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Abstract---Background: There is a documented relationship between
chronic liver disease and cardiac dysfunction. The current investigation
aims to compare the cardiac health in patients with chronic liver
disease secondary to HCV, HBV, and NASH. Patients and Methods: This
prospective study included 150 patients divided into three groups;
Group I (50 HCV cases), Group II (50 HBV cases), and Group III (50
NASH cases). Each group was subdivided into two equal subgroups; the
A subgroup included patients without liver cirrhosis, and the B
subgroup included patients with liver cirrhosis. The assessment
included laboratory biomarkers, transabdominal ultrasound, fibroscan,
echocardiography, and carotid doppler. Results: EF had mean values of
62.58, 62.8, and 64.14%, whereas prolonged QT interval was noted in
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30%, 40%, and 37% of patients in the three groups, respectively. E/A
ratios > 1 were detected in 70%, 66%, and 72% of patients, while carotid
atherosclerosis was detected in 28%, 28%, and 32% in the same three
groups, respectively. All of the previous parameters were comparable
between the three main groups. On comparing subgroups A to B,
prolonged QT intervals, carotid atherosclerosis, and decreased EF were
more noticed in the latter. Nonetheless, the E/A ratio did not express
significant differences between the previous subgroups. Conclusion:
The three aetiologies of chronic liver disease had considerable
cardiovascular effects, including EF, E/A ratio, prolonged QT interval,
and carotid atherosclerosis. Liver cirrhosis was associated with poor
cardiac function manifested by decreased EF, prolonged QT interval,
and increased incidence of carotid atherosclerosis.

Keywords---cardiac health, chronic liver disease, cirrhosis.

Introduction

Patients with liver disease often have hemodynamic disorders, including fluid
redistribution, decreased peripheral vascular resistance, and decreased cardiac
performance status. Similarly, uncontrolled heart disease could also lead to hepatic
damage [1, 2]. The presence of synchronous cardiac and hepatic diseases is a
documented predictor of mortality, as it was previously reported that about 25% of
cirrhotic patients died of poor cardiac function [3]. The hepatitis C virus (HCV) is
the main cause of liver disease in Egypt [4]. It can lead to cirrhosis of the hepatic
parenchyma as well as extra-hepatic manifestations like steatosis and insulin
resistance. Previous trials have documented the negative impact of HCV infection
on cardiac performance status, which was markedly improved after HCV
elimination [5, 6]. The hepatitis B virus (HBV) is also an important viral pathogen
causing liver cirrhosis. HBV patients with either compensated or decompensated
hepatic disease could present with multiple manifestations, including cardiac
disease [3, 7]. Non-alcoholic steatohepatitis (NASH) represents a special type of
chronic liver disease that is linked to metabolic syndrome and insulin resistance
[8, 9]. Accumulating data support the association between NASH and
cardiovascular disorders, including carotid atherosclerosis and ischemic heart
disease [10-12]. After intensive literature research, a clear paucity can be noted
regarding the cardiac performance in cirrhotic individuals with different aetiologies.
Therefore, we conducted the current investigation to evaluate and compare the
cardiac health in patients with chronic liver disease secondary to HCV, HBV, and
NASH.

Patients and Methods

The current prospective comparative trial was conducted at the National Liver
Institute, Menoufia Governorate, Egypt, after obtaining approval from the local
scientific and ethical committee of our institute. The study was conducted over a
two-year period, from December 2019 to December 2021. The study was designed
for adult patients aged between 18 and 65 years who presented with chronic liver
disease at our outpatient clinic during the previous period. On the other hand, we
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excluded subjects with primary cardiovascular diseases, pregnancy, intra or extra-
hepatic malignancy, concomitant HCV and HBV infection, decompensated
cirrhosis, history of alcohol abuse, or anemia.

The included participants were allocated into three equal groups based on the
etiology of cirrhosis; Group I included 50 chronic liver disease patients secondary
to HCV (positive HCV antibodies, positive HCV RNA by polymerase chain reaction
PCR for > six months, previous HCV treatment whatever the PCR status at the time
of inclusion, with no other evident etiology of cirrhosis), Group II included S0
patients secondary to HBV infection (established by positive HBsAg, positive PCR
for HBV DNA for > six months, previous treatment of HBV infection whatever PCR
status at the inclusion time, and absent other aetiologies of cirrhosis), and Group
III included the remaining 50 patients who had liver disease secondary to NASH
(confirmed by fibroscan when the hepatic controlled attenuation parameter > the
reading representing steatosis grade I, with absent other aetiologies of cirrhosis).

All patients received the standard evaluation starting with proper and detailed
history taking, general examination (including heart examination), and local
abdominal examination. Laboratory work-up included complete blood count (CBC),
liver biochemistry (including hepatic transaminases, bilirubin, albumin, gamma-
glutamyl transferase GGT, alkaline phosphatase, and international normalized
ratio INR). Other laboratory investigations included glycated hemoglobin (HbA1C),
lipid profile, and alpha-fetoprotein (AFP). Investigations to identify the etiology of
cirrhosis included HCVAb, HBsAg, and markers for autoimmune liver disease (for
exclusion).

Other investigations included 12-lead electrocardiography, transabdominal
ultrasonography, liver fibroscan, transthoracic echocardiography, and carotid
doppler ultrasound. The QT interval was estimated and corrected via Bazett's
formula [13]. The echocardiography procedure was performed via a Vivid 3N device
(General Electric) provided with 2.5- and 3.5-MHz transducers. Two-dimensional
and M-mode were performed for all patients. The former was done in parasternal
and apical views, while the latter was done to assess cardiac chamber dimensions.
The ejection fraction (EF) and E/A ratio were calculated. Systolic dysfunction was
diagnosed when EF was < 55% [14], whereas the presence of an E/A ratio of < 1
was taken as an indicator of diastolic dysfunction [15].

Regarding the assessment of carotid atherosclerosis, it was done via the Xario
machine (Toshiba) using a 7.5 MHz transducer. Measurement of the carotid intimal
medial thickness (IMT) was done by an experienced radiologist, two cm proximal to
the bifurcation of the common carotid artery. Carotid atherosclerosis was
diagnosed when IMT > Imm [16, 17]. Each of the previous three groups was
subdivided into two equal subgroups (25 patients in each subgroup); subgroup A
included patients without liver cirrhosis, while subgroup B included patients with
compensated liver cirrhosis. The presence of cirrhosis was established by US and
fibroscan when the liver stiffness corresponded to stage-4 fibrosis in the latter
diagnostic modality. Our main outcome was to compare the different cardiac
parameters between the evaluated three different aetiologies of cirrhosis.
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The collected data were tabulated and analyzed using the SPSS software for
windows. Categorical data were expressed as numbers and percentages, and then
using the Chi-Square test, Fischer Exact test, or Monte Carlo test. For quantitative
data, they were expressed as mean (with standard deviation) or median (and range
and interquartile range). These data were compared using either the independent
student-t or one-way Anova tests when two or three groups were compared,
respectively. For any of the previous tests, a p-value less than 0.05 was considered
statistically significant.

Results

For all patients included, their ages ranged between 44 and 64 years (mean = 55.38
years). Men represented 52.7% of the included total patient sample, while the
remaining patients were women (Not shown in the tables). When comparing the
main three study groups, their age had mean values of 56.22, 54.78, and 55.14
years in Groups I, II, and III, which was statistically comparable between the study
groups. However, the same groups expressed significant statistical differences
regarding their gender (p = 0.029), with an increased male predominance in Group
I (68% vs. 46% and 44% in Groups II and III, respectively) (Table 1).

Table 1
Demographic data of the study groups

Group I Group II Group III
Demographic data (n = 50) (n = 50) (n = 50) P
No. % No. % No. %
Sex
Male 34 68.0 23 46.0 22 44.0 0.029*
Female 16 32.0 27 54.0 28 56.0 )
Age (years)
Min. — Max. 47.0 - 64.0 44.0 - 62.0 45.0 - 62.0
Mean * SD. 56.22 £ 4.18 54.78 + 4.87 55.14 + 4.64 0.264
Median (IQR) 56.0 (53.0 - 60.0) |55.5(51.0-59.0) [57.0 (51.0 — 59.0)

On comparing the subgroups regarding liver biochemistry, subgroups B in the
three study groups expressed significantly elevated serum bilirubin, GGT, and AFP.
However, the same group showed a marked decrease in serum albumin and hepatic
transaminase levels. Other laboratory parameters are shown in Table 2.

Table 2
Liver biochemistry in the study subgroups

Group I (n = 50) Group II (n = 50) Group III (n = 50)
Liver profile Subgroup A [Subgroup B |Subgroup A [Subgroup B |Subgroup A |Subgroup B
(n =25) (n =25) (n = 25) (n = 25) (n = 25) (n = 25)
total Bilirubin
Min. — Max. 0.30-1.80 |0.40-2.10 |0.30-1.70 |0.70-2.20 |0.30-1.0 |0.80-2.20
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Mean + SD. 0.70+£0.42 |1.25+0.48 |0.80 +£0.36 {1.50 £0.48 |0.63 £0.20 (1.48 £0.47
1.30 0.60
. 0.50 0.80 1.70 1.60
Median (IQR) |5 40 - 0.90) (10‘680? " 0.50-1.0) |(1.1-1.9) 80550(3 T 11-19)
P <0.001* <0.001* <0.001*
direct Bilirubin
Min. — Max 0.08 - 0.90 |0.20 -0.90 |0.10-0.50 |0.20-0.70 |0.10-0.40 |0.20-0.70
Mean £ SD 0.25+0.18 |0.50+0.18 |0.30+0.11 |0.46+0.13 [0.22 £0.10 |0.46 +0.18
0.20 0.50 0.30 0.40 0.20 0.40
Median (I0R) |50 _ ¢.30)|(0:40 - (0.20 — (0.40 — (0.20 — (0.30 —
) "~ 770.60) 0.40) 0.60) 0.30) 0.60)
<0.001* <0.001* <0.001*
Ibumin
Min. — Max 3.30 -4.50 |3.30 -4.20 |3.40-4.30 |3.30-4.10 |3.60 —4.80 |3.40 - 3.90
Mean £ SD 3.92+0.32 |3.74 £ 0.26 |3.84 +0.27 |3.63 £0.21 |4.17 £0.34 |3.62 +0.14
Median (IQR) 3.90 3.70 3.80 3.60 4.20 3.60
(3.7-4.2) |3.6-4.0) |3.6-4.1) |3.5-3.7) |(839-4.5) |(8.5-3.7)
0.037* 0.004* <0.001~
ST
Min. — Max. 9.0-41.0 |9.0-59.0 |18.0-65.0 |{15.0-55.0 |[35.0-85.0 |27.0-55.0
Mean + SD 25.48 27.56 39.04 29.44 £ 55.40 39.92 £
) 9.67 12.58 11.69 10.60 12.44 7.93
95.0 28.0 42.0 26.0 52.0 40.0
Median (IQR) 757 35 /(160 - (30.0 - (22.0 - (46.0 — (35.0 —
: ~1133.0) 46.0) 35.0) 63.0) 47.0)
0.515 0.004* <0.001*
LT
Min. — Max 9.0-64.0 |9.0-82.0 |20.0-90.0 |{14.0-60.0 |45.0-95.0 [38.0-65.0
Mean + SD 26.52 * 28.12 48.52 % 35.76 067.20 = 47.28 £
B 11.51 19.30 16.56 13.29 12.09 8.17
95.0 18.0 46.0 32.0 65.0 45.0
Median (IQR) |35 _ 30.0)|(16:0 - (38.0 - (28.0 - (62.0 — (41.0 -
: ~)140.0) 60.0) 40.0) 75.0) 52.0)
P 0724 0.004* <0.001*
lkaline
phosphatase [45.0 — 35.0 - 35.0 - 49.0 - 57.0 - 57.0 -
Min. — Max. 110.0 107.0 110.0 115.0 120.0 120.0
Mean + SD 74.72 75.64 60.32 % 84.84 86.12 % 92.32 %
) 15.11 22.43 20.35 16.54 15.88 16.45
. 750 80.0 60.0 85.0 83.0 95.0
Median (IQR) |50 _ g5 0)|(70:0 - (40.0 — (72.0 - (75.0 — (83.0 —
) "’193.0) 75.0) 96.0) 93.0) 103.0)
P 0.866 <0.001* 0.182
GGT
Min. - Max. 11.0-35.0 |13.0-38.0 |12.0-40.0 |18.0-45.0 |12.0-24.0 |18.0-45.0
Mean + SD 20.56 % 22.12 % 26.36 * 31.56 17.16 29.28 £
B ) 6.49 6.55 7.92 8.23 3.47 7.84
Median (IQR) 19.0 21.0 28.0 31.0 18.0 28.0

(16.0 - 23.0)
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(18.0 - (20.0 - (25.0 - (15.0 - (24.0 -
25.0) 30.0) 40.0) 20.0) 35.0)
P 0.402 0.027* <0.001*
INR
Min. - Max. |1.0-1.20 [1.10-1.30 |1.0-1.30 [1.0-1.30 [1.04-1.20 |1.0-1.20
Mean + SD.  [1.08 +0.07 [1.17 £ 0.08 |1.14 £+ 0.09 |1.14 +0.08 [1.11 £ 0.04 |1.10 + 0.06
. 1.10(1.0- |1.20(1.1- |1.10(1.1- |[1.10(1.1- |1.10(1.1- |[1.10(1.1-
Median (IQR) |, ) ( 1.2) ( 1.2) ( 1.2) ( 1.1) ( 1.1) (
P <0.001* 0.961 0.590
FP
Min. - Max.  |11.0 - 75.0 |11.0 - 75.0 |6.0 - 29.0 3'0026_0 7.0-25.0 |11.0-75.0
Mean + SD. |25:04 % 37.24 + 16.84 + 197.7 + 15.40 + 35.12 +
© |15.07 20.44 5.11 796.6 4.43 19.36
20.0 30.0 17.0 32.0 15.0 30.0
Median (IQR) |16 _ 5g 0)[(20-0 (13.0 - (22.0 - (12.0 - (19.0 -
‘ ~)55.0) 20.0) 60.0) 18.0) 45.0)
P 0.019* <0.001* <0.001*

HbA1C showed a significant difference between the three groups (p > 0.01), as it
had mean values of 5.65%, 5.33%, and 6.45% in Groups I, II, and III, respectively

(Table 3).

Table 3
Glycosylated hemoglobin in the three study groups

Group I Group II Group III
HbAlc (%) (n = 5?0) (n = 5pO) (n= 5pO) F P
Min. — Max 4.90 - 6.60 5.0 - 6.40 5.10 - 8.0 |
Mean * SD. 5.65 = 0.40 5.33+0.23 6.45+0.91 47.368" |<0.01*
Median (IQR) 5.60 (5.3 -6.0) |5.30 (5.2-5.4) |6.55(5.7-"7.2)
Sig. bet. groups. p1=0.021", p2<0.01", p3<0.01"

Regarding lipid profile in the three study groups, serum triglycerides showed a
significant elevation in Group III (144.6 mg/dl vs. 129.5 and 114.8 mg/dl in Groups
I and Group II, respectively. The remaining three lipid profile parameters, including
cholesterol, and high-and low-density lipoproteins, were statistically comparable
between the three study groups (Table 4).

Table 4

Lipid profile in the main three study groups

.. Group I Group II Group III
Lipid profile (n = 5pO) (n = 5pO) (n = 5pO) P
| Triglycerides
Min. — Max. |7o.o -240.0 71.0 -210.0 60.0 — 239.0 <0.001*
Mean = SD. 129.5 + 37.34 114.8 + 26.95 144.6 +44.10 ’
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. 129.0(95.0 - 110.0(95.0 - 150.0(117.0-

Median (IQR) 158.0)( 130.0)( 170.0)(

Sig. bet. groups. p1=0.117, p2= 0.104, p3<0.001"

Cholesterol

Min. — Max. 101.0 - 225.0 95.0 - 264.0 106.0 - 244.0

Mean + SD. 171.0 £ 30.97 167.3 + 35.45 179.6 + 36.87 0.195

Median (IQR) 173.0(158.0 - 160.0(145.0 - 181.5(160.0 —
192.0) 180.0) 205.0)

Low-density

lipoprotein (LDL)

Min. — Max. 46.0 - 144.0 50.0 - 197.0 45.0-175.0

Mean + SD. 91.12 £ 25.40 88.24 £ 29.84 93.76 £ 28.15 0.613

Median (IQR) 90.0(70.0 - 85.0(70.0 - 90.0(70.0 - '
107.0) 101.0) 110.0)

high-density

lipoprotein (HDL)

Min. — Max. 30.0-70.0 31.0-84.0 35.0 - 66.0

Mean + SD. 49.70 £9.13 51.22+9.11 47.42 £ 8.13 0.098

Median (IQR) 50.0(44.0 - 55.0) |50.0(46.0 — 55.0) |50.0(40.0 - 53.0)

EF had mean values of 62.58%, 62.8%, and 64.14% in Groups I, II, and III,
respectively. In the same groups, an E/A ratio of more than one was detected in
30%, 34%, and 28% of patients, respectively, whereas the remaining cases had an
E/A ratio < 1 (Table 5).

Table 5

Echocardiographic findings in the three main study groups

Group I Group II Group III
Echo (n = 5130) (n = 5?0) (n = 5?0) P
EF %
Min. — Max. 55.0 - 69.0 56.0 - 72.0 56.0 - 78.0 0.145
Mean + SD. 62.58 £4.15 62.80 £ 4.26 64.14 £ 4.40 )
Median (IQR) 63.0(59.0 - 66.0) |63.0(59.0 — 66.0) |64.0(61.0 — 67.0)
E /A ratio
<1 15(30.0%) 17(34.0%) 14(28.0%) 0.803
>1 35(70.0%) 33(66.0%) 36(72.0%) '

EF showed a significant decline in association with cirrhosis in Groups II and III
when compared to non-cirrhotic ones. Nonetheless, that significant decline was not
observed in Group I. Likewise, the E/A ratio did not show any significant difference
between the cirrhotic and non-cirrhotic subgroups in Groups [ and III. In contrast,
the E/A ratio 21 was more detected in association with cirrhosis (p = 0.037) (Table

6).
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Echocardiographic findings in the study subgroups
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Group I (n = 50) Group II (n = 50) Group III (n = 50)
Echo Subgroup A |Subgroup B |Subgroup A |Subgroup B |Subgroup A |Subgroup B
(n =25) (n=25) (n=25) (n=25) (n=25) (n=25)
Ejection
fraction(EF %)
Min. — Max. 56.0 - 69.0 |55.0-69.0 [56.0-72.0 [56.0 -67.0 |57.0-"78.0 |56.0 -67.0
Mean + SD 63.68 = 61.48 + 64.04 + 61.56 + 65.52 62.76
T 3.56 4.46 4.72 3.40 5.13 3.05
Median (IQR) 64.0 60.0 64.0 62.0 65.0 63.0
(62.0 — 66.0)|(58.0 — 64.0)|(62.0 — 67.0)|(59.0 — 64.0)|(63.0 — 68.0)|(61.0 — 65.0)|
P 0.060 0.038" 0.026"
E /A ratio
<1 5(20.0%) 10(40.0%) |12(48.0%) |5(20.0%) 4(16.0%) 10(40.0%)
>1 20(80.0%) [15(60.0%) [13(52.0%) [20(80.0%) |21(84.0%) |15(60.0%)
P 0.123 0.037" 0.059

Prolonged QT interval was noted in 30%, 40%, and 37% of patients in Groups [, II,
and III, respectively, which was comparable on statistical analysis (p = 0.572) (Table

7).

Table 7
QT interval in the main three study groups

Group I Group II Group III
QT (n = 50) (n = 50) (n = 50) P

No. % No. % No. %
Normal 35 70.0 30 60.0 33 66.0 0.579
Prolonged 15 30.0 20 40.0 17 37.0

According to Table 8, there was a significant increase in QT interval prolongation
in association with cirrhosis in Groups I and II. However, that change was not
noticed in Group III.

Table 8
QT interval in the study subgroups

Group I (n = 50) Group II (n = 50) Group III (n = 50)

oT Subgroup A [Subgroup B |Subgroup A |Subgroup B |Subgroup A |Subgroup B
(n = 25) (n = 25) (n = 25) (n = 25) (n = 25) (n = 25)
No. ‘% No. ‘% No. ‘% No. ‘% No. ‘% No. ‘%
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Normal 22 [88.0 |13 [52.0 |19 [76.0 |11  [44.0 [18 [72.0 [15  [60.0
Prolonged 3 12.0 |12 |48.0 |6 24.0 |14 |56.0 |7 28.0 |10  |40.0
P 0.005* 0.021* 0.370

Carotid atherosclerosis was detected in 28%, 28%, and 32% of cases in Groups I,
II, and III, respectively, which was insignificant on statistical analysis (p = 0.879)

(Table 9).
Table 9
Carotid IMT in the main three study groups
-
. . Group I Group II Group III
IMT in carotid (Il — 50) (1’1 — 50) (n — 50) P
doppler
No. % No. % No. %
Normal 36 72.0 36 72.0 34 68.0 0.879
Atherosclerosis 14 28.0 14 28.0 16 32.0 '

The presence of cirrhosis did not have any significant impact on the incidence of
carotid atherosclerosis, as shown in Table 10.

Table 10
Carotid IMT in the study subgroups
r
Group I (n = 50) Group II (n = 50) Group III (n = 50)
IMT inCarotid| Subgroup A | Subgroup B | Subgroup A | Subgroup B | Subgroup A | Subgroup B
doppler (n=25) (n=29) (n=29) (n=25) (n=25) (n=25)
No. % No. % No. % No. % No. % No. %
Normal 21 84.0 15 60.0 19 | 76.0 17 68.0 | 20 | 80.0 14 56.0
‘:&heroselero 4 |16.0| 10 |40.0| 6 |240| 8 |320| 5 |200]| 11 |44.0
P 0.059 0.529 0.069
= |

There was no significant difference between the cirrhotic subgroups as well as non-
cirrhotic groups regarding the incidence of carotid atherosclerosis (Table 11).

Table 11

Comparison between the three studied groups according to IMT in Carotid
doppler in each subgroup

[ ——

Subgroup A (n = 75) Subgroup B (n = 75)
IMT inCarotid |Group I Group II Group III Group Group II Group III
doppler (n = 25) (n=29) (n = 25) (n = 25) (n=29) (n = 25)

No. % No. % No. Y% No. % No. % No. %
Normal 21 84.0 |19 76.0 |20 80.0 |15 60.0 |17 68.0 |14 56.0
Atherosclerosis|4 16.0 |6 24.0 |5 20.0 |10 40.0 |8 32.0 |11 44.0
P 0.779 0.675
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As illustrated in Table 12, the cirrhotic subgroups tended to have a higher incidence
of QT prolongation, carotid atherosclerosis, and low EF.

Table 12
Comparison between the two studied groups according to different parameters

Subgroup A Subgroup B
(n=75) (0= 75) Testof |p
sig.
No. % No. %
E/A ratio
<1 21 28.0 25 33.3 Cm
>1 54 72.0 |50 66.7 |o.502 |99
QT
Normal 59 78.7 39 52.0 L 0.001*
Prolonged 16 21.3 36 48.0 11.774° |~
IMT inCarotid
doppler
Normal 60 80.0 46 61.3 7 0.012"
Atherosclerosis 15 20.0 29 38.7 6.304" )
EF %
|Min. - Max. 56.0 - 78.0 55.0 - 69.0
Mean * SD. 64.41 + 4.53 61.93 + 3.68 3f678* <0.001"
Median (IQR) 64.0(62.0 - 67.0) [62.0(59.0 — 64.50)
Discussion

Nowadays, little data is known regarding the accurate incidence of cardiac
dysfunction in patients with liver cirrhosis. The impact of the etiology and severity
of liver disease on cardiac performance is also understudied. That is why we
conducted the current study to evaluate cardiac functional status in patients with
different aetiologies of cirrhosis (HCV, HBV, and NASH). Few studies have handled
that comparison, and that poses an advantageous point in favor of our study. Our
findings showed no significant difference between the three main study groups
regarding the QT interval. Nevertheless, the cirrhotic subgroups had significant
prolongation of the same parameter compared to the non-cirrhotic subgroups.
Moaref and his colleagues confirmed our findings regarding the prolongation of QT
interval in association with cirrhosis [18]. Multiple factors contribute to QT interval
prolongation in cirrhotic individuals, including delayed cardiac repolarization,
downregulation of adrenergic receptors secondary to chronic norepinephrine
exposure, increased bile salts levels, and increased serum uric acid [18-20].

Li et al. also reported normalization of the QT interval in 85% of cirrhotic individuals
after undergoing liver transplantation. This indicates the strong association
between liver disease and QT interval prolongation [21]. In the current study, we
found that systolic function was within normal ranges in the cirrhotic and non-
cirrhotic subgroups. Moreover, left ventricular EF showed no significant difference
between the different groups. In agreement with our findings, many previous
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studies reported normal EF ranges in patients with cirrhosis, indicating normal
systolic function [22-25]. Contrarily, other researchers noted a significant increase
in the incidence of systolic dysfunction, especially when the individuals were
exposed to stress, including sodium load, erect posture, or exercise [22, 24, 26, 27].
The decreased myocardial reserve, weakened heart rate response to stress, and
impaired oxygen extraction at cardiac muscle could explain the previous
dysfunction [22, 28].

Our findings showed no significant difference between the three groups regarding
the E/A ratio. However, there was a statically significant difference in HBV
subgroups between non-cirrhotic and compensated cirrhotic subgroups. The
incidence of diastolic dysfunction was significantly increased in association with
HBV cirrhosis. Yuan et al. agreed with our findings, as they reported that impaired
relaxation was more noticed in patients with chronic HBV infection compared to
patients with compensated liver disease [3]. The previous difference in E/A ratio
detected in HBV subgroups was not observed in subgroups of HCV and NASH
groups. In the NASH group, patients with diastolic dysfunction represented 40%
and 16% of subgroups B and A, respectively, implying the increased incidence of
dysfunction with cirrhosis despite the absence of any statistical significance. In the
same context, Byrne and Targher confirmed the association between NASH severity
and cardiac remodeling [29].

In the HCV group in our study, diastolic dysfunction was present in 40% and 20%
in subgroups B and A, respectively. The incidence was higher in association with
cirrhosis, although no statistical significance was reached. A previous study
conducted in Egypt highlighted the significant association between HCV cirrhosis
and diastolic cardiac dysfunction. The authors attributed these cardiac changes to
chronic cardiac inflammation and subsequent fibrosis [30]. In our study, when
comparing the cirrhotic population to the non-cirrhotic ones, there was a significant
elevation in the incidence of diastolic dysfunction. That coincides with previous
publications, which stated that the E/A ratio is significantly decreased in
association with cirrhosis, especially when ascites is present [31, 32]. The impaired
diastolic function with cirrhosis could be explained by cardiac fibrosis,
hypertrophy, and subendothelial edema [33].

In our study, the three main groups did not show any significant differences in the
incidence of carotid atherosclerosis (p = 0.879). Nonetheless, the incidence was
relatively higher in association with NASH. This is in accordance with previous
studies which confirmed the association between NASH and atherosclerotic
cardiovascular disease [34-36]. Our findings showed an increased incidence of
carotid atherosclerosis in the cirrhotic than the non-cirrhotic subgroups, regardless
of the cause. Previous studies have established the association between severe liver
disease and increased carotid IMT [37, 38]. In the current study, HbA1C showed a
significant increase in group III compared to the other two groups. This is in
agreement with Chen et al., who reported that increased HbA1C levels might play
a crucial role in the pathogenesis of NASH [39].

Our findings showed increased levels of triglycerides in association with NASH
compared to the other two groups. As dyslipidemia is another feature of the
metabolic syndrome, which is the main criminal of NASH pathogenesis, it is
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reasonable to detect high triglyceride levels in such patients [40]. Our study has
some limitations; first of all, we included a relatively small sample size. Additionally,
all patients were collected from a single hepatology center. Thus, more studies,
including more patients from different centers, should be conducted in the near
future.

Conclusion

Based on the preceding findings, the three evaluated aetiologies of chronic liver
disease had considerable cardiovascular effects, including EF, E/A ratio, prolonged
QT interval, and incidence of carotid atherosclerosis. Liver cirrhosis was associated
with poor cardiac function manifested by decreased EF, prolonged QT interval, and
increased incidence of carotid atherosclerosis.

Conflict of interest: Nil.
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