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Background: The study estimated the association between NAFLD and SUA/Cr in Chinese non-obese patients with type 2 diabetes
mellitus (T2DM) and also investigated mediating effect of TG.

Methods: All patients were divided into NAFLD group (n = 420) and non-NAFLD group (n = 347). The differences of biochemical
indicators between the two groups were compared. The link between SUA/Cr and other parameters was checked through Spearman
correlation analysis. Differences in the incidence rate of NAFLD between SUA/Cr and TG 3 tertile subgroups were tested by chi-
squared. To explore the independent influence of SUA/Cr and TG on NAFLD, logistic regression was performed. The predictive value
of SUA/Cr and SUA/Cr combined with BMI for NAFLD was analyzed using ROC curves. In addition, to confirm whether TG has
a mediating effect on the link of SUA/Cr and NAFLD, we conducted a mediating analysis.

Results: NAFLD group had higher SUA/Cr values than individuals without NAFLD (P < 0.01). SUA/Cr was linked with TC and TG
(r =0.081, 0.215 respectively). NAFLD prevalence increased progressively from quartile 1 to quartile 3 of SUA/Cr (44% vs 57% vs
62%). Prevalence of NAFLD increased from quartile 1 to quartile 3 of TG (35.8% vs 58.7% vs 69.9%). Analysis of the logistic
regression revealed that SUA/Cr and TG were statistically linked with NAFLD. The ROC curve pointed out that the area under the
curve (AUC), sensitivity and specificity of SUA/Cr were 0.59, 0.629 and 0.522, respectively. The AUC, sensitivity and specificity for
SUA/Cr combined with BMI were 0.719, 0.644 and 0.677, separately. The mediation analysis showed a statistically direct effect of
SUA/Cr on NAFLD (B=0.148, 95% CI: 0.0393, 0.2585). The function of SUA/Cr on NAFLD partially mediated by TG (f=0.1571,
95% CI: 0.0704, 0.2869).

Conclusion: SUA/Cr was significantly associated with NAFLD in non-obese T2DM patients, and TG partially mediated this
association. SUA/Cr can be applied to predict for NAFLD.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is a series of diseases in which steatosis of at least 5% of hepatocytes in the
liver has been confirmed by or histologic examination or imaging, while steatohepatic liver injury due to known
damaging factors, such as excessive alcohol consumption, viral infections, or drugs, is excluded." NAFLD can progress
from the early stages of liver steatosis to liver failure, liver cirrhosis and even hepatoma. In addition to hepatic
manifestations, NAFLD raises a range of extrahepatic diseases. NAFLD has been reported to be linked to adverse
cardiovascular events,’ extrahepatic tumors,> chronic kidney disease,4 etc. NAFLD and T2DM, as common metabolic
disorders, tend to go hand in hand. NAFLD seems to be more common in diabetes patients. A meta-analysis suggests that
the NAFLD incidence rate is up to 65% among T2DM patients worldwide.” With diabetes and obesity prevalence on the
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upswing, the incidence of NAFLD is anticipated to continue to increase. The bidirectional link between NAFLD and
T2DM was commendably confirmed in prior studies. NAFLD is an independent risk factor in T2DM,°® while the
prevalence of T2DM progressing to NAFLD is significantly higher compared to the general population, with approxi-
mately 50% or more T2DM combined with NAFLD.? Worryingly, patients with NAFLD combined with T2DM have
a significantly higher incidence of diabetic microvascular diseases such as diabetic peripheral neuropathy or diabetic
nephropathy.” Given the high incidence rate of NAFLD and the multiple adverse outcomes associated with it, the early
discovery of NAFLD in T2DM patients is of particular importance.

In prior researches, serum uric acid (SUA) showed a strong connection with metabolic syndrome,®® and NAFLD has
also been revealed to be linked with SUA as hepatic phenotype of metabolic syndrome.'® Creatinine (Cr) is an index of
renal function. Recent cross-sectional research revealed that Cr was associated with NAFLD even if Cr was in the regular
reference interval.'' Recently, the combination of these two metabolic indicators SUA/Cr has triggered an increasing
interest, and since SUA is influenced by renal function, SUA/Cr reflects the true level of circulating SUA better than
single SUA. According to previous studies, SUA/Cr is a reliable marker for metabolic syndrome,'? diabetic kidney
disease,"” and cardiovascular events.'* Several prior studies have pointed out that SUA/Cr is an independent risk factor
for NAFLD in the general individuals.'>"

Hepatic steatosis is triggered by dyslipidaemia; thus, it is logical to assume that dyslipidaemia causes NAFLD, which
is typically characterized by high TG and low HDL. According to prior studies, high levels of TG are significantly linked
with NAFLD. A research based on paediatric patients with NAFLD has shown that NAFLD is strongly linked to TG
levels.?® One study of adults with NAFLD also pointed out that NAFLD was independently linked with high TG and low
HDL but not with TC and LDL.?! Furthermore, SUA is associated with abnormal lipid metabolism, and some researches

22724 \whose mechanism is unclear. Yet,

have pointed out a statistical link between SUA and TG in different populations,
studies on the link between SUA/Cr and TG are exceedingly rare.

Overweight and obesity are major perilous factors for NAFLD, and the bulk of T2DM patients are overweight or
obese; the EASL guideline states that regular shift for NAFLD should be carried out in T2DM patients with co-morbid
obesity.! Some recent studies have shown a higher rate of detecting NAFLD even in normal-weight or lean T2DM
patients,”> but these studies are limited. Empirical evidence suggests that liver injury may be less severe in non-obese
patients than in obese patients. In clinical practice, however, non-obese NAFLD individuals have been found to have
liver pathology alike to lean NAFLD individuals, and about 10% of non-obese NAFLD patients will eventually develop
advanced fibrosis.”® In contrast to the Caucasian population, the majority of individuals with T2DM in Asia are standard
weight or overweight. Yet the association between SUA/Cr and NAFLD in non-obese T2DM patients in Asian
population has not been investigated to date. Thus, we carried out this retrospective research to discuss the association
between SUA/Cr and NAFLD in non-obese T2DM patients. We also investigated the forecast performance of SUA/Cr

for NAFLD and the mediating influence of TG on the link between SUA/Cr and NAFLD.

Methods and Materials

Materials

Totally 767 T2DM patients who attended the Endocrinology Department of Hebei General Hospital from
January 2021 to December 2022 were included in this cross-sectional research. Inclusion criteria were as follows: 1)
All T2DM patients must meet the standard of diagnosis for diabetes of the WHO in 1999; 2) BMI <28 kg/m?, on the
basis of the Chinese guidelines for overweight and obesity in adults, the obesity criterion is 1) BMI >28 kg/m;*’ (2) no
significant alcohol intake; (3) no other liver diseases, including hepatitis virus and autoimmune hepatitis. Exclusion
criteria: 1) comorbid severe acute complications such as diabetic ketoacidosis, hyperosmotic hyperglycemic coma
infections, myocardial infarction, cardiac ischemia, and acute renal failure; 2) comorbid outcomes of pregnancy,
trauma, and other conditions; 3) those who were using any medications that can affect SUA and Cr levels such as
benzbromarone. SUA >420 pmol/L in men and >360 pmol/L in women were used to define HUA. The chronic kidney
disease-epidemiology (CKD-EPI) formula was used to determine the estimated glomerular filtration rate (eGFR).

Fatty liver was defined as echo enhancing parenchyma with attenuation of posterior liver tissue and poor visualization
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of intrahepatic ductal structures on ultrasound. The research was authorized by the Medical Ethics Committee of
Hebei General Hospital in adherence to the Declaration of Helsinki (NO. 2023171), and all participants were informed
and signed a consent form prior to enrolment. The information collected from the recruited participants was kept
confidential.

Clinical Assessment and Biochemical Measurements

Anthropometric parameters (height, weight, blood pressure (SBP (systolic blood pressure) and DBP (diastolic blood
pressure))) of all participants were measured by a single physician in our hospital. A doctor carefully recorded average
information about all patients, including age, sex, and pharmacy history. In addition, fasting venous blood was collected
at least 8 hours after fasting and tested in the clinical laboratory. Biochemical biomarkers, including alanine amino-
transferase (ALT), aspartate transferase (AST), glutamyl transpeptidase (y-GGT), high-density lipoprotein cholesterol
(HDL), fasting plasma glucose (FPG), total cholesterol (TC), TG, low-density lipoprotein cholesterol (LDL), blood urea
nitrogen (BUN), serum creatinine (Cr), estimated glomerular filtration rate (¢GFR), serum uric acid (SUA), glycosylated
haemoglobin (HbA1C) were measured. SUA/Cr is the SUA value divided by the Cr value.

Diagnostic Criteria for NAFLD

All liver ultrasound scans were performed by 2 professional sonographers who were kept blind to the purpose of the
study. The standard for assessing NAFLD was based on the following characteristics including liver and kidney contrast
agents, depth attenuation, liver parenchymal brightness, and unclear display of intrahepatic blood vessels. Subjects with
other liver diseases or alcoholic behavior were excluded.

Statistics

SPSS 26.0 was used for data analysis and GraphPad Prism 8.0 for graphical presentation. Numerical continuous variables
followed a normal distribution with the use of the Shapiro—Wilk test, and variables are presented as mean + standard
deviation. Non-normally distribution variables were represented as median (P25, P75). Student’s ¢-tests were employed to
analyze collisions in normally distributed variables. Non-parametric tests were used to analyze differences in non-
normally distributed variables. Chi-squared test was employed to analyze differences in the occurrence of NAFLD
between groups. Spearman correlation analysis was used to test the correlation between non-normally distributed
variables and SUA. We used logistic regression analysis to analyze whether SUA/Cr and TG were related independently
to NAFLD. ROC curves were used to test the predicting capacity of SUA/Cr and SUA/Cr combined with BMI for
NAFLD.

All P values < 0.05 was supposed to have statistical differences.

Results

General Characteristics and Clinical Parameters of Non-Obese T2DM Patients
Totally, 767 non-obese T2DM patients were included in this study, and they were divided into NAFLD group (n = 420)
and non-NAFLD group (n = 347) (Figure 1). Among 767 non-obese T2DM patients, with median age 59 years and
median BMI was 24.68 kg/m”. The incidence of NAFLD was 54% (n = 420). Patients with NAFLD had statistically
higher SBP, DBP, ALT, AST, y-GGT, TC, TG, LDL, FPG and SUA levels than those without NAFLD. In the NAFLD
group, HDL levels were significantly lower. Furthermore, SUA/Cr levels were higher among NAFLD individuals than
that in non-NAFLD individuals (4.55 (3.88, 5.55) vs 4.21 (3.50,4.95) P < 0.001) (Table 1 and Figure 2).

Association of SUA/Cr with Other Clinical Arguments
As shown in Table 2, SUA/Cr had a positive link with AST (r = 0.079, P = 0.028), TC (r = 0.081, P = 0.024) and TG
(0.215, P = 0.001). There was no link between SUA/Cr and BMI, SBP, DBP, ALT, GGT, HDL, LDL, FPG, HbA1C.

Diabetes, Metabolic Syndrome and Obesity 2024:17 htps: 915

Dove:


https://www.dovepress.com
https://www.dovepress.com

Wang et al

Dove

BMI>28Kg/m’

no significant alcohol intake and no other
liver disease or severe complications

missing data

n=1332
—Er:ifzdse_'
n=904
| Exclude
n=76
n=828
| Exclude
n=61
n=767

N

NAFLD
n=420

non-NAFLD
n=347

Figure | Flowchart of the patient selection process.

Correlation Between SUA/Cr and the Risk of NAFLD

The incidence of NAFLD in SUA/Cr tertiles 1 was 44%, and the incidence of NAFLD raised to 57% and 62% in tertiles
2 and 3, respectively (P < 0.05) (Table 3). To test whether SUA/Cr was independent risk factors for NAFLD, we used 3
models. SUA/Cr was related to NAFLD independently in three different models. In model 1, the prevalence of NAFLD
raised by 24.1% (OR = 1.241, 95% CI 1.119-1.376) for each unit increase in SUA/Cr, without adjustment for
confounders. In model 2, which adjusted for the effects of age, BMI, sex, SBP and DBP, the prevalence of NAFLD
raised by 21.1% (OR = 1.211, 95% CI 1.079-1. 360); Model 3 fully adjusted for ALT, AST, GGT, TC, TG, HDL, LDL,
FPG, HbA1C, UA, Cr on the basis of model 2, and for each unit increase in SUA/Cr, prevalence of NAFLD raised 30.5%

(OR =1.305, 95% CI 1.050-1.623) (Table 4).

Table | Comparison of Clinical and Biochemical Parameters in NAFLD and Non-NAFLD Group

Variables All Patients (n=767) Non-NAFLD (n=347) NAFLD (n=420) P
Age (years) 59.0 (51.0,67.0) 60.0 (53.0,68.0) 57.0 (49.0,66.0) 0.021
BMI (kg/m?) 24.68 (22.84,26.30) 23.53 (21.83,25.26) 25.58 (23.89,26.81) 0.001
Duration (years) 10.0 (3.0,15.0) 10.0 (4.0,17.0) 8.0 (3.0,14.0) 0.001
SBP (mmHg) 132.0 (120,146) 130.0 (117.0,145.0) 133.0 (122.0,148.0) 0.034
DBP (mmHg) 80.0 (72.0,88.0) 79.0 (71.0,86.0) 81.0 (74.0,90.0) 0.002
ALB (g/L) 41.8 (38.9,44.2) 40.8 (37.8,43.9) 42.2 (39.8,44.5) 0.001
ALT (U/L) 17.2 (13.1,24.1) 16.1 (11.9,21.7) 18.6 (14.3,26.6) 0.001
AST (U/L) 18.9 (15.6,23.1) 18.6 (14.9,22.6) 19.1 (15.8,23.6) 0.019
v-GGT (U/L) 22.7 (16.6,33.5) 19.6 (14.8,27.7) 25.15 (18.6,36.8) 0.001
BUN (mmol/L) 5.4 (4.5,6.5) 5.53 (4.5,6.7) 5.28 (44,6.4) 0.044
Cr (umol/L) 65.8 (56.0,75.9) 66.3 (56.6,75.7) 65.6 (55.7,75.9) 0.75
SUA (umol/L) 294.4 (243.3,349.4) 283.6 (233.8,335.9) 306.8 (253.2,359.3) 0.001
GFR (mL/min) 96.74 (87.72,105.87) 95.66 (85.7,105.4) 97.46 (88.7,106.1) 0.081
TC (mmol/l) 4.77 (4.0,5.55) 4.67 (3.9,5.3) 4.9 (4.0,5.6) 0.016
(Continued)
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Table | (Continued).

Variables All Patients (n=767) Non-NAFLD (n=347) NAFLD (n=420) P

TG (mmol/L) 1.36 (0.96,2.03) 1.13 (0.8,1.62) 1.58 (1.14,2.43) 0.001
HDL (mmol/L) I.11(0.94,1.3) 1.18 (0.98,1.34) 1.06 (0.91,1.23) 0.001
LDL (mmol/L) 3.09 (2.48,3.69) 3.03 (2.37,3.53) 3.16 (2.58,3.73) 0.016
FPG (mmol/L) 8.02 (6.32,10.77) 7.81 (5.94,10.95) 8.31 (6.56,10.67) 0.043
HbAIC (%) 8.60 (7.3,10.6) 8.5 (7.0,10.4) 8.7 (7.5,10.7) 0.076
SUA/Cr 4.40 (3.7,5.34) 4.21 (3.50,4.95) 4.55 (3.88,5.55) 0.001
Kidney failure (%) 29.72 3235 27.38 0.118

Abbreviations: Data were presented as median (25th—75th percentile). NAFLD, non-alcoholic fatty liver disease; BMI, body mass index; SBP,
systolic blood pressure; DBP, diastolic blood pressure; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; y-GGT,
v-glutamyl transpeptidase; TC, total cholesterol; TG, triglycerides; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein
cholesterol; SUA/Cr, serum uric acid to creatinine ratio; GFR, glomerular filtration rate; FPG, fasting plasma glucose; HbA I c, hemoglobin Alc.

Correlation Between TG and the Risk of NAFLD
NAFLD incidence rate in the TG tertile 1 group was 35.8%, and the prevalence of NAFLD increased to 58.7% and 69.9% in tertile
2 and 3 groups, separately (P < 0.05) (Table 5). We used 3 models to test whether there was an independent link between TG and
NAFLD. In all models, TG was independently connected to NAFLD. In model 1, which was not adjusted for confounders, each
1-unit increase in TG was linked with 83% raise in the risk of NAFLD (OR = 1.830, 95% CI 1.533-2.184); in model 2, which
adjusted for the effects of age, sex, BMI, SBP and DBP, each 1-unit increase in SUA/Cr was linked with a raise in the risk of

Figure 2 Comparison of SUA/Cr between NAFLD and non-NAFLD patients.

Note: *P < 0.05.

6_

&

*

Abbreviations: NAFLD, non-alcoholic fatty liver disease; SUA/Cr, serum uric acid to creatinine ratio.
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Table 2 Spearman Correlation of SUA/
Cr with Potential Risk Factors of

NAFLD

Variables r P

Age (years) -0.212 0.001
BMI (kg/m?) 0.029 0417
SBP (mmHg) —0.056 0.119
DBP (mmHg) 0.046 0.207
ALT (U/L) 0.062 0.089
AST (U/L) 0.079 0.028
GGT (U/L) 0.056 0.121
TC (mmol/L) 0.081 0.024
TG (mmol/L) 0.215 0.001
HDL (mmol/L) 0.008 0.824
LDL (mmol/L) 0.053 0.143
FPG (mmol/L) 0.021 0.552
HbAIC (%) —0.01 0.787

Abbreviations: BMI|, body mass index; SBP, systolic
blood pressure; DBP, diastolic blood pressure; ALB,
albumin; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; y-GGT, y-glutamyl transpeptidase;
TC, total cholesterol; TG, triglycerides; HDL, high-
density lipoprotein cholesterol; LDL, low-density lipo-
protein cholesterol; SUA/Cr, serum uric acid to creati-
nine ratio; FPG, fasting plasma glucose; HbAlc,
hemoglobin Alc.

Table 3 Differences of the Prevalence Rate of NAFLD Among SUA/Cr Tertiles

SUA/Cr Quartile | Total (n) | NAFLD (n) | Prevalence Rate (%) | X? P
Quartilel 254 113 44% 17.15 | 0.001
Quartile2 257 147 57%

Quartile3 259 160 62%

Notes: SUA/Cr tertile |, <3.97; SUA/Cr tertile 2, 3.97-4.87; SUA/Cr tertile 3, >4.87. The chi-square test was used
to evaluate the comparisons in NAFLD prevalence among the tertiles. P < 0.05 was considered as statistically
significant difference.

Abbreviation: SUA/Cr, serum uric acid to creatinine ratio.

Table 4 Logistic Regression Analysis of
SUA/Cr and NAFLD

Model OR (95% CI) P

Model | 1241 (1.119,1.376) | 0.001
Model 2 1211 (1.079,1.360) | 0.001
Model 3 1.305 (1.050,1.623) | 0.017

Notes: Model I: unadjusted Model; Model 2: adjusted
for age, BMI, gender, SBP, DBP; Model 3: adjusted for
age, BMI, gender, SBP, DBP, ALT, AST, y- GGT, TC, TG,
HDL, LDL, FPG, HbAIC, SUA, CR. Odds ratios and
95% Cl were calculated per |-SD increment of SUA/Cr.
Abbreviations: SUA/Cr, serum uric acid to creatinine
ratio; OR, odds ratio; Cl, confidence interval.

developing NAFLD of 64.5% (OR = 1.645, 95% CI 1.377-1.965); model 3 fully adjusted for ALT, AST, GGT, TC, TG, HDL,
LDL, FPG, HbA1C, UA, Cr on the basis of model 2, and each 1-unit raise in SUA/Cr, with the risk of NAFLD raised by 68.9%
(OR = 1.689, 95% CI 1.350-2.113) (Table 6).
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Table 5 Differences of the Prevalence Rate of NAFLD Among TG Tertiles

TG Quartile Total (n) NAFLD (n) Prevalence Rate (%) X2 P
Quartilel 257 92 35.8% 62.61 0.001
Quartile2 254 149 58.7%

Quartile3 256 179 69.9%

Notes: TG tertile |, <I.08mmol/L; TG tertile 2, 1.08—1.76émmol/L; TG tertile 3, >|.76mmol/L. The chi-square test
was used to evaluate the comparisons in NAFLD prevalence among the tertiles. P < 0.05 was considered as
statistically significant difference.

Abbreviation: TG, triglycerides.

Table 6 Logistic Regression Analysis of TG

and NAFLD
Model OR (95% CI) P
Model | 1830 (1.533, 2.184) | 0.001
Model 2 | 1.645 (1.377, 1.965) | 0.001
Model 3 | 1.689 (1.350,2.113) | 0.001

Notes: Model I: unadjusted Model; Model 2: adjusted
for age, BMI, gender, SBP, DBP; Model 3: adjusted for
age, BMI, gender, SBP, DBP, ALT, AST, y-GGT, TC, HDL,
LDL, FPG, HbAIC, SUA, CR. Odds ratios and 95% ClI
were calculated per |1-SD increment of TG.
Abbreviations: TG, triglycerides; OR, odds ratio; Cl,
confidence interval.

ROC Curve of SUA/Cr and SUA/Cr Combined with BMI to Predict NAFLD

We further analyzed the predictive value of SUA/Cr and SUA/Cr in combination with BMI for NAFLD. ROC curve
analysis was performed. The AUC of SUA/Cr was 0.590, and the cut-off point of SUA/Cr was 4.256. The AUC of SUA/
Cr combined with BMI was 0.719. The sensitivity and specificity of SUA/Cr combined with BMI were 0.644 and 0.677,
respectively (Figure 3 and Table 7).

Partial Mediation of TG on the Relationship of SUA/Cr and NAFLD
The above results revealed that the association of SUA/Cr with NAFLD may be partially related to TG. To investigate
whether TG partially mediates the association between SUA/Cr and NAFLD, we carried out a mediation analysis. SUA/

100

80
s —
s 0
2 40-
QO
n

20+ == SUA/Cr:0.59

= SUA/Cr combined BMI:0.719

0I I I I I 1
0 20 40 60 80 100

100% - Specificity%

Figure 3 ROC curves for SUA/Cr, SUA/Cr combined BMI.
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Table 7 ROC Curve Analysis for SUA/Cr, SUA/Cr Combined BMI

Factor AUC 95% CI Sensitivity Specificity Cut-Off Point P value
SUA/Cr 0.590 0.549-0.630 0.629 0.522 4.256 0.001
SUA/Cr combined BMI 0.719 0.683-0.755 0.644 0.677 - 0.001

Cr had a direct performance on the incidence of NAFLD ($=0.148, 95% CI: 0.0393, 0.2585). TG mediated partially the
performance of SUA/Cr on NAFLD incidence (f=0.1571, 95% CI: 0.0704, 0.2869). (Figure 4)

Discussion

To data, this research evaluated the association between SUA/Cr and NAFLD in non-obese T2DM patients for the first
time. Our study observed that patients with NAFLD had high SUA/Cr. SUA/Cr was independently linked with the risk of
NAFLD in non-obese patients with T2DM. In non-obese T2DM patients, SUA/Cr can be used as a reliable noninvasive
predictor for NAFLD.

In our study, the NAFLD incidence rate was as high as 54% in non-obese T2DM patients. Previous studies have
confirmed the high co-morbidity of NAFLD and T2DM. A meta-analysis reported a global NAFLD incidence rate in
T2DM patients up to 65%, and a subgroup analysis reported that NAFLD in Chinese T2DM patients was 52.56%.’
Studies have shown that the simultaneous of NAFLD and T2DM raises the risk of diabetic microvascular diseases. One
prospective study reported that NAFLD increases the risk of diabetic retinopathy and diabetic nephropathy (OR = 1.338
(95% CI: 1.091-1.640) and 1.333 (1.007—1.764)).” However, previous studies have not explored the interference of
obesity as a factor. As we all know obesity and overweight are both risk factors for NAFLD, and it is easier to distinguish
NAFLD in the obese population; however, Asian T2DM patients tend to be normal weight or overweight, and fewer
studies have been conducted on the identification of NAFLD in non-obese T2DM individuals. In this research, 54%

Indirect effect =0.1571
95%Cl (0.0696, 0.2914)

TG

A Jo
/\“go & % o
Vo D
NI
7N O
R "o
N LSRN
oP AN
9 S

SUA/Cr » NAFLD
Direct effect f=0.1489
95%Cl (0.0393, 0.2585)

Figure 4 Mediation of TG on the association between SUA/Cr and NAFLD.
Note: Zero was not included in 95% confidence intervals representing statistical significance.
Abbreviations: NAFLD, non-alcoholic fatty liver disease; TG, triglycerides; SUA/Cr, serum uric acid to creatinine ratio.
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T2DM patients with BMI <28 kg/m” combined with NAFLD, which is close to previous studies,*” but the results may be
slightly biased due to the different criteria for defining obese BMI in different studies.

Our study found that NAFLD group showed higher SUA/Cr levels. In the SUA/Cr 3-quartile subgroup, the NAFLD
incidence rate was statistically higher in the high-quartile subgroup than in the low-quartile subgroup. Logistic regression
estimated that SUA/Cr was independently linked to the risk of developing NAFLD (OR = 1.305, 95% CI 1.050-1.623).
The association between SUA and NAFLD has been well supported in earlier. A prospective study reported that patients
with SUA in the high quartile at baseline had a 17.2% risk of developing NAFLD in the next 3 years.”® A large cross-
sectional study including 21,798 subjects revealed that SUA was independently related to the risk of NAFLD.* In fact,
SUA can induce the development of NAFLD through a variety of pathogenesis, such as mediating insulin resistance,
oxidative stress, inflammatory responses, and fructose metabolic pathways.***? Excessive SUA production and impaired
excretion can lead to SUA accumulation, and T2DM patients are usually combined with renal injury, and a single SUA
may not reflect the circulating SUA level in T2DM patients well. SUA/Cr is calculated by dividing SUA by Cr, and
compared with a single SUA, SUA/Cr incorporates the influence of renal function, reduces the confounding effect of
renal impairment, and more accurately reflects the circulating SUA level. Prior researches have observed the link
between SUA/Cr and metabolic syndrome in adults.>*>* A previous study by our team based on T2DM showed that
SUA/Cr is an independent risk factor for MAFLD, and the effect of BMI was not explored in that study. Since
a significant proportion of NAFLD occurs in the non-obese individuals, we aimed to investigate the correlation between
SUA/Cr and NAFLD in non-obese T2DM patients.”> NAFLD, as a hepatic phenotype of metabolic syndrome, has
a small number of studies showing association between SUA/Cr and NAFLD."> ' One retrospective study which
included 11,791 people from the general population, the mean BMI was 24.45 + 3.61 kg/m” and the mean SUA/Cr was
6.64 = 1.55. That study reported that SUA/Cr was significantly related to the severity of NAFLD, and that for each
increase of 1 unit on SUA/Cr after adjusting for the interference of numerous confounders, the risk of NAFLD raised by
18.2%."> One study based on the NHANES database population revealed that SUA/Cr was statistically related to
NAFLD.'” One retrospective study based on a SUA-normalized population by Ma and Liu et al demonstrated that
NAFLD was independently related to SUA/Cr after correcting for the effects of numerous confounders, and that SUA/Cr
was significantly linked with the risk of NAFLD occurrence after adjusting for BMI, HDL, and LDL. The risk of
NAFLD occurrence raised by 54.8% for each 1-each unit increase in SUA/Cr after correcting for BMI, HDL, and LDL.'®
In one study based on a general population within the normal range of LDL, the mean SUA/Cr was 3.62 + 0.92, and each
one-unit increase in SUA/Cr after adjusting for confounding by numerous confounders increased the risk of NAFLD by
42.4% (OR = 1.424, 95% CI 1.396-1.454)."® In a study of NAFLD based on computerized scanning diagnosis in medical
examination centers, the risk of NAFLD raised by 18.2% for each one-unit increase in SUA/Cr."” However, most of the
subjects in these studies were non-T2DM patients and only one study involved diabetic patients, but the effect of BMI
was not explored in that study. Our research found that SUA/Cr was independently related to the risk of NAFLD in non-
obese patients with T2DM, with a 30.5% raised risk of developing NAFLD for each unit increase in SUA/Cr, after
adjusting for confounding factors.

In addition, the ROC curve revealed that SUA/Cr had some predictive value for NAFLD, but the predictive value was
lower than that of SUA/Cr combined with BMI. The above findings indicate the significant value of SUA/Cr in
identifying NAFLD in non-obese patients with T2DM, but also suggest that BMI remains relevant in the pathogenesis
of NAFLD even in non-obese T2DM patients. Possibly due to underlying role of visceral obesity. Previous studies have
shown that populations in Asia are easily to develop visceral adiposity with normal or overweight BMIL.>® The effect of
this factor was not explored in our study, and further researches are needed to demonstrate the association in future.

In addition, our research found that the effect of SUA/Cr for NAFLD could be partially mediated through TG. TG
levels were higher among individuals with NAFLD than individuals without NAFLD, and the incidence of NAFLD was
higher among those with the highest TG tertiles. Logistic regression revealed that TG was an independent risk factor for
NAFLD. We observed a strong positive relation between SUA/Cr and TG. To investigate whether SUA/Cr could mediate
the development of NAFLD through TG, we performed mediation analysis. The mediation analysis revealed that the
influence of SUA/Cr on NAFLD could be partially mediated through TG. In prior studies, SUA was reported to associate
with disorders of lipid metabolism. Prior researches have reported the correlation between SUA and high TG in different

Diabetes, Metabolic Syndrome and Obesity 2024:17 htps: 921

Dove:


https://www.dovepress.com
https://www.dovepress.com

Wang et al Dove

individuals.”*** SUA induces insulin resistance by inhibiting NO synthesis, leading to more TG synthesis by the liver;*’
in animal experiments, it was found that uric acid can lead to an attenuation of TG degradation by inhibiting hepatic
lipase, which leads to increased TG levels;*® in addition, SUA can influence adipocytes by increasing monocyte
macrophage chemotactic proteins and lowering the production of lipocalin.?® In a previous study, TG reflected the risk
of NAFLD better than other lipid profiles.”* Abnormal elevation of TG triggers hepatic lipid deposition and hepatocel-
lular steatosis, and hepatic lipid deposition underlies the pathogenesis of NAFLD.

Our study has the following strengths. First, our study population was non-obese T2DM patients, which is different
from previous studies. Second, our study found that SUA/Cr is a reliable tool to predict NAFLD in non-obese T2DM
patients, providing an economic tool in areas where liver imaging cannot be performed. There are several disadvantages
to the current study. Firstly, the results of this single-center study may not apply to other populations. Secondly, the AUC
of SUA/Cr was 0.59, which is a poor value for the prediction of NAFLD, and we still need to be further tested by a larger
sample size research to detect the causality between SUA/Cr and NAFLD. Thirdly, this research used ultrasound to
diagnose NAFLD, which has less diagnostic value than liver biopsy. In addition, this research did not consider the effect
of abdominal obesity and simply defined obesity based on BMI.

Conclusion
In summary, SUA/Cr was related to NAFLD in non-obese T2DM patients and TG partially mediated this association. We
should pay attention to UA and TG levels in non-obese T2DM patients. SUA/Cr can be applied to predict for NAFLD.
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