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Abstract

Background and aims Dolutegravir (DTG)-based regimens are the most commonly used antiretroviral therapy (ART) for people
with HIV (PWH). However, there are limited real-world data on long-term outcomes.

Methods We followed a cohort of 115 520 treatment-naive and treatment-experienced PWH initiated or transitioned to
DTG-based ART in Andhra Pradesh, India, and assessed retention and viral suppression. We performed Cox propor-
tional hazards regression and multivariable logistic regression to determine factors associated with deaths and viral
non-suppression.

Results At 48 months, 91.9% PWH were retained in care (92.9% among treatment-experienced and 75.7% among
treatment-naive), 1.8% were lost to follow-up, and 6.3% died. Of the 110 287 PWH with a documented viral load (VL) test,
97.1% were virally suppressed, including 10 698 of 11 956 (89.5%) PWH who achieved viral suppression with enhanced adher-
ence counseling after initial viral non-suppression on DTG. For treatment-experienced PWH, viral suppression was 87.8%
among those with viral non-suppression at transition, and 93.2% among those without a VL test at transition, and highest
when tenofovir/lamivudine was recycled with DTG.

Factors associated with increased risk of death and viral non-suppression included being male, treatment-naive, CD4
count<200cells/mm? at transition, and current or past tuberculosis (TB). Additionally, age =50, receiving an abacavir/
protease-inhibitor containing regimen, and viral non-suppression were associated with a higher risk of death. Similarly, key
populations, adolescents, young adults (20-29 years), receiving a zidovudine-containing regimen, not receiving multi-month
dispensation, and being lost to follow-up (specifically>3 times during the last 12 months) were significantly associated with
higher odds of viral non-suppression.

Conclusion DTG was associated with high treatment retention and viral suppression, including treatment-experienced PWH
with recycled tenofovir/lamivudine. Tailored differentiated services could further optimize DTG impact on viral suppression
and mortality, particularly among PWH with advanced HIV disease, TB-coinfection, age >50 years, or adolescents.
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What this study adds

Dolutegravir (DTG)-based regimens are a cornerstone of HIV treatment, recognized for their high resistance barrier, excellent toler-
ability, and durable viral suppression. Although DTG has been widely adopted, a critical gap remains in the evidence on long-term
treatment outcomes from real-world programmatic settings. Addressing this crucial gap, our study provides large-scale, real-world
programmatic evidence on the long-term effectiveness of dolutegravir (DTG)-based antiretroviral therapy (ART), particularly in a
high-burden context like India. Following a large cohort of 115 520 people with HIV (PWH), this study provides robust, long-term data
on “retention and virological outcomes” for both treatment-experienced and treatment-naive PWH. In our programmatic cohort,
implementation of DTG, alongside the programmatic interventions, was associated with improved treatment outcomes, yielding a
91.9% retention rate and a 97.1% viral suppression rate at 48 months. Leveraging a “four-year follow-up period,” these findings add
critical information on the durability of DTG-based regimens, specifically showing that viral suppression remains robust even when
tenofovir/lamivudine is recycled in treatment-experienced individuals in combination with DTG. Furthermore, this study highlights
the “factors associated with mortality and viral non-suppression,” offering a nuanced understanding of risks for negative outcomes,
even in the context of highly robust and tolerable DTG-based ART. Crucially, this study highlights actionable factors that require
urgent intervention, including person-centered strategies targeting adolescents, treatment-naive individuals, and those with TB
coinfection or advanced HIV disease. Finally, the study underscores the clinical value of “enhanced adherence counseling” (EAC).
In this regard, we report that 89.5% of PWH with initial viral non-suppression achieved viral re-suppression after completing EAC,

thereby preventing premature and costly regimen switches.

Background

Effective antiretroviral therapy (ART) with expanded access reduces
morbidity and mortality among PWH and prevents transmission
through suppression of viral load (VL) [1-3]. In this regard, dolute-
gravir (DTG) has a high resistance barrier, is well tolerated, and is
associated with nearly universal improvement in viral suppression at
the population level [4-6]. India’s National AIDS Control Programme
(NACP), with an estimated 2.56 million PWH and 1.75 million PWH
receiving ART [7], adopted DTG-based regimens as the preferred
ART regimens in 2020, to accelerate progress toward the Sustainable
Development Goal of “Ending the AIDS epidemic.”

DTG-based regimens are the most commonly used ART for >85%
of PWH in more than 110 low- and middle-income countries [8].
Recent programmatic evidence from large-scale analyzes in low- and
middle-income countries demonstrates consistently high levels of
viral suppression with DTG-based ART, exceeding 95% at 12 months
and approaching 98% at 24months [9, 10]. Cohort studies from
diverse settings, including Haiti, Uganda, and Tanzania, further
confirm these findings, while also highlighting relatively lower sup-
pression among individuals with pre-existing virological failure and
emphasizing the central role of adherence and treatment history in
determining outcomes [11, 12]. Additionally, the large-scale imple-
mentation of DTG has involved transitions from non-nucleoside
reverse transcriptase inhibitor-based regimens, raising important
considerations around prior resistance and future regimen dura-
bility. Together, these concerns highlight the importance of evolv-
ing differentiated service delivery models and adherence support
strategies, such as multi-month dispensing that accelerated during
the COVID-19 pandemic [13]. Despite the rapid and widespread
implementation of DTG-based ART, evidence on long-term treat-
ment outcomes in large-scale programmatic settings remains lim-
ited, particularly in high-burden settings like India. This highlights
the need to assess and track outcomes among treatment-naive and
treatment-experienced PWH initiated or transitioned to DTG-based
ART over time, in the real-world setting. The manuscript describes
retention and virological suppression as major treatment out-
comes, along with the factors associated with deaths and viral

non-suppression among PWH on DTG-based ART over a 48-month
longitudinal follow-up period.

Methods
Study design, setting, and population

We undertook a prospective observational cohort study among all
PWH newly initiated on (treatment-naive) or those transitioned to
(treatment-experienced) DTG-based ART during November 2020 to
March 2021 (first phase of programmatic implementation of DTG
under NACP) at 45 ART centers in Andhra Pradesh—the state having
the second-highest HIV burden in India, with an estimated adult HIV
prevalence of 0.64% and 227 721 PWH receiving ART [14]. In line with
WHO guidelines, NACP adopted DTG-based regimens as the preferred
ART regimens (first line, second line, and third line) for ART naive as
well as treatment-experienced PWH, including adults, adolescents,
and children (weighing more than 20 kg and age =6 years) and started
phased implementation in 2020. Viral load testing is recommended
at 6months, 12 months post-ART initiation, and then annually for all
PWH on ART within the NACP.

Data sources and variables

Routine program data were extracted from the NACP electronic
database, which captures demographic, clinical, and laboratory
information for treatment monitoring. We used key variables such
as age, sex, CD4 counts, VL, TB status, ART regimen, and dates (ART
initiation, last pill pick-up, and/or death). The NACP electronic data-
base employs built-in validation checks to ensure data range, for-
mat, completeness, and consistency. For this study, data cleaning
included rigorous assessment for completeness, range, duplicate
records and chronological consistency of dates. Logical consistency
checks were performed across related variables (eg, treatment sta-
tus, follow-up status, and outcomes) to ensure internal validity.
Incomplete or inconsistent data entries were resolved through stand-
ard data verification procedures before analysis. Additionally, as part
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of the NACP’s routine quality assurance, random cross-verification
of electronic data against source records was performed during the
periodic supervisory visits. We analyzed de-identified data using
Microsoft Excel—MS016.0.14326.20936, and IBM SPSS 29.0.

Outcomes

We followed all PWH for 48 months to assess treatment outcomes,
such as retention and viral suppression. The primary endpoints
were “being alive on ART,” “death during follow-up,” or lost to
follow-up (LTFU). Follow-up time was defined from the date of
ART initiation or transition to DTG-based therapy until death or
the last recorded visit for loss to follow-up, or administrative cen-
soring at 48 months. We defined retention as “being alive and on
ART” at 12, 24, 36, and 48 months. Lost to follow-up (missed pill
pick-up for >28days), and those who died during the follow-up
were not considered as “retained” in care. We defined viral sup-
pression as VL<1000 copies/ml and viral non-suppression as
VL=1000 copies/ml. For those retained on ART, we considered the
HIV-1 RNA test done at the end of follow-up (+12 months), and for
those who died or LTFU, the last documented VL test before the
reported outcome was included. PWH with VL=1000 copies/ml
were offered enhanced adherence counseling (EAC) for at least
3months, followed by a repeat VL test. We considered the repeat
VL test result for such PWH, where available.

Data analysis

We calculated frequencies and percentages to describe base-
line characteristics, retention, and viral suppression. We used
Kaplan-Meier survival curves to graph overall survival time and to
estimate the cumulative probability of survival. We applied log-rank
teststocomparesurvivalacrossthe selected sub-groups—stratified
by treatment history (treatment-experienced and treatment-naive)
and virological status (virally suppressed and virally
non-suppressed during follow-up). We performed a Cox propor-
tional hazards regression to assess factors associated with deaths
and reported adjusted hazard ratios (aHR). Sensitivity analyses
were conducted by treating individuals LTFU as deaths to assess
the robustness of the findings. We performed multivariable anal-
ysis using binary logistic regression to assess factors associated
with viral non-suppression and reported adjusted odds ratios
(aOR). Variables for models were selected a priori based on clinical
relevance and prior literature, and all key demographic and clin-
ical variables were included in the final multivariable models. To
account for the multi-site design, cluster-robust standard errors
were used at the ART center level. For treatment-experienced PWH,
we also calculated the risk difference (RD) in percentage points for
viral suppression by regimen. All statistical tests were two-sided,
and a P-value<.05 was considered statistically significant. All anal-
yses reported 95% confidence intervals (Cl).

Handling missing data

For missing baseline and follow-up CD4 counts and VL results, we
included explicit “CD4 not done” and “VL not done” categories in
the multivariable models. This approach allowed for the inclu-
sion of the full cohort in the analysis and minimized potential bias
associated with complete-case exclusion. There were no missing
data for other key variables included in the analysis.

This analysis conforms to the STROBE guidelines for reporting
observational cohort studies. The NACP considered this work a
routine programmatic activity, in accordance with the national
guidelines, and involving only a secondary analysis of existing
program data. This analysis was reviewed and approved by the
Science Integrity Branch of the Centers for Disease Control (CDC)
and Prevention and was conducted in a manner consistent with
the human subjects’ research protections applicable under US
federal law and CDC policy.

Results

Baseline characteristics

Of the total 115 520 PWH, 57.1% were females, 0.9% belonged
to key population groups, 94.4% were treatment-experienced,
and 95% were receiving first-line ART. The median age was
44years (IQR: 37-51), with 1% adolescents (ages 10-19years).
Almost an equal proportion of PWH were accessing ART from a
tertiary (51.7%) versus a secondary/primary (48.3%) care facil-
ity. Among treatment-naive PWH (n=6455), 13% had a CD4
count<200 cells/mm? and 12.3% had tuberculosis (TB) disease.
Among treatment-experienced PWH (n=109 065), 82% had viral
suppression at DTG transition. Overall, 97.7% received fixed-dose
tenofovirtlamivudine+dolutegravir (TLD) on transition (Table 1).

Treatment outcomes

Retention

Of the total 115 520 PWH, 91.9% were retained in care, 6.3% had
died, and 1.8% were LTFU at the end of the 48 months (Fig. 1).

Annual trends

Retention was 96.4% at 12months, 94.7% at 24 months, 93.2% at
36months, and 91.9% at 48 months. Among treatment-experienced
PWH, retention gradually decreased from 97.3% at 12months to
92.9% at 48 months. Similarly, among treatment-naive PWH, reten-
tion reduced from 82.6% at 12 months to 75.7% at 48 months (Fig. 2).
The overall LTFU remained largely unchanged over the years—0.8%
at 12months and 1.8% at 48 months.

Retention in care declined over 48 months, with the largest
drop seen during the initial 12months. The annual death rate
was also the highest (2.8%) during the first year and stabilized
to 0.9% by year 4 (Fig. 3). Among treatment-naive PWH, nearly
three-quarters of deaths (71% of 1183) and LTFU (75% of 388)
were reported within the first 12 months.

Survival probability

The 115 520 PLHIV contributed 430 788 person-years (PY) of
follow-up with an all-cause mortality of 1.68 per 100 PY (95%
Cl 1.65-1.72). The mean survival time was 46.1 months (95% ClI
46.1-46.2), and cumulative survival probability at 6, 12, 24, 36,
and 48 months was 98.2%, 97.4%, 96.0%, 94.7%, and 93.6%,
respectively (Fig. 4). Treatment-naive PWH had a low survival
probability of 88.9% at 6months and 81.1% at 48 months,
whereas treatment-experienced PWH had a survival proba-
bility of 98.6% at 6 months and 94.3% at 48 months (Fig. 5).
Mean survival also differed significantly by VL status during
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Table 1 Clinical and demographic characteristics of people with HIV (PWH) initiated on/transitioned to DTG-based ART from November 2020 to March

2021 in Andhra Pradesh, India.

Characteristics Treatment % Treatment % Total %
experienced naive n=6455 N=115520
n=109 065
Age (years) 6-10 15 0.0 3 0.1 18 0.0
11-19 1102 1.0 99 1.5 1201 1.0
20-29 7315 6.7 1042 16.1 8357 7.2
30-39 26903 24.7 1838 28.5 28741 24.9
40-49 41508 38.1 2143 33.2 43651 37.9
=250 32222 29.5 1330 20.6 33552 29.0
Sex Female 62811 57.6 3100 48.0 65911 57.1
Male 46 254 42.4 3355 52.0 49 609 42.9
Population type General population 108118 99.1 6408 99.3 114526 99.1
Key populations 947 0.9 47 0.7 994 0.9
Type of facility Tertiary care 56 383 51.7 3343 51.8 59726 51.7
Primary and 52682 48.3 3112 48.2 55794 48.3
secondary care
Line of treatment at First line 103 357 94.8 6455 100 109812 95.1
initiation/transition Second and third line 5708 5.2 0 0.0 5708 4.9
DTG-based regimen TLD 106 398 97.6 6410 99.3 112808 97.7
initiated/transitioned to ZLD 923 0.8 6 0.1 929 0.8
ALD 146 0.1 29 0.4 175 0.2
DTG+PI 1598 1.5 10 0.2 1608 14
CD4 (cells/cumm) at DTG <100 815 0.7 312 4.8 1127 1.0
transition or initiation 100-200 2676 2.5 529 8.2 3205 2.8
200-350 8858 8.1 1127 17.5 9985 8.6
2350 65651 60.2 2771 429 68 422 59.2
not done 31065 28.5 1716 26.6 32781 28.4
Viral load (copies/ml) at DTG <1000 89478 82.0 Not applicable — 89478 77.5
transition =1000 9197 8.4 Not applicable — 9197 8.0
Not eligible Not applicable — 6455 100.0 6455 5.6
VL not done 10390 9.5 Not applicable — 10390 9.0
TB status at DTG transition/ No history of TB (past or 102 467 94.0 5459 84.6 107926 93.4
initiation current)
Current TB 1199 1.1 796 12.3 1995 1.7
TBin past 5399 5.0 200 3.1 5599 4.8

TLD: tenofovir+lamivudine+dolutegravir; ZLD: zidovudine+lamivudine+dolutegravir; ALD: abacavir+lamivudine+dolutegravir; Pl: lopinavir/ritonavir; atazanavir/

ritonavir; darunavir/ritonavir.

follow-up—47.3months among those with viral suppression (95%
Cl 47.27-47.32); 44.5 months among those with VL=1000 copies/
ml (95% Cl 44.2-44.9); and 19.5months among those without a
documented VL test (95% CI 18.9-20.0). At 48 months, survival
probability was 96.7% (95% Cl 96.6-96.8) among those with viral
suppression; 85.4% (95% Cl 84.2-86.7) among those with viral
non-suppression; and 22.3% (95% CI 20.8-23.8) among those
without a VL test (Fig. 6).

Factors associated with death during 48-month follow-up

On multivariable Cox proportional hazards analysis, being
treatment-naive (aHR: 1.45; Cl 1.32-1.60), age =50years (aHR:
1.66; Cl 1.56-1.77), and male sex (aHR: 1.35; Cl 1.28-1.41) were
significantly associated with an increased hazard of death. Lower
CD4 counts, specifically CD4 count<100 cells/mm? (aHR: 2.76; CI
2.30-3.31); CD4 count 100-200 cells/mm? (aHR: 1.83; Cl 1.63-2.05);
CD4 count 201-350 cells/mm?® (aHR: 1.40; Cl 1.29-1.52) were sig-
nificantly associated with higher risk of death compared to CD4
count=350 cells/mm?3. People with HIV with current TB (aHR-1.53,

Cl 1.37-1.72) and TB in the past (aHR-1.32, CI 1.10-1.58) had an
increased risk of death compared to PWH without a history of
TB. PWH on abacavirtlamivudine+dolutegravir (ALD) (aHR: 2.57;
Cl 1.97-3.34) had a significantly higher risk of death compared to
TLD. PWH without a VL test (aHR: 49.73; Cl 41.78-59.18) and those
virally non-suppressed (aHR: 4.45; Cl 3.85-5.15) during follow-up
had a higher risk of death compared to those who were virally sup-
pressed (Table 2). Sensitivity analyses, conducted by classifying
individuals LTFU as deaths, showed consistency with the primary
analysis, indicating robustness of the findings (Supplementary
Table 1, see online supplementary material for a color version of
this table).

Viral suppression

Of the total, 110 287 PWH had a documented VL test, 97.1%
(95.1% among the treatment-naive group [n=5134] and 97.2%
among the treatment-experienced group [n=105 153]) were
virally suppressed at 48 months. In sub-group analysis, we
observed that VL suppression varied among PWH who were
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Figure 1 Treatment outcomes of people with HIV (PWH) initiated/transitioned to DTG-based ART from November 2020 to March 2021 during a 48-month

follow-up.

Figure 2 Retention among people with HIV (PWH) initiated on/transitioned to DTG-based ART from November 2020 to March 2021 at 12, 24, 36, and

48 months.

retained/alive and on ART (97.6%), died (88.8%) and LTFU
(77.5%) (Fig. 1).

Viral suppression by regimen among treatment-experienced PWH
during 48-month follow-up

Among the treatment-experienced PWH who were virally sup-
pressed at transition, 98.4% remained suppressed at 48 months.
Among PWH who were virally non-suppressed at transition, 87.8%
achieved viral suppression during 48 months follow-up—the
highest proportions of viral suppression were with TLD (89.2%),
followed by DTG+PI (87.0%; RD -2.2%, CI —4.1 to -0.2) and ZLD
(75.2%; RD —14.0%, 95% Cl -17.4 to —10.5). Similarly, among PWH
who underwent transition to a DTG-based regimen without a VL
test, 93.2% were virally suppressed at 48 months; the highest pro-
portions of viral suppression were with TLD (93.3%), followed by
ALD (92.9%; RD —0.4%, 95% Cl -13.9 to 13.1), DTG+PI (90.9%; RD
-2.3%, 95% Cl -12.2 to -7.5) and ZLD (70.8%; RD —22.4%, 95% Cl
-40.6 to -4.2; Fig. 7).

Enhanced adherence counseling

Of the 13 892 PWH with viral non-suppression after DTG initiation
or transition, 86.1% underwent repeat VL testing after EAC com-
pletion, and 89.5% had subsequent VL re-suppression (Fig. 8).

Factors associated with viral non-suppression during 48-month
follow-up

On multivariable analysis, male (aOR: 1.12; Cl 1.04-1.21) and
treatment-naive (aOR: 1.83; Cl 1.58-2.12) PWH and those belong-
ing to key populations (aOR: 1.78; Cl 1.29-2.47) had higher odds of
viralnon-suppression comparedtofemale, treatment-experienced
and general population PWH, respectively. Adolescents (aOR: 1.92;
Cl 1.45-2.53), young PWH aged 20-29 (aOR: 1.59; C| 1.40-1.80)
had higher odds of viral non-suppression compared to older PWH.
Lower CD4 counts at the time of DTG transition or initiation, spe-
cifically CD4 count<100 cells/mm? (aOR: 1.66; Cl 1.27-2.16); CD4
count 100-200 cells/mm? (aOR: 1.84; Cl 1.56-2.16); and CD4 count
201-350cells/mm? (aOR: 1.40; Cl 1.25-1.55) were associated with
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Figure 3 Annual death trends among people with HIV (PWH) initiated on/transitioned to DTG-based ART from November 2020 to March 2021 at 12, 24,

36, and 48 months.

Figure 4 Cumulative probability of survival among people with HIV (PWH) in Andhra Pradesh, India, initiated or transitioned to DTG-based ART during

November 2020 to March 2021, across a 48-month follow-up.

higher odds of viral non-suppression compared to CD4 count
>350 cells/mm?. People with HIV with current TB (aOR: 1.70;
Cl 1.46-1.99) and TB in the past (aOR: 1.26; CI 1.09-1.47) had
increased odds of death compared to PWH without a history of
TB. Viral non-suppression at transition (aOR: 5.40; Cl 4.88-5.98) or
VL not done at transition (aOR: 2.97; Cl 2.68-3.29) were associated
with higher odds of viral non-suppression compared to viral sup-
pression at transition.

People with HIV receiving ZLD (aOR: 1.71;95% CI 1.38-2.11) had
higher odds of viral non-suppression compared to those receiving
TLD. Being LTFU during the last 12months (LTFU >3 times, aOR:
36.88, C120.34-66.86; and LTFU<3 times, aOR: 8.58, Cl 4.71-15.61)
were associated with a significant risk of non-suppression. PWH
not on multi-month dispensation (MMD) (aOR-1.96; C| 1.81-2.13)
had higher odds of viral non-suppression compared to those on
MMD. Similarly, PWH receiving ART at a primary or secondary care
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Figure 5 Cumulative probability of survival among people with HIV (PWH) in Andhra Pradesh, India, initiated or transitioned to DTG-based ART during
November 2020 to March 2021, across a 48-month follow-up—stratified by treatment-naive and treatment-experienced status.

Figure 6 Cumulative probability of survival among treatment-experienced people with HIV (PWH) in Andhra Pradesh, India, transitioned to DTG-based
ART during November 2020 to March 2021, across a 48-month follow-up—stratified by viral load status during follow-up.
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Figure 7 Analyses of viral suppression among treatment-experienced people with HIV (PWH) by regimen at 48 months.

Figure 8 Cascade of people with HIV (PWH) with viral non-suppression after DTG initiation or transition.

facility (aOR: 1.13; Cl 1.05 -1.22) were less likely to be virally sup-
pressed compared to PWH receiving ART at a tertiary level facility
(Table 3).

Discussion

Addressing the critical gap in evidence on long-term outcomes
of DTG-based ART, our study describes 48-month treatment
outcomes of DTG-based regimens among one of the largest
programmatic cohorts of PWH (n=115 520), within a real-world
setting. Leveraging a surveillance period of 4years, we provide
long-term data on retention and virological outcomes, encom-
passing both treatment-experienced and treatment-naive PWH.

Additionally, we highlight factors associated with deaths and viral
non-suppression, offering a more nuanced understanding of risks
for negative outcomes (mortality and viral non-suppression) in
the context of DTG-based robust ART.

We report a high retention in care of 92% at 48 months, sub-
stantially higher than an earlier study in India, in the pre-DTG era
[15]. The increase in overall retention may be partly attributed to
the phasing-in of DTG into the national program. We observed a
higher treatment retention among treatment-experienced PWH
than treatment-naive PWH. Although retention remained low
among treatment-naive PWH, 12-month retention was 9% higher
compared to the pre-DTG era [16].

In our study, the death rate was highest during the initial
12months, particularly among treatment-naive PWH. Furthermore,
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Table 3 Continued.

AOR LL UL

P-value

UL

LL

OR

P-value

Viral load (copies/ml)

Total

Characteristics

>1000 % (2.9%)

% (97.1%)

110287 % <1000

N=

3194

n=

107 093

n=

12.04

3.64

6.62

.00

10.68

Referent
5.88

0.2
1.3

11
748

99.8

4796
50.9 55419

4807 4.4

56 167

No interruption
Treatment

Episodes of

3.24

.00

98.7

treatment

interrupted
but never

interruptions or

LTFU in the last
12 months

became LTFU

Became

4.71 15.61

8.58

.00

15.43

.00 8.49 4.67

1.9

98.1 573

27.2 29424

29997

LTFU <3 times
Became

36.88 20.34 66.86

.00 46.51 25.69 84.21 .00

9.6

1862

90.4

17.5 17454

19316

LTFU=3times

No

Referent

0.2

11

99.8

4796

44

4807

Number of total

interruptions

<28days

days with

10.14
23.94

3.07
7.

.00 5.58

1.3
2.9

565
1186
1432

40.5 44153 98.7

36.6 39143
18.5 19001

44718
40329
20433

treatment

29

13.21

.00

97.1

>28 to 90days
>90days

interruption

18.14 59.52

.00 32.86

7.0

93.0

Models were adjusted for clustering at the ART-centre level using cluster-robust standard errors. TLD: tenofovir+lamivudine+dolutegravir; ZLD: zidovudine+lamivudine+dolutegravir; ALD: abacavir+lamivudine+dolutegra-

vir; Pl: lopinavir/ritonavir; atazanavir/ritonavir; darunavir/ritonavir, OR: odds ratio, aOR: adjusted odds ratio, LTFU: lost to follow-up. Values in bold highlight variables with significant AOR

we observed an increased risk of deaths among PWH who were
treatment-naive, had CD4 counts<200 cells/mm?, or had TB, consist-
ent with prior studies [17-19]. This underscores the need for inten-
sified follow-up during the initial 122months of ART initiation and
full implementation of the advanced disease management pack-
age to reduce mortality, in addition to the standard package of care
[20-22]. Our 48-month survival analysis reveals a profound survival
advantage associated with virological success, with survival reaching
96.7% when viral suppression is achieved. Conversely, the markedly
lower survival probability of 22.3% and significantly high aHR for
death among those without a documented VL test likely reflect a late
presentation, where disengagement from care due to clinical insta-
bility or early mortality may have precluded routine monitoring. This
finding reaffirms the importance of early diagnosis, management of
advanced HIV disease and robust tracking mechanisms.

While age>50 was associated with viral suppression, we report
two times higher odds of deaths among PWH aged =50years.
This necessitates a closer look at preventable causes of death
in an ageing cohort, including the integrated management
of non-communicable diseases [23]. We also observed that
abacavir-containing regimens were associated with a higher
risk for death. While this could be a proxy for people with under-
lying renal comorbidities, this finding needs further study, as
abacavir-containing ART is reported to be associated with an
increase in major adverse cardiovascular events, including deaths
[24]. Furthermore, simplified regimens, such as two-drug combi-
nation of dolutegravir+lamivudine for PWH with undetectable VL,
could be beneficial [25, 26].

Consistent with DTG-based ART as a robust and tolera-
ble regimen, we observed an overall high viral suppression
of 97.1% (95.1% among treatment-naive and 97.2% among
treatment-experienced) at 48 months on DTG, reflecting a sub-
stantial increase of 17% (compared to 80% in 2020) [11] after the
implementation of DTG. Additionally, our results are consistent
with high viral suppression rates reported in the routine program-
matic settings in Ukraine (90%) [27], Ethiopia (92%) [28], Uganda
(94%) [29], and Malawi (97.9%) [30] and prior studies in research
settings [31, 32] at 12months and substantially higher than the
4-year cumulative probability reported from the ICONA cohort
[33] and ADVANCE trial [34]. Consistent with the global PHIA sur-
vey, we also observed that older people and women had higher
viral suppression [35]. We also found that person-centered treat-
ment strategies, such as MMD, were associated with higher viral
suppression (98.1%), consistent with a study from Lesotho [36].

Children and adolescents continue to lag globally in terms of
viral suppression [37]. Notably, we observed a robust viral sup-
pression among children and adolescents (94%) on DTG dur-
ing 48-month follow-up, substantially higher than reported in
other studies (Tanzania under programmatic settings—70.2% at
24 weeks) [38] and in the Odyssey trial (87% at 48 weeks) [39].

Even with good tolerability of DTG, we showed that people who
were treatment-naive compared to treatment-experienced PWH
had a higher risk of viral non-suppression, possibly linked with
the increased mortality in this group. This highlights the impor-
tance of treatment literacy, adherence counseling and close
follow-up of PWH, newly initiated on ART. Further, we observed
that the risk of viral non-suppression was higher among PWH with
lower CD4 counts, underscoring the need for early detection and
ART initiation.
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Tuberculosis co-infection remains a significant opportunistic
infection in India among PWH. In our study, TB coinfection was
associated with higher odds of death and viral non-suppression.
However, we observed a comparatively higher (91.3%) viral sup-
pression rate among TB-coinfected PWH on DTG, in contrast to a
cohort study from 11 Sub-Saharan countries (viral suppression
at 58.9%) [40]. This may be partly due to the strong convergence
between the national TB and HIV programs and integrated HIV-TB
services for the timely and seamless diagnosis and management
of TB among PWH.

Among PWH who were virally non-suppressed before DTG tran-
sition, 90.5% achieved viral suppression, notably higher than
an earlier study in India (78.2%) [41] and Ethiopia (82.39%) [42]
among PWH on second-line ART before DTG, but comparable to
outcomes reported in Sub-Saharan Africa [43] following the imple-
mentation of DTG. Consistent with findings from global clinical
trials [44], we observed that virological suppression was signifi-
cantly higher among treatment-experienced PWH when tenofo-
vir/lamivudine was recycled (as part of a DTG-based regimen),
compared to zidovudine. Our finding provides critical real-world
programmatic evidence on the long-term durability—extending to
48 months—of virological suppression when recycling tenofovir.
These results strongly support the World Health Organization’s
(WHO) recommendation for tenofovir plus lamivudine as the pre-
ferred NRTI backbone for subsequent ART for adults and children
weighing more than 30 kg, including those previously treated with
or exposed to tenofovir or zidovudine [45].

Underscoring the importance of EAC, we observed that 89% of
PWH achieved viral suppression after at least three EAC sessions.
This is higher than VL re-suppression rates reported from India
(28%) [46], Kenya (51%) [47], Ethiopia (51.7%) [48], Malawi (79%)
[49], Uganda (48.2%) [50], Nigeria (74%) [51] before DTG, but com-
parable to the ADVANCE study (85%) [52], where DTG was used.
Our findings strongly support the WHO recommendation of EAC
before regimen switch. This also underscores the need to examine
the role and timing of HIV drug resistance testing for sequencing
in the setting of EAC interventions.

Limitations

This study was done in a routine program setting with variability
in the quality of care and EAC across sites. Further, there could
have been under-reporting of viral suppression as some PWH
were still due for repeat VL after EAC. Viral load measurements
were based on routine programmatic testing and may not have
been performed at uniform time intervals. Observed RDs in viral
suppression and mortality across regimens may have been influ-
enced by residual confounding, including underlying clinical
characteristics and treatment history.

Conclusion

The rapid and wide-scale implementation of DTG, along with
other programmatic interventions, contributed to improved
treatment retention and viral suppression in India, supporting
progress toward the NACP targets and the UNAIDS 95-95-95 tar-
gets. In our programmatic cohort, DTG-based ART demonstrated

high efficacy and durability among treatment-naive and
treatment-experienced PWH, including those with recycled ten-
ofovir/lamivudine, in combination with DTG. The increase in VL
re-suppression rates emphasizes the role of EAC in preventing
premature regimen switch. While we saw gains across all PWH,
scale-up of person-centered and quality-driven differentiated
service delivery strategies could further optimize the impact of
DTG on viral suppression, morbidity, and mortality, particularly
among PWH who are treatment-naive, with advanced HIV disease,
TB-coinfection, people over 50 years, adolescents or belonging to
key populations.
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