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Background: Nonalcoholic fatty liver disease (NAFLD) has become a major global health burden, which increases the risk of extra-
hepatic complications such as type 2 diabetes mellitus (T2DM), dyslipidemia, metabolic syndrome (MetS), and cardiovascular disease
(CVD). However, NAFLD remains underappreciated and underdiagnosed. Our study aimed to explore the prevalence of NAFLD and
the association between NAFLD and CVD events among adults aged 40 and older in Northern China.

Methods: This study was conducted in the Shijingshan district of Beijing, China from November 2011 to August 2012. A total of
18891 subjects were recruited in the study. The information including demographical information, lifestyle, previous history of
diabetes, hypertension, dyslipidemia, CVD, and liver disease were gathered. Data on physical examination, blood lipid profile, fasting
blood glucose, and 2-hour blood glucose were recorded. Determination of MetS was according to T2DM guideline of Chinese
Diabetes Society (2020 edition). The association between CVD and NAFLD was evaluated by multivariate logistic regression.
Results: The prevalence of NAFLD was 15.2%. After adjustment for age, smoking status, alcohol intake, WC, hypertension,
dyslipidemia and hyperglycemia, the odds ratios (ORs) of CVD in men were 1.622 (95%CI: 1.345-1.957) and 1.990 (95%CI:
1.709-2.316) in women with NAFLD, compared with the subjects without NAFLD.

Conclusions: NAFLD is independently associated with increased risk of CVD development.

Keywords: nonalcoholic fatty liver disease, metabolic syndrome, cardiovascular disease, middle-aged and elderly, Chinese

Introduction

Up to 2021, nonalcoholic fatty liver disease (NAFLD) has become a major global health burden, affecting 32.4% of adult
population worldwide.! According to Chinese surveillance data in 2018, the prevalence of NAFLD was 29.2% in China.’
NAFLD is characterized by the accumulation of more than 5% fat in liver, which is the most common chronic liver disease
and encompasses a large spectrum of diseases from simple liver steatosis to cirrhosis.” Increasing evidence suggests that
NAFLD is not only a progressive liver disease, but also a multisystem disorder as it increases the risk of extra-hepatic
complications such as type 2 diabetes mellitus (T2DM), dyslipidemia metabolic syndrome (MetS), and cardiovascular
disease (CVD).*® NAFLD is strongly associated with characteristics of MetS and is considered as a liver manifestation of
MetS.” In addition, it has been confirmed that CVD is the leading cause of death among the subjects with NAFLD.* NAFLD
and CVD share similar risk factors such as T2DM, dyslipidemia and obesity.” However, NAFLD is not a bystander during
the development of CVD and it has been found to be a vital risk factor independent of other traditional risk factors for
CVD."” Some meta-analyses have been conducted to conform the strong association between NAFLD and CVD.''™'
Multiple pathophysiological mechanisms Linking NAFLD with CVD co-exist in both diseases, such as insulin resistance,
systemic low-grade inflammation, endothelial dysfunction, increased oxidative stress and an atherogenic lipoprotein profile,
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which may elucidate the relationship between NAFLD and CVD.'® Several Chinese studies have shown that NAFLD
remained as an independent risk factor for CVD even after adjusting for demographic and metabolic factors.'®"'® However,
NAFLD as a very important CVD risk factor remains underappreciated and underdiagnosed. In this regard, increasing
awareness of adverse cardiovascular outcomes of NAFLD among Cardiologists may help to decrease the huge burden of
metabolic-associated diseases. Our recently published study shown that waist-height-ratio (WHtR) and waist-hip-ratio
(WHR) were the most powerful anthropometric indices for predicting T2DM in middle-aged and elderly Chinese men
and women respectively,'® which could better reflect the accumulation of abdominal fat. The above two parameters had some
advantages, such as non-invasive, simple, convenient and economical. However, WHtR and WHR couldn’t distinguish
between visceral fat and subcutaneous fat. NAFLD, defined as excess adipose tissue deposition in the liver, represents
visceral fat accumulation. Visceral adiposity correlates more closely to metabolic disorders. Therefore, we conducted this
survey in order to explore the prevalence of NAFLD and the association between NAFLD and CVD events among adults

aged 40 and older on a large scale in Northern China.

Methods
Study Population

This study was a cross-sectional survey and used a cluster sampling method, which was conducted in the
Shijingshan district of Beijing, China from November 2011 to August 2012. The detailed procedures and exclusion
standards were described in the previous publication.?® At last, a total of 19,274 residents aged 40 and older from
three urban communities in the Shijingshan district signed the informed consent before the investigation. We
excluded the subjects with incomplete demographic information, no availability of fasting blood glucose or 2-hour
blood glucose (n = 129). In addition, the participants with excessive alcohol intake (>80 g/d; n = 36), a history of
virus hepatitis, liver carcinoma, liver cirrhosis, autoimmune liver disease, hyperthyroidism, hypothyroidism or
schistosomiasis were also excluded (n=218). Finally, a total of 18891 subjects were recruited in the study. Our
study was approved by the Chinese PLA General Hospital Ethics Committee (NO.EC2012-046).

Clinical Data and Biochemical Indicators

We collected clinical data including demographical information, lifestyle, previous history of diabetes, hypertension and
dyslipidemia according to a standard questionnaire through face-to-face interviews by unified trained physicians in
advance. Methods of physical examination, tests of biochemical indicators, and performance of 75 g OGTT or standard
meal test were already described in detail in a previous publication.'’

Metabolic syndrome (MetS) was defined as the presence of at least three of the following metabolic abnorm-
alities: WC>90cm and >85cm in Chinese men and women, respectively; fasting blood glucose >6.1 mmol/L or
2-hour blood glucose >7.8 mmol/L or already taking antidiabetic agents; systolic blood pressure >130mmHg and/
or diastolic blood pressure >85mmHg or taking antihypertensive medicine; fasting TG level >1.7 mmol/L; fasting
HDL-C level <1.04 mmol/L.>' Determination of CVD, fatty liver disease was based on the participants’ self-
report. CVD encompassed coronary heart disease (CHD) and stroke. Smoking was defined as smoking one or more
cigarettes daily for at least a half year. Regular drinking was defined as at least once a week for a half year.

Statistical Analysis

Statistical analysis was performed on SPSS software version 16.0 (SPSS Inc., USA). Variables were presented as means
+ standard deviation (SD), median (interquartile ranges), or n (%). Means of continuous variables were compared using
t test. The percentage difference between groups was compared using y° test. Multivariate Logistic regression was used
to evaluate the association between CVD and NAFLD. The 2-tailed test was used, and P <0.05 was regarded as
statistically significant.
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Results

A total of 6,605 men (NAFLD 1,102; non-NAFLD 5503) and 12,286 (NAFLD 1769; nod-NAFLD 10,517) women
were included in this study. The prevalence of NAFLD was 15.2% in the total population, 16.7% in men and
14.4% in women. The prevalence of NAFLD was higher in men than that in women (p<0.001). The prevalence of
metabolic syndrome was 52.9% among the subjects with NAFLD and 29.4% among those without NAFLD
(p<0.001).The prevalence of CVD was 18.4% in the NAFLD population and 9.7% in the non-NAFLD population
(p<0.001).The average values of BMI, WC, WHR, WHtR, SBP, DBP and serum T-CHO, TG, HDL-C, LDL-C,
FPG, PG2h, HbAlc levels were significantly higher in the subjects with NAFLD than those without NAFLD. On
the contrary, serum HDL-C level was significantly lower among NAFLD participants than those without NAFLD
(Tables 1 and 2).

Multivariate Logistic Regression Between NAFLD and CVD

We assayed the correlation between NAFLD and CVD separately in men and women. After adjustment for age, smoking
status, alcohol intake, WC, hypertension, dyslipidemia and hyperglycemia, the odds ratios (ORs) of CVD in men were
1.622 (95%CI: 1.345-1.957) and 1.990 (95%CI: 1.709-2.316) in women with NAFLD, compared with the subjects
without NAFLD (Tables 3 and 4). The OR value of CVD was 1.841 (95%CI: 1.636-2.070) in the whole population.
Among women, the OR value of CVD was 1.990 (95%CI: 1.709-2.317) after further adjustment for menstruation status
in the NAFLD group compared with non-NAFLD group.

Table | Baseline Characteristics of Subjects with or Without
NAFLD Among Men

With NAFLD Without NAFLD | P-value

Group Group
Age (years) 57.4+7.8 59.848.6 <0.001
BMI (kg/m?) 27.39+2.95 25.51+3.08 <0.001
WC (cm) 91.03+£7.82 86.96+8.12 <0.001
WHR 0.94+0.05 0.92+0.06 <0.001
WHtR 0.54+0.04 0.52+0.05 <0.001
SBP (mmHg) 136.3£16.5 135.0£17.1 0.021
DBP (mmHg) 794103 77.9+10.2 <0.001
T-CHO (mmol/l) | 5.08+0.97 4.99+0.98 0.006
TG (mmol/l) 1.65 (1.11-2.38) 1.30 (0.93-1.90) <0.001
HDL-C (mmol/l) | 1.21+0.29 1.31+0.35 <0.001
LDL-C (mmol/l) | 3.14+0.80 3.05+0.79 0.001
FPG (mmol/l) 5.82 (5.31-7.03) 5.57 (5.15-6.35) <0.001
PG2h (mmol/l) 8.17 (6.23—11.53) | 7.29 (5.82-10.07) <0.001
HbAlc (%) 6.0 (5.7-6.7) 5.9 (5.5-6.3) <0.001
MetS (n(%)) 602 (54.6) 1980 (36.0) <0.001
CHD (n(%)) 160 (14.5) 449 (8.2) <0.001
Stroke (n(%)) 66 (6.0) 254 (4.6) <0.001

Notes: Age, BMI, WC, WHR, WHtR, SBP, DBP, T-CHO, HDL-C, and LDL-C were
presented as mean  SD. TG, HbAIc, FPG, and PG2h were presented as median (inter-
quartile range) due to their skewed distribution. Comparison of Age, BMI, WC, WHR,
WSR, SBP, DBP, -CHO, HDLC, and LDL-C by t test. Comparison of TG, HbAlc, FPG, and
PG2h by Wilcoxon rank sum test. Comparison of categorical variables by %2 test.
Abbreviations: BMI, body mass index; WC, waist circumference; WHR, waist-to-hip
ratio; WHtR, waist-to-height ratio; SBP, systolic blood pressure; DBP, diastolic blood
pressure; T-CHO, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; HbAlc, hemoglobin Alc; FPG,
fasting plasma glucose; PG2h, plasma glucose tested 2 hours after oral glucose tolerance

test or standard meal test; MetS, metabolic syndrome; CHD, coronary heart disease.
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Table 2 Baseline Characteristics of Subjects with or Without
NAFLD Among Women

With NAFLD Without NAFLD | P-value

Group Group
Age (years) 58.047.1 57.1£8.2 <0.001
BMI (kg/m?) 27.86+3.60 25.28+3.51 <0.001
WC (cm) 86.53+8.30 81.26+8.67 <0.001
WHR 0.90+0.06 0.87+0.06 <0.001
WHtR 0.55+0.05 0.52+0.06 <0.001
SBP (mmHg) 133.2+16.0 129.7+16.9 <0.001
DBP (mmHg) 75.3%9.1 74.0£9.4 <0.001
T-CHO (mmol/l) | 5.46%1.07 5.33+£0.99 <0.001
TG (mmol/l) 1.66 (1.21-2.23) 1.27 (0.91-1.77) <0.001
HDL-C (mmol/l) | 1.35£0.29 1.51+0.38 <0.001
LDL-C (mmol/l) | 3.39+0.88 3.25+0.82 <0.001
FPG (mmol/l) 5.72 (5.26-6.59) 5.40 (5.04-5.97) <0.001
PG2h (mmol/l) 8.22 (6.67—11.25) | 7.13 (6.01-9.23) <0.001
HbAIc (%) 6.1 (5.7-6.6) 5.8 (5.5-6.2) <0.001
MetS (n(%)) 916 (51.8) 2725 (25.9) <0.001
CHD (n(%)) 284 (l6.1) 689 (6.6) <0.001
Stroke (n(%)) 67 (3.8) 239 (2.3) <0.001

Abbreviations: BMI, body mass index; WC, waist circumference; WHR, waist-to-hip
ratio; WHtR, waist-to-height ratio; SBP, systolic blood pressure; DBP, diastolic blood
pressure; T-CHO, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; HbAlc, hemoglobin Alc; FPG,
fasting plasma glucose; PG2h, plasma glucose tested 2 hours after oral glucose tolerance
test or standard meal test; MetS, metabolic syndrome; CHD, coronary heart disease.

Table 3 Multiple Logistic Regression for CVD in Men

CHD Stroke CVD
OR (95% CI) p-value | OR (95% CI) p-value | OR (95% CI) p-value
Model | | 1.914 (1.577-2.324) | <0.001 1.396 (1.055-1.847) | <0.001 1.632 (1.373—1.940) | <0.001
Model 2 | 2.282 (1.868-2.787) | <0.001 1.592 (1.198-2.115) | <0.001 1.910 (1.599-2.282) | <0.001
Model 3 | 2.212 (1.807-2.709) | <0.001 1.572 (1.179-2.097) | <0.001 1.877 (1.567-2.248) | <0.001
Model 4 | 1.927 (1.562-2.378) | <0.00I 1.355 (1.006—1.826) | <0.001 1.622 (1.345-1.957) | <0.001

Notes: Model |: unadjusted; Model 2: adjusted for only age; Model 3: adjusted for age, smoking status and alcohol intake; Model 4:
adjusted for age, smoking status, alcohol intake, WC, hypertension, dyslipidemia and hyperglycemia.
Abbreviations: CHD, coronary heart disease; CVD, cardiovascular disease.

Table 4 Multiple Logistic Regression for CVD in Women

CHD Stroke CcvD
OR (95% CI) p-value | OR (95% CI) p-value | OR (95% CI) p-value
Model | | 2.754 (2.373-3.196) | <0.001 1.873 (1.420-2.470) | <0.001 2.477 (2.157-2.845) | <0.001
Model 2 | 2.778 (2.380-3.243) | <0.00I 1.881 (1.420-2.492) | <0.001 2.496 (2.161-2.883) | <0.001
Model 3 | 2.776 (2.378-3.242) | <0.00I 1.920 (1.449-2.546) | <0.001 2.500 (2.164-2.888) | <0.001
Model 4 | 2.189 (1.859-2.577) | <0.00I 1.527 (1.139-2.047) | <0.001 1.990 (1.709-2.316) | <0.001

Notes: Model |: unadjusted; Model 2: adjusted for only age; Model 3: adjusted for age, smoking status and alcohol intake; Model 4:
adjusted for age, smoking status, alcohol intake, WC, hypertension, dyslipidemia and hyperglycemia.
Abbreviations: CHD, coronary heart disease; CVD, cardiovascular disease.
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Discussion

In our study, the prevalence of NAFLD was 15.2% (men 16.7% and women 14.4%), which was significantly lower than
the present 29.2%. One main reason may be that our study was conducted from 2011to 2012 and at that time NAFLD
indeed was underappreciated and underdiagnosed. On the other hand, it may be because of a rapid increasing of
prevalence of NAFLD in the past decades due to the heavy burden of obesity and T2DM which were closely correlated
with NAFLD.*>**

We found that prevalence of metabolic syndrome was 52.9% in the participants with NAFLD and 29.4% among those
without NAFLD (p<0.001). The ORs of CVD among subjects with NAFLD were 1.622 (95%CI: 1.345-1.957) and 1.990
(95%CI: 1.709-2.316) respectively in men and women, compared with those without NAFLD. The results were similar
with a previous study conducted among Shanghai adults.** NAFLD is defined by excess fat deposition in the liver and
may be used to reflect visceral fat accumulation. The previous research has shown that visceral adiposity is a better
predictor of metabolic abnormalities than subcutaneous fat.>> The insulin resistance (IR) plays an important role in the
link between NAFLD and components of MetS, which is tightly associated with visceral adipose tissue mass.’® As
a result, the individuals with NAFLD tend to cluster metabolic abnormalities including T2DM, obesity, atherogenic
dyslipidemia, which have been established as cardiometabolic risk factors. Therefore, it is not surprising that NAFLD
increases the risk of CVD development. In addition, due to the co-existence of NAFLD and MetS in general, the 2020
International Panel of Experts recommended that NAFLD should be renamed as metabolic-associated fatty liver disease
(MAFLD), which emphasized the vital role of metabolic dysregulation in disease pathogenesis.>”*® In addition, recently,
a multisociety Delphi consensus statement suggested that NAFLD was replaced with metabolic dysfunction-associated
steatotic liver disease (MASLD).?’

Our study demonstrated that NAFLD remained as a risk factor for CVD after adjustment for other traditional risk
factors such as age, smoking, obesity, hyperglycemia, dyslipidemia, high blood pressure. Several previous meta-analyses
have shown that NAFLD independently associated with an increased risk of CVD.'***32 Accordingly, this suggested
that NAFLD maybe contributed actively to the pathogenesis of atherosclerosis except for as a maker for CVD, resulting
in an increased risk of incident CVD finally.

It is well known that postmenopausal women are at high risk of developing CVD because of aging and absence of
estrogen protection. Postmenopausal women had a greater intra-abdominal fat area and a stronger IR compared with
premenopausal women.>* In our study, menstruation-status as a variable was put in the logistic-regression analyses. We
found that NAFLD increased the risk of CVD regardless of whether or not menopause among women. It suggested that
NAFLD appeared to weaken the protective effects of estrogen and increased the risk of incident CVD among
premenopausal women.

The strength of this study lied in the large sample size containing a great quantity of confounders. Our survey had
several limitations. First, this was a cross-sectional investigation which could not explore causality. Secondly, we relied
on self-report to identify NAFLD and CVD events.

In conclusion, NAFLD is independently associated with increased risk of CVD development. Therefore, in the
individuals complicated with NAFLD, it is necessary to early screen and access the CVD risk.
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