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نوهدلليئاذغلاليثمتلايفتاريغتلاديدحتلةساردلاتيرجأ:ثحبلافادهأ
.)بيدبكلاسوريفلا(يباجيلإادبكلافيلتىضرملدبكلاميزنإةلاحو

سوريفبباصميدبكفيلتضيرم300هعومجمامنيمضتمت:ثحبلاقرط
مت.هذهدهاوشلاوةلاحلاةسارديفميلسمكحترصنع200وبدبكلاباهتلا
ىلإسرامنمروهلايفةيثلاثلاةياعرلاتايفشتسمفلتخمنمىضرملادينجت
باهتللايحطسلادضتسملالجأنماهليلحتومدلاتانيععمجمت.2021ربوتكأ
دبكلافئاظولةيويحلاتاملاعلاوبدبكلاباهتلافلاغدضتسمويئابلادبكلا

ةيتوصلاقوفتاجوملابريوصتلاقيرطنعدبكلافيلتديكأتمت.لصملانوهدو
.دبكلاةعزخو

تناكمدلايفدبكلافئاظولةيويحلاتارشؤملانأحضاولانمناك:جئاتنلا
يفريثكبلقأتناكمدلايفنوهدلاتايوتسمنأنيحيف،ظوحلملكشبىلعأ
تفشك.طباوضلابةنراقمبدبكلاباهتلاسوريفبنيباصملادبكلافيلتىضرم
مدلاتايمحشرسععمرمعلاوسنجلانيبةيونعمةقلاعدوجومدعنعةساردلا
ابلساهجيردتودبكلاعمشتتاجردفينصتطبترا.دبكلافيلتىضرميف
ةيلاعلاتايوتسملاوسنجلاظحول،كلذىلعةولاع.يلكلالورتسيلوكلاتايوتسمب
ىضرميفمدلاتايمحشللخبةطبترمةريبكرطخلماوعكدبكلاتاميزنإنم
لصملانوهدودبكلاتاميزنلأىلثملاةلصافلاميقلاتناك.بيباجيلإادبكلافيلت
.ةيعيبطلااهتاقاطننمىلعأدبكلافيلتصيخشتلجأنم
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Abstract

Objective: This study was conducted to determine

changes in lipid metabolism and liver enzyme status

among HBV-positive patients with liver cirrhosis.

Methods: A total of 300 HBV-positive patients with liver

cirrhosis and 200 healthy controls were included in this

caseecontrol study. The patients were recruited from

several tertiary care hospitals in Lahore from March to

October 2021. Their blood samples were collected and

analyzed for HBsAg, HBeAg, liver function biomarkers,

and serum lipids. Liver cirrhosis was confirmed by ul-

trasonography and liver biopsy. The data were analyzed

with chi-square test, Student’s t-test, logistic regression,

and ROC curve analysis.

Results: Serum liver function biomarkers were signifi-

cantly higher, and serum lipid levels were substantially

lower, in HBV-infected patients with liver cirrhosis than

in controls. No significant associations of sex and age

with dyslipidemia were observed in patients with

cirrhosis. Grading and staging scores for liver cirrhosis

were negatively associated with total cholesterol levels.

Moreover, sex and high levels of liver enzymes were sig-

nificant risk factors associated with dyslipidemia in HBV-
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positive patients with liver cirrhosis. The optimum cut-off

values of liver enzymes and serum lipids for the prognosis

of liver cirrhosis exceeded normal ranges.

Conclusion: Serum lipid concentrations may serve as a

clinical index to assess liver damage in HBV-positive

patients.

Keywords: Dyslipidemia; HbsAg; Hepatitis B virus; Liver

function biomarkers; Serum lipids

� 2023 The Authors. Published by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Globally, HBV infection is one of the leading
infectious diseases and is associated with high morbidity

and mortality.1 The World Health Organization
has estimated that 296 million people were living
with chronic hepatitis B (CHB) infection in 2019,
and 1.5 million cases occur annually. Cirrhosis and

hepatocellular carcinoma are two of the most common
complications of CHB.2

The etiologies of cirrhosis differ among regions of the

world.3 Most liver cirrhosis in North America is caused by
CHB infection, whereas chronic hepatitis C infection is
responsible for most liver damage in Asia and the

Pacific. Hemochromatosis, Wilson’s disease, primary
biliary cirrhosis, and autoimmune hepatitis are all
considered to cause liver cirrhosis. In rare cases,

cryptogenic or idiopathic causes have been found.4

Despite the multifactorial causes of liver cirrhosis, liver
cirrhosis presents several pathological characteristics,
including liver function loss and fibrotic tissue

replacement.5 Currently, no proven treatment is
available, because the molecular mechanism underlying
liver cirrhosis is not fully understood. Therefore, better

understanding of the pathogenesis of liver cirrhosis is
required to enable the development of more effective
treatments.6

Chronic liver diseases are associated with changes in
serum lipids, because the liver plays a critical role in lipid
metabolism. CHB and liver cirrhosis have been reported to
be inversely associated with total cholesterol (TC) and

high-density lipoprotein (HDL).7 Different liver diseases
impair plasma lipids in various ways.8,9 CHB and
cirrhosis may result in lower liver biosynthetic capacity,

thus decreasing plasma triglycerides (TG) and
cholesterol.10 Data from Pakistan regarding impaired
serum lipids in patients with HBV-caused liver cirrhosis

are lacking.
The current study was performed to delineate the alter-

ations in blood serum lipid profiles and subsequently eluci-

date the associations of serum lipids with liver enzymes and
liver histology in HBV-infected patients with liver cirrhosis
in Pakistan.
Materials and Methods

Study participants

A total of 300 HBV-positive patients who visited multiple
tertiary care hospitals in Lahore, comprising the Pakistan
Kidney & Liver Institute, The University of Lahore Teaching
Hospital, Ganga Ram Hospital, Mayo Hospitals, and

Sheikh Zayed Hospital, were included in the study regardless
of their age and sex. Patients receiving antiviral therapy or
blood transfusion, and those who were co-infected with

HCV, HAV, or HIV were excluded. A total of 200 age and
sex-matched individuals with no history of HBV infection
were included in the control group. Individuals with a history

of alcohol use, malignancy, or seropositive HBsAg were
excluded. Patient medical history of any viral infection,
malignancy, cholestatic liver diseases including primary

biliary cirrhosis, autoimmune hepatitis, biliary ductal
obstruction, primary sclerosing cholangitis, or sarcoidosis, as
well as basic demographic features (age and sex), was
recorded on questionnaires completed by patients after

written consent had been obtained from the patients or their
guardians. Patients with a history of cholestatic liver diseases
and/or use of hypolipidemic drugs were excluded.

Laboratory measurements

Blood samples (5 ml) from patients and healthy controls

who had fasted for 10e14 h were collected under sterilized
conditions. HBV positivity was confirmed serologically
through detection of HBsAg, HBeAg (ELISA, Abbott

Laboratories, USA), and HBV DNA. Liver cirrhosis was
diagnosed on the basis of physical signs and symptoms,
including weight loss, fatigue, weakness, ascites, asterixis,
digital clubbing, and collateral vessels in the abdominal wall,

and was confirmed by ultrasonography (Figure S1) and liver
biopsy (Figure S2). The grades and stages of biopsy samples
were evaluated as described previously.11 The grading was

performed on a scale of 0e18 (modified HAI scale),
whereas liver fibrosis staging was determined on a scale of
0e6. The levels of serum biochemical analytes, including

TC, TG, HDL, very low-density lipoproteins (VLDL), low-
density lipoproteins (LDL), bilirubin, aspartate amino-
transferase (AST), alkaline phosphatase (ALP), and alanine

transaminase (ALT), were measured with a clinical analyzer
(Hitachi 7600, Japan).

Statistical analysis

The mean and standard deviation (SD) were calculated
for each parameter. SPSS version 20 (SPSS Inc. Chicago, IL)
was used to detect associations. Continuous variables are

presented as mean � SD, whereas categorical variables are
described as frequencies or percentages. Student’s t-test was
applied to compare continous variables, whereas the chi-

square test was used to compare categorical variables be-
tween the HBV-positive and control groups. Multivariable
logistic regression analysis was performed to detect the in-

dependent associations of age, sex, and liver function

http://creativecommons.org/licenses/by-nc-nd/4.0/
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biomarkers with dyslipidemia in HBV-positive patients with
liver cirrhosis. To estimate risk factors, we calculated odds

ratios with 95% confidence intervals (CI). The predictive
values of the identified risk factors were assessed according
to the area under the receiver operating characteristic (ROC)

curve. Optimum cut-off values were calculated with You-
den’s index. A P-value less than 0.05 indicated a significant
difference.

Results

The baseline characteristics of the study participants are

indicated in Table 1. The HBV-positive group comprised 137
(46%) males and 163 (54%) females, whereas the control
group comprised 107 (53.5%) females and 93 (46.5%) males.

The study participants were divided into five age groups. The
mean age was 54.6 � 13.3 years and 54.3 � 12.7 years in the
HBV-positive and control groups, respectively. Liver

cirrhosis and hepatitis B more prevalent in females and pa-
tients in the 41e60 year age group. Blood liver function
biomarkers (bilirubin, ALT, AST, and ALP) were signifi-
cantly higher in HBV-positive patients with cirrhosis than in

controls. In contrast, serum TC, TG, HDL, LDL, and
VLDL levels were markedly lower in HBV-positive patients
with cirrhosis than in controls.

Sex and age differences in the predictive value of the lipid
profile

Evaluation of variations in serum lipids in relation to the
age and sex of the participants revealed no statistical asso-
ciation between sex (Table 2) and dyslipidemia in HBV-

positive patients and healthy controls. The predictive
values of TC, VLDL, TG, HDL, and LDL were similar in
the male and female populations of both groups.
Table 1: Demographic and clinical features of the study population.

Parameters Reference Range Patients (n

Age (years) e 54.6 � 13.

Age group n (%)

�20 e 2 (0.7)

21e40 e 43 (14.3)

41e60 e 162 (54)

61e80 e 84 (28)

81e100 e 9 (3)

Sex n (%)

Male e 137 (46)

Female e 163 (54)

LFTs

Bilirubin 0e1.2 mg/dl 0.7 � 0.92

AST 10e35 U/L 52.4 � 123

ALT 9e41 U/L 50.9 � 70.

ALP 30e120 U/L 121.8 � 87

Lipid profile

TC <200 mg/dl 153.7 � 9.

TG <200 mg/dl 134.8 � 8.

HDL 40e50 mg/dl 22.2 � 4.4

LDL <115 mg/dl 79.6 � 11.

VLDL w50 mg/dl 29.9 � 5.8
Moreover, a comparison of mean values of serum lipids
except HDL indicated no statistical association with the ages

of the HBV-positive patients and controls. The level of HDL
in HBV-positive patients with liver cirrhosis was low in age
group I, followed by age groups V, III, IV, and II (Table S1).

Correlation of LFTs with the lipid profile

The correlation between serum lipids and liver function

biomarkers was evaluated through Pearson’s correlation.
Among all serum lipids, HDL levels showed a strong and
significant negative association with bilirubin and liver
function biomarkers. LDL levels showed a weak but highly

significant positive association with bilirubin and a negative
correlation with liver enzymes. Importantly, TC levels were
weakly but significantly associated with bilirubin levels but

not significantly associated with liver enzymes. VLDL and
TG levels had weak, negative, and non-significant associa-
tions with bilirubin and liver enzymes except ALP (Table 3).

Liver histology

The mean grading and staging scores for liver biopsy in

HBV-positive patients with liver cirrhosis were 10.1 � 4.7
and 3.4 � 1.4, respectively. Analysis of the correlations of
grading and staging scores with serum lipids and liver func-

tion biomarkers was performed with Pearson’s rank corre-
lation, which demonstrated positive correlations of grading
score with serum lipids (except TC) and all liver function
biomarkers (Table 4), and negative correlations of staging

score with TC and VLDL. Moreover, none of the
correlations between the staging score and serum
biochemical analytes were statistically significant, whereas

the grading score exhibited a statistically significant
negative correlation with only TC.
¼ 300) Controls (n ¼ 200) P

3 54.3 � 12.7 0.615

2 (1) 0.969

29 (14.5)

112 (56)

52 (26)

5 (2.5)

93 (46.5) 0.855

107 (53.5)

0.63 � 0.34 0.224

.43 25.4 � 8.9 <0.001

80 24.2 � 9.2 <0.001

.27 74.8 � 8.9 <0.001

2 190.0 � 5.6 <0.001

6 145.8 � 7.3 <0.001

40.8 � 6.0 <0.001

6 101.9 � 9.6 <0.001

47.4 � 4.2 <0.001



Figure 1: ROC curve analysis of serum liver function biomarkers for HBV-positive patients with liver cirrhosis.

Figure 2: ROC curve analysis of serum lipid enzymes for HBV-positive patients with liver cirrhosis.
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Table 3: Pearson’s correlation between liver enzymes and lipid profiles in HBV-positive patients with cirrhosis.

Bilirubin AST ALT ALP

r P r P r P r P

TC �0.07 <0.001 �1.42 0.8 �1.47 0.48 0.07 0.67

TG �0.06 0.17 �0.06 0.96 �0.06 0.98 0.01 <0.001

HDL �0.21 <0.001 �0.18 <0.001 �0.18 <0.001 �0.03 0.04

LDL 0.038 <0.001 �0.07 <0.001 �0.08 0.16 0.09 0.007

VLDL �0.01 0.29 �0.06 0.06 �0.05 0.32 0.01 <0.001

Table 4: Correlations of serum lipids and liver function bio-

markers with histological variables.

Grading Score Staging Score

r P r P

TC �0.12 0.04 �0.06 0.29

TG 0.02 0.97 0.02 0.76

HDL 0.10 0.08 0.01 0.84

LDL 0.05 0.94 0.04 0.49

VLDL 0.02 0.74 �0.07 0.20

Bilirubin 0.04 0.46 0.05 0.35

AST 0.12 0.04 0.07 0.20

ALP 0.02 0.97 0.06 0.27

ALT 0.08 0.16 0.10 0.07

Table 5: Risk factors associated with dyslipidemia in HBV-

positive patients with liver cirrhosis.

Variable OR 95% CI P

Age 0.978 0.948e0.989 0.805

Sex 0.357 0.199e0.639 0.001*

Bilirubin 0.839 0.595e1.184 0.318

AST 0.878 0.845e0.912 <0.001*

ALP 0.927 0.913e0.941 <0.001*

ALT 0.919 0.897e0.942 <0.001*

OR ¼ odds ratio, CI ¼ confidence interval.

Table 6: Area under the curve and optimum cut-off values for serum

Variables Area under the curve Optimum c

TC 0.48 206 mg/dl

HDL 0.52 42.5 mg/dl

LDL 0.42 153.5 mg/d

VLDL 0.49 29.5 mg/dl

TG 0.52 147.5 mg/d

ALT 0.762 43.6 U/L

AST 0.766 42.5 U/L

ALP 0.800 90.5 U/L

Table 2: Sex differences in lipid profiles in HBV-positive patients with cirrhosis and healthy controls.

HBV-positive Group Control Group P

Males Females Males Females

TC 152.5 � 8.1 154.6 � 9.8 190.1 � 5.3 189.9 � 5.9 0.630

TG 134.8 � 8.6 134.8 � 8.7 146.2 � 8.2 145.2 � 8.4 0.572

HDL 22.1 � 4.3 22.3 � 4.4 41.2 � 5.8 40.5 � 6.2 0.724

LDL 80.8 � 11.7 78.8 � 11.5 100.9 � 9.4 102.3 � 9.7 0.570

VLDL 29.5 � 6.1 30.2 � 5.6 46.8 � 4.4 47.9 � 4.1 0.450

Data are presented as mean � SD.
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Risk factors associated with dyslipidemia in HBV-positive

patients with liver cirrhosis

A multivariate logistic regression analysis was
performed to assess the independent risk factors (age, sex,
grading score, and staging score) associated with the

impaired serum lipid profiles in HBV-positive patients with
liver cirrhosis. The analysis revealed that sex and high levels
of serum ALT, AST, and ALP were the significant risk fac-

tors associated with dyslipidemia in HBV-positive patients
with liver cirrhosis (Table 5).

Receiver operative characteristics curve analysis of serum
lipids and liver enzymes

ROC curve analysis demonstrated that the areas under

the curve for liver enzymes (Figure 1) and serum lipids
(Figure 2) predicted liver cirrhosis in HBV-infected patients
and indicated the optimum cut-off values (Table 6).
Discussion

The current investigation explored the association of
serum lipids with liver enzymes and liver histology in HBV-

positive patients with liver cirrhosisda patient group
lipids and liver enzymes.

ut-off values Sensitivity Youden Index

0.399 �0.066

0.238 �0.164

l 0.098 �0.061

0.734 0.059

l 0.713 0.064

0.993 0.993

0.566 0.407

0.615 �0.123
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typically showing abnormally elevated liver enzymes.12 This
increase in liver enzyme concentration is directly associated

with the liver disease grade. We found significantly higher
levels of bilirubin, ALT, AST, and ALP in the HBV-
positive group than in the control group. In contrast, the

levels of serum lipids (TC, TG, HDL, LDL, and VLDL) were
significantly lower in HBV-positive patients with cirrhosis
than in controls. Hepatic impairment caused by HBV has

been reported to disrupt lipid metabolism and to decrease
serum lipid levels.11,13,14 This decrease in lipid levels is
associated with a compromised lipid-synthesis ability in the
liver, owing to liver cirrhosis. No significant associations of

sex or age with dyslipidemia were observed in patients with
cirrhosis and healthy controls in the current investigation.
Ghadir et al. have reported that dyslipidemia is associated

with the progression of the disease rather than the age or sex
of patients.15

In the current study, the association of serum lipids with

liver function biomarkers suggested that HDL levels strongly
and significantly correlated with liver enzyme levels and may
serve as a strong predictor of liver function and cirrhosis.
Trieb et al. have reported that HDL levels in patients with

liver are significantly altered.16 Ramcharran et al. have
revealed the prognostic value of HDL in viral hepatitis
liver cirrhosis.17 An association of HDL with liver cirrhosis

has also been reported by Manka et al.18 Su et al. have
reported poorer liver dysfunction outcomes in patients with
liver cirrhosis with lower HDL levels.19

We found that the grading score was positively correlated
with serum lipids (except TC) and all liver function bio-
markers, and the staging score was negatively correlated with

TC and VLDL. Both grading and staging scores were nega-
tively associated with TC. Several studies have explored the
relationship between serum lipids and liver fibrosis. A study
from Spain has revealed significant associations of HDL and

TG with fibrosis in HBV-infected patients.20 A study from an
American University has reported that LDL is a good
predictor of liver fibrosis.21 In HCV infection, Siagris et al.

have found that the grading score is positively correlated
with TC, whereas no correlation exists between the staging
score and serum lipids (TC, LDL, HDL, or TG).22

A multivariate logistic regression analysis revealed that
sex and high levels of serum ALT, AST, and ALP were sig-
nificant risk factors associated with dyslipidemia in HBV-

positive patients with liver cirrhosis. These findings indicate
not only that cirrhosis is the main reason for the increase in
liver enzymes, but that if liver enzyme levels are elevated for
other reasons, such as fatty liver disease, cirrhosis can

result.18 Here, the ROC curve indicated the optimum cut-off
values for liver enzymes, which exceeded the minimum values
for the respective enzymes.

In conclusion,HBVinfection isassociatedwithdyslipidemia
andabnormal levels of liver enzymes.Dyslipidemia, specifically
diminished levels of HDL and TC in the blood, is associated

with liver dysfunction, and liver cirrhosis grade or stage.
Recommendation

Further studies are required to clarify the pathophysi-
ology of impaired lipid metabolism due to HBV infection.
Serum lipids and liver enzymes may serve as the best index
for the prognosis of liver cirrhosis, because long-term

abnormal levels of both of these parameters are the main
cause of liver cirrhosis in HBV-infected patients. Liver
cirrhosis can be avoided if the levels of lipids and liver en-

zymes can be modulated through chemotherapeutic agents.
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