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Studies have shown that postmenopausal women have more metabolic abnormalities than 
premenopausal women. No consensus exists on how serum uric acid (sUA) affects metabolism-
associated fatty liver disease (MAFLD) in postmenopausal women.This prospective observational 
study examined this link using National Health and Nutrition Examination Survey (NHANES) 2017 to 
2020 data. We divided women’s sUA levels into four quartiles and used logistic regression, subgroup 
analyses, and restricted triple spline methods to compare the prevalence of MAFLD in postmenopausal 
and non-menopausal women. We also used histograms to analyze the effect of BMI-based indices. 
This population-based study involved 4477 women, including 1139 postmenopausal women aged 
55–73 years. Multivariate logistic regression showed that, in the fully adjusted model, we found 
that participants in the highest quartile of sUA had a statistically significant 254% increased risk of 
MAFLD compared with participants in the lowest quartile (OR: 3.54; 95% CI 3.54 1.47–8.55; P < 0.001). 
Subgroup analyses showed no significant interaction between sUA levels and specific subgroups 
P( > 0.05 for all interactions). Additionally, RCS and threshold analysis showed a linear correlation 
(P = 0.186) and an ideal inflection point of 4.6 (P = 0.818) to the left. Right of the inflection point, the 
effect size was 1.524 (95% CI 1.291–1.814; P < 0.01). Histograms demonstrated that postmenopausal 
BMI increased sUA’s influence on MAFLD and higher sUA levels and BMI may enhance the prevalence 
of MAFLA in US postmenopausal women. The results of this study suggest that monitoring sUA levels 
in the postmenopausal period is critical in determining the occurrence of and interventions for MAFLD.

Keywords  Postmenopause, Fatty liver disease, Uric acid, Metabolism, NHANES

Non-alcoholic fatty liver disease (NAFLD) is dangerously common, reaching 30% worldwide1. NAFLD is a 
dangerous disorder that causes over 5% liver cell degeneration, but is not caused by alcohol consumption or viral 
infection. Over time, fat can accumulate in the liver, causing persistent damage2. A group of 31 experts from 22 
nations advocated replacing NAFLD with MAFLD in 20203, adding metabolic diseases to the diagnosis. MAFLD 
is anticipated to become the most common liver disease over the next decade as obesity rates rise and lifestyles 
change.

Nearly 1 billion women worldwide are postmenopausal, and menopause experiences vary greatly4. Hormonal 
changes after menopause cause physical and mental problems for many people. However, studies indicate that 
menopause induces changes in adipose tissue quantity and morphology, alongside alterations in blood lipid 
levels and insulin resistance5. After menopause, women experience hormonal changes, including reduced 
oestrogen levels and increased circulating androgens, as well as lifestyle modifications that lower basal metabolic 
rate compared to premenopausal stages6. Furthermore, the downregulation of estrogen receptors in visceral fat 
cells leads to increased androgen receptor expression, enhancing sensitivity to androgens and promoting visceral 
fat accumulation7. Excess visceral fat is associated with elevated lipolysis rates, producing free fatty acids that 
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contribute to the development of insulin resistance8. Consequently, postmenopausal women are at increased 
risk of developing metabolic disorder-related diseases9. Evidence suggests that postmenopausal women have 
a higher likelihood of developing NAFLD compared to premenopausal women10. NAFLD is more common 
in men than premenopausal women under 50, according to studies. When women reach menopause, NAFLD 
incidence increases linearly, peaking at 60–69 years and declining after 7011. Meanwhile, postmenopausal 
women are 1.2 times more likely than males of the same age to develop NAFLD and progress to severe fibrosis12.

The sUA is a metabolite derived from purine oxidation, which occurs when its nucleotide is decomposed. 
Owing to the balance between the production and excretion of sUA, the concentration of sUA in serum remains 
relatively constant. Studies have shown that the increase in sUA content in the serum is related to the incidence 
of NAFLD13. Petta et al. reported that hyperuricemia can be used as an indicator to evaluate the severity of 
NAFLD - related liver injury14. A cross-sectional study in China indicated that in postmenopausal women 
with a normal BMI, an elevation in sUA levels, albeit being within the normal range, was positively associated 
with the occurrence of NAFLD15. The rising prevalence of MAFLD has imposed a significant strain on global 
healthcare systems. Given that MAFLD is a chronic condition requiring long-term therapy, additional study is 
essential to elucidate its associated pathogenic variables and mechanisms within the domain of postmenopausal-
related disorders, which is crucial for advancing women’s health. The objective of this study was to assess the 
relationship between sUA levels and MAFLD in postmenopausal women by analyzing NHANES data from 2017 
to March 2020, as well as to investigate additional influencing factors. It will also provide epidemiological data 
for continued subsequent investigation of the increased prevalence of MAFLD in postmenopausal women.

Materials and methods
Data source/study population
The study population used data from the NHANES (https://www.cdc.gov/nchs/nhanes/index.htm) from the U.S. 
Centers for Disease Control and Prevention, which included data from 2017 to 2020. Among the 15,560 subjects 
who participated in the study, we removed individuals of male sex (n = 7721), individuals without complete liver 
transient imaging data (n = 2494), and individuals without sUA content data (n = 369). Nonmenopausal women 
and individuals who did not have MAFLD (n = 844) were excluded. Finally, 1139 women participated in the 
study (Fig. 1).

Variable
sUA levels
sUA, the final product of purines, is closely related to various health problems. In this study, sUA levels were 
divided into four quartiles (Q1: ≤4.2 mg/dL, Q2: 4.2 ~ 4.9 mg/dL, Q3: 5.0 ~ 5.9 mg/5.9 mg/dL, and Q:4 ≥ 5.9 mg/
dL) to study the relationships between different sUA levels and the incidence of MAFLD. In this study, serum 
samples were collected from participants, stored at a temperature of -30 °C, and then transferred to the CDC, the 
NCEH, or the DLS for examination. The sUA levels were measured via the Beckman Coulter UniCel ® DxC800 
as part of a routine serum biochemical profile.

VCTE
Transient elastography of the liver (VCTE) is a widely used noninvasive and convenient method. The NHANES 
database uses the FibroScan 502 V2 Touch probe and equipment for examining liver ultrasound transient 
elastography. When the vibration point is in contact with the skin, it will generate shear waves through mechanical 
vibration. This wave travels faster through harder tissues and passes through the liver. Adipose tissue can lead to 

Fig. 1.  Flowchart of participant selection. NHANES National 2017–2020 MAFLD metabolism-associated fatty 
liver disease.
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increased attenuation of ultrasound; therefore, by measuring the degree of attenuation of ultrasound (CAP), we 
can estimate fat content and indicate the degree of hepatic steatosis16. The subjects received VCTE. A medium 
(M) or large (XL) probe was used to collect 30 measurements for each participant. If (1) the individual fasted for 
at least 3 h before the test, (2) 10 or more complete liver stiffness measurements (LSMs) were performed, and (3) 
the quartile/median of the LSM was less than 30%, the test results were included in the dataset.

Diagnostic definition of MAFLD
The diagnosis of MAFLD was conducted on the basis of the 2020 consensus of the national expert panel. In brief, 
participants with hepatic steatosis who also presented any one of the following conditions were diagnosed with 
MAFLD: overweight/obesity, type 2 diabetes, or metabolic dysregulation. Metabolic dysregulation is defined 
by the presence of at least two metabolic risk abnormalities, including (1) white men and women with a waist 
circumference of ≥ 102/88 cm; (2) blood pressure ≥ 130/85 mmHg or specific medication treatment; (3) plasma 
triglycerides ≥ 150  mg/dL or specific drug treatment; (4) male plasma high-density lipoprotein cholesterol 
(HDL) < 40 mg/dL, female HDL < 50 mg/dL, or specific drug treatment; (5) prediabetes (fasting blood glucose 
100 ~ 125 mg/dL or glycosylated hemoglobin 5.7% ~ 6.4%; (6) omeostatic model assessment of insulin resistance 
(HOMA-IR) ≥ 2.5; and (7) plasma high-sensitivity C-reactive protein (CRP) > 2  mg/L17. Although clinical 
guidelines recommend liver biopsy assessment as the gold standard for the diagnosis of liver disease, the number 
of MAFLD patients worldwide is currently large, and performing liver biopsy on a large number of people to 
assess liver disease status (such as hepatic steatosis) is unrealistic. In this study, to identify hepatic steatosis, a 
CAP of 248 dB/mm was selected as the critical threshold18. In addition, we collected liver stiffness measurements 
(LSMs) to assess liver fibrosis. The extent of fibrosis can be classified into three categories: F2, F3, and F4, with 
thresholds of 8.2, 9.7, and 13.6 kPa, respectively16.

Covariate
In this study, we selected covariates associated with MAFLD on the basis of previous studies. Demographic 
information is derived from the NHANES database, which contains data on age (in years), gender (classified as 
male or female), racial/ethnic background (including Mexican American, other Hispanic, white non-Hispanic, 
and black non-Hispanic), education level (classified as less than high school, high school or equivalent, some 
college or AA degree, and college graduate or above), marital status (classified as married/living with partner, 
widowed/divorced/separated, widowed/divorced/separated, never married), etc. This information was obtained 
from the NHANES demographic questionnaire. We obtained information on smoking status (yes/no) from the 
questionnaire. In addition, we collected glycosylated hemoglobin (HbA1c) (%), total cholesterol (TC) (mmol/L), 
triglyceride (TG) (mg/dL), systolic blood pressure (mmHg), diastolic blood pressure (mmHg), fasting blood 
glucose (mmol/L), fasting insulin (mmol/L), high-density lipoprotein (mmol/L), low-density lipoprotein 
(mmol/L), triglyceride (mg/dL), and C-reactive protein (mg/L) levels from laboratory examination data. In 
accordance with the criteria of the American Diabetes Association, participants were diagnosed with type 2 
diabetes mellitus (T2DM) if they met any of the following conditions: (1) self-reported history of diagnosis; (2) 
use of antidiabetic drugs (including oral antidiabetic drugs or insulin); (3) HbA1c level ≥ 6.5%; (4) fasting blood 
glucose ≥ 7.0 mmol/L19; Criteria for hyperlipidemia according to the National Cholesterol Education Program-
Adult Treatment Panel III, including low-density lipoprotein cholesterol (LDL-C) ≥ 130 mg/dL, TC ≥ 200 mg/
dL, TG ≥ 150 mg/dL or high-density lipoprotein cholesterol (HDL-C) ≤ 50 mg/dL (female); Hypertension can 
be diagnosed when the subjects systolic blood pressure (SBP) ≥ 140 mmHg and/or diastolic blood pressure 
(DBP) ≥ 90 mmHg; self-reported history of hypertension; or self-reported current use of antihypertensive 
drugs20. The formula for the insulin resistance index was fasting insulin (uIU/ml) × fasting blood glucose 
(mmol/L)/22.521. Finally, waist circumference (CM) and Body mass index (BMI) data were collected from body 
measurement data. BMI was used as an index of obesity in this study, and the participants were divided into two 
groups according to BMI (the nonobese group, with a BMI < 25 kg/m2, and the obese group, with a BMI ≥ 25 kg/
m2) on the basis of the World Health Organization’s Asia–Pacific guidelines19. These variables are derived from 
the NHANES database for March 2017 to 2022.

Statistical analyses
Data were collected from the NHANES database from 2007 to 2020. Categorical variables are presented as 
frequencies and percentages, and continuous variables are presented as the means and standard deviations 
(SDs). Disparities in continuous and categorical variables were assessed via independent and chi-square tests, 
respectively. Multivariable logistic regression modeling were conducted to establish an association between sUA 
and MAFLD. Four models were developed: Model 1: unadjusted; Model 2: adjusted for age, smoking status, race, 
education, and marital status; Model 3: adjusted for age, smoking status, race, education, marital status, ALT, AST, 
and GGT; Model 4: adjusted for age, smoking status, race, education, marital status, alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), gamma-glutamyltransferase (GGT), diabetes, hypertension, and 
hypercholesterolemia. Subgroup analyses were conducted to explore associations between sUA and MAFLD 
in different individuals. RCS was employed to visualize the potential linear or nonlinear relationship between 
sUA and MAFLD. In addition, the association between sUA and MAFLD was examined using histogram results 
derived from the study population’s characteristics, categorized by body mass index and menopausal status. 
The chi-square test was used to compare categorical variables between two groups, and the Cochran–Mantel–
Henszel test was used to compare categorical variables among multiple groups. A Cochran‒Armitage trend test 
was used to compare the prevalence of MAFLD in subjects with different uric acid levels. In this study, the sUA 
data are presented according to quartiles.The software used to perform the analyses was R (version 4.2.3) and 
P < 0.05 was considered statistically significant.
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Result
Baseline characteristics
A database from 2017 to 2020 in NHANES was utilized for this study, encompassing 15,560 potential participants. 
Additionally, 844 premenopausal women and non-MAFLD patients were excluded. This resulted in a total of 
1,139 participants being included, with 633 patients being diagnosed with MAFLD (Fig. 1). Table 1 describes the 
demographic, socio-economic, physiological indicators of all female participants. The prevalence of MAFLD in 
the general population was 44.61%, with an average age of 44.77 ± 20.23 years, while the prevalence of MAFLD 
in postmenopausal women is 55.58%.

Table  2 shows the baseline characteristics of postmenopausal women. Subjects with higher sUA levels 
were more likely to have a higher prevalence of MAFLD (Q1: 43.13%, Q2: 50.19%, Q3: 60.51%, Q4: 69.61%). 
However, the increase of sUA concentration and the probability of liver fibrosis did not show significant 
statistical significance. Otherwise, the prevalence of diabetes and hypertension is higher. (P < 0.001).Compared 
with premenopausal women, postmenopausal women have higher levels of SBP, DBP, FBG, HLD, triglyceride, 
AST, ALT, GGT, IR-HOME, CRP, and increase with the increase of sUA level (P < 0.001), which means that the 
abnormal rate of metabolic related indicators in postmenopausal women is higher.

Logistic regression analysis of the association between sUA and MAFLD
Table 3 presents the ORs and 95% CIs for the relationship between sUA levels and MAFLD in postmenopausal 
women following logistic regression analysis. According to the unadjusted model, a significant correlation of 
3.15 (1.98 ~ 5.03) was observed between sUA and MAFLD. Specifically, for each 1-unit increase in sUA, there 
was a 215% increase in the risk of MAFLD compared with baseline. In the multivariate regression model, after 
adjusting for various factors, such as age, smoking status, race, education, marital status, ALT, AST, GGT, diabetes, 
hypertension and hypercholesterolemia, the ORs ranged from 1.46 to 4.77, indicating a strong correlation 
between sUA levels and MAFLD, with consistent results (p < 0.001). Sensitivity analysis was performed with 
sUA quartiles, and the OR for Q1, Q2, Q3, and Q4 in Model 4 was 3.54 (1.47 ~ 8.55). Compared with those in 
Quartile 1, participants in Quartile 4 were associated with a 254% increased risk of MAFLD (p for trend < 0.01).

We also performed logistic regression analysis between sUA levels and MAFLD in premenopausal women 
(Table  4). In premenopausal individuals, sUA levels were also positively correlated with the occurrence of 
MAFLD. According to the univariate analysis, all four models revealed that premenopausal uric acid levels had 
a smaller effect on MAFLD than did postmenopausal women. In the multivariate regression analysis, Model 3 
and Model 4 also yielded the same results. In addition, according to the sensitivity analysis performed with sUA 
quartiles, the effect of an increase in sUA level on MAFLD in premenopausal women was not as significant as 
that in postmenopausal women. The incidence of MAFLD in postmenopausal women with high sUA levels was 
147% greater than that in premenopausal women .

Subgroup analysis
We conducted subgroup analyses to evaluate the consistency of the relationship between sUA levels and MAFLD 
prevalence across different groups. Interaction tests revealed no significant interactions between sUA and MAFLD 
across the subgroups (all P > 0.05) (Fig. 2). This indicates that factors such as race (Mexican American/White, 
non-Hispanic/Black, non-Hispanic/Other Hispanic/Other race), education level (Less than high school/High 
school or equivalent/Some college or AA degree/College graduate or above), smoking status (Never smoking), 
marital status (Married/Living with partner/Widowed/ Divorced/ Separated/Never married), body mass index 
(< 25, ≥ 25), waist circumference (< 88, ≥ 88), hypertension (yes/no), diabetes (yes/no), hyperlipidemia (yes/no), 
insulin index (yes/no), CRP (< 2, ≥ 2), ALT(< 40, ≥ 40), and AST (< 40, ≥ 40) did not significantly influence the 
association between sUA and MAFLD risk. The consistent association observed across all subgroups underscores 
the stability and reliability of the findings, further supporting the conclusion that sUA is an independent risk 
factor for developing MAFLD.

The nonlinear correlation between the MAFLD and the level of sUA
The findings indicated a linear correlation between the incidence of MAFLD and sUA levels (P for 
nonlinear = 0.186) (Fig. 3). Table 5 presents the effect thresholds derived from both the standard linear regression 
model and the two-piecewise linear regression model, indicating that the optimal inflection point between the 
MAFLD occurrence and sUA levels is 4.6. To the left of the inflection point P was 0.818, indicating a lack of 
statistically significant relationship between the two variables. To the right of the inflection point, the effect 
size was 1.524 (1.291–1.814) (P < 0.01), suggesting that elevated sUA levels were significantly correlated with an 
increased risk of MAFLD. A 1-unit increase in sUA was linked to a 52.4% rise in the risk of MAFLD.

Relationships between the occurrence of MAFLD and the level of sUA according to BMI and menopausal status
We assessed the occurrence of MAFLD in both nonobese and obese individuals, distinguishing between 
nonmenopausal and postmenopausal groups (Fig.  4A). In the postmenopausal cohort, a nonobese patient 
exhibited no significant positive correlation between increased sUA levels and the incidence of MAFLD. This 
contradicts the findings of earlier research, potentially linked to the sample size characteristics in this study. 
The incidence of MAFLD in both the postmenopausal and nonmenopausal groups did not show a significant 
positive correlation with uric acid levels attributable to weight .

Subjects with MAFLD were categorized into three groups based on abdominal ultrasonography results: 
mild (248–301 dB/mL), moderate (302–307 dB/mL), and severe (> 307 dB/mL). Figure 4B presents a stratified 
analysis of BMI concerning the incidence of MAFLD across varying severities, categorized by quartiles of sUA 
in postmenopausal women. Obese individuals exhibited a more pronounced increase in sUA and a higher 
incidence of severe MAFLD. In the sUA content group, obesity exacerbated the severity of MAFLD.
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Quartiles of sUA levels (mg/dL) Overall Q1 Q2 Q3 Q4 p-value

Number 4477 1222 1067 1131 1057

Age (years) 44.77 (20.23) 39.10 (18.75) 42.79 (20.02) 45.37 (20.11) 52.69 (19.66) < 0.0001

Wasit (cm) 96.71 (18.28) 88.30 (15.47) 93.28 (16.67) 99.27 (17.01) 107.53(18.27) < 0.0001

BMI (kg/m2) 29.75 (8.27) 26.20 (6.43) 28.13 (7.10) 30.93 (8.12) 34.23 (9.05) < 0.0001

Never smoking, n (%) 2668 (68.11) 730 (71.36) 648 (70.74) 671 (67.30) 619 (63.10) 0.0002

Marital status, n (%) < 0.0001

Married/ Living with partner 1987 (52.96) 559 (58.11) 496 (57.01) 500 (51.98) 432 (45.09)

Widowed/ Divorced/ Separated 1039 (27.69) 192 (19.96) 220 (25.29) 286 (29.73) 341 (35.59)

Never married 726 (19.35) 211 (21.93) 154 (17.70) 176 (18.30) 185 (19.31)

Alcohol use (%) 0.409

Never drinking (%) 142 (65.74) 32 (62.75) 30 (58.82) 44 (73.33) 36 (66.67)

Heavy drinking 3 ( 1.39) 1 ( 1.96) 2 ( 3.92) 0 ( 0.00) 0 ( 0.00)

Occasional drink 71 (32.87) 18 (35.29) 19 (37.25) 16 (26.67) 18 (33.33)

Education, n (%) 0.0512

Less than high school 641 (17.08) 166 (17.24) 145 (16.63) 163 (16.96) 167 (17.43)

High school or equivalent 865 (23.04) 215 (22.33) 190 (21.79) 226 (23.52) 234 (24.43)

Some college or AA degree 1306 (34.79) 329 (34.16) 287 (32.91) 332 (34.55) 358 (37.37)

College graduate or above 942 (25.09) 253 (26.27) 250 (28.67) 240 (24.97) 199 (20.77)

Race/ ethnicity, n (%) < 0.0001

Mexican American 583 (13.02) 204 (16.69) 137 (12.84) 137 (12.11) 105 ( 9.93)

Other Hispanic 471 (10.52) 152 (12.44) 110 (10.31) 130 (11.49) 79 ( 7.47)

White, non-Hispanic 1508 (33.68) 395 (32.32) 365 (34.21) 389 (34.39) 359 (33.96)

Black, non-Hispanic 1157 (25.84) 296 (24.22) 248 (23.24) 285 (25.20) 328 (31.03)

Other race 758 (16.93) 175 (14.32) 207 (19.40) 190 (16.80) 186 (17.60)

Other factor

SBP (mmHg) 119.55(20.18) 114.79(18.21) 118.04(18.90) 120.05(19.85) 126.03(22.15) < 0.0001

DBP (mmHg) 72.50 (11.32) 69.87 (10.33) 71.64 (11.07) 73.62 (11.12) 75.23 (12.10) < 0.0001

FBG (mmol/L) 2.95 (3.29) 2.67 (3.32) 2.87 (3.20) 3.03 (3.11) 3.30 (3.47) 0.0001

HLD (mmol/L) 1.48 (0.41) 1.55 (0.40) 1.52 (0.41) 1.46 (0.41) 1.39 (0.40) < 0.0001

HbA1c (%) 5.73 (1.00) 5.62 (1.14) 5.63 (0.93) 5.70 (0.80) 5.99 (1.07) < 0.0001

Triglyceride (mg/dL) 95.95 (62.65) 79.24 (48.95) 86.79 (51.26) 101.00(72.12) 115.97(67.58) < 0.0001

AST (U/L) 19.64 (11.55) 18.90 (10.35) 18.72 (10.47) 19.71 (10.38) 21.34 (14.53) < 0.0001

ALT (U/L) 17.61 (13.98) 15.99 (11.91) 16.46 (16.05) 18.10 (12.76) 20.13 (14.81) < 0.0001

GGT (IU/L) 24.29 (34.75) 20.53 (33.32) 20.73 (22.11) 24.21 (30.15) 32.31 (47.70) < 0.0001

HOME-IR 2.10 (6.02) 1.37 (3.20) 1.84 (5.81) 2.19 (5.75) 3.12 (8.41) < 0.0001

CRP (mg/L) 4.26 (8.25) 2.83 (5.34) 3.60 (9.65) 4.66 (7.18) 6.13 (9.99) < 0.0001

Diabetes, n (%) 706(15.77) 124(10.15) 126(11.81) 178(15.74) 278(26.3) < 0.0001

Hypertension, n (%) 1657 (37.01) 276(22.59) 328 (30.74) 421(37.22) 632 (59.79) < 0.0001

Hyperlipidemia, n (%) 3007 (67.17) 673 (55.07) 672 (62.98) 804 (71.09) 858 (81.17) < 0.0001

MAFLD, n (%) 1997 (44.61) 337 (27.58) 392 (36.74) 580 (51.28) 688 (65.09) < 0.0001

Liver fibrosis, n (%) 0.6248

F2, n (%) 123 (34.26) 24 (43.64) 18 (36.00) 29 (35.80) 52 (30.06)

F3, n (%) 134 (37.33) 16 (29.09) 20 (40.00) 29 (35.80) 69 (39.88)

F4, n (%) 102 (28.41) 15 (27.27) 12 (24.00) 23 (28.40) 52 (30.06)

Table 1.  Weighted baseline characteristics of all female participants. Q1: ≤4.2 mg/dL; Q2: 4.2~4.9 mg/dL,; 
Q3: 5.0~5.9 mg/5.9 mg/dL; Q:4≥5.9 mg/dL. Mean ± SD for continuous variables: P value was calculated 
by weighted ANOVA test. % for categorical variables: P value was calculated by weighted chi-square test. 
Median [interquartile range] for continuous variables: P value was calculated by weighted Kruskal-Wallis H 
test. BMI, Body mass index; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; FBG, Fasting blood 
glucose; HLD, High-density lipoprotein cholesterol; HbA1c, Glycosylated hemoglobin ; AST, Aspartate 
aminotransferase; ALT, Alanine aminotransferase; GGT, Gamma-glutamyltransferase; HOME-IR, Omeostatic 
model assessment of insulin resistance; CRP, Plasma high-sensitivity C-reactive protein; F2, F3, and F4, with 
thresholds of 8.2, 9.7, and 13.6 kPa, respectively.
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Furthermore, the stratified analysis of BMI revealed no significant positive correlation between sUA levels 
and the severity of MAFLD in premenopausal women. In both nonobese and obese postmenopausal women, a 
significant positive correlation and dose-response relationship exist between sUA levels and the severity of liver 
disease in patients with MAFLD (P < 0.0001) (Fig. 4C).

Quartiles of sUA levels (mg/dL) Overall Q1 Q2 Q3 Q4 p-value

Number 1139 313 267 276 283

age 64.30 (9.04) 63.27 (8.52) 64.13 (9.44) 64.58 (9.09) 65.31 (9.06) 0.0452

Wasit (cm) 100.56(16.03) 94.07 (13.58) 98.39 (14.55) 102.22(14.14) 108.41(18.03) < 0.0001

BMI (kg/m2) 30.13 (7.38) 27.34 (5.93) 29.19 (6.20) 30.61 (6.65) 33.62 (8.92) < 0.0001

Never smoking (%) 708 (62.16) 205 (65.50) 176 (65.92) 174 (63.04) 153 (54.06) 0.0114

Marital status (%) 0.0019

Married/ Living with Partner 572 (50.35) 170 (54.66) 140 (52.63) 148 (53.62) 114 (40.28)

Widowed/ Divorced/ Separated 459 (40.40) 121 (38.91) 105 (39.47) 104 (37.68) 129 (45.58)

Never married 105 ( 9.24) 20 ( 6.43) 21 ( 7.89) 24 ( 8.70) 40 (14.13)

Education (%) 0.0697

Less than high school 214 (18.82) 46 (14.74) 53 (19.85) 60 (21.82) 55 (19.43)

High school or equivalent 287 (25.24) 76 (24.36) 78 (29.21) 67 (24.36) 66 (23.32)

Some college or AA degree 342 (30.08) 91 (29.17) 70 (26.22) 83 (30.18) 98 (34.63)

College graduate or above 294 (25.86) 99 (31.73) 66 (24.72) 65 (23.64) 64 (22.61)

Race/ ethnicity, n (%) 0.0006

Mexican American 115 (10.10) 34 (10.86) 33 (12.36) 31 (11.23) 17 ( 6.01)

Other Hispanic 133 (11.68) 43 (13.74) 38 (14.23) 28 (10.14) 24 ( 8.48)

White, non-Hispanic 446 (39.16) 132 (42.17) 109 (40.82) 103 (37.32) 102 (36.04)

Black, non-Hispanic 268 (23.53) 62 (19.81) 44 (16.48) 68 (24.64) 94 (33.22)

Other race 177 (15.54) 42 (13.42) 43 (16.10) 46 (16.67) 46 (16.25)

Other factor

SBP (mmHg) 131.22(20.74) 128.89(20.08) 131.48(20.49) 131.85(20.51) 133.00(21.77) 0.1158

DBP (mmHg) 74.86 (10.82) 73.76 (10.69) 74.92 (10.29) 75.57 (10.11) 75.37 (11.98) 0.1926

FBG (mmol/L) 3.13 (3.47) 3.13 (3.82) 2.86 (3.04) 3.08 (3.23) 3.44 (3.65) 0.2688

HLD (mmol/L) 1.54 (0.43) 1.64 (0.45) 1.59 (0.44) 1.50 (0.40) 1.42 (0.40) < 0.0001

HbA1c (%) 6.07 (1.10) 6.10 (1.41) 5.90 (0.77) 5.94 (0.74) 6.33 (1.21) < 0.0001

Triglyceride (mg/dL) 110.67(57.50) 104.30(59.72) 102.97(51.99) 117.01(60.61) 117.95(55.83) 0.0436

AST (U/L) 21.54 (10.75) 20.94 (8.40) 22.31 (11.40) 21.35 (9.74) 21.67 (13.11) 0.4786

ALT (U/L) 19.72 (13.54) 18.22 (9.79) 20.29 (14.09) 20.18 (15.08) 20.38 (14.89) 0.1497

GGT (IU/L) 29.60 (41.77) 25.16 (35.78) 26.79 (32.06) 30.19 (37.76) 36.58 (56.44) 0.0052

HOME-IR 2.13 (5.94) 1.59 (3.30) 1.64 (2.73) 2.32 (8.90) 3.02 (6.67) 0.0107

CRP (mg/L) 4.70 (10.90) 4.04 (14.74) 4.41 (8.59) 4.76 (8.37) 5.63 (10.02) 0.336

Diabetes (%) 289 (25.37) 73 (23.32) 48 (17.98) 64 (23.19) 104 (36.75) < 0.0001

Hypertension (%) 718 (63.04) 64 (51.12) 152 (56.93) 177 (64.13) 229 (80.92) < 0.0001

Hyperlipidemia, n (%) 963 (84.55) 249 (79.55) 224 (83.90) 236 (85.51) 254 (89.75) 0.007

MAFLD, n (%) 633 (55.58) 135 (43.13) 134 (50.19) 167 (60.51) 197 (69.61) < 0.0001

Liver fibrosis, n (%) 0.2977

F2, n (%) 42 (33.33) 11 (52.38) 6 (31.58) 9 (29.03) 16 (29.09)

F3, n (%) 48 (38.10) 6 (28.57) 5 (26.32) 15 (48.39) 22 (40.00)

F4, n (%) 36 (28.57) 4 (19.05) 8 (42.11) 7 (22.58) 17 (30.91)

Table 2.  Weighted baseline characteristics of postmenopausal women. Q1: ≤4.2 mg/dL; Q2: 4.2~4.9 mg/
dL,; Q3: 5.0~5.9 mg/5.9 mg/dL; Q:4≥5.9 mg/dL. Mean ± SD for continuous variables: P value was calculated 
by weighted ANOVA test. % for categorical variables: P value was calculated by weighted chi-square test. 
Median [interquartile range] for continuous variables: P value was calculated by weighted Kruskal-Wallis H 
test. BMI, Body mass index; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; FBG, Fasting blood 
glucose; HLD, High-density lipoprotein cholesterol; HbA1c, Glycosylated hemoglobin ; AST, Aspartate 
aminotransferase; ALT, Alanine aminotransferase; GGT, Gamma-glutamyltransferase; HOME-IR, Omeostatic 
model assessment of insulin resistance; CRP, Plasma high-sensitivity C-reactive protein; F2, F3, and F4, with 
thresholds of 8.2, 9.7, and 13.6 kPa, respectively. 
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Discussion
A cross-sectional analysis utilizing NHANES data from 2017 to March 2020 demonstrated a significant correlation 
between sUA levels and the prevalence of MAFLD among menopausal women in the United States. Elevated 
sUA levels were consistently linked to higher rates of MAFLD in various menopausal populations. This finding 
has significant clinical implications, indicating that sUA may serve as a risk factor for MAFLD. Monitoring sUA 
levels in postmenopausal women enables clinicians to detect individuals at high risk for developing MAFLD 
early, facilitating timely interventions to mitigate this risk. These findings validate and deepen the hypotheses 
initially proposed in this study, highlighting the complex interactions between sUAs levels and the development 
of MAFLD in postmenopausal women and thus provide important insights into the reduction of metabolism-
related diseases in postmenopausal women and the management of postmenopausal women’s health.

In recent studies, the terms NAFLD and MAFLD are often used interchangeably. However, according to 
international definitions, MAFLD places greater emphasis on the concept of metabolic dysfunction compared 
to NAFLD22. A retrospective study suggests that menopausal status may contribute to the onset and progression 
of NAFLD23. Several mechanisms have been proposed by prior studies to explain how menopausal status 
could be linked to an increased risk of NAFLD. Sex hormones, particularly estrogen, are steroid hormones that 
bind to hepatocyte receptors. In women of childbearing age, estrogen plays a protective role against excessive 
hepatic fat accumulation by stimulating lipolysis and inhibiting hepatic lipogenesis24. Estrogen also promotes 
the excretion of excess free fatty acids by facilitating the removal of oxidized very-low-density lipoproteins and 
stimulates the synthesis of HDL, thereby maintaining hepatic cholesterol homeostasis25. Additionally, estrogen 
enhances mitochondrial function, promotes the oxidation of free fatty acids, improves insulin sensitivity, 
supports glycolipid metabolic processes, and reduces intrahepatic inflammation26. Animal studies have shown 
that estrogen-deficient mice are more susceptible to lipid metabolism abnormalities, which lead to hepatic fat 
accumulation27. In our study, cross-sectional data analysis revealed that postmenopausal women exhibited a 
higher prevalence of MAFLD compared to premenopausal women, consistent with previous findings.

Over the past few years, several emerging studies have examined the relationship between MAFLD and 
sUA levels. These studies suggest that the risk of NAFLD in women with different menstrual statuses increases 
as sUA levels rise28. Previous research has established a positive association between elevated sUA levels and 
the development of NAFLD, though most of these studies have focused on a broader range of age groups and 
included both men and women, with limited application of the concept of MAFLD29,30. Furthermore, there is a 
paucity of studies that specifically address the relationship between MAFLD and sUA in postmenopausal women 
using publicly available databases. In contrast, our study, based on multivariate logistic regression analyses, RCS, 

Model 1 Model 2 Model 3 Model 4

OR (95% CI) OR (95%CI) OR (95% CI) OR (95% CI)

sUA level 3.07 (2.59 ~ 3.64)*** 2.82 (2.21 ~ 3.61)*** 1.95 (1.44 ~ 2.64)*** 1.75 (1.25 ~ 2.45)**

Quartiles

Quartiles1 Ref Ref Ref Ref

Quartiles2 1.71 (1.36 ~ 2.15)** 1.68 (1.29 ~ 2.18)** 1.18 (0.88 ~ 1.57) 1.13 (0.82 ~ 1.56)

Quartiles3 3.60 (2.70 ~ 4.82)** 3.54 (2.36 ~ 5.30)*** 2.28 (1.48 ~ 3.51)** 2.16 (1.34 ~ 3.50)**

Quartiles4 5.68 (4.47 ~ 7.22)** 4.77 (3.38 ~ 6.72)*** 2.26 (1.78 ~ 3.96)** 2.07 (1.32 ~ 3.26)**

P for trend P < 0.001 P < 0.001 P < 0.001 P < 0.001

Table 4.  Relationships between sUA levels and the MAFLD in premenopausal women. Model 1: unadjusted; 
Model 2: adjusted by age, smoking, race, education, marital status; Model 3: adjusted by age, smoking, race, 
education, marital status, ALT, AST, GGT; Model 4: adjusted by age, smoking, race, education, marital status, 
ALT, AST, GGT, diabetes, hypertension, hypercholesterolemia. P* < 0.05; **P < 0.01; ***P < 0.001.

 

Model 1 Model 2 Model 3 Model 4

OR (95%CI) OR (95% CI) OR (95% CI) OR (95% CI)

sUA level 3.15 (1.98 ~ 5.03)*** 3.25(1.93 ~ 5.45)*** 3.20 (1.87 ~ 5.48)*** 2.64 (1.46 ~ 4.77)**

Quartiles

Quartiles1 Ref Ref Ref Ref

Quartiles2 1.98 (1.21 ~ 3.25)** 1.87 (1.09 ~ 3.22)* 1.87 (1.07 ~ 3.27)* 1.92 (1.02 ~ 3.57)*

Quartiles3 3.47 (1.98 ~ 6.09)*** 3.30 (1.80 ~ 6.13)** 3.20 (1.80 ~ 5.91)** 3.12 (1.52 ~ 6.35)**

Quartiles4 4.66 (2.53 ~ 8.58)*** 4.81 (2.35 ~ 9.88)*** 4.70 (2.20 ~ 10.17)** 3.54 (1.47 ~ 8.55)*

P for trend P < 0.001 P < 0.001 P < 0.001 P < 0.001

Table 3.  Relationship between sUA and MAFLD in postmenopausal women. Model 1: unadjusted; Model2: 
adjusted by age, smoking, race, education, marital status; Model 3: adjusted by age, smoking, race, education, 
marital status, ALT, AST, GGT; Model4: adjusted by age, smoking, race, education, marital status, ALT, AST, 
GGT, diabetes, hypertension, hypercholesterolemia. *P < 0.05; **P < 0.01; ***P < 0.001.
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and threshold analyses, demonstrates a significant positive association between serum uric acid levels and the 
risk of MAFLD in postmenopausal women in the United States. Potential mechanisms through which elevated 
sUA levels are positively associated with MAFLD in postmenopausal women include several factors. Studies 
have shown that estrogen levels influence the urate transport system in the kidneys, with increased estrogen 
leading to enhanced sUA levels clearance through increased secretion and inhibition of reabsorption31. However, 
perimenopausal and postmenopausal women tend to exhibit higher sUA levels32. The pathways through which 
sUA contributes to the development of MAFLD are complex and involve insulin resistance, oxidative stress, and 
inflammatory responses. High sUA levels impair insulin signaling through inhibition of intrahepatic IRS1 and 
Akt pathways, thereby inducing insulin resistance. This, in turn, leads to an increase in cytotoxic substances 
and lipid peroxidation products in hepatocytes, promoting hepatic fat accumulation33,34. Additionally, sUA 
exacerbates mitochondrial oxidative stress, inhibits activity in the tricarboxylic acid cycle, and induces fat 
deposition in hepatocytes35. Moreover, sUA stimulates the production of reactive oxygen species by activating 
NADPH oxidases, particularly NOX4, leading to aberrant activation of NLRP3, which contributes to hepatic 
steatosis and inflammation36. Previous studies have also demonstrated that sUA and cytosolic NOX trigger a 
cascade of endoplasmic reticulum stress, which promotes the release of the adipogenic transcription factor 
SREBP-1c, a regulator of adipogenic enzyme expression and lipid metabolism disorders37. This suggests that 
elevated sUA levels may serve as a useful biomarker for identifying patients with MAFLD and hepatic steatosis 
or related metabolic abnormalities. In our study, the highest prevalence of MAFLD (69.61%) was observed in 
the Q4 subgroup (quartile with the highest sUA levels) of postmenopausal women, which may be attributed 
to the decreased estrogen levels leading to higher sUA levels. Furthermore, the threshold analysis revealed 
that the optimal inflection point for the relationship between MAFLD prevalence and sUA levels was 4.6 mg/
dL. To the left of this inflection point, no statistically significant association was found (p = 0.818). However, 
beyond this threshold, a positive correlation emerged, with each 1-unit increase in sUA associated with a 52.4% 
increase in the risk of MAFLD. Therefore, sUA levels may serve as a valuable marker for assessing MAFLD risk 
in postmenopausal women.

Fig. 2.  Subgroups analyses. In the subgroup analysis stratified by race, education level, smoking status, marital 
status, BMI, waist circumference, hypertension, diabetes, hyperlipidaemia, insulin index, CRP, ATL, ASL, 
and ASL/ATL, the model is not adjusted forrace, education level, smoking status, marital status, BMI, waist 
circumfeence, hypertension, diabetes, hyperlipidaemia, insulin index, CRP, ATL and ASL respectively.

 

Scientific Reports |         (2025) 15:8944 8| https://doi.org/10.1038/s41598-025-93738-3

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Our study revealed that higher BMI was associated with elevated sUA levels and a greater prevalence of severe 
MAFLD in postmenopausal women, whereas no significant correlation was observed in premenopausal women. 
Previous studies have demonstrated that adipose tissue distribution, particularly abdominal fat, is strongly linked 
to hepatic steatosis and metabolic syndrome38. Postmenopausal women are more susceptible to weight gain, fat 
redistribution, and dyslipidemia, potentially due to hormonal changes39. Interestingly, our findings indicated no 
significant positive correlation in the postmenopausal cohort, which contrasts with results from prior studies. 
This discrepancy may stem from the characteristics of the sample in our database. While numerous studies 
suggest that BMI or sUA levels can be risk factors for MAFLD, evidence linking these variables specifically to 
menopausal women remains scarce, and the mechanisms underlying the interaction between obesity, sUA, and 
MAFLD are not well understood. A previous mediator analysis indicated that sUA accounted for 10% of obesity-
associated NAFLD development, suggesting that elevated sUA may serve as a primary pathophysiological 
mechanism in the increased prevalence of NAFLD among obese adults40. This association may be linked to 
insulin resistance (IR), which disrupts the balance of renal urate reabsorption and excretion via stimulation 
of urate-anion exchange. Additionally, elevated sUA amplifies the pro-inflammatory response of adipose cells, 
heightening the risk of metabolic disorders41. This study provides a preliminary exploration of the relationship 
among these variables by BMI stratification, illustrated via a bar chart, which suggests that in postmenopausal 
women, higher BMI intensifies the impact of sUA on MAFLD development. For postmenopausal women with 
elevated sUA levels, weight loss could potentially reduce the incidence of MAFLD; however, further large-scale 
studies are necessary to validate this hypothesis.

This study has several limitations that require attention. The discussion regarding the influence of pertinent 
metabolism-related markers on MAFLD is insufficient in our study, making it impossible to ascertain whether 
other metabolic abnormalities affect uric acid levels and subsequently worsen the progression of MAFLD. The 

Outcome The effect size, 95% CI P value

Model 1 Fitting model by standard linear regression 1.369 (1.221–1.539) < 0.01

Model 2 Fitting model by two-piecewise linear regression

Inflection point 4.6

< 4.6 1.039 (0.747–1.441) 0.818

> 4.6 1.524 (1.291–1.814) < 0.01

P for likelihood ratio test 0.077

Model 1 Fitting model by standard linear regression 1.369 (1.221–1.539) < 0.01

Table 5.  Threshold effect analysis of the MAFLD and sUA levels.

 

Fig. 3.  The smooth curve fitting between the prevalence of MAFLD and sUA levels. The x-axis represents sUA.
The y-axis represents the 95% confidence interval from the fit. The dashed line indicates an OR of 1, which 
represents no association between prevalence of MAFLD and sUA levels. The model adjusted by age, race, 
education, marital, smoking, BMI, waistline.
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cross-sectional design of the study utilizing NHANES data limited our ability to establish causality, highlighting 
the necessity for future prospective cohort studies to corroborate our findings.

Conclusion
This study demonstrated a significant positive correlation between sUA levels and MAFLD in postmenopausal 
women, providing compelling evidence that sUA may serve as a key indicator for assessing MAFLD risk in this 
population. Moreover, weight management in postmenopausal women could mitigate the risk of MAFLD, even 
at similar sUA levels. However, the cross-sectional design of this study limits the ability to infer causality. Future 
research should focus on developing diagnostic algorithms based on sUA data and validating these algorithms 
by comparing predicted outcomes with clinical diagnoses using the same datasets. Despite its limitations, this 
study underscores the potential utility of sUA in MAFLD risk assessment and highlights the need for diverse, 
global research to build on these findings.

Data availability
Publicly available datasets were analyzed in this study. This data can be found here: ​h​t​t​p​s​:​/​/​w​w​w​.​c​d​c​.​g​o​v​/​n​c​h​s​/​
n​h​a​n​e​s​/​i​n​d​e​x​.​h​t​m​.​​
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