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Persistently low CD4 cell counts a
re associated with hepatic events
in HCV/HIV coinfected patients: data from the national free
antiretroviral treatment program of China
Weiyin Lin, Huolin Zhong, Chunyan Wen, Yaozu He, Xiaowen Zheng, Hong Li, Xiejie Chen, Haolan He, Jinfeng Chen,
Lijuan Chen, Cong Liu, Xiaoping Tang, Weiping Cai, Linghua Li

Guangzhou Eighth People’s Hospital, Guangzhou Medical University, Guangzhou, Guangdong 510060, China.
Abstract
Background: Chronic liver disease has emerged as a leading cause of non-acquired immune deficiency syndrome (AIDS)-related
mortality in hepatitis C virus (HCV)/human immunodeficiency virus (HIV)-coinfected patients. The relationship between CD4 cell
count and HIV-related opportunistic infections and tumors has been well characterized; however, it is unclear whether CD4 cell
count is associated with HCV-related hepatic events.
Methods:This observational cohort study enrolledHCV/HIV-coinfected patients from theNational Free Antiretroviral Treatment
Program of China from 2004 to 2019 in Guangzhou. The primary outcome was a composite of hepatic events, including cirrhosis
complications, hepatocellular carcinoma (HCC), and liver-related mortality. Kaplan–Meier survival and multivariate logistic
regression analyses were performed.
Results: Among the 793 patients, 43 developed hepatic events during a median follow-up of 6.7 years, including 35 cirrhosis
complications, 13 HCC cases, and 14 cases of liver-related mortality. The 5-year and 10-year cumulative incidences of hepatic
events were 4.2% and 9.3%, respectively. Patients who developed hepatic events had a less satisfactory increase in CD4 cell count,
lower peak CD4 (354.5 cells/mL vs. 560.0 cells/mL, P < 0.001), and lower percentage of peak CD4 > 500 cells/mL (30.2% vs.
60.7%, P< 0.001) after the initiation of antiretroviral therapy (ART) than those who did not. The cumulative incidences of hepatic
events were higher in patients with lower peak CD4 levels with adjusted odds ratios of 3.96 (95% confidence interval [CI]: 1.51–
10.40), 2.25 (95%CI: 0.87–5.86), and 0.98 (95%CI: 0.35–2.74) for patients with peak CD4 at<200 cells/mL, 200–350 cells/mL,
and 351 to 500 cells/mL, respectively, relative to those with peak CD4> 500 cells/mL. Peak CD4was negatively associated with the
risk of hepatic events in a dose–response manner (P-value for trend = 0.004).
Conclusion: Persistently low CD4 cell counts after ART are independently associated with a high risk of hepatic events in HCV/
HIV-coinfected patients, highlighting the important role of immune reconstitution in improving liver outcomes.
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Weiyin Lin, Huolin Zhong, and Chunyan Wen contributed equally to this study.
Introduction

Hepatitis C virus (HCV) and human immunodeficiency
virus (HIV) infection are major global public health
concerns, with overlapping transmission modes and
affected populations. Globally, the prevalence of HCV
infection has been estimated to be approximately 6.2% in
people living with HIV.[1] In China, the estimated
prevalence of HCV infection was as high as 18.2% in
people living with HIV, especially in some populations,
such as injection drug users and men who have sex with
men. In addition, HCV/HIV-coinfected patients were
reported to have a higher risk of all-cause mortality,
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virological failure to antiretroviral therapy (ART), and
loss to follow-up compared to HIV monoinfected
patients.[2]

It is well established that the course of HCV infection is
accelerated in HIV-coinfected individuals, with faster
progression of liver fibrosis leading to a high risk of
hepatic events, including liver cirrhosis, end-stage liver
disease, and hepatocellular carcinoma (HCC).[3-6] With
the development of potent and safe antiretroviral regimens
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in the past two decades, HIV replication was effectively
suppressed, leading to immune reconstitution (reflected by
CD4 cell count recovery to >500 cells/mL) and a
substantial decrease in acquired immune deficiency
syndrome (AIDS)-related morbidities.[7,8] Consequently,
the relative importance of other traditionally non-AIDS-
related morbidities has increased. Chronic liver disease
has emerged as a leading cause of non-AIDS-related
mortality in HCV/HIV-coinfected patients.[9-11] The
relationship between CD4 cell count and HIV-positive
opportunistic infections and tumors has been well
characterized in previous studies.[12] However, it is unclear
whether the CD4 cell count is associated with the risk
of hepatic events among HCV/HIV-coinfected patients
because previous studies reported inconsistent results.[13-15]

The National Free Antiretroviral Treatment Program was
a prospective cohort established and managed by the
National Center for AIDS/sexually transmitted disease
(STD) Control and Prevention, China Centers for Disease
Control and Prevention (China CDC).[16,17] The cohort
provides a unique opportunity to monitor and follow up
on HCV/HIV-coinfected patients receiving ART and to
assess clinical characteristics and outcomes in this
population. In this study, we enrolled and followed
HCV/HIV-coinfected patients from the National Free
Antiretroviral Treatment Program, aiming to provide
robust clinical evidence on the association between CD4
cell count and the occurrence of hepatic events.
Methods

Ethical approval

This study was approved by the Ethics Committee of
Guangzhou Eighth People’s Hospital (No.202033166)
and was conducted in accordance with the guidelines of
the Declaration of Helsinki and the principles of good
clinical practice. All patients provided written informed
consent to have their data used (anonymously) for
research purposes.
Study design and participants

This was an observational cohort study with patients from
the National Free Antiretroviral Treatment Program of
China, which is a prospectively enrolled, observational
national cohort and has been previously described.[2]

Briefly, HIV-positive patients in China were eligible to
receive ART recommended in the guidelines when they
met the national treatment criteria. Since 2002, HIV-
infected patients in China with a CD4 cell count of 200
cells/mL or less, total lymphocyte count of<1200 cells/mL,
orWorldHealthOrganization (WHO) disease stage 3 or 4
have been eligible for free combination ART. However,
since 2008, the CD4 cell count threshold for treatment has
increased to 350 cells/mL. Between 2003 and 2005, the
first-line HIV treatment regimen recommended in China
was zidovudine or stavudine plus didanosine and nevira-
pine or efavirenz in accordance with WHO recommen-
dations. Since 2005, these regimens have been gradually
replaced by zidovudine or stavudine plus lamivudine and
nevirapine. After 2010, as recommended by the WHO,
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stavudine was phased out, and tenofovir was introduced
in the first-line regimen. Standardized reporting forms at
baseline (initiation of ART) and follow-up were complet-
ed by trained local health workers.

In this study, consecutive HIV-positive patients visiting
the Infectious Disease Center at Guangzhou Eighth
People’s Hospital from October 2004 to December
2019 were screened. Patients who met the following
criteria were included: ART-naïve patients aged 18 years
or older, confirmed HIV infection by HIV antibody or
HIV-1 ribonucleic acid (RNA), and positive HCV
antibody. Patients who did not have detection of HCV
RNA, had a history of HCC before enrollment, or were
followed for <3 months were excluded. During the study
period, interferon- or direct-acting antiviral drug (DAA)-
based anti-HCV treatment could be initiated per the
standard of care. Standard-of-care anti-HCV treatment
was defined as a prescription of >8 weeks of a DAA-
containing regimen or >24 weeks of a pegylated
interferon/ribavirin regimen. Sustained virologic response
(SVR) was defined as undetectable HCV RNA ≥12 weeks
after completion of treatment.
Data collection

Data collected included demographic characteristics,
route of HIV infection, date of diagnosis, laboratory test
results, treatment regimen start and stop dates and reasons
for change, and reasons for treatment termination.
Recommended laboratory tests of the National Free
Antiretroviral Treatment Program included complete
blood count, CD4 cell count, CD8 cell count, liver panel,
liver biochemistry, blood lipid levels, fasting glucose
levels, hepatitis B virus (HBV) surface antigen, and HCV
antibody. HIV-1 RNA testing, measurement of HCV
RNA levels and HCV genotypes, and liver imaging were
performed per standard of care. HIV-1 RNAwas detected
by a COBASTM automatic virus load analysis system
(COBAS TapMan48, Roche, Switzerland), and the
detection limit was 20 copies/mL. HCV genotyping was
performed using a detection kit (PCR-fluorescent probe
method, Triplex International Biosciences Co., LTD,
Xiamen, Fujian, China). HCV RNA was detected by a
COBASTM automatic virus load analysis system (COBAS
TapMan48, Roche), and the lower detection limit was 15
IU/mL. Relevant clinical, laboratory, radiological, and
histological data were extracted from past medical
records. The aspartate aminotransferase-to-platelet ratio
index (APRI) and fibrosis 4 marker (FIB-4) score were
calculated to estimate liver fibrosis.
Outcomes

The primary outcome was a composite endpoint of
hepatic events after ART, including cirrhosis complica-
tions, HCC, and liver-related mortality. The secondary
outcomes were the cumulative probability of HCC,
all-cause mortality, and liver-related mortality. Among
patients without baseline cirrhosis, incident (new diagno-
sis) cirrhosis was also determined. Hepatic events were
defined as any cirrhosis complications, HCC, and/or liver-
related mortality.[18] Cirrhosis complications included
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Table 1: Baseline characteristics of studied HCV/HIV-coinfected
patients.

Characteristics Patients (N = 793)

Age at enrollment (years) 38.0 (33.0–44.0)
Male 640 (81.7)
BMI (kg/m2) 19.9 (18.4–21.9)
HIV transmission 793
IDU 494 (62.3)
Sexual 245 (30.9)
Other 54 (6.8)

CD4 count (cells/mL) 119.0 (32.0–236.0)
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ascites, spontaneous bacterial peritonitis, variceal bleed-
ing, hepatic encephalopathy, and hepatorenal syndrome.
The diagnoses were based on pathology reports, hospital
discharge summaries, or consultation notes. Liver-related
mortality was defined as death related to cirrhosis
complications and/or HCC. Patients were censored at
dropout, loss to follow-up, death, or on December 31,
2020, whichever came first. The diagnosis of cirrhosis was
based on (1) liver histology or radiological findings of
coarse liver echotexture with nodularity and small liver
size or (2) the presence of features of portal hypertension
(including ascites, splenomegaly, and varices) noted on
liver imaging or (3) APRI >2.0 or FIB-4 >3.25.
CD4 count categories 781
<200 (cells/mL) 523 (67.0)
200–350 (cells/mL) 190 (24.3)
351–500 (cells/mL) 49 (6.3)
>500 (cells/mL) 19 (2.4)

CD4/CD8 ratio 0.158 (0.058–0.289)
HIV RNA (log10 copies/mL)

∗
4.7 (3.9–5.1)

Initial antiretroviral regimen 793
NRTIs + NNRTIs 641 (80.8)
NRTIs + PIs 93 (11.7)
Other regimens/unknown 59 (7.4)

Liver cirrhosis 188 (23.7)
Platelet (�109/L) 163.0 (114.0–207.0)
Hemoglobin (g/L) 123.0 (105.0–139.0)
ALT (U/L) 37.0 (26.0–56.8)
Albumin (g/L) 38.0 (31.0–42.1)
Total bilirubin (mmol/L) 9.1 (6.8–12.5)
HBsAg positive 130/770 (16.9)
HCV RNA (log10 IU/mL) 6.0 (3.7–6.8)
Undetectable HCV RNA 141 (17.8)
HCV genotype 244
1 40 (16.4)
2 6 (2.5)
Statistical analysis

Data are expressed as counts and percentages for
categorical variables and as medians and interquartile
ranges (IQRs) for continuous variables. Qualitative and
quantitative differences between subgroups were analyzed
using the chi-squared test or Fisher’s exact test for
categorical parameters and Student’s t-test or the Mann–
Whitney test for continuous parameters, as appropriate.
The Kaplan–Meier method was used to estimate the
cumulative probability of hepatic events over time.
Univariate and multivariate logistic regression analyses
were performed to evaluate the odds ratios (ORs) with
95% confidence intervals (CIs) across longitudinal peak
CD4 cell count categories using >500 cells/mL as the
reference group. Subgroup analyses were performed
according to age (<40 years vs. ≥40 years), baseline
CD4 cell count (<200 cells/mL vs.≥200 cells/mL), cirrhosis
(yes vs. no), and anti-HCV treatment (yes vs. no). All
statistical tests were two-sided. Statistical significance was
set at P < 0.05. All analyses were performed with SPSS
software, version 26.0 (IBM, Armonk, NY, USA).
3 68 (27.9)
6 130 (53.3)

Data are presented as n, n/N (%), n (%) or median (interquartile range).
∗
Data were available for 157 patients. ALT: Alanine aminotransferase;
BMI: Body mass index; HBsAg: Hepatitis B surface antigen; HBV:
Hepatitis B virus; HCV: Hepatitis C virus; HIV: Human immunode-
ficiency virus; IDU: Intravenous drug-using; NNRTIs: Non-nucleoside
reverse transcriptase inhibitors; NRTIs: Nucleoside reverse transcriptase
inhibitors; PIs: Protease inhibitors.
Results

A total of 1217 consecutive adult HCV/HIV-coinfected
patients were included; of these, 201 were excluded for
lack of detection of HCV RNA, 223 for follow-up <3
months, and no patients had HCC before study enroll-
ment; thus, 793 were finally enrolled in this study.
Patient characteristics

Of the 793 studied patients, the median age was 38.0 years
(IQR: 33.0–44.0), 81.7% (640/793) were males, and
62.3% (494/793) had a history of intravenous drug
abuse [Table 1]. The overall baseline CD4 cell count
was quite low, with a median of 119.0 cells/mL (IQR:
32.0–236.0 cells/mL); 67.0% (523/793) of patients had
CD4<200 cells/mL, 24.3% (190/793) had CD4 between
200 cells/mL and 350 cells/mL, 6.3% (49/793) had CD4
between 351 cells/mL and 500 cells/mL, and only 2.4%
(19/793) had CD4>500 cells/mL. Over 80% of patients
received nucleoside reverse transcriptase inhibitors
(NRTIs) plus non-nucleoside reverse transcriptase inhib-
itors (NNRTIs) as an initial antiretroviral regimen.
Among the 157 patients with available data, the median
HIV RNA before ART was 4.7 log10 copies/mL (IQR:
3.9–5.1 log10 copies/mL). Nearly one-quarter (23.7%) of
2701
patients had predefined liver cirrhosis, and 16.9%
(130/770) of patients were coinfected with HBV.
The median HCV RNA was 6.0 log10 IU/mL (IQR:
3.7–6.8 log10 IU/mL), with 17.8% having undetectable
HCV RNA at study enrollment. Of the 244 patients who
underwent genotype testing, genotype 6 (53.3%) was the
most common, followed by genotype 3 (27.9%), genotype
1 (16.4%), and genotype 2 (2.5%).
Incidence and features of clinical outcomes

During the study period, 386/793 (48.7%) patients had
initiated anti-HCV treatment, among whom 91 (23.6%)
patients received interferon, 247 (64.0%) received DAAs,
and 48 (12.4%) switched from interferon to DAAs
because there was no SVR after interferon treatment.
The overall SVR rate was 96.9% (347/358), specifically
57.7% (75/130) in patients with interferon-based
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Table 2: Clinical outcomes among HCV/HIV-coinfected patients with and without baseline cirrhosis.

Clinical outcomes Patients Person-years
Incidence per 1000

person-years (95% CI)
5-year cumulative
incidence (%)

10-year cumulative
incidence (%)

Hepatic events 43 5073 8.5 (6.0–11.0) 4.2 9.3
Cirrhosis decompensation 35 5065 6.9 (4.6–9.2) 3.5 6.6
SBP 26 – – – –

Variceal bleeding 16 – – – –

Hepatic encephalopathy 8 – – – –

Hepatorenal syndrome 4 – – – –

HCC 13 5098 2.6 (1.2–3.9) 1.2 3.5
Liver-related mortality 14 5112 2.7 (1.3–4.2) 1.1 3.1
Incident cirrhosis 84/605

∗
3932 21.4 (16.8–25.9) 7.9 18.0

All-cause mortality 64 5123 12.5 (9.5–15.5) 6.5 10.8

The CI is determined by assuming that the ratio conforms to the normal distribution.
∗
The 605 patients without baseline cirrhosis. CI: Confidence

interval; HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; SBP: Spontaneous bacterial peritonitis.

Figure 1: Changes in CD4 cell count between patients with and without hepatic events.
Columns indicate the percentage of patients categorized according to the changes in CD4
cell count from baseline to peak. White column indicates the percentage of patients
without hepatic events, and black column indicates patients with hepatic events.
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treatment and 98.9% (272/275) in those with DAA-based
treatment [Supplementary Table 1, http://links.lww.com/
CM9/B374].

During a median follow-up of 6.7 years (IQR: 3.2–
9.7 years), 43 patients developed hepatic events, including
35 cirrhosis complications, 13 HCC cases, and 14 cases of
liver-related mortality. In addition, of the 605 patients
without baseline cirrhosis, 84 had incident cirrhosis. A
total of 64 patients were known to have died during the
study, 14 were adjudicated to be HCV related, 35 HIV
related, and 15 other causes related. The incidence rate per
1000 person-years and cumulative percentages at years
5 and 10 for each individual are shown in Table 2. The
overall 5-year and 10-year cumulative incidences of
hepatic events were 4.2% and 9.3%, respectively.
Supplementary Table 2, http://links.lww.com/CM9/B374
shows the baseline characteristics of patients with and
without hepatic events. Compared to patients without
hepatic events, those with hepatic events were older and
less likely to receive NRTIs plus NNRTIs, whereas they
were more likely to be triple infected, to have liver cirrhosis
corroborated by lower platelet and hemoglobin levels, and
to have poor liver function corroborated by higher alanine
aminotransferase and bilirubin levels and lower albumin
levels. However, sex, HIV transmission route, HCV RNA
load, and HCV genotypes were comparable between
patients with and without hepatic events.
Figure 2: Peak CD4 cell count between patients with and without hepatic events.
Columns indicate the percentage of patients categorized according to peak CD4 cell count
during the study period. White column indicates patients without hepatic events, and black
column indicates patients with hepatic events.
Association between CD4 cell count and hepatic events

The baseline CD4 cell count (median: 146.0 cells/mL vs.
118.0 cells/mL, t = �0.369, P = 0.692) and categories
between patients with and without hepatic events were
comparable [Supplementary Table 2, http://links.lww.
com/CM9/B374]. All patients received ART per standard
of care, and most of them experienced varying degrees of
CD4 cell count elevation after the initiation of ART;
however, the increase in CD4 cell count in patients with
hepatic events was less robust than that in patients without
hepatic events [Figure 1]. The median time for CD4 cell
count to peak in the entire cohort was 4.3 years (IQR: 1.8–
7.1 years), with 3.2 years in patients with hepatic events
2702
and 4.8 years in those without hepatic events. The peak
CD4 cell count was significantly lower among patients
with hepatic events than among those without (median:
354.5 cells/mL vs. 560.0 cells/mL, t = �3.356, P = 0.001).
Overall, 7.6%, 12.9%, 20.6%, and 59.0% of the patients
reached peak CD4 cell counts at <200 cells/mL, 200 to
350 cells/mL, 351 to 500 cells/mL, and >500 cells/mL,
respectively. The percentage of peak CD4 cell counts
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>500 cells/mL in patients with hepatic events was
significantly lower than that in patients without hepatic
events (30.2% vs. 60.7%, x2 = 41.477, P < 0.001,
Figure 2). The 5-year and 10-year cumulative incidences of
hepatic events were 22.9% and 43.8% among patients
with peak CD4 cell counts <200 cells/mL, 10.8% and
16.3% among those with peak CD4 cell counts between
200 and 350 cells/mL, 2.7% and 7.2% among those with
peak CD4 cell counts between 351 and 500 cells/mL, and
1.1% and 4.7% among those with peak CD4 cell counts
>500 cells/mL, respectively (log-rank P< 0.001, Figure 3).

After adjusting for potential confounders, including age,
sex, baseline CD4 cell count, antiretroviral regimen, liver
cirrhosis, liver function, HBsAg status, HCV RNA, and
anti-HCV treatment, the adjusted odds ratios (aORs) were
3.96 (95% CI: 1.51–10.40), 2.25 (95% CI: 0.87–5.86),
and 0.98 (95%CI: 0.35–2.74) for patients with peak CD4
cell counts<200 cells/mL, 200 to 350 cells/mL, and 351 to
Figure 3: Cumulative incidence of hepatic events in subgroups stratified by peak CD4 cell
count during the study period. A: Peak CD4<200 cells/mL; B: Peak CD4 at 200–350 cells/
mL; C: Peak CD4 at 351–500 cells/mL; D: Peak CD4>500 cells/mL.

Table 3: Risk of hepatic events according to peak CD4 count among H

Characteristics >500 cells/mL
351
cell

Patients 468 1
Hepatic events 13
Person-years 3529 9
Incidence per 1000 PYs (95% CI) 3.7 (1.7–5.7) 7.7 (2.
Multivariable aOR (95% CI), model 1 1.00 (Ref) 1.57 (0.
P-value of model 1 0.
Multivariable aOR (95% CI), Model 2 1.00 (Ref) 1.54 (0.
P-value of model 2 0.
Multivariable aOR (95% CI), Model 3 1.00 (Ref) 1.28 (0.
P-value of model 3 0.
Multivariable aOR (95% CI), Model 4 1.00 (Ref) 0.98 (0.
P-value of model 4 0.

Multivariate logistics regression models, backward Wald method was used.
Model 2, Model 1 plus adjustment for the baseline CD4 cell count and ini
regimens/unknown); Model 3, Model 2 plus adjustment for the liver cirrhosis
Model 4, Model 3 plus adjustment for the HBsAg status (positive and negat
determined by assuming that the ratio conforms to the normal distribution. A
B surface antigen; HCV: Hepatitis C virus; HIV: Human immunodeficiency v
nucleoside reverse transcriptase inhibitors; PIs: Protease inhibitors; PYs: Pe
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500 cells/mL, respectively, relative to those with peak CD4
cell counts >500 cells/mL [Table 3]. Further analysis
showed that peak CD4 cell count after ART was
negatively associated with the risk of hepatic events in a
dose–response manner (P value for trend = 0.04). Similar
results were found in subgroup analyses according to age,
baseline CD4 cell count, cirrhosis, and anti-HCV
treatment [Supplementary Table 3, http://links.lww.
com/CM9/B374]. We further evaluated the relationship
between CD4 cell count andHCC, liver-related death, and
all-cause death and found that persistently low CD4 cell
count was a risk factor for these individual events
[Supplementary Table 4, http://links.lww.com/CM9/
B374].
Discussion

In this long-term observational cohort study comprising
HCV/HIV-coinfected patients with good adherence to
ART in China, we found that persistently low CD4 cell
counts were independently associated with a high risk of
hepatic events and that the association may have a dose–
response effect.

The relationship between CD4 cell count and the risk of
hepatic events among HCV/HIV-coinfected patients
remains controversial. In a multicohort collaboration of
HCV/HIV-coinfected individuals in Europe and Canada,
Gjaerde et al[14] showed that a low current CD4 cell count
is associated with a higher incidence of both HCC and
other liver events, including liver-related deaths or
decompensations. Kramer et al[13] also found that a
recent low CD4 cell count is associated with an increased
risk for HCC among veterans with HCV/HIV-coinfection
in the United States and that the association is even
stronger in the cirrhosis-only subgroup. However, in a
CV/HIV-coinfected patients.

Peak CD4 cell count

–500
s/mL 200–350 cells/mL <200 cells/mL

P value
for trend

63 102 60 –

7 10 13 –

10 492 142 –

0–13.4) 20.3 (7.9–32.8) 91.5 (44.1–139.0)
62–4.01) 3.80 (1.62–8.94) 9.68 (4.24–22.10) <0.001
345 0.002 <0.001
60–3.95) 2.92 (1.19–7.13) 7.36 (3.09–17.52) <0.001
368 0.019 <0.001
49–3.33) 2.54 (1.01–6.38) 5.50 (2.23–13.60) <0.001
619 0.048 <0.001
35–2.74) 2.25 (0.87–5.86) 3.96 (1.51–10.40) 0.004
974 0.095 0.005

Model 1, Adjusted for age at enrollment and gender (male and female);
tial antiretroviral regimen (NRTIs plus NNRTIs, NRTIs plus PIs, other
(with and without), platelet, hemoglobin, ALT, albumin, total bilirubin;
ive), HCV RNA, and anti-HCV treatment (with and without). The CI is
LT: Alanine aminotransferase; CI: Confidence interval; HBsAg: Hepatitis
irus; NRTIs: Nucleoside reverse transcriptase inhibitors; NNRTIs: Non-
rson years; RNA: Ribonucleic acid; –: Not applicable.
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French cohort of HCV/HIV-coinfected patients with liver
cirrhosis, Salmon et al[15] did not find a significant
association between CD4 cell count and risk of HCC; they
believed that any association is likely confounded by
cirrhosis, as concomitant splenic sequestration of lym-
phocytes artificially lowers the CD4 cell count.[19]

In our study, neither the CD4 cell count nor categories at
baseline were significantly associated with hepatic events.
However, when considering the longitudinal change in
CD4 cell count after ART and adjusting for liver cirrhosis,
anti-HCV treatment, and other potential confounders,
we found that patients with a peak CD4 count of
�200 cells/mL had a nearly four-fold increased risk of
hepatic events compared to those with a peak CD4 cell
count >500 cells/mL. This observation is consistent with
reports from Gjaerde et al and Kramer et al[20-22] and
other previous studies on HIV individuals. More impor-
tantly, by stratifying the peak CD4 cell count, we
demonstrated that the above association had a dose–
response effect; more specifically, the lower the peak CD4
cell count, the higher the risk of hepatic events. This
association was supported by subgroup analyses.

Previous studies have reported that effective ART could
lower the progression of hepatic fibrosis and liver
disease.[23,24] On the other hand, CD4 cells are a key
component of the adaptive immune response against
tumors, and increasing evidence suggests that CD4 cells
can be highly potent antitumor effectors.[25] Our study not
only supports recommendations that antiretroviral treat-
ment should aim at reaching and maintaining a high CD4
cell count to prevent malignancy,[20] but also highlights
the important role of immune reconstitution in improving
long-term liver outcomes in HCV/HIV-coinfected
patients. Our results emphasize the need for early
initiation of antiviral therapy in HCV/HIV-coinfected
patients in clinical practice to improve immune reconsti-
tution and reduce the incidence of end-stage liver disease.
In patients with poor immune reconstitution, closer
monitoring is needed for the early detection of adverse
outcomes and timely intervention, thus improving the
long-term prognosis of patients.

As expected, we found that liver cirrhosis (aOR: 4.72,
95% CI: 2.30–9.71) and the absence of anti-HCV
treatment (aOR: 2.37, 95% CI: 1.03–5.43) were risk
factors for hepatic events. In addition, coinfection with
HBV (triple infection), a well-known risk factor for
hepatic events, was verified in the present study (aOR:
2.18, 95% CI: 0.99–4.78). In the sensitivity analysis, we
tried to exclude patients with triple infection and found
that the relationship between the peak CD4 cell count and
hepatic events was still consistent (data not shown).
Interestingly, we found that the proportion of patients
receiving NRTIs plus NNRTIs as an initial antiretroviral
regimen was lower in patients with hepatic events than in
those without. NRTIs plus NNRTIs as an initial
antiretroviral regimen were negatively associated with
the occurrence of hepatic events (aOR: 0.33, 95% CI:
0.13–0.82). This could be explained by the fact that most
patients with hepatic events had baseline cirrhosis; in this
case, physicians are less likely to prescribe NNRTIs
2704
because of their potential hepatotoxicity.[26] Nonetheless,
the impact of the antiretroviral regimen on long-term liver
outcomes needs further investigation. In this study, only
157 patients had HIV-1 RNA testing before ART, with a
median of 4.7 log10 copies/mL. HIV RNA is an expensive
test that is usually not affordable for some AIDS patients
because of their poor financial situation. On the other
hand, the early clinical practice did not emphasize the need
for HIV RNA testing before ART, whereas the required
tests were HIV antibody and CD4 cell count, so only a
small percentage of patients had HIV RNA test results.
Based on the available data, although we did not find a
correlation between HIV RNA load and hepatic events,
their relationship needs to be further clarified by more
well-designed studies.

Our study had a few limitations. First, compared with
previous multicenter and multicohort studies, the present
study was a single-center study with a relatively small
sample size. However, most of the previous studies were
conducted in European and North American populations
with predominantly HCV genotype 1, whereas this study
included Asian populations, and most of the patients were
genotype 6, thus providing novel evidence to fill the gap of
previous ones. Second, the enrollment period of this study
spanned a long period of time, and the patients had fairly
low baseline CD4 cell counts. Some of them may have
been lost to follow-up or died due to AIDS-related
opportunistic infections and tumors; therefore, the
incidence of hepatic events would be underestimated.
However, sensitivity analyses stratified by baseline CD4
cell count (<200 cells/mL vs. ≥200 cells/mL) showed that
the primary results remained consistent. Third, this study
is a real-world observational study. Unlike strictly
interventional studies, clinical information and test results
are based on patient self-report and historical medical
record information, and there are inevitably missing data,
including lifestyle details such as alcohol consumption,
smoking, and comorbidities such as fatty liver diseases and
diabetes. However, the indicators closely related to
hepatic events collected in this study are relatively
complete, which maximizes the reliability of the con-
clusions. In addition, a relatively large number of patients
in this study were excluded due to the absence of HCV
RNA testing and short follow-up time (N = 424), but we
compared the baseline characteristics between included
and excluded patients. We found that they were
comparable in gender, ART regimens, and coinfection
with HBV, although the included patients were slightly
younger, with a slightly higher CD4 cell count and a
lower proportion of liver cirrhosis. In short, our study
population is in line with the current characteristics of
patients with HIV infection; thus, it has a good
representativeness.

In conclusion, persistently low CD4 cell counts after the
initiation of ART are independently associated with a
high risk of hepatic events in HCV/HIV-coinfected
patients, highlighting the important role of immune
reconstitution in improving liver outcomes. Future
intervention studies are needed to analyze the impact
of promoting immune reconstitution on the long-term
outcomes in this population.
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