia had a

lower NAFLD remission rate, compared to individuals with normouricemia (P< 0.001),

although no significant difference was observed between the hyper and normo groups among

obese individuals (P> 0.05). The multivariate Cox proportional hazards regression analyses

were used to estimate the effects of hyperuricemia, obesity, and the interaction of them on

NAFLD remission. In model 1, hyperuricemia and obesity were both independent influencing

factors for NAFLD remission. Moreover, the interaction of hyperuricemia and obesity had a

single significant effect on NAFLD remission(P = 0.009). After adjusting for the baseline char-

acteristics and their changes, the effects of the three factors on NAFLD remission were still

statistically significant. Compared to the normouricemia subjects, individuals with hyperurice-

mia had a significant lower likelihood of NAFLD remission (RR = 0.535, 95% CI: 0.312–

0.916); and obese subjects also had a significant lower likelihood of NAFLD remission than the

non-obese individuals (RR = 0.635, 95% CI: 0.439–0.918). In addition, the interaction between

hyperuricemia and obesity had a statistically significant effect on NAFLD remission

(P = 0.048). (Table 3).

Discussion

An increasing number of studies have confirmed that high SUA levels independently predict

NAFLD, although the effects of high SUA levels on NAFLD remission remain unclear. The

present study revealed that, among non-obese individuals, hyperuricemia was associated with

a significantly lower NAFLD remission rate, compared to normouricemia. A previous study

also reported similar findings, as elevated baseline SUA levels were significantly associated a

lower rate of NAFLD remission at the end of the study [23]. Therefore, our study confirms the

relationship between high SUA levels and NAFLD remission. Previous studies have also aimed

Fig 2. NAFLD remission rates of four groups (non-obese&normo, non-obese&hyper, obese&normo and

obese&hyper). non-obese represents subjects with BMI<25; obese represents subjects with BMI�25; hyper represents

subjects with serum uric acid�420μmol/L; normo represents subjects with serum uric acid<420μmol/L. Hyper group

had a lower NAFLD remission rate than that in normo group in non-obese subjects (P<0.001). However, there was no

significant difference between hyper group and normo group in obese subjects (P>0.05).

https://doi.org/10.1371/journal.pone.0192396.g002
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to determine the mechanism through which high SUA levels are involved in NAFLD develop-

ment. Lombardi et al. [28] have reviewed the accumulated evidence and suggested that SUA

levels mainly contribute to NAFLD pathogenesis through their association with insulin resis-

tance (IR) [29], radical oxygen species production [30], and activation of the Nod-like receptor

pyrin domain-containing protein 3 (NLRP3) inflammasome [31]. In addition, Garcia-Ruiz

et al. found that treating obese mice using uric acid led to a nearly complete resolution of fatty

liver disease, which indicated that down-regulation of uric acid might play a protective role in

NAFLD [32]. As suggested by Sun et al.’s meta-analysis [33], reduction of SUA levels may be a

potential treatment for patients with NAFLD. However, those studies were unable to evaluate

the biological mechanisms for the association of SUA levels with NAFLD in humans, as experi-

mental animal models do not always mirror human biology. Thus, further clinical studies are

needed to determine the therapeutic effect(s) of hyperuricemia attenuation in humans with

NAFLD.

Obesity is closely associated with hyperuricemia, metabolic syndrome (MetS), and NAFLD,

and some evidence indicates that obesity could modify the relationship between SUA and

MetS. For example, a study of the general Korean population [34] revealed that SUA levels

were associated with an increased risk of MetS in the subgroup with a BMI of<25 kg/m2, but

not in the subgroup with a BMI of>25 kg/m2. However, the potential ability of obesity to

modify the association of hyperuricemia with NAFLD remains unclear, as only one cross-sec-

tional study of a large Chinese population has suggested that obesity and elevated uric acid lev-

els have significant synergistic effects on the development of NAFLD [23]. Ours is the first

study to evaluate whether hyperuricemia and obesity have a combined effect on NAFLD

remission, and we found that there was no significant difference in the NAFLD remission

rates of obese individuals with hyperuricemia or normouricemia. In addition, the interaction

of hyperuricemia and obesity on NAFLD remission was observed in the multivariate cox pro-

portional hazards regression models, after adjusted for baseline characteristics and their

changes. Thus, rather than the expected synergistic effects (based on the previous study’s find-

ings), we observed some form of an antagonistic effect.

This phenomenon has two possible explanations. First, obese subjects with hyperuricemia

may be more sensitive to their own uric acid and body weight, which might have made them

more likely to manage their uric acid levels and weight during the 4-year period, and the data

in Table 2 support this explanation. For example, BMI increases were observed in the non-

obese & normo and non-obese & hyper groups, while the BMI of obese individuals remained

nearly unchanged. In addition, the SUA increase in the normo group was significant higher

than that in the hyper group for non-obese and obese subjects. A small prospective cohort

study has also revealed that weight gain and baseline IR predicted the incidence of NAFLD

Table 3. The association of hyperuricemia and obesity with NAFLD remission.

variable Model 1 Model 2 Model 3

P RR(95%CI) P RR(95%CI) P RR(95%CI)

Hyper 0.001 0.410 (0.244–0.689) 0.006 0.479(0.283–0.811) 0.023 0.535(0.312–0.916)

Obese <0.001 0.510(0.359–0.724) 0.006 0.601(0.418–0.865) 0.016 0.635(0.439–0.918)

Hyper�Obese 0.009 2.432(1.245–4.750) 0.028 2.130(1.084–4.184) 0.048 1.982(1.005–3.912)

Data are expressed as relative ratios and 95% confidence intervals for the multivariate Cox proportion regression analyses. Model 1 analysed on hyperuricemia (hyper),

obese and the interaction of them (hyper�obese). Model 2 was adjusted for the variables in Model 1 plus age, systolic blood pressure, diastolic blood pressure, alanine

transaminase, aspartate transaminase, serum creatinine, blood urea nitrogen, total cholesterol, triglycerides, fasting plasma glucose, high-density lipoprotein cholesterol,

and low-density lipoprotein cholesterol. Model 3 was adjusted for the variables in Model 2 plus the changes in the study variables.

https://doi.org/10.1371/journal.pone.0192396.t003
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[35]. As the final multivariate model was adjusted for potential confounding, a second possible

explanation is that hyperuricemia and obesity may be involved in NAFLD development and

remission through similar pathogenic mechanisms. For example, both hyperuricemia and obe-

sity are associated with IR, and Li et al. have suggested that elevated SUA levels may lead to IR

development as a result of decreased endothelial nitric oxide bioavailability [29]. Obesity is

also strongly linked to IR, which may be the result of hepatic IR caused by stimulation of the

pro-inflammatory M1 macrophages in adipose tissues, which release interleukin-6, tumor

necrosis factor-alpha [36], and free radicals that produce oxidative stress [8]. In addition,

research in an African-American population [37] revealed that increases in abdominal subcu-

taneous and visceral adipose tissue were closely related to obesity and IR. Moreover, recent evi-

dence indicates that the NLRP3 inflammasome can be directly activated by uric acid, and

indirectly activated through radical oxygen species production [38]. Visceral adipose tissue

can also induce an increased level of free fatty acids in the hepatic circulation, which leads to

chronic low-grade inflammation in fatty liver disease [39]. Thus, subjects with hyperuricemia

or obesity may be experiencing systemic inflammation.

Previous studies have also suggested that uric acid can cause mitochondrial oxidative stress

[40], activation of sterol regulatory element-binding protein 1 after endoplasmic reticulum

stress [41], and NLRP3 inflammasome activation [42], which can all negatively affect lipid

metabolism. Interestingly, we observed that hyperuricemic subjects had significant higher TC

and TG levels, compared to obese and non-obese normouricemic subjects (Table 2). However,

obesity can also lead to various metabolic abnormalities, including abnormal lipid metabolism.

The development of abdominal obesity is associated with an excess of cortisol [43], and the

paracrine activity of cortisol in adipocytes may interfere with adipogenesis, adipocyte metabo-

lism (e.g. increasing or decreasing lipolysis), and adipokine secretion [43]. Furthermore, these

states do not exist alone and interact with other conditions. Thus, IR, systematic inflammation,

and lipid metabolism disorders may represent an imbalanced environment that could be trig-

gered by hyperuricemia and/or obesity. If this hypothesis is confirmed, it might be possible to

treat NAFLD and induce remission by restoring balance to this internal environment. Further

prospective studies are needed to determine whether lifestyle interventions (e.g. improving

sleep, diet, exercise, and smoking habits) will be useful in this context.

The present study has several potential limitations. First, men and women have different

physiological characteristics and behavior habits, Liu L et. Al[44] demostrated that lifestyles

associated with male hyperuricemia was different with female. It was also been reported that

gender has an impact on the association between hyperuricemia and MS risk[45]. Then, yang

et.al [46] study on a cohort and found that the independent effect of hyperuricemia on

NAFLD was stronger in females than in males. However, in the present study, we only evalu-

ated Chinese men because of the small sample size of female NAFLD(191 subjects). Therefore,

additional studies are needed to validate our findings among women and in broader popula-

tions. Second, the NAFLD diagnosis was based on ultrasonography findings, which may not

reveal mild steatosis. Third, the retrospective design prevented us from collecting data regard-

ing IR, waist circumstance, and dietary/lifestyle factors, which are associated with NAFLD.

Thus, we could not assess their effect on NAFLD remission. Fourth, we considered individuals

who were employed by specific companies, and it is possible that our findings may not be rep-

resentative of the general Chinese population.

Conclusions

This retrospective study confirmed that hyperuricemia is associated with NAFLD remission.

Based on our findings, we hypothesize that hyperuricemia and obesity may be involved in
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NAFLD development and remission through similar pathogenic mechanisms. Further studies

are needed to test our hypothesis and determine whether lifestyle interventions can address

these mechanisms in individuals with these conditions.
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