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Abstract

Background—Antiretroviral treatment (ART) for HIV-positive patients has expanded rapidly in 

Asia over the last ten years. Our study aimed to describe the time trends and risk factors for overall 

survival in patients receiving first-line ART in Asia.

Methods—We included HIV-positive adult patients who initiated ART between 2003–2013 

(n=16 546), from seven sites across six Asia-Pacific countries. Patient follow-up was to May 2014. 

We compared survival for each country and overall by time period of ART initiation using Kaplan-

Meier curves. Factors associated with mortality were assessed using Cox regression, stratified by 
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site. We also summarized first-line ART regimens, CD4 count at ART initiation, and CD4 and 

HIV viral load testing frequencies.

Results—There were 880 deaths observed over 54 532 person-years of follow-up, a crude rate of 

1.61 (1.51, 1.72) per 100 person-years. Survival significantly improved in more recent years of 

ART initiation. The survival probabilities at 4 years follow-up for those initiating ART in 2003–05 

was 92.1%, 2006–09 was 94.3% and 2010–2013 was 94.5% (p<0.001). Factors associated with 

higher mortality risk included initiating ART in earlier time periods, older age, male sex, injecting 

drug use as HIV exposure and lower pre-ART CD4 count. Concurrent with improved survival was 

increased tenofovir use, ART initiation at higher CD4 counts, and greater monitoring of CD4 and 

HIV viral load.

Conclusions—Our results suggest that HIV-positive patients from Asia have improved survival 

in more recent years of ART initiation. This is likely a consequence of improvements in treatment 

and, patient management and monitoring over time.

Introduction

The introduction of combination antiretroviral treatment (ART) has substantially increased 

the survival of individuals living with HIV [1–4]. In developed countries, ample treatment 

options and accessibility have significantly improved overall survival and increased the life 

expectancy of HIV-positive individuals [5]. However, HIV-positive individuals from 

resource-limited settings (RLS) have faced significant barriers to accessing ART. Prior to 

2005, it was estimated that only 7% of HIV-positive patients in need of treatment in low- and 

middle- income countries had access to ART [6]. The “3 by 5” initiative, launched by 

UNAIDS and the World Health Organization (WHO), aimed to provide a pathway to large-

scale expansion of first-line ART for people living with HIV/AIDS in RLS [7]. In parallel to 

these global efforts, the number of eligible people accessing ART in the Asia-Pacific region 

has incrementally increased [8]. Yet, barriers to accessing treatment still remain for many 

HIV-positive patients in Asia [9, 10]. In 2012, the estimated treatment coverage rate for the 

Asia-Pacific was 51%, which was lower than the global average of 61% [8].

Over time, there have been changes to treatment guidelines and patient management to 

contribute to further improvements in survival. In 2006, the WHO guidelines recommended 

a move away from stavudine (d4T) use in first-line regimens, due to toxicities and side 

effects, and increased use of tenofovir (TDF), zidovudine (AZT) and abacavir (ABC) [11, 

12]. The 2010 WHO guidelines recommended earlier ART initiation, increasing the 

suggested CD4 cell count threshold of when to initiate ART to 350 cells/mm3 in 

asymptomatic patients [13]. The 2013 WHO guidelines further increased this threshold to 

500 cells/mm3 and, the 2015 guidelines now advise initiation of ART for all HIV-positive 

individuals, regardless of the CD4 cell count [14, 15]. Earlier initiation of ART has 

contributed to increased survival and longer life expectancies of HIV-positive people in the 

developed and RLS countries [16–20]. Countries in the Asia-Pacific region progressively 

aligned their national guidelines to the WHO guidelines to encourage earlier initiation of 

ART and the use of tolerable ART regimens [21, 22].
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Although, there have been substantial improvements to the care of HIV-positive patients in 

the Asia-Pacific region, disparities in income and care infrastructures are important factors 

that influence a country’s ability to offer optimal care to HIV-positive patients, which 

impacts long-term outcomes and risks of drug resistance and mortality [23, 24]. Therefore, 

there is a distinct need to monitor and document the survival trends of HIV-positive patients 

in the Asia-Pacific.

This study aimed to analyze and describe the time trends in and factors affecting overall 

survival in HIV-positive patients receiving first-line ART enrolled in the TREAT Asia HIV 

Observational Database Low Intensity Transfer (TAHOD-LITE) cohort, and summarize 

other concurrent changes in treatment and patient management over the study period.

Methods

Data collection and participants

TAHOD-LITE is a sub-study of the TREAT Asia HIV Observational database (TAHOD). 

Whereas 21 HIV treatment centres participate in TAHOD and contribute detailed data on a 

subset of patients in care at the site [25], TAHOD-LITE currently involves seven sites from 

Cambodia, Hong Kong, India, Indonesia, Singapore and Vietnam, that contribute key data 

on all patients seen at the site. TAHOD-LITE began collecting retrospective data in 2014 

and to date includes data from over 30 000 HIV-positive adult patients. As all patients seen 

at the sites are included in TAHOD-LITE, it allows robust and representative analyses of 

trends in ART use, response to treatment and other key patient care aspects at the sites. 

Patient data are collected during routine clinical care, and then anonymized before being 

electronically transferred to the data management and analysis centre at the Kirby institute, 

University of New South Wales, Sydney, Australia. The database closure date was in 

March–May 2014 for all of the participating sites. The current data transfer includes patient 

data through to May 2014. The core data variables collected include:

1. Demographics: Most recent clinic visit date, sex, date of birth, mode of 

HIV exposure, HIV diagnosis date, date of death and reason for death.

2. Hepatitis serology: HBV surface antigen test result and date, and HCV 

antibody test result and date.

3. Immunology and virology: CD4 and CD8 T lymphocyte counts and HIV 

viral load counts.

4. ART history.

Ethical approvals for TAHOD-LITE were obtained from Institutional Review Boards (IRB) 

at each participating site, the University of New South Wales, and the coordinating center at 

TREAT Asia/amfAR. Written informed consent for collection of study data is not obtained 

unless required by the site-specific IRBs.

This analysis included all patients aged over 18 years, who had been on a treatment regimen 

consisting of three or more drugs from 01 January 2003 to 31 December 2013 and who had 

at least one subsequent visit after the date of ART initiation. The primary study endpoint 
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was mortality. Secondary analyses focused on temporal changes in the first-line ART 

regimen, CD4 cell count at ART initiation and, CD4 and HIV viral load testing frequencies.

Statistical analyses

Follow-up was from the start of ART initiation and censored at the date of death or most 

recent clinic visit, whichever occurred first. We used an intention-to-treat approach where 

any changes to treatment after ART initiation were ignored. Patients lost to follow-up 

(LTFU) were defined as those who had not been seen 12 months prior to 31 December 2013 

and had not been transferred to another clinic or died. Sites ascertained deaths mainly 

through hospital records, although some sites further retrieved death records from death 

registries and/or tracing in cases where patients had died at home. We compared survival for 

each country and overall by time period of ART initiation using Kaplan-Meier curves. A log 

rank test was used to determine whether survival significantly differed between the study 

time periods.

Combination treatment regimens were categorized into three categories. The first treatment 

category consisted of nucleoside reverse transcriptase inhibitors (NRTIs) and a 

nonnucleoside reverse transcriptase inhibitor (NNRTI). The second treatment category 

consisted of NRTIs and a protease inhibitor (PI). The third treatment category was made of 

all other combinations of NRTIs, NNRTIs and PIs. The covariates considered were: time 

period of ART initiation (2003–05, 2006–09, 2010–13); age at ART initiation; mode of HIV 

exposure (heterosexual contact, homosexual contact, injecting drug use and other/unknown); 

pre-ART HIV viral load (≤100 000 copies/mL, >100 000 copies/mL, missing); pre-ART 

CD4 cell count (≤50 cells/μL, 51–100 cells/μL, 101–200 cells/μL, >200 cells/μL, missing); 

first ART regimen (NRTIs+NNRTI, NRTIs+PI, other); previous mono/dual therapy exposure 

(no, yes); HBV surface antigen (HBsAg: negative, positive, not tested); HCV antibody 

(HCV Ab: negative, positive, not tested). Cox proportional hazard models, stratified by 

clinical site, were used to evaluate the factors affecting mortality. Covariates were selected a 
priori for both univariate and multivariate analysis, with hazard ratios presented.

The CD4 cell count at ART initiation was considered as the most recent result within six 

months prior to ART initiation. The median CD4 cell count at ART initiation, with 

interquartile range (IQR), was then calculated by time period. The rate of CD4 and HIV 

viral load testing after ART initiation was calculated for each time period. CD4 and HIV 

viral load tests prior to ART initiation were excluded. CD4 and HIV viral load testing rates, 

and their 95% confidence intervals (95% CI), were presented per person-year of follow-up 

(per py).

Data were analysed using Stata version 12 (Stata Corporation, College Station, Texas, USA) 

and SAS Software (Version 9.4 for Windows).

Results

A total of 17 886 patients, aged 18 years or older at first clinic attendance, had initiated ART 

between 01 January 2003 and 31 December 2013. Of these, 1 340 patients did not have 
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subsequent visits after ART initiation and were excluded. The remaining 16 546 patients 

were included in our analysis.

Baseline Characteristics

Overall, the majority of patients were male (68%), initiated ART in more recent time periods 

(2003–05: 17%; 2006–09: 37%; 2010–13: 46%) and had heterosexual contact as their mode 

of HIV exposure (82%). The median age at ART initiation was 35 years (IQR: 30–42). The 

median pre-ART HIV viral load was 122 409 copies/mL (IQR: 34 440 – 379 000) and CD4 

cell count was 134 cells/μL (IQR: 50–229). Approximately 96% of the patients had initiated 

a first-line ART regimen consisting of NRTIs+NNRTI and about 4% of patients had 

previous mono/dual therapy. Over half of the patients had not been tested for HCV and/or 

HBV during care. Of those who were tested, 13% and 10% were positive for HCV and HBV, 

respectively. A summary of the patient demographics overall and by country is provided in 

Appendix 1.

Survival outcomes and survival probability

The mean duration of follow-up was approximately 40 months (95% CI: 39.36, 40.36). 

There were 880 deaths over 54 532 pys, for a crude death rate of 1.61 (95% CI: 1.51, 1.72) 

per 100 pys. Of the 880 deaths, there were 555 HIV-related deaths (63%), 191 non-HIV-

related deaths (22%) and 134 deaths from unknown causes (15%). A total of 399 of the 880 

deaths (39%) occurred in the first six months from ART initiation. The survival probabilities 

at one year follow-up for patients initiating ART in 2003–05, 2006–09 and 2010–13 was 

95.1% (95% CI: 94.2, 95.9%), 96.8% (95% CI: 96.3, 97.2%) and 97.1% (95% CI: 96.6, 

97.4%), respectively (Figure 1). The survival probabilities at four years of follow up for 

patients initiating ART in 2003–05, 2006–09 and 2010–13 was 92.1% (95% CI: 90.9, 

93.1%), 94.3% (95% CI: 93.6, 94.9%) and 94.5% (95% CI: 93.5, 95.3%), respectively 

(Figure 1). The overall survival probabilities were significantly different between the three 

time periods (p< 0.001). Some differences were noted between countries (Appendix 2) and 

there was also an overall trend for a higher survival probability for those initiating in more 

recent years by country.

Predictors of mortality

The multivariate Cox regression model, stratified by clinical site, suggested that initiating 

ART in earlier time periods, older age, male sex, injecting drug use as the mode of HIV 

exposure and lower pre-ART CD4 cell count were significantly associated with a higher risk 

of mortality (Table 1). Patients initiating ART in 2006–09 and 2010–13 had a hazard ratio of 

0.78 (95% CI: 0.65, 0.93) and 0.73 (95% CI: 0.59, 0.91) respectively, compared with those 

initiating ART in 2003–05, adjusting for other relevant covariates and stratified by clinical 

site.

First-line ART regimen

Figure 2A shows that NRTI and NNRTI use in the first-line ART regimen has remained high 

(>95%) over the study time periods of ART initiation, while PI use has been relatively 

uncommon (<10%) throughout. Nearly all NRTI drugs initiated were in combination with 
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lamivudine (3TC) or emtricitabine (FTC). d4T + 3TC/FTC use decreased from 74.1% in 

2003–05 to 20.0% in 2010–13, whilst TDF + 3TC/FTC use has increased for those initiating 

ART in more recent time periods, from 0.6% in 2003–05 to 33.5% in 2010–13. AZT 

+ 3TC/FTC and abacavir (ABC) + 3TC/FTC use has remained relatively stable throughout 

the time periods of ART initiation (Figure 2B). Efavirenz (EFV) use increased, from 25.6% 

in 2003–05 to 63.1% in 2010–13 and nevirapine (NVP) use decreased, from 74.4% in 2003–

05 to 36.8% in 2010–13 (Figure 2C). PI use has been dominated by lopinavir/ritonavir 

(LPV) and atazanavir/ritonavir (ATV) in more recent time periods, increasing from 19.6% 

and 8.2% in 2003–05 to 45.6% and 48.5% in 2010–13, respectively. Indinavir (IDV) use 

significantly decreased from 48.5% in 2003–05 to 0.6% in 2010–13 (Figure 2D). There were 

66 patients that had initiated a first-line ART regimen consisting of other drug combinations. 

The majority of other regimens were NRTI+NNRTI+PI (n=42), while less common other 

drug regimens were NRTI only (n=6) or NRTI+ integrase inhibitor (n=7).

CD4 cell count at ART initiation

Of the 16 546 patients, 2 361 (14%) did not have a CD4 cell count within six months prior to 

ART initiation. Across all countries, there was an increasing trend in the median CD4 cell 

count at ART initiation, from 94.5 cells/μL (IQR: 45–167 cells/μL) in 2003–05 to 174 cells/

μL (IQR: 54–286 cells/μL) in 2010–13 (Figure 3A). The proportion of patients with a CD4 

cell count ≥201 cells/μL at ART initiation also increased with increasing year of ART 

initiation (Figure 3B). This increasing trend was also present when stratified by country, 

though less evident in sites from Indonesia and Vietnam.

CD4 and HIV viral load testing rates

The crude rate of CD4 testing for all countries and all time periods was 1.84 tests per py 

(95% CI: 1.83, 1.85). The CD4 testing rate for all countries increased for those initiating 

ART in more recent time periods, from 1.63 tests per py (95% CI: 1.61, 1.64) in 2003–05 to 

1.95 tests per py (95% CI: 1.94, 1.97) in 2006–09. The CD4 testing rate in 2010–13 was 

1.87 tests per py (95% CI: 1.85, 1.90). Although this was slightly lower than the previous 

time period, it was still higher than the CD4 testing rate in 2003–05 (Figure 4A).

The crude rate of HIV viral load (VL) testing for all countries and all time periods was 0.68 

tests per py (95% CI: 0.67, 0.68). The VL testing rate for all countries steadily increased for 

those initiating in more recent time periods, from 0.42 tests per py (95% CI: 0.41, 0.43) in 

2003–05 to 0.91 tests per py (95% CI: 0.89, 0.92) in 2010–13 (Figure 4B).

Discussion

In this large cohort of 16 546 HIV-positive patients receiving care in seven HIV treatment 

centres in Asia, the survival probability, at one year of follow-up, was about 2% higher for 

HIV-positive patients initiating a first-line ART in 2006–09 or 2010–13, as compared to 

2003–05. At four years of follow-up, the survival probability for ART initiation in 2006–09 

and 2010–13 remained 2–3% higher than for ART initiation in 2003–05. The multivariate 

analysis also suggested that those initiating ART in 2006–09 and 2010–13 were 22% and 

27% less likely to die compared with those initiating in 2003–05.
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The improved survival for those initiating in more recent times was probably due to a 

combination of changes to patient care in the Asia-Pacific region. First, there has been a 

move towards earlier initiation of ART at higher levels of CD4. Early initiation of ART is 

strongly associated with reduced mortality, morbidity and AIDS-related events [26, 27]. 

Since 2006, the WHO recommendations have increased the CD4 at ART initiation to 

encourage early ART initiation. More recently, WHO guidelines recommend initiating ART 

regardless of CD4 cell count [15]. Consequently, the median CD4 cell count at ART 

initiation has increased in more recent time periods in the Asia-Pacific region and other 

resource-limited countries. Second, there have been significant changes to the recommended 

first-line ART regimen. Most notable is the decreased use of d4T and NVP, and increased 

use of TDF and EFV to achieve more tolerable and convenient regimens. This is in 

agreement with the WHO recommendations to use alternatives instead of d4T and NVP due 

to the higher risk of drug toxicities and adverse events [11, 13, 28–32]. Third, there has been 

greater routine patient monitoring of CD4 and HIV viral load. CD4 testing has increased to 

nearly two tests per year per patient, while HIV viral load testing has steadily increased to 

almost one test per year per patient.

Studies in South Africa have shown similar improved survival after 12 months of ART for 

those initiating in 2006–07 compared to those initiating in 2002–05. There is also a clear 

linear trend of improved survival where the risk of mortality decreases for each successive 

year of ART initiation. Higher CD4 cell count at ART initiation was also strongly associated 

with reduced mortality in multivariate analysis [33, 34]. During this time, WHO guidelines 

recommended replacing d4T with TDF due to the high occurrence of toxicities [11]. A large 

South African cohort study found that 21% of patients substituted d4T with TDF in 2001–05 

[35]. Similarly, studies in Uganda also reported increasing survival for those initiating in 

later years of ART initiation [36]. HIV-positive patients from developed countries have 

shown similar trend toward improved survival. Studies in British Columbia have reported 

decreased mortality rates and increased life expectancy with increasing year of ART 

initiation. The survival probability described had substantially increased for HIV-positive 

adults initiating ART from 64.4% (95% CI: 62.2–66.6%) in 1993–95 to 91.0% (95% CI: 

89.5–92.5%) in 2002–04 at 24 months from ART initiation [37]. More recent estimates 

suggest further reductions in mortality rates for those initiating in 2008–12 [38]. There has 

been an increasing trend in the pre-ART median CD4 cell count, since 2004, due to the 

move towards earlier ART initiation at higher CD4 cell count levels [39]. Other developed 

countries have also shown a similar trend of reducing mortality rate with increasing year of 

ART initiation [40, 41]. . Clearly, improvements to patient care in other settings, including 

use of more tolerable regimens and earlier ART initiation, has also resulted in increased 

survival for those initiating in more recent time periods.

Despite the marked increase in survival in recent times, there was little evidence to suggest a 

significant difference in survival for those initiating in 2006–09 compared to 2010–13. This 

may be attributed to unmeasured factors relating to patient care, such as increased patient 

burden, poorer provider to patient ratios or differences in patient LTFU rates. The rate of 

patients LTFU was not reported as not all sites were able to distinguish between patients 

transferred to other clinics and patients not returning for care. However, for the sites that did 

provide patient transfer data, the rate of patients LTFU for those initiating in 2003–05 was 
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2.1 per 100 person-years (pys), in 2006–09 was 2.9 per 100 pys and in 2010–13 was 2.8 per 

100 pys. The LTFU rate was 2.8 per 100 pys. Therefore, mortality estimates for those 

initiating in 2003–05 and 2006–09 may be underestimating the true mortality rate and 

contributing to the lack of difference in mortality rates between 2006–09 and 2010–13 [42].

There were limitations to our study. We used observational data from seven clinical sites to 

represent six countries in the Asia-Pacific region, where most countries had only one 

contributing clinical site. Therefore, our findings should not be interpreted as representative 

of the entire Asia-Pacific region nor the entire country but rather representative of the trends 

occurring within the clinical sites. Additionally, differences between the sites should be 

carefully interpreted. There are differences in when patients present for ART, and also in the 

type of ART and level of care that can be provided with local resourcing. In addition, there 

probably are unmeasurable confounders between the sites. However, our analysis does show 

a clear pattern of improving survival over time for treatment programs at all the sites. Also, 

the Cox regression model for mortality was stratified by site to account for the heterogeneity 

between the sites. The results are also heavily weighted by the Indian site that contributed a 

substantial proportion of patients to the cohort. Nonetheless, data are reasonably consistent 

across sites and use of stratification in the Cox regression analysis adjusts for site differences 

in patient numbers. Additionally, the limited number of data variables collected did not 

allow for investigation of survival for those receiving second-line ART, other reasons for 

treatment failure or the presence of AIDS-defining events.

Another limitation to our study is the potential bias in the recording of deaths. Deaths were 

ascertained mainly through hospital records, but, in some cases, further tracing through 

death registries or at home was conducted. It is possible that, with greater numbers of 

patients presenting in recent years, deaths were under-recorded for those initiating ART in 

recent years and contributed to an apparent reduction in mortality. However, the LTFU rate 

was consistently low for all year periods of ART initiation at 2.1 per 100 pys, 2.9 per 100 

pys and 2.8 per 100 pys for those initiating in 2003–05, 2006–09 and 2010–13 respectively. 

Hence, it is unlikely that substantial under-recording of deaths occurred to lead to an 

apparent improvement in mortality for those initiating in more recent years.

Further advancements in treatment guidelines and patient management are likely to lead to 

continued improved survival in future years. Recent interim results from the START trial 

have reported that patients immediately initiating ART at CD4 cell count >500 cells/μL were 

72% and 39% less likely to experience serious AIDS-related and serious non-AIDS-related 

events, respectively [26]. In our sample, the median CD4 cell count at ART initiation for 

those initiating in 2010–13 was below the recommended CD4 cell count threshold for ART 

initiation. There was also a wide range for CD4 cell count at ART initiation, suggesting that 

many patients presenting recently are still at advanced stages of HIV disease progression. 

Therefore in this setting, major improvements in survival could be possible through greater 

accessibility to care, earlier diagnosis and immediate ART initiation.

This analysis describes the survival trends for HIV-positive patients initiating a first-line 

regimen in an Asia-Pacific observational cohort between 2003 and 2013. Our findings 

suggest that the overall survival probabilities from first-line ART initiation for HIV-positive 
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patients in the Asia-Pacific were significantly higher in more recent periods of ART. Other 

factors associated with improved survival include those aged ≤ 30 years at ART initiation, 

female sex and higher pre-ART CD4 cell counts. Simultaneously, there has been a move 

towards improved first-line ART regimens, initiation of ART at higher CD4 cell counts and, 

greater routine monitoring of CD4 and HIV viral load in more recent time periods. The 

combination of treatment and monitoring changes over time has likely contributed to the 

improvements in survival for HIV-positive patients initiating ART in recent years.
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Figure 1. 
Survival estimates across all countries by time period of ART initiation.
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Figure 2. First-line ART regimen by time period of ART initiation
(A) Proportion of patients by drug class. (B) Proportion of patients by NRTI drug or drug 

combination. Other NRTI drugs initiated included: Abacavir (0.1% overall time periods); 

Didanosine (0.7%); Stavudine (0.2%); Zazlcitabine (<0.1%); Zidovudine (0.1%); 

Emtricitabine (4.9%); Tenofovir (4.7%). (C) Proportion of patient by NNRTI drug. Not 

represented are Etravirine (<0.1%) and Rilpivirine (<0.1%). (D) Proportion of patients by PI 

Ddrug. Other PI drugs initiated included: Nelfinavir (2.1%); Ritonavir (0.4%); Saquinaavir 

(3.4%). NRTI = nucleoside reverse transcriptase inhibitor; NNRTI = nonnucleoside reverse 

transcriptase inhibitor; PI = protease inhibitor; 3TC/FTC = lamivudine/emtricitabine; d4T = 

stavudine; AZT = zidovudine; TDF = tenofovir; ABC = abacavir; EFV = efavirenze; NVP = 

nevirapine; LPV = lopinavir/ritonavir; ATV = atazanavir/ritonavir; IDV = indinavir; DRV = 

darunavir.
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Figure 3. Summary of the CD4 cell count (cells/μL) at ART initiation, across all countries
(A) Median CD4 cell count (cells/μL) at ART initiation, by time period of ART initiation 

and with interquartile range shown. (B) Proportion of patients CD4 cell count (cells/μL) at 

ART initiation with absolute patient numbers below, by time period of ART initiation.
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Figure 4. Rates per person-year (per py), with 95% confidence interval, of (A) CD4 testing and 
(B) HIV viral load (VL) testing, across all countries by time period of ART initiation
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