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Abstract

Background: Studies have demonstrated the relationship between the fatty liver index (FLI) and metabolism, while
few research reported its relationship with hyperuricemia (HUA). This study aimed to predict HUA by determining the
relationship between the baseline FLI and HUA events and by validating the FLI-HUA correlation through follow-up.

Methods: This study was a community-based cohort study involving 8851 adults in China. We performed anthro-
pometric assessments and analyzed baseline and follow-up blood samples. HUA was defined as a uric acid level
of >420 pmol/L (7 mg/dL).

Results: Patients with HUA had a higher prevalence of diabetes mellitus, lipid metabolism disorders, and hyperten-
sion and higher FLI values than those with normal uric acid levels (P<0.001). Serum uric acid was positively correlated
with the FLI (r=0.41, P<0.001); the diagnostic cut-off value of FLI for the diagnosis of HUA was 27.15, with a specificity
of 70.9% and sensitivity of 79.6%. FLI was an independent risk factor for HUA, with a 1.72-, 2.74-, and 4.80-fold increase
in the risk of developing HUA with increasing FLI quartile levels compared with the FLI at quartile level 1 (P<0.001).
After a mean follow-up of 4 years, as the FLI values increased compared with the FLI at quartile level 1, the risk of new-
onset HUA increased by 3.10-, 4.89-, and 6.97-fold (P<0.001).

Conclusion: There is a higher incidence of metabolic abnormalities in HUA populations, and FLI is an independent

HUA.

factor that may contribute to HUA development. Therefore, FLI is a potential tool to predict the risk of developing
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Background

Uric acid is the end product of purine metabolism, and
hyperuricemia (HUA) occurs when there is increased
uric acid production or decreased uric acid excretion
[1]. HUA is associated with metabolic syndrome and its
components, including hypertension, diabetes mellitus,
and abnormal lipid metabolism [2]. In a study conducted
in China, it was reported that HUA can increase the risk
of cardiovascular disease [3]. Accordingly, adequate uric
acid control may be a factor in managing cardiovascular
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diseases and metabolic disorders [4]. HUA is easily over-
looked in the early stages due to the lack of symptoms,
before gouty arthritis and renal tophi develop [5]. Early
detection of people at risk for HUA and targeted man-
agement are pivotal to reducing the effects of HUA on
the body.

In 2006, Bedogni et al. developed the fatty liver index
(FLI) for the early prediction of fatty liver disease in the
general population [6]. In addition to the definite predic-
tive role of the FLI on fatty liver disease, several studies
have suggested that the FLI correlates to the development
of metabolic syndrome and its components and even has
an early warning effect [7—10] on cardiovascular disease.

FLI and uric acid have an established relationship with
metabolic syndrome. However, there are still relatively
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few reports on the relationship between the FLI and HUA
and whether FLI can predict the future risk of develop-
ing HUA. Therefore, this study aimed to understand the
predictive value of the FLI for HUA by analyzing a large
sample from a community-based population in an epide-
miological survey.

Methods

Study design

In the "Epidemiological follow-up study of tumor risk in
Chinese patients with type 2 diabetes mellitus” conducted
between April and September 2015, whole population
sampling was used. The study was conducted among
10,277 participants aged 18-93 years living in two com-
munities in Beijing, namely Gucheng and Pingguoyuan.

In this study, the inclusion criteria included those aged
over 40 years, with complete data sets, and who were able
to participate in the follow-up on time. The exclusion
criteria included those with pancreatic disease, bile duct
disease, hepatitis, malignant tumor, and severe hepatic
and renal insufficiency.

A total of 8851 participants had complete data
sets, including 3120 men and 5731 women aged
40-91 years, with a mean age +standard deviation (SD)
of 59.9517.68 years. According to diagnoses, there were
869 cases of HUA, accounting for 9.81% of the total
enrolled population, including 582 in men (18.65% of the
male population) and 287 in women (5.01% of the female
population).

Participants were divided by FLI quartile levels as fol-
lows: Q1 with 2237 participants (FLI<14.64), Q2 with
1681 participants (FLI of 14.64-29.38), Q3 with 2737
participants (FLI of 29.39 —51.42), and Q4 with 2196
(FLI>51.43) [9, 11]. Between 2019 and 2020, these par-
ticipants were followed up again. Although there was a
decrease in participation, as compared to baseline num-
bers, due to coronavirus disease 2019 (COVID-19), a
total of 3924 participants had complete data sets. In the
2015 HUA-free population, a total of 3578 participants
were followed up (Fig. 1), and the occurrence of HUA
in this population at the time of 2019 follow-up was
calculated. All patients provided written informed con-
sent, and this study protocol was performed in accord-
ance with the Declaration of Helsinki reviewed and was
approved by the Ethics Committee of People’s Liberation
Army (PLA) General Hospital.

Demographic and anthropometric assessment

This study was a longitudinal cohort study, with field sur-
veys conducted by professionally trained staff at commu-
nity health centers using a standardized questionnaire.
The questionnaire contained demographic informa-
tion, including chronic diseases (cardiovascular disease;
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hypertension; and abnormal glucose, lipid or purine
metabolism); alcohol consumption; smoking; long-term
medication use; and family history. Height, weight, waist
circumference, hip circumference, and blood pressure
were measured, and echocardiography, carotid ultra-
sonography, and electrocardiography were performed at
the same time. Trained staff entered the relevant data.

Biochemical assessment

Following an overnight fast (>8 h), 10 mL of fasting
venous blood was collected from all patients, and sent to
the PLA General Hospital to detect biochemical mark-
ers, including liver and kidney function, and glucose
and lipid metabolism. Patients without diabetes mellitus
underwent a 2-h post-load (75 g) glucose test, and fast-
ing blood glucose (FPG) was measured using the glucose
oxidase assay. Glycated hemoglobin Alc was measured
by high performance liquid chromatography (Bio-Rad).
Biochemical markers including liver and kidney function,
blood lipids and uric acid, and glutamyl transferase, were
measured using the Hitachi 7600-020 automatic bio-
chemical analyzer (Hitachi, Tokyo, Japan).

In this study, we defined HUA as a fasting blood uric
acid level of >420 pumol/L (7 mg/dL), as defined in Chi-
nese Society of Endocrinology’s 2019 Guidelines for the
Treatment of Hyperuricemia and Gout [12]. FLI is cal-
culated as follows: FLI=(e 0.953 xlog, (triglycerides
[TGs])+0.139 x body mass index (BMI)+0.718 x log,
(gamma-glutamyl transpeptidase [GGT])+0.053 x waist
circumference—15.745)/(1+e 0.953 xlog, (TG)+0.139
x BMI+0.718 x log, (GGT)+0.053 x waist circumfer-
ence—15.745) x 100 [6]. The metabolic score for insulin
resistance (METS-IR) was calculated as follows: METS-
IR=Ln((2 x FPG) + TG) x BMI)/(Ln(HDL-c)) [13].

Statistical analysis

Statistical analyses were performed using SPSS 21.0
software (IBM Corp., Armonk, NY, USA). Continu-
ous numerical data were expressed as means=+SD for
normally distributed data and as medians (interquartile
ranges) for non-normally distributed data. One-way anal-
ysis of variance (ANOVA) was used for multiple continu-
ous variables. Count data were expressed as percentages
(%), and the chi-square test was used to compare categor-
ical data between groups. A multivariate binary logistic
regression model was used to analyze the risk factors of
HUA. Two-tailed probability value of P<0.05 was consid-
ered as statistically significant.

Results

Baseline patient characteristics

Baseline data indicated that age, BMI, systolic blood
pressure (SBP), diastolic blood pressure (DBP), GGT,



Qu et al. BMC Endocrine Disorders (2022) 22:114

Page 3 of 9

2015 Beijing reaction
study of 10277 cases

604 cases of hepatobiliary
disease, malignant tumor
and liver and kidney failure [—
were excluded, and 822
cases had data missing

The baseline data of 8851
patients were analyzed

869 cases of
hyperuricemia

7982 cases without
hyperuricemia

Fig. 1 Flow diagram of the enrollment process in the study

Exclusion for absence of
— follow-up
and incomplete data sets

3578 cases without
hyperuricemia at baseline
were followed up for
statistical analysis

TG, total cholesterol, FPG, serum creatinine (Cr), FLI,
and METS-IR were higher in the HUA group than in
the non-HUA group, whereas high-density lipoprotein
cholesterol (HDL-C) was significantly lower (P <0.001).
The prevalence of diabetes mellitus, hypertension,
hypertriglyceridemia, low high-density lipoprotein
cholesterol levels, and metabolic syndrome were
higher in the HUA group than in the non-HUA group
(P<0.001) (Table 1).

Comparison of baseline characteristics at the different FLI
quartile levels

Differences in several biochemical markers were com-
pared among four groups (Q1, Q2, Q3, and Q4). BMI,
SBP, DBP, TG, FPG, Cr, uric acid, and METS-IR were
found to be significantly increased (P<0.001), whereas

HDL-C gradually decreased (P<0.001) as the FLI quar-
tile levels increased (Table 2).

Comparison of the correlations between serum uric acid,
the FLI, and the METS-IR

The Spearman and Pearson correlations were used to
analyze the correlation between serum uric acid and the
FLI. Serum uric acid was significantly correlated with FLI
and METS-IR (P<0.001), and the FLI was significantly
correlated with METS-IR (P<0.001) (Fig. 2).

Diagnostic efficacy of the FLI for HUA

The receiver operating characteristic (ROC) curve sug-
gested that the diagnostic cut-off value of FLI for the
diagnosis of HUA was 27.15, with a specificity of 70.9%
and sensitivity of 79.6% (area under the ROC curve 0.703,
P<0.001) (Fig. 3).
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Table 1 Baseline patient characteristics

Parameters HUA (n=2869) Non-HUA (n=7982) Statistic P-value

Age (years) 60.96 £831 50.84+7.61 422 <0.001
BMI (kg/m ) 26.88+347 2531+£351 12.88 <0.001
WC (cm) 91.3+901 85341934 18.56 <0.001

SBP (mmHg) 135.76 +18.06 132.634+18.49 491 <0.001
DBP (mmHg) 7941+10.93 780341083 3.67 <0.001
GGT (U/L) 27.56 (19.70, 42.33) 19.90 (15.00, 28.50) 17.34 <0.001
Cr (umol/L) 83.29+£22.71 68.04+14.68 28.21 <0.001
TC (mmol/L) 4.75+0.99 4894095 -4.28 <0.001
TG (mmol/L) 200145 1.56+1.07 11.56 <0.001
HDL-C (mmol/L) 1294033 1.4540.38 -12.93 <0.001
LDL-C (mmol/L) 298+0.86 3.11+£0.82 -4.64 <0.001
FPG (mmol/L) 6.094+1.64 58141.69 478 <0.001
FLI 4945 (30.51,71.49) 2723 (13.51,48.35) 19.84 <0.001
Sex (M/F) 582/287 2508/5474 460.01 <0.001
Smoking, n (%) 266 (30.6) 1332 (16.7) 99.94 <0.001
Drinking, n (%) 423 (48.7) 2112 (26.5) 182.22 <0.001
HTN, n (%) 643 (73.4) 4422 (55.4) 9941 <0.001
DM, n (%) 366 (42.1) 2304 (28.9) 62.30 <0.001
High TG, n (%) 436 (50.2) 2566 (32.1) 108.13 <0.001
Low HDL, n (%) (24 3) 909 (11.4) 11554 <0.001
MS, n (%) (48.5) 2105 (26.4) 191.52 <0.001
METS-IR 4137+£7.26 37.19+£13.28 947 <0.001

Data are expressed as mean =+ standard deviation for normally distributed variables and as median (interquartile range) for non-normally distributed variables

BMI body mass index, WC waist circumference, SBP systolic blood pressure, DBP diastolic blood pressure, GGT glutamyl transpeptidase, CR creatinine, TC total
cholesterol, TG triglyceride, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, FPG fasting plasma glucose, FLI fatty liver index, HTN
hypertension, DM diabetes mellitus, MS metabolic syndrome, METS-IR metabolic score for insulin resistance

Analysis of the factors influencing HUA

Using the occurrence of HUA as the dependent vari-
able, the results of binary multivariate logistic regres-
sion analysis with gradual adjustments for confounders
suggested that the risk of HUA also varied according
to the FLI quartile levels, with a 1.72-, 2.74-, and 4.80-
fold increase in the risk of HUA, compared with Q1
(P<0.001) (Table 3, Fig. 4).

Influence of the FLI quartile levels on post-follow-up
diagnosis of new-onset HUA

For the HUA-free population at baseline, a mean
follow-up of 4 years revealed a progressive trend of
increasing HUA prevalence with increasing baseline
FLI quartile levels (P<0.001). The prevalence of HUA
for each FLI quartile level was 1.57%, 5.35%, 8.49%, and
12.98%, respectively (Fig. 4). Using the occurrence of
new-onset HUA as the dependent variable, the results
of binary multivariate logistic regression analysis with
gradual adjustments for confounders suggested that

the risk of new-onset HUA after follow-up also var-
ied across the baseline FLI quartile levels, with a 3.10-,
4.89-, and 6.97-fold increase in the risk of developing
HUA, compared with Q1 (P<0.001) (Table 4).

Discussion

In this study, there is a higher incidence of metabolic
abnormalities among community HUA populations. FLI
is an independent influencing factor in the development
of HUA, and FLI can predict the risk of future HUA.

FLI a good predictor of nonalcoholic fatty liver disease
(NAFLD) [14]. In 2018, research proposed to replace
NAFLD with metabolic-associated fatty liver disease
(MAFLD), highlighting the contribution of metabolic
factors in fat deposition in the liver [15]. MAFLD may be
accompanied by insulin resistance (IR) and abnormalities
in lipid and glucose metabolism, hypertension, HUA, and
metabolic syndrome, and these metabolic abnormalities
predispose patients to MAFLD. The proposed mecha-
nism is related to the reactive oxygen species/c-Jun
N-terminal kinase/activator protein-1 signaling pathway,
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Table 2 Comparison of baseline characteristics at different FLI quartile levels
Q1 (n=2237) Q2 (n=1681) Q3 (n=2737) Q4 (n=2196) Statistical quantity P-value
Age (years) 59.26£8.01 60.23+7.75° 60.54 +7.54° 59.71 +7.43%¢ 13.80 <0.001
BMI (kg/m ) 2194203 243418° 26.1242.1% 29.11 4 3.24%¢ 383546 <0.001
WC (cm) 75.78+£592 83.04+5° 87.9645.51% 95.76 + 7.49%¢ 4493.54 <0.001
SBP (mmHg) 125954+17.94 31.92418.12° 135.12417.88% 13801+ 17.78%¢ 198.87 <0.001
DBP (mmHg) 74.794+10.14 77294£10.27° 78.94410.58%° 812641123 156.81 <0.001
GGT (U/L) 14.80(12.1,18.3) 18.00 (14.4,23.12)° 2250 (17.6,29.7)% 31.5 (232, 47.4)%¢ 406.19 <0.001
CR (umol/L) 6632+ 14 68.634+14.01° 70344 16.5% 7247 £ 18.97%¢ 6145 <0.001
TC (mmol/L) 4.79£0.89 48+091 487 +0.96% 5014 1.02%¢ 25.62 <0.001
TG (mmol/L) 0.98+0.37 1.28+0.5° 1614£0.71% 246+ 1697 990.99 <0.001
HDL (mmol/L) 1.74+0.39 1474+032° 136 +£0.32% 1.2340.3%¢ 846.84 <0.001
LDL (mmol/L) 297+0.76 3.094+08° 3.16+£0.82%° 3.16+£0.88%° 2947 <0.001
UA (umol/L) 2621946098 288.9464.26° 310.58 +£70.68% 341.71 £79.22%¢ 550.72 <0.001
FPG (mmol/L) 5464146 566+1.55° 5914167% 6.2641.9%¢ 99.18 <0.001
HUA, n (%) 72(3.2) 105 (6.2)° 305 (11.1)%° 448 (20.4)*¢ 378.01 <0.001
HTN, n (%) 850 (38.0) 876 (52.1)° 1694 (61.9)%° 1645 (74.9)2>° 577.62 <0.001
DM, n (%) 425 (19.0) 41 (26.2)° 876 (32.0)%° 928 (42.3)°¢ 280.74 <0.001
H-TG, n (%) 91 (4.1) 282 (16.8)° 1055 (38.5)%° 1574 (71.7)%¢ 2413.92 <0.001
L-HDL, n (%) 49(2.2) 106 (5.9) 377 (13.8)% 588 (26.8)* 664.65 <0001
MS, n (%) 12 (0.5) 123 (6.3)° 843 (30.8)%° 1554 (70.7)2¢ 3035.19 <0.001
METS-IR 29.67 £3.51 34.6843.00° 38.7743.68% 46.30421.91%¢ 893.90 <0.001

@ P<0.05 compared with Q1
b P<0.05 compared with Q2
€P<0.05 compared with Q3

Data are expressed as mean =+ standard deviation for normally distributed variables and as median (interquartile range) for non-normally distributed variables

BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; GGT, glutamyl transpeptidase; CR, creatinine; TC, total
cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; FPG, fasting plasma glucose; FLI, fatty liver index,
HTN, hypertension; DM, diabetes mellitus; MS, metabolic syndrome; METS-IR, metabolic score for insulin resistance
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which causes fat accumulation in the liver [16]. Uric acid
is related to hepatocyte destruction in the early stage of
NAFLD [17]. Serum uric acid is positively correlated with
NAFLD, and elevated serum uric acid levels can be used
as an independent predictor of NAFLD [18]. Another
study found the higher serum uric acid group had a
nearly twofold increased risk of NAFLD compared with

the lower group [19].

Uric acid is closely related to metabolic syndrome,
and HUA is associated with metabolic syndrome and its
components, and also with aortic and cardiac function
[20-23]. According to the baseline data of this study, the
prevalence of metabolic syndrome in the HUA popula-
tion was higher than in the non-HUA population, which
was similar with the results of Jeong et al. [20]. In another

study, it proposed that HUA should be used to predict
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Fig. 3 Diagnostic efficacy of the fatty liver index for HUA. HUA,
hyperuricemia

future metabolic syndrome [24]. Tani et al. [25] suggested
that uric acid concentration is a better marker of meta-
bolic syndrome components among women. Multiple
metabolic syndrome components can increase the risk of
HUA, of which hypertension and low-density lipoprotein
cholesterol likely being the most important determinants
[26]. Similarly, this study also showed that the prevalence
of hypertension, diabetes mellitus, hypoalphalipoproteine-
mia, and hypertriglyceridemia was significantly higher in
the HUA population than in the non-HUA population,
fully reflecting the close relationship between uric acid and
metabolic syndrome components.
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This study also revealed that there was a significant cor-
relation between serum uric acid and FLI quartile levels
(r=0.41, P<0.001). The cutoft value of FLI for the diagnosis
of HUA was 27.15, with a specificity of 70.9% and sensitivity
of 79.6%. In addition, the prevalence of metabolic syndrome
gradually increased with increasing FLI quartile levels, and
FLI played a significant role in predicting metabolic syn-
drome. Cheng et al. [27] concluded that FLI could be used
for metabolic syndrome identification and is a reliable tool
to predict metabolic syndrome with an area under the ROC
curve of 0.879. A Japanese study suggested that higher FLI
values predicted the risk of new-onset diabetes mellitus [8],
and similarly in our study, the prevalence of diabetes mel-
litus and hypertension gradually increased with increasing
FLI quartile levels. In a study in China, it was reported that
the FLI was strongly associated with new-onset hyperten-
sion, with higher FLI quartile levels at baseline correlating
to an increased risk of new-onset hypertension by 2.17- and
3.00-fold for Q3 and Q4, respectively, compared with lower
FLI quartile levels [28]. FLI is a good predictor of metabolic
syndrome, which is closely related to serum uric acid. Fur-
ther, the FLI is significantly correlated with serum uric acid.
Therefore, it is reasonable to suggest that the FLI may have a
unique predictive value for HUA.

After adjusting for confounding factors, the results sug-
gested that the risk of developing HUA also varied accord-
ing to the FLI quartile levels and that the FLI quartile level
was an independent risk factor for developing HUA, with a
1.72-,2.74-, and 4.80-fold increased risk of developing HUA,
respectively, as the FLI quartile levels increased, compared
with Q1 (P<0.001). In the HUA-free population at baseline,
follow-up was performed after 39 months, and the results

Table 3 Influence of fatty liver index quartile levels on hyperuricemia by binary multivariate logistic regression analysis

B S.E Wals P-value OR 95% Cl
Model 1 Q1 323.55 <0.001 1
Q2 0.68 0.16 18.94 <0.001 1.98 145 2.68
Q3 131 013 94.97 <0.001 3.70 2.84 4.80
Q4 2.01 013 23599 <0.001 745 5.76 9.62
Model 2 Q1 241.06 <0.001 1
Q2 0.59 0.16 13.89 <0.001 1.80 132 246
Q3 113 0.14 69.63 <0.001 3.1 2.38 4.05
Q4 1.77 0.13 177.008 <0.001 5.85 451 7.59
Model 3 Q1 162973 <0.001 1
Q2 0.54 0.16 11171 <0.001 172 1.25 2.36
Q3 1.01 0.14 51213 <0.001 274 2.08 3.60
Q4 157 0.14 124.508 <0.001 4.80 3.64 6.32

Model 1: Not adjusted
Model 2: Adjusted for sex, age, smoking, drinking, and physical activity

Model 3: Adjusted for sex, age, smoking, drinking, physical activity, Cr, diabetes, hyperlipidemia, and hypertension

Cr creatinine
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Fig. 4 Prevalence of HUA per FLI quartile. FLI, fatty liver index; HUA,
hyperuricemia

suggested that the higher the baseline FLI quartile level, the
higher the prevalence of new-onset HUA at follow-up.

In addition to various metabolic factors, this study also
considered the relationship of the FLI and serum uric acid
concentration and the relationship between HUA and IR.
IR and comorbid hyperinsulinemia are strongly associated
with the development of HUA; some studies have shown
that hyperinsulinemia can lead to HUA and that lowering
IR can reduce serum uric acid levels and the risk of gout
[29], while it is unlikely that lowering serum uric acid lev-
els will reduce IR, suggesting that this effect is unidirec-
tional. In another study, it was suggested that HUA was an
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independent influencing factor for IR and diabetes melli-
tus [30]. Li et al. [31] suggested that severe IR was more
likely to develop HUA and hypertension. FLI can predict
NAFLD or MAFLD, and the latter is an independent risk
factor for IR, while some studies have also suggested that
FLI is positively correlated with the homeostasis model
assessment of IR index [32]. The baseline data of this study
further showed that the METS-IR was significantly higher
in the HUA population than in the non-HUA population
and that it increased with increasing FLI quartile levels.
Uric acid levels were positively correlated with the METS-
IR, and FLI showed a significant positive correlation with
the METS-IR. In addition, previous study have shown
that the METS-IR was positively correlated with IR [7],
while those with an elevated METS-IR had a higher risk
of developing hypertension [33] and hypertension in turn
increases the risk of HUA [26].

This study had some limitations. First, the number of
absent follow-ups was large due to COVID-19. Second,
the population that we observed was a whole-group sam-
ple, and women were overrepresented in this population.
Third, there was a lack of a long follow-up period. Lastly,
a more direct and objective marker for IR was lacking, as
insulin was not measured.

Conclusions

Community HUA populations have a higher incidence of
metabolic abnormalities. FLI is an independent influenc-
ing factor in the development of HUA, and the FLI can pre-
dict the risk of future HUA. Therefore, adequate attention
should be paid to the uric acid biochemical marker.

Table 4 Influence of fatty liver index quartile levels on newly diagnosed new-onset hyperuricemia by binary multivariate logistic

regression analysis

B S.E Wals P-value OR 95% ClI
Model 1 Q1 76.60 <0.001 1.00
Q2 127 0.31 16.94 <0.001 3.55 1.94 6.48
Q3 1.76 0.29 35.68 <0.001 5.82 3.27 10.37
Q4 224 0.29 60.59 <0.001 9.35 533 1642
Model 2 Q1 57.55 <0.001
Q2 117 031 14.22 <0.001 321 1.75 5.89
Q3 1.62 0.30 29.93 <0.001 5.07 2.84 9.08
Q4 2.00 0.29 47.26 <0.001 7.36 417 13.00
Model 3 Q1 50.36 <0.001
Q2 113 0.31 13.23 <0.001 3.10 1.68 5.69
Q3 1.59 0.30 28.01 <0.001 4.89 2.72 8.80
Q4 1.94 0.30 4249 <0.001 6.97 3.89 12.50

Model 1: Not adjusted

Model 2: Adjusted for sex, age, smoking, drinking, and physical activity

Model 3: Adjusted for sex, age, smoking, drinking, physical activity, Cr, diabetes, hyperlipidemia, and hypertension

Cr creatinine
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