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Association of serum lipid profile with liver fibrosis
in HCV-coinfected HIV patients on suppressive
anti-retroviral therapy
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Abstract. Hepatitis C virus (HCV) coinfection in individuals
living with human immunodeficiency virus (HIV) (PLWH)
may affect lipid metabolism and accelerate the progression
of chronic hepatitis. Therefore, the identification of risk
factors for progressive liver disease is needed. The present
study aimed to examine the prevalence and clinical features
associated with liver fibrosis in HCV-coinfected HIV patients,
including metabolic markers. A total of 105 patients coin-
fected with HIV and HCV were recruited and liver fibrosis
was assessed using the fibrosis-4 (FIB-4) score and aspartate
aminotransferase-to-platelet ratio index (APRI). Logistic
regression analyses indicated that patients aged >50 years
and with a CD4" cell count <350 cells/ul had an 11.4-times
higher (P=0.001) and a 5.7-times higher (P=0.017) risk of
liver fibrosis, as determined by FIB-4 score, compared to
patients aged <40 years and a CD4" cell count of =350 cells/
w1, respectively. In addition, patients naive to HCV treatment
or receiving treatment had 5.4- and 12.7-times higher risks
for liver fibrosis, as determined by APRI, than those with
sustained virologic response (SVR) (P=0.003 and P=0.033,
respectively). Univariate analysis indicated lower risks of
liver fibrosis, as determined by APRI, in the patients with
abnormally high levels of cholesterol, high-density lipoprotein
(HDL) and low-density lipoprotein (LDL) than those with
normal levels [odds ratio (OR) 0.3, 95% confidence interval
(CI) 0.1-0.9, P=0.037; OR 0.4, 95% CI 0.2-0.9, P=0.041;
OR 0.2, 95% CI 0.1-0.5, P=0.001] and multivariate analysis
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suggested only patients with high levels of LDL had a lower
risk for liver fibrosis determined by APRI (OR 0.1, 95% CI
0.3-0.8, P=0.029). Consistently, serum levels of cholesterol,
HDL and LDL were significantly lower in the patient groups
with more advanced fibrosis, evaluated by FIB-4 score and
APRI, than those without liver fibrosis and the levels of choles-
terol and LDL in the patients achieving SVR were higher than
those with no response or not receiving treatment (all P<0.05).
In conclusion, the present study identified serum lipid levels
as associated factors of hepatic fibrosis, together with age,
CD4" cell count and HCV treatment status, in HCV-coinfected
PLWH on long-term suppressive anti-retroviral therapy.

Introduction

Hepatitis C virus (HCV) infection is a major cause of chronic
liver disease in individuals living with human immunodefi-
ciency virus (HIV) (PLWH) under anti-retroviral therapy
(ART) (1,2) due to shared common routes of transmission.
Worldwide, ~2.3 million individuals are estimated to be
coinfected with HIV and HCV (2). A cohort study of the Asia
HIV observational database reported <15.2% of HCV coin-
fection in HIV-infected individuals (3) and studies in Thai
PLWH have also suggested a high prevalence of 4-11% (4-7).
This coinfection causes a higher risk of progressive hepatitis
and accelerates the progression to liver fibrosis, cirrhosis
and hepatocellular carcinoma (HCC) (1,2,8). HIV infec-
tion causes hepatitis C-mediated liver fibrosis by direct and
indirect mechanisms. HIV directly activates hepatocytes,
hepatic stellate cells and Kupffer cells, which cooperatively
participate in inflammation and fibrogenesis in the liver.
HIV infection also causes microbial translocation, indirectly
inducing liver injury, impaired HCV immune responses and
fibrogenesis (2). While studies support the pathological
effects of coinfection in both HIV- and HCV-mediated
disease progression, advancements in the management of
HIV-infected patients with ART in the past decade (1,2) and
the use of direct-acting antivirals (DA As) for chronic HCV
infection adds more complexity to the treatment and care of
chronic liver disease caused by HIV and HCV coinfection.
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Previous studies have indicated significant liver fibrosis
and multiple risk factors for the severity and progression of
liver diseases in PLWH, including age, sex, CD4* cell count,
CD4*/CD8" ratio, HIV RNA levels, alcohol consumption,
diabetes mellitus and HCV coinfection (4,9-11). Although
studies in HCV-infected patients have demonstrated various
clinical conditions associated with liver fibrosis and progres-
sion to HCC either before or after the DAA era, such as age,
duration of infection, diabetes mellitus and alcohol consump-
tion (12,13), the progression of chronic hepatitis C in PLWH
may be more advanced and complicated (14). Moreover,
studies have indicated glucose and lipid abnormalities associ-
ated with commonly used anti-retroviral (ARV) drug regimens
in PLWH (15,16). However, disordered glucose and lipid
metabolism in HCV-coinfected patients with HIV under ART
remains to be elucidated. The present study aimed to examine
the prevalence and associated clinical features of liver fibrosis
in Thai patients coinfected with HIV and HCV under suppres-
sive ART. In particular, metabolic markers in this patient
group were determined. The present study provided data
supporting the development of diagnosis, treatment and care
for HCV-coinfected PLWH.

Materials and methods

Study population, clinical data and laboratory
investigation. A retrospective cross-sectional study was
conducted on 105 patients coinfected with HIV and HCV
attending Bamrasnaradura Infectious Diseases Institute
(Thailand) between November 2016 and December 2017.
As shown in Fig. 1, the patients were aged >20 years, with
documented HIV and HCV infection and blood samples and
clinical data were available (Table I). Patients with docu-
mented hepatitis B virus (HBV) infection, active opportunistic
infections (Ols) and who regularly consumed alcohol, herbal
medicine, paracetamol and steroid medications were excluded
from the study. All subjects provided written informed consent.
The study protocol was reviewed and approved by the Human
Ethics Committee No. 3, Thammasat University (approval
no. 070/2560) and the Bamrasnaradura Infectious Diseases
Institute (approval no. R005/60). The patients were previously
characterized and the distribution and clinical significance of
HCV genotypes in the present study group were reported in a
previous study (17).

Clinical data and laboratory investigation. Data collected
from the medical records of the patients included age, sex,
HIV infection diagnosis, duration of HIV infection, currently
used ARV drugs, duration of ART, duration of HCV infec-
tion, HCV and HBYV infection diagnosis, pretreatment HCV
viral load, HCV genotypes, current HCV treatment status and
OlIs. Data collected from a screening questionnaire included
weight, height, alcohol consumption, steroid and paracetamol
drug intake and herbal medicine use. All patients underwent
clinical examination and blood samples were subjected to
testing for HIV viral load (Roche Molecular Diagnostics);
CD4* cell count (BD Biosciences); platelet count (Beckman
Coulter, Inc.); liver function tests, including aspartate amino-
transferase (AST) and alanine aminotransferase (ALT) (Roche
Diagnostics); fasting blood sugar (FBS); and serum lipid

levels, including cholesterol, low-density lipoprotein (LDL),
high-density lipoprotein (HDL) and triglyceride (TG) (Roche
Diagnostics).

Sustained virologic response (SVR) was defined as negative
HCV RNA at 6 months after completing HCV treatment (18).
Liver fibrosis was evaluated by fibrosis score-4 (FIB-4), which
was classified into class 1 (=1.45), class 2 (1.46-3.25) and class
3 (>3.25) (19,20) and AST-to-platelet ratio index (APRI),
which was classified into class 1 (<0.5), class 2 (0.51-1.5) and
class 3 (>1.5) (21). Abnormal levels of FBS were defined as
<110 mg/dl (22-24). According to the National Cholesterol
Education Program, Adult Treatment Panel III guidelines (24),
lipid profile abnormalities included hypercholesterolemia,
defined as cholesterol levels =200 mg/dl; hypertriglyceri-
demia, defined as TG levels =150 mg/dl; high LDL cholesterol,
defined as =130 mg/dl; and low HDL cholesterol, defined as
<40 mg/dl in men and <50 mg/dl in women (24). Metabolic
markers, including TG/HDL ratio and TG-glucose index, were
also determined to predict cardiometabolic disease. In the
present study, the cut-off values of TG/HDL ratio were 2.6 for
men and 1.7 for women, while those of TG-glucose index were
9.2 (25,26).

Statistical analysis. Data are presented as the mean + standard
derivation, median (range) and percentages. The x* and Fisher's
exact tests were used to determine the association between
categorical variables and liver fibrosis, as assessed by FIB-4
score and APRI, whereas the Mann-Whitney U test was used to
analyze the association between liver fibrosis or HCV therapy
and continuous variables. The level of statistical significance
was set at P<0.05. Univariate and multivariate logistic regres-
sion was performed to determine the risks for liver fibrosis.
Odds ratio (OR) with 95% confidence interval (CI) values and
P-values were calculated. P<0.05 was considered to indicate a
statistically significant difference. The statistical analysis was
performed using SPSS version 15.0 (SPSS Inc.).

Results

The present study was conducted on 105 patients with HIV
and HCV coinfection according to the flow diagram in
Fig. 1. The study consisted of 95 (90.5%) male and 10 (9.5%)
female patients, with median ages of 46 (27-67) years and
47 (34-61) years, respectively. The mean CD4* cell count was
566+2.66 cells/ml and 91% (93/102) of patients had undetect-
able levels of HIV viral load (<20 copies/ml). The majority of
patients (99/100) were on ART, 78% (78/100) on 2 nucleoside
reverse transcriptase inhibitors (2NRTIs) and non-nucleoside
reverse transcriptase inhibitors (NNRTIs), 7% (7/100) on
2NRTIs and protease inhibitors (PIs). and 15% (15/100) on
other antiretroviral drugs. Only 1% (1/100) of the patients were
naive to ART. The median duration of ART was 9 (2-20) years.
In this patient group (Table I), the prevalence of patients coin-
fected with HCV genotypes 1,3 and 6 were 54.8% (40/73),37%
(27/73) and 8.2% (6/73), respectively and 90.1% (64/71) of the
patients had pretreatment HCV viral load >5.0 log IU/ml (17).
A total of 51% (51/100) of the patients were on HCV therapy
with 35% (35/100) achieving SVR, 7% (7/100) not achieving
SVR and 9% (9/100) currently receiving treatment. The preva-
lence of patients having significant liver fibrosis assessed by



42 SPANDIDOS .
5 PUBLICATIONS BIOMEDICAL REPORTS 21: 146, 2024 3

Table I. Characteristics of Thai patients coinfected with HIV and HCV according to the presence of significant liver fibrosis
assessed by FIB-4 score and APRI (n=105).

FIB-4 APRI

Characteristic All n (%) <145 >1.45 P-value <0.5 >0.5 P-value
All patients 105 49 (46.7) 56 (53.3) - 38 (36.2) 67 (63.8) -
Sex

M 95 (90.5) 46 (48.4) 49 (51.6) 35 (36.8) 60 (63.2)

F 10 (9.5) 3(30.0) 7 (70.0) 0.331* 3(30.0) 7(70.0) 0.745*
Age, years

<40 25 (23.8) 16 (64.0) 9(36.0) 8(32.0) 17 (68.0)

41-50 48 (45.7) 25 (52.1) 23 (47.9) 18 (37.5) 30 (62.5)

>50 32 (30.5) 8 (25.0) 24 (75.0) 0.008° 12 (37.5) 20 (62.5) 0.883
CD4* cell count, cells/ul
(n=102)

=350 87 (85.3) 45 (51.7) 42 (48.3) 34 (39.1) 53 (60.9)

<350 15 (14.7) 3(20.0) 12 (80.0) 0.027*® 3(20.0) 12 (80.0) 0.245
Antiretroviral therapy (n=100)

Others 15 (15.0) 6 (40.0) 9 (60.0) 4(26.7) 11 (73.3)

2NRTIs and NNRTI 78 (78.0) 40 (51.3) 38 (48.7) 0.144 30 (38.5) 48 (61.5) 0.650

2NRTIs and PI 7(7.0) 1(14.3) 6(85.7) 3(429) 4(57.1)
HCV genotypes (n=73)

Gl 40 (54.8) 20 (50.0) 20 (50.0) 15 (37.5) 25 (62.5)

G3 27 (37.0) 10 (37.0) 17 (63.0) 9 (33.3) 18 (66.7)

G6 6(8.2) 2(33.3) 4(66.7) 0.498 3(50.0) 3(50.0) 0.743
Pretreatment HCV viral load,
log IU/ml (n=71)

<5.00 7(9.9) 3(429) 4(57.1) 3(429) 4(57.1)

>5.00 64 (90.1) 25(39.1) 39 (60.9) 1.000* 19 (29.7) 45 (70.3) 0.669*
SVR to HCV therapy (n=100)

SVR 35(35.0) 21 (60.0) 14 (40.0) 23 (65.7) 12 (34.3)

Non-SVR 7(7.0) 3(429) 4(57.1) 2 (28.6) 5(714)

Naive to treatment 49 (49.0) 21 (42.9) 28 (51.1) 0.173 10 (20.4) 39 (79.6) <0.001°

On treatment 9(9.0) 2(22.2) 7 (77.8) 1(11.1) 8 (88.9)
FBS, mg/dl (n=104)

<110 80 (76.9) 38 (47.5) 42 (52.5) 29 (36.2) 51 (63.8)

>110 24 (23.1) 11 (45.8) 13 (54.2) 1.000* 9(37.5) 15 (62.5) 1.000*
Cholesterol, mg/dl (n=100)

<200 83 (83.0) 37 (44.6) 46 (55.4) 26 (31.3) 57 (68.7)

>200 17 (17.0) 10 (58.8) 7(41.2) 0.301* 10 (58.8) 7(41.2) 0.050*
HDL, mg/dl (n=99)

M <40, F <50 36 (36.4) 1541.7) 21 (58.3) 9(25.0) 27 (75.0)

M =40, F =50 63 (63.6) 33 (52.4) 30 (47.6) 0.403* 29 (46.0) 34 (54.0) 0.053*
LDL, mg/dl (n=101)

<130 78 (77.2) 35 (44.9) 43 (55.1) 22 (28.2) 56 (71.8)

>130 23 (22.8) 13 (56.5) 10 (43.5) 0.352* 16 (69.6) 7(304) 0.0012®
TG, mg/dl (n=102)

<150 68 (66.7) 30 (44.1) 38 (55.9) 21 (30.9) 47 (69.1)

=150 34 (33.3) 17 (50.0) 17 (50.0) 0.674* 15 (44.1) 19 (55.9) 0.196*
TG/HDL ratio (n=96)

M<26,F<1.7 45 (46.9)) 20 (44 .4) 25 (55.6) 15(33.3) 30 (66.7)

M=226,F=17 51(53.1)  26(51.0) 25(49.0) 0522 21(412)  30(58.8) 0.428
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Table I. Continued.

FIB-4 APRI
Characteristic All n (%) <145 >1.45 P-value <0.5 >0.5 P-value
TG-glucose index (n=101)
<9.2 100 (100) 47 (46.5) 54 (53.5) 36 (35.6) 65 (64.4)
>9.2 0(0) 0 (0) 0 (0) ND 0 (0) 0 (0) ND

“Fisher's exact test; "P<0.05. HIV, human immunodeficiency virus; HCV, hepatitis C virus; FIB-4, fibrosis-4; APRI, aspartate aminotrans-
ferase-to-platelet ratio index; M, male; F, female; NRTI, nucleoside reverse transcriptase inhibitor; NNRTI, non-nucleoside reverse transcriptase
inhibitor; PI, protease inhibitor; SVR, sustained virologic response; FBS, fasting blood sugar; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; TG, triglyceride; M, male; F, female.

Inclusion criteria

* Aged older than 20 years
HIV/HCYV coinfected patients t——

* Documented HIV and HCV infection

* Availability of blood samples and
laboratory data

Exclusion criteria
* Documented HBV infection

* Active opportunistic infections

* Consumed alcohol, herbal medicine,
paracetamol and steroid medication

v

HIV/HCV coinfected group (n=105)
Assessment for liver fibrosis by FIB-4 and APRI

! !

Patients without liver fibrosis Patients with significant liver fibrosis
* FIB-4 score <1.45 (n=49) *  FIB-4 score >1.45 (n=56)
* APRI<0.5 (n=38) *  APRI>0.538 (n=67)

Analysis of risk factors for significant liver fibrosis

. | Naive to HCV therapy
Subgroup analysis based or Non-SVR (n=56)
on the status of HCV
therapy
e SVR (n=35)

Figure 1. Flow diagram showing the design of the present study. HI'V, human immunodeficiency virus; HCV, hepatitis C virus; HBV, hepatitis B virus; FIB-4,
fibrosis-4; APRI, aspartate aminotransferase-to-platelet ratio index; SVR, sustained virologic response.
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FIB-4 scores >1.45 was 53.3% and by APRI >0.5 was 63.8%.
The rates of patients with abnormal levels of FBS were 23.1%
(24/104), whereas those with hypercholesterolemia, hypertri-
glyceridemia, high LDL and low HDL cholesterol were 17%
(17/100), 33.3% (34/102), 22.8% (23/101) and 36.4% (36/99),
respectively. In the present study group, the median values
of metabolic markers, TG/HDL ratio and TG-glucose index,
were 2.62 (0.48-23.94) and 4.69 (4.3-5.66) respectively. The
rates of patients at risk for cardiometabolic diseases with a
TG/HDL ratio >2.6 for men and 1.7 for women were 53.1%
(51/96). However, no patients with a TG-glucose index >9.2
were observed.

The characteristics of the patients according to the presence
of significant liver fibrosis are shown in Table I. The majority of
characteristics of the patients with and without significant liver
fibrosis, as evaluated by FIB-4 score and APRI, were similar.
However, age and CD4" cell count were significantly associated
with liver fibrosis, as assessed by FIB-4 scores (P=0.008 and
P=0.027, respectively); and HCV treatment status, cholesterol
and LDL levels were associated with liver fibrosis, as assessed by
APRI (P<0.001, P=0.050 and P=0.001, respectively). The data
were consistent with the univariate and multivariate analyses
of risk factors for significant liver fibrosis in the present study
group (Table IT). Multivariate analysis indicated that patients
aged >50 years had an 11.4 times higher risk (P=0.001) and those
with a CD4* cell count <350 cells/ul had a 5.7 times higher risk
(P=0.017) for liver fibrosis, as assessed by FIB-4 scores, than
those aged <40 years and with a CD4" cell count =350 cells/ul
respectively. Univariate and multivariate analyses indicated that
patients naive to HCV treatment had 7.5 times (P=0.001) and
5.4 times (P=0.003) higher risks than those with SVR, respec-
tively. Similarly, patients who were on HCV treatment had 15.3
times (P=0.015) and 12.7 times (P=0.033) higher risks than
patients with SVR, respectively. Notably, the univariate analysis
indicated that patients developing hypercholesterolemia, high
HDL and high LDL cholesterol had lower risks than those with
normal levels (OR 0.3,95% C10.1-0.9, P=0.037, OR 0.4,95% CI
0.2-0.9,P=0.041; OR 0.2,95% CI1 0.1-0.5,P=0.001, respectively).
However, only patients with high LDL cholesterol remained at
a lower risk (OR 0.1, 95% CI 0.3-0.8, P=0.029) according to
multivariate analysis adjusted for sex, age, CD4* cell count,
ARV treatment, HCV genotypes, pretreatment HCV viral load,
HCYV treatment, FBS and a lipid panel.

Analysis by the Mann-Whitney U test, shown in Table 11,
indicated significantly higher levels of AST in patients with
moderate and advanced liver fibrosis, as assessed by FIB-4
scores (P=0.004 and P<0.001, respectively) and APRI (both
P<0.001) and higher levels of ALT were detected in patients
with moderate and advanced liver fibrosis, as assessed by
APRI (both P<0.001), than those without fibrosis. Patients
with moderate and advanced fibrosis evaluated by FIB-4
scores were significantly older than those without liver fibrosis
(P<0.031 and P<0.001, respectively). Consistent with the
univariate and multivariate analyses, considerably lower levels
of cholesterol, HDL and LDL were observed in the patients
with advanced liver fibrosis, with a FIB-4 score >3.25 and
APRI >1.5 (all P<0.05).

As univariate and multivariate analyses indicated a signifi-
cant association of HCV treatment status with liver fibrosis
evaluated by APRI, laboratory parameters, including lipid

BIOMEDICAL REPORTS 21: 146, 2024 5

profiles, age, CD4* cell count and liver enzymes stratified by
HCV treatment status were analyzed by the Mann-Whitney U
test (Table IV). The data showed that there was no significant
difference between the median ages and CD4" cell counts in
the SVR and with naive to HCV treatment or non-SVR patient
groups. The SVR group had significantly higher median
levels of liver enzymes, AST and ALT and liver fibrosis, as
determined by FIB-4 and APRI, than those in the naive to
HCV treatment or non-SVR patient groups (P<0.001, P<0.001,
P=0.047 and P<0.001, respectively), indicating that the therapy
achieving SVR had improved liver pathology. Consistent with
the lower levels of lipids, cholesterol, HDL and LDL observed
in the patients with advanced liver fibrosis, median levels of
cholesterol and LDL in patients in the naive to treatment or
non-SVR groups were significantly lower than those observed
in the SVR group (P=0.031 and P=0.039, respectively). These
data may suggest an involvement of lipid metabolism in liver
fibrosis in patients with HIV and HCV coinfection.

Discussion

HCV coinfection is well-established as a major risk for the
progression of chronic liver disease in PLWH (1,2,10,27). The
present study was conducted on Thai patients coinfected with
HIV and HCV mostly on long-term suppressive ART. A total
of 51% of the present study group underwent HCV therapy with
an SVR rate of 35%. The data indicated the high prevalence of
patients developing significant liver fibrosis and the relatively
high rates of those with abnormally high levels of FBS, lipid
profiles, which were total cholesterol, TG, LDL and HDL and
TG/HDL in the present study group. Previous studies have indi-
cated that, in the era of ART, HCV/HIV coinfection accelerates
the progression of hepatitis to advanced chronic liver disease and
HCC and can cause higher liver-related mortality (8,14,28,29).
Moreover, the commonly used ARV drugs in PLWH are
associated with impaired FBS and abnormal lipid profiles,
contributing to increasing risks for diabetes and cardiovascular
disease (15,16). Thus, the present study group has the potential
to develop advanced liver disease and metabolic disorders.
However, metabolic alterations in PLWH who are coinfected
with HCV appear to be more complicated. In the present
study, clinical features associated with significant liver fibrosis,
particularly metabolic profiles, in patients coinfected with HIV
and HCV mostly on suppressive ART were investigated.
Similar to previous studies on HCV- or HIV-infected
patients (4,10,12,13), clinical features associated with signifi-
cant liver fibrosis in this HCV and HIV-coinfected patient
group were identified. While patients aged >50 years and
with a CD4* cell count <350 cells/ul exhibited a high risk for
significant liver fibrosis, as assessed by FIB-4 scores, patients
naive to or receiving HCV treatment carried a high risk for
liver fibrosis, as determined by APRI. Notably, the analysis
also indicated a significant association of lipid levels with
liver fibrosis evaluated by APRI. Patients who developed
hypercholesterolemia, high HDL and high LDL levels had
lower risks for liver fibrosis than those with normal levels,
which was consistent with the significant reduction of lipid
levels in more advanced liver fibrosis observed in the patients
with FIB-4 scores >3.25 and APRI >1.5 compared with those
without liver fibrosis. In addition, the data indicated that HCV
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Table III. Median levels of lipid profiles, age, CD4* cell count and liver enzymes stratified by FIB-4 scores and APRI in Thai
patients coinfected with HIV and HCV.

FIB-4 score APRI
Laboratory <145 1.46-3.25 >3.25 0.51-1.5 >1.5
parameter (n=49) (n=35) P-value (n=21) P-value =<0.5 (n=38) (n=41) P-value (n=26) P-value
Age, years 430 47.0 0.031* 550 <0.001° 450 440 0.423 48.0 0.345
(n=105) (27-65) (36-67) (39-63) (29-65) (32-67) (27-63)
CD4* cell 534.5 507.5 0477 470.0 0.066 529.0 559.5 0.717 4770 0.147
count, cells/ul (218-1,748) (92-991) (5-828) (218-1,748) (92-1,114) (5-824)
(n=102)
AST, U/l 37.0 57.0 0.004* 820 <0.001° 27.5 57.0 <0.001° 98.5  <0.001°
(n=105) (17-189) (27-189) (48-420) (17-64) (31-115) (48-420)
ALT, U/ 420 52.0 0.583 62.0 0.139 28.0 65.0 <0.001° 975 <0.001°
(n=105) (14-436) (11-264) (21-235) (11-138) (12-188) (21-436)
FBS, mg/dl 96.0 101.0 0.140 102.5 0.056 96.5 99.0 0.599 99 0.339
(n=104) (67-128) (84-160) (81-146) (84-126) (82-160) (67-157)
Cholesterol, 180.0 173.0 0.182 1405 <0.001° 183.0 173.5 0.121 151.0 <0.001°
mg/dl (n=100) (102-242) (113-267) (82-205) (102-267)  (113-235) (82-205)
HDL, mg/dl 450 51.0 0419 35.0 0.009* 46.5 51.0 0.742 40.0 0.017*
(n=99) (27-99) (22-114) (11-79) (28-99) (22-114) (11-79)
LDL, mg/dl 120.5 106.0 0.257 94.0 0.006* 1235 117.0 0.570 910 <0.001°
(n=101) (67-174) (69-188) (37-153) (79-188) (67-182) (37-134)
TG, mg/dl 126.0 108.0 0.138 136.0 0.433 127.5 112.5 0.310 1300 0.285
(n=102) (67-447) (54-419) (56-383) (64-349) (54-447) (56-419)

Data are shown as median (range). "P<0.05 and "P<0.001. Some variables had missing data and n is given in parentheses. FIB-4, fibrosis-4;
APRI, aspartate aminotransferase-to-platelet ratio index; HCV, hepatitis C virus; HIV, human immunodeficiency virus; FBS, fasting blood
sugar; AST, aspartate aminotransferase; ALT, alanine aminotransferase; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG,

triglyceride.

Table IV. Median levels of lipid profiles, age, CD4* cell count, liver enzymes and liver fibrosis markers stratified by status of
HCYV therapy in patients coinfected with HIV and HCV.

Laboratory parameter SVR (n=35) Naive to therapy or non-SVR (n=56) P-value
Age, years (n=91) 48.0 (37.0-65.0) 45.0 (27.0-67.0) 0.062
CD4* cell count, cells/ul (n=91) 530.0 (190.0-1,288.0) 551.0 (5.0-1,748.0) 0.365
AST, U/l (n=91) 31.0 (17.0-109.0) 67.0 (20.0-189.0) <0.001°
ALT, U/l (n=91) 33.0(11.0-138.0) 75.0(12.0-436.0) <0.001°
FIB-4 score (n=91) 1.2(0.5-4.8) 1.6 (0.0-13.9) 0.047*
APRI (n=91) 04(0.1-2.4) 1.0 (0.1-4.3) <0.001°
Cholesterol, mg/dl (n=86) 179.0 (131.0-242.0) 171.0 (82.0-235.0) 0.031*
HDL, mg/dl (n=85) 52.0 (27.0-79.0) 45.0 (11.0-114.0) 0.177
LDL, mg/dl (n=87) 118.0 (75.0-188.0) 106.0 (37.0-182.0) 0.039*
TG, mg/dl (n=88) 120.0 (64.0-447.0) 118.0 (54.0-442.0) 0.985

Data shown as median (range). “P<0.05 and *P<0.001. Some variables had missing data and n is given in parentheses. HCV, hepatitis C virus;
HIV, human immunodeficiency virus; SVR, sustained virologic response; AST, aspartate aminotransferase; ALT, alanine aminotransferase;

FIB-4, fibrosis-4; APRI, AST-to-platelet ratio index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglyceride.

treatment achieving SVR significantly increased the levels of
lipids, cholesterol and LDL, in this HIV/HCV patient group.
This was similar to the findings of previous studies indicating

lower serum levels of total cholesterol, LDL, HDL and TG in
HCV-monoinfected patients compared with those in negative
subjects (30,31). The previous epidemiological study indicated



that HCV infection might cause hypolipidemia regardless of
host factors, including age, nutrition and hepatic damage (31).
The involvement of hypolipidemia with the outcome of liver
transplantation has also been demonstrated in a patient group
with high rates of HCV infection (32). Therefore, the asso-
ciation of lipid levels with liver fibrosis in HCV-coinfected
PLWH observed in the present study was possibly due to HCV
coinfection and the status of HCV treatment.

Initially, the present study observed the relatively high
prevalence of patients at risk for cardiometabolic diseases, as
indicated by lipid profile abnormalities and TG/HDL ratio,
which was consistent with a previous study in PLWH (16).
However, the present data indicated no association between
the abnormally high TG/HDL ratio and significant liver
fibrosis as evaluated by FIB-4 and APRI. In addition, the
logistic regression analysis indicated a negative association of
lipid levels, cholesterol, HDL and LDL, with liver fibrosis as
assessed by APRI. Indeed, HCV infection is closely associ-
ated with host lipid metabolism (33). Serum lipids serve roles
in HCV virion circulation and entry into hepatocytes (33).
The virus also employs different types of lipids to facilitate
virion production and assembly (33). The inverse relationship
between lipid levels and liver fibrosis observed in the present
study may reflect the disruption of lipid metabolism caused
by hepatic damage during HCV infection. While it has been
reported that commonly used ARV drug regimens cause an
increase in serum lipid levels in PLWH (16), the mechanisms
underlying HCV infection-mediated host lipid metabolism in
PLWH on suppressive ART require further clarification.

The limitations of the present study include that it
contained a limited number of subjects, which may affect
the statistical significance of the variables tested. Clinical
data were obtained from retrospective medical reviews and
the drug regimens used for hepatitis C therapy were unavail-
able. However, as the data collection was performed at a time
when HCV therapy in Thailand was performed based on the
clinical practice guidelines for the management of chronic
hepatitis C 2015, all treated HC V-infected patients were likely
to have received a combination of pegylated interferon and
ribavirin (34). Thus, the present study provides data before the
use of DAA therapy in Thailand.

In conclusion, the present cross-sectional study detected
the high prevalence of liver fibrosis in HCV-coinfected
PLWH, evaluated by non-invasive markers, FIB-4 scores and
APRI. The analysis indicated that age, CD4" cell count, HCV
treatment and lipid profiles, including cholesterol, HDL and
LDL, were significantly associated with liver fibrosis. Notably,
the reduction of serum lipid levels was significantly associ-
ated with the severity of chronic liver disease. Long-term
monitoring for clinical outcomes related to lipid metabolism,
particularly in patients starting DAA therapy, is warranted.
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