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Abstract
Introduction: Non-alcoholic fatty liver disease (NAFLD) is the most common chronic liver disease, which is estimated to affect 

20–30% of the adult population in Europe. Several studies have shown an association of NAFLD with multiple cardiovascular risk 
factors such as abdominal obesity, atherogenic dyslipidaemia, hypertension, insulin resistance, and impaired glucose tolerance. 
Atherosclerosis is a chronic, progressive, inflammatory disease, which begins early in life and follows a long asymptomatic phase. 
Coronary artery calcification (CAC) is the radiological confirmation of the presence of atherosclerotic coronary artery disease. 
The predictive value of CAC for future cardiac events is well established. Also, the progression of CAC is strongly associated with 
the development of cardiovascular events. 

Aim: To assess the association of NAFLD with the progression of subclinical atherosclerotic activity, reflected as the dynamic 
changes in CAC score over time. 

Material and methods: The databases PubMed/Medline/Embase from inception until 31 December 2020 were searched for 
observational studies investigating NAFLD and CAC progression in adults. 

Results: In total, 5 studies were included, 4 of which, including 10,060 patients, provided data regarding the association of 
NAFLD with the progression of CAC. The analysis showed that NAFLD is associated with significant odds of progression of CAC; 
OR = 1.5, 95% CI: 1.34–1.68, p = 0.001. No publication bias was detected (Egger’s test p = 0.6). Meta-regression analyses proved 
that OR toward CAC progression is not significantly influenced by the time of follow-up (coefficient = 0.0083, Z = 1.14, p = 0.25). 

Conclusions: NAFLD increases the risk toward CAC progression over time.

Introduction
Non-alcoholic fatty liver disease (NAFLD) is the most 

common chronic liver disease, characterized by the ac-
cumulation of fat (> 5%) in the liver cells in the absence 

of excessive alcohol intake, chronic viral hepatitis, or 
other liver diseases [1]. It represents a spectrum of liver 
conditions ranging from isolated fatty liver to fat plus 
inflammation (non-alcoholic steatohepatitis), which can 
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progress to cirrhosis [2]. NAFLD affects about a quarter 
of the world’s adult population and poses a significant 
health and economic burden to all societies [2–4]. Its 
prevalence parallels trends in obesity and diabetes. 
NAFLD is closely associated with abdominal obesity, 
atherogenic dyslipidaemia, hypertension, insulin resis-
tance, and impaired glucose tolerance, all of which are 
features of metabolic syndrome (MetS) [5–10]. 

For the last years, NALFD was considered an early 
hepatic manifestation of metabolic syndrome, while 
the development of insulin resistance (IR) due to ex-
cess central adiposity has been considered as a key 
event in the origin and progression in the spectrum of  
NAFLD [11, 12]. However, 1 in 5 patients with NAFLD does 
not have underlying IR, and cases in this subgroup are 
younger, thinner (lower body mass index (BMI), waist 
and hip circumference), and more commonly male with 
fewer metabolic comorbidities [13]. But this rate of  
NAFLD without IR was lower than previous reports from 
Asia, where the prevalence was as high as 46–65.9% 
[14–16]. Also, epidemiologic research on the association 
between MetS and NAFLD has provided only limited 
information to guide the development of targeted in-
terventions, particularly nutrition and pharmacological 
prevention programs [17]. 

Diagnoses of alcoholic liver disease (ALD) and  
NAFLD may overlap, and it is a challenge to distinguish 
one from the other [18]. The term NAFLD does not in-
dicate the key role of metabolic factors as significant 
pathogenetic drivers in its name nor in its definition. 
Recently, experts reached the conclusion that NAFLD 
does not reflect current knowledge, and they suggest 
that ‘metabolic (dysfunction)-associated fatty liver dis-
ease’ (MAFLD) would be a more appropriate term. With 
the proposed definition, the role of metabolic dysfunc-
tion becomes central [19–21]. The experts proposed 
also a set of ‘positive’ criteria for the diagnosis of  
MAFLD – independent of alcohol intake [22]. 

Several studies have reported the association of 
NAFLD with subclinical atherosclerosis independent of 
traditional risk factors and metabolic syndrome [23, 24]. 
Overall, atherosclerosis is the main trigger of vascular 
disease, and endothelial dysfunction is the first stage 
of subclinical atherosclerosis [25, 26]. Atherosclerosis is 
by far the most frequent cause of coronary artery dis-
ease (CAD), with thrombosis-induced plaque disruption 
being the main cause of the acute coronary syndromes 
(ACS) [27]. The term ‘subclinical atherosclerosis’ or 
‘preclinical atherosclerosis’ was introduced to describe 
the early stage in the atherosclerosis process, during 
which within the vascular walls ‘something is starting 
to change’ [28]. While the disease is still in a subclinical 
stage, there is a need for a diagnostic tool to estimate 

the presence and the severity of subclinical atheroscle-
rosis in asymptomatic individuals [28]. Coronary artery 
calcification (CAC) is the radiological confirmation of the 
presence of atherosclerotic CAD [29]. The assessment 
of the CAC can be performed by applying the well-es-
tablished Agatston score on CT, and it is expressed as 
a CAC score (CACs) [30].

Because atherosclerosis is a dynamic process, CACs 
progression provides a better reflection of atheroscle-
rosis progression than the baseline CACs and may help 
predict future coronary events [31, 32]. It is reported 
that progression of CAC is strongly associated with 
the development of CV events, even after adjusting for 
traditional cardiovascular risk factors [31, 32]. Several 
studies have demonstrated the association of CAC with 
NAFLD [33–36]. 

Aim
The aim of this systematic review and meta-analysis 

is to assess the association of NAFLD with the progres-
sion of subclinical atherosclerotic activity, reflected as 
the dynamic changes in CACs over time.

Material and methods
Search strategy and inclusion criteria
Two independent authors (GK and DC) searched 

PubMed/MEDLINE/Embase from database inception 
until 31 December 2020, only in English language. 

The following search terms were used “non-alcohol-
ic fatty liver disease” or “NAFLD” or “fatty liver” AND 
“cardiovascular disease” or “subclinical atherosclerosis” 
or “preclinical atherosclerosis” or “coronary calcifica-
tion” or “coronary artery calcification” or “endothelial 
dysfunction” or “coronary artery calcification score” or 
“calcium score”. The electronic search was supplement-
ed by a manual review of reference lists from eligible 
publications and relevant reviews. 

Inclusion criteria were as follows: 
1)  published observational studies investigating NAFLD 

and CAC progression in adults;
2) prospective or retrospective, longitudinal design; 
3)  diagnosis of NAFLD based on ultrasound, CT, or bi-

opsy; 
4)  CACs measured by cardiac CT scan using Agatston’s 

method;
5) multivariable-adjusted estimates available;
6)  participants without NAFLD used as a reference 

group. 
We excluded reviews (narrative or systematic), case 

reports/series, editorials, opinion papers, and letters to 
the editor. Duplicated or overlapping reports were de-
leted if referring to the same title, author list, or pub-
lication date. Two authors (GK and DC) independently 
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reviewed titles and abstracts of all citations that were 
identified. After all abstracts were reviewed, data com-
parisons between the 2 investigators were conducted 
to ensure completeness and reliability. The inclusion 
criteria were independently applied to all identified 
studies. Differing decisions were resolved by consensus 
between the 2 authors.

Data abstraction 
Data on study design, risk of bias by means of Otta-

wa scale and patient, illness, and treatment character-
istics from each study were independently extracted in 
accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) standard 
by 2 independent investigators (GK and DC). Whenever 
data were missing for the review, the authors were con-
tacted for additional information. Inconsistencies were 
resolved by consensus. 

Outcomes
The primary outcome was CAC progression in the 

course of NAFLD.

Data synthesis and statistical analysis
We conducted a random effects meta-analysis of 

outcomes for which ≥3 studies contributed data, us-
ing Comprehensive Meta-Analysis V3 (http://www.me-
ta-analysis.com). We explored study heterogeneity us-
ing the c2 test of homogeneity, with p < 0.05 indicating 
significant heterogeneity. All analyses were two-tailed 

with α = 0.05. Categorical outcomes were analysed by 
calculating the pooled odds ratio (OR). 

We conducted subgroup and exploratory maximum 
likelihood random effects meta-regression analyses of 
the co-primary and secondary outcomes. The meta-re-
gression variable was the time of follow-up. Finally, we 
inspected funnel plots and used Egger’s regression test 
to quantify whether publication bias could have influ-
enced the results.

Results
Search results
The initial search yielded 578 hits. A  total of  

34 studies were excluded, being duplicates and/or af-
ter evaluation on the title/abstract level. Of those, 486 
were excluded due to not fitting the inclusion criteria. 
The primary reasons for exclusion were as follows: re-
views (n = 95), basic research studies (n = 82), not rele-
vant to topic (n = 277), not in English language (n = 32), 
and no data available (n = 5) (Figure 1). 

Eventually, 5 studies were included in the meta-anal-
ysis. 

The studies
The main characteristics of the qualified studies 

in this review are summarized in Table I. The major-
ity of the studies, 4 in total, were from South Korea 
[37–40], while 1 study was from the USA [41]. In the 
only study from the USA by VanWagner et al. [41], the 
cohort consisted of participants from the Coronary Ar-
tery Risk Development in Young Adults study (CARDIA 
study). The CARDIA study recruited, across 4 USA cities, 
black and white young adults in 1985 and 1986 and at  
18–30 years of age. Participants underwent a 25-year 
follow-up from June 2010 to August 2011. Sung et al. 
[37] used as a study population an occupational cohort 
of individuals who had a comprehensive health exam-
ination from 2010 to 2012 and who were followed up in 
2013. Also, Park et al. [38] used as a cohort subjects who 
underwent baseline and follow-up CACs assessment 
between November 2003 and December 2013 during 
general health exams. In this study the echogenic he-
patic fat accumulation was graded semi-quantitatively 
according to the criteria of Saadeh. In a similar way, 
a cohort by Sinn et al. [39] consisted of healthy Korean 
men and women who participated in a health screening 
examination programme. The repeated scans were per-
formed through December 2014. Finally, Cho et al. [40] 
examined asymptomatic participants who underwent 
repeated CACs measurements during routine health 
examinations. The baseline characteristics of the par-
ticipant in the qualified studies are provided in Table II.
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NAFLD and baseline CAC 
VanWagner et al. [41] found at baseline a high-

er prevalence of CAC in NAFLD subjects compared to 
controls: 37.9% vs. 26%, respectively; p < 0.001. Among 
those with CAC, there was no significant difference in 
means of log-transformed CACs between NAFLD (3.59 
±1.65) and without MAFLD (3.59 ±1.7), p = 0.97. Sung 
et al. [37] investigated the relationship between NAFLD, 
insulin resistance (IR), and obesity with change in CAC 
over time. They divided their cohort into subjects in 
whom CACs increased from baseline to the follow-up 
period and those in whom CACs did not change. In their 
study, Park et al. [38] observed that the baseline CAC 

score was higher in NAFLD subjects than in non-NAFLD, 
50.7% vs. 43.8%, p < 0.001. In the study by Sinn et al. 
[39], CAC at baseline was noticed in 58.1% of subjects 
with NAFLD and in 51.2% of subjects without NAFLD,  
p < 0.001. Median CACs at baseline was higher in sub-
jects with NAFLD compared with those without NAFLD, 
median values: 4.0 vs. 1.0, p < 0.001. Cho et al. [40] 
investigated the impact of NAFLD and MetS on CAC pro-
gression. The proportion of subjects with CAC at base-
line was higher in the NAFLD group (42.2%) compared 
to the control group (34.4%), p < 0.05. Baseline CACs in 
the NAFLD group was higher than in the control group 
(0–10 vs. 0–19, respectively; p < 0.001).

Table II. Main characteristics of the participants of the studies included in the systematic review

Studies Cho et al. [40] Park et al. [38] Sinn et al. [39] Sung et al. [37] VanWagner et al. [41]

N 1173 1732 4731 2175 2424

Age [years] 54.1 ±7.4 57.2 ±7.4 52.2 ±7.1 42.5 ±5.7 50.1 ±3.6

Sex (% male) 81.5 74.4 91 95.1 42.7

BMI [kg/m2] mean ± SD 25 ±3 24.4 ±2.6 24.8 ±2.6 25.1 ±3 30.6 ±7.2

WC [cm] mean ± SD 87 ±8.2 87.7 ±7.2 87.3 ±7.4 n/a 94.9 ±15.8

Obesity (%) n/a n/a n/a 48.5 46

Hyperlipidaemia (n%) n/a 29.5 n/a n/a 14.7

HTN (%) 33.5 44.2 n/a 24 32.9

DM (%) 13.2 20.3 n/a 8.6 12.1

Current smoker (%) 27.4 16.4 30.9 33.9 14.1

Alcohol use (%) 53.1 n/a 74.7 34.6 44.1

AST [U/l] mean ± SD 25 (22–31) 23 (20–28) 26.8 ±16.6 n/a n/a

ALT[U/l] (median/range), mean ± SD 23 (17–31) 23 (18–32) 24.9 ±10.2 25 (18–38) n/a

γ-GT [U/l] mean ± SD 25 (17–40) 36.2 ±33.8 46.7 ±44.8 n/a n/a

FPG [mmol/l] mean ± SD 5.8 ±1 99 (93–109) 97.9 ±19.6 100 ±17.5 98.9 ±26.8

HbA
1c

 (%) mean ± SD 5.5 (5.3–5.9) 5.9 ±0.68 5.6 ±0.7 n/a 5.7 ±1

Total cholesterol [mmol/l] mean ± SD 93.6 ±14.4 199.4 ±34.6 198.9 ±32.7 210 ±37.2 191.9 ±36.5

TG [mmol/l] mean ± SD 23.4 (18–32.4) 108 (76.8–152) 130 (92–187) 137 (94–197) 112.3 ±88.1

LDL-C [mmol/l] mean ± SD 59.4 ±12.6 124.9 ±32.2 n/a 133 ±33.5 112.7 ±32.5

HDL-C [mmol/l] mean ± SD 23.4 ±5.4 50 (43-59) 52.6 ±13 51 ±12.1 57.2 ±17

HsCRP [mg/l] (median/range)  
mean ± SD

0.6 (0.3 ±1.3) n/a n/a 0.06 (0.04–0.12) n/a

SBP [mm Hg] mean ± SD 119.5 ±12.9 120.9 ±15.2 119.1 ±15.8 119.2 ±12.2 119.6 ±16.1

DBP [mm Hg] mean ± SD 76.6 ±10.6 78.6 ±10.9 75.9 ±10.7 76.5 ±9.5 74.9 ±11.2

MetS (%) n/a n/a n/a 26.3 28

Lipid-lowering medication (%) n/a n/a 2.7 5.4 14.8

Anti-HTM medication (%) n/a n/a 19.4 11.2 27.1

Anti-diabetic medication (%) n/a n/a 5.4 3.6 6

DM – diabetes mellitus, HTN – hypertension, SBP – systolic blood pressure, TG – triglyceride, WC – waist circumference, LDL-C – low-density lipoprotein 
cholesterol, hsCRP – high-sensitivity C-reactive protein, HDL – high-density lipoprotein cholesterol, BMI – body mass index, eGFR – estimated glomerular 
filtration rate, MetS – metabolic syndrome, AST – aspartate aminotransferase, ALT – alanine aminotransferase, HbA

1c
 – haemoglobin A

1c
,  

γ-GT – γ-glutamyltransferase, FPG – fasting plasma glucose.
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NAFLD and CAC progression
All the included studies assessed the effect of NAFLD 

on CAC progression. VanWagner et al. [41] showed that 
NAFLD participants had increased prevalence of CAC 
progression compared to those without NAFLD, 37.9% 
vs. 26.0%, respectively; p < 0.001. NAFLD remained as-
sociated with CAC after adjustment for demographics 
and health behaviours. Sung et al. [37] showed that in 
592 (27.2%) participants, CACs increased from base-
line while in the remaining 1583 subjects CACs did not 
change or improved during follow-up, p < 0.001. After 
adjusting potential confounders, the combination of IR, 
obesity, and fatty liver was independently associated 
with an increase in CAC score over time. Park et al. [38] 
noticed that more subjects with NAFLD than without 
showed CAC progression: 48.8 vs. 38.4%, respectively; 
p < 0.001. But the important result in his study was 
the fact that the impact of NAFLD on the change in 
CAC score significantly differed according to the CAC 
score at baseline. In subjects without calcification at 
baseline, NAFLD significantly affected the development 
of calcification after adjusting for traditional metabol-
ic risk factors. However, in subjects with baseline CAC, 
NAFLD did not significantly affect progression. Sinn  
et al. [39] found that the annual rates of CAC progression 
in subjects with and without NAFLD were 22% and 17%, 
respectively; p < 0.001. In a similar way, the average an-
nual progression of CACs in subjects with and without 
NAFLD was 17.8 (16–19.5) and 12.8 (11.5–14) Agat-
ston units, respectively; p < 0.001. According with Sinn  
et al. [39], the association between NAFLD and CAC pro-
gression was observed both in subjects with CACs = 0 
and in those with CACs > 0 at baseline. NAFLD was sig-
nificantly associated with the development of CAC inde-
pendently of cardiovascular and metabolic risk factors. 
In the study by Cho et al. [40], CAC progression was 
seen in 28.3% of subjects with NAFLD and in 18.6% of 
subjects in the control group. Also, the study showed 
that NAFLD is an independent risk factor for CAC pro-
gression irrespective of the presence of MetS. The data 
of CAC progression in NAFLD patients over time in the 
analysed studies are presented in Table III. 

Severity of NAFLD and CAC progression
Park et al. [38] found that the proportion of CAC 

progression was higher according to the severity of 
NAFLD (p < 0.001). But when subgroups were created 
according to the baseline CACs, the CAC progression 
did not significantly differ according to the severity 
of NAFLD (p = 0.2). Multivariate analysis showed that  
NAFLD severity was not associated with CAC progres-
sion. Conversely, Sinn et al. [39] showed that progres-

sion of CACs increased across categories of NAFLD se-
verity as defined by the NAFLD fibrosis score [40]. 

Meta-analysis and meta-regression
Four studies [38–41] comprising 10,060 patients 

provided data regarding the association of NAFLD 
with the progression of CAC. The analysis showed that 
NAFLD is associated with significant odds of CAC pro-
gression; OR = 1.5, 95% CI:1.34–1.68, p = 0.001; Fig-
ure 2. No publication bias was detected (Egger’s test  
p = 0.6), as depicted in Figure 3. Meta-regression analy-
ses proved that the OR toward CAC progression was not 
significantly influenced by the time of follow-up (coeffi-
cient = 0.0083, Z = 1.14, p = 0.25).

Risk of bias
The quality of studies was found to be high, pre-

dominantly with a score of 7. Details are provided in 
Table IV.

Discussion
In our review, we found that NAFLD is associated 

with the progression of subclinical atherosclerosis as 
expressed by CAC. The statistical analysis that was per-
formed confirmed the above findings. All the included 
studies concluded that this association was indepen-
dent of CV risk factors. Furthermore, it was confirmed 
again that subjects with NAFLD have a higher preva-
lence of coronary atherosclerosis compared with those 
without NAFLD even after adjustment for demograph-
ics and health behaviours. Controversy was observed 
regarding the association of the progression of CAC 
with the severity of NAFLD. As mentioned above, only 
2 studies focused on this association [38, 39]. This con-
troversy may be related to the retrospective nature of 
both studies. 

In this review, all the retrospective studies shared 
the same limitations. Firstly, the study populations 
consisted of subjects who repeated a second CT scan 
as part of their health examination. Subjects who did 
not receive a second scan were excluded. Furthermore, 
different CT scanners and radiology personnel were in-
volved in the performing of CACs. The study personnel 
were unaware of the studies’ aims. As a result, mea-
surement errors cannot be excluded. Finally, NAFLD in-
cludes a spectrum of diseases from simple steatosis to 
steatohepatitis and fibrosis, which cannot be diagnosed 
with standard US. The US scan leads to a false diagno-
sis in 10% to 30% of cases. In a recent study Park et al. 
documented that liver stiffness as assessed in NAFLD 
patients by magnetic resonance (MRE) was an inde-
pendent predictor of the presence of CAC [42]. The au-
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Figure 2. Odds ratio for progression of CAC regarding NAFLD phenotype. Q = 1.73, df(Q) = 3, p = 0.63, I2 = 0.00

Model Study name Statistics for each study Odds ratio and 95% CI P-value

Odds 
ratio

Lower 
limit

Upper 
limit

Z-value

Cho et al., 2018 1.41 1.07 1.85 2.47 0.01

Park et al., 2016 1.41 1.17 1.71 3.53 < 0.001

Sinn et al., 2016 1.54 1.28 1.85 4.53 < 0.001

vanWagner et al., 2014 1.74 1.31 2.31 3.85 < 0.001

Fixed 1.50 1.34 1.68 7.22 < 0.001

Random 1.50 1.34 1.68 7.22 < 0.001

CAC progression over follow-up

Non-NAFLD NAFLD
0.5 1 2

Figure 3. Funnel plot for OR toward CAC progres-
sion in the present meta-analysis
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thors postulated that all NAFLD patients with significant  
fibrosis should be referred for detailed cardiovascular 
risk assessment regardless of the 10-year risk of cardio-
vascular disease (FRS) [42].

In South Korea, employees are required to partici-
pate in annual or biennial health examinations by the 
Industrial Safety and Health Law [37]. Some people pay 
for these examinations privately, and in other instances, 
employers pay for these health evaluations. This fact 
might explain why the majority of the studies originat-
ed from South Korea.

NAFLD reflects a progressive condition in many in-
stances, and its prevalence parallels trends in obesity 
and diabetes. Until now, based on numerous studies 
from the past 20 years, NAFLD was considered as the 
hepatic manifestation of MetS [11, 12]. But controversy 
arose because on the one hand NAFLD was defined as 
liver fat content > 5–10% by weight in the absence of 
excess alcohol consumption or any other liver disease, 
and on the other hand MetS is actually an aggregation 
of different conditions that require the presence of  
3 clinical and metabolic parameters. Furthermore, only 
33% of patients with NAFLD fulfil the criteria for com-
plete diagnosis of Mets [12]. Recently, a group of ex-
perts have proposed a new name for NAFLD, which is 
metabolic-associated fatty liver disease [19–21]. Their 

definition clearly establishes this disease as a metabolic 
disorder. The required criteria for the establishment of 
diagnosis is evidence of hepatic steatosis accompanied 
by 1 of 3 features: a) overweight or obesity, b) T2DM, 
and c) lean or normal weight with evidence of metabolic 
dysregulation [20, 21].

Despite the extensive research conducted so far, the 
pathophysiology of the association between NAFLD and 
CAC progression remains unclear. Several mechanisms 
have been suggested to explain this association [10, 24, 
43]. Endothelial dysfunction of systemic circulation, the 
first step in the process of coronary atherosclerosis, has 
also been observed in NAFLD [26, 44]. 

Table IV. Quality of included studies by means of Ottawa scale

Authors [ref.] Selection Comparability Outcome Total quality score

1 2 3 4 1 1 2 3

Cho et al. [40] 1 1 1 0 1 1 1 1 7

Park et al. [38] 1 1 1 0 1 1 1 1 7

Sinn et al. [39] 1 1 1 0 1 1 1 1 7

Sung et al. [37] 1 1 1 0 0 1 1 1 6

vanWagner et al. [41] 1 1 1 0 2 1 1 1 8
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Recently, Mouries et al. showed that disruption of 
the intestinal epithelial barrier and gut vascular barrier 
(GVB) were early events in the development of NASH, 
associated with bacteria or bacterial product transloca-
tion into the blood circulation [45]. Of note, epidemio-
logical evidence that higher levels of bacterial endotox-
ins constitute a strong risk factor of early atherogenesis 
in subjects with chronic or recurrent bacterial infections 
was published more than 20 years ago [46]. More recent 
studies have shown the association between the pres-
ence of hypercoagulability [47, 48] and small bacterial 
overgrowth (SIBO) [49] with NAFLD. This procoagulant 
imbalance or dysbiosis in NAFLD may represent a caus-
ative link between NAFLD and CV disease. Greater oxi-
dative stress may also explain the high CV risk associ-
ated with NAFLD [48]. Finally, because the liver contains 
a large number of macrophages and immune cells, cyto-
kines secreted by the injured liver have been proposed 
as one of the major pathogenic mechanisms generating 
systemic inflammation that leads to CV disease [50, 51]. 
The causative role of new infectious pathogens, in par-
ticular SARS-CoV-2 [52, 53] or pandemic-related stress 
and other lifestyle factors [54, 55], in NAFLD-related car-
diovascular pathogenesis remain to be reported. 

Atherosclerosis is a chronic, progressive, inflamma-
tory disease that begins early in life and follows a long 
asymptomatic phase. Post-mortem evaluation of hearts 
of young (mean age: 22.1 years) men killed during the 
Vietnam conflict demonstrated that almost 50% had 
some evidence of coronary atherosclerosis [56]. Clini-
cally, the CACs reflects the presence and the extent of 
coronary atherosclerosis and is a useful tool for individ-
ualized risk stratification. It is known that the predictive 
value of CACs for future cardiac events is superior to 
the Framingham Risk Score when used in asymptomatic 
subjects [57]. CACs can be used to re-classified patients 
at intermediate risk and to identify a considerable num-
ber of people who could benefit from statin treatment 
as primary prevention [58]. 

All asymptomatic individuals with NAFLD should be 
evaluated for CV disease risk, and accordingly preven-
tive target therapies are introduced to those who would 
benefit most from them, including aggressive lifestyle 
changes and the use of antiplatelet therapy and/or 
cholesterol-lowering agents. This assessment can be 
repeated regularly. Further clinical studies are required 
in order to identify the optimal management pathway. 

Conclusions
NAFLD plays an important role in the progression 

of CAC. Thus, subjects with NAFLD may benefit from 
evaluations of cardiovascular disease and screening for 

coronary artery disease at an early stage and on a reg-
ular basis.
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