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Association between the ratio of
serum uric acid to high-density
lipoprotein cholesterol and liver fat
content: evidence from a Chinese
health examination dataset
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Zhi Zou*, Xue Lv3, Hao Li® & Yongli Li3**

Despite numerous studies investigating the correlation between the serum uric acid and high-density
lipoprotein cholesterol ratio (UHR) and fatty liver disease, the evidence for the dose-response
relationship between UHR and liver fat content (LFC) remains uncertain. This study employs
quantitative computed tomography (CT) to quantify LFC and aims to investigate the correlation and
dose-response relationship between UHR levels and LFC in Chinese adults. Based on the health check-
up data from 2021 at Henan Provincial People’s Hospital, China, the objective of this cross-sectional
study was to investigate the association between UHR levels and LFC among individuals of different
genders. The analytical approach encompassed one-way ANOVA, multiple regression analysis,
subgroup analysis, smooth curve fitting, and the evaluation of threshold and saturation effects. Upon
adjusting for potential influencing factors, the multiple regression analysis indicated a positive
correlation between UHR and LFC in both male and female subjects. This positive correlation was more
significant in the highest UHR quartile (Male Q4 in model II: 6=2.119, 95% Cl: 1.353-2.886, P < 0.05;
Female Q4 in model Il: 8=1.312, 95% Cl: 0.499-2.124, P < 0.05). Subgroup and threshold saturation
effect analyses demonstrated a positive correlation between UHR and LFC in the male population,
independent of age, although the linear correlation trend was influenced by different body mass index
(BMI) groups. In the female population, age also affected the association between UHR and LFC, with
a negative association observed when age > 45 years and UHR > 30.63. A positive association exists
between UHR levels and LFC in both genders among Chinese adults, albeit exhibiting variations across
different age and BMI groups. Consequently, early monitoring of UHR levels may be crucial for the
early detection and intervention in high-risk groups exhibiting increased LFC.
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Background

With the rise in living standards and shifts in lifestyle habits, such as diet and physical activity, the global incidence
of fatty liver disease is on an upward trend. According to a research report from 2020, the occurrence of non-
alcoholic fatty liver disease (NAFLD) in China has reached 29.2%'. Fatty liver, the most common intrahepatic
metabolic disease, is primarily driven by underlying mechanisms like intrahepatic lipid metabolism disorders
and insulin resistance?®. Recent research indicates that fatty liver is linked to the progression of multiple
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cancers, both within and outside the liver, and can lead to conditions like cirrhosis and hepatitis4. Therefore,
early screening and diagnosis of fatty liver, along with evaluation of treatment effects and follow-up detection,
are of paramount importance. Although liver biopsy pathology is widely accepted as the most reliable method
for diagnosing fatty liver, its invasive nature and significant cost are notable drawbacks’. This highlights the
urgent need to develop non-invasive diagnostic techniques for fatty liver disease. Serum markers, when used
in conjunction with other diagnostic criteria, offer numerous benefits such as ease of use, cost-effectiveness,
and diagnostic accuracy, and their effectiveness in diagnosing a range of diseases has been substantiated®”.
Considering the interplay between fatty liver and disorders of lipid metabolism, Deprince et al.have provided
evidence that an imbalance in high-density lipoprotein cholesterol (HDL-C) metabolism is implicated in the
onset of NAFLD. HDL-C, with its anti-inflammatory and antioxidant capabilities, has been found to be linked
with insulin resistance and could be instrumental in the progression of fatty liver disease’. Additionally, serum
uric acid (SUA) has been shown to be associated with the development of NAFLD!*!!, Sun et al.'’reviewed the
independent predictive power and internal mechanism of SUA for NAFLD and suggested that reducing SUA
concentration may be a potential treatment for fatty liver. Recent studies have widely used the ratio of serum
uric acid to high-density lipoprotein cholesterol (UHR), and this combination has been shown to be associated
with the development of metabolic syndrome and insulin resistance!>!“. Zhao et al.!” investigated the correlation
between UHR and NAFLD using ultrasonography and discovered a positive correlation between UHR and the
incidence of fatty liver, indicating the potential clinical utility of UHR in diagnosing NAFLD. Notably, Zhu et
al.’® conducted a five-year cohort study that the dependent variable included multiple serological indicators,
and found that UHR had the highest diagnostic performance among all predictors of NAFLD. This provides a
direction for the clinical application and follow-up research of UHR.

Despite the existing research focusing on the link between UHR and the susceptibility to fatty liver disease,
there is a noticeable lack of dose-response studies examining the connection between the quantification of liver
fat content (LFC) and UHR. This study utilized health check-up data from Henan Provincial People’s Hospital
in China, collected in 2021. LFC was quantified using quantitative computed tomography (CT). The objective of
this study was to ascertain whether a linear or non-linear relationship exists between UHR levels and LFC across
different genders. Additionally, confounding factors, such as biochemical test results associated with LFC, were
filtered to confirm the rigor of the study and the confidence of the results.

Materials and methods

Participants and criteria for inclusion

Information for this investigation was obtained from the health records of persons who participated during
the year 2021 medical evaluations at the Health Department Center of Henan Provincial People’s Hospital. The
criteria for participant selection were as follows: (1) individuals ranging from 20 to 80 years of age, (2) individuals
possessing complete demographic and blood biochemistry data, and (3) individuals who have received standard
low-dose chest CT scans and evaluations of liver fat. The criteria for exclusion encompassed: (1) existence of
various hepatic mass lesions (excluding benign small cysts and minor intrahepatic calcifications), history of
hepatic lobectomy, cirrhosis or alcoholic fatty liver disease, (2) history of any form of cancer, (3) endocrine
disease, (4) renal disease, and (5) past or present use of lipid metabolism modulators. Skilled personnel gathered
fundamental participant data, including gender, age, nationality, medical history, and drug history, through
direct investigations.

Initially, the study enrolled 3,509 participants. However, 44 participants were omitted as they did not meet
the age requirements. Additionally, 13 participants were removed due to incomplete data on SUA, HDL-C, or
LFC. Furthermore, 543 participants were disqualified because their medical records were inconsistent with the
inclusion criteria. As a result, the final study cohort consisted of 2,909 participants, comprising 1,756 males and
1,153 females. The participant selection process is depicted in Fig. 1.

3,509 participants were from the physical examination
department 2021

\]l/ { Male and female aged <20y, >80y (n=44) |

| 3,465 participants aged 20 to 80 y |

\IL { Missing data for serum UA or serum HDL-C or LFC (n = 13) |

I 3,452 participants with serum UA and serum HDL-C and LFC |

Participants with a history of diverse hepatic mass lesions
(excluding benign small cysts and minor intrahepatic
calcifications), hepatic lobectomy, cirrhosis, alcoholic fatty
liver disease, any type of cancer, endocrine disorders, renal
disease, and past or current use of lipid metabolism
regulators (n = 543)

2,909 participants were from the physical examination
department 2021

I 1,756 male participants | I 1,153 female participants

Fig. 1. Flowchart of participants selection.
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Male (n=1,756)

UHR (%) Q1(8.79-23.53) | Q2(23.56-28.79) | Q3(28.80-35.50) | Q4(35.52-59.55) | Pvalue
Age (years) 54.69+11.68 51.95+11.81 50.32+11.74 48.06+12.64 <0.001
Nationality (%) 0.107
non-Han nationality 2(0.46%) 1(0.23%) 5(1.13%) 7(1.59%)
Han nationality 434(99.54%) 439(99.77%) 436(98.87%) 432(98.41%)
Marital status (%) 0.232
Not married 17(3.90%) 15(3.41%) 24(5.44%) 26(5.92%)
Married 419(96.10%) 425(96.59%) 417(94.56%) 413(94.08%)
BMI (kg/m?), (%) <0.001
<24 233(53.44%) 166(37.73%) 111(25.17%) 68(15.49%)
>24,<28 180(41.28%) 212(48.18%) 258(58.50%) 245(55.81%)
>28 23(5.28%) 62(14.09%) 72(16.33%) 126(28.70%)
SBP (mmHg) 130.49+18.44 131.31+£17.12 129.70 £18.21 133.00+18.61 0.046
DBP (mmHg) 77.33+11.62 78.70+10.73 78.71+£12.04 80.71+12.25 <0.001
TC (mmol/L) 4.96+£0.94 4.94+0.99 4.83+0.93 4.79+1.00 0.019
TG (mmol/L) 1.22(0.92-1.63) 1.42(1.04-1.87) 1.73(1.27-2.29) 2.22(1.59-3.02) <0.001
LDL-C (mmol/L) 2.87+0.81 3.04+0.83 3.00+0.75 2.99+0.78 0.008
TP (g/L) 70.95+4.00 71.29+4.71 71.61+3.95 71.73+3.98 0.028
Hb (g/L) 150.18 £9.68 152.23+£10.37 152.70+£9.77 152.85+10.59 <0.001
TB (umol/L) 14.29+5.57 13.56 £5.30 13.50+£5.33 12.68 +£5.29 <0.001
ALT (U/L) 17.95(14.10-24.50) | 19.85(14.97-28.65) | 22.60(16.90-30.60) | 25.10(18.10-35.95) | <0.001
AST (U/L) 20.00(16.80-24.70) | 20.10(16.80-24.10) | 20.20(17.00-24.10) | 20.70(17.35-25.50) | 0.292
ALP (U/L) 66.51+14.78 67.80+17.43 67.80+16.84 69.24+17.79 0.155
GGT (U/L) 22.75(17.70-35.05) | 25.90(19.50-36.95) | 30.00(21.20-43.30) | 32.10(22.90-48.45) | <0.001
FBG (mmol/L) 5.16+0.59 5.16+0.55 5.24+0.58 5.21+0.59 0.088
Serum creatinine (umol/L) | 72.63 +10.00 74.96 +10.62 75.97+12.14 77.77 +13.65 <0.001
LFC (%) 7.25+3.51 8.57 +4.44 9.47 +4.84 11.43+5.80 <0.001
Female (n=1153)
UHR (%) Q1(5.52-14.40) Q2(14.41-17.96) Q3(17.97-22.17) Q4(22.27-43.13) Pvalue
Age (years) 51.07 +£9.66 51.00+10.14 52.56+10.72 53.34+9.93 0.011
Nationality (%) 0.789
non-Han nationality 5(1.74%) 5(1.75%) 6(2.08%) 3(1.03%)
Han nationality 283(98.26%) 281(98.25%) 282(97.92%) 288(98.97%)
Marital status (%) 0.214
Not married 10(3.47%) 13(4.55%) 7(2.43%) 5(1.72%)
Married 278(96.53%) 273(95.45%) 281(97.57%) 286(98.28%)
BMI (kg/mz), (%) <0.001
<24 230(79.86%) 200(69.93%) 158(54.86%) 122(41.92%)
>24,<28 50(17.36%) 70(24.48%) 102(35.42%) 125(42.96%)
>28 8(2.78%) 16(5.59%) 28(9.72%) 44(15.12%)
SBP (mmHg) 124.64+17.79 123.86 +19.67 126.60+17.73 130.06 +21.17 <0.001
DBP (mmHg) 73.02+10.47 73.71+12.21 74.17 +10.45 76.01+11.72 0.011
TC (mmol/L) 525+0.89 5.23+0.91 5.05+0.94 5.02+0.96 0.002
TG (mmol/L) 1.00(0.82-1.28) 1.17(0.86-1.50) 1.31(1.02-1.72) 1.72(1.25-2.25) <0.001
LDL-C (mmol/L) 2.83+0.72 3.05+0.78 3.03+0.81 3.05+0.79 <0.001
TP (g/L) 71.62+4.10 71.53+3.57 71.73+3.81 72.23+3.94 0.186
Hb (g/L) 128.90+11.80 131.33+10.62 130.64+11.31 132.96+10.83 <0.001
TB (umol/L) 11.13+4.44 10.72+4.39 10.27+3.58 10.68 +4.26 0.155
ALT (U/L) 14.00(11.07-18.42) | 15.10(11.20-19.80) | 15.65(12.30-21.32) | 17.20(13.15-23.95) | <0.001
AST (U/L) 18.70(15.60-22.42) | 18.55(15.00-22.78) | 18.50(15.90-22.92) | 18.90(16.20-22.75) | 0.408
Continued

Scientific Reports|  (2024) 14:31397 | https://doi.org/10.1038/s41598-024-83013-2 nature portfolio



http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Male (n=1,756)

UHR (%) Q1(8.79-23.53) | Q2(23.56-28.79) | Q3(28.80-35.50) | Q4(35.52-59.55) | Pvalue
ALP (U/L) 62.98+21.51 64.60+18.92 69.89+20.10 73.23+19.70 <0.001
GGT (U/L) 14.50(11.80-17.80) | 15.75(12.43-20.60) | 17.40(13.67-23.82) | 19.30(15.40-26.10) | <0.001
FBG (mmol/L) 4.91+0.49 4.93+0.45 5.03+0.52 5.14+0.50 <0.001
Serum creatinine (umol/L) | 55.58 +7.76 56.86+8.18 56.48 +8.24 59.55+11.98 <0.001
LFC (%) 5.22+2.63 6.02+3.29 7.13+3.34 9.39+5.67 <0.001

Table 1. Characteristics of the study population. BMI, body mass index; SBP, systolic blood pressure; DBP,
diastolic blood pressure; TC, total cholesterol; TG, triglycerides; LDL-C, low-density lipoprotein cholesterol;
TP, total protein; Alb, albumin; Hb, hemoglobin; TB, total bilirubin; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; ALP, alkaline phosphatase; GGT glutamyl transpeptidase; FBG, fasting blood
glucose; LEC, Liver fat content; %, weighted percentage.

Research methods
In order to uphold the precision and fairness of the data, all investigators participated in a uniform survey
training before the initiation of the study. An exhaustive questionnaire was used to collect crucial data about the
participants. This survey encompassed information regarding the participants’ medical history, particularly any
historical or ongoing instances of diverse liver mass lesions (excluding benign small cysts and minor intrahepatic
calcifications), lobectomy, cirrhosis, cancer, endocrine disorders, renal disease, and the usage of lipid metabolism
regulators. After the questionnaire was filled out, the data were assembled, synthesized, and validated.
Subsequently, after a 12-hour fasting period, participant measurements were taken in the morning, including
height, weight, systolic blood pressure (SBP), and diastolic blood pressure (DBP). To reduce the likelihood of
errors, each measurement was performed twice, with the final value being the mean of the two readings. The
Body Mass Index (BMI) was computed by dividing the weight by the height? (kg/m?).

Laboratory tests

Blood specimens were obtained from fasting participants at 8 a.m., and a variety of laboratory parameters were
evaluated, including SUA, HDL-C, total cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol
(LDL-QC), total protein (TP), hemoglobin (Hb), total bilirubin (TB), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), glutamyl transpeptidase (GGT), fasting blood glucose
(FBG), and serum creatinine. An Olympus” AU 5400 automated biochemistry analyzer was utilized for the
evaluation of lipid and blood glucose levels. Standard laboratory methods were employed for the assessment of
the remaining variables.

LFC measurements

Utilizing a Lightspeed VCT 64-row CT scanner (General Electric), the study conformed to the standard low-dose
chest CT scan protocol, setting the tube voltage at 120 kV and the tube current at 100 mA. The scanning field was
established at 500 mm X 500 mm, with a slice thickness of 5 mm and a pitch of 0.984. Quantitative CT of LFC
was executed using the Measure Liver Fat module scanning analysis software, a supportive tissue measurement
application. During this procedure, three circular regions of interest (ROIs) were positioned in the anterior and
posterior segments of the left and right lobes, respectively, with a cross-sectional area of 290 ~ 310mm? for each
region. The ROIs were situated in the subcapsular region of the liver, steering clear of the bile ducts and blood
vessels. If the left lobe of the liver was too small to be visualized on the section, the slice with the largest area of
the left lobe was utilized for measurement. The mean of the three was taken as the final value to determine the
liver fat percentage. Quantitative CT software was used by specially trained radiologists to conduct all analyses.
Importantly, an earlier research publication confirmed the appropriateness of this technique for individuals of
Chinese descent!”.

Variables

In this study, UHR was used as the independent variable and LFC as the dependent variable. The confounding
variables considered included nationality, marital status, age, BMI, SBP, DBP, TC, TG, LDL-C, TP, Hb, TB, ALT,
AST, ALP, GGT, FBG, and serum creatinine. UHR (%) is defined as SUA (umol/L) divided by HDL-C (mmol/L).

Statistical analysis

EmpowerStats (http://www.empowerstats.com, X&Y Solutions, Inc., Boston, MA, USA) and R software (R,
version 4.2.0) were used for statistical analysis. All data underwent normality testing and were expressed as
either the mean + standard deviation for normally distributed continuous variables, the median and interquartile
range for non-normally distributed continuous variables, or proportions for categorical variables. Chi-square
tests and ANOVAs were used to identify significant differences in the data sets. The study employed univariate
analysis to assess the impact of each variable on LFC. In addressing confounding variables, the study examined
the relationship between UHR and LFC using a multivariate linear regression model, excluding variables with a
variance inflation factor (VIF) > 10 to mitigate multicollinearity. This model was also used to analyze the linear
relationship between UHR and LFC in different gender populations, which were further classified by age and
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Statistics Effect size () P value
Male (n=1,756)
Age (years) 51.25+12.20 -0.02(-0.04, -0.00) | 0.018
Nationality (%)
non-Han nationality 15(0.85%) Reference
Han nationality 1741(99.15%) 1.47(-1.05,3.99) 0.253
Marital status (%)
Not married 82(4.67%) Reference
Married 1674(95.33%) 0.75(-0.34,1.85) 0.179
BMI (kg/m?) 25.35+2.93 0.80(0.73,0.87) <0.001
SBP (mmHg) 131.12+18.13 0.04(0.03,0.06) <0.001
DBP (mmHg) 78.86+11.73 0.07(0.06,0.09) <0.001
TC (mmol/L) 4.88+0.97 0.36(0.12,0.60) 0.003
TG (mmol/L) 1.58(1.14-2.22) 1.13(0.94,1.32) <0.001
LDL-C (mmol/L) 2.98+0.80 0.64(0.35,0.93) <0.001
TP (g/L) 71.40+4.18 0.13(0.07,0.19) <0.001
Hb (g/L) 152.00+10.16 0.05(0.03,0.08) <0.001
TB (pumol/L) 13.51+5.40 -0.01(-0.06,0.03) | 0.534
ALT (U/L) 21.25(15.70-30.20) | 0.11(0.10,0.12) <0.001
AST (U/L) 20.20(17.00-24.50) | 0.14(0.11,0.16) <0.001
ALP (U/L) 67.84+16.77 0.03(0.02,0.04) <0.001
GGT (U/L) 27.20(20.10-40.85) | 0.03(0.02,0.03) <0.001
FBG (mmol/L) 5.19+0.58 1.58(1.18,1.97) <0.001
Serum creatinine (umol/L) | 75.34+11.83 0.01(-0.01,0.03) 0.492
Female (n=1,153)
Age (years) 52.00+10.15 0.02(-0.00,0.04) 0.108
Nationality (%)
non-Han nationality 19(1.65%) Reference
Han nationality 1134(98.35%) 1.73(-0.17,3.64) 0.075
Marital status (%)
Not married 35(3.04%) Reference
Married 1118(96.96%) 0.73(-0.69,2.14) 0.315
BMI (kg/mz) 23.50+3.02 0.62(0.54,0.69) <0.001
SBP (mmHg) 126.30+19.27 0.04(0.03,0.06) <0.001
DBP (mmHg) 74.24+11.28 0.06(0.04,0.08) <0.001
TC (mmol/L) 5.14+0.93 -0.16(-0.43,0.10) | 0.221
TG (mmol/L) 1.25(0.95-1.71) 1.96(1.62,2.30) <0.001
LDL-C (mmol/L) 2.99+0.78 0.22(-0.10,0.53) | 0.176
TP (g/L) 71.78 +3.87 0.09(0.02,0.15) 0.008
Hb (g/L) 130.96+11.23 0.02(-0.00,0.04) | 0.054
TB (umol/L) 10.70+4.19 0.04(-0.02,0.09) | 0.220
ALT (U/L) 15.20(11.80-20.80) | 0.12(0.10,0.14) <0.001
AST (U/L) 18.70(15.70-22.60) | 0.11(0.07,0.14) <0.001
ALP (U/L) 67.69+20.47 0.03(0.02,0.04) <0.001
GGT (U/L) 16.40(13.00-22.30) | 0.05(0.03,0.06) <0.001
FBG (mmol/L) 5.00+0.50 1.74(1.26,2.21) <0.001
Serum creatinine (umol/L) | 57.12+9.31 -0.01(-0.04,0.01) | 0.377

Table 2. The results of univariate analysis. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; TC, total cholesterol; TG, triglycerides; LDL-C, low-density lipoprotein cholesterol; TP, total
protein; Hb, hemoglobin; TB, total bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase;

ALDP, alkaline phosphatase; GGT glutamyl transpeptidase; FBG, fasting blood glucose; %, weighted percentage.

BMI. To discern a potential nonlinear relationship between UHR and LFC, a smooth curve fitting technique
and a generalized additive model were used. In cases where the relationship was nonlinear, the breakpoint of
the correlation between UHR and LFC was determined through calculation. On either side of the inflection
point, a two-phase linear regression model was constructed. For all statistical tests, the p-values after Bonferroni

Scientific Reports |

(2024) 14:31397

| https://doi.org/10.1038/s41598-024-83013-2

nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Crude model Model I Model IT

B (95% CI) Pvalue | § (95% CI) Pvalue | B (95% CI) Pvalue
Male
UHR 0.175(0.150,0.199) | <0.001 | 0.176(0.151,0.202) | <0.001 | 0.090(0.057,0.123) | 0.002
Q1 Reference Reference Reference
Q2 1.325(0.700,1.951) | <0.001 | 1.324(0.697,1.951) | <0.001 | 0.627(0.045,1.213) 0.034
Q3 2.217(1.592,2.842) | <0.001 | 2.240(1.610,2.870) | <0.001 | 0.971(0.337,1.579) | 0.004
Q4 4.179(3.553,4.805) | <0.001 | 4.216(3.578,4.854) | <0.001 | 2.119(1.353,2.886) <0.001
P for trend <0.001 <0.001 <0.001
Female
UHR 0.270(0.233,0.308) | <0.001 | 0.269(0.231,0.306) | <0.001 | 0.093(0.043,0.143) <0.001
Q1 Reference Reference Reference
Q2 0.799(0.159,1.440) | 0.015 0.800(0.160,1.440) | 0.014 0.081(-0.527, 0.689) | 0.794
Q3 1.916(1.277,2.555) | <0.001 | 1.914(1.274,2.554) | <0.001 | 0.210(-0.468, 0.887) | 0.544
Q4 4.174(3.537,4.812) | <0.001 | 4.153(3.513,4.792) | <0.001 | 1.312 (0.499, 2.124) | 0.002
P for trend <0.001 <0.001 0.002

Table 3. Relationship between UHR and LFC. Crude model: no covariates were adjusted. Model I: Age and
nationality were adjusted. Model II: Age, nationality, BMI, SBP, DBP, TC, TG, LDL-C, TP, Hb, ALT, AST, ALP,
GGT, FBG, and serum creatinine were adjusted.

Subgroup analysis |  (95%CI) Pvalue | P for interaction
Male

Age (years) 0.543
<45 0.033(-0.016,0.082) 0.190

>45 0.050(0.014,0.086) 0.006

BMI (kg/m?) 0.189
<24 0.037(-0.019,0.092) | 0.193
>24,<28 0.083(0.045,0.121) <0.001

>28 0.033(-0.028,0.095) | 0.289

Female

Age (years) 0.424
<45 0.069(-0.027, 0.166) | 0.158

>45 0.110(0.057,0.163) | <0.001

BMI (kg/m?) 0.005
<24 0.075(0.015, 0.136) 0.015
>24,<28 0.163(0.087, 0.240) <0.001

>28 -0.081(-0.219, 0.057) | 0.249

Table 4. UHR and LFC were subgroup analyzed and stratified by age and BMI. Each stratification was
adjusted for all factors (Age, nationality, BMI, SBP, DBP, TC, TG, LDL-C, TP, Hb, ALT, AST, ALP, GGT, FBG,
and serum creatinine), except for the stratification factor itself.

correction for multiple comparisons, with two-tailed p-values less than 0.05, are considered statistically
significant.

Result

Participant baseline characteristics

A total of 2,909 individuals participated in this study, comprising 1,756 males and 1,153 females. Males (Q1: 8.79
- 23.53, Q2: 23.56 - 28.79, Q3: 28.80 - 35.50, Q4: 35.52 - 59.55) and females (Q1: 5.52- 14.40, Q2: 14.41 - 17.96,
Q3:17.97 - 22.17, Q4: 22.27 - 43.13) were divided into quartile groups according to UHR values. For the male
population, except for nationality, marital status, AST, ALP, and FBG, the baseline characteristics of UHR values
exhibited significant differences across quartiles (all P < 0.05), and the other quartiles were higher in BMI, SBP,
DBP, TG, LDL-C, TP, Hb, ALT, GGT, serum creatinine, and LFC compared with the lowest UHR value quartile,
while age, TC, and TB were lower. For females, there were significant differences between the quartiles except
for nationality, marital status, TP, TB, and AST in the baseline characteristics of UHR values (all P < 0.05).
Compared with the lowest UHR value quartile, the other quartiles had higher age, BMI, SBP, DBP, TG, LDL-C,
TP, Hb, ALT, ALP, GGT, FBG, serum creatinine, and LFC, while TC was lower. Table 1.

Scientific Reports |

(2024) 14:31397

| https://doi.org/10.1038/s41598-024-83013-2 natureportfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Linear regression | Break point (K) | <K >K LLR test
B (95%CI) B (95%CI) B (95%CI) P
Male
Age (years)
<45 0.023(-0.041,0.086) | 49.17 0.002(-0.066,0.070) | 0.379(-0.041,0.798) 0.087
>45 0.060(0.025,0.094) 20.81 -0.028(-0.184,0.129) | 0.066(0.029,0.102) 0.258
BMI (kg/m?)
<24 0.089(0.065,0.131) 21.23 -0.098(-0.213,0.045) | 0.138(0.094,0.178) 0.004
>24,<28 0.123(0.076,0.154) 31.32 0.158(0.083,0.227) 0.079(0.021,0.140) 0.220
>28 0.137(0.045,0.236) 47.41 0.126(0.025,0.232) 0.413(-0.174,0.945) 0.337
Female
Age (years)
<45 0.086(-0.025, 0.197) | 20.29 -0.063(-0.245, 0.119) | 0.206(0.046, 0.367) 0.037
>45 0.106(0.050, 0.162) | 30.63 0.142(0.077, 0.206) -0.150(-0.389, 0.090) | 0.030
BMI (kg/m?)
<24 0.090(0.039, 0.141) | 10.84 0.320(-0.132,0.771) | 0.085(0.033, 0.137) 0.309
>24,<28 0.165(0.056, 0.274) | 32.02 0.226(0.106, 0.347) -0.346(-0.800, 0.107) | 0.020
>28 0.176(-0.029,0.384) | 26.27 0.357(0.058,0.662) | -0.234(-0.490, 0.022) | 0.142

Table 5. Multivariate regression analysis of the effect of UHR on LFC in different gender populations. Each
stratification was adjusted for all factors (Age, nationality, BMI, SBP, DBP, TC, TG, LDL-C, TP, Hb, ALT, AST,
ALP, GGT, FBG, and serum creatinine), except for the stratification factor itself.
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Figure 2. Relationship between UHR and LEC (%). A - C for male, D - F for female. A and D: Each black
hollow point exhibits one participant. B, C, E, and F: Solid red line illustrates the fitted smooth curve among
variables. Age, nationality, BMI, SBP, DBP, TC, TG, LDL-C, TP, Hb, ALT, AST, ALP, GGT, FBG, and serum
creatinine were adjusted.

Scientific Reports|  (2024) 14:31397

| https://doi.org/10.1038/s41598-024-83013-2

nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

A B
Age (years) BMI (kg/m?)
e =145 .
< | ==45 .
2

SEE ; g
SR K <
Q ' @]
5 7/ 5

y /\/

\
00—
T T T T T T
10 20 30 40 50 60
UHR
C D
Age (years)

—_] e 45 3

- =45

E i .

.,.
;\? o o ;\?
~ .' —
Q * O
7

5 o] p =

- S

o e F b

T T T T = T T T T
10 20 30 40 10 20 30 40
UHR UHR

Figure 3. Association between UHR and LFC (%) stratified by tertiles of age and BMI. Nationality, SBP, DBP,
TC, TG, LDL-C, TP, Hb, ALT, AST, ALP, GGT, FBG, and serum creatinine were adjusted. A-B for male, C-D
for female. A and C: The relationship between UHR and LFC (%) stratified by age. B and D: The relationship
between UHR and LFC (%) stratified by BMI.

Univariate analysis

In the cohort of males, LFC showed a positive correlation with BMI, SBP, DBP, TC, TG, LDL-C, TP, Hb, ALT,
AST, ALP, GGT, and FBG (all P < 0.05), while a negative correlation was observed with age (P < 0.05). Similarly,
in the cohort of females, a positive correlation was found between LFC and BMI, SBP, DBP, TG, TP, ALT, AST,
ALP, GGT, and FBG (all P < 0.05). Refer to Table 2 for more details.

Relationship of UHR levels and LFC

The results of the multivariate regression analysis indicated that for the male population, UHR was positively
correlated with LFC in the unadjusted model (= 0.175, 95% CI: 0.150 - 0.199, P < 0.05). After adjusting for age
and nationality in Model I (8 = 0.176, 95% CI: 0.151 - 0.202, P < 0.05) and for age, nationality, BMI, SBP, DBP,
TC, TG, LDL-C, TP, Hb, ALT, AST, ALP, GGT, FBG, and serum creatinine in Model II (5 = 0.090, 95% CI: 0.057
- 0.123, P < 0.05), this correlation remained positive. Additionally, this study used the quartile of UHR levels
to convert continuous variables into categorical variables. In all three models, the positive correlation persisted
after UHR was converted from a continuous variable to quartiles. For the female population, UHR was also
positively correlated with LFC in the model without adjustments (= 0.270, 95% CI: 0.233 - 0.308, P < 0.05).
After adjusting for covariates, the correlation remained positive in Model I (8 = 0.269, 95% CI: 0.231 - 0.306, P <
0.05) and Model II (f = 0.093, 95% CI: 0.043 - 0.143, P < 0.05). The curves for UHR and LFC are shown in Figure
2. Except for the subjects in Q2 and Q3 in Model II, the positive correlation between UHR and LFC remained
significant in the female population after converting UHR to quartiles in the unadjusted model, Model I, and
Model IT (Q4 in Model II: f = 1.332, 95% CI: 0.499 - 2.124, P < 0.05). Table 3.
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Results of subgroup analysis

The age-based subgroup analysis shows that in the male population aged 45 years and older, there was a
significant positive correlation between UHR and LFC (8 = 0.050, 95% CI: 0.014 - 0.086, P < 0.05). Similarly,
in the female population aged 45 years and older, UHR was positively correlated with LFC (8 = 0.110, 95% CI:
0.057 - 0.163, P < 0.05). When BMI was categorized using 24 kg/m* and 28 kg/m” as cut-off points, the BMI
subgroup analysis showed that in the male population with a BMI between 24 kg/m? and 28 kg/m’, UHR was
positively correlated with LFC (8= 0.083, 95% CI: 0.045 - 0.121, P < 0.05). In the female population, when
BMI was less than 24 kg/m? (8 = 0.075, 95% CI: 0.015 - 0.136, P < 0.05) and between 24 kg/m” and 28 kg/m*
(B =10.163, 95% CI: 0.087 - 0.240, P < 0.05), UHR was positively correlated with LFC. The interaction analysis
revealed that the relationship between UHR and LFC in women was influenced by BMI. However, in the male
population, no significant interaction was observed. Table 4.

Nonlinear relationship between UHR and LFC

In this study, both piecewise linear regression and smooth curve fitting were applied to scrutinize the relationship
between UHR and LFC, taking into account age and BMI subgroups. The results are depicted in Figure 3 and
Table 5. For the male population, when the BMI was less than 24 kg/m?, there was an inflection point at UHR
= 21.23 in the fitting curve (P < 0.05) as shown in Figure 3B. However, when the data were stratified by age,
the nonlinear relationship between UHR and LFC was not significant (P > 0.05). In contrast, for the female
population, a significant nonlinear relationship between UHR and LFC was observed in both age groups: less
than 45 years (with a UHR inflection point at 20.29) and 45 years or older (with a UHR inflection point at
30.63). This relationship was more pronounced on the right side of the curve (8 = 0.206, 95% CI: 0.046 - 0.367,
P < 0.05 for age < 45 years; f = -0.150, 95% CI: -0.389 - 0.090, P < 0.05 for age > 45 years), as shown in Figure
3C. Moreover, Figure 3D indicates that for women with a BMI between 24 kg/m* and 28 kg/m?, there was a
significant negative association between UHR and LFC on the right side of the inflection point UHR = 32.02.

Discussion

Abnormal liver fat accumulation increased the risk of liver cirrhosis and hepatocellular carcinoma. Previous
studies also showed that fatty liver was associated with various cardiovascular diseases. Additionally, our
previous work confirmed that LFC was closely related to the prevalence of hypertension'®. As a non-invasive 3D
imaging method, quantitative CT technology could accurately measure LFC without increasing the radiation
dose by combining low-dose chest CT with the corresponding module software!”. In this study, quantitative CT
was used to quantify liver fat, aiming to identify risk factors and new treatment indicators for hepatic steatosis,
and to provide a novel research method for the follow-up study of hepatic steatosis.

The objective of this research was to explore the correlation and dose-response relationship between UHR
and LFC in both gender groups among Chinese adults, using data from a health management department in
2021 (n = 2,909). After accounting for covariates, the results indicated a positive correlation between UHR and
LFC in the male population. This correlation was particularly evident when the BMI was less than 24 kg/m?,
with a clear curve relationship observed. The point on the right side of the curve indicated a significant positive
correlation. In the female population, the relationship between UHR and LFC was more complex. For women
under 45 years of age with a UHR greater than 20.29, there was a positive correlation between UHR and LFC.
However, for women aged 45 years and older with a UHR greater than 30.63, the correlation between UHR and
LFC was negative. Furthermore, for women with a BMI in the range of 24 - 28 kg/m?, a significant inflection
point was observed at UHR = 32.02, and UHR was negatively correlated with LFC on the right side of the curve.

Earlier research demonstrated a strong connection between SUA, HDL-C, and the onset, progression, and
severity of fatty liver disease'®-*!. Xu?’reviewed the predictive ability of SUA on the occurrence of fatty liver
disease and the underlying mechanisms, proposing that insulin resistance and oxidative stress enabled SUA
to predict the development of NAFLD independently of gender, age, metabolic syndrome, and other clinical
variables. Several epidemiological studies confirmed the correlation between SUA and fatty liver disease. In a
comprehensive longitudinal study of 3,822 participants in Beijing, China, higher SUA levels identified as a risk
factor for NAFLD after accounting for confounding factors such as age, gender, and abdominal obesity**. Wei et
al.**investigated the causal relationship between SUA and fatty liver by establishing a follow-up cohort, and also
confirmed that elevated SUA could be a standalone predictor of fatty liver. Additionally, it suggested that SUA,
as a mediator between obesity and fatty liver disease, should be considered in the intervention of obesity and the
treatment of fatty liver disease®.

HDL-C plays many positive roles in human physiology and biochemistry. However, when stimulated by
inflammation, oxidative stress, and insulin resistance, HDL-C particles may become dysfunctional molecules
and promote atherosclerosis?. Similarly, hepatic steatosis is often accompanied by atherosclerotic dyslipidemia,
and the presence of fatty liver is believed to promote alterations in the pro-arteriosclerotic lipoprotein profile?’.
Zhang et al.?® demonstrating a significant decrease in HDL-C in patients with fatty liver compared to those
without NAFLD. This view is also supported by Janac et al.”’, who noting that HDL-C concentrations gradually
decreased as the fatty liver disease index increased. Crudele et al. and Karami et al. highlighting that HDL-C
facilitates the return of dietary cholesterol via the reverse cholesterol transport pathway, while also provides
anti-inflammatory and antioxidant benefits®*>!. Therefore, the reduction of HDL-C may contribute to the
development of NAFLD by reducing cholesterol reflux and antioxidant effects.

Recent studies have identified UHR as a novel metabolic marker linked to various metabolic diseases®>*. Yu
et al.'* suggested that UHR could serve as a dependable and valid indicator for detecting metabolic syndrome in
non-diabetic males within the Chinese demographic. Additionally, the relationship between UHR and insulin
resistance has been noted. Zhou et al.'® conducted a study investigating the relationship between UHR and
insulin resistance within the United States population. Their findings reveal a significant association between
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elevated UHR levels and insulin resistance, suggesting the potential utility of UHR as an indicator for insulin
resistance in this population. Furthermore, recent advancements in imaging technologies have yielded novel
insights into fat quantification. Wang et al.>* further clarify this correlation by using magnetic resonance imaging
to measure abdominal fat accumulation, demonstrating that UHR is closely related to trunk fat accumulation.
Xie et al.**find that a positive association between UHR and NAFLD persists in the female population but is
not observed in the male population. In this study, we further group participants according to age and BMI
and find a positive association between UHR and LFC in the male population, independent of age. However,
BMI may mediate the nonlinear relationship between UHR and LFC. In the female population, age also affects
the correlation between UHR and LFC, and when the age >45 years and the UHR > 30.63, the UHR and LFC
are negatively correlated. Another study of Chinese adults confirms that subgroup analyses stratified by sex
and age find a significant positive association between UHR and NAFLD risk in all groups'. This difference
in subgroup analysis of UHR versus liver fat may be due to differences in study populations and confounder
selection. Perimenopausal and postmenopausal changes in female sex hormones provide evidence for the
negative correlation between UHR and LFC?>. Specifically, the alterations in estradiol and sex hormone-binding
globulin in postmenopausal women are specifically associated with more severe metabolic abnormalities®. These
exacerbated metabolic irregularities may influence the relationship between UHR and hepatic fat accumulation.
In this study, we present large data to illustrate the dose-response relationship between UHR and LFC, providing
greater confidence in the relationship between UHR and fatty liver development.

The samples in this study were from a uniform geographical region, a factor that significantly enhanced
the relevance of the findings for epidemiological investigations within this specific area. This uniformity also
bolstered the reliability of our conclusions. Moreover, these samples were sourced from health examination
institutions, thereby providing data that was broadly representative of the general population’s health status.
More importantly, this study quantified LFC values and executed a stratified analysis based on age and BMI
parameters, a facet not explored in prior studies. Despite our best efforts to consider potential confounders
inherent to cross-sectional studies, there were certain limitations that warranted acknowledgment. Firstly,
this study had a cross-sectional design and could not establish a causal relationship between UHR and LFC.
Secondly, covariables such as diet and exercise habits, and other potentially influential conditions, including
drinking history, were not included; however, participants with alcoholic fatty liver disease were excluded
based on medical history. Lastly, this study originated from a single physical examination department, and the
population did not cover the whole of China, so the applicability of the results to the entire Chinese population
still needs to be verified by multi-center joint research.

Conclusion

This research demonstrated a positive correlation between UHR and LFC when controlled for covariates.
However, the strength of this correlation fluctuated across different age and BMI groups. The correlation
between UHR and LFC was found to be more pronounced in the obese population, a trend observable in both
male and female cohorts. These findings offered valuable clinical insights for the diagnosis of fatty liver disease
among Chinese adults and could assist healthcare providers in the early detection and intervention of high-risk
groups with elevated LEC.

Data availability
The datasets used and analyzed during the current study are available from the corresponding author on rea-
sonable request.
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