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Abstract 

Objective:  Evidence regarding the relationship between serum uric acid-to-creatinine (SUA/Scr) ratio and non-alco-
holic fatty liver disease (NAFLD) in Chinese non-obese people is still limited. Therefore, the present study was under-
taken to analyze the association between the SUA/Scr ratio and NAFLD.

Methods:  This study was a cross-sectional study that non-selectively and consecutively collected 182,320 non-obese 
individuals with a normal range of low-density lipoprotein cholesterol in a Chinese hospital from January 2010 to 
December 2014. A binary logistic regression model was used to evaluate the independent association between the 
SUA/Scr ratio and NAFLD. A generalized additive model (GAM) and smooth curve fitting (penalized spline method) 
was conducted to explore the exact shape of the curve between them. A series of sensitivity analyses were used to 
ensure the robustness of the results. Moreover, subgroup analyses were conducted. In addition, the diagnostic value 
of the SUA/Scr ratio for NAFLD was evaluated based on the area under the receiver-operating characteristic curve 
(AUROC). It was stated that the data had been uploaded to the DATADRYAD website.

Results:  The average participants’ age was 40.96 ± 14.05 years old, and 90,305 (49.5%) were male. The prevalence of 
NAFLD was 13.7%, and the mean SUA/Scr was 3.62 ± 0.92. After adjusting covariates, the results showed that SUA/
Scr ratio was positively associated with NAFLD (OR = 1.424, 95%CI: 1.396, 1.454). There was also a non-linear relation-
ship between SUA/Scr ratio and NAFLD in participants with normal kidney function, and the inflection point of the 
SUA/Scr ratio was 4.425. The effect sizes (OR) on the left and right sides of the inflection point were 1.551 (1.504, 
1.599) and 1.234 (1.179, 1.291), respectively. And the sensitive analysis demonstrated the robustness of the results. 
Subgroup analysis showed a stronger association between SUA/Scr ratio and NAFLD in females and the population 
with age < 50 years, FPG ≤ 6.1 mmol/L, BMI < 24 kg/m2, and HDL-c ≥ 1 mmol/L. In contrast, the weaker association was 
probed in males and the population with age ≥ 50 years, BMI ≥ 24 kg/m2, FPG > 6.1 mmol/L, and HDL-c < 1 mmol/L. 
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Background
Non-alcoholic fatty liver disease (NAFLD) represents 
a series of liver damage processes ranging from simple 
steatosis to non-alcoholic steatohepatitis (NASH), which 
can progress further to cirrhosis, liver failure, and hepa-
tocellular carcinoma [1]. Therefore, NAFLD is a signifi-
cant health hazard and economic and social burden [2]. 
The estimated prevalence rate of NAFLD ranges from 25 
to 31% in the general population of China in recent years 
[3, 4]. NAFLD is an independent risk factor for chronic 
kidney disease (CKD), diabetes, and cardiovascular dis-
ease [5–9]. Furthermore, patients with severe chronic 
diseases such as type 2 diabetes (T2DM), cardiovascu-
lar disease (CVD), chronic liver disease, and CKD are at 
increased risk for NAFLD [10–13]. In addition, NAFLD is 
considered a hepatic component of metabolic syndrome 
as it is highly associated with overweight, dyslipidemia, 
obesity, hyperglycemia, insulin resistance, hypertension, 
and T2DM [14].

Clinically, obesity is closely related to NAFLD [10, 15, 
16]. However, it is worth noting that many persons with 
a normal body mass index (BMI) are still diagnosed 
with NAFLD in the general population. 7.4% of non-
obese adults could be diagnosed with hepatic steatosis 
by ultrasound in the Third National Health and Nutri-
tion Inspection Survey of America [17]. In Asia, this fig-
ure can be as high as 8–19% [18]. Besides, more studies 
have shown that non-obese patients with NAFLD appear 
more inclined to metabolic syndrome and progress to 
severe liver disease more rapidly [19, 20]. In addition, 
early detection of non-obese NAFLD can reduce the risk 
of diabetes and cardiovascular disease [21–23]. There-
fore, identifying non-obese individuals at risk of NAFLD 
may still be essential. Dyslipidemia is a comorbidity of 
NAFLD [24]. Moreover, many studies have proved that 
low-density lipoprotein cholesterol (LDL-c) is associ-
ated with NAFLD [25, 26]. Meanwhile, a recent study 
suggested that elevated LDL-c levels within the nor-
mal range might play an important role in the incidence 
and prevalence of NAFLD [27]. The rising prevalence 

and complexity of NAFLD in China require our persis-
tent efforts to find new risk factors for prevention and 
treatment.

Uric acid (UA) is the end product of purine metabolism 
derived from endogenous and exogenous sources [28]. 
Serum uric acid (SUA) levels are maintained by the bal-
ance between uric acid production and excretion, and 
hyperuricemia is caused by disruption of this balance 
[29]. High SUA levels are often associated with hyperlipi-
demia, metabolic syndrome, hypertension, diabetes, and 
CKD [30], all contributing to CVD progression. A meta-
analysis shows an association between SUA and NAFLD, 
suggesting that elevated SUA levels may prompt physi-
cians to screen for NAFLD [31].

More recently, studies have shown that higher serum 
uric acid to creatinine ratio (SUA/Scr ratio) is associated 
with increased metabolic syndrome risk [32] and pre-
dicts incident CKD in T2DM patients [33] and patients 
with chronic obstructive pulmonary disease(COPD) 
compared with SUA alone [34]. However, only a few 
studies focus on the relationship between the SUA/Scr 
ratio and NAFLD by reviewing the medical literature. 
As SUA excretion is mainly affected by renal function, it 
is acceptable that renal function-normalized SUA could 
reflect the endogenic UA level precisely [35]. Gu et  al. 
demonstrated that the SUA/Scr ratio might be superior 
to SUA only as a predictor of CKD in T2DM patients 
[33]. A recent cross-sectional study including 778 sub-
jects who participated in a health checkup showed that 
NAFLD participants had higher levels of SUA/Scr ratio 
than those without NAFLD and that the prevalence of 
NAFLD increased with the level of the SUA/Scr ratio, 
suggesting a significant association between the SUA/
Scr ratio and NAFLD (OR = 1.182, 95% CI: 1.066–1.311) 
[25]. Another cross-sectional study included 282 indi-
viduals with normal SUA levels and different glucose 
tolerance statuses [36]. Logistic regression analysis sug-
gested that the SUA/Scr ratio was positively associated 
with NAFLD (OR = 1.548, 95% CI: 1.018–2.352). Unfor-
tunately, neither study performs subgroup analyses nor 

The SUA/Scr ratio had an AUC of 0.6624 (95% CI 0.6589, 0.6660) for diagnosing NAFLD. Based on the best cut-off value 
of 3.776, the negative predictive value of the SUA/Scr ratio for identifying NAFLD was 91.0%.

Conclusion:  This study demonstrates an independent positive association between SUA/Scr ratio and NAFLD in 
Chinese non-obese people with a normal range of low-density lipoprotein cholesterol. There is also a non-linear 
relationship between the SUA/Scr ratio and NAFLD in participants with normal kidney function, and the SUA/Scr ratio 
is strongly related to NAFLD when SUA/Scr ratio is less than 4.425. The SUA/Scr ratio has a certain reference value for 
determining NAFLD. When the SUA/Scr ratio is lower than 3.776, identifying NAFLD patients with low risk is a great 
reference.

Keywords:  Non-alcoholic fatty liver disease, Serum uric acid-to-creatinine ratio, Cross-sectional study, Non-linear, 
Generalized additive model, Binary logistic regression model
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explores the non-linear relationship between the SUA/
Scr ratio and NAFLD. Besides, the diagnostic value of 
the SUA/Scr ratio for NAFLD is also unclear. In addi-
tion, the current study is limited by the small sample size. 
The link between the SUA/Scr ratio and NALFD has not 
yet been widely explored among non-obese populations 
with a normal range of low-density lipoprotein choles-
terol in China. Based on the reason mentioned above, 
a cross-sectional study was designed in a large Chinese 
non-obese population with a normal range of LDL-c. 
This study was mainly based on the following purposes: 
(1) To analyze the independent linear relationship of the 
SUA/Scr ratio and NAFLD; (2) To explore the possible 
non-linear relationship between the SUA/Scr ratio and 
NAFLD; (3) Subgroup analysis of differences in the rela-
tionship between the SUA/Scr ratio and NAFLD in dif-
ferent populations (such as impaired kidney function and 
normal kidney function); (4) To analyze the diagnostic 
value of the SUA/Scr ratio for NAFLD.

Methods
Study design
The present cross-sectional study was conducted using 
records from a computerized database established by the 
Wenzhou Medical Center of Wenzhou People’s Hospi-
tal in China. The interesting independent variable in the 
present work was the serum uric acid-to-creatinine ratio. 
The dependent variable was NAFLD (dichotomous vari-
able: NAFLD, non-NALFD).

Data source
The raw data was downloaded freely from the DATA-
DRYAD database (https://​datad​ryad.​org/​stash) provided 
by Sun et al. [26]. From: Association of low-density lipo-
protein cholesterol within the normal range and NAFLD 
in the non-obese Chinese population: a cross-sectional 
and longitudinal study. Dryad Digital Repository. http://
dx.doi.org/ 10.1136/bmjopen-2016–013,781. Under Dry-
ad’s terms of service, researchers could use this data for 
secondary analyses without violating authors’ rights.

Study population
The original researchers non-selectively and consecu-
tively collected Chinese people who participated in a 
health examination at Wenzhou Medical Center of Wen-
zhou People’s Hospital [26]. Participants’ identities were 
encoded into untraceable codes to alleviate potential 
privacy concerns in this study. The clinical data of par-
ticipants were acquired and stored in the electronic data 
capture system. This research was conducted under the 
approval of the Clinical Research Ethics Committee in 
Wenzhou People’s Hospital. All participants gave written 
informed consent to participate [26].

The original study initially enrolled 339,101 Chinese 
individuals [26]. Afterward, 156,781 participants were 
excluded, and left 182,320 participants were left for data 
analysis (see flowchart for details in Fig.  1). The par-
ticipants’ time started and ended in January 2010 and 
December 2014, respectively. Individuals were excluded 
if they met any of the following criteria [26]: (1) those 
with excessive alcohol consumption (per week ≥ 140  g 
for males and ≥ 70  g/week for females); (2) Those with 
any known causes of chronic hepatic diseases, such as 
autoimmune or viral hepatitis; (3) Those with body mass 
index (BMI) ≥ 25 kg/m2 and low-density lipoprotein cho-
lesterol (LDL-c) > 3.12  mmol/L; (4) Those taking anti-
hypertensive, lipid-lowering, or antidiabetic agents; (5) 
Participants with missing data on total cholesterol (TC), 
high-density lipoprotein cholesterol (HDL-c), LDL-c, tri-
glyceride (TG), and BMI, etc.; (5) Those had no SUA and 
Scr records; and (7) Those with the SUA/Scr ratio outli-
ers (out of the range of means plus or minus three stand-
ard deviations) [37, 38].

Variables
Serum uric acid‑to‑creatinine ratio
The serum uric acid-to-creatinine ratio was treated as 
a continuous variable. The detailed process of the SUA/
Scr ratio was described as follows: SUA/Scr ratio = serum 
uric acid divided by serum creatinine.

NAFLD
The interesting outcome variable was NAFLD (dichot-
omous variable: 1 = NAFLD, 0 = non-NALFD). The 
detailed procedure for measuring NAFLD was described 
below: participants were diagnosed with NAFLD by 
ultrasonography, as recommended by the Chinese Liver 
Disease Association [39]. Specifically, there were five 
diagnostic criteria for NAFLD. (1) Diffusely enhanced 
near-field echoes in the liver region and gradually attenu-
ated far-field echoes. (2) The intrahepatic cavity structure 
was unclear. (3) Mild to moderate hepatomegaly with a 
round blunt edge. (4) Reduced blood flow signal in the 
liver. (5) Blurred or incomplete visualization of the right 
hepatic lobe and diaphragm [26].

Covariates
Our study selected covariates according to our clini-
cal experience and the previous literature. Based on the 
above principles, therefore, the following variables were 
used as covariates [26]: (1) continuous variables: age, 
BMI, alanine aminotransferase (ALT), globulin (GLB), 
HDL-c, aspartate aminotransferase (AST), albumin 
(ALB), fasting plasma glucose (FPG), TC, total bilirubin 
(TB), TG, blood urea nitrogen (BUN), LDL-c, γ-glutamyl 
transpeptidase (GGT), and direct bilirubin (DBIL); (2) 

https://datadryad.org/stash
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Fig. 1  Flowchart of study participants
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categorical variables: sex. Using standard methods, all the 
biochemical values were measured by an automated ana-
lyzer (Abbott AxSYM). A physician took a health habit 
inventory and medical history [26]. BMI was calculated 
as weight in kilograms divided by height in meters square 
(kg/m2). The evaluated glomerular filtration rate (eGFR) 
was calculated based on age, gender, and Scr, accord-
ing to the CKD-EPI equation [40]. Data were collected 
under standardized conditions and processed according 
to uniform procedures. According to the World Health 
Organization (WHO), impaired fasting glucose (IFG) was 
defined as FPG of 6.1–6.9 mmol/L [41]. FPG ≥ 7 mmol/L 
was defined as diabetes [42]. ALT > 40 U/L reflected 
liver dysfunction [43]. Impaired kidney function defined 
as estimated glomerular filtration rate (eGFR) < 60  ml/
min/1.73m2 [44]. More specific details were provided in 
previous reports [26, 45, 46].

Statistical analysis
The participants were stratified by quintiles of the SUA/
Scr ratio. Mean ± standard deviation (SD) (Gaussian 
distribution) or median (interquartile ranges) (Skewed 
distribution), were reported for continuous variables, 
and frequencies and percentages were presented for cat-
egorical variables. We used χ2 (categorical variables), 
One-Way ANOVA test (normal distribution), or Kruskal-
Whallis H test (skewed distribution) to test for differ-
ences among different SUA/Scr ratio groups.

The number of participants with missing data of ALT, 
GGT, AST, ALB, TP, GLB, DBIL, TB, BUN, and FPG were 
30,389 (16.7%), 30,389 (16.7%), 30,389 (16.7%), 23,630 
(13.0%), 23,629 (13.0%), 23,629 (13.0%), 72,282 (39.6%), 
58,751 (32.2%), 2 (0.001%), and 145 (0.08%), respectively. 
Multiple imputations were used to handle the missing 
data [47]. The imputation model included age, sex, BMI, 
AST, ALB, ALT, GLB, HDL-c, DBIL, BUN, TG, GGT, 
FBG, TC, TB, and LDL-c. Missing data analysis proce-
dures used missing-at-random (MAR) assumptions [48].

To achieve the research purpose of this study, we 
mainly performed statistical analysis from the following 
aspects.

To analyze the independent linear relationship of the SUA/
Scr ratio and NAFLD  After collinearity screening, three 
different models were built using univariate and multi-
variate binary logistic regression models according to the 
STROBE statement [49], including a non-adjusted model 
(Crude model: no covariates were adjusted), a minimally-
adjusted model (Model I: only sociodemographic vari-
ables were adjusted, including age, gender, and BMI), and 
a fully-adjusted model (Model II: covariates presented in 
Table 1 were adjusted, including age, sex, BMI, AST, ALB, 
ALT, GLB, GGT, HDL-c, DBIL, BUN, TG, FBG, TB, eGFR 

and LDL-c). Effect sizes (OR) with 95% confidence inter-
vals were recorded. We adjusted them when the covari-
ances were added to the model, and the odds ratio (OR) 
changed by 10% or greater [49]. Also, it referred to the 
results of the collinearity screening. According to the 
results of the collinearity screening, TC was collinear with 
other variables, so we did not finally include TC in the 
multivariate logistic regression equation.

To analyze the  non‑linear relationship of  the  SUA/Scr 
ratio and NAFLD  Since methods based on binary logis-
tic regression models were often suspected of being inca-
pable of handling nonlinear models, generalized additive 
models (GAM) and smooth curve fitting (penalized spline 
method) were used to address the nonlinear relationship 
between the SUA/Scr ratio and NAFLD. If nonlinearity 
was detected, we first calculated the inflection point using 
a recursive algorithm, then built a two-piece binary logis-
tic regression model on either side of the inflection point 
[50]. A log-likelihood ratio test was used to determine 
the most appropriate model describing the association 
between the SUA/Scr ratio and NAFLD.

Subgroup analysis  The subgroup analyses were con-
ducted using the stratified binary logistic regression 
model across various subgroups (including gender, FPG, 
eGFR, age, BMI, HDL-c, ALT, and GLB). Firstly, con-
tinuous variable age (< 30, ≥ 30 to < 40, ≥ 40 to < 50, ≥ 50 
to < 60, ≥ 60 to < 70, ≥ 70  years), BMI (< 18.5, ≥ 18.5 
to < 24, ≥ 24  kg/m2), FPG (≤ 6.1, > 6.1  mmol/L), eGFR 
(< 60, ≥ 60  ml/min/1.73m2), HDL-c(< 1, ≥ 1  mmol/L), 
ALT (≤ 40, > 40U/L), and GLB (< 30, ≥ 30 g/L) [51] were 
converted to a categorical variable based on the clinical 
cut point. Secondly, in addition to the stratification fac-
tor itself, we adjusted each stratification for all factors 
(age, sex, BMI, AST, eGFR, ALB, ALT, GLB, GGT, HDL-c, 
DBIL, BUN, TG, FBG, TC, TB, and LDL-c). Lastly, tests 
for interaction were performed with the likelihood ratio 
test of models with and without interaction terms [52, 53].

Sensitivity analysis  We performed a series of sensitiv-
ity analyses to test our results’ robustness [54]. The SUA/
Scr ratio was transformed into a categorical variable by 
quintiles and calculated the P for the trend to validate the 
SUA/Scr ratio as the continuous variable and test for the 
possibility of non-linearity. As the risk of NAFLD was 
obviously increased in patients with diabetes mellitus 
[10], IFG [55], and elevated ALT [56]. Therefore, when 
exploring the association between the SUA/Scr ratio and 
NAFLD in other sensitivity analyses, we excluded par-
ticipants with FPG > 6.1 mmol/L or ALT > 40 U/L. Since 
the level of serum uric acid was affected by kidney func-
tion, we divided the study population into two groups 
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with impaired kidney function or normal kidney func-
tion. As for sensitivity analysis, the relationship between 
SUA/Scr ratio and NAFLD risk was analyzed in the two 
populations separately. Besides, we also used a GAM to 
insert the continuity covariate into the equation (model 
III) as a curve to ensure the robustness of the results [57]. 
Additionally, we explored the potential for unmeasured 
confounding between the SUA/Scr ratio and the risk of 
NAFLD by calculating E-values [58].

Diagnostic value of the SUA/Scr ratio for NAFLD  Using 
the area under the receiver operating characteristic (ROC) 
curve (AUC) and its 95% confidence intervals, the overall 
diagnostic accuracy of the SUA/Scr ratio was determined. 
We further used the ROC curve to analyze the perfor-
mance of the SUA/Scr ratio and determined the optimal 
cut-off value based on the Youden Index. At the same 
time, the corresponding specificity(SP), sensitivity(SE), 
negative predictive value (NPV), and positive predictive 
value (PPV) were calculated.

All results were written according to the STROBE 
statement [49]. Modeling was performed using the sta-
tistical packages R (http://​www.R-​proje​ct.​org, The R 

Foundation) and EmpowerStats (http://​www.​empow​ersta​
ts.​com, X&Y Solutions, Inc, Boston, MA). P values < 0.05 
(two-sided) were considered statistically significant.

Results
Characteristics of participants
Table  1 provided the demographic and clinical char-
acteristics of participants included in the study. 
182,320 adults were included in the final analysis, of 
whom 90,305 (49.53%) were male and had a mean age 
of 40.96 ± 14.05  years. The mean SUA/Scr ratio was 
3.62 ± 0.92, the mean BMI was 21.42 ± 2.13  kg/m2, and 
the mean LDL-c was 2.25 ± 0.47  mmol/L. The preva-
lence of NAFLD was 13.66% (24,912/182320). The 
authors assigned the adults into subgroups using SUA/
Scr ratio quintiles (< 2.8, ≥ 2.8 to < 3.3, ≥ 3.3 to < 3.8, ≥ 3.8 
to < 4.3, ≥ 4.3). When we set the SUA/Scr ratio < 2.8 as 
a reference, the higher value of BMI, GGT, ALB, ALT, 
eGFR, TB, UA, TG, DBIL, AST, TC, BUN, LDL-c were 
detected in the groups of SUA/Scr ratio ≥ 4.3. Besides, 
the group (SUA/Scr ratio ≥ 4.3) had a higher proportion 
of men.

Table 1  The baseline characteristics of participants

Values are n (%) or mean ± SD or median (quartile)

ALB albumin; ALT alanine aminotransferase; AST aspartate aminotransferase; BMI body mass index; BUN blood urea nitrogen; Scr serum creatinine; DBIL direct bilirubin; 
TB total bilirubin; FPG fasting plasma glucose; GGT​ γ-glutamyl transpeptidase; GLB globulin; HDL-c high-density lipoprotein cholesterol; LDL-c low-density lipoprotein 
cholesterol; TC total cholesterol; TG triglyceride; UA uric acid; SUA/Scr ratio serum uric acid-to-creatinine ratio; eGFR estimated glomerular filtration rate

SUA/Scr Quintile Q1(< 2.8) Q2(≥ 2.8 to < 3.3) Q3(≥ 3.3 to < 3.8) Q4(≥ 3.8 to < 4.3) Q5(≥ 4.3) P-value

N 36,464 36,458 36,459 36,471 36,468

Age (years)
Gender
Female
Male

42.1 ± 14.0
24,013 (65.9%)
12,451 (34.1%)

41.0 ± 14.2
19,924 (54.6%)
16,534 (45.4%)

40.6 ± 14.1
17,540 (48.1%)
18,919 (51.9%)

40.5 ± 14.0
15,860 (43.5%)
20,611 (56.5%)

40.6 ± 13.9
14,678 (40.2%)
21,790 (59.8%)

 < 0.001
 < 0.001

BMI (kg/m2) 20.9 ± 2.1 21.2 ± 2.1 21.5 ± 2.1 21.6 ± 2.1 21.9 ± 2.1  < 0.001

GGT (U/L) 18.0 (14.0–25.0) 19.0 (14.0–27.9) 21.0 (15.0–30.4) 22.0 (16.0–34.0) 26.0 (17.0–42.8)  < 0.001

ALT (U/L) 15.0 (11.0–21.0) 15.0 (11.0–22.0) 16.0 (12.0–23.5) 17.0 (12.0–25.0) 19.0 (12.9–28.0)  < 0.001

AST (U/L) 20.0 (17.0–24.0) 20.0 (17.0–24.0) 21.0 (17.6–25.0) 21.0 (18.0–26.0) 22.0 (18.0–27.0)  < 0.001

ALB (g/L) 44.0 ± 2.7 44.3 ± 2.7 44.6 ± 2.7 44.8 ± 2.6 45.2 ± 2.6  < 0.001

GLB (g/L) 29.4 ± 3.7 29.4 ± 3.7 29.3 ± 3.6 29.3 ± 3.7 29.3 ± 3.6 0.001

TB (umol/L) 11.9 ± 4.9 12.3 ± 4.9 12.4 ± 5.1 12.5 ± 5.1 12.4 ± 5.2  < 0.001

DBIL (umol/L) 1.8 (1.3–2.5) 1.8 (1.3–2.5) 1.8 (1.3–2.5) 1.9 (1.3–2.6) 1.9 (1.3–2.7)  < 0.001

BUN (mmol/L) 4.3 ± 1.5 4.3 ± 1.2 4.4 ± 1.2 4.4 ± 1.2 4.5 ± 1.2  < 0.001

Scr (umol/L) 81.4 ± 26.1 80.5 ± 17.8 79.8 ± 17.1 78.1 ± 16.7 73.3 ± 16.3  < 0.001

eGFR (ml/min/1.73m2) 94.2 ± 19.2 97.3 ± 17.7 99.7 ± 17.3 102.8 ± 17.1 108.6 ± 16.9  < 0.001

UA (umol/L) 197.5 ± 55.4 248.4 ± 55.9 281.9 ± 61.1 314.9 ± 68.1 365.7 ± 83.8  < 0.001

SUA/Scr ratio 2.4 ± 0.3 3.1 ± 0.1 3.5 ± 0.1 4.0 ± 0.2 5.0 ± 0.5  < 0.001

FBG (mmol/L) 5.2 ± 0.9 5.2 ± 0.8 5.1 ± 0.8 5.1 ± 0.8 5.1 ± 0.9  < 0.001

TC (mmol/L) 4.5 ± 0.7 4.5 ± 0.7 4.5 ± 0.7 4.6 ± 0.7 4.6 ± 0.8  < 0.001

TG (mmol/L) 0.9 (0.7–1.2) 1.0 (0.8–1.4) 1.1 (0.8–1.5) 1.1 (0.8–1.7) 1.3 (0.9–2.0)  < 0.001

HDL-c (mmol/L) 1.6 ± 0.4 1.5 ± 0.3 1.4 ± 0.3 1.4 ± 0.3 1.3 ± 0.4  < 0.001

LDL-c (mmol/L) 2.2 ± 0.5 2.2 ± 0.5 2.3 ± 0.5 2.3 ± 0.5 2.3 ± 0.5  < 0.001

http://www.R-project.org
http://www.empowerstats.com
http://www.empowerstats.com
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Figure 2 showed the distribution of SUA/Scr ratio lev-
els. It presented a normal distribution in the range from 
0.574 to 6.738, with an average of 3.62. Participants 
were divided into two groups based on whether they 
had NAFLD or not. The SUA/Scr ratio values in the two 
groups were shown in Fig.  3. The results indicated that 
the distribution level of the SUA/Scr ratio in the NAFLD 
group was higher. In contrast, the SUA/Scr ratio level in 
the non-NAFLD group was relatively lower. In age strati-
fication by 10 intervals, except for age > 70, male subjects 
had a higher prevalence of NAFLD than female subjects 
no matter what age group they were in (Fig.  4). It also 
found that the prevalence of NAFLD increased with age, 
both in male (except for age > 60) and female (except for 
age > 70) participants.

The prevalence rate of NALFD
Table  2 revealed that 24,912 participants had NAFLD 
in total. The total prevalence rate of all participants was 
13.66% (13.51%–13.82%). Specifically, the prevalence 
rates of the five SUA/Scr ratio groups were 5.67% (5.43%–
5.91%), 8.86% (8.57%–9.15%), 12.48% (12.14%–12.82%), 
16.71% (16.33%–17.09%), and 24.60% (24.16%–25.04%), 
respectively. Participants with higher SUA/Scr ratios had 
a higher prevalence of NAFLD compared to the lower 
SUA/Scr ratio group (p < 0.0001 for trend) (Additional 
file 1: Figure S1).

The results of univariate analyses using a binary logistic 
regression model
The univariate analysis was conducted on the available 
data, showing that male, age, BMI, GGT, ALT, AST, ALB, 
GLB, TB, BUN, Scr, SUA, SUA/Scr ratio, FPG, TC, TG, 
and LDL-c were positively linked to the risk of NAFLD, 

and DBIL, eGFR, and HDL-c were negatively connected 
with the risk of NAFLD (Saw Additional file 2: Table S1 
for detail).

The results of multivariate analyses using the binary 
logistic regression model
The authors constructed three models using the binary 
logistic regression model to investigate the associa-
tion between the SUA/Scr ratio and NAFLD. In the un-
adjusted model (Crude model), an increase of 1 unit of 
SUA/Scr ratio was related to an 80% increase in NAFLD 

Fig. 2  Distribution of SUA/Scr ratio. Figure 2 It presented a normal 
SUA/Scr ratio distribution while being in the range from 0.574 to 
6.738

Fig. 3  The SUA/Scr ratio levels of all participants from the NAFLD 
and non-NAFLD groups. Figure 3 indicated that the distribution level 
of the SUA/Scr ratio in the NAFLD group was higher. In contrast, the 
SUA/Scr ratio level in the non-NAFLD group was relatively lower

Fig. 4  NAFLD prevalence of age stratification by 10 intervals. Figure 4 
showed that in age stratification by 10 intervals, except for age > 70, 
male subjects had a higher prevalence of NAFLD than female 
subjects no matter what age group they were in. It could also be 
found that the prevalence of NAFLD increased with age, both in male 
(except for age > 60) and female (except for age > 70) participants
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risk (OR = 1.805, 95%CI 1.779 to 1.831). The results were 
statistically significant. In the minimally-adjusted model 
(Model I), when the authors only adjusted for demo-
graphic variables, each additional unit of SUA/Scr ratio 
increase could lead to elevated the risk of NAFLD by 63% 
(OR = 1.634, 95%CI 1.608 to 1.661). The findings on the 
link between the SUA/Scr ratio and NAFLD risk obtained 
from the model were statistically significant. In the fully 
adjusted model (Model II), each additional SUA/Scr ratio 
unit was accompanied by a 42% increase in NAFLD risk 
(OR = 1.424, 95%CI 1.396 to1.454). The distribution of 
confidence intervals indicated that the link between the 
SUA/Scr ratio and the risk of NAFLD obtained by the 
model was reliable (Table 3).

Sensitivity analysis
A series of sensitivity analyses were performed to con-
firm our findings’ robustness. The authors converted the 
SUA/Scr ratio from a continuous variable to a categori-
cal variable (according to quintile) and then put the cat-
egorical-transformed SUA/Scr ratio back into the model. 
The results showed that after the SUA/Scr ratio was 

transformed into a categorical variable, the trend of the 
effect sizes in different groups was equidistant, and P for 
the trend was consistent with the result when the SUA/
Scr ratio was a continuous variable (Tables 3 and 4).

In addition, the authors used a GAM to insert the con-
tinuity covariate into the equation as a curve. The result 
of Model III showed this generally remained consist-
ent with the fully adjusted model (OR = 1.392, 95%CI: 
1.363–1.421, P < 0.00001) (Table 3). Besides, the authors 
generated an E-value to assess the sensitivity to unmeas-
ured confounding. The E-value was 2.20. The E-value was 
greater than the relative risk of unmeasured confound-
ers and the SUA/Scr ratio, suggesting unmeasured or 
unknown confounders had little effect on the relationship 
between the SUA/Scr ratio and NAFLD risk.

Furthermore, the authors excluded participants with 
FPG > 6.1  mmol/L in other sensitivity analyses. 6289 
(3.45%) participants considered prediabetes, and 4649 
(2.55%) considered diabetes. The results suggested 
that after adjusting the confounding factors, the SUA/
Scr ratio was also positively associated with NAFLD 
risk (OR = 1.445, 95% CI:1.414 to 1.477) (Table  4). The 

Table 2  Prevalence rate of NAFLD

SUA/Scr ratio Participants (n) NAFLD (n) Prevalence rate (95% CI) (%)

Total 182,320 24,912 13.66(13.51–13.82)

Q1 36,464 2067 5.67(5.43–5.91)

Q2 36,458 3229 8.86(8.57–9.15)

Q3 36,459 4550 12.48(12.14–12.82)

Q4 36,471 6095 16.71(16.33–17.09)

Q5 36,468 8971 24.60(24.16–25.04)

P for trend  < 0.001

Table 3  Relationship between SUA/Scr ratio and NAFLD in different models

Crude model: we did not adjust other covariants

Model I: we adjusted age, sex, BMI

Model II: we adjusted age, sex, BMI, ALT, AST, GGT, ALB, GLB, DBIL, BUN, FBG, TG, HDL-c, LDL-c, TB, eGFR

Model III: we adjusted age(smooth), sex, BMI (smooth), ALT (smooth), AST (smooth), ALB (smooth), GLB (smooth), DBIL (smooth), BUN (smooth), FBG (smooth), TC 
(smooth), TG (smooth), HDL-c (smooth), LDL-c(smooth), TB (smooth), eGFR (smooth)

OR odds ratios; CI confidence, Ref reference; SUA/Scr serum uric acid-to-creatinine ratio

Variable Crude model (OR,95%CI, P) Model I (OR,95%CI, P) Model II (OR,95%CI, P) Model III (OR,95%CI, P)

SUA/Scr 1.805 (1.779, 1.831) < 0.00001 1.634 (1.608, 1.661) < 0.00001 1.424 (1.396, 1.454) < 0.00001 1.392 (1.363, 1.421) < 0.00001

SUA/Scr (Quintile)

Q1 Ref Ref Ref Ref

Q2 1.617 (1.527, 1.712) < 0.00001 1.387 (1.304, 1.475) < 0.00001 1.424 (1.396, 1.454) < 0.00001 1.219 (1.141, 1.302) < 0.00001

Q3 2.373 (2.248, 2.505) < 0.00001 1.836 (1.732, 1.947) < 0.00001 1.607 (1.510, 1.710) < 0.00001 1.489 (1.397, 1.588) < 0.00001

Q4 3.339 (3.169, 3.518) < 0.00001 2.461 (2.325, 2.605) < 0.00001 1.954 (1.837, 2.078) < 0.00001 1.771 (1.662, 1.886) < 0.00001

Q5 5.429 (5.162, 5.710) < 0.00001 3.800 (3.597, 4.015) < 0.00001 2.609 (2.449, 2.780) < 0.00001 2.378 (2.228, 2.537) < 0.00001

P for trend  < 0.00001  < 0.00001  < 0.00001  < 0.00001
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authors also excluded participants with ALT > 40U/L 
for sensitivity analyses. The results suggested that after 
adjusting age, BMI, sex, ALT, ALB, HDL-c, AST, GLB, 
eGFR, DBIL, TG, GGT, BUN, FBG, TB, and LDL-c, the 
SUA/Scr ratio was still positively associated with NAFLD 
(OR = 1.413, 95% CI:1.382 to 1.444) (Table 4). Since the 
level of SUA was affected by kidney function, we divided 
the study population into two groups: impaired or nor-
mal kidney function, when we analyzed the relationship 
between SUA/Scr ratio and NAFLD risk. The results 
showed that the SUA/Scr ratio was positively associated 
with NAFLD in impaired and normal kidney function 
participants (Table 4).

The nonlinearity addressed by the generalized additive 
model
Through the GAM and smooth curve fitting, we observed 
that the association between SUA/Scr ratio and NAFLD 
risk was non-linear (Fig. 5). Therefore, fit the data into a 
piecewise binary logistic regression model to fit two dif-
ferent slopes. The authors also fit data by standard binary 
logistic regression model based on the sensitivity analysis 
and selected the best fit model through the log-likelihood 
ratio test (Table 5). In the present study, P < 0.05 for the 
log-likelihood ratio test. We, on that account, used a 
two-piecewise model to fitting the link between SUA/Scr 
ratio and NAFLD risk. The authors obtained the inflec-
tion point as 4.43 through a recursive algorithm and 
then calculated the effect size and confidence intervals 
around the inflection point through a two-piece binary 
logistic regression model. On the left side of the inflec-
tion point, the effect size and 95%CI were 1.535, 1.490, 

and 1.582, respectively. On the right side of the inflec-
tion point, the effect size and 95%CI were 1.242, 1.187, 
and 1.299, respectively. Simultaneously, when analyzing 
the non-linear relationship between the SUA/Scr ratio 
and NAFLD risk, we also analyzed two populations with 
impaired and normal kidney function, respectively. The 
results suggested there was still a non-linear relationship 
between the SUA/Scr ratio and NAFLD in participants 
with normal kidney function. The inflection point of the 

Table 4  Relationship between UA/Scr ratio and NAFLD in different sensitivity analyses

Model I was sensitivity analysis in participants without FPG > 6.1 mmol/L (n = 171,532). We adjusted age, sex, BMI, eGFR, ALT, AST, GGT, ALB, GLB, DBIL, TB, BUN, FBG, 
TG, HDL-c, LDL-c

Model II was sensitivity analysis in participants without ALT > 40U/L (n = 169,898). We adjusted age, sex, BMI, eGFR, ALT, AST, GGT, ALB, GLB, DBIL, TB, BUN, FBG, TG, 
HDL-c, LDL-c

Model III was sensitivity analysis in participants with eGFR ≥ 60 ml/min/1.73m2 (n = 178,481). We adjusted age, sex, BMI, eGFR, ALT, AST, GGT, ALB, GLB, DBIL, TB, BUN, 
FBG, TG, HDL-c, LDL-c

Model IV was sensitivity analysis in participants with eGFR < 60 ml/min/1.73m2 (n = 3839). We adjusted age, sex, BMI, eGFR, ALT, AST, GGT, ALB, GLB, DBIL, TB, BUN, FBG, 
TG, HDL-c, LDL-c

OR odds ratios; CI confidence, Ref reference; SUA/Scr serum uric acid-to-creatinine ratio

Exposure Model I (OR,95%CI, P) Model II (OR,95%CI, P) Model III (OR,95%CI, P) Model IV (OR,95%CI, P)

SUA/Scr 1.445 (1.414, 1.477) < 0.00001 1.413 (1.382, 1.444) < 0.00001 1.428 (1.399, 1.458) < 0.00001 1.278 (1.121, 1.456) 0.00023

SUA/Scr (Quintile)

Q1 Ref Ref Ref Ref

Q2 1.308 (1.217, 1.404) < 0.00001 1.268 (1.184, 1.358) < 0.00001 1.281 (1.198, 1.370) < 0.00001 1.161 (0.908, 1.484) 0.23352

Q3 1.662 (1.552, 1.779) < 0.00001 1.587 (1.485, 1.695) < 0.00001 1.596 (1.497, 1.703) < 0.00001 1.512 (1.159, 1.973) 0.00230

Q4 2.028 (1.895, 2.170) < 0.00001 1.914 (1.793, 2.043) < 0.00001 1.944 (1.824, 2.072) < 0.00001 1.735 (1.277, 2.358) 0.00043

 Q5 2.735 (2.552, 2.932) < 0.00001 2.546 (2.380, 2.724) < 0.00001 2.611 (2.446, 2.787) < 0.00001 1.843 (1.211, 2.804) 0.00430

P for trend  < 0.00001  < 0.00001  < 0.00001 0.00001

Fig. 5  The non-linear relationship between SUA/Scr ratio and the risk 
of NAFLD. A non-linear relationship was detected after adjusting for 
age, sex, BMI, ALT, AST, GGT, eGFR, ALB, GLB, DBIL, BUN, FBG, TB, TG, 
HDL-c, and LDL-c
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SUA/Scr ratio was 4.425. On the left side of the inflection 
point, the OR and 95%CI were 1.511, 1.504, and 1.599, 
while on the right side, 1.234, 1.179, and 1.291 were 
measured. However, we further found the P-value for the 
log-likelihood ratio test was not less than 0.05 in the pop-
ulations with eGFR < 60 ml/min/1.73m2. It indicated that 
there was no non-linear relationship between the SUA/
Scr ratio and NAFLD in participants with impaired kid-
ney function (Table 5, Fig. 6).

The results of subgroup analyses
The authors performed a subgroup analysis to consider 
other influencing factors, such as eGFR and FPG, that 
might affect the results on the relationship between the 
SUA/Scr ratio and the risk of NAFLD. The authors used 

gender, age, FPG, BMI, HDL-c, ALT, eGFR, and GLB as 
the stratification variables to detect the trend of effect 
sizes in these variables (Table  6). Table  6 showed that 
gender, age, FPG, BMI, and HDL-c could modify the rela-
tionship between the SUA/Scr ratio and NAFLD risk (All 
P for interaction < 0.05). And a stronger association was 
observed in females (OR = 1.653, 95%CI: 1.597–1.712) 
and the population with HDL-c ≥ 1 mmol/L (OR = 1.460, 
95%CI: 1.429–1.492), FPG ≤ 6.1  mmol/L (OR = 1.435, 
95%CI: 1.404–1.466), BMI < 18.5  kg/m2 (OR = 2.032, 
95%CI: 1.449–2.848), and BMI between 18.5 and 24 kg/
m2 (OR = 1.543, 95%CI: 1.508–1.579). A stronger rela-
tionship could also be observed among those younger 
than 30  years (OR = 1.553, 95%CI: 1.469–1.642) and 
those between the ages of 30 to 40  years (OR = 1.539, 
95%CI: 1.484–1.596), and 40 and 50  years (OR = 1.436, 
95%CI: 1.387–1.487). In contrast, the weaker association 
was probed in males (OR = 1.321, 95%CI: 1.290–1.353), 
and the population with FPG > 6.1 mmol/L (OR = 1.199, 
95%CI: 1.135–1.266), HDL-c < 1  mmol/L (OR = 1.247, 
95%CI: 1.186–1.311), and BMI ≥ 24  kg/m2 (OR = 1.344, 
95%CI: 1.297–1.394). The weaker relationship could 
also be observed among those between the ages of 50 to 
60 years (OR = 1.405, 95%CI: 1.350–1.463), 60 to 70 years 
(OR = 1.341, 95%CI: 1.267–1.420), and above 70  years 
(OR = 1.381, 95%CI: 1.297–1.471).

Diagnostic value of the SUA/Scr ratio for NAFLD
The studies above found that the SUA/Scr ratio and 
NAFLD were independently associated. We further 
analyzed the diagnostic value of the SUA/Scr ratio for 
NAFLD. We applied the ROC method to analyze the 
diagnostic accuracy of the SUA/Scr ratio for detect-
ing NAFLD. The SUA/Scr ratio had an AUC of 0.6624 
(95% CI 0.6589, 0.6660). When the cut-off point of the 
SUA/Scr ratio was set at 3.776 to discriminate NAFLD, 
it would meet the highest Youden’s index (0.2377) and 
the diagnostic accuracy of sensitivity (59.8%)/specific-
ity (64.0%), and PPV (20.8%)/NPV (91.0%). Since the 

Table 5  The result of the two-piecewise logistic regression model

Model I: All participants; Model II: Participants with eGFR ≥ 60 ml/min/1.73m2; Model III: Participants with eGFR < 60 ml/min/1.73m2

OR odds ratios; CI confidence, Ref reference; UA/Scr serum uric acid-to-creatinine ratio

We adjusted age, sex, BMI, ALT, eGFR, AST, GGT, ALB, GLB, DBIL, BUN, FBG, TG, TB, HDL-c, LDL-c

Model I (OR,95%CI, P) Model II (OR,95%CI, P) Model III (OR,95%CI, P)

Fitting model by standard logistic regression 1.424 (1.396, 1.454) < 0.0001 1.428 (1.399, 1.458) < 0.0001 1.278 (1.121, 1.456) 0.0002

Fitting model by two-piecewise logistic regression

Inflection point of SUA/Scr 4.43 4.425 2.685

 ≤ Inflection point 1.535 (1.490, 1.582) < 0.0001 1.551 (1.504, 1.599) < 0.0001 0.967 (0.700, 1.336) 0.8403

 > Inflection point 1.242 (1.187, 1.299) < 0.0001 1.234 (1.179, 1.291) < 0.0001 1.417 (1.194, 1.681) < 0.0001

P for the log-likelihood ratio test  < 0.001  < 0.001 0.070

Fig. 6  The non-linear relationship between SUA/Scr ratio and the 
risk of NAFLD in participants with impaired kidney function and 
normal kidney function. A non-linear relationship was detected in 
participants with normal kidney function. However, the non-linear 
relationship was not apparent in participants with impaired kidney 
function
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negative predictive value was up to 91%, there was a 91% 
chance that a patient with the SUA/Scr ratio below 3.776 
would not have NAFLD (Table 7, Fig. 7).

Discussion
The present cross-sectional study was designed to analyze 
the association between the SUA/Scr ratio and NAFLD in 
Chinese non-obese people with a normal range of LDL-c. 
The authors found that the increase of the SUA/Scr ratio 
was related to a significantly increased risk of NALFD. 

In addition, a threshold effect curve was also found, and 
different relationships of the SUA/Scr ratio on NAFLD 
were detected on both sides of the inflection point in 
participants with normal kidney function. Besides, age, 
sex, BMI, FPG, and HDL-c were found as the potential 
effect modifiers to modify the relationship between SUA/
Scr ratio and the risk of NAFLD, as significantly stronger 
associations were observed in females and the population 
with age < 50  years, BMI < 24  kg/m2, FPG ≤ 6.1  mmol/L, 
and HDL-c ≥ 1  mmol/L, while significantly weaker 

Table 6  Effect size of SUA/Scr on NAFLD in prespecified and exploratory subgroups

Note 1: Above model adjusted for age, sex, BMI, eGFR, ALT, AST, GGT, ALB, GLB, DBIL, BUN, FBG, TG, TB, HDL-c, LDL-c

Note 2: In each case, the model is not adjusted for the stratification variable

OR odds ratios; CI confidence, Ref reference; UA/Scr serum uric acid-to-creatinine ratio

Characteristic No of participants OR (95%CI) P value P for interaction

Age, years
 < 30
30 to 40
40 to 50
50 to 60
60 to 70

42,177
56,690
41,167
22,149
10,007

 < 0.0001
1.553 (1.469, 1.642) < 0.0001
1.539 (1.484, 1.596) < 0.0001
1.436 (1.387, 1.487) < 0.0001
1.405 (1.350, 1.463) < 0.0001
1.341 (1.267, 1.420) < 0.0001

 ≥ 70 10,130 1.381 (1.297, 1.471) < 0.0001

Gender  < 0.0001

Male 90,305 1.321 (1.290, 1.353) < 0.0001

Female 92,015 1.653 (1.597, 1.712) < 0.0001

BMI (kg/m2)  < 0.0001

 < 18.5 18,085 2.032 (1.449, 2.848) < 0.0001

 ≥ 18.5, < 24 140,638 1.543 (1.508, 1.579) < 0.0001

 ≥ 24 23,597 1.344 (1.297, 1.394) < 0.0001

FPG (mmol/L)  < 0.0001

 ≤ 6.1 171,532 1.435 (1.404, 1.466) < 0.0001

 > 6.1 10,788 1.199 (1.136, 1.266) < 0.0001

HDL-c (mmol/L)  < 0.0001

 < 1 14,221 1.247 (1.186, 1.311) < 0.0001

 ≥ 1 168,099 1.460 (1.429, 1.492) < 0.0001

ALT (U/L) 0.8957

 ≤ 40 169,898 1.406 (1.377, 1.436) < 0.0001

 > 40 12,422 1.401 (1.332, 1.474) < 0.0001

GLB (g/L) 0.2555

 < 30 107,345 1.414 (1.379, 1.449) < 0.0001

 ≥ 30 74,975 1.443 (1.402, 1.485) < 0.0001

eGFR (ml/min/1.73m2)  0.0804

 < 60 3839 1.235 (1.099, 1.388) 0.0004

 ≥ 60 178,481 1.373 (1.348, 1.398) < 0.0001

Table 7  Diagnostic accuracy of the SUA/Scr ratio for identifying NAFLD

PPV Positive predictive value; SP specificity; NPV Negative predictive value; SE Sensitivity; SUA/Scr ratio serum uric acid-to-creatinine ratio

AUC​ 95%CI low 95%CI upp Cut-off SP (%) SE (%) PPV (%) NPV (%) Youden’s index

the SUA/Scr ratio 0.6624 0.6589 0.6660 3.776 59.8 64.0 20.8 91.0 0.2377
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association were detected in males and the people with 
age ≥ 50  years, BMI ≥ 24  kg/m2, FPG > 6.1  mmol/L, and 
HDL-c < 1 mmol/L. In addition, the SUA/Scr ratio has a 
certain reference value for determining NAFLD.

The estimated prevalence rate of NAFLD ranges from 
25 to 31% in the general population of China in recent 
years [3, 4]. However, the prevalence of NAFLD in the 
present study was only 13.66%, lower than the reported 
level. To explore the reason, the participants in this study 
were non-obese people with a normal range of LDL-c, 
both of which are risk factors for NAFLD [59, 60]. This 
made it acceptable that participants in this study had a 
lower prevalence of NAFLD than the general popula-
tion. It is worth noting that even in such a population, the 
prevalence of NAFLD was still 13.66%, especially in men 
and people older than 40 years old. Therefore, it was still 
imperative to actively look for other risk factors leading 
to NAFLD.

Through a literature search, the authors found only two 
pieces of literature currently investigating the relationship 
between the SUA/Scr ratio and NAFLD risk [35, 36]. Both 
studies were cross-sectional studies. One study included 
778 subjects who participated in a health examination 
at the Wonkwang University Hospital Health Promo-
tion Center in South Korea, with a mean SUA/Scr ratio 
of 6.37 ± 1.65 and a mean LDL-c level of 6.77 ± 1.85. The 
study found that when the SUA/Scr ratio increased by 1 
unit, the risk of NAFLD increased by 18.2% (OR = 1.182, 

95% CI: 1.066–1.311) after adjusting for sex, DBP, smok-
ing, SBP, FPG, ALT, TC, AST, HDL-c, GGT, TG, and LDL-
c. Another study in China included 282 individuals with 
normal SUA levels and different glucose tolerance statuses 
from the Diabetes Program. NAFLD participants’ mean 
BMI, LDL-C, and SUA/Scr ratio were 28.42 ± 3.83  kg/
m2, 3.08 ± 0.71 mmol/L, 4.56 ± 1.51, respectively, and the 
median FPG level was 6.09 mmol/L. The logistic regres-
sion analysis was used to explore the association of the 
SUA/Scr ratio with NAFLD risk. The results suggested 
that SUA/Scr ratio was positively related to the risk of 
NAFLD (OR: 2.288, 95% CI: 1.592–3.288) after adjust-
ment for age, BMI, gender, waist circumference (WC), 
TG, SBP, HDL-c, homeostasis model assessment of 
insulin resistance, glucose tolerance status, LDL-c, AST 
and AST. In the present cross-sectional study, having a 
larger sample size, the logistic regression model showed 
a positive association between the SUA/Scr ratio and the 
risk of NAFLD, consistent with those two studies. How-
ever, compared with the other two studies, BMI, LDL-C, 
FPG, and SUA/Scr ratio levels were lower in the present 
cross-sectional study (Table 1, Table S2). The reason was 
considered to be related to the limitation of the present 
cross-sectional study to the non-obese population with 
a normal range of LDL-c. Studies have reported that the 
SUA/Scr ratio level was positively correlated with BMI 
and LDL-c [36], and FPG was positively correlated with 
BMI and LDL-c [61]. The findings of our study extend 
the existing literature that the SUA/Scr ratio increases 
the risk of NAFLD regardless of whether participants had 
normal or abnormal levels of BMI, LDL-c, FPG, SUA, etc. 
In addition, the covariates adjusted for the present cross-
sectional study differed from those of the other two stud-
ies. We adjusted more biochemical parameters, including 
ALB, GLB, DBIL, and BUN. Evidence showed that those 
parameters were associated with NAFLD [62, 63]. Mean-
while, the sensitivity analysis found that this relationship 
still existed among participants without FPG > 6.1 mmol/L 
or ALT > 40U/L and in persons with either impaired or 
normal kidney function. The efforts as mentioned above 
have confirmed the relationship’s stability between the 
SUA/Scr ratio and NALFD risk. The results provided a 
reference for clinical intervention in SUA/Scr ratio levels 
to reduce the risk of NALFD.

Furthermore, to the best of our knowledge, the present 
cross-sectional study observed a non-linear relationship 
between the SUA/Scr ratio and NAFLD risk for the first 
time. In the current study, the authors used a two-piece-
wise logistic regression model to clarify a non-linear rela-
tion between the SUA/Scr ratio and the risk of NAFLD 
in participants with normal kidney function. The inflec-
tion point was 4.425 after adjusting for confounders. It 
showed that when SUA/Scr ratio was below 4.425, a 1 

Fig. 7  The ROC curve of the SUA/Scr ratio for identifying NAFLD. 
Figure 6 The diagnostic accuracy of the SUA/Scr ratio in separating 
participants with and without NAFLD was analyzed by using the 
ROC method. The SUA/Scr ratio had an AUC of 0.6624 (95% CI 0.6589, 
0.6660)
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unit increase in the SUA/Scr ratio level was associated 
with a 55.1% greater adjusted OR of the risk of NAFLD 
(OR = 1.551, 95%CI: 1.504–1.599). However, when SUA/
Scr ratio > 4.425, a 1 unit increase in the SUA/Scr ratio 
level was only associated with a 23.4% greater adjusted 
OR of the risk NAFLD (OR = 1.234, 95%CI: 1.179–1.291). 
The reason may be that other variables other than the 
SUA/Scr ratio also affected NAFLD risk. It could be 
seen from Table  S3 that compared with the SUA/Scr 
ratio < 4.425 group, people with SUA/Scr ratio ≥ 4.425 
have generally higher levels of BMI, ALT, ALB, BUN, 
TC, AST, TG, GGT, LDL-c, and a higher proportion of 
males. However, the above indicators were closely related 
to NAFLD [51, 60, 64–66]. When the SUA/Scr ratio was 
greater than 4.425, due to the presence of these NAFLD 
risk factors, SUA/Scr ratio had a relatively weak effect on 
NAFLD risk. On the contrary, when SUA/Scr ratio was 
less than 4.425, the level of the risk factors for NAFLD, 
such as BMI, GGT, TG, AST, ALB, BUN, TC, ALT, LDL-c 
was lower, and the impact on NAFLD was weakened, at 
this time the effect of the SUA/Scr ratio was relatively 
enhanced. However, our results also found that in par-
ticipants with impaired kidney function, the non-linear 
relationship between the SUA/Scr ratio and NAFLD was 
not significant, which may be related to the reason that 
the level of uric acid and the prevalence of NAFLD are 
influenced by renal dysfunction.

Although the underlying mechanism between SUA/Scr 
ratio and NAFLD is still not fully understood, numerous 
studies have shown a strong relationship between SUA 
and NAFLD [67, 68]. SUA might act as a pro-oxidant 
and interact with oxidants, thereby inducing the oxida-
tive stress responses and production of free radicals [69], 
which are critical factors in developing NAFLD. Thus, 
SUA may directly affect NAFLD as a pro-oxidant [70]. 
Our findings provide an essential rationale for preventing 
NAFLD by intervening in the SUA/Scr ratio level in the 
clinic, especially when the SUA/Scr ratio is below 4.425 
in participants with normal kidney function. Because 
when the SUA/Scr ratio is lower than 4.425, the risk of 
NAFLD might decrease significantly. In patients with 
normal kidney function, when lowering the SUA/Scr 
ratio levels below 4.425, continuing to lower the SUA/
Scr ratio levels might be more effective in reducing the 
risk of NAFLD. In addition, in patients with impaired 
kidney function, although renal function affects the SUA/
Scr ratio levels and the risk of NAFLD, controlling serum 
uric acid levels by drugs and other means is still effective 
in reducing the risk of NAFLD.

The authors found that age, gender, BMI, FPG, 
and HDL-c could serve as the potential effect modi-
fiers to modify the relationship between the SUA/
Scr ratio and NAFLD in subgroup analysis. Stronger 

associations were observed in females and those with 
age < 50  years, FPG ≤ 6.1  mmol/L, BMI < 24  kg/m2, and 
HDL-c ≥ 1 mmol/L. In comparison, significantly weaker 
associations were detected in males and the population 
with age ≥ 50 years, BMI ≥ 24 kg/m2, FPG > 6.1 mmol/L, 
and HDL-c < 1 mmol/L. This study and previous studies 
have confirmed that males, age ≥ 40 years, BMI ≥ 24 kg/
m2, FPG > 6.1 mmol/L, and HDL-c < 1 mmol/L are closely 
associated with increased risk of NAFLD [55, 71–73]. 
Therefore, it is not surprising that the association of 
SUA/Scr ratio with NAFLD in males and the population 
with age ≥ 50 years, BMI ≥ 24 kg/m2, FPG > 6.1 mmol/L, 
and HDL-c < 1  mmol/L is weakened by the influence of 
these factors themselves on NAFLD. Since these fac-
tors could modify the relationship between the SUA/Scr 
ratio and NAFLD, it is clinically possible to reduce the 
risk of NAFLD by altering the strength of the association 
between the SUA/Scr ratio and NAFLD through interfer-
ing with HDL, FPG, and BMI levels.

The present cross-sectional study has some strengths, 
and we listed them as follows. An advantage of our 
research is the large sample size that allows for such anal-
yses, whereas most previous studies were limited to small 
sample sizes. To our knowledge, this is the first time to 
observe the association between the SUA/Scr ratio and 
NAFLD in Chinese non-obese people with a normal 
range of low-density lipoprotein cholesterol. Compared 
to prior studies, the study of nonlinear addressing is a 
considerable advance. Multiple imputation was employed 
to handle missing data. This method could maximize 
statistical power and minimize potential bias caused by 
covariate information missing. The study was observa-
tional and is susceptible to potential confounding. But 
the authors use strict statistical adjustments to minimize 
residual confounders. The robustness of this study was 
tested with a set of sensitivity analyses (target independ-
ent variable transformation, subgroup analysis, using a 
GAM to insert the continuity covariate into the equation 
as a curve, calculating E-values to explore the potential 
for unmeasured confounding, and reanalyzing the asso-
ciation between the SUA/Scr ratio and NAFLD in par-
ticipants with normal and impaired kidney function, 
after excluding participants with FPG > 6.1  mmol/L, or 
ALT > 40U/L) to ensure the reliability of the results.

The present research has the following shortcom-
ings and needs attention. First, the design of this study 
is a cross-sectional study, so it cannot get the exact 
causal relationship because of the nature of the cross-
sectional design. Second, the findings can be general-
ized to Chinese non-obese people with only a normal 
range of LDL-c. The relationship of SUA/Scr ratio on 
NAFLD might be different in participants with BMI > 25 
or LDL-c > 3.12  mmol/L. In the future, we can consider 
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designing our studies and collecting all the participants, 
including normal weight and obese patients, with normal 
and abnormal LDL-c levels. Therefore, we can explore 
the relationship between the SUA/Scr ratio and NAFLD 
at different BMI and LDL-c levels. Third, as with all 
observational studies, although known potential con-
founders such as blood pressure, FPG, and TG were con-
trolled, there may still be uncontrolled or unmeasured 
confounders, such as antihypertensive, lipid-lowering, 
uric acid, or antidiabetic agents. However, the authors 
calculated the E-value to quantify the potential impact 
of unmeasured confounders and found that unmeasured 
confounders were unlikely to explain the results. In addi-
tion, when we design our research in the future, we can 
consider designing our studies and collecting more vari-
ables, including antihypertensive, lipid-lowering, SUA-
lowering, or antidiabetic agents, waist circumference, 
hip circumference, serum insulin, etc. Therefore, we can 
explore the relationship between the SUA/Scr ratio and 
NAFLD, considering the effect of the medicine on SUA/
Scr. We could also compare the diagnostic or predictive 
value of different models for NAFLD, such as fatty liver 
index (FLI), ZJU index, and hepatic steatosis index (HIS). 
Finally, in this study, the diagnosis of NAFLD was made 
by ultrasonography rather than biopsy. This might have 
reduced the accuracy of the results. Furthermore, ultra-
sonography cannot differentiate steatosis from steato-
hepatitis. However, ultrasonography to diagnose NAFLD 
has been widely used in epidemiological studies [74].

Conclusion
This study demonstrates an independent positive associ-
ation between the SUA/Scr ratio and NAFLD in Chinese 
non-obese people with a normal range of low-density 
lipoprotein cholesterol. There is also a non-linear rela-
tionship between the SUA/Scr ratio and NAFLD in par-
ticipants with normal kidney function, and the SUA/Scr 
ratio is strongly related to NAFLD when SUA/Scr ratio is 
less than 4.425. This result is expected to provide a refer-
ence for the clinicians to control SUA/Scr ratio. It makes 
sense to reduce the SUA/Scr ratio level could reduce the 
risk of NAFLD no matter in patients with impaired or 
normal kidney function. In addition, the SUA/Scr ratio 
has a certain reference value for determining NAFLD. 
When the SUA/Scr ratio is lower than 3.776, there is tre-
mendous clinical confidence in identifying a patient as 
low-risk NAFLD without requiring further clarification 
by ultrasonography.
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