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Abstract
Background  This study sought to investigate the independent and synergistic impacts of fasting blood glucose 
(FBG) and serum uric acid (SUA) levels on non-alcoholic fatty liver disease (NAFLD) in participants with and without 
type 2 diabetes mellitus (T2DM).

Method  A total of 12,430 participants (mean age: 54.34 ± 15.23, 34.34% female) were enrolled through the Health 
Screening Center of Tianjin Medical University General Hospital. FBG was classified as < 6 mmol/L, 6–7 mmol/L, and 
≥ 7 mmol/L. SUA was classified into two categories: normal SUA and hyperuricemia (SUA level ≥ 420 µmol/L for men, 
≥ 360 µmol/L for women). T2DM was ascertained through self-reported data. The diagnosis of NAFLD is established 
via abdominal ultrasound imaging. Logistic regression models and interaction effect models are used for data analysis.

Result  Of the 12,430 participants, 4846 (38.99%) were diagnosed with NAFLD. In comparison to individuals with 
FBG < 6 mmol/L and no self-reported T2DM, those with FBG ≥ 7 mmol/L and no self-reported T2DM exhibited the 
highest prevalence of NAFLD (odds ratio [OR] 2.91, 95% CI 2.16–3.93) following multi-adjusted analysis. In the joint 
effect analysis of FBG and SUA, FBG ≥ 7 mmol/L and hyperuricemia were linked to a greater prevalence of NAFLD 
compared to FBG < 6 mmol/L and normal SUA, both in individuals with self-reported T2DM (OR 2.92, 95% CI 1.68–
5.05) and those without self-reported T2DM (OR 7.87, 95% CI 3.57–17.34). An additive interaction existed between FBG 
and SUA regarding NAFLD in individuals without self-reported T2DM (AP 0.488, 95% CI: 0.068–0.909, P = 0.02).

Conclusion  Elevated FBG levels are associated with NAFLD irrespective of self-reported T2DM status. The 
concomitant elevation of FBG and SUA levels exhibits a significant correlation with NAFLD, particularly in individuals 
lacking self-reported T2DM.

Keywords  Non-alcoholic fatty liver disease, Cross-sectional study, Type 2 diabetes mellitus, Serum uric acid, Fasting 
blood glucose
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Introduction
Non-alcoholic fatty liver disease (NAFLD) is acknowl-
edged as the most widespread liver disease globally and 
represents a significant aspect of chronic liver conditions. 
The global prevalence is roughly 30%, though this statistic 
differs by country and is on the rise [1, 2]. In China, the 
incidence of NAFLD attained 29.2% from 2008 to 2018 
[3]. Forecasts suggest that by 2030, NAFLD could emerge 
as the primary reason for liver transplantation [4], result-
ing in significant health and economic challenges.

NAFLD is widely acknowledged as a hepatic mani-
festation of metabolic syndrome, with its progression 
influenced by a complex interaction of multiple meta-
bolic factors [5]. Recent evidence indicates that type 2 
diabetes mellitus (T2DM) is an independent risk factor 
for NAFLD [6]. Increased fasting blood glucose (FBG) 
levels are recognized to enhance hepatic de novo lipo-
genesis and induce steatosis, thus facilitating the onset 
of NAFLD [7]. A prospective cohort study indicated that 
individuals with FBG levels ≥ 5.54 mmol/L exhibited a 
50% heightened risk of developing NAFLD in compari-
son to those with FBG levels < 5.54 mmol/L [8]. However, 
the relationship between pre-diabetes (i.e., elevated fast-
ing blood glucose without a diagnosis of T2DM) and the 
risk of NAFLD remains ambiguous.

Serum uric acid (SUA), the final metabolite in purine 
metabolism pathways and a weak acid, has been associ-
ated with an increased risk of NAFLD [9–11]. A dose-
response analysis indicated that each 1  mg/dL increase 
in SUA levels correlated with a 21% heightened risk of 
NAFLD [12]. Additionally, lowering SUA levels may con-
stitute a viable therapeutic approach for NAFLD [13, 14]. 
Furthermore, studies have shown that SUA correlates 
with NAFLD in individuals with T2DM [15, 16]. How-
ever, scant research has examined the synergistic effects 
of FBG and SUA on NAFLD risk in both diabetic and 
non-diabetic groups.

Current research has primarily concentrated on the 
individual impacts of FBG or SUA on NAFLD. This study 
sought to examine their synergistic effects, thereby offer-
ing preliminary evidence for investigating the “multi-
target additive effects” of metabolic disorders instead of 
single-factor linear effects. This study aims to enhance 
the metabolic network theory of NAFLD, promote pre-
cision intervention strategies, and stimulate the creation 
of innovative biomarkers for this increasingly common 
disease.

Methods
Participants
The study participants were sourced from Tianjin Medi-
cal University General Hospital and received health eval-
uations from July 2022 to November 2023. Of the 12,448 
individuals who received liver ultrasonography and 

reported negligible alcohol intake (categorized as < 10 g/
day for women, < 20 g/day for men), 18 participants were 
excluded due to absent data on FBG and SUA. Finally, a 
total of 12,430 participants were incorporated into the 
final analysis. All participants granted informed consent 
and willingly engaged in the study. The Ethics Committee 
of Tianjin Medical University General Hospital reviewed 
and approved the study protocol.

Data collection
A standardized questionnaire, conducted by a trained 
researcher, was utilized to gather data on sex, age, clinical 
history, smoking and alcohol consumption status, edu-
cational attainment, and physical activity levels. Educa-
tional attainment was quantified by the number of years 
of formal education completed. Smoking and alcohol 
consumption were classified as either “never” or “cur-
rent/former.” Physical activity was categorized as “active” 
or “inactive” according to the World Health Organization 
(WHO) guidelines. Individuals who participated in mod-
erate-intensity physical activity (e.g., dancing, brisk walk-
ing, bowling, table tennis, badminton) for a minimum of 
150  min weekly, or high-intensity physical activity (e.g., 
swimming, aerobic exercise, running, fast cycling, soccer, 
basketball) for at least 75 min weekly, were designated as 
“active”; those who did not meet these criteria were clas-
sified as “inactive” [17].

A qualified physician assessed participants’ height, 
weight, systolic blood pressure/ diastolic blood pressure 
(SBP/ DBP). Body mass index (BMI) was calculated as 
the weight divided by height squared (kg/m2). Hyperten-
sion was characterized by any of the subsequent criteria: 
(1) self-reported hypertension history, (2) current antihy-
pertensive medication usage, or (3) measured SBP ≥ 140 
mmHg and/or DBP ≥ 90 mmHg. T2DM was identified 
through (1) self-reported history of T2DM or (2) current 
utilization of insulin or oral hypoglycemic medications. 
Total cholesterol (TC) levels were derived from fasting 
blood specimens.

Assessment of FBG and SUA
Venous blood specimens were drawn in the morning by 
proficient nurses following an overnight fasting inter-
val. The hospital laboratory examined the blood samples 
employing the enzymatic method with an automated 
analyzer, in accordance with established protocols. FBG 
levels were classified into three categories: <6 mmol/L, 
6–7 mmol/L, and ≥ 7 mmol/L. Furthermore, participants 
were categorized into six groups based on self-reported 
T2DM status:1) < 6 mmol/L and no-T2DM, 6–7 mmol/L 
and no-T2DM, ≥ 7 mmol/L and no-T2DM, < 6 mmol/L 
and T2DM, 6–7 mmol/L and T2DM, ≥ 7 mmol/L and 
T2DM. SUA levels were categorized as normal SUA and 



Page 3 of 9Hao et al. Lipids in Health and Disease          (2025) 24:168 

hyperuricemia, with hyperuricemia defined as uric acid 
levels ≥ 420 µmol/L in men and ≥ 360 µmol/L in women.

Ascertainment of NAFLD
After an overnight fast of at least 8  h, an experienced 
physician performed abdominal ultrasound examinations 
on the participants, using a Toshiba Nemio 20 ultrasound 
machine (Toshiba, Tokyo, Japan) equipped with a 3.5-
MHz probe by well-trained staff. Participants were cat-
egorized into the NAFLD or non-NAFLD group based 
on the findings of the hepatic ultrasound and alcohol 
consumption levels (≤ 10 g/day for women, ≤ 20 g/day for 
men).

Statistical analyses
Baseline data stratified by NAFLD diagnostic status were 
analyzed using independent-samples t-tests or Mann–
Whitney U tests for continuous variables, reported as 
mean ± standard deviation (SD) or median (interquar-
tile range). Categorical variables were examined uti-
lizing Chi-square tests and reported as frequencies 
(percentages).

To evaluate the correlation between NAFLD and FBG, 
along with self-reported T2DM, odds ratios (ORs) and 
95% confidence intervals (CIs) were calculated utiliz-
ing logistic regression models. Subsequent analyses cat-
egorized participants based on T2DM status to assess 
the distinct impacts of FBG and SUA on NAFLD. The 
combined effect of FBG and SUA on NAFLD, in indi-
viduals with and without T2DM, was evaluated by gen-
erating dummy variables reflecting concurrent exposure 
to both factors. The existence of an additive interaction 
was assessed by calculating the relative excess risk due to 
interaction (RERI), the attributable proportion (AP), and 
the synergy index (S). Additive interaction was deemed 
statistically significant if the 95% CI for RERI or AP 
excluded 0, or if the 95% CI for S excluded 1. All mod-
els were initially controlled for sex and age, subsequently 
adjusted for educational attainment, BMI, smoking and 
alcohol consumption status, physical activity, hyperten-
sion, and TC. In sensitivity analyses, logistic regression 
and additive interaction analyses were reiterated follow-
ing: (1) Imputing absent values for covariates, compris-
ing education (n = 1), BMI (n = 1,074), physical activity 
(n = 223), smoking status (n = 4), alcohol consumption 
(n = 12), TC (n = 1), and hypertension (n = 13), employ-
ing Rubin’s rule for the aggregation of estimates; (2) 
Incorporating dietary habits as an additional covariate. 
P ≤ 0.05 was deemed statistically significant. Stata SE 15.0 
for Windows (StataCorp, College Station, Texas) was 
employed for all data analyses.

Results
Baseline characteristics of participants
Of the total subjects (n = 12,430, mean age: 54.34 ± 15.23), 
4,846 participants (38.99%) received a diagnosis of 
NAFLD. Individuals with NAFLD were typically older, 
predominantly male, and more frequently current or 
former smokers and alcohol consumers. They exhibited 
lower levels of physical activity, elevated BMI, TC, FBG, 
and SUA levels, along with a higher prevalence of T2DM 
and hypertension compared to those without NAFLD. 
No substantial statistical differences were observed 
regarding educational attainment (Table 1).

Association of FBG and self-reported T2DM with NAFLD
In the logistic regression models, adjusted for age, sex, 
drinking, smoking, education, physical exercise, BMI, 
hypertension, TC, the 95% CI for NAFLD compared 
to FBG < 6 mmol/L without self-reported T2DM were 
as follows: 2.00 (1.65–2.44) for FBG 6–7 mmol/L with-
out self-reported T2DM, 2.91 (2.16–3.93) for FBG ≥ 7 
mmol/L without self-reported T2DM, 1.15 (0.87–1.51) 
for FBG < 6 mmol/L with self-reported T2DM, 1.76 
(1.36–2.28) for FBG 6–7 mmol/L with self-reported 
T2DM, and 1.90 (1.54–2.34) for FBG ≥ 7 mmol/L with 
self-reported T2DM. The findings of this study indicated 
that individuals with FBG ≥ 7 mmol/L and without self-
reported T2DM exhibited the highest OR for NAFLD 
(Table 2; Fig. 1).

Separate and joint effects of FBG and SUA level on NAFLD 
in individuals with self-reported T2DM
In individuals with self-reported T2DM, the OR for 
NAFLD was 1.12 (95% CI:1.04–1.20) per 1 mmol/L 
increase in FBG, following multivariable adjustment in 
logistic regression analyses. In comparison to partici-
pants with FBG < 6 mmol/L, the OR (95% CI) after mul-
tivariable adjustment for NAFLD was 1.69 (1.17–2.43) 
for those with FBG 6–7 mmol/L, and 1.79 (1.28–2.51) for 
individuals with FBG ≥ 7 mmol/L. Similarly, the OR (95% 
CI) for NAFLD with multi-adjustment of SUA (continu-
ous) in individuals with T2DM was 1.17 (1.06–1.29). In 
contrast, the odds ratio (95% CI) for NAFLD in individu-
als with hyperuricemia was 1.46 (95% CI 1.06–2.02) com-
pared to those with normal SUA.

In the joint effect analysis of self-reported T2DM 
group, compared to participants with FBG < 6 mmol/L 
and normal SUA, the multi-adjusted ORs (95% CI) for 
NAFLD were 1.63 (1.07–2.49) for those with FBG 6–7 
mmol/L and normal SUA, 1.66 (1.13–2.44) for individuals 
with FBG ≥ 7 mmol/L and normal SUA, 1.20 (0.64–2.24) 
for individuals with FBG < 6 mmol/L and hyperuricemia, 
2.38 (1.29–4.40) for individuals with FBG 6–7 mmol/L 
and hyperuricemia, and 2.92 (1.68–5.05) for individu-
als with FBG ≥ 7 mmol/L and hyperuricemia. While the 
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additive interaction between FBG and SUA on NAFLD 
in participants with self-reported T2DM was not statis-
tically significant (P for RERI, AP, and S > 0.05) (Table 3).

Separate and joint effects of FBG and SUA level on NAFLD 
in individuals without self-reported T2DM
In individuals without self-reported T2DM, the OR (95% 
CI) for NAFLD after multivariable adjustment of FBG 
(continuous) was 1.49 (1.39–1.60). In comparison to indi-
viduals with FBG < 6 mmol/L, the OR (95% CI) after mul-
tivariable adjustment for NAFLD was 1.97 (1.62–2.41) 
for participants with FBG 6–7 mmol/L, and 2.86 (2.12–
3.86) for those with FBG ≥ 7 mmol/L. The multivariate-
adjusted OR (95% CI) of SUA (continuous) for NAFLD 
was 1.38 (1.33–1.44). In comparison to individuals with 
normal uric acid levels, the OR (95% CI) for NAFLD was 
2.04 (95% CI 1.83–2.27) for those with hyperuricemia.

In the joint effect analysis among participants without 
self-reported T2DM, relative to individuals with FBG < 6 
mmol/L and normal SUA, the multi-adjusted OR (95% 
CI) for NAFLD were 2.02 (1.60–2.55) for those with FBG 
6–7 mmol/L and normal SUA, 2.99 (2.61–5.43) for those 
with FBG ≥ 7 mmol/L and normal SUA, 2.08 (1.85–2.32) 
for those with FBG < 6 mmol/L and hyperuricemia, 3.77 
(2.61–5.43) for those with FBG 6–7 mmol/L and hyper-
uricemia, and 7.87 (3.57–17.34) for those with FBG ≥ 7 
mmol/L and hyperuricemia. The additive interaction 
between FBG and SUA levels on NAFLD in participants 
without self-reported T2DM was statistically significant 
(AP 0.488, 95% CI: 0.068–0.909, P = 0.02), indicating the 
necessity of monitoring glycemic and uric acid levels in 
NAFLD, particularly in individuals without self-reported 
T2DM (Table 4).

Table 1  Characteristic of the study population (n = 12430)
Nonalcoholic fatty liver disease (n = 4846) Non-nonalcoholic fatty liver disease (n = 7584) P

Age, year 55.59 ± 13.85 53.55 ± 16.00 < 0.001
Sex < 0.001
men 3596 (74.21) 4565 (60.19)
women 1250 (25.79) 3019 (39.81)
Education, year 17.73 ± 3.39 17.81 ± 3.28 0.206
Smoking < 0.001
Never 3326 (68.63) 5942 (78.39)
Current/Ever 1520 (31.37) 1638 (21.61)
Drinking < 0.001
Never 3732 (77.06) 6402 (84.51)
Current/Ever 1111 (22.94) 1173 (15.49)
Physical exercise < 0.001
Unactive 3893 (81.73) 5758 (77.35)
Active 870 (18.27) 1686 (22.65)
BMI, kg/m2 26.73 ± 3.01 23.31 ± 2.83 < 0.001
Total cholesterol, mmol/L 5.15 ± 1.02 5.04 ± 1.17 < 0.001
Fasting, mmol/L 5.65 ± 1.46 5.14 ± 1.05 < 0.001
Uric Acid, mg/dl 6.50 ± 1.50 5.58 ± 1.41 < 0.001
Hypertension 2760 (57.05) 2613 (34.48) < 0.001
T2DM 639 (13.27) 628 (8.34) < 0.001
Data are presented as mean ± standard deviations, or number (proportion %)

Missing data: education = 1; smoking = 4; drinking = 12; physical exercise = 223; BMI = 1074; total cholesterol = 1; hypertension = 13; T2DM = 83

Table 2  NAFLD ORs (95% CIs) in relation to FBG
Fasting, mmol/L Self-reported T2DM No. of subjects No. of Cases Basic-adjusted

OR (95%CI) a
Multi-adjusted
OR (95%CI) b

< 6 No 10,058 3523 Reference Reference
6–7 No 696 424 2.77 (2.36–3.26) 2.00 (1.65–2.44)
≥ 7 No 326 228 3.97 (3.12–5.07) 2.91 (2.16–3.93)
< 6 Yes 335 136 1.15 (0.91–1.44) 1.15 (0.87–1.51)
6–7 Yes 363 195 1.87 (1.51–2.32) 1.76 (1.36–2.28)
≥ 7 Yes 569 308 1.96 (1.65–2.34) 1.90 (1.54–2.34)
a Adjusted age and sex
b Adjusted age, sex, education, smoking, drinking, physical exercise, body mass index, hypertension, and total cholesterol
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Supplementary analysis
The results remained largely unchanged relative to the 
initial analysis when conducted the subsequent analyses 
by (1) executing multiple imputations for missing covari-
ate values (Supplementary Tables 1, 2, 3); (2) including 
dietary habits as a covariate (Supplementary Tables 4, 5, 
6).

Discussion
This cross-sectional study of Chinese adults from a pop-
ulation-based cohort showed a significant relationship 
between increased FBG levels and NAFLD, regardless 
of self-reported T2DM status. Elevated FBG and SUA 
levels were independently and collectively associated 
with NAFLD in participants, regardless of self-reported 
T2DM status. A notable interaction between increased 
FBG and SUA levels concerning NAFLD was observed in 
participants without self-reported T2DM.

The correlation between elevated FBG levels and 
NAFLD has been firmly established. A cross-sectional 
study in Japan, comprising 8,352 participants, demon-
strated that the prevalence of NAFLD was link to glyce-
mic status, revealing rates of 25.6% in individuals with 
normal fasting glucose, 56.2% in those with impaired 

fasting glucose, and 68% in individuals with FBG lev-
els surpassing 126  mg/dL [18]. Likewise, a prospective 
cohort study involving Black and White adults indicated 
that fluctuations in FBG levels may serve as a marker 
for identifying high-risk NAFLD populations [19]. A 
study by Pang et al., involving 512,891 adults, revealed 
that diabetes and elevated glucose levels in individu-
als without a established T2DM diagnosis were linked 
to a heightened risk of NAFLD [20]. The current study 
revealed a significant correlation between elevated FBG 
levels and NAFLD. The analysis indicated that the cohort 
with FBG ≥ 7 mmol/L, lacking self-reported T2DM, 
demonstrated the highest OR for NAFLD. The correla-
tion between FBG and NAFLD was more pronounced 
in individuals without self-reported T2DM than in those 
with self-reported T2DM. This discrepancy may stem 
from individuals who are unaware of their diabetic sta-
tus being less inclined to monitor or regulate their blood 
glucose levels, a factor closely linked to the development 
of NAFLD. Conversely, individuals diagnosed with dia-
betes frequently engage in glucose-lowering strategies, 
including pharmacological treatments (e.g., metfor-
min, sodium-glucose cotransporter-2 inhibitors) or life-
style changes, which may mitigate the direct correlation 

Fig. 1  Odds ratios (ORs) and 95% confidence intervals (CIs) of nonalcoholic fatty liver disease (NAFLD) in relation to fasting glucose
Model was adjusted for age, sex, education, smoking, drinking, physical exercise, body mass index, hypertension, and total cholesterol
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Table 3  NAFLD ORs (95% CIs) in relation to FBG and SUA in participants with self-reported T2DM
T2DM participants No. of subjects No. of Cases Basic-adjusted

OR (95%CI) a
Multi-adjusted
OR (95%CI) b

Fasting 1.11 (1.05–1.18) 1.12 (1.04–1.20)
< 6 335 136 Reference Reference
6–7 363 195 1.86 (1.37–2.53) 1.69 (1.17–2.43)
≥ 7 569 308 1.85 (1.40–2.44) 1.79 (1.28–2.51)
Uric Acid 1.24 (1.15–1.35) 1.17 (1.06–1.29)
Normal 984 470 Reference Reference
Hyperuricemia 279 166 1.69 (1.28–2.22) 1.46 (1.06–2.02)
Fasting Uric Acid
< 6 Normal 257 98 Reference Reference
6–7 Normal 280 146 1.92 (1.35–2.73) 1.63 (1.07–2.49) *

≥ 7 Normal 447 226 1.78 (1.29–2.46) 1.66 (1.13–2.44) **

< 6 Hyperuricemia 78 38 1.60 (0.95–2.69) 1.20 (0.64–2.24)
6–7 Hyperuricemia 82 49 2.89 (1.72–4.87) 2.38 (1.29–4.40) *

≥ 7 Hyperuricemia 119 79 3.56 (2.23–5.68) 2.92 (1.68–5.05) **

a Adjusted age and sex
b Adjusted age, sex, education, smoking, drinking, physical exercise, body mass index, hypertension, and total cholesterol
* Measures of additive interaction for nonalcoholic fatty liver disease:

Relative excess risk due to interaction: 0.487, 95%CI: -0.903-1.878, P > 0.05;

Attributable proportion: 0.220, 95%CI: -0.329-0.770, P > 0.05;

Synergy index: 1.672, 95%CI: 0.362–7.733, P > 0.05
** Measures of additive interaction for nonalcoholic fatty liver disease:

Relative excess risk due to interaction: 1.034, 95%CI: -0.362-2.430, P > 0.05;

Attributable proportion: 0.369, 95%CI: -0.007-0.746, P > 0.05;

Synergy index: 2.350, 95%CI: 0.671–8.226, P > 0.05

Table 4  NAFLD ORs (95% CIs) in relation to FBG and SUA in participants without self-reported T2DM
T2DM-free participants No. of subjects No. of Cases Basic-adjusted

OR (95%CI) a
Multi-adjusted
OR (95%CI) b

Fasting 1.89 (1.78–2.02) 1.49 (1.39–1.60)
< 6 10,058 3523 Reference Reference
6–7 696 424 2.72 (2.31–3.20) 1.97 (1.62–2.41)
≥ 7 326 228 3.88 (3.04–4.95) 2.86 (2.12–3.86)
Uric Acid 1.62 (1.56–1.67) 1.38 (1.33–1.44)
Normal 8153 2479 Reference Reference
Hyperuricemia 2917 1692 2.94 (2.68–3.21) 2.04 (1.83–2.27)
Fasting Uric Acid
< 6 Normal 7435 2063 Reference Reference
6–7 Normal 477 260 2.81 (2.32–3.40) 2.02 (1.60–2.55) *

≥ 7 Normal 241 156 4.06 (3.09–5.33) 2.99 (2.61–5.43) **

< 6 Hyperuricemia 2615 1458 3.00 (2.73–3.29) 2.08 (1.85–2.32)
6–7 Hyperuricemia 217 162 6.88 (5.04–9.41) 3.77 (2.61–5.43) *

≥ 7 Hyperuricemia 85 72 13.67 (7.54–24.80) 7.87 (3.57–17.34) **

a Adjusted age and sex
b Adjusted age, sex, education, smoking, drinking, physical exercise, body mass index, hypertension, and total cholesterol
* Measures of additive interaction for nonalcoholic fatty liver disease:

Relative excess risk due to interaction: 0.687, 95%CI: -0.753-2.317, P > 0.05;

Attributable proportion: 0.182, 95%CI: -0.139-0.604, P > 0.05;

Synergy index: 1.330, 95%CI: 0.772–2.290, P > 0.05
** Measures of additive interaction for nonalcoholic fatty liver disease:

Relative excess risk due to interaction: 3.820, 95%CI: -2.405-10.045, P > 0.05;

Attributable proportion: 0.488, 95%CI: 0.068–0.909, P = 0.02;

Synergy index: 2.272, 95%CI: 0.873–5.911, P > 0.05
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between FBG and NAFLD, suggesting the importance 
of blood glucose monitor, control, and early detection 
for NAFLD. However, further well-designed prospective 
studies are needed to validate this hypothesis. Therefore, 
timely diagnosis of T2DM and effective blood glucose 
control require attention, as they may help reduce the 
prevalence of NAFLD.

The findings of this study demonstrated that increased 
SUA levels were independently linked to NAFLD in Chi-
nese adults, irrespective of self-reported T2DM status. 
These results correspond with earlier cross-sectional 
and prospective research conducted in diverse popu-
lations throughout the United States and Asia [21]. A 
meta-analysis of 2,079,710 participants, comprising 
719,013 NAFLD cases, revealed a positive association 
between increased SUA levels and NAFLD, indicat-
ing that lowering SUA levels may be an effective strat-
egy for NAFLD prevention [22]. A study by Zheng et al. 
indicated that the prevalence of NAFLD escalated with 
increasing SUA levels in non-obese Chinese adults, irre-
spective of other metabolic risk factors [23]. The results 
of this study support previous research, suggesting that 
keeping SUA within a normal range may aid in the pre-
vention of NAFLD. Previous studies in hypertensive pop-
ulations have indicated a possible association between 
plasma aldosterone and elevated SUA levels, as well as 
an increased prevalence of NAFLD [24–26]. This indi-
cates that hypertension may act as a confounding vari-
able affecting the observed correlation. Hypertension was 
accounted for in this study to reduce potential bias and 
enhance the precision of the results.

In addition, this study demonstrated that the simulta-
neous presence of elevated FBG and SUA levels signifi-
cantly intensified the risk of NAFLD. Hu et al. previously 
indicated that, in patients with T2DM, increased SUA 
levels remained an independent risk factor for NAFLD 
prevalence, even when controlled for other metabolic 
parameters [27]. Cui et al. additionally indicated that 
SUA may function as a reliable predictor for categorizing 
non-obese T2DM patients at increased risk for NAFLD 
[28]. The findings align with the current study, which 
revealed that elevated FBG and SUA levels were con-
currently linked to a greater prevalence of NAFLD. Fur-
thermore, the analysis demonstrated that the additive 
interaction effect of FBG and SUA levels on NAFLD 
was statistically significant in individuals without self-
reported T2DM. This observation may be ascribed to the 
diminished probability of blood glucose monitoring and 
regulation among individuals lacking a confirmed T2DM 
diagnosis, while those with self-reported T2DM may 
implement more efficacious glucose management tech-
niques. The results indicate that simultaneous increases 
in FBG and SUA levels may act as a significant predic-
tor of heightened NAFLD risk. The cumulative impact 

of these metabolic factors on NAFLD is still not fully 
comprehended. Consequently, the dynamic correlation 
between FBG levels and SUA on NAFLD progression 
requires more comprehensive investigation.

The mechanisms underlying the association between 
increased FBG and SUA levels concerning NAFLD are 
not well understood. The pathophysiological progression 
of NAFLD may be mediated through insulin resistance, 
serving as a critical metabolic determinant. Elevated FBG 
and SUA levels have been demonstrated to enhance insu-
lin resistance [29, 30], thereby impairing hepatic lipid 
metabolism, promoting hepatic fat accumulation, and 
contributing to the development of NAFLD [31]. Addi-
tionally, inflammation has been identified as a significant 
mechanism in the initiation and development of NAFLD. 
A published study established that SUA activates the 
NLRP3 inflammasome, leading to lipid accumulation 
in hepatocytes and insulin resistance, both in vivo and 
vitro [30], thereby advancing the progression of NAFLD. 
Finally, elevated SUA levels have been demonstrated to 
induce mitochondrial oxidative stress, enhance reactive 
oxygen species production, and facilitate hepatic steato-
sis, thereby expediting the progression of NAFLD [32]. 
Recent genetic research has identified the transmem-
brane 6 superfamily 2 (TM6SF2) E167K polymorphism 
functions as a non-confounded NAFLD risk determinant 
[33]. Research on animals has shown that TM6SF2 plays 
a role in the function of the smooth endoplasmic reticu-
lum, and its deficiency hinders the lipidation of very-low-
density lipoproteins in hepatocytes, thus facilitating the 
development of NAFLD [34]. Moreover, TM6SF2 muta-
tions are linked to heightened insulin resistance, com-
promised pancreatic β-cell functionality, and diminished 
incretin effect [35], which may partially elucidate the 
observed correlation between elevated FBG, SUA levels, 
and NAFLD at the genetic level.

Study strengths and limitations
While this study provides novel insights, several 
strengths and limitations warrant careful consideration. 
The primary strength of this investigation is primarily 
attributed to its substantial sample size and the applica-
tion of standardized diagnostic protocols by qualified 
sonographers and physicians. Nonetheless, various limi-
tations must be recognized. First, causal interpretations 
between elevated FBG and SUA on NAFLD were con-
strained by the cross-sectional study design. Additional 
extensive, rigorously executed prospective studies are 
essential to corroborate the findings. Second, the diag-
nosis of NAFLD in this study was determined through 
abdominal ultrasonography. This method, while widely 
accessible, well-established, noninvasive, and convenient, 
exhibits sensitivity and specificity that are significantly 
influenced by the operator’s proficiency and the imaging 
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equipment’s performance. Therefore, NAFLD identified 
through ultrasonography may possess specific intrinsic 
limitations [36]. Third, due to the lack of a standardized 
approach for quantifying NAFLD severity via hepatic 
ultrasound, the association between FBG/SUA concen-
trations and hepatic steatosis severity could not be reli-
ably assessed. Furthermore, data regarding other hepatic 
diseases and metabolic disorders were not gathered in 
this study. Therefore, the possible impact of these factors 
on the observed correlations cannot be dismissed, requir-
ing caution in the applicability of the findings. Fourth, the 
study population was selected from a particular group 
of Chinese adults. Due to possible ethnic variations in 
metabolic profiles, population-specific applicability war-
rants judicious evaluation prior to cross-regional imple-
mentation. Fifth, certain covariates, such as smoking, 
drinking and medication use, and exercise habits, relied 
on self-reported data, were derived from self-reported 
data. Therefore, potential measurement inaccuracies 
stemming from recall bias or social desirability bias may 
have compromised the precision of these variables. These 
limitations may jeopardize the accuracy of the findings, 
requiring careful interpretation of the observed correla-
tions. Finally, the genetic factors, including the TM6SF2 
variant, are recognized to contribute to the pathogenesis 
of NAFLD. Unfortunately, genetic data were unavailable 
in this study, hindering the evaluation of genetic predis-
position’s impact on NAFLD risk. Future research should 
integrate genetic analyses to further clarify the gene-
NAFLD relationship.

Conclusion
Elevated FBG demonstrated a significant association 
with NAFLD incidence, irrespective of the presence or 
absence of self-reported T2DM. The concurrent increase 
of FBG and SUA levels was significantly linked to 
NAFLD, particularly in individuals without self-reported 
T2DM. This research underscores the significance of 
early diabetes diagnosis and the regulation of FBG and 
SUA levels in the prevention of NAFLD. This discovery 
could establish a foundation for early screening and risk 
stratification of NAFLD, assisting clinicians in prioritiz-
ing interventions for high-risk patients and facilitating 
the development of personalized treatment strategies. 
Simultaneous monitoring of fluctuations in FBG and 
SUA during treatment can evaluate the efficacy of meta-
bolic interventions and inform treatment modifications. 
Future studies should concentrate on in-depth mecha-
nistic investigations to clarify the relationships between 
phenotypic observations and molecular mechanisms, as 
well as on clinical translation via intervention-focused 
clinical trial designs to assess the effectiveness of com-
bined glucose-lowering and uric acid-reducing thera-
pies in reversing liver fibrosis in patients with NAFLD. 

In areas with a high incidence of metabolic disorders, it 
is advisable to integrate combined FBG and SUA testing 
into standard non-alcoholic fatty liver disease screening 
programs and to develop regional screening-intervention 
networks.

Abbreviations
AP	� Attributable proportion
BMI	� Body mass index
CIs	� Confidence intervals
DBP	� Diastolic blood pressure
FBG	� Fasting blood glucose
ORs	� Odds ratios
RERI	� Relative excess risk due to interaction
SBP	� Systolic blood pressure
S	� Synergy Index
SD	� Standard deviation
TC	� Total cholesterol
TM6SF2	� Transmembrane 6 superfamily 2
T2DM	� Type 2 diabetes mellitus
NAFLD	� Non-alcoholic fatty liver disease
SUA	� Serum uric acid

Supplementary information
The online version contains supplementary material available at ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​
g​​/​​1​0​​.​1​1​​​8​6​​/​s​1​2​​9​4​4​-​​0​2​5​-​0​​2​5​3​8​-​1.

Supplementary Material 1

Supplementary Material 2

Supplementary Material 3

Acknowledgements
The authors express their gratitude to all patients and research staff involved 
in this study, as well as to the nurses at the medical examination center for 
their assistance during data collection.

Author contributions
QZ designed the study. YFH was responsible for collection of data, data 
interpretation, manuscript writing and coordination of research. XRL were 
responsible for data analysis and manuscript writing. YTZ and JZ were 
responsible for manuscript writing. YYM and TJ helped collect the data. All 
authors have read and approved the final version of the manuscript.

Funding
This work was supported by Major Research Plan of National Natural Science 
Foundation of China (Grant No.92163213), National Key Research and 
Development Program of China (Grant No. 2023YFC3605200), Tianjin science 
and technology plan project (Grant No. 21JCZDJC00940), Tianjin health 
science and technology projects (Grant No. TJWJ2022XK001), Tianjin Key 
Medical Discipline (Specialty) Construction Project (Grant No.TJYXZDXK-006 A), 
and Tianjin Health Research Project (Grant No. TJWJ2024QN007).

Data availability
The datasets used and analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The studies involving human participants were reviewed and approved by the 
Ethics Committee of Tianjin Medical University General Hospital (Ethical No. 
IRB2022-YX-135-01). All participants signed written informed consent.

Consent for publication
Not applicable.

https://doi.org/10.1186/s12944-025-02538-1
https://doi.org/10.1186/s12944-025-02538-1


Page 9 of 9Hao et al. Lipids in Health and Disease          (2025) 24:168 

Competing interests
The authors declare no competing interests.

Received: 25 November 2024 / Accepted: 17 March 2025

References
1.	 Younossi ZM, Golabi P, Paik JM, Henry A, Van Dongen C, Henry L. The global 

epidemiology of nonalcoholic fatty liver disease (NAFLD) and nonalcoholic 
steatohepatitis (NASH): a systematic review. Hepatology (Baltimore MD). 
2023;77(4):1335–47.

2.	 Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. Global 
epidemiology of nonalcoholic fatty liver disease-Meta-analytic assess-
ment of prevalence, incidence, and outcomes. Hepatology (Baltimore MD). 
2016;64(1):73–84.

3.	 Zhou F, Zhou J, Wang W, Zhang XJ, Ji YX, Zhang P, et al. Unexpected rapid 
increase in the burden of NAFLD in China from 2008 to 2018: A systematic 
review and Meta-Analysis. Hepatology (Baltimore MD). 2019;70(4):1119–33.

4.	 Byrne CD, Targher G. NAFLD: a multisystem disease. J Hepatol. 2015;62(1 
Suppl):S47–64.

5.	 Guo X, Yin X, Liu Z, Wang J. Non-Alcoholic fatty liver disease (NAFLD) patho-
genesis and natural products for prevention and treatment. Int J Mol Sci. 
2022;23(24):15489.

6.	 Tanase DM, Gosav EM, Costea CF, Ciocoiu M, Lacatusu CM, Maranduca MA, et 
al. The intricate relationship between type 2 diabetes mellitus (T2DM), insulin 
resistance (IR), and nonalcoholic fatty liver disease (NAFLD). J Diabetes Res. 
2020;2020:3920196.

7.	 Smith GI, Shankaran M, Yoshino M, Schweitzer GG, Chondronikola M, Beals 
JW, et al. Insulin resistance drives hepatic de Novo lipogenesis in nonalco-
holic fatty liver disease. J Clin Investig. 2020;130(3):1453–60.

8.	 Zou Y, Yu M, Sheng G. Association between fasting plasma glucose and 
nonalcoholic fatty liver disease in a Nonobese Chinese population with 
normal blood lipid levels: a prospective cohort study. Lipids Health Dis. 
2020;19(1):145.

9.	 Lee JM, Kim HW, Heo SY, Do KY, Lee JD, Han SK, et al. Associations of serum 
uric acid level with liver enzymes, nonalcoholic fatty liver disease, and liver 
fibrosis in Korean men and women: A Cross-Sectional study using nationally 
representative data. J Korean Med Sci. 2023;38(34):e267.

10.	 Toledo-Ibelles P, Gutiérrez-Vidal R, Calixto-Tlacomulco S, Delgado-Coello B, 
Mas-Oliva J. Hepatic accumulation of hypoxanthine: A link between hyperuri-
cemia and nonalcoholic fatty liver disease. Arch Med Res. 2021;52(7):692–702.

11.	 Ma Z, Xu C, Kang X, Zhang S, Li H, Tao L, et al. Changing trajectories of serum 
uric acid and risk of non-alcoholic fatty liver disease: a prospective cohort 
study. J Translational Med. 2020;18(1):133.

12.	 Yuan H, Yu C, Li X, Sun L, Zhu X, Zhao C, et al. Serum uric acid levels and risk of 
metabolic syndrome: A Dose-Response Meta-Analysis of prospective studies. 
J Clin Endocrinol Metab. 2015;100(11):4198–207.

13.	 Paschos P, Athyros VG, Tsimperidis A, Katsoula A, Grammatikos N, Giouleme 
O. Can serum uric acid Lowering therapy contribute to the prevention 
or treatment of nonalcoholic fatty liver disease?? Curr Vasc Pharmacol. 
2018;16(3):269–75.

14.	 Sun DQ, Wu SJ, Liu WY, Lu QD, Zhu GQ, Shi KQ, et al. Serum uric acid: a new 
therapeutic target for nonalcoholic fatty liver disease. Expert Opin Ther 
Targets. 2016;20(3):375–87.

15.	 Yu H, Zhao L, Liu L, Li Y, Sun J, Liu Y. Relationship between serum uric acid 
level and nonalcoholic fatty liver disease in type 2 diabetes patients. Medi-
cine. 2021;100(33):e26946.

16.	 Xu L, Li T, Yin J, Lin G, Xu Y, Ren Y, et al. Association between serum uric acid 
and nonalcoholic fatty liver disease in community patients with type 2 diabe-
tes mellitus. Peer J. 2019;7:e7563.

17.	 WHO Guidelines Approved by the Guidelines Review Committee. WHO 
Guidelines on Physical Activity and Sedentary Behaviour. Geneva: World 
Health Organization © World Health Organization 2020.; 2020.

18.	 Eguchi Y, Hyogo H, Ono M, Mizuta T, Ono N, Fujimoto K, et al. Prevalence and 
associated metabolic factors of nonalcoholic fatty liver disease in the general 
population from 2009 to 2010 in Japan: a multicenter large retrospective 
study. J Gastroenterol. 2012;47(5):586–95.

19.	 Zhou H, Zeng X, Xue Y, Wang X, Liu S, Zhu Z, et al. Visit-to-Visit fasting glucose 
variability in young adulthood and nonalcoholic fatty liver disease in middle 
age. J Clin Endocrinol Metab. 2022;107(6):e2301–8.

20.	 Pang Y, Kartsonaki C, Turnbull I, Guo Y, Clarke R, Chen Y, et al. Diabetes, plasma 
glucose, and incidence of fatty liver, cirrhosis, and liver cancer: A prospective 
study of 0.5 million people. Hepatology (Baltimore MD). 2018;68(4):1308–18.

21.	 Darmawan G, Hamijoyo L, Hasan I. Association between serum uric acid 
and Non-Alcoholic fatty liver disease: A Meta-Analysis. Acta Med Indones. 
2017;49(2):136–47.

22.	 Sun Q, Zhang T, Manji L, Liu Y, Chang Q, Zhao Y, et al. Association between 
serum uric acid and Non-Alcoholic fatty liver disease: an updated systematic 
review and Meta-Analysis. Clin Epidemiol. 2023;15:683–93.

23.	 Zheng X, Gong L, Luo R, Chen H, Peng B, Ren W, et al. Serum uric acid and 
non-alcoholic fatty liver disease in non-obesity Chinese adults. Lipids Health 
Dis. 2017;16(1):202.

24.	 Song S, Cai X, Hu J, Zhu Q, Shen D, Ma H, et al. Plasma aldosterone concentra-
tions elevation in hypertensive patients: the dual impact on hyperuricemia 
and gout. Front Endocrinol. 2024;15:1424207.

25.	 Hu J, Cai X, Zhu Q, Heizhati M, Wen W, Luo Q et al. Relationship between 
plasma aldosterone concentrations and Non-Alcoholic fatty liver disease 
diagnosis in patients with hypertension: A retrospective cohort study. Diabe-
tes, metabolic syndrome and obesity: targets and therapy. 2023;16:1625–36.

26.	 Shen D, Cai X, Hu J, Song S, Zhu Q, Ma H, et al. Associating plasma aldo-
sterone concentration with the prevalence of MAFLD in hypertensive 
patients: insights from a large-scale cross-sectional study. Front Endocrinol. 
2024;15:1451383.

27.	 Hu Y, Li Q, Min R, Deng Y, Xu Y, Gao L. The association between serum uric 
acid and diabetic complications in patients with type 2 diabetes mellitus by 
gender: a cross-sectional study. Peer J. 2021;9:e10691.

28.	 Cui Y, Liu J, Shi H, Hu W, Song L, Zhao Q. Serum uric acid is positively 
associated with the prevalence of nonalcoholic fatty liver in non-obese 
type 2 diabetes patients in a Chinese population. J Diabetes Complicat. 
2021;35(5):107874.

29.	 Yu W, Xie D, Yamamoto T, Koyama H, Cheng J. Mechanistic insights of soluble 
uric acid-induced insulin resistance: insulin signaling and beyond. Reviews 
Endocr Metabolic Disorders. 2023;24(2):327–43.

30.	 Wan X, Xu C, Lin Y, Lu C, Li D, Sang J, et al. Uric acid regulates hepatic steatosis 
and insulin resistance through the NLRP3 inflammasome-dependent mecha-
nism. J Hepatol. 2016;64(4):925–32.

31.	 Valenti L, Bugianesi E, Pajvani U, Targher G. Nonalcoholic fatty liver disease: 
cause or consequence of type 2 diabetes? Liver International: Official J Int 
Association Study Liver. 2016;36(11):1563–79.

32.	 Lombardi R, Pisano G, Fargion S. Role of serum uric acid and ferritin in the 
development and progression of NAFLD. Int J Mol Sci. 2016;17(4):548.

33.	 Luo F, Oldoni F, Das A. TM6SF2: A novel genetic player in nonalcoholic fatty 
liver and cardiovascular disease. Hepatol Commun. 2022;6(3):448–60.

34.	 Luo F, Smagris E, Martin SA, Vale G, McDonald JG, Fletcher JA, et al. Hepatic 
TM6SF2 is required for lipidation of VLDL in a Pre-Golgi compartment in mice 
and rats. Cell Mol Gastroenterol Hepatol. 2022;13(3):879–99.

35.	 Musso G, Cipolla U, Cassader M, Pinach S, Saba F, De Michieli F, et al. TM6SF2 
rs58542926 variant affects postprandial lipoprotein metabolism and glucose 
homeostasis in NAFLD. J Lipid Res. 2017;58(6):1221–9.

36.	 Castera L, Friedrich-Rust M, Loomba R. Noninvasive assessment of liver 
disease in patients with nonalcoholic fatty liver disease. Gastroenterology. 
2019;156(5):1264–e814.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Combined effect of fasting blood glucose and serum uric acid on nonalcoholic fatty liver disease
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Participants
	﻿Data collection
	﻿Assessment of FBG and SUA
	﻿Ascertainment of NAFLD
	﻿Statistical analyses

	﻿Results
	﻿Baseline characteristics of participants
	﻿Association of FBG and self-reported T2DM with NAFLD
	﻿Separate and joint effects of FBG and SUA level on NAFLD in individuals with self-reported T2DM
	﻿Separate and joint effects of FBG and SUA level on NAFLD in individuals without self-reported T2DM
	﻿Supplementary analysis

	﻿Discussion
	﻿Study strengths and limitations
	﻿Conclusion
	﻿References


