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Abstract

Background/purpose Cardiovascular disease (CVD) is the leading cause of death among individuals with non-alcoholic
fatty liver disease (NAFLD). Recently, NAFLD was renamed metabolic-associated fatty liver disease (MAFLD). This study
aimed to compare cardiovascular risk (CVR) and CVD between patients with NAFLD and MAFLD.

Methods Retrospective cross-sectional study of biopsy-proven liver steatosis performed between 2013 and 2018 at a uni-
versity hospital. Cases were divided into NAFLD or MAFLD and demographic, clinical, and laboratory data were collected
to assess CVR (through the atherosclerotic cardiovascular disease risk estimator and atherogenic indices) and CVD.
Results Out of 1233 liver biopsies, 171 (13.9%) presented steatosis. Of these, 109 patients met diagnostic criteria for NAFLD
(63.7%) and 154 (90.1%), for MAFLD. In the NAFLD group, 78% of the cases had steatohepatitis, 24.8% had cirrhosis, and
3.7%, hepatocellular carcinoma (HCC). In the MAFLD group, 72.7% of the cases had liver inflammatory activity, 28.6%
had cirrhosis, and 13.6% had HCC. In patients with MAFLD and NAFLD, CVR was intermediate/high (36.4 and 25.7%,
p=0.209) and CVD occurred in 20.1 and 12.8% (p=0.137) of the cases, respectively, with no influence of liver injury sever-
ity. We observed a significant increase in high 10-year CVR (p =0.020) and CVD (p=0.007) in patients with MAFLD and
concomitant viral infection (HCV and/or HBV) compared to cases with MAFLD only.

Conclusion Patients with both NAFLD and MAFLD had intermediate/high CVR, with a high rate of CVD. Patients with
MAFLD and concomitant viral infection showed significantly increased CVR and CVD compared to those without viral
infection.

Keywords ASCVD risk estimator - Atherogenic ratios - Cardiovascular diseases - Cardiovascular risk - Inflammatory
activity - Metabolic-associated fatty liver disease - Non-alcoholic fatty liver disease - Non-fatal cardiovascular events -
Steatosis - Viral infection
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NAS NAFLD activity score
NASH Non-alcoholic steatohepatitis
TC Total cholesterol
Introduction

Non-alcoholic fatty liver disease (NAFLD) comprises a
spectrum of liver diseases; it is characterized by the presence
of steatosis in more than 5% of hepatocytes in the absence of
excessive alcohol consumption or other causes that promote
hepatic fat accumulation, such as infection by the hepatitis C
virus (HCV) [1-3]. NAFLD can progress to non-alcoholic
steatohepatitis (NASH), cirrhosis, and hepatocellular carci-
noma (HCC) [1-3]. The prevalence of NAFLD has increased
along with the worldwide growth in the number of cases
of diabetes, obesity, and metabolic syndrome, although this
disease can also occur in lean and non-diabetic individuals
[4]. Globally, the prevalence of NAFLD is estimated to be
24%, and in South America it reaches 30.5%; particularly
but not only in Asia, there is a considerable percentage of
“lean NASH” patients who have a eutrophic body mass
index (BMI) [5-7].

Recently, a panel of international experts from 22 coun-
tries proposed a new definition for NAFLD named “meta-
bolic-associated fatty liver disease” (MAFLD) [8]. MAFLD,
as NAFLD, is a hepatic manifestation of a heterogeneous
multisystemic disorder with variable clinical presentations,
influenced by interactions between genetic and environmen-
tal cues [9, 10]. The criteria for diagnosing MAFLD are
based on the evidence of hepatic steatosis in patients with
metabolic abnormalities (independently of alcohol consump-
tion or the presence of comorbidities such as chronic viral
hepatitis) and can be applied to patients in any clinical set-
ting [8, 10]. Due to the worldwide increase in NAFLD, it
can and frequently does coexist with other conditions such
as hepatitis C and alcoholic liver disease [8, 10]. In these
situations, an individual with MAFLD could present clini-
cal consequences that are somewhat different from those
experienced by people with NAFLD, and even a different
response to therapeutic measures when compared to those
with liver disease of a single etiology.

A large body of evidence has recently shown that patients
with NAFLD are also at high risk of cardiovascular disease
(CVD), which represents the main cause of death in these
individuals (40-45% of the cases) [11]. Greater liver dis-
ease severity has been associated with an increased risk of
both fatal and non-fatal CVD events such as left ventricular
dysfunction, atherosclerotic CVD, cardiac arrhythmias, and
ischemic stroke [11-13]. Although cardiovascular risk and
CVD are expected to be equally high in MAFLD patients,
specific studies in this population are still lacking. Based on
the high mortality rates related to CVD, in addition to the

well-known liver-related morbidity and mortality, we per-
formed a retrospective analysis of patients, risk factors, and
cardiovascular events comparing biopsy-proven NAFLD and
MAFLD at a university hospital in southern Brazil.

Materials and methods

This is a retrospective cross-sectional study performed
through the collection of data from electronic medical
records. This study included patients over 18 years old who
underwent a liver biopsy between 2013 and 2018 at a referral
service of a university hospital located in southern Brazil.
Cases in which liver tissue samples were considered insuf-
ficient (with less than ten portal triads) were excluded.

The definition of NAFLD adopted in this study was based
on the presence of steatosis in>5% of hepatocytes in the
absence of significant ongoing or recent alcohol consump-
tion (ethanol intake above 20 g/day for women and 30 g/day
for men) and other known causes of liver disease such as
hemochromatosis, Wilson’s disease, and alpha-1 antitrypsin
deficiency. In addition, we also excluded patients undergo-
ing therapy with drugs known to promote liver steatosis (eg,
amiodarone, tamoxifen, estrogen, or corticosteroids) [1-3].
Criteria for MAFLD diagnosis were based on the evidence
of hepatic steatosis, in addition to one of the following three
criteria: overweight/obesity, presence of type 2 diabetes mel-
litus, or evidence of metabolic dysregulation [8]. Liver tissue
was subjected to histological examination and was graded as
per the NASH Clinical Research Network NAFLD activity
score (NAS). A diagnosis of steatohepatitis was made when
NAS >4. For cases of MAFLD, the disease was described
by the degree of activity according to the NAS score and
the stage of fibrosis. A classification based on absence/pres-
ence was used for steatosis, inflammatory activity, fibrosis
(METAVIR F1-F3), cirrhosis (METAVIR F4), and HCC
regarding the histopathological characteristics described in
the medical reports.

We collected clinical, laboratory, and demographic data
from the patients’ medical records. The biochemical data
used to perform the analyses were the test results available
the closest to the time of liver biopsy, considering an inter-
val of 30 days between the procedures. Data on the occur-
rence of the following cardiovascular events were obtained
from the patients’ medical records: ischemic heart disease,
myocardial infarction, atherosclerosis, aortic valve stenosis,
and stroke. Cardiovascular manifestations were evaluated
retrospectively from 2013 to 2018 at the referral service.
For calculating cardiovascular risk, we used the athero-
sclerotic cardiovascular disease (ASCVD) risk estimator
plus tool of the American College of Cardiology/American
Heart Association [14]. Atherogenic ratios were calculated
using results of the lipid profile to predict cardiovascular
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risk. Such ratios were calculated using Castelli’s Risk Index
(CRI) (CRI-I=total cholesterol [TC]/high-density lipopro-
tein [HDL]; CRI-II =low-density lipoprotein [LDL]/HDL)
and the Atherogenic Coefficient (AC) (AC =(TC-HDL)/
HDL [15]. The following cutoff values were considered for
the atherogenic indices: risk was considered low if CRI-I
was higher than 3.5 for men and 3.0 for women while CRI-
IT and AC values were below 3.0 and 2.0, respectively, for
both sexes [15, 16]. For BMI, we used the classification of
eutrophic (18.5-24.9 kg/m?), overweight (25-29.9 kg/m?),
obesity I (30-34.9 kg/m?), obesity II (35-39.9 kg/m?), and
obesity III (over 40 kg/mz) for adults (18-59 years), and
eutrophic (22-26.9 kg/m?) and overweight (over 27 kg/m?)
for older adults (over 60 years) [17].

This study was approved by the Ethics Commit-
tee of Hospital de Clinicas de Porto Alegre, CAAE
79523617.1.0000.5327, and follows the guidelines for stud-
ies in humans.

Statistical analysis

Data symmetry was tested using the Shapiro—Wilk test.
Quantitative variables were expressed as means + standard
deviations or medians and interquartile ranges (25th—75th).
Categorical variables were expressed as frequencies and
percentages. Mann—Whitney U, chi-squared, and Fisher’s
exact tests were performed. p values <0.05 were considered
statistically significant. Variables were analyzed using SPSS
version 18.0 (SPSS Inc, Chicago, IL, USA).

Results
General characteristics of patients

Between 2013 and 2018, 1233 liver biopsies were performed
for various medical indications at the institution. When
reviewing the histopathological reports, we observed that
171 (13.9%) cases were diagnosed with hepatic steatosis. For
the evaluation according to the NAFLD criteria, 56 (32.7%)
cases were excluded due to a concomitant diagnosis of HCV
and 6 (3.6%) were excluded for hepatitis B virus (HBV),
totaling an evaluable sample of 109 (63.7%) patients. For the
analysis according to MAFLD diagnostic criteria, among the
171 cases diagnosed with steatosis through liver biopsy, 17
(9.9%) patients were excluded for not presenting overweight/
obesity, type 2 diabetes mellitus, or evidence of metabolic
dysregulation, totaling a final sample of 154 (90.1%) cases.

Comparison of NAFLD and MAFLD criteria

The demographic, laboratory, and clinical data of these
patients according to NAFLD and MAFLD diagnoses are
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described in Table 1. Regarding patients with NAFLD, the
median age at the time of liver biopsy was 55.0 (46.0-63.0)
years, with a predominance of the female sex (58.7%) and
White ethnicity (95.4%). A diagnosis of type 2 diabetes mel-
litus was reported in 55 (50.5%) cases and one of hyperten-
sion was observed in 67 (61.5%) cases. During the study
period, 2 (1.8%) patients died, both from sepsis. Accord-
ing to the MAFLD diagnostic criteria, the median age at
the time of biopsy was 58.0 (49.0-64.0) years, also with
a predominance of the female sex (51.9%) and White eth-
nicity (96.7%); 82 (53.2%) patients had a diagnosis of type
2 diabetes mellitus, 96 had hypertension (62.3%), and 19
(12.3%) presented at least two metabolic risk abnormalities.
During the study, 5 (3.2%) patients died, with three cases
due to HCC, one due to sepsis, and the other due to acute
peritonitis.

Cardiovascular risk and events in NAFLD and MAFLD

The median time between liver biopsy and the occurrence
of a cardiovascular event was 1.8 (0.64—4.32) years. Data
related to the prediction of the risk of developing CVD are
shown in Table 2. According to the NAFLD classification
for CRI-I, 31 (81.6%) men and 47 (81.0%) women were
classified as having a high risk of developing CVD. Among
patients who met diagnostic criteria for MAFLD, 42 (65.6%)
men and 61 (82.4%) women were classified as at high risk
for developing CVD according to CRI-I. Regarding CRI-
II, for NAFLD and MAFLD patients, 16 (42.1 and 11.6%,
respectively) men were at high cardiovascular risk. Accord-
ing to the NAFLD classification for AC, 36 (94.7%) men and
47 (81.0%) women were at high risk for developing CVD.
Among patients who met MAFLD diagnostic criteria, 55
(84.6%) men and 61 (82.4%) women were classified as at
high risk for developing CVD according to the AC.

As shown in Table 3, when stratifying NAFLD cases
according to the severity of the liver injury, 2 (9.1%) patients
with steatosis, 19 (31.7%) patients with inflammatory activ-
ity, and 7 (25.9%) with cirrhosis had intermediate/high risk
of developing atherosclerotic cardiovascular disease in
the next 10 years according to the ASCVD score. Among
patients who met MAFLD diagnostic criteria, 5 (19.2%)
cases with steatosis, 35 (41.7%) cases with inflammatory
activity, and 16 (36.4%) with cirrhosis had an intermedi-
ate/high risk of developing atherosclerotic cardiovascular
disease according to the ASCVD score. There were no
significant differences, throughout different stages of liver
injury, between the ASCVD scores of patients diagnosed
with NAFLD and MAFLD.

The occurrence of cardiovascular events is shown in
Table 3. In the study population with diagnostic criteria
for NAFLD, there were reports of cardiovascular events in
14 (12.8%) cases, of which 4 (28.6%) were ischemic heart
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Table 1 General characteristics oy, o creristics™ NAFLD (n=109) MAFLD (n=154) p value®
of patients diagnosed with
steatosis by liver biopsy Age 55.0 (46.0-63.0) 58.0 (49.0-64.0) 0.196
according tg NAFLD and Sex
MAFLD criteria
Male 45 (41.3) 74 (48.1) 0.315
Female 64 (58.7) 80 (51.9)
Ethnicity
White 104 (95.4) 149 (96.7) 0.745
Black 2(1.8) 2(1.3) 1.000
Others 3(2.8) 3(1.9) 0.694
Active tobacco use 6 (5.5 20 (13.0) 0.058
T2DM 55 (50.5) 82 (53.2) 0.708
Hypertension 67 (61.5) 96 (62.3) 0.898
Staging of liver disease
Steatosis 22 (20.2) 26 (16.9) 0.520
Inflammatory activity 85 (78.0)** 112 (72.7) 0.387
Fibrosis (METAVIR F1-F3) 65 (59.6) 98 (63.6) 0.522
Cirrhosis 27 (24.8) 44 (28.6) 0.573
HCC 4(3.7) 21 (13.6) 0.009
NAFLD treatment
Vitamin E 18 (16.5) 27 (17.5) 0.869
Pioglitazone 43.7) 8(5.2) 0.766
Guidance for lifestyle change 82 (75.2) 112 (72.7) 0.672
No guidance for lifestyle change 27 (24.8) 42 (27.3)
Adult BMI
Eutrophic 5(10.2) 7(6.3) 1.000
Overweight 16 (32.7) 24 (21.4) 0.864
Obesity I 11 (22.4) 14 (12.5) 0.833
Obesity 11 13 (26.5) 16 (14.3) 0.695
Obesity I1I 4(8.2) 5(4.5) 1.000
Older adult BMI
Malnutrition 0(0.0) 1(2.2) 1.000
Eutrophic 6 (20.0) 9(19.5) 1.000
Overweight 24 (80.0) 36 (78.3) 0.882
Fasting glucose (mg/dL) 122 (£48.0) 114.5 (94.0-162.7) 0.089
Glycated hemoglobin 6,7 (£2.0) 6.9 (£2.0) 0.526
Triglycerides (mg/dL) 142.5 (106.5-202.5) 150.0 (108.3-208.7) 0.587
Total cholesterol (mg/dL) 187.7 (£48.7) 180 (+46.8) 0.326
HDL (mg/dL) 44.0 (=12.0) 439 (x=11.9) 0.631
LDL (mg/dL) 108.7 (+44.4) 101.6 (+40.00) 0.160
ALT (U/T) 51.0 (35.5-75.0) 56.0 (37.5-103.5) 0.113
AST (U/) 38.5 (26.5-55.5) 44.0 (28.0-67.5) 0.153
GGT (U/D) 72.0 (39.0-148.0) 94.5 (48.7-186.5) 0.080
Alkaline phosphatase (U/I) 85.0 (64.5-114.0) 94.0 (69.5-144.5) 0.122
CRP 6.7 (2.7-16.6) 6.8 (3.1-18.0) 0.663
Direct bilirubin (mg/dL) 0.2 (0.1-0.3) 0.2 (0.1-0.3) 0.161
Total bilirubin (mg/dL) 0.5 (0.3-0.8) 0.6 (0.4-0.9) 0.222
Albumin (g/dL) 4.4 (x£0.5) 4.3 (x£0.5) 0.168
Ferritin (ng/mL) 380.0 (152.9-649.5) 380.0 (153.0-668.0) 0.972
Platelets (x 10°/uL) 207.0 (+72.0) 190.0 (+83.9) 0.075
INR 1.0 (0.9-1.1) 1.0 (0.9-1.1) 0.736

ALT alanine aminotransferase, AST aspartate aminotransferase, BMI body mass index, CRP C-reactive pro-
tein, GGT gamma-glutamyl transferase, HCC hepatocellular carcinoma, HDL high-density lipoprotein, INR
international normalized ratio, LDL low-density lipoprotein, MAFLD metabolic-associated fatty liver dis-
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Table 1 (continued)

Table 2 Cardiovascular risk
according to NAFLD and
MAFLD criteria

disease, 3 (21.4%) were myocardial infarction, 3 (21.4%)
were atherosclerosis, 2 (14.3%) were aortic valve steno-
sis, and 2 (14.3%) were stroke. Regarding patients with
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ease, NAFLD non-alcoholic fatty liver disease, and T2DM type 2 diabetes mellitus

*Variables described by frequency (%), mean (xstandard deviation), or median (25th—75th percen-
tiles). **Steatohepatitis. *p <0.05 was considered statistically significant. Reference values for labora-
tory parameters: fasting glucose: normal levels <100 mg/dL; glycated hemoglobin: 0.1-0.7 mg/dL; tri-
glycerides: < 175 mg/dL; total cholesterol: <190 mg/dL; HDL:>40 mg/dL; ALT:<55 U/L; AST: 5-34
U/L; GGT: 11-59 U/L for men and 8-33 U/L for women; alkaline phosphatase: 40-129 U/L for men and
35-104 U/L for women; direct bilirubin: up to 0.5 mg/dL; total bilirubin: 0.3—-1.2 mg/dL; albumin: 3.5-
5.2 g/dL for adults 20-60 years of age and 3.2-4.6 g/dL for adults 60-90 years of age; ferritin: 30—400 ng/
mL; platelets: 150-400 x 10%/L.

Variables* Risk for CVD/NAFLD Risk for CVD/MAFLD  p value®
(n=109) (n=154)
Current 10-year ASCVD risk (n=51 and

n=2_85)

Low 18 (35.3) 23 (27.0) 0.206

Borderline 5(9.8) 6(7.1) 0.396

Intermediary 24 (47.1) 46 (54.1) 0.507

High 4(7.8) 10 (11.8) 0.338

CRI-I

Both sexes (n=96 and n=138) 4.4 (x1.4) 43(x1.4) 0.510

Men (n=38 and n=065) 4.6 (+1.4) 43 (=1.5) 0.332
Low risk 7(18.4) 23 (34.4) 0.052
High risk 31 (81.6) 42 (65.6)

Women (n=58 and n=74) 43(x1.4) 4.2 (x£1.3) 0.677
Low risk 11 (19.0) 13 (17.6) 0.506
High risk 47 (81.0) 61 (82.4)

CRI-II 95 (87.2) 138 (89.6)

Both sexes 2.6 (£1.0) 2.4 (£1.0) 0.207

Men (n=38 and n=065) 29 (+=1.0) 24 (x1.0) 0.320
Low risk 22 (57.9) 49 (35.5) 0.052
High risk 16 (42.1) 16 (11.6)

Women (n=57 and n=73) 24 (+1.0) 2.4 (x0.9) 0.851
Low risk 42 (73.7) 55(39.9) 0.493
High risk 15 (26.3) 18 (13.0)

AC 96 (88.1) 139 (90.3)

Both sexes 34(x14) 3.4 (x£1.5) 0.822

Men (n=38 and n=065) 3.6(x14) 34 (1.7 0.326
Low risk 2(5.3) 10 (15.4) 0.107
High risk 36 (94.7) 55 (84.6)

Women (n=58 and n=74) 33(x14) 33(x1.3) 0.502
Low risk 11 (19.0) 13 (17.6) 0.506
High risk 47 (81.0) 61 (82.4)

The information between parentheses in the variables column identifies the number of cases evaluated for
the respective item

AC atherogenic coefficient, ASCVD atherosclerotic cardiovascular disease, CVD cardiovascular diseases,
CRI Castelli’s Risk Index, MAFLD metabolic-associated fatty liver disease, and NAFLD non-alcoholic
fatty liver disease

*Variables described by frequency (%) or mean (+standard deviation). *p <0.05 was considered statisti-
cally significant

MAFLD diagnostic criteria, 31 (20.1%) cases had reports
of cardiovascular events, with 8 (25.8%) patients having
myocardial infarction, 7 (22.6%) having ischemic heart
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Table 3 ASCVD risk and cardiovascular events in patients with NAFLD and MAFLD according to the severity of liver injury

p value®

p value® Cirrhosis

p value Inflammatory activity

p value® Steatosis

Overall

Variables*

MAFLD

NAFLD

MAFLD

(n

NAFLD**

MAFLD

NAFLD

MAFLD

(n=154)

NAFLD

=44)

(n

=27)

(n

84)

=60)

(n

=26)

(n

=22)

(n

(n=109)

Current 10-year ASCVD risk
Low +border- 23 (21.1)

0.736

10 (22.7)

6 (22.2)

0.347

15 (17.9)

14 (23.3)

4(15.4) 1.000

3 (13.6)

0.209

29 (18.8)

line

16 (36.4)

7(25.9)

35 (41.7)

19 (31.7)

5(19.2)

2(9.1)

56 (36.4)

28 (25.7)

Intermedi-

ary +high

Cardiovascular events

0.515

8 (18.2)
36 (81.8)

3L

14 (16.7) 0.645

70 (83.3)

8 (13.3)

9 (34.6) 0.180

3 (13.6)

31 (20.1) 0.137

14 (12.8)
95 (87.2)

Yes

24 (88.9)

52 (86.7)

17 (65.4)

19 (86.4)

123 (79.9)

ASCVD atherosclerotic cardiovascular disease, MAFLD metabolic-associated fatty liver disease, and NAFLD non-alcoholic fatty liver disease

*Variables described by frequency (%). **Steatohepatitis. *p <0.05 was considered statistically significant

disease, 6 (19.4%) presenting atherosclerosis, 6 (19.4%)
presenting aortic valve stenosis, and 4 (12.9%) presenting
stroke. However, there were no significant differences in
the occurrence of cardiovascular events throughout differ-
ent stages of liver injury between patients diagnosed by
the NAFLD and MAFLD classifications.

Cardiovascular risk and events in the MAFLD group
in the presence of viral infection

Table 4 shows the stratification of events and cardio-
vascular risk in cases that met the MAFLD diagnostic
criteria, with or without concomitant viral infection. In
the evaluated population, 92 (59.7%) patients presented
MAFLD without concomitant HCV and/or HBV infection,
while 62 (40.3%) had MAFLD and a concomitant diag-
nosis of viral infection (HCV and/or HBV). Of these, 57
(91.9%) cases had HCV, 4 (6.5%) had HBV, and 1 (1.6%)
had concomitant HCV and HBV infection at the time of
biopsy. The median viral load of patients with HCV was
728,013 Ul/mL (80,529-2,942,475), and of these, 40
(78.4%) cases received treatment and reached sustained
virological response. For patients infected with HBV, the
median viral load at the time of liver biopsy was 9103 Ul/
mL (200-11,028) and these cases did not undergo treat-
ment for the infection. There was a significant increase
(»=0.020) in the number of patients at high risk of devel-
oping atherosclerotic cardiovascular disease in the next
10 years (according to the ASCVD score) when comparing
those with MAFLD and viral infection to those without
concomitant viral infection. When comparing atherogenic
indices, patients with MAFLD and concomitant viral
infection had significant increases in CRI-II (p =0.029)
and AC (p =0.042) when compared to those with MAFLD
but no diagnosis of viral infection.

Among patients who met the MAFLD diagnostic crite-
ria and did not have concomitant HCV and/or HBV infec-
tion, 12 (13.0%) had some cardiovascular event between
2013 and 2018: 4 (33.3%) had a myocardial infarction, 2
(16.7%) had a stroke, and 6 (50.0%) had other conditions
that included ischemic heart disease and aortic valve steno-
sis. On the other hand, among patients with MAFLD and
concomitant HCV and/or HBV infection, 19 (30.6%) indi-
viduals presented some cardiovascular event in the evaluated
period: 6 (31.6%) presented atherosclerosis, 5 (26.3%) had
a myocardial infarction, 4 (21.1%) had ischemic heart dis-
ease, 2 (10.5%) had a stroke, and 2 (10.5%) had aortic valve
stenosis. In the evaluated population, there was a significant
increase (p=0.007) in reports of non-fatal cardiovascular
events among patients with MAFLD and viral infection
(HCV and/or HBV) compared to cases with MAFLD but
without a diagnosis of concomitant viral infection.
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Table4 Evaluationof Variables* MAFLD MAFLD p value?
cardiovascular risk in pgtlents . HBYV and/or HCV nega-  HBV and/or HCV positive
who rpet the MAFLD diagnostic tive (1=92) (n=62)
criteria and whether they had
concomitant viral infections Current 10-year ASCVD risk (n=47
(HCV and/or HBV) and n=38)
Low 16 (34.0) 7(18.4) 0.085
Borderline 5(10.6) 1(2.6) 0.158
Intermediary 24 (51.1) 22 (57.9) 0.341
High 2(4.3) 8 (21.1) 0.020
CRI-I
Both sexes (n=55 and n=83) 4.4 (£1.3) 4.0 (x1.5) 0.326
Men (n=30 and n=34) 39(=1.2) 42 (=1.7) 0.877
Low risk 9 (30.0) 13 (38.2) 0.335
High risk 21 (70.0) 21 (61.8)
Women (n=53 and n=21) 45(x1.4) 3.6 (x1.1) 0.102
Low risk 9(17.0) 4(19.0) 0.536
High risk 44 (83.0) 17 (81.0)
CRI-II
Both sexes (n=56 and n=82) 2.0 (x£0.9) 24 (x£1.0) 0.029
Men (n=35 and n=30) 2.1 (x£1.0) 24 (x1.0) 0.063
Low risk 21 (70.0) 28 (80.0) 0.256
High risk 9 (30.0) 7(20.0)
Women (n=52 and n=21) 2.0 (x£0.7) 24 (x1.0) 0.192
Low risk 37(71.2) 18 (85.7) 0.157
High risk 15 (28.8) 3(14.3)
AC
Both sexes (n=55 and n=84) 2.4 (x1.2) 3.0(x1.5) 0.042
Men (n=32 and n=34) 2.2 (+1.0) 32(x1.7) 0.015
Low risk 2 (6.5) 8(23.5) 0.057
High risk 29 (93.5) 26 (76.5)
Women (n=54 and n=21) 25(x14) 2.6 (x1.1) 0.831
Low risk 9 (17.0) 4(19.0) 0.538
High risk 44 (83.0) 17 (81.0)
History of CVD
Yes 12 (13.0) 19 (30.6) 0.007
No 80 (87.0) 43 (69.4)
The information between parentheses in the variables column identifies the number of cases evaluated for
the respective item
The items that are highlighted in bold are the variables that showed the significant difference in the statisti-
cal analysis performed
AC atherogenic coefficient, ASCVD atherosclerotic cardiovascular disease, CVD cardiovascular disease,
CRI Castelli’s Risk Index, HCV hepatitis C virus, HBV hepatitis B virus, and MAFLD metabolic-associated
fatty liver disease
*Variables described by frequency (%) or mean (+standard deviation). #pS0.0S was considered statisti-
cally significant
Discussion increase in the risk of developing cardiovascular disease

In this study, we observed a significant increase in cardio-
vascular events in patients with MAFLD and a concomitant
diagnosis of viral infection (HCV and/or HBV) compared
to cases with MAFLD but no viral infection. In addition,
patients with MAFLD and viral infection had a significant
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according to atherogenic indices and the ASCVD score. In
the past 10 years, it has become evident that NAFLD is not
just a broad-spectrum clinicopathological condition with
high potential for progression, but a systemic disease capa-
ble of affecting extrahepatic systems, including the heart
and the vascular system. This clinical condition should be
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considered an independent and significant risk factor for the
development of clinical and subclinical CVD. In this sense,
cardiometabolic risk conditions must be carefully and rou-
tinely evaluated in this population. The fact that CVD is the
main cause of death in patients with NAFLD it is not sur-
prising as metabolic syndrome, endothelial dysfunction, and
chronic inflammation are present in most cases. However,
the definition of NAFLD excludes some comorbidities, such
as viral hepatitis and alcohol abuse, that can be themselves
related to CVD. Considering that MAFLD criteria do not
exclude these comorbidities, CVD is expected to be more
frequent in this population than in patients with NAFLD. In
this study, among 109 cases diagnosed with liver steatosis by
biopsy according to NAFLD criteria, 12.8% had some car-
diovascular event; when performing this evaluation accord-
ing to the MAFLD diagnostic criteria, 20.1% of the patients
presented a non-fatal cardiovascular event between 2013 and
2018 at a referral service. To the best of our knowledge, this
is the first report of a comparison of cardiovascular risk and
CVD between patients with NAFLD and MAFLD.

Routine biochemical tests such as alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), and
gamma-glutamyl transferase (GGT), as well as the lipid
profile and C-reactive protein, can be useful in evaluating
a patient with NAFLD [18, 19]. In this study, we observed
a small change in serum levels of AST and ALT. Although
elevated levels of serum transaminases are observed in this
population, normal results for this test can occur in more
than 70% of patients with NAFLD [18]. Moreover, we
observed a slight increase in median serum GGT levels,
and studies have reported that they can be considered an
independent risk factor and a long-term predictor of CVD
in patients with NAFLD [18-21].

Among the risk factors associated with the development
of CVD, the presence of dyslipidemia is an important pre-
dictor [22, 23]. Predicting CVD is not trivial and several
scoring systems have been described for cardiovascular
risk management, such as the ASCVD score, Framingham
Risk Score, atherogenic indices, QRisk2, and SCORE [24].
Atherogenic indices (obtained through lipid parameters) or
predictive risk scores (such as ASCVD) are alternatives that
can be used to stratify these patients according to the future
risk of developing CVD. It is suggested that CVD increases
with liver disease severity. In this study, no significant dif-
ferences were observed between the severity of liver injury
according to the NAFLD and MAFLD classification and the
ASCVD score. Golabi et al. assessed the ASCVD risk score
in patients with NAFLD. The authors reported that among
1262 individuals with NAFLD, the prevalence of a high risk
for CVD was 55.9%; this was associated with a higher risk
of overall and cardiac-specific mortality [25]. These data are
superior to those observed in our study, in which 25.7 and
36.4% of patients with NAFLD and MAFLD, respectively,

presented an intermediate/high risk of developing CVD
according to the ASCVD score. Other studies corrobo-
rate our data, showing that predictive models such as the
ASCVD risk score can provide an easy tool to assess 10-year
and lifetime risk for cardiovascular events in patients with
this clinical condition [26-28]. In addition, atherogenic dys-
lipidemia is known to play a critical role in the development
of CVD in patients with NAFLD. In a cross-sectional study
aimed at assessing dyslipidemia using lipid ratios and ath-
erogenic indices in participants recruited from semi-urban
communities in Nigeria, CRI-I, CRI-II, and AC predicted a
prevalence of cardiovascular risk of 22.5, 15.9, and 11.2%,
respectively. The authors concluded that these atherogenic
indices could be used to assess cardiovascular risks even
when lipid profiles were apparently normal [29]. In compari-
son, we reported a higher prevalence of cardiovascular risk
in the sample assessed using these atherogenic indices. To
date, few studies have investigated the relationship between
atherogenic indices and liver disease [30-32]. Recently, the
relationship between the atherogenic index of plasma and
NAFLD was analyzed in Chinese and Japanese non-obese
individuals, and the study concluded that this index could
be used as a new screening indicator for non-obese people
with NAFLD in different nations [33].

Among the 109 patients included in this study according
to NAFLD diagnostic criteria, 12.8% had some non-fatal
cardiovascular event. According to MAFLD diagnostic cri-
teria, 20.1% of the evaluated population had some cardio-
vascular manifestation. Considering that this is a retrospec-
tive study, our results should be interpreted with caution.
A meta-analysis evidenced a 64% increase in the risk of
developing fatal and/or non-fatal cardiovascular disease in
individuals with NAFLD in comparison with those with-
out the disease [34]. However, the observational design of
the studies included in this meta-analysis did not allow the
authors to draw definitive causal inferences; moreover, in
most situations, the diagnosis of NAFLD was established
by ultrasound or computed tomography, which are only
able to diagnose simple steatosis and not advanced stages
of the disease [34]. In a study that included cases with his-
tologically confirmed NAFLD, researchers demonstrated
that advanced liver fibrosis was related to a greater risk of
developing CVD, although limitations regarding sample size
and a restricted selected population should be taken into
account [35]. In parallel, a recent study showed that regard-
less of BMI, metabolically unhealthy individuals were at
higher risk of developing coronary heart disease compared
to healthy people [36]. On the other hand, overweight and
obese people were more likely to develop coronary heart
disease compared to eutrophic individuals [36]. The link
between NAFLD/MAFLD and cardiovascular risk seems
intuitive, and specific management for the prevention of
these clinical conditions and the associated mortality, in

@ Springer



388

Hepatology International (2021) 15:380-391

addition to lifestyle advice, are not mentioned in the cur-
rent guidelines for CVD and should be the subject of debate
among specialists [37, 38].

In this study, we observed a significant increase in non-
fatal cardiovascular events in patients who met diagnostic
criteria for MAFLD and had concomitant chronic viral hepa-
titis compared to those with MAFLD and no viral infec-
tion. Additionally, we reported a significant increase in the
number of patients at high risk of developing atherosclerotic
cardiovascular disease. This is original information, and our
results regarding cardiovascular risk and the occurrence of
cardiovascular events in this population should be further
explored. The role of HCV infection in the development
of CVD is related to its interference in glucose and lipid
metabolism (resulting in metabolic syndrome) or to its par-
ticipation in the activation of mechanisms that facilitate
chronic inflammation and/or endothelial dysfunction [39].
Studies have addressed the systemic and cardio-metabolic
risks associated with fatty liver; for example, patients with
“virus-associated fatty liver disease” have an increased risk
of developing CVD and type 2 diabetes mellitus. However,
in clinical practice, different medical expertise is involved
in the diagnosis and management of cardiovascular risk in
this population [40]. The association of HCV infection with
CVD is still an issue of controversy. Some reports corrobo-
rate how our data demonstrated a high risk of developing
CVD in HCV-infected persons, whereas others have not
reported such an association [40—42].

In this real-life study, most patients did not receive any
specific pharmacological therapy for NAFLD. Currently,
there are no approved drugs for NAFLD, but phase II and
III clinical studies are evaluating new therapies. In addition,
efforts are being made to discover new therapeutic strate-
gies that can promote both liver and heart benefits in this
multimorbid population with several metabolic risk factors
[43-46]. Despite the complexity of this disease, many cases
of hepatic steatosis can be reversible if the causal factor is
eliminated. Vilar-Gomez et al. prospectively evaluated a
group of patients diagnosed with NASH who were submit-
ted to a low-calorie diet combined with physical exercise.
Significant changes in histological characteristics related to
the disease were reported after 12 months [47]. In cases
of MAFLD, the treatment of comorbidities such as viral
hepatitis or alcoholic liver disease will certainly lower the
cardiovascular risk [8, 10].

This study explores the differences between NAFLD
and MAFLD regarding cardiovascular events in an unprec-
edented way. All patients were diagnosed with steatosis
through liver biopsy, most of them with NASH or, in the
case of MAFLD, with liver inflammatory activity. These
findings may explain why we did not observe a difference
between cardiovascular outcomes of MAFLD and NAFLD
cases in our population, since liver inflammation alone can

@ Springer

be associated with the induction of systemic inflamma-
tion. The findings of this study justify that the cardiovas-
cular health of patients with NAFLD and MAFLD should
be observed, and those with MAFLD and viral hepatitis
may deserve greater surveillance. Some limitations war-
rant mention. This is a retrospective cross-sectional study,
which limits our ability to infer temporal or causal rela-
tionships. It is a population study performed in a single
center, therefore, the number of evaluated cases is lim-
ited. Clinical and laboratory data were collected from
medical records and some information could have not been
obtained due to the retrospective nature of the study. In
addition, the fact that patients with HCC were included
can also be considered a limitation.

In conclusion, in this study we observed an intermedi-
ate/high cardiovascular risk in individuals diagnosed with
NAFLD or MAFLD, but there was a significant increase in
non-fatal cardiovascular events in patients with MAFLD
and concomitant HCV and/or HBV infection in compari-
son to other cases of MAFLD. Based on the important
risk of cardiovascular events in this population, NAFLD/
MAFLD management should focus on modifying lifestyle
and risk factors, not only reducing the risk of progression
of the liver disease but also providing benefits in reduc-
ing possible cardiac complications. Strict monitoring must
be guaranteed to assess adherence, tolerability, and the
impact of interventions in the treatment of these patients.

Acknowledgements We would like to thank the Research Incentive
Fund—Hospital de Clinicas de Porto Alegre (FIPE—HCPA), CNPq
(National Council for Technological and Scientific Development), and
CAPES (Coordination for the Improvement of Higher Education Per-
sonnel) for the financial support.

Author contributions GTSG: methodology, formal analysis, inves-
tigation, data curation writing—original draft and writing—review
and editing visualization; LL: conceptualization, methodology, for-
mal analysis, investigation, data curation writing—original draft and
writing—review and editing visualization; MAF: conceptualization,
methodology and review and editing visualization; VEGDS: formal
analysis, investigation; MRA: conceptualization, methodology, data
curation writing—original draft and writing—review and editing visu-
alization, visualization, supervision and project administration.

Funding Nothing to disclose.

Data availability The data will be made available.

Compliance with ethical standards

Conflict of interest Gabriel Tayguara Silveira Guerreiro, Larisse Lon-
go, MaIiana,Alves Fonseca, Valessa Emanoele Gabriel de Souza and
Mario Reis Alvares-da-Silva declare that they have no conflict of inter-
est.

Consent to Participate This study was approved by the Eth-
ics Committee of Hospital de Clinicas de Porto Alegre, CAAE



Hepatology International (2021) 15:380-391

389

79523617.1.0000.5327, and follows the guidelines for studies in
humans. As this is a Retrospective cross-sectional study, it is not nec-
essary to apply the consent form.

Consent to Publish Authors consent to the publication of this manu-
script.

References

10.

11.

Siddiqui MS, Harrison SA, Abdelmalek MF, Anstee QM, Bedossa
P, Castera L, et al. Case definitions for inclusion and analysis of
endpoints in clinical trials for nonalcoholic steatohepatitis through
the lens of regulatory science. Hepatology 2018;67(5):2001-
2112. https://doi.org/10.1002/hep.29607 (Epub 2018/02/22,
PubMed PMID: 29059456; PubMed Central PMCID:
PMCPMC5906171)

European Association for the Study of the Liver (EASL), Euro-
pean Association for the Study of Diabetes (EASD), European
Association for the Study of Obesity (EASO). EASL-EASD-
EASO Clinical Practice Guidelines for the management of non-
alcoholic fatty liver disease. J Hepatol 2016;64(6):1388-1402.
https://doi.org/10.1016/j.jhep.2015.11.004 (Epub 2016/04/07,
PubMed PMID: 27062661)

Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella
M, et al. The diagnosis and management of nonalcoholic fatty
liver disease: practice guidance from the American Association
for the Study of Liver Diseases. Hepatology 2018;67(1):328-357.
https://doi.org/10.1002/hep.29367 (Epub 2017/09/29, PubMed
PMID: 28714183)

Neuschwander-Tetri BA. Non-alcoholic fatty liver disease. BMC
Med 2017;15(1):45. https://doi.org/10.1186/s12916-017-0806-8
(Epub 2017/02/28, PubMed PMID: 28241825; PubMed Cen-
tral PMCID: PMCPMC5330146)

Loomba R, Sanyal AJ. The global NAFLD epidemic. Nat
Rev Gastroenterol Hepatol 2013;10(11):686—690. https://doi.
org/10.1038/nrgastro.2013.171 (Epub 2013/09/17, PubMed
PMID: 24042449)

Younes R, Bugianesi E. NASH in lean individuals. Semin Liver
Dis 2019;39(1):86-95. https://doi.org/10.1055/s-0038-1677517
(Epub 2019/01/17, PubMed PMID: 30654392)

Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer
M. Global epidemiology of nonalcoholic fatty liver disease-Meta-
analytic assessment of prevalence, incidence, and outcomes.
Hepatology 2016;64(1):73-84. https://doi.org/10.1002/hep.28431
(Epub 2016/02/22, PubMed PMID: 26707365)

Eslam M, Newsome PN, Sarin SK, Anstee QM, Targher G,
Romero-Gomez M, et al. A new definition for metabolic dys-
function-associated fatty liver disease: an international expert
consensus statement. J Hepatol 2020. https://doi.org/10.1016/j.
jhep.2020.03.039 (Epub 2020/04/08, PubMed PMID: 32278004)
Alharthi J, Latchoumanin O, George J, Eslam M. Macrophages
in metabolic associated fatty liver disease. World J Gastroen-
terol 2020;26(16):1861-1878. https://doi.org/10.3748/wjg.v26.
116.1861 (PubMedPMID:32390698; PubMedCentralPMCID
:PMCPMC7201150)

Eslam M, Sanyal AJ, George J, IC Panel. MAFLD: a consensus-
driven proposed nomenclature for metabolic associated fatty liver
disease. Gastroenterology 2020;158(7):1999-2014.e1. https://doi.
org/10.1053/j.gastro.2019.11.312 (Epub 2020/02/08, PubMed
PMID: 32044314)

Anstee QM, Mantovani A, Tilg H, Targher G. Risk of cardiomyo-
pathy and cardiac arrhythmias in patients with nonalcoholic fatty
liver disease. Nat Rev Gastroenterol Hepatol 2018;15(7):425-439.

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

https://doi.org/10.1038/s41575-018-0010-0 (PubMed PMID:
29713021)

Choudhary NS, Duseja A. Screening of cardiovascular disease in
nonalcoholic fatty liver disease: whom and how? J Clin Exp Hepa-
tol 2019;9(4):506-514. https://doi.org/10.1016/j.jceh.2019.02.005
(Epub 2019/02/15, PubMed PMID: 31516267; PubMed Cen-
tral PMCID: PMCPMC6728527)

Niederseer D, Wernly S, Bachmayer S, Wernly B, Bakula A,
Huber-Schonauer U, et al. Diagnosis of Non-alcoholic fatty liver
disease (NAFLD) is independently associated with cardiovascu-
lar risk in a large Austrian screening cohort. J Clin Med 2020.
https://doi.org/10.3390/jcm9041065 (Epub 2020/04/09, PubMed
PMID: 32283679)

. Lloyd-Jones DM, Braun LT, Ndumele CE, Smith SC, Sperling

LS, Virani SS, et al. Use of risk assessment tools to guide deci-
sion-making in the primary prevention of atherosclerotic car-
diovascular disease: a special report from the American Heart
Association and American College of Cardiology. J Am Coll
Cardiol 2019;73(24):3153-3167. https://doi.org/10.1016/j.
jacc.2018.11.005 (Epub 2018/11/10, PubMed PMID: 30423392)
Sujatha R, Kavitha S. Atherogenic indices in stroke patients:
a retrospective study. Iran J Neurol 2017;16(2):78-82 (Pub-
Med PMID: 28761629; PubMed Central PMCID:
PMCPMC5526781)

Bhardwaj S, Bhattacharjee J, Bhatnagar MK, Tyagi S, Delhi N.
Atherogenic index of plasma, castelli risk index and atherogenic
coefficient-new parameters in assessing cardiovascular risk. Int J
Pharm Biol Sci 2013;3(3):359-364

ABESO. Diretrizes brasileiras de obesidade 2016/ABESO.
4.ed.—Sdo Paulo SdS-.

Pardhe BD, Shakya S, Bhetwal A, Mathias J, Khanal PR, Pandit
R, et al. Metabolic syndrome and biochemical changes among
non-alcoholic fatty liver disease patients attending a tertiary
care hospital of Nepal. BMC Gastroenterol 2018;18(1):109.
https://doi.org/10.1186/s12876-018-0843-6 (Epub 2018/07/06,
PubMed PMID: 29980170; PubMed Central PMCID:
PMCPMC6035472)

Targher G, Byrne CD. Circulating markers of liver function
and cardiovascular disease risk. Arterioscler Thromb Vasc
Biol 2015;35(11):2290-2296. https://doi.org/10.1161/ATVBA
HA.115.305235 (PubMed PMID: 25977566)

Lee DH, Silventoinen K, Hu G, Jacobs DR, Jousilahti P, Sundvall
J, et al. Serum gamma-glutamyltransferase predicts non-fatal myo-
cardial infarction and fatal coronary heart disease among 28,838
middle-aged men and women. Eur Heart J 2006;27(18):2170-
2176. https://doi.org/10.1093/eurheartj/ehl086 (Epub 2006/06/13,
PubMed PMID: 16772340)

Ruttmann E, Brant LJ, Concin H, Diem G, Rapp K, Ulmer H, e?
al. Gamma-glutamyltransferase as a risk factor for cardiovascular
disease mortality: an epidemiological investigation in a cohort of
163,944 Austrian adults. Circulation 2005;112(14):2130-2137.
https://doi.org/10.1161/CIRCULATIONAHA.105.552547 (Epub
2005/09/26, PubMed PMID: 16186419)

Francque SM, van der Graaff D, Kwanten WJ. Non-alcoholic fatty
liver disease and cardiovascular risk: pathophysiological mecha-
nisms and implications. J Hepatol 2016;65(2):425-443. https://
doi.org/10.1016/j.jhep.2016.04.005 (Epub 2016/06/01, PubMed
PMID: 27091791)

Kim EJ, Kim BH, Seo HS, Lee YJ, Kim HH, Son HH, et al.
Cholesterol-induced non-alcoholic fatty liver disease and ath-
erosclerosis aggravated by systemic inflammation. PLoS ONE
2014;9(6):€97841. https://doi.org/10.1371/journal.pone.00978
41 (Epub 2014/06/05, PubMed PMID: 24901254; PubMed
Central PMCID: PMCPMC4046981)

Stols-Gongalves D, Hovingh GK, Nieuwdorp M, Holleboom AG.
NAFLD and atherosclerosis: two sides of the same dysmetabolic

@ Springer


https://doi.org/10.1002/hep.29607
https://doi.org/10.1016/j.jhep.2015.11.004
https://doi.org/10.1002/hep.29367
https://doi.org/10.1186/s12916-017-0806-8
https://doi.org/10.1038/nrgastro.2013.171
https://doi.org/10.1038/nrgastro.2013.171
https://doi.org/10.1055/s-0038-1677517
https://doi.org/10.1002/hep.28431
https://doi.org/10.1016/j.jhep.2020.03.039
https://doi.org/10.1016/j.jhep.2020.03.039
https://doi.org/10.3748/wjg.v26.i16.1861
https://doi.org/10.3748/wjg.v26.i16.1861
https://doi.org/10.1053/j.gastro.2019.11.312
https://doi.org/10.1053/j.gastro.2019.11.312
https://doi.org/10.1038/s41575-018-0010-0
https://doi.org/10.1016/j.jceh.2019.02.005
https://doi.org/10.3390/jcm9041065
https://doi.org/10.1016/j.jacc.2018.11.005
https://doi.org/10.1016/j.jacc.2018.11.005
https://doi.org/10.1186/s12876-018-0843-6
https://doi.org/10.1161/ATVBAHA.115.305235
https://doi.org/10.1161/ATVBAHA.115.305235
https://doi.org/10.1093/eurheartj/ehl086
https://doi.org/10.1161/CIRCULATIONAHA.105.552547
https://doi.org/10.1016/j.jhep.2016.04.005
https://doi.org/10.1016/j.jhep.2016.04.005
https://doi.org/10.1371/journal.pone.0097841
https://doi.org/10.1371/journal.pone.0097841

390

Hepatology International (2021) 15:380-391

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

coin? Trends Endocrinol Metab 2019;30(12):891-902. https://
doi.org/10.1016/j.tem.2019.08.008 (Epub 2019/10/17, PubMed
PMID: 31630897)

Golabi P, Fukui N, Paik J, Sayiner M, Mishra A, Younossi ZM.
Mortality risk detected by atherosclerotic cardiovascular disease
score in patients with nonalcoholic fatty liver disease. Hepa-
tol Commun 2019;3(8):1050-1060. https://doi.org/10.1002/
hep4.1387 (Epub 2019/06/06, PubMed PMID: 31388626; Pub-
Med Central PMCID: PMCPMC6671783)

Han E, Lee YH, Kim YD, Kim BK, Park JY, Kim DY, et al.
Nonalcoholic fatty liver disease and sarcopenia are indepen-
dently associated with cardiovascular risk. Am J Gastroenterol
2020;115(4):584-595. https://doi.org/10.14309/ajg.0000000000
000572 (PubMed PMID: 32141917)

Fadaei R, Poustchi H, Meshkani R, Moradi N, Golmohammadi
T, Merat S. Impaired HDL cholesterol efflux capacity in patients
with non-alcoholic fatty liver disease is associated with subclinical
atherosclerosis. Sci Rep 2018;8(1):11691. https://doi.org/10.1038/
$41598-018-29639-5 (Epub 2018/08/03, PubMed PMID:
30076407; PubMed Central PMCID: PMCPMC6076293)
Motamed N, Rabiee B, Poustchi H, Dehestani B, Hemasi GR,
Khonsari MR, et al. Non-alcoholic fatty liver disease (NAFLD)
and 10-year risk of cardiovascular diseases. Clin Res Hepatol
Gastroenterol 2017;41(1):31-38. https://doi.org/10.1016/j.clinr
¢.2016.07.005 (Epub 2016/08/31, PubMed PMID: 27597641)
Olamoyegun MA, Oluyombo R, Asaolu SO. Evaluation of dys-
lipidemia, lipid ratios, and atherogenic index as cardiovascular
risk factors among semi-urban dwellers in Nigeria. Ann Afr Med
2016;15(4):194-199. https://doi.org/10.4103/1596-3519.19428
0 (PubMedPMID:27853034;PubMedCentralPMCID:PMC
PMC5402827)

Wang Q, Zheng D, Liu J, Fang L, Li Q. Atherogenic index of
plasma is a novel predictor of non-alcoholic fatty liver disease
in obese participants: a cross-sectional study. Lipids Health Dis
2018;17(1):284. https://doi.org/10.1186/512944-018-0932-0
(Epub 2018/12/13,PubMed PMID: 30545385; PubMed Cen-
tral PMCID: PMCPMC6293612)

Moradi F, Kooshki F, Nokhostin F, Khoshbaten M, Bazyar H,
Pourghassem GB. A pilot study of the effects of chromium pico-
linate supplementation on serum fetuin-A, metabolic and inflam-
matory factors in patients with nonalcoholic fatty liver disease:
A double-blind, placebo-controlled trial. J Trace Elem Med Biol
2021;63:126659. https://doi.org/10.1016/j.jtemb.2020.126659
(Epub 2020/09/30, PubMed PMID: 33045675)

de Lira CT, Dos Santos MA, Gomes PP, Fidelix YL, Dos Santos
AC, Tenério TR, et al. Aerobic training performed at ventila-
tory threshold improves liver enzymes and lipid profile related to
non-alcoholic fatty liver disease in adolescents with obesity. Nutr
Health 2017;23(4):281-288. https://doi.org/10.1177/0260106017
720350 (PubMed PMID: 29214926)

Dong BY, Mao YQ, Li ZY, Yu FJ. The value of the atherogenic
index of plasma in non-obese people with non-alcoholic fatty liver
disease: a secondary analysis based on a cross-sectional study.
Lipids Health Dis 2020;19(1):148. https://doi.org/10.1186/s1294
4-020-01319-2 (Epub 2020/06/23, PubMed PMID: 32576204;
PubMed Central PMCID: PMCPMC7313140)

Targher G, Byrne CD, Lonardo A, Zoppini G, Barbui C. Non-
alcoholic fatty liver disease and risk of incident cardiovascular
disease: a meta-analysis. J Hepatol 2016;65(3):589-600. https://
doi.org/10.1016/j.jhep.2016.05.013 (Epub 2016/05/17, PubMed
PMID: 27212244)

Ekstedt M, Hagstrom H, Nasr P, Fredrikson M, Stal P, Kechagias
S, et al. Fibrosis stage is the strongest predictor for disease-spe-
cific mortality in NAFLD after up to 33 years of follow-up. Hepa-
tology 2015;61(5):1547-1554. https://doi.org/10.1002/hep.27368
(Epub 2015/03/23, PubMed PMID: 25125077)

@ Springer

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Lassale C, Tzoulaki I, Moons KGM, Sweeting M, Boer J, John-
son L, et al. Separate and combined associations of obesity and
metabolic health with coronary heart disease: a pan-European
case-cohort analysis. Eur Heart J 2018;39(5):397-406. https://
doi.org/10.1093/eurheartj/ehx448 (PubMedPMID:29020414;
PubMedCentralPMCID:PMCPMC6198928)

Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato E, Funck-
Brentano C, et al. 2019 ESC Guidelines for the diagnosis and
management of chronic coronary syndromes. Eur Heart J
2020;41(3):407-477. https://doi.org/10.1093/eurheartj/ehz42
5 (PubMed PMID: 31504439)

Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Cata-
pano AL, et al. European Guidelines on cardiovascular disease
prevention in clinical practice: The Sixth Joint Task Force of
the European Society of Cardiology and Other Societies on Car-
diovascular Disease Prevention in Clinical Practice (constituted
by representatives of 10 societies and by invited experts)Devel-
oped with the special contribution of the European Association
for Cardiovascular Prevention & Rehabilitation (EACPR). Eur
Heart J 2016;37(29):2315-2381. https://doi.org/10.1093/eurhe
artj/ehw106 (Epub 2016/05/23, PubMed PMID: 27222591;
PubMed Central PMCID: PMCPMC4986030)

Babiker A, Jeudy J, Kligerman S, Khambaty M, Shah A, Bagchi
S. Risk of cardiovascular disease due to chronic hepatitis C
infection: a review. J Clin Transl Hepatol. 2017;5(4):343-
362. https://doi.org/10.14218/JCTH.2017.00021 (Epub
2017/08/31,PubMed PMID: 29226101; PubMed Central
PMCID: PMCPMC5719192)

Lonardo A, Ballestri S, Guaraldi G, Nascimbeni F, Romagnoli
D, Zona S, et al. Fatty liver is associated with an increased risk
of diabetes and cardiovascular disease—Evidence from three
different disease models: NAFLD HCV and HIV. World J Gas-
troenterol 2016;22(44):9674-9693. https://doi.org/10.3748/wjg.
v22.i144.9674 (PubMedPMID:27956792;PubMedCentralPM
CID:PMCPMC(C5124973)

Lee KK, Stelzle D, Bing R, Anwar M, Strachan F, Bashir S,
et al. Global burden of atherosclerotic cardiovascular dis-
ease in people with hepatitis C virus infection: a systematic
review, meta-analysis, and modelling study. Lancet Gastro-
enterol Hepatol 2019;4(10):794-804. https://doi.org/10.1016/
$2468-1253(19)30227-4 (Epub 2019/07/31,PubMed PMID:
31377134; PubMed Central PMCID: PMCPMC6734111)
Wong RJ, Kanwal F, Younossi ZM, Ahmed A. Hepatitis C virus
infection and coronary artery disease risk: a systematic review
of the literature. Dig Dis Sci 2014;59(7):1586-1593. https://doi.
org/10.1007/s10620-014-3222-3 (Epub 2014/06/04, PubMed
PMID: 24894512)

Armstrong MJ, Gaunt P, Aithal GP, Barton D, Hull D, Parker
R, et al. Liraglutide safety and efficacy in patients with non-
alcoholic steatohepatitis (LEAN): a multicentre, double-
blind, randomised, placebo-controlled phase 2 study. Lancet
2016;387(10019):679-690. https://doi.org/10.1016/S0140
-6736(15)00803-X (Epub 2015/11/20, PubMed PMID:
26608256)

Ratziu V, Harrison SA, Francque S, Bedossa P, Lehert P, Serfaty
L, et al. Elafibranor, an agonist of the peroxisome proliferator-
activated receptor-a and -9, induces resolution of nonalcoholic
steatohepatitis without fibrosis worsening. Gastroenterology
2016;150(5):1147-1159.e5. https://doi.org/10.1053/j.gastr
0.2016.01.038 (Epub 2016/02/11, PubMed PMID: 26874076)
Friedman SL, Ratziu V, Harrison SA, Abdelmalek MF, Aithal
GP, Caballeria J, et al. A randomized, placebo-controlled trial
of cenicriviroc for treatment of nonalcoholic steatohepatitis
with fibrosis. Hepatology 2018;67(5):1754-1767. https://doi.
org/10.1002/hep.29477 (Epub 2018/01/29, PubMed PMID:
28833331; PubMed Central PMCID: PMCPMC5947654)


https://doi.org/10.1016/j.tem.2019.08.008
https://doi.org/10.1016/j.tem.2019.08.008
https://doi.org/10.1002/hep4.1387
https://doi.org/10.1002/hep4.1387
https://doi.org/10.14309/ajg.0000000000000572
https://doi.org/10.14309/ajg.0000000000000572
https://doi.org/10.1038/s41598-018-29639-5
https://doi.org/10.1038/s41598-018-29639-5
https://doi.org/10.1016/j.clinre.2016.07.005
https://doi.org/10.1016/j.clinre.2016.07.005
https://doi.org/10.4103/1596-3519.194280
https://doi.org/10.4103/1596-3519.194280
https://doi.org/10.1186/s12944-018-0932-0
https://doi.org/10.1016/j.jtemb.2020.126659
https://doi.org/10.1177/0260106017720350
https://doi.org/10.1177/0260106017720350
https://doi.org/10.1186/s12944-020-01319-2
https://doi.org/10.1186/s12944-020-01319-2
https://doi.org/10.1016/j.jhep.2016.05.013
https://doi.org/10.1016/j.jhep.2016.05.013
https://doi.org/10.1002/hep.27368
https://doi.org/10.1093/eurheartj/ehx448
https://doi.org/10.1093/eurheartj/ehx448
https://doi.org/10.1093/eurheartj/ehz425
https://doi.org/10.1093/eurheartj/ehz425
https://doi.org/10.1093/eurheartj/ehw106
https://doi.org/10.1093/eurheartj/ehw106
https://doi.org/10.14218/JCTH.2017.00021
https://doi.org/10.3748/wjg.v22.i44.9674
https://doi.org/10.3748/wjg.v22.i44.9674
https://doi.org/10.1016/S2468-1253(19)30227-4
https://doi.org/10.1016/S2468-1253(19)30227-4
https://doi.org/10.1007/s10620-014-3222-3
https://doi.org/10.1007/s10620-014-3222-3
https://doi.org/10.1016/S0140-6736(15)00803-X
https://doi.org/10.1016/S0140-6736(15)00803-X
https://doi.org/10.1053/j.gastro.2016.01.038
https://doi.org/10.1053/j.gastro.2016.01.038
https://doi.org/10.1002/hep.29477
https://doi.org/10.1002/hep.29477

Hepatology International (2021) 15:380-391

391

46.

47.

Chandrasekharan K, Alazawi W. Genetics of non-alcoholic
fatty liver and cardiovascular disease: implications for therapy?
Front Pharmacol 2019;10:1413. https://doi.org/10.3389/fphar
.2019.01413 (Epub 2020/01/08, PubMed PMID: 31969816;
PubMed Central PMCID: PMCPMC6960381)

Vilar-Gomez E, Martinez-Perez Y, Calzadilla-Bertot L, Tor-
res-Gonzalez A, Gra-Oramas B, Gonzalez-Fabian L, et al.
Weight loss through lifestyle modification significantly reduces
features of nonalcoholic steatohepatitis. Gastroenterology

2015;149(2):367-378.e5. https://doi.org/10.1053/j.gastr
0.2015.04.005 (quiz e14-5, Epub 2015/04/10, PubMed PMID:
25865049)

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.3389/fphar.2019.01413
https://doi.org/10.3389/fphar.2019.01413
https://doi.org/10.1053/j.gastro.2015.04.005
https://doi.org/10.1053/j.gastro.2015.04.005

	Does the risk of cardiovascular events differ between biopsy-proven NAFLD and MAFLD?
	Abstract
	Backgroundpurpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Statistical analysis

	Results
	General characteristics of patients
	Comparison of NAFLD and MAFLD criteria
	Cardiovascular risk and events in NAFLD and MAFLD
	Cardiovascular risk and events in the MAFLD group in the presence of viral infection

	Discussion
	Acknowledgements 
	References




