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Severe, but not mild to moderate,
non-alcoholic fatty liver disease associated
with increased risk of subclinical coronary
atherosclerosis
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Abstract

Background: Non-alcoholic fatty liver disease (NAFLD) is associated with high risk of cardiovascular disease. The
prevalence is increasing to 45-65% in the general population with routine health check-up, and most subjects have
the mild degree NAFLD in recent years. Moreover, there are no studies on the association between NAFLD severity
and coronary atherosclerosis in the real-world setting by ultrasonography.

Methods: The aim of this study was to determine the relationship between the severity of NAFLD and subclinical
coronary atherosclerosis. Overall, 817 subjects meet criteria for NAFLD were enrolled in the retrospective cohort study
(155 subjects were excluded). The severity of NAFLD was divided into the normal, mild, moderate and severe degree
based on the finding of abdominal ultrasonography. The assessment of coronary atherosclerosis was based on CAC
scan/coronary CT angiography finding in terms of CAC score 2 100, CAC score Z 400, CAD-RADS 2 3 and presence of
vulnerable plaque(s).

Results: A significant linear trend was observed between the severity of NAFLD and subclinical coronary atheroscle-
rosis. Compared with the reference group (including normal, mild, and moderate NAFLD), severe degree NAFLD was
the independently associated risk of subclinical coronary atherosclerosis in term of CAC score 2 100, CAC score 2
400, CAD-RADS 2 3 and presence of vulnerable plaque(s) based on binary logistic regression after adjustment for FRS
score and body fat percentage.

Conclusions: Severe degree, but not mild to moderate, was associated with high risk of subclinical coronary athero-
sclerosis, independently of FRS score and body-fat percentage.

Keywords: Fatty liver, Coronary artery atherosclerosis, Vulnerable plaque(s)

Introduction

Non-alcoholic fatty liver disease (NAFLD) is generally
considered as a very common disease in the worldwide
at this time. The prevalence of NAFLD in the general
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population is about 25% in the world, including West-
ern and Asian countries according to recent literature
reviews [1, 2]. NAFLD comprises a wide range of different
conditions from non-alcoholic fatty liver, non-alcoholic
steatohepatitis (NASH) to cirrhosis, and the prevalence
is increasing worldwide over time due to eating habits
and environment change[3, 4]. NAFLD is highly associ-
ated with metabolic syndrome and hepatic insulin resist-
ance, which are considered to play an important role in
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developing coronary atherosclerosis [5-7]. Recent sys-
temic review/meta-analyses have investigated the associ-
ation between presence of NAFLD with coronary arteries
disease in terms of obstructive coronary artery disease
and coronary artery calcification [8—10]. However, there
was limited data regarding the relationship between
the severity of NAFLD and subclinical coronary artery
disease [11, 12]. Therefore, the aim of this study was to
determine the relationship between subclinical coronary
artery disease and the severity of NAFLD in an Asian
population in the real-world setting.

Methods

Clinical, anthropometric and laboratory measurements

of study cohort

The study protocol was approved by the Institutional
Review Board Committee of Kaohsiung Veterans
General Hospital, Kaohsiung, Taiwan as No. VGHKS
19-CT6-02. The requirement for informed consent was
waived due to retrospective study design by the ethics
committee of Kaohsiung Veterans General Hospital.
All methods were performed in accordance with the
relevant guidelines and regulations. In this retrospec-
tive study, we reviewed the records of 972 subjects who
underwent routine health checkups, abdominal sono-
gram and coronary CT angiography examination at
the same time in Kaohsiung Veterans General Hospital
from January 1, 2018 to December 31, 2018. The inclu-
sion criteria were as follows: (1) all subjects underwent
abdominal sonogram and coronary CT angiogra-
phy examination at the same time; (2) all subjects are
asymptomatic. 155 subjects with at least one of the fol-
lowing: (1) a history of > 10 g of daily alcohol consump-
tion; (2) liver cirrhosis (defined by ultrasonographic
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criteria); (3) chronic hepatitis B or C (defined by his-
tory, serum hepatitis B surface antigen, and anti-hepa-
titis C antibodies) were excluded to meet the diagnostic
criteria of NAFLD according to the National Health
and Nutrition Examination Survey III criteria [13]. Of
the remaining 817 subjects were enrolled into the study
population for further analysis show in Fig. 1. Obtained
subjects’ demographics, cardiovascular risk factors
and anthropometric measurements were recorded
from referral visit information in the electronic medi-
cal records (EMR) system, including age, gender, body
mass index (BMI), hypertension, systolic blood pres-
sure, hypertension medication, diabetes mellitus, cur-
rent smoking habits, the amount of pack-year, waist
circumstance, body-fat percentage, and alcohol intake
(number, frequency, and alcohol percentage of drinks
per week according to the National Institute on Alco-
hol Abuse and Alcoholism) were recorded for all par-
ticipants. Anthropometric measurements such as BMI
and body-fat percentage were measured using the elec-
tric impedance method analyzer (XSCAN PLUS II;
Jawon Medical, Gyeongsan-si, South Korea) with the
patients minimally clothed and wearing no socks as the
previous study described [14]. Complete biochemical
and blood examinations including blood levels of low
density lipoprotein-cholesterol (LDL-C), high density
lipoprotein-cholesterol (HDL-C), triglyceride (TG),
total cholesterol, estimated glomerular filtration rate
(eGFR), hemoglobin Alc (HbAlc) concentration were
also recorded at the same time. Framingham risk score
(FRS) percentage was calculated based on the six coro-
nary risk factors including age, gender, total cholesterol,
HDL-C, systolic blood pressure, and smoking habits for
conventional cardiovascular risk stratification[15].

972 subjects

Inclusion

(i) all subjects underwent abdominal sonogram and
coronary CT angiography examination at the same time;

(i) all subjects are asymptomatic.

Exclusion

(i) a history of 210 g of daily alcohol consumption;

(ii) liver cirrhosis (defined by ultrasonographic criteria);
(iii) chronic hepatitis B or C

817 subjects included in final analysis

Data recorded
(i) Clinical, anthropometric and laboratory measurements
(ii) FRS profile (missing data, n = 21)

l

| |

Mild NAFLD
n =499

Normal
n=217

Moderate NAFLD Severe NAFLD
n=65 n=36

Fig. 1 The flowchart of enrollment and inclusion/exclusion criteria for the study subjects
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Abdominal ultrasound for NAFLD severity assessment

The diagnosis of severity of NAFLD was based on the
ultrasonographic findings established according to the
practice guideline of the American Gastroenterology
Association [16]. All ultrasonographic studies were per-
formed by two imaging units (GE Logic E9, GE Health-
care, Wauwatosa, WI, USA; Acuson S2000, Siemens,
Germany) with a 3.5- to 5-MHz convex probe. The sever-
ity of NAFLD was divided into the normal, mild, moder-
ate, and severe degree based on hepatic ultrasonography.
Mild fatty liver was defined as slightly increased liver
parenchyma echogenicity compared to kidney/spleen
with normal visualization of portal vein wall and dia-
phragm. Moderate fatty liver was defined as the moder-
ate increase of liver parenchyma echogenicity compared
to kidney/spleen with mild dimness of portal wall and
diaphragm. Severe fatty liver was defined as the high
increase of liver parenchyma echogenicity compared
to kidney/spleen with poor visualization of portal wall
and diaphragm due to elevation of echogenicity [17].
All images were retrospectively reviewed by one single
expert radiologist with 10 year experience in ultrasonog-
raphy. The expert was blinded to the clinical and labora-
tory data of subjects and unaware of the previously study
reported.

Coronary artery calcium (CAC) scan and coronary CT
angiography

All enrolled study subjects underwent initial CAC scans
and sequential coronary CT angiography examinations
at the same time with 256-slice CT scanner (Revolution
CT, GE Healthcare, Milwaukee, USA). We administered
oral beta-blockers (metoprolol) if the heart rate exceeded
65 beats per minute an hour before the exams began to
start. All subjects received 0.8 mg of sublingual nitroglyc-
erin shortly prior to the CAC scan. The images were ana-
lyzed using a dedicated workstation (AW Server, version
3.2, GE Healthcare). All coronary CT angiography exami-
nations were read by two experienced cardiovascular
radiologists. Imaging findings of coronary artery stenosis
including luminal stenosis severity, plaque composition,
and vulnerable plaque(s) characteristics were analyzed
according to Coronary Artery Diseases Reporting and
Data System (CAD-RADS) classification by 2016 SCCT
guideline, including twenty-five coronary segments on
the basis of the percentage of cross-sectional area ste-
nosis [18] shown in Additional file 1: Table S1. For CAC
score measurements, noncontrast ECG-gated cardiac CT
scans were performed based on the Agatston method
by using a commercially available CT workstation (AW
Server, version 3.2, GE Healthcare). CAC scores were
categorized as 4 categories according to the degree of
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calcification (0-10: minimal; 10-100: mild; 100-400:
moderate; >400: severe) [19-21]. In this study cohort,
primary endpoints including CAC score 2 100, CAC
score Z 400, CAD-RADS 2 3 and presence of vulnerable
plaque(s) were assessed for severity of NAFLD associated
with subclinical coronary atherosclerosis. The definition
of CAD-RADS > 3 was that presence of significant lumi-
nal stenosis 50-69%% in any one of the triple coronary
trees. There are four main vulnerable plaque features on
coronary CT angiography: (1) positive remodeling (2)
low attenuation plaque (3) napkin-ring sign (4) spotty
calcium. Presence of at least two high-risk plaque fea-
ture (s) can be indicated with the definition of vulnerable
plaque (s) (Additional file 1: Table S1).

Subclinical coronary atherosclerosis was defined as the
presence of atherosclerotic plaque or coronary artery cal-
cification score (CACS) > 1 in asymptotic subjects.

Statistical method and analysis

The patient clinical characteristics, anthropometric and
laboratory measurements are expressed as mean =+ stand-
ard deviation (SD) or median (interquartile range, IQR)
and frequency (%) for group comparison. Multiple group
comparisons were done by analysis of variance (ANOVA)
for normally distributed data and by Kruskal-Wallis test
for skewed data. We used the post-hoc Bonferroni test
to analyze the differences among these four groups. To
assess linear trends in the percentage of subclinical ath-
erosclerosis for increasing severity of NAFLD, the gen-
eral linear model was used to test the linear trend. In the
binary logistic regression, the group with normal, mild,
and moderate NAFLD was chosen as reference to investi-
gate the relationship between NAFLD severity and coro-
nary atherosclerosis in term of CAC 2 100, CAC Z 400,
CAD-RADS 2 3, and presence of vulnerable plaque(s)
after adjustment for FRS score and body fat percentage.
A p value <0.05 was considered statistically significant.

Results

Baseline clinical characteristics of the study participants
We included 817 subjects (mean age 54.20+10.02 years,
60.20% male) with detailed baseline characteristics and
anthropometric and laboratory measurements demon-
strated. Among 817 study subjects, 600 (73.43%) sub-
jects have different degrees of NAFLD. The baseline
characteristics, anthropometric and laboratory meas-
urements of the study cohort subjects (N=2817) classi-
fied into 4 groups according to the NAFLD severity are
shown in Table 1. There were statistically significant
differences across the four groups for the in the clinical
characteristics, anthropometric and laboratory meas-
urements and coronary artery finding demonstrated by
one-way ANOVA, except for current smoking habits,
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the amount of pack-year, body-fat percentage, eGFR and
LDL-C level. In terms of Bonferroni post-hoc tests (inter-
group comparison) are also shown in Table 1.

Correlations between severity of NAFLD and subclinical
coronary atherosclerosis

As shown in Fig. 2, subclinical coronary atherosclero-
sis in term of CAC 2 100, CAC 2 400, CAD-RADS 2
3 and presence of vulnerable plaques (+) significantly
increased as the severity of NAFLD increased by using
the general linear model for trend analysis (CAC 2 100, p
for trend <0.0001; CAC Z 400, p for trend =0.003;CAD-
RADS 2 3, p=0.015; presence of vulnerable plaques, p
for trend =0.004.

Severity of NAFLD associated with subclinical coronary
atherosclerosis

Figure 2 shows that the primary endpoints about sub-
clinical coronary atherosclerosis significantly increased
as the severity of NAFLD increased by using the gen-
eral linear model for trend analysis. In addition, post-
hoc analysis revealed no significant difference in group
1(mild NAFLD) versus group 2 (moderate NAFLD) and
group 0 (normal) versus group 1 (mild NAFLD) in terms
of subclinical coronary atherosclerosis. Therefore, in the
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binary logistic regression, the reference group (includ-
ing normal, mild NAFLD, moderate NAFLD groups) was
chosen as the reference to investigate the relationship
between the severity of NAFLD and subclinical coronary
atherosclerosis. Table 2 shows the multivariate logistic
regression analysis to determine the predictors of sub-
clinical coronary atherosclerosis in term of CAC 2 100,
CAC 2 400, CAD-RADS 2 3 and presence of vulnerable
plaque(s) with adjustment for FRS score and body-fat
percentage. For investigation the association with CAC
2 100, severe degree NAFLD is the independent predic-
tor of CAC 2 100 after adjusting for FRS score and body-
fat percentage (odds ratio of 2.946, 95% CI 1.017-8.530,
p=0.046). For investigation the association with CAC 2
400, severe degree NAFLD is the independent predictor
of CAC 2 100 after adjusting for FRS score and body-fat
percentage (odds ratio of 4.402, 95% CI 1.149-16.862,
p=0.031). For investigation the association with CAD-
RADS 2 3, severe degree NAFLD is the independent
predictor of CAD-RADS 2 3 after adjusting for FRS
score and body-fat percentage (odds ratio of 4.091, 95%
CI 1.396-11.993, p=0.010). For investigation the asso-
ciation with presence of vulnerable plaque(s), severe
degree NAFLD is the independent predictor of presence
of vulnerable plaque(s) after adjusting for FRS score and
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Fig. 2 The linear trend of subclinical coronary atherosclerosis according to severity of NAFLD in term of CAC 2 100, CAC 2 400, CAD-RADS 2 3 and
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body-fat percentage (odds ratio of 2.906, 95% CI 1.107—
7.624, p=0.030).

Discussion

The focus of the current study is to investigate the rela-
tionship between the severity of NAFLD and subclinical
coronary atherosclerosis. In this study, we demonstrated
three major findings. The first one is that there was no
significant difference in terms of subclinical coronary ath-
erosclerosis between the two groups (normal group ver-
sus NAFLD group shown in Additional file 1: Table S2).
However, a significant difference in term of subclini-
cal coronary atherosclerosis between the two groups
observed (the reference group versus severe NAFLD
group shown in Additional file 1: Table S3). Second, a sig-
nificant linear trend was observed between the severity of
NAFLD and subclinical coronary atherosclerosis. Third,
for investigation of subclinical coronary atherosclerosis
in terms of CAC 2 100, CAC 2 400, CAD-RADS 2 3, and
presence of vulnerable plaque(s), severe degree NAFLD
is the independent predictor of subclinical coronary ath-
erosclerosis after adjusting for FRS score and body fat
percentage.

As for the relationship between NAFLD and cardio-
vascular disease, previous studies including systemic
review-metaanalysis have demonstrated that a significant
association between NAFLD and subclinical coronary
atherosclerosis, obstructive CAD and major adverse car-
diovascular events [8—10, 22]. However previous limited
studies have investigated the severity degree of NAFLD
associated CAD in asymptomatic or symptomatic sub-
jects [11, 12]. In addition, the prevalence of NAFLD has
increased from 25-30% in 2012 to 45-65% in 2018 [2,
12, 23]. Recently, the prevalence of lean NAFLD or over-
weight/obese-NAFLD has grown increasingly [14, 24].
It has become a significant public health concern due
to current westernized diets, lifestyle habits change and
obesity epidemic in Asia [25]. The prevalence of NAFLD
found in our study population was high, reaching 73.43%.
Of the 600 subjects with NAFLD, 499 (83.16%) had mild
NAFLD, 65 (10.83%) had moderate NAFLD, and 36 (6%)
had severe NAFLD. Most subjects with NAFLD are
clinically silent and asymptomatic, except for a variable
degree of fatigue. This is in line with previous research
that shows the prevalence has increased recently.

Therefore, it is very important to address the impact
of the different severity of NAFLD on coronary ath-
erosclerosis in the epidemic area of the wide spectrum
of NAFLD. Our study showed that severity degree
of NAFLD was positively correlated with subclinical
coronary atherosclerosis, especially in severe degree
NAFLD. This study provides a novel finding that rela-
tionship between mild to moderate NAFLD and
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subclinical coronary atherosclerosis was not significant;
however, a positive significant association was demon-
strated between severe NAFLD and subclinical coronary
atherosclerosis, especially for obstructive CAD. Our
study finding could partially explain that few studies ana-
lyzing the relationship between NAFLD and CAD, and
they present controversial results, which may be due to
different spectrums of NAFLD severity [26]. As for the
mechanism underlying the positive relationship between
severe NAFLD and CAD, abnormal insulin resistance,
inflammation with oxidative stress and endothelial dys-
function may play an important pathway for the develop-
ment of atherosclerosis with a potential dose—response
relationship [5, 6, 27].

It has recently been observed that the eradication of
HCYV (hepatitis C virus) infection with direct-acting anti-
viral therapy, probably through the elimination of chronic
inflammation due to the infection, leads to a reduction
in insulin-resistance as well as both the onset of diabe-
tes [28, 29]. These results indirectly confirm the poten-
tial mechanism of insulin resistance in the relationship
between NAFLD and atherosclerotic disease.

The study has several limitations. First, this retro-
spective cohort study was cross-sectional design, which
limits its cause-and-effect conclusion between sever-
ity of NAFLD and subclinical coronary atherosclero-
sis. In the severe NAFLD group, 41.2% of subjects had
diabetes. Therefore, this patient setting was mostly
affected by insulin resistance with increasing the risk of
atherosclerosis.

In addition, we didn’t collect the C-reactive protein
(CRP) level, medication history (such as statins, anti-
platelet agents, and Glucagon-like peptide-1 agonists),
insulin-mediated cytokine and coronary segment sever-
ity score. Therefore, the underlying mechanism assess-
ing the association of the level of CRP, the severity of
NAFLD, and subclinical coronary atherosclerosis could
not be addressed in this study [30-36]. Second, our ret-
rospective cohort subjects were self-referred, sugges-
tive of a potential selection bias. Third, there are some
shortcomings such as operator-dependent and subjective
evaluation of NAFLD by ultrasonography [37]. However,
the meta-analysis has demonstrated that ultrasonogra-
phy allows for reliable and accurate diagnosis of moder-
ate-severe fatty liver [38]. In addition, ultrasonography
is a currently low cost, non-invasive and easily feasible
diagnostic tool for screening for NAFLD in real-world
settings. Fourth, this study cohort is based on the pop-
ulation in Taiwan. Therefore, it is not be generalized to
another different racial and ethnic population due to dif-
ferences in health status, dietary habits, and lifestyle. In
addition, our study primary endpoint is to investigate the
association of fatty liver with coronary atherosclerosis,
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independently of conventional cardiovascular risks (FRS
percentile). The impact of gender difference would not be
investigated due to relative small sample size in the severe
NAFLD group. Fifth, previous studies/guidelines did not
recommend cardiac CT angiography as a screening test
in asymptomatic low-risk subjects [39, 40]. However,
several studies have retrospectively demonstrated that
male gender, diabetes mellitus, and smoking amount are
predictors of subclinical coronary atherosclerosis or non-
calcified plaque, even in young adults or health checkup
populations [41-44]. Our study used a similar retrospec-
tive cohort design to investigate the association between
the degree of fatty liver and coronary atherosclerosis,
independently of traditional cardiovascular risk factors
(FRS percentile). However, there are still a small number
of missing values existed in FRS profile (N=21). Finally,
this study tried to investigate the relationship between
fatty liver and coronary atherosclerosis. Future studies
are warranted to investigate the prediction model includ-
ing conventional cardiovascular risk factors and severity
of NAFLD for coronary atherosclerosis prediction [45].

Conclusion

In conclusion, our results indicate that severity of NAFLD
is closely associated with subclinical coronary athero-
sclerosis, as assessed by coronary CTA and CAC scan,
regardless of FRS score and body-fat percentage. This
real-world work provides evidence that severe degree,
but not mild to moderate NAFLD associated high risk of
obstructive CAD. Accordingly, we recommend that phy-
sicians should actively care for subjects with the severe
degree NAFLD and offer information about high risk of
coronary atherosclerosis in the real-world ultrasound
health-checkup setting. In the future, the prediction
model including conventional cardiovascular risk factors
and severity of NAFLD warranted further investigation.
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