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Background. *e prevalence of nonalcoholic fatty liver disease (NAFLD) has been increasing in the general population.*is study
evaluated the association between NAFLD and significant coronary stenosis in asymptomatic adults and evaluated sex-based
differences.Methods. We performed a retrospective cross-sectional study in participants without previous cardiovascular diseases
who visited the Seoul National University Hospital Health Promotion Center for a health checkup between January 1, 2010, and
December 31, 2015. NAFLD was diagnosed on sonography, while coronary artery stenosis (CAS) was assessed on coronary
computed tomography angiography (CCTA). Results. We obtained 3,693 participants who met the inclusion criteria, and 3,449 of
them had no significant stenosis. Among the participants with significant stenosis, the prevalence of NAFLD was 59.4% (145
patients). *e prevalence of NAFLD was 47.26% in male participants, which was higher than that in female participants. *e
association between NAFLD and significant CAS persisted after adjusting for age, body mass index, glycated hemoglobin, and
Framingham risk factors. *e correlation between NAFLD and significant coronary stenosis appeared to be stronger in women
than in men, but the absolute risk was higher in men than in women. Conclusion. NAFLD was strongly associated with CAS. We
should be alert about an increased cardiovascular risk in patients with NAFLD and more intensively provide primary prevention
by performing tests to detect subclinical atherosclerosis.

1. Introduction

Cardiovascular disease (CVD) is a critical cause of death
worldwide [1]. More than 25% of patients with CVD ex-
perience sudden cardiac events without prior symptoms
such as chest pain or dyspnea; therefore, it is important to
identify asymptomatic individuals in a subclinical state to
determine when to start early prevention therapy [2].

In the current guidelines, asymptomatic adults are
recommended to receive risk assessments using the Fra-
mingham coronary heart disease risk score [3], European
SCORE, and atherosclerotic CVD algorithm which include
several risk factors [4]. Asymptomatic subjects are generally
at low or intermediate risk. In low-risk populations, the
prognostic accuracy of screening tests is far from perfect,
while the incorporation of coronary computed tomography
angiography (CCTA) imaging data into an assessment

involving the CVD risk score might improve the power of
the existing tools for risk stratification. However, CCTA is
associated with radiation exposure and the subsequent
likelihood of radiation-induced cancer incidence. *us,
before embracing CCTA as a routine screening procedure, it
should be assessed whether its potential benefits outweigh its
harmful effects.

Most known risk factor assessments have included the
components of metabolic syndrome (MS) [5]. Nonalcoholic
fatty liver disease (NAFLD) was recently recognized as a
hepatic manifestation of MS and is currently redefined as
metabolic dysfunction-associated fatty liver disease
(MAFLD). MAFLD indicates that this disease is associated
with metabolic dysfunction, and the factors that cause and
promote it are diverse [6]. While several studies have re-
ported whether NAFLD is another independent risk factor
for CVD [7–10] or systemic atherosclerosis [11, 12], previous
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studies have not completely excluded symptomatic adults or
used a surrogate indicator such as the coronary artery
calcification score [13, 14]. Other studies used carotid in-
tima-media thickness [15], arterial stiffness, and endothelial
function [16] as markers of atherosclerosis, which have
limitations for directly reflecting the actual state of the
coronary artery. To date, studies investigating the rela-
tionship between NAFLD and CVD have not adequately
noted a tendency toward sex-based differences despite the
same in NAFLD incidence and pathological mechanisms
[17].

Here, we investigated the association between NAFLD
and significant coronary stenosis evaluated using the CCTA
in asymptomatic adults, including an additional analysis of
sex-based differences.

2. Methods

2.1. Study Population. We retrospectively studied Korean
adults aged >20 who visited the Seoul National University
Hospital Health Promotion Center for a comprehensive
health screening evaluation including abdominal sonogra-
phy and CCTA between January 1, 2010, and December 31,
2015. Significant coronary stenosis was defined as the
presence of >50% stenosis in at least one major coronary
artery [18, 19].

We excluded those with the following criteria: history of
CVDs or the use of aspirin and other antithrombotic drugs;
clinical symptoms of CVD at least once such as chest pain
and dyspnea (since our targeted subjects in this study had
subclinical CVD); positive serology for hepatitis B virus
surface antigen or hepatitis C virus antibody; history of liver
cirrhosis or hepatocellular carcinoma; and excessive alcohol
consumption (≥20 g/day) [20]. Furthermore, participants
for whom data on study covariates were missing were also
excluded.

*us, a total of 3,693 patients were ultimately enrolled in
the study. *is study was approved by the Institutional
Review Board of Seoul National University Hospital, Seoul,
Korea, which waived the requirement for informed consent
(no. H-1610-033-797).

2.2. Liver Ultrasound. Experienced radiologists performed
hepatic ultrasonography. *e diagnosis of fatty liver was
based on standard criteria, including liver parenchymal
brightness, evidential contrast of liver to kidney or spleen
parenchyma, deep-beam attenuation, and bright vessel walls
[21]. Mild NAFLD was defined as a slight increase in hepatic
echogenicity and differences between hepatic and renal
echogenicity as well as relative preservation of echoes from
the walls of the portal vein. Moderate NAFLD was defined as
a loss of echoes from the walls of the portal veins, partic-
ularly from the peripheral branches, and a greater dis-
crepancy between the hepatic and renal echoes. Severe
NAFLD was defined as a greater reduction in beam pene-
tration, loss of echoes from most of the portal vein walls
including the main branches, and a large discrepancy be-
tween the hepatic and renal echoes [22].

2.3. CCTA Data. CT was performed using a dual-source
scanner (SOMATOM definition; Siemens Medical Solu-
tions, Forchheim, Germany). *e analytical methods of the
CCTA data in this study have been described elsewhere [23].
Images were assessed by consensus to two experienced ra-
diologists. *e coronary arteries were anatomically assessed
based on a modified model of the coronary tree with 15
segments. *e degree of stenosis was described as the
percentage of lumen diameter reduction. We then described
it as significant (≥50%) or nonsignificant (<50%) based on
the maximum stenosis degree [18, 19]. *e plaques were
defined as formed structures >1mm2 within the vessel lu-
men and classified as noncalcified, calcified, or mixed
[18, 19].

2.4. Clinical and Laboratory Assessment. All participants
completed a personal health questionnaire and underwent a
medical interview by an experienced clinician. We obtained
information about past disease history (diabetes, hyper-
tension (HTN), CVD, chronic hepatitis B, chronic hepatitis
C, or malignancy), smoking status, alcohol use, medication
use, and previous cardiac symptoms. *e anthropometric
measurements performed on the same day included height,
weight, waist circumference (WC), and systolic and diastolic
blood pressure. Body mass index (BMI) was calculated as
weight divided by height squared, while WC was measured
at the midpoint of the lowest costal margin and the iliac
crest.

Blood samples for laboratory tests were taken after at
least a 12-hour fast. *e laboratory examination included
serum levels of glucose, HbA1c, total cholesterol (TC),
triglycerides, high-density lipoprotein (HDL) cholesterol,
low-density lipoprotein (LDL) cholesterol, aspartate ami-
notransferase (AST), alanine aminotransferase (ALT), and
gamma-glutamyltransferase (c-GTP).

Systolic blood pressure (SBP)≥ 140mmHg and diastolic
blood pressure (DBP)≥ 90mmHg in the anthropometric
measurements or use of antihypertensive medications was
considered as HTN [24]. Diabetes was defined as a serum
glucose level≥ 126mg/dL, HbA1c≥ 6.5%, or use of antidi-
abetic medication [25]. According to the Adult Treatment
Panel III criteria, dyslipidemia was defined as TC≥ 240mg/
dL, LDL cholesterol≥ 190mg/dL, or current use of dysli-
pidemia medication [26].

2.5. Statistical Analysis. Descriptive statistics were used to
determine the basic characteristics of the study population.
Baseline characteristics were analyzed according to signifi-
cant stenosis or sex, and between-group differences were
tested using t tests for continuous variables and the χ2 tests
for categorical variables.

We used multivariate logistic regression models to es-
timate odds ratios with 95% confidence intervals (CIs) for
significant coronary stenosis associated with the presence of
NAFLD adjusted for other risk factors. We fitted two models
with adjustment for potential confounders.

Model 1 was adjusted for age. Model 2 was further
adjusted for BMI, HbA1c [27], and Framingham risk factors
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(TC, HDL cholesterol, SBP, HTN status, and smoking
status) in addition to the variables addressed in Model 1.
Data were analyzed using STATA for Windows version 14
(College Station, TX 77845 USA). Statistical significance was
set at P< 0.05.

We further analyzed the general characteristics
according to sex and significant stenosis. Additional analysis
was conducted regarding the correlation between coronary
stenosis and NAFLD among participants with normal liver
function test (LFT). Normal liver function was defined as a
case in which both aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) were less than 40 IU/L. *e
NAFLD fibrosis score and fibrosis-4 (FIB-4) index were
measured to evaluate an invasive score in patients with
NAFLD grades 2 and 3.

3. Results

3.1. Characteristics of Participants. Among 4,957 eligible
patients, 3,693 patients (1,970 men and 1,723 women) met
the study’s inclusion criteria, while 153 patients were ex-
cluded owing to missing data. A total of 263 patients were
excluded because they were on anticoagulant medications,
271 patients were excluded because they had a potential for
chronic liver disease (e.g., viral hepatitis marker positivity,
previously diagnosed with liver cirrhosis, or hepatocellular
carcinoma), and 576 patients were excluded because of
significant alcohol consumption (140 g/week) (Figure 1).

Table 1 shows the descriptive characteristics of the study
population. Compared with participants without stenosis,
those with significant stenosis tended to bemen and smokers
and had higher levels of blood pressure, fasting glucose, and
triglyceride levels. Supplemental Table 1 shows the baseline
characteristics according to sex. Compared with female
participants, male participants tended to be overweight and
smokers and had higher blood pressure, fasting glucose, TC,
triglyceride, HDL cholesterol, ALT, and c-GTP levels. Men
showed a higher prevalence of NAFLD (47.26%, 731 pa-
tients) than women (38.19%, 658 patients). Supplemental
Table 2 lists the general characteristics of the participants
according to the presence or absence of significant stenosis
stratified by sex. SBP, HbA1c, TG, HDL cholesterol, and the
hypertension status were significant in both sexes. In con-
trast, BMI and WC were only significant in women.

3.2. Main Findings. An analysis of the relationship between
NAFLD and the presence of significant stenosis is shown in
Table 2. *e association persisted after further adjustment
for age, sex, BMI, HbA1c, and Framingham risk factors (TC,
HDL cholesterol, SBP, HTN status, and smoking status)
(Model 2). In this model, as shown in Table 2, NAFLD was
significantly associated with CVD.

We performed additional analysis to explore the asso-
ciation between NAFLD and the presence of significant
stenosis stratified by sex (Table 3). *is association was
consistent with the main analysis (Model 1). However, in
men, the association was attenuated after adjustment for age,
BMI, HbA1c, and Framingham risk factors (P for

trend� 0.317) (Model 2). *e association between NAFLD
and CVD appeared to be stronger in women (P for
trend� 0.017) than that in men. Although the relative risk
was higher in women than that in men, there was a higher
absolute risk in men (Figure 2).

We explored the correlation between coronary stenosis
and NAFLD among participants with normal liver function
(Supplemental Table 3). *e correlation was significant in
the case of grade 1 NAFLD (Model 2). Supplemental Table 4
shows the NAFLD fibrosis score and the FIB-4 index in the
NAFLD grade 2 and 3 groups. In the grade 2 group, 73.47%
of patients had a relatively mild to moderate NAFLD fibrosis
score, and 77.5% were in a stage excluded in advanced fi-
brosis as per the FIB-4 index. Similarly, 72.09% of patients in
the grade 3 group scored relatively mild tomoderate NAFLD
fibrosis scores, and 74.42% were in the 0–1 fibrosis stage as
per the FIB-4 index.

4. Discussion

Our study demonstrated that NAFLD is strongly associated
with significant coronary stenosis. *e correlation between
NAFLD and coronary stenosis was stronger in women than
that in men. *ere are several possible biological mecha-
nisms of NAFLD, a hepatic manifestation of MS with insulin
resistance as a common pathophysiological mechanism.
NAFLD plays a critical role in the pathway connecting MS
and CVD [28]. *e biological mechanism by which NAFLD
promotes atherosclerosis is not clear, but several previous
studies have suggested a potential mechanism [12]. NAFLD
may further promote insulin resistance, possibly leading to
accelerated atherosclerosis [29]. In addition, possible
mechanistic pathways include increased oxidative stress,
subclinical inflammation, an abnormal adipocytokine pro-
file, endothelial dysfunction, and lipid abnormalities [30].

Many studies have suggested that CVD is the leading
cause of death in patients with advanced NAFLD and that
NAFLD is associated with an increased risk of CVD, in-
dependent of the traditional risk factors. In addition, it is
necessary to demonstrate the direct association between
NAFLD and CAS to determine the starting point of car-
diovascular prevention for asymptomatic patients [31].
However, most studies used arterial stiffness [16], carotid
artery intima-media thickness, or carotid artery plaque
measurements [15] as surrogate markers for CVD. Although
some previous studies used coronary calcium score or
coronary plaque [6, 32], the direct relationship between
NAFLD and CAS must be assessed in the clinical setting
despite the coronary calcification score being a noted marker
for CVD risk [31, 33]. However, we measured the degree of
CAS using the CCTA directly in asymptomatic patients.

Although there were marked sex-based differences in the
prevalence of NAFLD, anthropometric and metabolic
phenotypes, and adipose distribution, no other studies have
demonstrated a correlation between NAFLD and coronary
artery disease (CAD) according to sex. In our study, the
association between NAFLD and the presence of significant
stenosis was proven in women, except for those in the severe
NAFLD group. Moreover, even though the relative risk was
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higher in women than in men, there were higher absolute
risks in men. *is suggests that additional underlying fac-
tors, except NAFLD, contributed to the burden of CVD risk
factors in men. According to other studies, differences in
major cardiovascular risk factors, particularly HDL cho-
lesterol level and smoking rate, explained the significance of
the sex difference in CAD risk [34, 35]. In women, HDL
cholesterol tends to be approximately 10mg/dL higher than
that in men of the same age range [36]. Low HDL cholesterol
acts as a more predictive coronary risk factor in women than
in men [36, 37]. Moreover, previous studies demonstrated
that women who smoke heavily lose more protection against
myocardial infarction associated with HDL cholesterol than
men [38, 39]. In our study, asymptomatic women had higher
HDL cholesterol levels and were fewer current smokers. In
addition, the significant stenosis group had a lower HDL
cholesterol level than the group without significant stenosis,
and this difference was statistically significant in both sexes.
*ese findings also highlight the need for cohort studies to

elucidate the role of the sex in the association between
NAFLD and CVD.

In the additional analysis, the correlation between
NAFLD and coronary stenosis was proven in the mild
NAFLD and normal LFT groups. *e mean age was 56.13
years in the moderate and severe groups and 57.80 years in
the normal and mild groups. Since the participants in the
moderate and severe groups were significantly younger than
those in the normal and mild groups (P< 0.001), it is not
considered that there was a significant difference in the
results. *e moderate to severe NAFLD but normal liver
function group is not common; thus, other confounders may
have an influence. To verify this, it is necessary to test the
liver function at several points and conduct a study with a
larger number of participants.

A notable strength of our study is its large sample size,
including asymptomatic men and women. *erefore, we
were able to assess each association with sex. Another
strength is that CAS was directly evaluated using the CCTA.

4,957 subjects underwent abdomen ultrasonography, and
coronary CT angiography from 2010 to 2015

153 subjects were excluded since they had missing data

263 subjects were excluded since they had taken
anticoagulant meditations (e.g., aspirin, warfarin,

clopidogrel, and new oral anticoagulants)

271 subjects with potential cause of chronic liver disease
(e.g., viral hepatitis maker positive, previous diagnosed

with liver cirrhosis, or hepatocellular carcinoma)
were excluded

576 who had significant alcohol consumption (140g/wk)
were excluded

3,694 subjects were included in final study population

Figure 1: Flowchart of the included study participants.
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CCTA is a noninvasive and highly sensitive imaging mo-
dality that directly visualizes the coronary anatomy. In a
recent study, CCTA was a valuable noninvasive tool in the
diagnostic workup of patients with low to intermediate
likelihood for CAS, especially in asymptomatic patients [40].
In the case of a patient diagnosed with NAFLD, there was a
clinical significance; i.e., by performing CCTA, coronary
stenosis was detected early in the asymptomatic stage, and an

intervention was performed to slow the progression of the
disease.

*ere are several limitations in our study. First, our study
was cross-sectional in nature, making it difficult to assess
causality. Second, we could not exclude any potential dis-
eases that could influence hepatic manifestations such as
autoimmune hepatic diseases owing to lack of patient in-
formation. *ird, even though CCTA has emerged as a

Table 1: General characteristics of the study population.

Without significant stenosis (n� 3,449) (mean± SD) With significant stenosis (n� 244) (mean± SD) P value
Sex (N, %) <0.001
Male 1.800 (52.18) 170 (69.67)
Female 1.649 (47.81) 74 (30.32) <0.001

Age (years) 57.00± 9.67 63.58± 8.69 <0.001
BMI (kg/m2) 24.14± 3.21 24.74± 2.87 0.004
WC (cm) 85.96± 9.09 88.58± 7.97 <0.001
SBP (mmHg) 125.40± 15.94 130.01± 15.61 <0.001
DBP (mmHg) 75.58± 10.65 77.07± 11.32 0.035
HbA1c 5.86± 0.68 6.26± 1.08 <0.001
FPG (mg/dL) 96.07± 20.29 109.52± 31.26 <0.001
TC (mg/dL) 199.56± 36.96 199.95± 37.46 0.871
TG (mg/dL)† 115.78± 67.86 138.89± 97.39 <0.001
HDL (mg/dL) 54.60± 14.47 49.26± 12.62 <0.001
LDL (mg/dL) 126.85± 34.94 129.69± 38.28 0.222
AST (IU/L) 25.74± 14.48 27.55± 14.16 0.059
ALT (IU/L) 27.52± 24.67 31.42± 27.49 0.017
c-GTP (IU/L) 32.79± 33.68 38.03± 42.83 0.021
Hypertension (%) 1247 (36.15) 146 (59.83) <0.001
Current smoker (%) 458 (13.27) 51 (20.90) <0.001
NAFLD (N,%) <0.001
Normal (grade 0) 2,005 (58.13) 99 (40.57)
Mild (grade 1) 710 (20.58) 67 (27.45)
Moderate (grade 2) 657 (19.04) 67 (27.45)
Severe (grade 3) 76 (2.23) 11 (4.50)

SD: standard deviation; BM: body mass index; WC: waist circumference; SBP: systolic blood pressure; DBP: diastolic blood pressure; FPG: fasting plasma
glucose; TC: total cholesterol; TG: triglyceride; HDL: high-density lipoprotein cholesterol; LDL: low-density lipoprotein cholesterol; AST: aspartate
aminotransferase; ALT: alanine aminotransferase; c-GTP: c-glutamyltranspeptidase; NAFLD: nonalcoholic fatty liver disease. †Log transformation t test.

Table 2: Summary of the regression analysis of the correlation between coronary stenosis and NAFLD.

Model 1 Model 2
OR (95% CI) P value P for trend OR (95% CI) P value P for trend

NAFLD
Grade 0 1 (Reference) — — 1 (Reference) — —
Grade 1 2.12 (1.53–2.97) <0.001

<0.001

1.69 (1.19–2.41) 0.004

0.013

Grade 2 2.39 (1.71–3.35) <0.001 1.56 (1.06–2.29) 0.023
Grade 3 4.04 (2.23–8.11) <0.001 2.25 (1.05–4.80) 0.037

Age (years) 1.09 (1.07–1.10) <0.001 1.09 (1.07–1.11) <0.001
Sex 0.45 (0.34–0.60) <0.001 0.51 (0.37–0.69) <0.001
BMI (kg/m2) — — — 1.00 (0.95–1.05) 0.960
HbA1c — — — 1.38 (1.21–1.58) <0.001
TC (mg/dL) — — — 1.01 (1.00–1.01) 0.001
HDL (mg/dL) — — — 0.98 (0.97–0.99) <0.001
SBP (mmHg) — — — 1.00 (0.99–1.01) 0.403
Hypertension — — — 2.05 (1.48–2.85) <0.001
Smoking status — — — 1.79 (1.24–2.60) 0.002
NAFLD: nonalcoholic fatty liver disease; OR: odds ratio; CI: confidence interval; BMI: body mass index; TC: total cholesterol; HDL: high-density lipoprotein
cholesterol; SBP: systolic blood pressure. Model 1 included age and sex. Model 2 included BMI, HbA1c, and Framingham risk factors (total cholesterol, HDL
cholesterol, SBP, hypertension status, and smoking status) in addition to the variables addressed in Model 1.
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noninvasive diagnostic imaging modality that directly vi-
sualizes the coronary anatomy with a high diagnostic ac-
curacy, the diagnosis of fatty liver depends on
ultrasonography. Although ultrasonography has a relatively
high sensitivity and specificity for detecting fatty liver, it may
provide an incorrect diagnosis in 10%–30% of cases [41]. In
addition, there are other tools such as the controlled at-
tenuation parameter that allows to quantify steatosis in the
liver, and also, using the same equipment with transient
elastography, it is possible to measure liver fibrosis, an
important element in patients with grade 3 steatosis [42].
Unfortunately, ultrasonography was the only device avail-
able in this study. However, since ultrasonography is a
noninvasive and easily applicable clinical test, it may be a

useful tool to evaluate hepatic steatosis. Future well-designed
studies using sophisticated diagnostic equipment instead of
abdominal sonography are required to improve the accuracy
of NAFLD diagnosis.

5. Conclusion

Our study provides evidence for the relationship between
NAFLD and significant coronary stenosis in asymptomatic
patients. Accordingly, clinicians should be alert and evaluate
early CVD in asymptomatic patients with NAFLD and more
intensively identify primary prevention methods using tests
to detect subclinical atherosclerosis.

Table 3: Summary of the regression analysis of the correlation between coronary stenosis and NAFLD by sex.

Model 1 Model 2
OR (95% CI) P value P for trend OR (95% CI) P value P for trend

Men

Grade 0 1 (Reference) — — 1 (Reference) — —
Grade 1 1.69 (1.15∼2.58) 0.011 <0.001 1.36 (0.88–2.10) 0.170 0.317
Grade 2 1.98 (1.33∼2.96) 0.001 1.29 (0.81–2.05) 0.278
Grade 3 3.45 (1.52∼7.84) 0.003 2.07 (0.84–5.08) 0.112

Women

Grade 0 1 (Reference) — — 1 (Reference) — —
Grade 1 3.21 (1.80–5.73) <0.001 0.001 2.61 (1.42–4.81) 0.002 0.017
Grade 2 3.28 (1.76–6.12) <0.001 2.27 (1.13–4.53) 0.020
Grade 3 5.29 (1.43–19.52) 0.012 2.66 (0.64–11.10) 0.179

NAFLD: nonalcoholic fatty liver disease; OR: odds ratio; CI: confidence interval. Model 1 included age. Model 2 included BMI, HbA1c, and Framingham risk
factors (total cholesterol, HDL cholesterol, SBP, hypertension status, and smoking status) in addition to the variables addressed in Model 1.

0.2

0.15

0.1

0.05

0

Ad
ju

ste
d 

pr
op

or
tio

n

0 1 2 3

NAFLD grade

(a)

0.2

0.15

0.1

0.05

0

Ad
ju

ste
d 

pr
op

or
tio

n

0 1 2 3

NAFLD grade

(b)

Figure 2: Risk ratio and predictive probability (95% CI) by degree of NAFLD in (a) male and (b) female.
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