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Background Co-infection with hepatitis B (HBV) and C (HCV) is common among people living with HIV (PLHIV). This study investigates the
impacts of hepatitis co-infection on antiretroviral therapy (ART) outcomes and hepatotoxicity in PLHIV.
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Methods The cohort study included 1,984 PLHIV. Hepatotoxicity was defined by elevated alanine aminotransferase (ALT) levels. ART

an

outcomes were measured by CD4 cell counts, viral load and mortality rate in patients.
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Results Among 1,984 PLHIV, 184 (9.3%) were co-infected with HBV and 198 (10.0%) with HCV and 54 (2.7%) were co-infected with HBV
and HCV. Of these patients, 156 (7.9%) had ALT elevation ≥ grade 1 at baseline. During the course of ART the mortality rate and its adjusted
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hazard ratio (AHR) in PLHIV who were co-infected with HCV (2.6/100 py, AHR=2.3, 95%CI 1.1–4.7) was higher than for patients with
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mono-infected HIV, as it was for those with an elevated ALT (4.4/100 py, AHR=3.8, [1.7–8.2]) at baseline compared to those with normal ALT.
After 6-12 months of ART, the incidence of hepatotoxicity among all the patients was 3.7/100 py. The risk of hepatotoxicity was higher in HCV
co-infected (18.6/100 py, adjusted odds ratio (AOR)=12.4, [8.1-18.2]) than HIV mono-infected patients, and for all regimens (nevirapine:
30.0/100py, 34.2, 7.3-47.9; zidovudine/stavudine: 24.7/100py, 22.1, 7.1-25.5; efavirenz: 14.5/100py, 9.4, 3.5-19.2; lopinavir/ritonavir:40.1/100py,
52.2, 9.5-88.2) except tenofovir (4.3/100py, 4.9, 0.8-9.5). Patients with HBV/HCV co-infected had high hepatotoxicity (10.0/100py, 6.3,
1.2-23.3) over the same period.
Conclusion Patients with HCV co-infection and HBV/HCV co-infection demonstrated higher hepatotoxicity rate compared with HIV

mono-infected patients in China.
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Introduction
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Hepatitis B virus (HBV) and hepatitis C virus (HCV) are the two most common co-infections among people living with Human
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Immunodeficiency Virus (HIV) (PLHIV) 1. The prevalence of HCV co-infection differs markedly among populations with HIV; for instance,
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people who inject drugs (PWID) usually have high rates of HCV co-infections because they share syringes whereas those who acquire HIV
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through heterosexual sex do not 2. Differences also exist for HBV whose primary transmission route of HBV is through sexual contact, parental
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contact or mother-to-child transmission 3. PLHIV co-infected with viral hepatitis demonstrate a two- to five-fold higher mortality risk than
non-co-infected patients; moreover, co-infected patients liver diseases progress more rapidly when compared to those with hepatitis infection
alone 4. China started to encourage voluntary HBV and HCV screening among antiretroviral therapy (ART) patients from 2007 5. In 2012, a
nationwide Chinese retrospective observational cohort study indicated that among 33,861 HIV-positive patients, 8.7% were co-infected with
HBV, 18.2% with HCV and 3.3% with both 6. Compared with neighbouring developing countries, the HBV co-infection rate was lower than in
Thailand, Malaysia, or Vietnam, but the HCV co-infection in China was higher than in countries from the TREAT Asia HIV Observational

Database (TAHOD) 7-9. And the hepatitis co-infected rate varied between different regions of China. One study in south-eastern China showed
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that the prevalence of HBV, HCV and HBV/HCV co-infection among PLHIV were 16.22%, 3.7% and 0.79%, respectively 10. These rates were
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generally higher than other developed countries 11.
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Although the widespread use of ART for HIV has significantly reduced the mortality and improved the life quality among PLHIV 12, treatment
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of HIV in PLHIV with hepatitis co-infection is complicated as ART may increase the risk of hepatotoxicity and associated mortality. At least

ho

two prospective cohort studies have demonstrated that prolonged exposure to ART substantially increases the risk of hepatotoxicity 13,14, which
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raises the concern for those taking long-term ART. Also, HIV infection has been associated with liver fibrosis in the absence of chronic hepatitis
co-infection 15,16. Thus, some developed countries have assessed treatment outcomes of different ART regimens in hepatitis co-infected patients
and standardised therapeutic guidelines for clinicians 17-19. Unfortunately, first- and second-line ARV regimens are different in China from most
developed countries and only six commonly regimens are provided by the national ART program, and the effects of these regimens on hepatitis
infected ART patients are under-studied.
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The Chinese national ART program provides four nucleoside reverse transcriptase inhibitor (NRTI) regimens, Tenofovir (TDF), Zidovudine

cr
ip

(AZT), Stavudine (D4T) and Lamivudine (3TC) and two non-nucleoside reverse transcriptase inhibitor (NNRTI) regimens, Efavirenz (EFV)
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and Nevirapine (NVP) as first-line treatment and one protease inhibitor-based regimen Lopinavir/Ritonavir (LPV/r) as a second-line treatment
since 2012 20, combination of antiretroviral regimens remained unchanged as AZT+3TC+NVP/EFV or TDF+3TC+EFV/NVP in the latest 2016
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guidelines 21. The guidelines have no specific recommendations for PLHIV who have abnormal liver functions at treatment initiation. Currently,
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no studies have been conducted in China to assess the hepatotoxicity of various ART regimens on hepatitis co-infections among PLHIV. This

ho

study aimed to (1) compare the hepatotoxicity and mortality rates of HBV and HCV co-infected patients with HIV mono-infected patients, and
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(2) evaluate the treatment effects of currently available ART regimen in co-infected patients.

Materials and methods

Study setting and data source
This retrospective cohort study was conducted in Hunan Province between January 2008 and December 2013. A clinical database was
established by the Hunan Centre for Disease Control (CDC) in line with the national guidelines to compile patient and treatment information in
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each jurisdictional district 22. This information is synchronised real-time to the national ART database as a part of the requirements stipulated by
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the national CDC. Information collected from patients includes initial patient assessment, treatment follow-up, treatment regimen change,
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treatment/follow-up termination and transfer of care. In this analysis, data was extracted at initial patient assessment, treatment follow-up and
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termination section from the Hunan ART database. The treatment information of patients from different databases was linked by the treatment
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ID number, which is unique for each patient. Personal information was de-identified in this study.
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Inclusion criteria
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This study included (1) people aged 18 or above who were treatment-naïve and newly enrolled in the ART program in Hunan during the study
period, and (2) patients who were tested for HBV and HCV before they initiated ART treatment. To evaluate the impact of hepatitis HIV
co-infection on mortality and HIV disease progression, the study excluded deaths caused by accident or suicide and patients who received the
hepatitis treatment during the first six months of ART. The latter may bias the estimate of hepatotoxicity incidence. (3) To evaluate the
treatment effects of various ART regimens among hepatitis co-infections, the study excluded the patients who switched ART regimen within the
first six months.
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Indicators definitions
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All clinical diagnoses and hepatotoxicity categorisations were conducted according to internationally recognised standards. HIV infection was
23

. HBV-positivity was diagnosed by HBsAg via

us

tested via enzyme immunoassay (EIA) screening and confirmed by Western blot (WB)
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enzyme-linked immunosorbent assay (ELISA) screening and then confirmed by hep B core antibody-positive tests. HCV-positivity was
detected by the presence of anti-HCV antibodies via ELISA first, then confirmed by PCR. The study measured alanine aminotransferase (ALT)
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levels in ART patients at baseline and 6-12 months after treatment initiation. At baseline, we defined ‘ALT elevation’ as ALT counts ≥ Grade
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1, namely, greater than 1.25 times the upper limit of the normal (ULN) ALT range 24. After 6-12 months on ART, hepatotoxicity was defined

Au
t

based on the levels of ALT, according to acquired immune deficiency syndrome (AIDS) clinical trial group guidelines (ACTG)

24

.

Hepatotoxicity was defined as having ALT elevation to grade 3–4 in patients who have normal ALT counts at baseline. In patients already with
elevated ALT levels at baseline, hepatotoxicity was defined as a greater than 3.5 folds increase in ALT levels compared with the baseline level
25,26

.

Characteristics at ART initiation

t

Data regarding HIV transmission routes and ART initiation (i.e., CD4+ T-cell count, WHO HIV stage, liver function tests results, hepatitis
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co-infection status and regimen) from each patient’s initial clinical assessment were collected from the baseline database. The ART regimen
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selected was based on the criteria from the treatment guidelines and the doctors’ individual clinical experience. PLHIV were categorised into

an

four groups: (1) HIV mono-infected, (2) HIV/HCV co-infection, (3) HIV/HBV co-infection, and (4) HIV/HBV/HCV co-infection. The study
used 40 IU/L of ALT as the threshold for ULN based on the Chinese standards

27-29

. The ART regimen patients used was recorded at ART
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initiation and during the treatment for each patient. The study compared the ALT level in different regimen groups, including EFV versus NVP
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from NNRTIs, TDF versus AZT/D4T from NRTIs, and first-line regimen versus second-line regimen (LPV/r).

Study indicators after ART initiation
At 6-12 months since treatment initiation, viral load, CD4+ T-cell counts, and liver function test results were extracted from the ART follow-up
database. These indicators were measured every six months as recommended by the Chinese treatment guidelines. The mortality rate was
calculated using the number of deaths that occurred during follow-up (2008-2013) and the total number of person-years of treatment. The
definition of suboptimal ART outcome included virological failure, immunological failure or mortality events. Immunological failure was
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defined as a CD4 Cell count fall to below 100 cells/mm3 or CD4 count fall below the baseline level after three-month ART without a
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concomitant diseases; virological failure was defined as plasma viral load above 1000 copies/mL based on two consecutive viral load

us

measurements after 3 months of treatment 30. The incidence of hepatotoxicity incidence is defined above and uses the ACTG guidelines 24 after

an

six to twelve months treatment.
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Statistical analysis
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Statistical Analysis System 9.4 (SAS 9.4) was used for all calculations. Descriptive and inferential statistical analysis was performed. The
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median and interquartile ranges (IQR) were used to summarise the numerical variables at the baseline, and frequencies and percentages were
used to summarise the categorical variables. A chi-square test was used to compare all the categorical variables, for the expected frequency of
variable smaller than five we adopted the results from Fisher’s exact test. Three multivariable logistic regression models were constructed, two
were applied to identify the impact of hepatitis co-infection on ART treatment outcomes (each for immunological and virological failure events),
whereas the third investigated the impact of ART regimens on hepatotoxicity. A marginal structural logistic regression model was used to
estimate the causal effects of regimen switch on the hepatotoxicity of the patients. A multivariable Cox proportional hazards model was used to

t

explore the association between hepatitis co-infection and mortality rate observed from the overall follow-up. Variables with p-value <0.2 in the
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univariate analysis were included in the multivariate regression. A p-value of less than 0.05 was considered significant in the final model.
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Results

Demographic characteristics and hepatitis infection at baseline

rM

A total of 1,984 PLHIV initiating ART and were tested for HBV and HCV at baseline (Table 1). The median age of patients was 39 years (IQR
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30-49), and the median CD4+ T-cell count was 152 cells/mm3 (IQR 43-254). The majority were males (1353, 68.2%) and the main route of HIV
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acquisition was heterosexual contacts (1360, 68.5%) followed by injecting drug use (227, 11.4%) and homosexual sex (205, 10.3%). The
proportion of the patients with WHO clinical stage I/II (946, 47.7%) and III/IV (1038, 52.3%) was similar among the patients.

Among all the 1984 PLHIV, 10.0% (198/1984), 9.3% (184/1984), and 2.7% (54/1984) were co-infected with active HCV, HBV and HBV/HCV,
respectively. Of them, 7.9% (156/1,984) had elevated ALT levels at baseline (Table 1). The elevated ALT percentage was 5.4% (84/1548) in
HIV mono-infected patients, 15.2% (30/198) in HIV/HCV co-infected patients, 19.6% (36/184) in HIV/HBV co-infected patients, and 11.1%
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(6/54) in HIV/HBV/HCV co-infected patients (p<0.01, X2=62.77).

us

ALT level and ART regimens at baseline
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EFV was used in more than half of the patients (1,024/1984, 51.6%) while 42.7% (848/1984) used NVP. For the NRTI regimen, only 18.8%
(372/1984) patients used TDF-based regimen, by contrast, AZT/D4T users accounted for the majority (1529, 77.1%). There were 5.6% (112)
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patients initiating ART with the second-line regimen. Notably, 19.7% (391/1,984) of the total patients was still using D4T, a regimen outdated
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by the Chinese treatment guidelines.

The proportion of using NVP-based regimens among patients with normal ALT levels (44.0%, 805/1828) is significantly higher than that in
patients with elevated ALT levels (27.6%, 43/156, χ2=15.94, p<0.01). Correspondingly, a lower proportion of EFV-based regimens use was
found among patients with normal ALT levels (50.4%, 922/1828) than that in patients with elevated ALT levels (65.4%, 102/156, χ2=12.86,
p<0.01). No significant differences in the use of other ART regimens were found between the two groups (Table 2).
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Inferior ART outcomes in hepatitis co-infected patients
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Hepatitis co-infected patients had inferior treatment outcomes compared with the HIV mono-infected patients. At the first follow-up after 6-12
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months of ART, 6.0% HIV mono-infected patients developed virological failure and 24.1% demonstrated immunological failure. In comparison,
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HCV co-infected patients had a threefold higher risk (10.8%, AOR=2.92, 95% CI [1.55–5.51]) of virological failure and were 1.5 times (29.2%,
AOR=1.69, [1.20–2.34]) more likely to experience immunological failure. HBV-co-infected patients only demonstrated a higher immunological

rM

failure rate (27.5%, AOR=1.40, [1.08–1.92]). HCV/HBV co-infected patients were more likely (8.3%, AOR=1.42, [1.04–4.15]) to suffer
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virological failure than HIV mono-infected patients.

At the end of the study observation period, the cohort accumulated 4,664 person-years of follow-up. Fifty-seven patients died during this time,
corresponding to an overall mortality rate of 1.2/100 person years. In comparison, the risk of mortality in HCV co-infected patients was more
than two times higher (2.6/100 person years, AHR=2.28, [1.11–4.68]) than HIV mono-infected patients. The mortality rate in HBV co-infected
patients showed no differences in comparison to HIV mono-infected patients (Table 3). Patients with elevated ALT levels at baseline were three
times more likely to die (4.4/100 person years, AHR=3.78 [1.76-8.24]) during treatment than otherwise.
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Association between hepatotoxicity and hepatitis co-infection and ART regimens
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Among the 1,417 (71.4%) patients who had liver function tests performed after 6-12 months of treatment, the incidence of hepatotoxicity was

us

3.7/100 py (47/1,417). HCV (18.6/100 person years, AOR=12.4, [8.1-18.2]) and HBV/HCV (10.0/100 person years, AOR=6.3, [1.2-23.3])
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co-infected patients were associated with significantly higher hepatotoxicity risk compared with HIV mono-infected group (1.8/100 person
years). Notably, HCV co-infection contributed to significantly higher risk of hepatotoxicity in patients on second-line treatment at baseline

rM

(40.1/100 person years, AOR=52.21, [9.5–88.2]) and patients (8/198) who switched from a first-line regimen to a second-line regimen

ho

(63.3/100 person years, AOR=64.3, [6.9–88.7]). The risk of hepatotoxicity was also significantly higher in patients using NVP- (30.0/100 py,
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AOR=34.2, [7.3-47.9]), AZT/D4T- (24.7/100 py, AOR=22.1, [7.1-25.5]), EFV- (14.5/100 py, AOR=9.4, [3.5-19.2]) and LPV/r-based (40.1/100
py, AOR=52.2, [9.5-88.2]) regimen than HIV mono-infected patients. Co-infection with both HBV and HCV contributed to a high risk of
hepatotoxicity among patients using NVP (18.7/100 person years, AOR=21.0, [1.8–79.8]) and TDF-based regimens (10.9/100 person years,
AOR=8.5, [1.3–37.6]). On the contrary, for HBV co-infected patients, no regimen was significantly associated with increasing hepatotoxicity
risk, and those who used TDF-based regimen have the lower incidence of hepatotoxicity (1.4/100 py) than people with other regimens (p<0.05)
(Figure 1).

Discussion
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This study analysed ART outcomes for PLHIV who were co-infected with viral hepatitis in China. Compared to mono-infected PLHIV, those
co-infected with HCV, had a significantly higher mortality, virological failure rate, immunological failure rate, and hepatotoxicity risk, while

31-34

. ART regimens have different effects on hepatitis co-infected patients. With the exception of TDF, NVP-, EFV-, AZT/D4T-

an

other countries
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PLHIV co-infected with HBV only had a higher immunological failure rate during treatment. These findings are consistent with the studies from
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or LPV/r-based regimens all had a higher risk of hepatotoxicity in HCV co-infected patients. HBV co-infected patients who were treated with the

ho

TDF-based regimen did not have a higher risk of hepatotoxicity, suggesting a beneficial effect on suppressing HBV.
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There are a number of possible reasons for the higher mortality and hepatotoxicity rates in HCV co-infected patients. First, there are known
interactions between HIV and HCV infections, as HIV accelerates hepatic fibrosis progression of HCV, and HCV accelerates the progression of
HIV to AIDS leading to the elevated mortality rate 35,36. The higher mortality rate in HCV infection could be explained by HCV, but not HBV
being a significant risk factor for cardiovascular disease

37

. Our finding concurs with the previous studies that mortality rate in HCV/HIV

co-infected patients was significantly higher than HIV/HBV co-infected patients

38,39

. Second, a common side effect of NNRTI drugs is liver

toxicity which is associated with the hepatotoxicity rate especially in patients with prior liver disease 40,41. A previous study showed that NVP

42-44

. Third, the characteristics of the

t

leads to the serious liver damage and drug-induced liver fibrosis especially in patients with hepatitis C
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susceptible population who are likely to be co-infected HCV also contribute to increasing mortality risk and hepatotoxicity risk. The majority of

us

HCV co-infected patients in this study were PWID (69.2%), and this population usually has an unstable lifestyle, and a significant proportion

, which may further reduce the treatment benefits of ART and increase the treatment failure risk.

rM

46,47

an

(estimated 90%) of them continue to use drugs after initiating ART. 45. Low ART adherence among drug users was reported in previous studies

ho

The results show that ART regimens have different effects in PLHIV who are co-infected with HBV and HCV. TDF-based regimens offer
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substantial benefits to HBV co-infected patients compared with patients using other regimens. In addition none of HBV co-infected patients
who use a TDF-regimen was found with hepatotoxicity. 48,49. The expected treatment outcomes from TDF in this study concur with the previous
studies in other countries

50,51

. This regimen is included in the Chinese free ART programme and is the only recommended regimen in the

Chinese treatment guidelines for patients co-infected with HIV and HBV. In contrast, the challenge lies in treating HIV patients co-infected
with both HBV and HCV, since the two current first-line regimen combinations both contribute to an elevated risk of hepatotoxicity, and
virological failure in this population is high. Previous studies also reported that HIV/HBV/HCV co-infected patients have a higher mortality

t

rate than each of the HIV/HCV and HIV/HBV co-infected patients 52,53. We were not able to show this but we only had a small sample size of

21

. The US treatment guidelines recommend the use of direct-acting antivirals (DAAs) therapy for HCV prior to ART 54,

us

treatment guidelines
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triple co-infection patients in our study. Currently, there are no recommendations for treating triple co-infection patients in the latest Chinese

an

but the high out-of-pocket cost for this effective treatment is a significant barrier for the Chinese patients 55,56 although the first DAAs medicine
has only been approved recently by the Chinese Food and Drug Administration in April 2017. The majority of HCV-positive patients are still on

rM

IFN treatment, such as Pegylated IFN-α 2a or 2b in combination with ribavirin (RBV)

57

. The overall higher rates of immunological failure,

ho

virological failure and mortality in HCV co-infected patients require further investigation to determine if this can be improved via more careful
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selection of ART regimens, early initiation of HCV treatment and enhancement of treatment adherence.

The follow-up results reflect the importance of the regimen selection at baseline. The comparison of regimen selection at baseline indicates that
clinical doctors have considered ALT levels when determining ART regimens, especially their NNRTI choice at ART initiation. However, the
doctor's decision does not always follow the treatment guidelines. For instance, although the treatment guidelines recommend TDF+3TC+EFV
as the first-line regimen for HBV co-infected patients, less than half of HBV co-infected patients initiated ART with TDF, which may be due to

the fact that TDF-based regimen was not included in national free ART program until 2012 58 although it was recommended by China treatment
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guidelines as early as 2007 5. The situation highlights the necessity to switch a better treatment plan for HBV co-infected in clinical practices in
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China. Similarly, treatment guidelines have recommended against the use of D4T and NVP-based regimens for HCV co-infected patients, but
~30% HCV co-infected patients have been given a regimen that includes D4T, and another one-fourth NVP. Higher hepatotoxicity incidence

rM
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rate has been reported in patients who used the NVP- and AZT/D4T-based regimens during the follow-up 59.
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Several limitations should be noted in this study. First, this study could not identify deaths unrelated to both HIV or viral hepatitis, so we cannot
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provide a disease-specific mortality rate. Second, the primary HIV infection route was sexual transmission in this setting, so it may not be
representative to other settings where sharing injection equipment is more common and leads to a higher co-infected rate with HCV. Third, the
limited proportion of patients who participated in the follow-up liver function test may lead to a potential bias in the results. Fourth, the duration
of HBV or HCV infections cannot be identified in the study as they were all newly diagnosed at ART initiation, it may have an impact on ART
outcome and hepatotoxicity risk. Fifth, the study was conducted during January 2008 and December 2013, although the treatment guidelines in
China for HIV and HCV has not changed substantially during and after the study period, the more recently diagnosed patients may have better

t

treatment options for HCV. Our findings are limited to patients who are largely dependent only on the national free treatment program. Sixth,
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the small sample size of triple co-infection patients in this study may affect the precision of our estimated risk of hepatotoxicity rate in this

us

group. Despite this, this study is the first to evaluate and compare the treatment effects of different regimens in PLHIV co-infected with HBV
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and HCV in China. It serves as an important reference for regimen selection in clinical practices and informs policy makers in formulating

rM

future treatment guidelines and also can be used in other developing countries.
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Conclusion
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This retrospective cohort study demonstrated a high mortality and hepatotoxicity rate among PLHIV co-infected with HCV in China, indicating
careful and timely clinical management is necessary for HCV co-infected patients to monitor the disease progress to AIDS and liver diseases.
For HBV co-infected patients, the TDF-based regimen should be strongly recommended. Further improvements in the current Chinese
treatment guidelines are necessary to direct the best clinical practices for ART. This study represents the treatment situation of HIV/HBV and
HIV/HCV co-infected patients in China and probably in many other similar developing country settings.
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Table 1. Patient characteristics at baseline

Characteristics/Infection status
Age at ART initiation (IQR)

Total (%)
1984 (100.0)
39 (30-49)

HIV-only (%)
1548 (78.0)
40 (30-52)

HIV/HCV (%)
198 (10.0)
37 (33-43)

HIV/HBV (%)
184 (9.3)
39 (30-49)

HIV/HBV/HCV (%)
54 (2.7)
38 (33-43)

1032 (66.7)
516 (33.3)
166 (49-259)

139 (70.2)
59 (29.8)
109 (31-214)

142 (77.2)
42 (22.8)
129 (33-225)

40 (74.1)
14 (25.9)
106 (25-174)

1360 (68.5)
205 (10.3)
227 (11.4)
25 (1.3)
167 (8.4)

1165 (75.3)
174 (11.2)
43 (2.8)
19 (1.2)
147 (9.5)

47 (23.7)
4 (2.0)
137 (69.2)
3 (1.5)
7 (3.5)

135 (73.4)
25 (13.6)
11 (6.0)
2 (1.1)
11 (6.0)

13 (24.1)
2 (3.7)
36 (66.7)
1 (1.9)
2 (3.7)

946 (47.7)
1038 (52.3)

818 (52.8)
730 (47.2)

40 (20.2)
158 (79.8)

78 (42.4)
106 (57.6)

10 (18.5)
44 (81.5)

156 (7.9)

84 (5.4)

30 (15.2)

36 (19.6)

6 (11.1)

201 (10.1)
186 (9.4)
629 (31.7)
484 (24.4)
Total (%)
339 (17.1)
83 (4.2)
33 (1.7)
25 (1.3)
4 (0.2)

143 (9.2)
148 (9.6)
557 (36.0)
372 (24.0)
HIV-only (%)
215 (13.9)
61 (3.9)
27 (1.7)
21 (1.4)
4 (0.3)

40 (20.2)
18 (9.1)
28 (14.1)
61 (30.8)
HIV/HCV (%)
39 (19.7)
5 (2.5)
3 (1.5)
4 (2.0)
0 (0.0)

10 (5.4)
15 (8.2)
36 (19.6)
38 (20.7)
HIV/HBV (%)
66 (35.9)
16 (8.7)
3 (1.6)
0 (0.0)
0 (0.0)

8 (14.8)
5 (9.3)
8 (14.8)
13 (24.1)
HIV/HBV/HCV (%)
19 (35.2)
1 (1.9)
0 (0.0)
0 (0.0)
0 (0.0)
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1353 (68.2)
631 (31.8)
152 (43-254)
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Gender
Male
Female
CD4 at ART initiation (IQR)
Transmission route
Heterosexuals
Homosexuals
IDU
FPD
Unknown
WHO Stage at ART Initiation
I/II
III/IV
Biochemical indices of liver at ART initiation
Elevated ALT (> 50 IU/L)
ART regimen at ART Initiation
EFV+3TC+D4T
NVP+3TC+D4T
NVP+3TC+AZT
EFV+3TC+AZT
EFV+3TC+TDF
LPV/r+3TC+TDF
NVP+3TC+TDF
LPV/r+3TC+AZT
D4T+3TC+LPV/r
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922 (50.4)
805 (44.0)
1389 (76.0)
338 (18.5)
101 (5.5)

102 (65.4)
43 (27.6)
111 (71.2)
34 (21.8)

12.86, <0.01
15.94, <0.01
1.82, 0.18
1.03, 0.31

11 (7.1)

0.63, 0.43
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First-line regimen
Patients administered EFV
Patients administered NVP
Patients administered AZT/D4T
Patients administered TDF
Second-line regimen
Patients administered LPV/r

cr
ip

t

Table 2. Proportion of ART regimen used in patients with normal and elevated ALT levels at treatment
initiation
Regimen/ALT status
Normal ALT (%) n=1828 Elevated ALT (%)n=156
Wald X2, p-value
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Table 3. The comparison of HIV disease progression among different co-infection patients, by multivariate logistic
regression and cox proportional hazards model analysis.
Indicators/ Infection status
HIV only
HIV/HCV
HIV/HBV
HIV/HBV/HCV
Virological failure (T6-12)
Cases/participants, (%)
60/1004 (6.0)
15/139 (10.8)
10/141 (7.1)
3/36(8.3)
Adjusted OR (95%CI)
Ref.
2.92(1.55-5.51)
1.20(0.58-2.45) 1.42(1.04-4.15)
Immunological failure (T6-12)
Cases/participants, (%)
301/1249 (24.1)
47/161 (29.2)
41/149 (27.5)
10/41 (24.4)
Adjusted OR (95%CI)
Ref.
1.69 (1.20-2.34) 1.40(1.08-1.92) 0.96(0.69-2.11)
Mortality
Cases/person years (%, participants)
41/3762 (1.1, 1548) 11/431 (2.6, 198) 4/350 (1.1, 184) 1/121 (0.8, 54)
Adjusted HR (95%CI)
Ref.
2.28(1.11-4.68)
0.99(0.35-2.82) 0.74(0.1-5.47)
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The multivariate logistic regression model for virological failure and immunological failure was adjusted by age, gender, and
WHO classification of AIDS stages at baseline and the multivariate cox regression model for mortality was adjusted by
transmission route and WHO classification of AIDS stages at baseline

Figure 1. Risk of hepatotoxicity after 6-12 months of ART treatment with various regimens compared with
HIV mono-infected patients, by multivariate logistic regression model analysis
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