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Abstract

Objective—To compare two HIV cohorts to determine whether a pseudo-random sample can 

represent the entire study population.
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Study Design and Setting—HIV-positive patients receiving care at 8 sites in 7 Asian 

countries. TAHOD pseudo-randomly selected a patient sample, while TAHOD-LITE included all 

patients. We compared patient demographics, CD4 count and HIV viral load testing for each 

cohort. Risk factors associated with CD4 count response, HIV viral load suppression (<400 

copies/mL) and survival were determined for each cohort.

Results—There were 2318 TAHOD patients and 14714 TAHOD-LITE patients. Patient 

demographics, CD4 count and HIV viral load testing rates were broadly similar between the 

cohorts. CD4 count response and all-cause mortality were consistent among the cohorts with 

similar risk factors. HIV viral load response appeared to be superior in TAHOD and many risk 

factors differed, possibly due to viral load being tested on a subset of patients.

Conclusions—Our study gives the first empirical evidence that analysis of risk factors for 

completely ascertained endpoints from our pseudo-randomly selected patient sample may be 

generalized to our larger, complete population of HIV-positive patients. However, results can 

significantly vary when analysing smaller or pseudo-random samples, particularly if some patient 

data are not completely missing at random, such as viral load results.
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Introduction

Observational cohort studies are useful when evaluating the relationship between health 

related outcomes and exposures or when randomized controlled trials (RCTs) are not always 

feasible or ethical to be conducted [1, 2]. However, often there is little focus on the potential 

pitfalls of suboptimal patient sampling methods employed in observational cohorts. Also, 

selection bias is more likely to occur in cohorts than RCTs and may impact upon the validity 

and generalizability of the study findings [3-5].

Ideal patient sampling methods would produce a representative sample of the target 

population, with respect to patient demographics and disease-related variables. Although 

favorable, completely random sampling is not always feasible as recruitment is often costly 

and inefficient. As such, alternate sampling methods are used that are most appropriate to 

the given situation, including convenience sampling, quota sampling or homogenous 

sampling [6, 7]. For example, observational studies in emergency departments tend to use 

convenience sampling where patients presenting during “business hours” are selected as 

more staff are available to process recruitment data [8].

In HIV research, observational cohorts have been a key epidemiological resource with the 

ability to assess the natural history of HIV, antiretroviral treatment (ART) use and clinical 

outcomes within regions or target populations [9-12]. Early cohort studies of HIV-positive 

homosexual men were pivotal in identifying several HIV-related biomarkers that are still 

used for assessing disease progression [13]. However, HIV-positive patients require lifelong 

treatment and so, patients’ loss to follow up (LTFU) is a prominent concern [14]. Patients 
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LTFU is a major source of bias in cohort studies and if large, can significantly impact upon 

the validity of the results [3].

Most HIV observational studies either recruit all patients seen at a clinic, or a pseudo-

random subset of patients are recruited. HIV observational studies in the Asia-Pacific region 

utilize pseudo-random sampling for patient recruitment. In 2003, the TREAT Asia HIV 

Observational database (TAHOD) began collecting data on HIV-positive patients presenting 

at clinical sites across the Asia-Pacific region. In order to minimize costs and LTFU rates but 

retain heterogeneity across a very diverse region, a limited number of patients with good 

retention in care were consecutively recruited from a number of sites [15]. Although 

convenient, this pseudo-random selection method can introduce another source of bias as 

patients LTFU are not completely at random [16]. In 2014, the TREAT Asia HIV 

Observational database-Low Intensity Transfer (TAHOD-LITE), a sub-study of TAHOD, 

was initiated where data was collected on all patients seen at certain clinical sites, from a 

nominated calendar year.

These two cohorts presented an opportunity to evaluate whether pseudo-random patient 

sampling methods produce a representative sample and reach similar study findings to 

sampling of entire programs. The study objective was to compare patient demographics, pre-

ART HIV biomarkers and response to ART between TAHOD and TAHOD-LITE to 

determine whether the TAHOD sample suitably represents all of the patients seen in 

TAHOD-LITE.

Methods

Data collection and Participants

The TREAT Asia HIV Observational database (TAHOD) is a collection of 20 HIV treatment 

centres across the Asia-Pacific region including China (1 site), Hong Kong (1 site), Taiwan 

(1 site), South Korea (1 site), India (2 sites), Indonesia (2 sites), Malaysia (2 sites), 

Philippines (1 site), Singapore (1 site), Thailand (4 sites), Japan (1 site), Cambodia (1 site) 

and Vietnam (2 sites). Detailed data were collected for a subset of patients that attend care at 

the sites. Patients were not entirely randomly recruited instead each site consecutively 

selected patients that were likely to be retained in follow up, with those receiving and not 

receiving ART eligible to be selected. Patients were prospectively recruited from September 

2003 however retrospective data on enrolled patients were also retrieved. To date, TAHOD 

has recruited over 8 000 patients, with over 5 000 in active follow up to March 2015. Further 

description of TAHOD protocols and methods has been described elsewhere [15].

The TREAT Asia HIV Observational database Low Intensity Transfer (TAHOD-LITE) is a 

sub-study of TAHOD and currently involves only 8 of the 20 TAHOD sites from Cambodia 

(1 site), Hong Kong (1 site), India (1 site), Indonesia (1 site), Singapore (1 site), South Korea 

(1 site) and Vietnam (2 sites). Conversely to TAHOD, TAHOD-LITE included data from all 

patients seen at a site from a certain nominated calendar time point. Hence, TAHOD-LITE is 

a collection of previously recruited TAHOD patients and all other patients that were not 

recruited to TAHOD. However, patient data were limited to a few variables. To date, 
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TAHOD-LITE included data on over 30 000 HIV-positive adult patients, with follow up to 

May 2014.

Ethical approvals were obtained for TAHOD and TAHOD-LITE from Institutional Review 

Boards (IRB) at each site, the University of New South Wales, and the coordinating center at 

TREAT Asia/amfAR. Written informed consent for data collection was only retrieved if 

required by the site-specific IRBs.

This analysis included all patients from TAHOD-LITE aged over 18 years, who had been 

receiving an ART 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 TAHOD cohort was represented by the patients within TAHOD-LITE that were 

previously recruited into TAHOD. All other remaining eligible patients were used to 

represent the TAHOD-LITE cohort.

The primary endpoints included CD4 cell count, HIV viral load and overall mortality from 

ART initiation. The secondary endpoints included patient demographics, CD4 cell count and 

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

Statistical analyses

TAHOD and TAHOD-LITE were compared based on the findings of the patient response to 

treatment, measured as CD4 cell count change, HIV viral load suppression and survival from 

ART initiation. Analogous to an intention-to-treat approach, we only considered the first 

ART regimen initiated, with all modifications to treatment after ART initiation being 

ignored. Risk factors were selected a priori and included year of ART initiation, age at ART 

initiation, mode of HIV exposure, pre-ART HIV viral load, pre-ART CD4 cell count, first 

ART regimen, previous mono/dual therapy exposure, ever hepatitis B co-infection (HBV) 

and ever hepatitis C co-infection (HCV).

The CD4 cell count response to treatment was examined as the change in CD4 cell count, 

defined as the difference between the pre-ART CD4 cell count and the CD4 cell count 

closest to and within 90 days of the given time point from ART initiation. We examined the 

median change in CD4 cell count, with interquartile range (IQR), every 6 months up to 24 

months from ART initiation, by cohort. We also compared the risk factors associated with 

the change in CD4 cell count at 12 months from ART initiation for each cohort using a 

linear regression model, adjusted by clinical site.

The virological response to treatment was examined as HIV viral load suppression, defined 

as achieving a HIV viral load <400 copies/mL closest to and within 90 days of the given 

time point from ART initiation. We examined the proportion achieving HIV viral load 

suppression, with 95% binomial confidence interval (95% CI), every 6 months up to 24 

months from ART initiation, by cohort. The risk factors associated with HIV viral load 

suppression at 12 months from ART initiation was examined for each cohort using logistic 

regression model, stratified by clinical site.

Kaplan-Meier curves were used to compare survival estimates between the cohorts. A log 

rank test was used to determine whether the survival was significantly different between the 
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cohorts. Patient follow-up was from the start of ART and censored at the date of death or 

most recent clinic visit date, whichever was prior. As TAHOD prospectively recruited 

patients, TAHOD patients were left censored at the date of study recruitment. Cox 

proportional hazards model was used to evaluate the risk factors associated with mortality, 

within each cohort and stratified by clinical site.

To assess whether risk factors differed in TAHOD and TAHOD-LITE, interaction terms 

between the cohort and respective risk factor were also examined in all of the models, where 

a Wald test was used to determine if the interaction term was significant. Descriptive 

statistics were used to summarize the patient demographics, by cohort. The rate of CD4 and 

HIV viral load testing from ART initiation was calculated for each cohort. Rates were 

presented as per person-year of follow up (pys), with their 95% CI.

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

Results

A total of 18 441 patients from TAHOD-LITE had initiated an ART regimen between 01 

January 2003 and 31 December 2013 and were aged over 18 years at ART initiation. 

Subsequently, 1 409 patients were excluded as they did not have a further clinic visit after 

ART initiation. The remaining 17 032 patients were included in the analysis, where 2 318 

patients were previously recruited into TAHOD and the remaining 14 714 patients were in 

TAHOD-LITE only.

Patient demographics comparison

Overall, the patient demographics were relatively similar between the cohorts (Table 1). 

Further country comparison also showed broad similarities in the patient demographics 

between the cohorts (Appendix 1). The distribution for mode of HIV exposure was 

somewhat different between the cohorts, where 82% in TAHOD-LITE and 68% in TAHOD 

indicated heterosexual exposure. This mainly arose from heterogeneity between the sites 

rather than between cohorts as the proportion reporting heterosexual contact varied from as 

low as 19% to as high as 99%. Only two sites had substantial differences in the proportion 

reporting heterosexual contact as mode of HIV exposure (Indonesia: 84% TAHOD-LITE vs 

53% TAHOD; Singapore: 49% TAHOD-LITE vs 69% TAHOD).

The percentage of patients with HBV or HCV ever positive was higher in TAHOD (TAHOD 

vs TAHOD-LITE: HBV positive: 9% vs 5%; HCV positive: 14% vs 5%) however TAHOD-

LITE had a greater percentage of patients who had never been tested (TAHOD vs TAHOD-

LITE: HBV not tested: 16% vs 49%; HCV not tested: 22% vs 54%).

CD4 cell count response from ART initiation

A further 243 TAHOD patients and 2 279 TAHOD-LITE patients were excluded from the 

CD4 cell count response analysis as they did not have a pre-ART CD4 cell count to 

determine the CD4 change over time. Hence, a total of 2075 TAHOD patients and 12435 

TAHOD-LITE patients were used to describe the CD4 change from ART initiation. Across 
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all countries, the median CD4 cell count change from ART initiation was similar between 

the cohorts (Figure 1A).

A total of 9035 patients also had a CD4 cell count at 12 months from ART initiation and 

were included in the linear regression model (Table 2). Of the 9 035, 7 338 patients 

represented TAHOD-LITE and 1 697 patients represented TAHOD. Risk factors associated 

with CD4 cell count change that was similar between the cohorts included age at ART 

initiation and pre-ART HIV viral load. Other associated risk factors included year of ART 

initiation, sex, mode of HIV exposure, pre-ART CD4 cell count, first-line ART regimen and 

previous mono/dual therapy. TAHOD-LITE identified 4 more associated risk factors than 

TAHOD. The main effects of the cohort on the CD4 cell count change was not significant 

(Table 3), nor was the interaction effects with any of the risk factors (Table 2).

HIV viral load response from ART initiation

Over 80% of TAHOD-LITE and 60% of TAHOD patients did not have regular HIV viral 

load testing and were excluded from the HIV viral load response analysis. Across all 

countries, the proportion of patients with a HIV viral load <400 copies/mL from ART 

initiation followed a similar trend between the cohorts (Figure 1B). However, TAHOD 

patients did have a slightly higher proportion up to 24 months from ART initiation.

A total of 3 448 patients were included in the logistic regression model, where 2 574 patients 

represented TAHOD-LITE and 874 patients represented TAHOD (Table 4). Associated risk 

factors that were similar between the cohorts included year of ART initiation, while other 

associated risk factors included age at ART initiation, sex, first-line ART regimen, previous 

mono/dual therapy and, HBV and HCV co-infection. The main effects of cohort was 

significant, where TAHOD patients had 3.15 times (95% CI: 2.38, 4.16) higher adjusted 

odds of achieving a HIV viral load <400 copies/mL (Table 3). Interaction effects were also 

significant for many of the risk factors (Table 4).

Mortality from ART initiation

Overall, there were 903 deaths with 787 deaths occurring in TAHOD-LITE and 116 deaths 

occurring in TAHOD. Kaplan-Meier survival estimates from ART initiation indicated that 

the probability of survival not significantly different between the cohorts (p-value=0.797), 

up to 4 years follow-up (Figure 1C).

All eligible patients were included in the Cox Proportional Hazards regression model (Table 

5). Risk factors that were associated with mortality that were identified in both cohorts 

included year of ART initiation, age at ART initiation and pre-ART CD4 cell count. Six 

other risk factors were associated with mortality in TAHOD-LITE only. The main effect of 

cohort on mortality was not significant (Table 3). Interaction effects were only significant for 

year of ART initiation and HBV co-infection (Table 5).

CD4 and HIV viral load testing rates

Across all the countries, the CD4 testing rate was slightly higher in TAHOD-LITE than 

TAHOD, while the HIV viral load testing rate was similar between the cohorts. The CD4 
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testing rate was 1.77 tests per pys (95% CI: 1.76, 1.78) in TAHOD-LITE and 1.34 tests per 

pys (95% CI: 1.32, 1.35) in TAHOD. The HIV testing rate was 0.65 tests per pys (95% CI: 

0.65, 0.66) in TAHOD-LITE and 0.65 tests per pys (95% CI: 0.64, 0.66) in TAHOD.

Discussion

Overall, 2 318 patients and 14 714 patients represented TAHOD and TAHOD-LITE, 

respectively. Detailed comparison of the patient demographics, by country and across all 

countries, showed somewhat of a similarity between the cohorts. The CD4 cell count 

response and all-cause mortality from ART initiation was consistent among the cohorts. 

Additionally, both cohorts identified similar risk factors associated with CD4 cell count 

change and overall survival at 12 months from ART initiation. There was also little evidence 

to suggest that being in TAHOD or TAHOD-LITE interacted with any of the risk factors to 

produce differing CD4 cell count change or overall survival. However, the HIV viral load 

response from ART initiation was superior for TAHOD patients compared to TAHOD-LITE 

patients. The CD4 cell count and HIV viral load testing rates were also comparable between 

the cohorts.

Our findings did suggest that while CD4 and survival outcomes and risk factors were 

broadly similar between TAHOD and TAHOD-LITE, HIV viral load response differed 

between the cohorts, with interaction and main effects being significant. The virological 

suppression being superior in TAHOD patients could have arisen from differences in 

standard of care, where TAHOD patients may have been more engaged in care, perhaps 

attending the clinic more regularly or having better adherence [17, 18]. These data were not 

collected, so could not be thoroughly compared between the cohorts.

However, these findings may not reflect true differences in patient outcome, but rather may 

be a result of the lack of data. The HIV viral load response analysis was reliant on HIV viral 

load results that were missing for ~80% and ~60% of TAHOD-LITE and TAHOD patients, 

respectively. We believe the interpretation of our findings should be that analyses of 

endpoints that are not routinely collected in all patients are very prone to different results 

and conclusions. It is difficult to see how a statistical analysis technique could untangle the 

biases inherent in targeted endpoints, and we would recommend that analyses are only done 

for subsets for patients with routine testing performed.

There were limitations in our study. Although TAHOD-LITE collects data on a substantial 

number of patients, it is restricted to few variables relating to patient data. This limited our 

ability to explore other important variables relating to our outcomes, including duration and 

stage of HIV-infection. In addition, some variables that were not routinely collected had 

large proportions of missing data, such as HBV, HCV and HIV viral load, which could 

introduce another source of bias. In particular, viral load results have likely arisen from 

targeted testing where data are not missing completely at random (MCAR). Data not MCAR 

can affect the validity of the analysis results as the probability of missing data is partly 

reliant on other unobserved factors [19]. Hence, caution is advised not to overly interpret 

findings relating to these variables.
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Patients LTFU is an expected reality in any study, but is especially a concern in 

observational studies. TAHOD-LITE did not have data from all the sites on whether patients 

had been transferred out to other clinics. Therefore, the overall patients LTFU could not be 

determined in TAHOD-LITE. However, for sites that did provide patient transfer data, the 

percentage of patients LTFU was quite low and comparable between the cohorts. TAHOD-

LITE had a slightly higher percentage LTFU at 12% compared to TAHOD which had 10% 

LTFU. Our study also had limited sites per country, where eight clinical sites were used to 

represent seven countries. Hence, our findings cannot be generalized to the entire Asia-

Pacific region or specific country, but rather are a reflective of the clinical sites themselves. 

In addition, there was heterogeneity between the clinical sites and the results were heavily 

weighted by the Indian site. Nonetheless, we have accounted for the heterogeneity and 

unequal weighting in the multivariate models with stratification by clinical site.

Random sampling is the optimal sampling method for producing a representative sample of 

the study population [20]. However, in practice, it is not always feasible to utilize random 

sampling methods and instead alternative methods are often used [2]. We believe that our 

analysis is the first to evaluate whether an observational patient sample is representative of 

the true study population. Our study suggests that pseudo-randomly patient sample cohorts 

generally produce risk factor estimates that were similar to those obtained from the entire 

study population.

In summary, we found that our pseudo-random patient sample, TAHOD, is representative of 

our larger, study population, TAHOD-LITE, and importantly produces comparable findings 

in an analysis of response to treatment for endpoints that are routinely ascertained. However, 

endpoints for data that are not routinely collected or not missing completely at random does 

introduce bias that can significantly impact upon subsequent analyses, particularly relating 

to viral load suppression. As such, our analyses should be limited to routinely collected data. 

Thus, our study gives the first empirical confirmation that analysis of risk factors for 

completely ascertained endpoints can be generalized from the pseudo-randomly selected 

patient sample to the larger, complete patient population in our HIV cohorts.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is new?

Key findings

• Our pseudo-random patient sample, TAHOD, is representative of our larger 

study population, TAHOD-LITE, and produced comparable findings for 

routinely ascertained endpoints relating to the response to antiretroviral 

treatment.

• Endpoints that were not routinely collected or not missing completely at 

random may introduce bias that can significantly impact upon subsequent 

analyses, such as viral load suppression

What this study adds to what was known?

• Pseudo-random sampling of patients in observational cohorts is common, but 

can introduce bias. Our findings provide the first empirical evidence that a 

pseudo-random sample can produce comparable results seen in the larger, 

entire study population.

What is the implication and what should change now?

• Pseudo-random sampling methods should not be dismissed where random 

sampling is impractical, as analyses relating to routinely collected data may 

still produce comparable results.
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Figure 1. The response to first-line ART, by cohort
(A) Median CD4 cell count change (cells/μL), with interquartile range, from ART initiation 

across all countries, by cohort. (B) Proportion of patients with HIV viral load <400 

copies/mL since ART initiation across all countries, by cohort, where the shaded region 

represents the 95% binomial proportion confidence interval. (C) Probability of survival, as 

from Kaplan-Meier estimates, from ART initiation across all countries, by cohort (τ = log 

rank test).
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Table 1
Demographics of the patients by cohort

TAHOD-LITE
n=14714

TAHOD
n=2318

n (%) (%)
1 n (%) (%)1

Year of ART initiation

2003-05 2367 (16) 577 (25)

2006-09 5500 (37) 748 (32)

2010-13 6847 (47) 993 (43)

Age

≤30 3692 (25) 646 (28)

31-40 6639 (45) 1033 (45)

41-50 2922 (20) 439 (19)

51 + 1461 (10) 200 (9)

Median [IQR] 35 [30, 42] 35 [30, 41]

Sex

Male 10081 (69) 1610 (69)

Female 4619 (31) 706 (30)

Transgender 14 (<0.1) 2 (<0.1)

Mode of HIV exposure

Heterosexual 12026 (82) 1576 (68)

Homosexual 1031 (7) 275 (12)

Injecting drug user 527 (4) 255 (11)

Other/Unknown 1130 (8) 212 (9)

Hepatitis C Co-infection
2

Positive 717 (5) (11) 313 (14) (17)

Negative 6029 (41) (89) 1486 (64) (83)

Not tested 7968 (54) - 519 (22) -

Hepatitis B Co-infection
3

Positive 694 (5) (9) 198 (9) (10)

Negative 6824 (46) (91) 1744 (75) (90)

Not tested 7196 (49) - 376 (16) -

Pre-ART CD4 (cells/μL)

≤50 2988 (20) (24) 659 (28) (32)

51-100 1997 (14) (16) 298 (13) (14)

101-200 3367 (23) (27) 494 (21) (24)

>200 4084 (28) (33) 624 (27) (30)

Not tested 2278 (15) - 243 (10) -

Median [IQR] 138 [53, 232] 116 [35, 216]

Pre-ART viral load
(copies/mL)

≤10^5 1314 (9) (47) 414 (18) (51)
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TAHOD-LITE
n=14714

TAHOD
n=2318

n (%) (%)
1 n (%) (%)1

>10^5 1491 (10) (53) 402 (17) (49)

Not tested 11909 (81) - 1502 (65) -

Median [IQR] 115000 [31791, 384000] 94675 [25900, 322000]

First ART regimen

NRTI+NNRTI
4 13988 (95) 2105 (91)

NRTI+PI
5 632 (4) 188 (8)

Other
6 94 (1) 25 (1)

Previous mono/dual therapy

No 14217 (97) 2200 (95)

Yes 497 (3) 118 (5)

1
Column percentages excluding frequencies for not tested.

2
Hepatitis C antibody result where positive indicates ever positive result.

3
Hepatitis B surface antigen result where positive indicates ever positive result

4
Regimen combination consisting of nucleoside reverse transcriptase inhibitors (NRTIs) and nonnucleoside reverse transcriptase inhibitor 

(NNRTI).

5
Regimen combination consisting of nucleoside reverse transcriptase inhibitors (NRTIs) and protease inhibitor (PI).

6
Any regimen combination excluding NRTIs+NNRTI or NNRTIs+PI.
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Table 3
Summary of the main effect of cohort on the treatment response

(A) CD4 cell count change at 12 months from ART initiation. (B) HIV viral load <400 copies/mL at 12 

months from ART initiation. (C) All-cause mortality from ART initiation.

Unadjusted Adjusted
1

Mean
Diff. 95% CI

p

value
2

Mean
Diff. 95% CI

p

value
2

(A) CD4 Response

 TAHOD-LITE 0 0

 TAHOD −6 (−15, 4) 0.235 −4 (−14, 5) 0.359

OR 95% CI
p

value 
2 OR 95% CI

p

value 
2

(B) Viral suppression

 TAHOD-LITE 1.00 1.00

 TAHOD 2.36 (1.83, 3.03) <0.001 3.15 (2.38, 4.16) <0.001

HR 95% CI
p

value 
2 HR 95% CI

p

value 
2

(C) Mortality

 TAHOD-LITE 1.00 1.00

 TAHOD 0.90 (0.72, 1.13) 0.366 0.93 (0.74, 1.17) 0.556

1
Adjusted for year of ART initiation, age at ART initiation, sex, mode of HIV exposure, pre-ART HIV viral load, pre-ART CD4 cell count, first-

line ART regimen, previous mono/duo therapy exposure, hepatitis B co-infection (ever) and hepatitis C co-infection (ever).

2
Wald test.
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