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Abstract

Retaining adolescents (aged 10–19 years), living with HIV (ALHIV) on antiretroviral therapy
(ART) is challenging. In Myanmar, 1269 ALHIV were under an Integrated HIV Care (IHC)
Programme by June 2017 and their attrition (death and lost to follow-up) rates were not
assessed before. We undertook a cohort study using routinely collected data of ALHIV
enrolled into HIV care from July 2005 to June 2017 and assessed their attrition rates in
June 2018 by time-to-event analysis. Of 1269 enrolled, 197(16%) and of 1054 initiated
ART, 224 (21%) had an attrition defining event. The pre-ART and ART attrition rates
were 21.8 (95% CI 19.0–25.1) and 6.4 (95% CI 5.6–7.3) per 100 person-years follow-up,
respectively. The factors ‘at enrolment’ that were associated with higher hazards of attrition
were: (1) WHO stage 3 or 4; (2) haemoglobin <10 gm/dl; (3) no documented CD4 cell counts,
hepatitis B and C test results; and (4) injection drug use. Baseline hazards were high during
the initial 1–2 years and after 5–6 years. The pre-ART and ART attrition rates in ALHIV were
lower than those in Africa but higher than the children under IHC. This warrants designing
and implementing additional care tailored to the needs of ALHIV under IHC.

Introduction

Globally, in 2017, 36.9 million people (95% CI 31.1–43.9 million) were living with HIV [1]. Of
these, it is estimated that about 1.8 million (95% CI 1.1–2.6 million) are adolescents (aged 10–
19 years) living with HIV [2]. Compared with older adults, adolescents and young adults (aged
15–24 years) have a higher loss to follow-up (LTFU) rates in seven African countries [3].
When compared to paediatric HIV, adolescents living with HIV (ALHIV) were at higher
risk of delay in treatment initiation, late presentation and LTFU [4].

The retention of ALHIV in HIV care programme is challenging and is dependent on many
factors including barriers to access health care, lack of psychological support, lack of trained
health care workers on adolescent health care issues and lack of support during transition
from paediatric to adult care [4, 5]. A study in South Africa reported that community-based
support to ALHIV can reduce mortality and LTFU [6]. Mortality in adolescents living with
peri-natally acquired HIV remains substantially higher [7]. In a study in Thailand, after the
initial 6 months of antiretroviral therapy (ART), being an adolescent, persistent viraemia,
poor nutritional status and severe anaemia were associated with poor clinical outcomes [8].

InMyanmar, the prevalence of HIV in adults aged 15–49 is 0.7% (95%CI 0.6–0.9) by 2017 [2].
There were about 220 000 (95% CI 200 000–260 000) people living with HIV (PLHIV) in 2017
and the ART coverage among all PLHIV is 66% and children aged 0–14 years is 91% [1]. In
2017, the estimated number of ALHIV in Myanmar was 10 000 (95% CI 7900–14 000) [2].
Since 2005, The Union (an International Non-Government Organization) has been implement-
ing an Integrated HIV Care (IHC) Programme in close collaboration with National AIDS
Programme (NAP) in 37 townships through 16 ART centres and 33 decentralised ART sites.
The HIV care consists of paediatric care (for those aged <15 years) and adult care (for those
aged ⩾15 years). By December 2017, there were more than 29 000 PLHIV receiving ART care
under the IHC Programme (∼20% national ART cohort). Among them about 1000 were
adolescents at the ‘time of enrolment’ into care since inception of the IHC Programme.

Although the IHC Programme routinely monitors the outcomes of those on paediatric and
adult care, there is lack of separate focus in monitoring the outcomes of adolescents despite the
fact that they are at higher risk of attrition (LTFU, death). A previous study done in Myanmar
reported that adolescents have 2–3 times higher risk of attrition and/or virological failure when
compared to adults living with HIV [9]. However, within the adolescent age group, what
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factors were associated with attrition are unknown. There are no
specific guidelines for HIV counselling, treatment and care for
adolescents in Myanmar.

In this study, we assessed the magnitude and factors associated
with attrition prior to ART initiation (also called pre-ART attri-
tion) and attrition after ART initiation (also called ART attrition)
among adolescents enrolled for HIV care under the IHC
Programme in Myanmar between 2005 and 2017.

Methods

Study design

This is a cohort study using routinely collected data under the
IHC Programme in Myanmar.

Setting

General setting
Myanmar is one of the South-East Asian countries bordered in
the north and northeast by China, the east and southeast by
Laos and Thailand, the south by the Andaman Sea and the Bay
of Bengal and on the west by Bangladesh and India. The popula-
tion of Myanmar was 54 million in 2018 [10]. According to the
Myanmar Census data in 2014, 30% of the population living in
urban areas and 9.7 million are adolescents aged 10–19 years [11].

Specific setting
People living with HIV who are tested and diagnosed as HIV in
NAP, outpatient clinic and inpatient ward of public hospitals and
tuberculosis outpatient departments of different townships in
five States and Regions (Mandalay, Sagaing, Magway, Yangon
and Shan State) are enrolled into the IHC Programme.

A unique identifier is provided to each enrolled patient. HIV care
is broadly divided intoPaediatric care for those aged<15 years (deliv-
ered through paediatricians at the public hospitals) and adult care for
those aged⩾15 years (delivered throughphysicians of the public hos-
pitals assisted by medical officers employed by The Union).
Enrolment of ALHIV into paediatric or adult care is not strict
basedonage especially for those aged13–16 years. For them, depend-
ing on the knowledge, awareness and disclosure status, ALHIV are
enrolled (prior to 15 years or later than 15 years) into the adult
cohorts. The care, ART initiation and treatment monitoring are in
accordancewith theWHOandNational guidelineswhichhave chan-
ged in2006 [12, 13], 2011 [14, 15], 2014 [16] and2017 [17].When the
child reaches the adolescent age (∼10–12 years), paediatrician and
medical social workers start partial disclosure counselling as well as
provide psychosocial support as an initial step for preparing transi-
tion to adult care. In a few centres, adolescents also participate in
youth club activities, which additionally give them information on
HIV disease and life skills training. The patient flow and treatment
monitoring processes under the IHC Programme have been
described in previous studies of The Union [9, 18]. At every visit,
the medical officers fill out all the information into the standardised
visit forms and traineddata assistants transcribe the paper-baseddata
to the electronic database created using PHP (Hypertext
Preprocessor) and MySQL (My Structured Query Language).

Study population and sites

Adolescents (i.e. PLHIV aged 10–19 years) at the time of enrol-
ment into IHC Programme from July 2005 to June 2017 at 16

ART centres and 33 decentralised ART sites in 37 townships
where IHC Programme is being implemented in Myanmar.

Data variables, sources of data and data collection

We collected the following information from the electronic data-
base maintained at the IHC: date of birth/age at enrolment, IHC
code, outcome (regular follow-up, death, LFTU, transfer out),
outcome date, enrolment date, ART initiation date, age, sex,
route of HIV transmission, ART site, baseline WHO staging,
baseline CD4 count, initiated ART regimen, hepatitis B, hepatitis
C infection at baseline, baseline haemoglobin gm/dl.

Analysis and statistics

The data from electronic databases were imported into STATA
version 14.2 (College Station, TX, USA).

We have used numbers and proportions for summarizing cat-
egorical variables. We have calculated the attrition rate per 100
person-years of follow-up for pre-ART and ART care periods.

We have calculated the follow-up period for pre-ART from
enrolment date to outcome date for the outcome death and
LTFU if ART was not started or up to ART start date if ART
was started. The censor date (30 June 2018) was used as end of
follow-up date for adolescents who were regular on follow-up
and not started on ART.

The follow-up period for ART period was calculated from
ART initiation date to outcome date (death and LFTU). The cen-
sor date of 30 June 2018 was used for adolescents who are on
regular follow-up.

We have used the Cox-proportional hazard model to study the
association between various demographic and clinical factors with
attrition during pre-ART and ART periods. Proportionality
assumptions were tested using Shenfield residuals, log–log plots
and observed vs. predicted survival plots. Factors with a P value
<0.05 was considered as statistically associated with attrition.

Ethics approval

We obtained ethics approval from the Ethics Advisory Group of
The Union, Paris, France and the ethical review committee of
the Department of Medical Research, Ministry of Health and
Sports, Myanmar. We also obtained permission and support for
the Operational Research (OR) from the NAP. As this study
involved the review of existing programme records, we received
a waiver from obtaining informed consent from patients from
both ethical committees.

Results

From March 2005 to June 2017, 1269 adolescents were enrolled in
the ART programme. Of them, 1054 (83%) were initiated on ART
by the censor date (30 June 2018). Of the 215 (23%) patients who
were not initiated ART, 148 (69%) were LTFU, 49 (23%) had died
and 18 (8%) were transferred-out to other ART care facilities. Of
the 1054 who were initiated on ART, 665 (63%) were alive and on
ART as on the censor date and 165 (16%) were transferred to
other care facilities. The remaining 224 (21%) were either dead
or lost to follow-up (ART attrition) (Fig. 1). The crude 1-, 2-
and 5-year retention rate of those initiated on ART was 88.7%,
84.8%, and 74.2% respectively (Table 1).
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Pre-ART attrition rates and factors associated with pre-ART
attrition

The overall attrition rate during the pre-ART period was 21.8
(95% CI 19.0–25.1) per 100 person-years of follow-up. ALHIV
who revealed their risk for HIV transmission as intravenous
drug user and blood transfusion, those who had baseline haemo-
globin <10 gm/dl and those without documented CD4 cell count
test, hepatitis B and C test and haemoglobin test results at enrol-
ment had higher hazards of attrition during the pre-ART period
(Table 2). The baseline hazard function for pre-ART attrition
derived from the multivariable Cox-proportional hazards model
is given in Figure 2. This indicates that the hazard for pre-ART
attrition was highest during the initial 6–12 months of enrolment
followed by secondary rise after 3 and 5 years.

ART attrition rates and factors associated with ART attrition

The overall attrition rate during the ART period was 6.4 (95% CI
5.6–7.3) per 100 person-years of follow-up. ALHIV who revealed
their risk for HIV transmission as intravenous drug users, those
had WHO stage 3 and 4, those without documented CD4 cell
count test, hepatitis B and C test results at enrolment and those

whose haemoglobin was <10 gm/dl had higher hazards of attri-
tion during the ART time periods (Table 3). The baseline hazard
function for ART attrition derived from the multivariable
Cox-proportional hazards model is given in Figure 3. This indi-
cates that the hazard for attrition in persons on ART is high in
the initial 12 months of ART follow-up, then declines, followed
by secondary rise after 7–8 years of ART follow-up.

Discussion

This is the first study from Myanmar describing the retention of
adolescents on HIV care over a 12-year period. The major find-
ings of this study are: (a) about 16% of ALHIV enrolled as ado-
lescents in the IHC Programme were either LTFU or dead
before ART initiation (the pre-ART attrition rate was 21.8 per
100 person-years of follow-up); (b) 21% of the ALHIV who
were initiated on ART were either dead or LTFU (ART attrition
rates were 6.4 per hundred person-year follow-up); (c) the hazards
for pre-ART and ART attrition shows a bimodal curve with
higher levels in the initial 1–2 years and after 5–6 years for
both pre-ART and ART time periods; (d) a few patient factors
(WHO stage, IDU, haemoglobin) were independently associated
with pre-ART and ART attrition.

The major strengths of this study were: (a) inclusion of a large
number of ALHIV (∼15% of ALHIV of Myanmar) over a long
follow-up period of 12 years. This has allowed us to measure
cumulative attrition rates for various time intervals and also
study the baseline hazard function experienced by this cohort
both for the short- and long-term; (b) all those who were adoles-
cents at the time of enrolment into IHC Programme were
included with no exclusion criteria, data were extracted from
the routine programmatic records and therefore the study find-
ings reflect ground-level realities.

The major limitations of this study are: (a) we used baseline/
enrolment values for demographic and clinical characteristics.
Many of these characteristics are time varying. Therefore, our

Fig. 1. Flow diagram showing the ART initiation, attrition and disaggregation of attrition among the adolescents enrolled in IHC Programme from July 2005 to June
2017. ART, antiretroviral therapy; LTFU, loss to follow-up; IHC, Integrated HIV Care Programme.

Table 1. Yearly retention of adolescents who were initiated ART in IHC
Programme, Myanmar from July 2005 to June 2017

Year Total (n) Retention (n) Retention (%) 95% CI

1 1054 938 88.7 (87–90)

2 877 842 84.8 (82–87)

3 681 656 81.3 (79–84)

4 501 487 78.7 (76–81)

5 370 352 74.2 (71–77)

CI, confidence interval; IHC, Integrated HIV Care Programme; ART, antiretroviral therapy.
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Table 2. Socio-demographic and clinical characteristics associated with pre-ART attrition among adolescents enrolled in IHC Programme, Myanmar from July 2005
to June 2017

Description Total n (%) Attrition n (%)
Attrition rate

(100 py) (95% CI)
Unadjusted hazard

ratio (95% CI)
Adjusted hazard
ratio (95% CI)

Total 1269 (100) 197 (16) 21.8 (19.0–25.1)

Sex

Male 656 (52) 110 (17) 26 (21.6–31.4) 1.2 (0.9–1.6)

Female 613 (48) 87 (14) 18.1 (14.7–22.4) reference

Entry cohort

Adult 669 (53) 139 (21) 28.6 (24.2–33.8) 2.1 (1.6–2.9)** 1.3 (0.6–2.6)

Paediatric 600 (47) 58 (10) 13.9 (10.8–18) reference reference

Age at enrolment

10–14 years 650 (51) 69 (11) 14.4 (11.4–18.3) reference reference

15–19 years 619 (49) 128 (21) 30.2 (25.4–35.9) 2 (1.5–2.7)** 0.8 (0.4–1.5)

Risk factor

Heterosexual 261 (21) 57 (22) 25 (19.3–32.4) 2.1 (1.5–3)** 1.3 (0.6–2.9)

MSM 17 (1) 4 (24) 75 (28.2–199.9) 3.2 (1.2–8.9)* 4.3 (1.5–12.3)

FSW 7 (1) 3 (43) 45.2 (14.6–140.1) 3.2 (1–10.2)* 1.8 (0.7–4.9)

IDU 77 (6) 27 (35) 40.8 (28–59.5) 3.2 (2.1–5)** 3.3 (1.3–8.6)*

Blood Transfusion 50 (4) 11 (22) 33.1 (18.3–59.8) 2.5 (1.3–4.8)* 2.4 (1.2–4.9)*

MTCT 715 (56) 68 (10) 13.6 (10.8–17.3) reference reference

Unknown 142 (11) 27 (19) 42.2 (28.9–61.5) 2.4 (1.6–3.8)** 1.8 (1.0–3.4)

Baseline WHO stage

Stage 1 307 (24) 51 (17) 21.3 (16.2–28) reference reference

Stage 2 271 (21) 38 (14) 15.9 (11.6–21.9) 0.8 (0.5–1.2) 1.0 (0.7–1.6)

Stage 3 535 (42) 72 (13) 20.1 (15.9–25.3) 0.9 (0.6–1.3) 1.0 (0.7–1.6)

Stage 4 146 (12) 30 (21) 47.2 (33–67.5) 1.7 (1.1–2.7)* 1.6 (1.0–2.4)

Not recorded 10 (1) 6 (60) 375.1 (168.5–834.9) 8.4 (3.6–19.6)** 2.1 (0.8–5.5)

Baseline CD4 (/mm3)

<200 494 (39) 38 (8) 14.5 (10.5–19.9) 1.1 (0.7–1.7) 1 (0.6–1.7)

200–349 269 (21) 13 (5) 8.1 (4.7–13.9) 0.6 (0.3–1.1) 0.6 (0.3–1.2)

350–499 160 (13) 19 (12) 12.1 (7.7–18.9) 1 (0.6–1.7) 1 (0.5–1.8)

⩾500 226 (18) 32 (14) 11.2 (7.9–15.8) reference reference

Not recorded 120 (9) 95 (79) 271.2 (221.8–331.6) 14.6 (9.7–22.1)** 3.2 (1.3–7.6)*

Hepatitis B antigen

Positive 66 (5) 7 (11) 12.8 (6.1–26.9) 1.1 (0.5–2.4) 1.2 (0.8–1.9)

Negative 974 (77) 90 (9) 12 (9.8–14.8) reference reference

Not recorded 229 (18) 100 (44) 99.8 (82–121.4) 6.1 (4.6–8.1)** 2.1 (1.2–3.5)*

Hepatitis C antibody

Positive 59 (5) 11 (19) 16.1 (8.9–29.1) 1.6 (0.8–3) 0.9 (0.4–2.0)

Negative 981 (77) 86 (9) 11.7 (9.5–14.5) reference reference

Not recorded 229 (18) 100 (44) 99.8 (82–121.4) 6.3 (4.7–8.5)** 2.1 (1.2–3.5)*

Baseline haemoglobin

<10 gm% 379 (30) 39 (10) 14.5 (10.6–19.8) 1.5 (1–2.2) 1.6 (1.1–2.3)*

⩾10 gm% 760 (60) 62 (8) 10.5 (8.2–13.5) reference reference

Not recorded 130 (10) 96 (74) 216.3 (177.1–264.2) 15.2 (11–20.9)** 3.8 (2.3–6.5)**

IHC, Integrated HIV Care; CI, confidence interval; ART, antiretroviral therapy; LTFU, loss to follow-up; MSM, men who sex with men; FSW, female sex worker; MTCT, mother to child
transmission; IDU, intravenous drug user; py, person year follow-up.
**P<0.001, *P<0.05.
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study reflects the predictors for attrition ‘at enrolment’ values for
these characteristics; (b) some of the independent variables (base-
line CD4, haemoglobin, hepatitis B and C status) had missing
data and those with missing data were associated with pre-ART
and ART attrition indicating linkages between missing data and
attrition and this would be either due to early attrition before
doing these investigations or missed to document results. Hence
excluding those cases would have led to selection bias. Instead,
we have included those cases by creating a separate category for
missing values and estimated the associations. This may have
reduced the selection bias, but there may still be biases in our
association estimates due to the missing values. At this stage we
are unable to speculate whether the association estimates are
underestimates or overestimates; (c) as we used the routine pro-
gramme data, some of the important factors that may have an
effect on the outcome such as socio-economic status of the
ALHIV households, care giver information, disclosure status, edu-
cational status, distance from the ART facilities were not recorded
and therefore we are unable to account for these factors in our

Fig. 2. The baseline hazard function for pre-ART attrition derived from the multivari-
able Cox-proportional hazards model for the adolescent cohort enrolled in the
Integrated HIV Care Programme, Myanmar (2005–2017). ART, antiretroviral therapy;
HIV, human immunodeficiency virus.

Table 3. Socio-demographic and clinical characteristics associated with attrition (during ART period) in adolescents enrolled in IHC Programme, Myanmar from July
2005 to June 2017

Description Total n (%) Attrition n (%)
Attrition rate

(100 py) (95% CI)
Unadjusted hazard

ratio (95% CI)
Adjusted hazard
ratio (95% CI)

Total 1054 (100) 224 (21) 6.4 (5.6–7.3)

Sex

Male 538 (51) 114 (21) 6.7 (5.6–8.1) 1.1 (0.8–1.4)

Female 516 (49) 110 (21) 6.1 (5.1–7.4) reference

Entry cohort

Adult 519 (49) 137 (26) 9 (7.6–10.6) 1.9 (1.5–2.5)** 1.6 (1.0–2.7)

Paediatric 535 (51) 87 (16) 4.4 (3.6–5.4) reference reference

Age at enrolment

10–14 years 572 (54) 101 (18) 4.8 (3.9–5.8) reference reference

15–19 years 482 (46) 123 v26) 8.9 (7.4–10.6) 1.7 (1.3–2.2)** 0.9 (0.6–1.4)

Risk factor

Heterosexual 201 (19) 51 (25) 7.8 (6–10.3) 1.5 (1.1–2)* 1.1 (0.7–1.7)

MSM 13 (1) 3 (23) 9.7 (3.1–30.1) 1.6 (0.5–5.1) 1.7 (0.4–6.4)

FSW 4 (0) 2 (50) 31.7 (7.9–126.6) 4.7 (1.2–19) 2.8 (0.7–11.3)

IDU 46 (4) 11 (24) 12.8 (7.1–23.1) 1.9 (1–3.6)* 2.5 (1.4–4.6)*

Blood Transfusion 38 (4) 6 (16) 4.4 (2–9.8) 0.8 (0.4–1.9) 0.7 (0.3–1.5)

MTCT 639 (61) 118 (18) 5.2 (4.3–6.2) reference reference

Unknown 113 (11) 33 (29) 10.3 (7.3–14.5) 1.9 (1.3–2.8)** 1.2 (0.7–1.9)

Baseline WHO stage

Stage 1 249 (24) 41 (16) 5.8 (4.3–7.9) reference reference

Stage 2 229 (22) 24 (10) 3 (2–4.5) 0.6 (0.3–0.9)* 0.6 (0.4–0.9)*

Stage 3 456 (43) 115 (25) 7.2 (6–8.6) 1.4 (0.9–2.0) 1.3 (1.1–1.7)*

Stage 4 116 (11) 40 (34) 10.5 (7.7–14.3) 2.0 (1.2–3.1)* 1.7 (1.2 –2.3)*

Not recorded 4 (0) 4 (100) 104.2 (39.1–277.6) 12.1 (4.3–33.8)** 2.1 (0.5–8.2)

Baseline CD4 (/mm3)

<200 456 (43) 119 (26) 7.3 (6.1–8.7) 1.5 (1.1–2.2)* 1.4 (0.9–2.1)

(Continued )
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study. Despite these limitations, we feel the study findings have
the following implications on policy and practices.

First, we do not have any similar studies from Asian countries
to compare our attrition rates. The overall attrition rate in

pre-ART and ART periods in our setting were relatively lower
when compared to studies done on adolescents in African coun-
tries [3, 19]. The African studies also show higher attrition rates
among older adolescents (age ⩾15 years) when compared to
younger adolescents (age <15 years) which we did not find in
our setting [3, 19]. The lower attrition rates in our setting indicate
relatively better organisation and/or delivery of services under the
IHC Programme. On the other hand, the pre-ART and ART attri-
tion rates were higher than the attrition rates among paediatric
patients in the IHC Programme [18]. This calls for focused atten-
tion towards providing additional care to ALHIV under IHC.
With the adoption of ‘test and treat’ approach in Myanmar in
2017–18 [17], pre-ART attrition should virtually disappear from
our setting and early ART initiation should improve the survival
of ALHIV in the future.

Second, baseline hazards for pre-ART and ART attrition were
high during the initial 1–2 years and after 5–6 years. High hazards
during the initial time periods are due to late stage enrolment
(∼50% of the adolescents in our study were in WHO stage III,
IV and CD4 count of <350 cells/mm3 and about 30% had baseline
haemoglobin <10 gm/dl). Current comprehensive initial counsel-
ling and peer support should be assessed and strengthened for
reducing LTFU during initial follow-up visits. Therefore, efforts
should be made to detect these cases early and enrol them on
ART care. The secondary peak in hazards of attrition found

Table 3. (Continued.)

Description Total n (%) Attrition n (%)
Attrition rate

(100 py) (95% CI)
Unadjusted hazard

ratio (95% CI)
Adjusted hazard
ratio (95% CI)

200–349 254 (24) 42 (17) 5.0 (3.7–6.8) reference reference

350–499 140 (13) 21 (15) 4.6 (3.0–7.0) 0.9 (0.5–1.5) 0.9 (0.7–1.5)

⩾500 184 (17) 26 (14) 4.7 (3.2–6.9) 0.9 (0.6–1.5) 0.9 (0.5–1.6)

Not recorded 20 (2) 16 (80) 106.9 (65.5–174.5) 13.9 (7.8–25)** 8.0 (3.5–18.3)**

Hepatitis B antigen

Positive 59 (6) 14 (24) 8.1 (4.8–13.7) 1.5 (0.9–2.6) 1.3 (0.7–2.3)

Negative 870 (83) 157 (18) 5.1 (4.4–6) reference reference

Not recorded 125 (12) 53 (42) 21.7 (16.6–28.4) 3.6 (2.6–5)* 2.8 (1.6–4.9)**

Hepatitis C antibody

Positive 45 (4) 6 (13) 5.9 (2.7–13.2) 1 (0.4–2.2) 0.6 (0.2–1.7)

Negative 884 (84) 165 (19) 5.2 (4.5–6.1) reference reference

Not recorded 125 (12) 53 (42) 21.7 (16.6–28.4) 3.5 (2.6–4.8)** 2.8 (1.6–4.9)**

Baseline haemoglobin

<10 gm% 340 (32) 89 (26) 7.9 (6.4–9.7) 1.5 (1.2–2)* 1.4 (1.0–1.9)*

⩾10 gm% 684 (65) 121 (18) 5.2 (4.4–6.2) reference reference

Not recorded 30 (3) 14 (47) 28.9 (17.0–48.7) 4.5 (2.6–7.8)** 0.8 (0.3–1.9)

Initiated ART regimen

AZT-based regimen 270 (26) 54 (20) 5.1 (3.9–6.6) reference reference

ABC-based regimen 133 (13) 22 (17) 7.7 (5–11.6) 1.2 (0.7–2.0) 1.4 (0.7–2.8)

TDF-based regimen 361 (34) 76 (21) 9.7 (7.8–12.2) 1.6 (1.1–2.2)* 1.4 (0.9–2.0)

D4T-based regimen 290 (28) 72 (25) 5.3 (4.2–6.6) 1.1 (0.8–1.6) 0.9 (0.5–1.4)

IHC, Integrated HIV Care; CI, confidence interval; AZT, zidovudine; ABC, abacavir; TDF, tenofovir; D4T, stavudine; ART, antiretroviral therapy; LTFU, loss to follow-up; MSM, men who sex with
men; FSW, female sex worker; MTCT, mother to child transmission; IDU, intravenous drug user; py, person year follow-up.
**P<0.001, *P<0.05.

Fig. 3. The baseline hazard function for ART attrition derived from the multivariable
Cox-proportional hazards model for the adolescent cohort initiated on ART in the
Integrated HIV Care Programme, Myanmar (2005–2017). ART, antiretroviral therapy;
HIV, human immunodeficiency virus.
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5–6 years after enrolment indicates waning immunity due to lack
of ART or to reduced effectiveness of ART due to undetected
virological failure or inadequate provision of psychosocial coun-
selling services tailored to the needs of the adolescent age
group. Previous studies show that ALHIV encounter stigma and
discrimination, ridicule from their friends/peers that hinders
regular follow-up on ART [20]. Assessing and addressing context-
specific reasons for late enrolment, presence or absence of viro-
logical failure and other psychosocial aspects that hinder
adolescents from continuing on ART in our setting is an area
for further research.

Third, we found that around 20% of the ALHIV did not have
documented investigation/test results for CD4 cell count, hepatitis
B, hepatitis C and haemoglobin at enrolment indicating missed
opportunities for identifying cases with severe immunodeficiency
and/or co-morbidities early. If these baseline investigators were
done on time (at enrolment) and if appropriate care (e.g. early
ART initiation) was given to those with severe immune deficiency,
the survival of adolescents may have been higher.

Lastly, injection drug users (IDUs) had 3.3 times (95% CI 1.3–
8.6) and 2.5 times (95% CI 1.4–4.6) higher hazard of pre-ART
and ART attritions when compared to other risk groups. This
indicates issues related to linkage to IDU substitution therapy
centres and dose adjustment for both ART and methadone/nalox-
one. A study showed that compared to sexually transmitted HIV,
IDUs had a higher risk of late presentation, delayed ART initi-
ation and higher mortality [21]. Therefore, in addition to linkages
to methadone maintenance programme, further efforts must be
made to provide enhanced psychosocial support to address
attrition-related issues for these specific ALHIV. Several studies
have shown an independent association between attrition and
WHO staging 3 or 4 and anaemia [22–24]. We found a similar
association in our cohort with those having bad clinical condi-
tions at enrolment (WHO stage 3 or 4 and haemoglobin
<10 gm/dl) having a relatively higher hazard of attrition. Our
findings support the importance of prioritisation and appropriate
management of HIV-infected patients with anaemia and higher
WHO clinical stages.

In conclusion, the pre-ART and ART attrition rates in ALHIV
were lower than those reported elsewhere in Africa but higher
than the children receiving ART care under IHC. This warrant
designing and delivering additional care tailored to the needs of
ALHIV in our setting such as differentiated adolescents/youth-
friendly clinics, transition clinics, youth club activities, integrated
or one-stop ART, harm reduction and methadone maintenance
services for adolescent IDUs.
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