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Abstract

Introduction: The relationship between cardiovascular disorders and nonalcoholic

fatty liver disease (NAFLD) has been extensively studied. To better pool this data

and make a more definite conclusion, we performed a meta‐analysis to evaluate the

association between NAFLD and the thickness of media and intima of carotid artery

(CIMT) and cardiovascular disorders.

Methods: We searched PubMed, Ovid, Scopus, ProQuest, Web of Science, and the

Cochrane Library, and analyzed the pooled data using R studio and the “metafor”

package.

Results: The final analysis included a total of 59 studies with 16,179 cases and

26,120 control individuals. NAFLD was shown to be associated with an increase of

0.1231mm (20.6%) in carotid artery intima‐media thickness (CIMT) (p = 0.002, 95%

confidence interval [CI]: 0.0462–0.2000) in individuals with NAFLD. The prevalence

of atherosclerotic plaques in the carotid arteries and the occurrence of NAFLD are

significantly correlated, according to a meta‐analysis based on 17 distinct studies

(p = 0.001, 1.28–1.43, 95% CI, odds ratio = 1.356).

Conclusion: Patients with increased CIMT are considerably more likely to have NAFLD.

Large prospective investigations are required to corroborate these findings and their

prognostic significance, along with the effectiveness of the available interventions.
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1 | INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is a liver condition marked

by an excessive accumulation of fat and is brought on by causes

other than alcohol and other particular liver‐damaging variables.1 Its

prevalence is rising in parallel with obesity and metabolic illness

rates.2 The prevalence of NAFLD varies by country and ranges from

10% to 24%, while obese patients show a frequency of 57% to 74%.

2.6% of children are also impacted, ranging from 22.5% to 52.8%

among obese children.3 In Asia, its prevalence has been increased; a
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3–20‐fold increase in nations such as Japan in last two decades.4

Obesity, diabetes mellitus, hyperlipidemia, and metabolic syndrome

are among the main risk factors for NAFLD.5 It is believed that

NAFLD is likely a liver manifestation of metabolic syndrome, and

clinical, epidemiological, and biochemical studies strongly support this

hypothesis.5 Moreover, recent studies have shown that NAFLD is

associated with a variety of classic and non‐classic risk factors for

cardiovascular disease disorders. In this case, different epidemiolo-

gical studies have shown that cardiovascular disease is the primary

cause of mortality in NAFLD patients.6

One of the subclinical indicators of atherosclerosis is carotid

intima‐media thickness (CIMT), which is strongly associated with

coronary heart disease.7 Numerous studies have been conducted to

demonstrate the connection between NAFLD and atherosclerosis,

and these studies show that there is a connection between NAFLD

and an increase in the intima and media of carotid arteries. Aside

from being strongly correlated with obesity and other elements of

the metabolic syndrome, increased CIMT, plaque, and impaired

endothelial flow‐mediated vasodilatation are additional indicators of

subclinical atherosclerosis in nonalcoholic fatty liver patients.8,9 A

variety of chemicals are also released from fatty and inflamed liver in

nonalcoholic fatty liver patients, particularly if they also have

nonalcoholic steatohepatitis (NASH), which may have a pathogenic

role in accelerating atherosclerosis.10 Validation of these findings can

turn NAFLD into a prognostic and therapeutical target for cardiovas-

cular disorders. Despite several studies, this association has not yet

been investigated in a systematic review approach. As a result, we

aimed to conduct a systematic and comprehensive review on the

association between NAFLD and cardiovascular disorders.

2 | METHODS

2.1 | Search strategy and eligibility criteria

This systematic review was conducted upon studies indexed in the

PubMed, Ovid, Scopus, ProQuest, Web of science, and the Cochrane

Library until July 2, 2023. Searching strategy to find the most

relevant studies was (“hepatic steatosis” or “non‐alcoholic fatty liver

disease” or “fatty liver”) and (“atherosclerosis” or “intima and media

thickness” or “carotid artery” or “carotid plaque” or “cardiovascular

disease”). In addition, our detailed search strategy is summarized in

Table 1. The inclusion criteria were English‐language descriptive and

cohort studies examining the association between adult patients with

NAFLD and carotid artery atherosclerosis (over 18 years old).

Moreover, studies that have not yet been published, or did not

report the variables considered in this study as well as inclusion of

patients with hepatic steatosis due to secondary causes (including

alcoholic patients, intravenous nutrition, hepatitis B or C, or drugs)

were excluded from our repertoire. Our Patient Intervention

Comparator Outcome (PICO) was as follows: (1) P: patients with

NAFLD, (2) I: ultrasound examination of the carotid artery, (3) C:

normal control individuals, and (4) carotid‐intima thickness and its

plaque amount. Two separate reviewers screened all the studies, and

another investigator entered all the endpoints and measures obtained

in the chosen studies in Excel. The data was then prepared and

analyzed as explained in the statistical analysis section. No automa-

tion tool was used in this process.

2.2 | Ethical considerations

The information about the patients was kept confidential since this

research was done as a review. Only studies that addressed ethical

concerns and were published in credible journals were included in

this analysis. The findings of this research were disclosed without

hindrance, in accordance with the confidentially principle, and by

citing the relevant sources. The investigation was carried out with the

greatest care to ensure that the conclusions are supported by the

available scientific data. To prevent plagiarism, the scientific writing

rules were also followed.

2.3 | Statistical analysis

We have listed the studies that we utilized in along with their details in

Table 2. After importing the data, and defining the effects as “the

difference between carotid intima‐media thickness of subjects with

NAFLD versus those without NAFLD; we performed the analysis using

R.79 The preparation was done using the “tidyverse”80 package, and the

meta‐analysis and visualizations were done using the “metafor”81

package. For the meta‐analysis, we used the random‐effects model,

and we checked for heterogeneity and ran sensitivity analysis. We

performed the meta‐analysis both with the overall effect and by using

sample number of the studies as weights. We then generated the forest

plots and funnel plot to visualize the effects.

3 | RESULTS

3.1 | Data collection

PubMed, Ovid, Scopus, ProQuest, Web of Science, and the Cochrane

Library databases were used in our study in which 495, 546, 566, 80,

683, and 4 articles were screened out, respectively. Strategy search

for PubMed database is provided in Table 1. Consequently, a total of

2865 articles were screened out in which 1024 articles remained

Key Points

• Nonalcoholic fatty liver disease (NAFLD) is associated

with increased carotid intima media thickness.

• NAFLD is associated with increased prevalence of

atherosclerotic plaques in the carotid arteries.
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TABLE 1 Search strategy in PubMed database and keywords used for search.

Search Query Items found

#1 Search: “Atherosclerosis”[Mesh] Sort by: Most Recent 56,032

#2 Search: ((Atherosclerosis[Title/Abstract]) OR (Atheroscleroses[Title/Abstract])) OR (Atherogenesis[Title/Abstract]) 142,274

#3 Search: (“Atherosclerosis”[Mesh]) OR (((Atherosclerosis[Title/Abstract]) OR (Atheroscleroses[Title/Abstract])) OR
(Atherogenesis[Title/Abstract]))

163,244

#4 Search: “Carotid Arteries”[Mesh] Sort by: Most Recent 62,693

#5 Search: (“Carotid Artery”[Title/Abstract]) OR (“Carotid Arteries”[Title/Abstract]) 79,303

#6 Search: (“Carotid Arteries”[Mesh]) OR ((“Carotid Artery”[Title/Abstract]) OR (“Carotid Arteries”[Title/Abstract])) 108,219

#7 Search: ((“Atherosclerosis”[Mesh]) OR (((Atherosclerosis[Title/Abstract]) OR (Atheroscleroses[Title/Abstract])) OR
(Atherogenesis[Title/Abstract]))) AND ((“Carotid Arteries”[Mesh]) OR ((“Carotid Artery”[Title/Abstract]) OR (“Carotid
Arteries”[Title/Abstract])))

13,290

#8 Search: “Carotid Artery Diseases”[Mesh] 52,225

#9 Search: ((((((“Carotid Atherosclerosis”[Title/Abstract]) OR (“Carotid Atheroscleroses”[Title/Abstract])) OR (“Carotid Artery
Disease*“[Title/Abstract])) OR (“Carotid Artery Disorder*“[Title/Abstract])) OR (“Carotid Arterial Disease*“[Title/
Abstract])) OR (“Carotid artery atherosclerosis”[Title/Abstract])) OR (“Carotid Atherosclerotic Disease*“[Title/
Abstract])

8489

#10 Search: (“Carotid Artery Diseases”[Mesh]) OR (((((((“Carotid Atherosclerosis”[Title/Abstract]) OR (“Carotid
Atheroscleroses”[Title/Abstract])) OR (“Carotid Artery Disease*“[Title/Abstract])) OR (“Carotid Artery Disorder*“[Title/
Abstract])) OR (“Carotid Arterial Disease*“[Title/Abstract])) OR (“Carotid artery atherosclerosis”[Title/Abstract])) OR
(“Carotid Atherosclerotic Disease*“[Title/Abstract]))

54,602

#11 Search: ((“Carotid Artery Diseases”[Mesh]) OR (((((((“Carotid Atherosclerosis”[Title/Abstract]) OR (“Carotid
Atheroscleroses”[Title/Abstract])) OR (“Carotid Artery Disease*“[Title/Abstract])) OR (“Carotid Artery Disorder*“[Title/
Abstract])) OR (“Carotid Arterial Disease*“[Title/Abstract])) OR (“Carotid artery atherosclerosis”[Title/Abstract])) OR
(“Carotid Atherosclerotic Disease*“[Title/Abstract]))) OR (((“Atherosclerosis”[Mesh]) OR (((Atherosclerosis[Title/
Abstract]) OR (Atheroscleroses[Title/Abstract])) OR (Atherogenesis[Title/Abstract]))) AND ((“Carotid Arteries”[Mesh])
OR ((“Carotid Artery”[Title/Abstract]) OR (“Carotid Arteries”[Title/Abstract]))))

61,111

#12 Search: “Non‐alcoholic Fatty Liver Disease”[Mesh] 23,321

#13 Search: ((((((NAFLD[Title/Abstract]) OR (“Non‐alcoholic Fatty Liver*“[Title/Abstract])) OR (“Nonalcoholic
Steatohepatitis”[Title/Abstract])) OR (“Nonalcoholic Steatohepatitides”[Title/Abstract])) OR (“Nonalcoholic Fatty Liver
Disease*“[Title/Abstract])) OR (“Non‐alcoholic Fatty Liver Disease*“[Title/Abstract])) OR (“Non alcoholic Fatty Liver
Disease*“[Title/Abstract])

36,568

#14 Search: (“Nonalcoholic Fatty Liver Disease”[Mesh]) OR (((((((NAFLD[Title/Abstract]) OR (“Nonalcoholic Fatty Liver*“[Title/
Abstract])) OR (“Nonalcoholic Steatohepatitis”[Title/Abstract])) OR (“Nonalcoholic Steatohepatitides”[Title/Abstract]))
OR (“Non‐alcoholic Fatty Liver Disease*“[Title/Abstract])) OR (“Non‐alcoholic Fatty Liver Disease*“[Title/Abstract]))
OR (“Non alcoholic Fatty Liver Disease*“[Title/Abstract]))

39,599

#15 Search: ((“Non‐alcoholic Fatty Liver Disease”[Mesh]) OR (((((((NAFLD[Title/Abstract]) OR (“Nonalcoholic Fatty
Liver*“[Title/Abstract])) OR (“Nonalcoholic Steatohepatitis”[Title/Abstract])) OR (“Nonalcoholic
Steatohepatitides”[Title/Abstract])) OR (“Nonalcoholic Fatty Liver Disease*“[Title/Abstract])) OR (“Non‐alcoholic Fatty
Liver Disease*“[Title/Abstract])) OR (“Non‐alcoholic Fatty Liver Disease*“[Title/Abstract]))) AND (((“Carotid Artery
Diseases”[Mesh]) OR (((((((“Carotid Atherosclerosis”[Title/Abstract]) OR (“Carotid Atheroscleroses”[Title/Abstract])) OR
(“Carotid Artery Disease*“[Title/Abstract])) OR (“Carotid Artery Disorder*“[Title/Abstract])) OR (“Carotid Arterial
Disease*“[Title/Abstract])) OR (“Carotid artery atherosclerosis”[Title/Abstract])) OR (“Carotid Atherosclerotic
Disease*“[Title/Abstract]))) OR (((“Atherosclerosis”[Mesh]) OR (((Atherosclerosis[Title/Abstract]) OR (Atheroscleroses
[Title/Abstract])) OR (Atherogenesis[Title/Abstract]))) AND ((“Carotid Arteries”[Mesh]) OR ((“Carotid Artery”[Title/
Abstract]) OR (“Carotid Arteries”[Title/Abstract])))))

184

#16 Search: “Carotid Stenosis”[Mesh] 18,014

#17 Search: (((((“Carotid Stenosis”[Title/Abstract]) OR (“Carotid plaques”[Title/Abstract])) OR (“Carotid Stenoses”[Title/
Abstract])) OR (“Carotid Ulcer*“[Title/Abstract])) OR (“Intima media thickness”[Title/Abstract])) OR (“Carotid intimal
thickness”[Title/Abstract])

22,959

#18 Search: (“Carotid Stenosis”[Mesh]) OR ((((((“Carotid Stenosis”[Title/Abstract]) OR (“Carotid plaques”[Title/Abstract])) OR
(“Carotid Stenoses”[Title/Abstract])) OR (“Carotid Ulcer*“[Title/Abstract])) OR (“Intima media thickness”[Title/
Abstract])) OR (“Carotid intimal thickness”[Title/Abstract]))

35,063

(Continues)
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after eliminating duplicates from the total articles, while 159 items

remained after initial screening using titles and abstracts. The whole

texts of 159 articles were meticulously examined in the next stage.

Then, 90 items were eliminated as being irrelevant and the data from

69 remained articles was collected, which is summarized in Table 2.

There was a total of 56,582 patients in these studies, comprising

26,689 NAFLD cases and 38,584 control subjects. Finally, 10 articles

were excluded due to reporting mean and percentage values rather

than mean and standard deviation, and 59 articles remained for meta‐

analysis. The details of included and excluded data can be shown in

illustrated PRISMA flowchart (Figure 1).

3.2 | Relationship between NAFLD and CIMT

The findings of the meta‐analysis based on 59 studies (after weighing

based on their sample size) revealed that NAFLD was linked to an

increase in CIMT associated with an increase of 0.1231mm (20.6%) in

CIMT (p = 0.002, 95% CI: 0.0462, 0.2000) in individuals with NAFLD.

The forest plot in Figure 2 shows our pooled estimate, and the funnel

plot in Figure 3 shows that the studies were symmetrically distributed.

At first we noted a significant heterogeneity among the studies,

but after further exploration, we noted that one of the studies was

causing a significant heterogeneity, and because of the lower sample

size and the wide confidence interval in the study,21 we excluded the

study from the meta‐analysis. In the final analysis, using the sample

size of the studies as weights, we noted no significant heterogeneity

among the studies (Q = 67.49, and p = 0.18).

Also, we looked in several studies on patients suffering from

diabetes, which had contributed to their NAFLD, and the outcome of

a subgroup meta‐analysis of 7 studies that only involved diabetic

patients—both the NAFLD group and the control group—showed us

that the presence of NAFLD, while slightly increasing the odds, was

not significantly correlated with increase in CIMT (p value = 0.557;

1.089–0.955 confidence interval [CI] 95%; odds ratio [OR] = 1.020).

This analysis can be observed in Figure 4.

We also assessed for the effect of the method of diagnosis

(ultrasound vs. CT scan vs. biopsy) and noticed that there was no

significant effect of method of diagnosis on the association between

NAFLD and increase in CIMT (CT vs. biopsy: p = 0.72; ultrasound vs.

biopsy: p = 0.22).

3.3 | Association between NAFLD and
atherosclerotic plaque in carotid arteries

A meta‐analysis based on 17 separate studies revealed a significant

association between the incidence of atherosclerotic plaques in the

TABLE 1 (Continued)

Search Query Items found

#19 Search: ((“Non‐alcoholic Fatty Liver Disease”[Mesh]) OR (((((((NAFLD[Title/Abstract]) OR (“Nonalcoholic Fatty
Liver*“[Title/Abstract])) OR (“Nonalcoholic Steatohepatitis”[Title/Abstract])) OR (“Nonalcoholic
Steatohepatitides”[Title/Abstract])) OR (“Nonalcoholic Fatty Liver Disease*“[Title/Abstract])) OR (“Non‐alcoholic Fatty
Liver Disease*“[Title/Abstract])) OR (“Non alcoholic Fatty Liver Disease*“[Title/Abstract]))) AND ((“Carotid
Stenosis”[Mesh]) OR ((((((“Carotid Stenosis”[Title/Abstract]) OR (“Carotid plaques”[Title/Abstract])) OR (“Carotid
Stenoses”[Title/Abstract])) OR (“Carotid Ulcer*“[Title/Abstract])) OR (“Intima media thickness”[Title/Abstract])) OR
(“Carotid intimal thickness”[Title/Abstract])))

268

#20 Search: “Cerebrovascular Disorders”[Mesh] 427,170

#21 Search: ((((((((“Cardiovascular risk marker*“[Title/Abstract]) OR (“Surrogate markers of cardiovascular disease*“[Title/
Abstract])) OR (“Cerebrovascular Disorder*“[Title/Abstract])) OR (“Intracranial Vascular Disease*“[Title/Abstract])) OR
(“Intracranial Vascular Disorder*“[Title/Abstract])) OR (“Cerebrovascular Disease*“[Title/Abstract])) OR (“Brain
Vascular Disorder*“[Title/Abstract])) OR (“Cerebrovascular Occlusion*“[Title/Abstract])) OR (“Cerebrovascular
Insufficienc*“[Title/Abstract])

32,706

#22 Search: (“Cerebrovascular Disorders”[Mesh]) OR (((((((((“Cardiovascular risk marker*“[Title/Abstract]) OR (“Surrogate
markers of cardiovascular disease*“[Title/Abstract])) OR (“Cerebrovascular Disorder*“[Title/Abstract])) OR
(“Intracranial Vascular Disease*“[Title/Abstract])) OR (“Intracranial Vascular Disorder*“[Title/Abstract])) OR
(“Cerebrovascular Disease*“[Title/Abstract])) OR (“Brain Vascular Disorder*“[Title/Abstract])) OR (“Cerebrovascular
Occlusion*“[Title/Abstract])) OR (“Cerebrovascular Insufficienc*“[Title/Abstract]))

441,976

#23 Search: ((“Non‐alcoholic Fatty Liver Disease”[Mesh]) OR (((((((NAFLD[Title/Abstract]) OR (“Nonalcoholic Fatty
Liver*“[Title/Abstract])) OR (“Nonalcoholic Steatohepatitis”[Title/Abstract])) OR (“Nonalcoholic
Steatohepatitides”[Title/Abstract])) OR (“Nonalcoholic Fatty Liver Disease*“[Title/Abstract])) OR (“Non‐alcoholic Fatty
Liver Disease*“[Title/Abstract])) OR (“Non alcoholic Fatty Liver Disease*“[Title/Abstract]))) AND ((“Cerebrovascular
Disorders”[Mesh]) OR (((((((((“Cardiovascular risk marker*“[Title/Abstract]) OR (“Surrogate markers of cardiovascular
disease*“[Title/Abstract])) OR (“Cerebrovascular Disorder*“[Title/Abstract])) OR (“Intracranial Vascular Disease*“[Title/
Abstract])) OR (“Intracranial Vascular Disorder*“[Title/Abstract])) OR (“Cerebrovascular Disease*“[Title/Abstract])) OR
(“Brain Vascular Disorder*“[Title/Abstract])) OR (“Cerebrovascular Occlusion*“[Title/Abstract])) OR (“Cerebrovascular
Insufficienc*“[Title/Abstract])))

220

4 of 14 | KHOSHBATEN ET AL.



T
A
B
L
E

2
Su

m
m
ar
y
o
f
d
at
a
o
b
ta
in
ed

fr
o
m

ar
ti
cl
es
.

C
ar
o
ti
d
at
he

ro
sc
le
ro
si
s
p
la
q
ue

C
IM

T
(m

m
)

N
um

b
er

o
f

N
A
F
LD

N
um

b
er

o
f

co
nt
ro
l

p
at
ie
nt
s

T
o
ta
l

sa
m
p
le

N
A
F
LD

d
ia
gn

o
si
s

P
ub

lis
he

d
ye

ar
F
ir
st

au
th
o
r

N
A
F
LD

C
O
N
T
R
O
L

N
A
F
LD

C
O
N
T
R
O
L

C
o
un

t
%

C
o
un

t
%

M
ea

n
SD

M
ea

n
SD

0
.4
6

0
.0
4

0
.4
1

0
.0
3

3
2
0

6
8
7

1
0
0
7

So
no

gr
ap

hy
2
0
1
7

X
ia

Li
1
1

3
5

3
1

0
.7
8

0
.1
5

0
.7
5

0
.1
5

6
3
6

4
8
4

8
9
8

So
no

gr
ap

hy
2
0
2
0

H
ye

o
k‐
H
ee

Le
e1

2

7
1
4
.2

0
0

0
.9

(n
o
SD

re
p
o
rt
ed

)
0
.6

(n
o
SD

re
p
o
rt
ed

)
5
0

3
0

8
0

B
io
p
sy

2
0
1
4

N
ic
o
le
ta

V
.
Le

ac
h1

3

3
2
.0
%

(h
ig
h)

2
2
.1
0
%

(h
ig
h)

2
9
0

2
9
0

5
8
0

So
no

gr
ap

hy
2
0
1
3

K
am

ra
n
B
.
La

nk
ar
an

i1
4

0
.4

0
.1
9

0
.2
7

0
.1
8

1
1
7

4
4

1
6
1

So
no

gr
ap

hy
2
0
1
3

M
et
in

K
uc

uk
az
m
an

1
5

0
.8
1
8

0
.0
0
6

0
.8
1
8

0
.0
0
8

7
4
7

4
6
4

1
2
1
1

So
no

gr
ap

hy
2
0
1
4

So
o
‐K

yu
ng

K
im

1
6

0
.7
5

0
.0
6

0
.7
4

0
.0
8

1
8
0

1
1
0
5

1
2
8
5

C
T

2
0
1
4

N
an

H
ee

K
im

1
7

0
.7
2

0
.0
6

0
.6
1
9

0
.0
4

1
0
3

5
0

1
5
3

So
no

gr
ap

hy
2
0
1
9

C
em

al
K
em

al
o
gl
u1

8

0
.6
8

0
.1

0
.6
5

0
.1

4
0

2
6

6
6

So
no

gr
ap

hy
2
0
0
9

F
.
K
ar
ak

ur
t1

9

1
0
9

3
4
.1

5
9

1
8
.8

0
.7
9

0
.1
8

0
.7
3

0
.1
3

3
2
0

3
1
3

6
3
3

So
no

gr
ap

hy
2
0
1
2

Ji
H
o
o
n
K
an

g2
0

0
.0
9

0
.1
9

0
.8

0
.1

2
9

2
2

5
1

C
T

2
0
1
3

P
ik
ke

l
Jo
se
f2

1

3
5
7

1
3
.8

8
6
5

1
4
.3

0
.5
9

0
.1

0
.5
7

0
.1

2
5
9
0

6
0
4
2

8
6
3
2

So
no

gr
ap

hy
2
0
1
2

Y
un

H
ua

ng
2
2

0
.6
6

0
.0
4

0
.6
4

0
.0
4

3
4
2

6
1
3

9
5
5

So
no

gr
ap

hy
2
0
1
6

H
o
C
he

o
l
H
o
ng

2
3

1
.0
9

0
.1
5

0
.8
8

0
.0
5

1
9
6

1
0
0

2
9
6

So
no

gr
ap

hy
2
0
1
8

A
m
r
Sh

aa
b
an

H
an

af
y2

4

2
4
5
2

5
6
.5

1
8
8
3

4
4
.5

0
.8
2

0
.3

0
.8
5

0
.3
9

4
3
4
9

4
2
3
1

8
5
7
1

So
no

gr
ap

hy
2
0
1
7

K
ai
fe
ng

G
uo

2
5

0
.8
3

0
.2
1

0
.7
6

0
.1
4

1
0
6

9
0
9

1
0
1
5

C
T

2
0
1
8

A
nd

er
s
G
um

m
es
so
n2

6

0
.6

0
.1
1

0
.5
4

0
.0
8

1
1
3

5
7

1
7
0

B
io
p
sy

2
0
1
3

H
al
il
G
en

c2
7

4
6

5
0

9
5

5
2

0
.9
6

0
.2
2

0
.7
9

0
.1
8

9
1

1
8
2

2
7
3

So
no

gr
ap

hy
/

b
io
p
sy

2
0
1
6

A
nn

a
Lu

d
o
vi
ca

F
ra
ca
nz

an
i2
8

0
.8
9

0
.2
6

0
.6
4

0
.1
4

1
2
5

3
5
0

3
7
5

so
no

gr
ap

hy
/

b
io
p
sy

2
0
0
8

A
nn

a
Lu

d
o
vi
ca

F
ra
ca
nz

an
i2
9

0
.8
3

0
.1
6

0
.7
7

0
.0
1
6

4
9

3
3

8
2

So
no

gr
ap

hy
2
0
1
8

R
ez
a
F
ad

ae
i3
0

0
.6

0
.1
3

0
.5

0
.0
8

6
7

3
5

1
0
2

B
io
p
sy

2
0
1
2

T
eo

m
an

D
o
gr
u
3
1

0
·6
0

0
·5
0

1
1
5

7
4

1
8
9

So
no

gr
ap

hy
/

b
io
p
sy

2
0
1
3

T
eo

m
an

D
o
gr
u
3
2

0
.6
7

0
.0
9

0
.5
2

0
.1
1

5
1

2
1

7
2

b
io
p
sy

2
0
1
2

Y
as
ar

C
o
la
ka

3
3

0
.6
8

0
.1
5

0
.6
8

0
.1
4

9
3

3
7

1
3
0

So
no

gr
ap

hy
/

b
io
p
sy

2
0
1
7

Ib
ra
hi
m

C
et
in
d
ag

lı3
4

(C
o
nt
in
ue

s)

KHOSHBATEN ET AL. | 5 of 14



T
A
B
L
E

2
(C
o
nt
in
ue

d
)

C
ar
o
ti
d
at
he

ro
sc
le
ro
si
s
p
la
q
ue

C
IM

T
(m

m
)

N
um

b
er

o
f

N
A
F
LD

N
um

b
er

o
f

co
nt
ro
l

p
at
ie
nt
s

T
o
ta
l

sa
m
p
le

N
A
F
LD

d
ia
gn

o
si
s

P
ub

lis
he

d
ye

ar
F
ir
st

au
th
o
r

N
A
F
LD

C
O
N
T
R
O
L

N
A
F
LD

C
O
N
T
R
O
L

C
o
un

t
%

C
o
un

t
%

M
ea

n
SD

M
ea

n
SD

2
0

5
0

1
0

2
5

0
.7
0

0
.2

0
.5
4

0
.1
3

4
0

4
0

8
0

So
no

gr
ap

hy
2
0
0
5

A
ng

el
B
re
a3

5

0
.6
4

0
.1
7

0
.4
3

0
.1
4

3
4

3
5

6
9

So
no

gr
ap

hy
2
0
1
3

Ö
.
B
aş
ar

3
6

0
.1

0
.0
2

0
.0
8

0
.0
2

5
0

5
0

1
0
0

So
no

gr
ap

hy
2
0
2
1

M
ah

a
A
ss
em

3
7

0
.6
4

0
.1

0
.5
2

0
.1
0

5
7

3
0

8
7

So
no

gr
ap

hy
/

b
io
p
sy

2
0
1
2

Y
as
ar

C
o
la
k3

8

9
9
2
.5
2

5
8

5
2
.7
3

1
1
0

1
0
7

2
1
7

So
no

gr
ap

hy
2
0
1
5

F
lo
ri
n
C
as
o
in
ic
3
9

0
.6
4
6

0
.0
9
1

0
.5
4
4

0
.0
6
7

4
0

4
0

8
0

B
io
p
sy

2
0
0
7

C
em

A
yg

un
4
0

6
0

3
0
.4

7
0

3
5
.2

0
.6

0
0
.6

0
1
4
8

1
2
9

2
7
7

So
no

gr
ap

hy
2
0
1
7

C
la
re
nc

e
G
ill
4
1

3
1

2
4

0
.7
9

0
.2
2

0
.7
3

0
.1
5

4
5
2

4
5
3

9
0
5

So
no

gr
ap

hy
2
0
1
2

X
ia
o
m
in
g
Li

4
2

0
.8
1

0
.1
4

0
.5
8

0
.1
5

2
5
0

8
5

3
3
5

So
no

gr
ap

hy
2
0
1
1

A
fs
hi
n
M
o
ha

m
m
ad

i4
3

0
.6
5

0
.0
9

0
.5
5

0
.0
7

8
4

6
5

1
4
9

So
no

gr
ap

hy
2
0
1
1

A
fs
hi
n
M
o
ha

m
m
ad

i4
4

3
8

2
5
.3

8
5
.3

0
.6
2

0
.1
9

0
.5

0
.1
3

1
5
0

1
5
0

3
0
0

So
no

gr
ap

hy
2
0
1
9

A
li
M
o
ha

m
m
ad

za
d
eh

4
5

0
.5
6

0
.1
1

0
.4
5

0
.1
3

9
9

5
2

1
5
1

So
no

gr
ap

hy
2
0
1
4

M
ar
ya

m
Z
aa
re

N
ah

an
d
i4
6

0
.4
4

0
.0
7

0
.4

0
.0
5

6
1

4
1

1
0
2

B
io
p
sy

2
0
1
5

K
ad

ir
O
zt
ur
k4

7

0
.6
3

0
.1
7

0
.5
4

0
.1

4
5

4
5

9
0

So
no

gr
ap

hy
2
0
2
0

V
ija
y
R
am

p
al
ly

4
8

0
.7
9

0
.1
8

0
.6
7

0
.1
3

2
3

2
8

5
1

B
io
p
sy

2
0
1
0

C
ha

ra
la
m
b
o
s

V
la
ch

o
p
o
ul
o
s4

9

1
.1
4

0
.2
0

0
.8
2

0
.1
2

8
5

1
6
0

2
4
5

B
io
p
sy

2
0
0
6

G
io
va

nn
i
T
ar
gh

er
5
0

0
.8

0
.1

0
.6

0
.0
3

1
0
9

1
0
9

2
1
8

So
no

gr
ap

hy
2
0
1
6

H
af
sa

R
ia
z5

1

0
.8
2

0
.1
5

0
.5
8

0
.1

2
0
0

1
0
0

3
0
0

So
no

gr
ap

hy
2
0
1
7

A
b
id

R
as
o
o
l5
2

1
.1
0

0
.2
0

0
.8
4

0
.1
3

5
0

4
0

9
0

B
io
p
sy

2
0
0
5

G
io
va

nn
i
T
ar
gh

er
5
3

0
.6

0
.1
1

0
.6

0
.2
3

6
5
4

2
7
7
0

3
4
3
3

So
no

gr
ap

hy
2
0
1
9

Z
hu

o
ju
n
X
in

5
4

0
.6

0
.1
2

0
.4
9

0
.1

4
0

4
0

8
0

So
no

gr
ap

hy
2
0
1
2

M
an

ik
La

l
T
ha

ku
r5

5

1
.2

0
.1
4

0
.9

0
.1
2

3
7

3
5

7
2

So
no

gr
ap

hy
2
0
1
6

R
ad

o
jic
a
V
.
St
o
lic

5
6

2
9
.3

3
3
.6

0
.8
2

0
.1
6

0
.7
6

0
.1
5

9
2

1
2
8

2
2
0

So
no

gr
ap

hy
2
0
1
0

P
ao

lo
Sa

lv
i5
7

0
.8
8

0
.1
8

0
.8
7

0
.2

7
2
9

3
3
9
4

4
1
2
3

So
no

gr
ap

hy
2
0
1
9

E
b
en

ez
er

O
ni

5
8

6 of 14 | KHOSHBATEN ET AL.



T
A
B
L
E

2
(C
o
nt
in
ue

d
)

C
ar
o
ti
d
at
he

ro
sc
le
ro
si
s
p
la
q
ue

C
IM

T
(m

m
)

N
um

b
er

o
f

N
A
F
LD

N
um

b
er

o
f

co
nt
ro
l

p
at
ie
nt
s

T
o
ta
l

sa
m
p
le

N
A
F
LD

d
ia
gn

o
si
s

P
ub

lis
he

d
ye

ar
F
ir
st

au
th
o
r

N
A
F
LD

C
O
N
T
R
O
L

N
A
F
LD

C
O
N
T
R
O
L

C
o
un

t
%

C
o
un

t
%

M
ea

n
SD

M
ea

n
SD

0
.7
1

0
.1
7

0
.6
9

0
.3
1

1
0
7

4
3

1
5
0

So
no

gr
ap

hy
2
0
2
0

N
ur
az
am

o
m
ar

5
9

1
9
.2

2
.2

0
.5
9
2

0
.1

0
.4
8
9

0
.1
3

1
0
1

5
4
4

6
4
5

So
no

gr
ap

hy
2
0
1
3

Sa
nd

hy
a
M
is
hr
a6

0

5
7
.8

3
7
.5

0
.8
4

0
.1

0
.7
2

0
.1

9
0

6
4

1
5
4

So
no

gr
ap

hy
2
0
0
9

St
ef
an

o
R
am

ill
i6
1

3
4
.5
0
%

(h
ig
h)

1
9
.1
0
%

(h
ig
h)

1
4
4

1
0
7

2
5
1

So
no

gr
ap

hy
2
0
1
8

E
ug

en
e
C
ho

o
n‐
Li

T
an

6
2

1
.1
8

0
.1
4

0
.9
4

0
.1
2

4
5

4
0

8
5

So
no

gr
ap

hy
2
0
0
4

G
io
va

nn
i
T
ar
gh

er
6
3

1
.0
9

0
.7
7

0
.9
8

0
.6
8

3
8

1
8

5
6

So
no

gr
ap

hy
2
0
1
1

La
ur
a
I.
P
o
an

ta
6
4

3
1
.6

4
0
.1

0
.8
2

0
.2

0
.6
4

0
.1
4

7
3

5
1

1
2
4

So
no

gr
ap

hy
2
0
1
8

Si
va

b
al

V
an

jia
p
p
an

6
5

2
7

7
1
.1

4
8

1
.1

0
.1

0
.8

0
.1

3
8

5
0

8
8

C
T

2
0
1
4

Iv
an

a
M
ik
o
la
se
vi
c6

6

0
.7
5

0
.2
3

0
.6
6

0
.1
5

2
4

2
8

5
2

B
io
p
sy

2
0
1
2

B
in
nu

r
P
in
ar
b
as
i6
7

0
.6
7

0
.1
5

0
.6
3

0
.1
3

3
9
4

4
2
1

8
1
5

So
no

gr
ap

hy
2
0
1
5

Se
un

g
H
w
an

M
o
o
n
6
8

0
.7
5

0
.1
5

0
.7
4

0
.1
3

6
1

4
0

1
0
1

C
T

2
0
0
9

Je
an

M
ic
he

l
P
et
it
6
9

1
0
.6

0
.9
8

0
.1
1

2
8
9

4
7

3
3
6

So
no

gr
ap

hy
2
0
1
5

C
ri
st
in
a
A
lin

a
Si
la
gh

i7
0

2
0
.4

0
0
.7
5

0
.1
5

0
.5
8

0
.0
9

7
7

1
5

9
2

B
io
p
sy

2
0
1
5

Jo
se
p
P
ui
g7

1

2
1
.5

6
0
.7
2

0
.1
5

0
.4
6

0
.1
3

1
1
7

3
2

1
4
9

B
io
p
sy

2
0
1
5

Jo
se
p
P
ui
g7

1

6
4
5

4
0

9
6
7

5
9
.9

4
3
.8
4
%

(h
ig
h)

5
6
.1
5
%

(h
ig
h)

1
5
7
1

2
5
4
1

4
1
1
2

So
no

gr
ap

hy
2
0
1
8

Ji
lin

Z
he

ng
7
2

2
8
.9

1
6
.9

0
.8
1

0
.2
5

0
.6
9

0
.1
8

1
2
3

5
9
9

7
2
2

So
no

gr
ap

hy
2
0
1
6

Li
e
Z
ha

ng
7
3

2
1
.9

1
5

3
0
%

(h
ig
h)

2
1
.1
%

(h
ig
h)

1
3
7
5

1
2
3
7

2
6
1
2

So
no

gr
ap

hy
2
0
1
8

Y
u
C
he

n
G
uo

7
4

0
.7
1
2

0
.1
5
0

0
.5
8
7
5

0
.0
8
8

7
6

2
4

1
0
0

So
no

gr
ap

hy
2
0
2
2

Sh
ab

b
ir
hu

ss
ai
n
7
5

0
.7
8

0
.1
4
5

0
.7
5

0
.1
5

4
5
6

3
9
6

8
5
2

So
no

gr
ap

hy
2
0
2
3

C
ho

7
6

0
.6
4

0
.1

0
.8

0
.2

6
3

3
5

9
8

So
no

gr
ap

hy
2
0
2
3

Z
ha

ng
7
7

3
1
.8
%

hi
gh

1
9
.7
%

hi
gh

3
8
4

5
0
6

8
9
0

So
no

gr
ap

hy
2
0
2
2

B
es
sh
o
7
8

A
b
b
re
vi
at
io
ns
:
C
T
,
co

m
p
ut
ed

to
m
o
gr
ap

hy
;
N
A
F
LD

,
no

na
lc
o
ho

lic
fa
tt
y
liv
er

d
is
ea

se
;
SD

,
st
an

d
ar
d
d
ev

ia
ti
o
n.

KHOSHBATEN ET AL. | 7 of 14



carotid arteries and the presence of NAFLD. They noted that in the

patients with plaques, there was 1.35 times odds of having NAFLD

versus those without plaques (p < 0.001, 1.28–1.43, 95% CI, OR =

1.356). The summary of this analysis can be viewed in Figure 5.

4 | DISCUSSION

NAFLD has become a global public health issue since it is linked to

metabolic risk factors such as obesity, diabetes mellitus, dyslipidemia,

and metabolic syndrome, along with genetic, socioeconomic, and

lifestyle components.82–90 Increased endothelial dysfunction,91,92

ischemic heart disease,93 cardiovascular events,93–95 peripheral

vascular disease, cardiovascular morbidity, and cardiovascular mor-

tality are all medical issues, which may be caused by NAFLD.87,96

Other research has shown an independent link between NAFLD and

cardiovascular disease, regardless of other metabolic risk factors.97

This finding raises the possibility that NAFLD is a direct contributor

to the pathogenesis of atherosclerosis rather than just a sign of

cardiovascular disorder.98 Numerous pathogenic mechanisms, includ-

ing elevated levels of oxidative stress brought on by steatosis‐

stimulated fatty acid oxidation,87 systemic release of pro‐atherogenic

molecules like tumor necrosis factor‐alpha, interleukin‐6, and

oxidized low‐density lipoprotein cholesterol,99 elevated insulin

resistance,100 and macrophage activation,101 have been proposed

as potential causes for the acceleration of atherosclerosis and the rise

in the prevalence of cardiovascular diseases in NAFLD patients.

The atherogenic impact of liver inflammation is further confirmed by

the fact that NASH (nonalcoholic steatohepatitis) patients had more

atherosclerosis than steatosis patients.102,103

F IGURE 1 PRISMA flow diagram showing the selection process of studies in the systematic review and meta‐analysis.
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In the present study, 59 observational studies were reviewed and

the association between NAFLD and increased CIMT as well as

prevalence of atherosclerotic plaque in the carotid artery (both

subclinical indicators of atherosclerosis) was evaluated. In a pooled

analysis of 59 studies, NAFLD was shown to be linked with a higher

CIMT rate. In a pooled analysis of 59 studies, NAFLD was shown to

be linked with higher CIMT. Of note, CIMT was 0.12mm more

(20.6%) in those with NAFLD than in controls (without NAFLD).

Meanwhile, this value was about 18.7% in a meta‐analysis conducted

by Madan et al. on 20 observational studies examining the influence

of NAFLD on CIMT in adults,104 and 13% in a meta‐analysis

performed by Sookoian et al. on 7 studies.105 In addition, a meta‐

analysis of 17 studies revealed that NAFLD was related with a higher

incidence of carotid plaque found by ultrasonography.104 In concor-

dance to our findings, NAFLD was related with an elevated risk of

carotid plaque (detected by ultrasonography) in the meta‐analysis of

Madan et al.104 (of 13 studies). However, in a subgroup meta‐analysis

of seven studies comparing diabetic individuals with NAFLD to

diabetic patients without NAFLD, the presence of NAFLD was not

significantly correlated with elevated CIMT rate in these patients.

F IGURE 2 Results of a meta‐analysis of studies on the association of carotid artery intima‐media diameter (CIMT) with nonalcoholic fatty
liver disease (NAFLD).

F IGURE 3 Funnel plot publication bias in
the studies conducted on the relationship
between carotid artery intima‐media diameter
(CIMT) and nonalcoholic fatty liver disease
(NAFLD).
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NAFLD seemed to be connected with an elevated risk of cardiovas-

cular disease in both diabetic and nondiabetic individuals

(T2DM).106,107 Despite the fact that multiple research projects have

shown that NAFLD is substantially correlated with higher CIMT in

nondiabetic individuals, the association between fatty liver and

atherosclerosis in patients with T2DM is less obvious, and there are

contradictory findings across investigations.16,50,69,108,109 Targher

et al. found that NAFLD measured by ultrasonography in T2DM

patients on a restricted diet was related with an increased incidence

of cardiovascular disease and CIMT.109 However, in agreement with

our findings, Petit et al. did not demonstrate a link between NAFLD

and elevated CIMT in T2DM patients.69 Similar to our investigation,

Guo et al. also did not find correlation between NAFLD and elevated

CIMT in T2DM patients in a Chinese hospitalized population

controlling for multiple confounding factors.25 In contrast to our

findings, Kim et al. observed that NAFLD is related to higher CIMT in

individuals with T2DM but is impacted by insulin resistance.16 Guo

et al., revealed that after controlling cardiovascular risk factors, there

was an independent correlation between NAFLD and carotid and

lower limb atherosclerotic plaques, which is indicative of the

independent association between NAFLD and advanced athero-

sclerotic lesions in T2DM patients.25 The association between

NAFLD and carotid atherosclerosis may be obscured by diabetes,

which is regarded as one of the most significant risk factors for

cardiovascular disease and the progression of atherosclerosis in the

body. Other possible explanations for this contradiction include the

F IGURE 4 Subgroup results of meta‐analysis of studies conducted on diabetic patients regarding the relationship between carotid artery
intima‐media diameter (CIMT) and nonalcoholic fatty liver disease (NAFLD). CI, confidence interval.

F IGURE 5 Results of a meta‐analysis of studies on the association of atherosclerotic plaque with NAFLD. CI, confidence interval; NAFLD,
nonalcoholic fatty liver disease.
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techniques for detecting fatty liver (using ultrasound, CT, or magnetic

resonance spectroscopy), ethnic disparities, and sample size.

Although increased CIMT has been shown to be associated with

an increased risk of stroke,93 myocardial infarction,93,94 and

peripheral vascular disease,93 a recent meta‐analysis study suggested

that carotid plaques may be a better predictor of cardiovascular risk

than CIMT.110 In addition, comprehensive research revealed that

carotid plaque area is a more accurate predictor of ischemic stroke in

the first year than CIMT. Consequently, instead of CIMT, it is

necessary to study the influence of NAFLD on the carotid plaque

area in the next investigations.111

A recent meta‐analysis by Madan et al.104 of 28 studies revealed an

increased risk of carotid atherosclerosis in adult and pediatric populations

with NAFLD compared to groups without NAFLD. However, a number of

other research have evaluated the connection between NAFLD and

carotid disease.11,23–26,28,30,34,41,45,48,51,52,56,58,65,73 As a result, we did an

updated meta‐analysis to incorporate new research done in Asia and

Europe over the last years on the connection between NAFLD and

carotid atherosclerosis through measurements of the CIMT in millimeters.

The constraints of any meta‐analysis research, by its nature,

include its effect on the reviewed papers' texts, the risk of publication

bias (publication bias), and the comprehensive search approach. To

prevent this, we conducted the meta‐analysis using a comprehensive

search approach and unambiguous inclusion and exclusion criteria. In

addition, owing to the inclusion of observational studies in the

analysis, unmeasured and underreported confounding factors and

errors are possible. However, one of the most important strengths of

our study was the focus on the amount of difference, along with

percentage of difference, in the thickness of carotid intima‐media,

instead of just describing the association or the odds of difference.

5 | CONCLUSION

Through this systematic review and meta‐analysis, we concluded that

NAFLD is correlated with an increase of 20.6% (0.12mm) in CIMT.

We also observed that NAFLD is correlated with an increase in

atherosclerotic plaques.
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