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Abstract

Objective—To implement a standardized cause of death reporting and review process to
systematically disaggregate causes of HIV-related deaths in a cohort of Asian children and
adolescents.

Design—Death-related data were retrospectively and prospectively assessed in a longitudinal
regional cohort study.

Methods—Children under routine HIV care at sites in Cambodia, India, Indonesia, Malaysia,
Thailand, and Vietnam between 2008 and 2017 were followed. Causes of death were reported and
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then independently and centrally reviewed. Predictors were compared using competing risks
survival regression analyses.

Results—Among 5918 children, 5523 (93%; 52% male) had ever been on combination
antiretroviral therapy. Of 371 (6.3%) deaths, 312 (84%) occurred in those with a history of
combination antiretroviral therapy (crude all-cause mortality 9.6 per 1000 person-years; total
follow-up time 32 361 person-years). In this group, median age at death was 7.0 (2.9-13) years;
median CD4* cell count was 73 (16-325) cells/ul. The most common underlying causes of death
were pneumonia due to unspecified pathogens (17%), tuberculosis (16%), sepsis (8.0%), and
AIDS (6.7%); 12% of causes were unknown. These clinical diagnoses were further grouped into
AIDS-related infections (22%) and noninfections (5.8%), and non-AlDS-related infections (47%)
and noninfections (11%); with 12% unknown, 2.2% not reviewed. Higher CD4P cell count and
better weight-for-age z-score were protective against death.

Conclusion—Our standardized cause of death assessment provides robust data to inform
regional resource allocation for pediatric diagnostic evaluations and prioritization of clinical
interventions, and highlight the continued importance of opportunistic and nonopportunistic
infections as causes of death in our cohort.
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Introduction

Infants and children with perinatally acquired HIV are extremely vulnerable to opportunistic
infection. Delaying combination antiretroviral therapy (CART) for even a few months after
birth has been associated with a 76% increased risk of death [1]. It is challenging to tease
out causes of pediatric HIVV-associated mortality because of the limited range of and access
to diagnostic testing for this population in low-income and middle-income countries
(LMICs). It has been simpler to consider all early deaths among infants and children with
HIV due to AIDS [2]. In addition, although pediatric deaths may be more thoroughly
ascertained than those of adults [3], available approaches to death reporting are not specific
to children with HIV. This limits the ability of providers and implementers to use cause of
death data to guide selection of diagnostic evaluations, or prioritize clinical resources to
address preventable causes of death.

When the TREAT Asia Pediatric HIV Observational Database (TApHOD) study was
established in 2008, a systematic approach to describing and determining causes of death
was instituted to address this evidence gap[4]. The Coding Causes of Death (CoDe) model,
originally developed for the Data Collection on Adverse Events of Anti-HIV Drugs (D:A:D)
study in adults with HIV, was already in use in parallel adult cohort studies in the Asia-
Pacific and Australia [5,6]. Informed by prior experience with the ‘adult CoDe’ process, we
used a “pediatric CoDe’ process to allow for the addition of key data variables without
changing the structure of the original method. We conducted an analysis of the pediatric
CoDe results to characterize the process and describe the deaths reported over the first 10
years of our regional cohort study.
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Methods

Study population

The study was conducted within TApHOD, a member cohort of IeDEA Asia-Pacific [4]. The
database was established in 2006 and includes routinely collected, patient-level data from
more than 6500 infants, children, and adolescents with HIV who have ever been followed at
16 network sites in Cambodia (/=1), India (/=1), Indonesia (/7=2), Malaysia (/=4), Thailand
(m=5), and Vietnam (/7=3). Network sites are pediatric referral clinics within larger
healthcare facilities (7=12) or freestanding pediatric hospitals (/=4); all but one (a research
clinic) are public HIV treatment centers. National HIV treatment guidelines were based on
WHO global guidelines and updated over time based on CD4Pspecific and age-specific
criteria [7-9]. Individuals of any age taking or naive to CART with a pediatric HIV clinic
visit on or after January 2008 were eligible for study inclusion. The analysis database
included data up to September 2017.

All network sites, the coordinating center (TREAT Asia/ amfAR, Thailand), and the data
management and biostatistics center (Kirby Institute, UNSW Australia) have local
institutional review board (IRB) approval to participate in the cohort study. Consent by
parents or legal guardians and assent of the children and adolescents under care are not
routinely obtained unless required by an IRB (i.e. in some sites in India, Malaysia, and
Thailand).

Clinical and laboratory data

Baseline values for laboratory (e.g. CD4%) and clinical measurements (e.g. weight) were
based on a single measure in the 6 months prior and closest to the baseline date. At cCART
initiation, we used a window of 6 months before and 1 week after start. For the last available
clinic visit, we used the closest value that fell within 12 months prior. To calculate height-
for-age zscore, we used the WHO 2006/2007 child growth standards [3,10,11]. For weight-
for-age zscore, we used the WHO 1977 standards because the 2006/2007 standards are
limited to children of 10 years or less [12,13]. Second-line ART was defined as the second
triple-drug regimen with an antiretroviral class switch [e.g. nonnucleoside reverse
transcriptase inhibitor (NNRTI) to protease inhibitor], excluding those exposed to mono/dual
nucleoside reverse transcriptase inhibitor therapy and known to have been switched without
failure of first-line therapy.

Cause of death ascertainment

Causes of death were reported by local providers using standardized CoDe forms originally
developed for the D:A:D study [5,6,14]. The CoDe process captures patient data leading up
to and around the time of death, and site provider comments and determinations about the
specific immediate (one diagnosis), contributing (up to four diagnoses), and underlying (one
diagnosis) causes of death. Immediate causes are diseases or injuries directly leading to
death (e.g. cardiorespiratory failure), contributing causes are those that contributed to death
but are not considered the main reasons for death, and underlying causes are those that
initiated the train of events leading directly or indirectly to death. The forms were revised for
use in our pediatric population with the modification of some variables (e.g. full date of birth
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rather than year) and the addition of others (e.g. birth weight). Additional details and the
data collection tool are provided as an Appendix. The primary objective of the process is to
use all available data (including immediate and contributing causes) to inform the
identification of a single underlying cause of death.

Sites were asked to provide additional information (e.g. birth weight) for infants and young
children in their narrative comments. Forms were completed in English by local site staff
and reviewed by the site’s study Principal Investigator, if they were not written by them.
Deaths were assessed retrospectively for those that occurred prior to the site data being
added to the database, and prospectively thereafter.

The CoDe forms were independently reviewed by two regional pediatric HIV experts and
site investigators from within the network to concur with or present differing conclusions
regarding reported causes of death; reviewers were blinded to each other’s assessments.
Provider and reviewer forms were then centrally reviewed. In the standard adult CoDe
process, deaths in which the reviewers do not concur undergo secondary review by a central
committee. In the pediatric CoDe process, all deaths underwent secondary review by an
unblinded adjudication committee of three network investigators, one of whom (A.H.S.)
chaired all review meetings, to arrive at consensus over the final immediate, contributing,
and underlying causes of death. The committee further determined whether deaths were
AIDS-related on the basis of the contributing and underlying causes [by US Centers for
Disease Control and Prevention (CDC) clinical staging criteria [15]]. Deaths with
insufficient clinical information were classified as due to unknown causes. All provider,
reviewer, and committee forms were then submitted to the data management and
biostatistics center for analysis.

Statistical analysis

The beginning of study follow-up (baseline) was 1 January 2008, the first reported clinic
visit, or the date of CART initiation, whichever occurred later. Data were censored at loss to
follow-up (LTFU), transfer out of the clinic, death, the 24th birthday, or database closure,
whichever occurred first. LTFU was defined as having no clinic contact (visit, lab test) in the
12 months prior to the site-specific database closure date, with the date of LTFU defined as
12 months following the last clinic contact. Treatment failure was defined as having at least
one HIV viral load test over 1000 copies/ml before regimen change or a 50% or more
decline in CD4" cell count from its peak value, or a fall in CD4" before the baseline
(precART) value.

The underlying cause assigned to each death was considered the primary outcome for the
analysis. These were grouped into: AIDS, infection; AIDS, noninfection; non-AlIDS,
infection; and non-AIDS, noninfection. These categorizations were made on the basis of the
individual clinical diagnosis and their inclusion in US CDC AIDS staging criteria byage
[16,17]. Consequently, some pathogens could appear in both AIDS and non-AIDS categories
depending on the age at diagnosis, severity (e.g. local vs. disseminated disease), or
chronicity (e.g. one-time or recurrent condition).
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The percentages and rates (per 1000 person-years) of death attributed to each group and to
each specific underlying cause of death were calculated overall and by sex. Age at death was
evaluated for trend over calendar time. We used a cumulative incidence function to estimate
the probabilities of different categories of death during follow-up. We assessed independent
predictors of AIDS vs. non-AIDS mortality, and infection-related vs. noninfection-related
mortality using four separate competing risks survival regression analyses based on Fine and
Gray’s proportional sub-hazards model [18]. In this analysis, we used an alternate
classification in which contributing causes of death were taken into account to distinguish
AIDS and non-AlIDS deaths on the basis of whether those contributing causes met CDC
Stage C criteria. For example, a child whose underlying cause of death was pneumonia of
unknown cause (CDC Stage B) and who had severe malnutrition and wasting (CDC Stage
C) as contributing causes of death would have been categorized in the ‘AIDS, infection’

group.

Sex, calendar year at first CART, and facility level were considered in the analyses. Age,
history of AIDS diagnosis, CD4* cell count, weight-for-age zscore, and receiving second-
line ART were included as time-updated variables. CD4" cell count and weight-for-age
score were lagged by 6 months so that the most recent value was less likely to be the
consequence of a clinical event leading to death. For these two variables, missing data were
imputed by carrying forward values from the nearest previous visit for up to 6 months if no
subsequent measurement was recorded. We created a category for missing observations and
considered them as a separate group in the analyses. Potential predictors with Pless than
0.20 in univariable analyses were included in multivariable analyses. The final model
included variables with Pless than 0.05. The adjusted subdistribution hazard ratios (asHR)
were reported with their 95% confidence intervals (95% CI).

Data management and analyses were performed at the Kirby Institute, UNSW Australia,
using SAS version 9.4 (SAS Institute Inc., Cary, North Carolina, USA) and Stata (StataCorp,
STATA 14.0 for Windows, College Station, Texas, USA).

There were 6567 children and adolescents enrolled in the cohortat database closure (upto
September2017), of whom 5918 had a clinic visit during or after January 2008 and 91%
acquired HIV perinatally. Over the follow-up period, 5523 (93%; 52% male) had ever been
on cART, with 394 (6.7%) never starting antiretrovirals; one received only mono/dual
therapy and was excluded from further analysis. Overall, there were 371 (6.3%) deaths; 312
in those who had ever been on cART, 58 among those who had not started any
antiretrovirals, and one who had been on mono/dual therapy. CoDe forms were available for
363 (98%) of the deaths.

The primary analyses were conducted among the 5523 who ever received cART, which
included 84% of all deaths (Table 1). The total follow-up time available was 32 361 person-
years; 16 482 person-years for males and 15879 for females. At cART start, median age was
5.4 (interquartile range 2.5-8.6) years, median CD4* percentage was 11% (4-18%), and
90% started cART with an NNRTI-based regimen (Supplemental Table 1). At the analysis
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baseline, the overall median age was 6.7 (3.3—-10.5) years, median weight-for-age z-score
was 2.0 (3.2 to 1.0), height-for-age z-score was 2.1 (3.0 to 1.2), and 25% had a history of
meeting WHO stage 3 or 4 criteria. Median CD4* was 510 (193-917) cells/ml, CD4*
percentage was 18% (9-26%), and the median time on cART was 2.2 (1.0-4.2) years.

Causes of death among those with a history of combination antiretroviral therapy

Of the 5523 who had been on cART, 312 (5.6%) died during follow-up, representing a crude
all-cause mortality rate of 9.6 per 1000 person-years (males 10.3; females 8.9). Over time,
this decreased from 19.8 from 2008 to 2010, to 8.8 in 2011 to 2013, to 4.0 per 1000 person-
years in 2014-2017 (Supplemental Fig. 2). The median age at death was 7.0 (2.9-13) years:
males 6.4 (2.9-13) years, females 7.7 (2.8-13) years. This increased by calendar year from
3.9 (2.7-7.8) years in 2008 to 15 (10-20) years by 2017 (Supplemental Fig. 1). Of the 88%
with an available CD4P cell count at death, the median value was 73 (16-325) cells/ ml. The
most common individual underlying causes of death were pneumonia due to unspecified
pathogens (17%), tuberculosis (TB) (16%), sepsis (8.0%), and AIDS (6.7%); 12% of deaths
were due to unknown causes, and 2.2% did not have CoDe forms to review (Table 2,
Supplemental Table 2).

The underlying causes were grouped into AIDS-related infections (22%) and noninfection
(5.8%) causes, and non-AlDS-related infections (47%) and noninfections (11%), with 12%
due to unknown and 2.2% to unreviewed causes. Non-AlIDS-related infections were
consistently the most common underlying causes of death (Fig. 1). The cumulative incidence
of non-AlIDS, noninfection-related deaths exceeded that of AIDS, noninfection-related
deaths during recent years of follow-up. Median time on cART at last visit prior to death
was 5.7 (1.6-7.9) years for non-AIDS, noninfections, and ranged from 0.3 to 0.4 years for
all other categories.

There were 228 contributing causes of death reported for 161 children (52%), of which the
most common were wasting with or without severe malnutrition (7=114), anemia (7=36),
and pneumonia (/7=12). When the contributing causes of death were taken into account in
the alternate classification, the proportions of AIDS-related deaths in those whose
underlying causes were infections increased to 52%; the noninfection category remained
stable.

Factors associated with AIDS-related and infection-related underlying causes of death

In multivariable analysis, higher CD4* cell count, and better weight-for-age z-score were
protective against mortality, regardless of whether or not the underlying cause was AIDS-
related (Table 3). Receiving care in mostly rural vs. urban settings and cART initiation
between 2014 and 2017 compared with less than 2010 were protective against AIDS-related
mortality. Across age subgroupings, increased hazard rates of AIDS-related death were
associated with younger age compared with 5-9 years (asHR for <1 year 5.09, 95% ClI
2.80-9.23; for 1-4 years 1.82, 95% CI 1.24-2.67), and increased hazard rates of non-AIDS-
related death were associated with age less than 1 year (asHR 3.79, 95% CI 1.62-8.84) and
age 15-19 years (asHR 2.03, 95% CI 1.06-3.91) compared with age 5-9 years.
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CD4" cell count more than 200 cells/ul, weight-for-age zscore at least 3, and CART
initiation during 2014- 2017 compared with less than 2010 were protective against
infection-related mortality (Table 4). For noninfection-related mortality, CD4* cell count at
least 500 cells/ml and weight-for-age z-score at least 2 were protective. In contrast, higher
hazard rates of infection-related mortality were associated with age less than 5 years
compared with 5-9 years (highest asHR for age <1 year 7.46, 95% CI 4.48-12.42), and
being on second-line cART. A prior AIDS diagnosis was associated with infection-related
[asHR 5.60 (3.30-9.30)] and noninfection-related mortality [asHR 4.13 (1.80-9.50)].

Underlying causes of death among those without prior antiretroviral therapy

Among 394 children (52% male) who did not receive cART during follow-up, 58 (15%)
died (62% male); these deaths were not included in the detailed risk factor analyses. Deaths
were due to underlying AIDS-related infections (17%) and noninfections (6.9%), and non-
AIDS-related infections (60%) and noninfections (3.4%), with 10% of deaths due to
unknown causes and one death not reviewed. When the contributing causes were taken into
account for the alternate categorization, the proportion of those with AIDS-related deaths
whose underlying causes were infections increased to 59%. The most common underlying
causes of death overall were pneumonia (21%), sepsis (16%), and TB (16%).

Discussion

This analysis is the first conducted in Asia to systematically evaluate causes of death by
applying standardized criteria to routinely collected clinical data among children and
adolescents with HIV. By making minor, pediatric-specific modifications to the ‘adult’
CoDe process, we were able to extract and harmonize the available data to develop robust
characterizations of morbidity and mortality in our network of primarily urban, public
referral centers in LMIC contexts. Our results represent a valuable benchmark for this
population that can be used to guide prioritization of diagnostic testing and clinical care
interventions in the region.

In the late 2000s, early infant diagnostic testing and cART were not widely available across
our cohort [19], as evidenced by the median age of over 5 years at treatment initiation.
Notably, severe malnutrition and wasting were associated with 40% of all deaths, outcomes
that developing infants and children are especially vulnerable to. Although subsequent
widespread HIV program scale-up, changes in global cART guidelines to higher CD4*
based thresholds and ultimately universal treatment, and improvements in care quality have
led to lower mortality among those recently starting CART, infections continue to represent
the most common causes of death (68%). Our crude mortality rates substantially declined
over time as access to CART and diagnostic testing expanded. These trends were also seen
earlier in cohorts in the United States and Europe [20], such as in the PACTG 219 study;, in
which deaths fell from 72 to eight per 1000 person-years from 1994 to 2004 [21], the CHIPS
study in which deaths fell from 82 to six per 1000 person-years from 1997-2006 [22], and
the EPPICC cohort, in which deaths peaked at 17.7 per 1000 person-years in 2003 and fell
to 3.6 per 1000 person-years by 2006 [23].
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We did observe increasing numbers of noninfection causes of death with age and over time,
as more children and adolescents survived beyond the immediate postcART period. This has
been reported in the US pediatric-to-adolescent HIV cohort studies PHACS and IMPAACT
P1074, in which deaths due to HIV related kidney and cardiac disease have become more
common than opportunistic infections in older youth [24,25]. In our study, the most common
non-AlIDS, noninfection causes of death were related to trauma; largely due to drowning (six
of 10) and head injuries (three of 10), which are major causes of pediatric death worldwide,
and reflect that those with HIV additionally face the main risks of mortality experienced by
other children [2]. However, we were unable to determine whether these deaths could have
been related to mental health or neurodevelopmental issues known to be more common
among those with perinatally acquired HIV [26-28]. Data from cohorts with longer term
follow-up in the United States and United Kingdom have emphasized that mental healthcare
must be part of comprehensive HIV care for youth [29,30].

In these and other high-income countries, detailed data on causes of death are often available
through registries and insurance databases. Although these resources are available in some
LMICs [31,32], deaths among those with HIVare more often attributed only to HIVor AIDS
[3]. Although such data are useful on a population level [2,33,34], broad generalizations are
insufficient to guide local clinicians or policy makers to understand how health interventions
or systems can be implemented and improved to prevent deaths. For example, pneumonias
and sepsis of unknown cause represented 25% of underlying reasons why children in our
cohort died. Limited laboratory capacity is likely to have impacted microbiologic
confirmation of pathogens that could have been more effectively targeted. Improving
laboratory infrastructure could reduce empiric treatment and improve clinical outcomes. In
addition, whereas severe malnutrition and wasting represented 3.5% of underlying causes of
death, they were noted as contributing causes in 36% of deaths, and represent easily
diagnosable and treatable conditions [35].

We found that hallmarks of advanced HIV disease (e.g. immunodeficiency, wasting) were
associated with higher risk of infection-related deaths. However, there were more similarities
between factors associated with AIDS and non-AIDS deaths than we anticipated, which may
have been due to misclassification of the non-AIDS underlying causes, such as if
comprehensive diagnostic testing was not available. In fact, when contributing causes of
individual deaths were considered in our alternate categorization, the proportion of overall
deaths that were AIDS-related in the context of underlying infectious cases increased from
21 to 52%. There was an unexpected protective association between sites in mostly rural
settings and AIDS-related death. This may be because sites in that category are referral
centers with higher levels of resources and lower patient volumes, despite having a majority
of patients who live in rural areas.

In addition to the potential for misclassification of causes of death, a key limitation of our
study was that the CoDe method was not developed nor validated for use in children.
Although we added pediatric-specific variables to improve the utility of the report forms and
instituted an adjudication process to review all deaths, the process was still reliant on
medical records and provider reports. It did not include formal interviews with families or
caregivers, which could be especially valuable in contexts that have limited diagnostic
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capacity. Although the CoDe review process uses the US CDC staging system, our cohort
tracks clinical disease progression using WHO staging, which is reflected in our risk factor
analyses. The risk of subjectivity in the clinical categorization of the causes of death for the
purposes of our analysis could have increased the risk of misclassification. Incomplete data
on HIV-related parameters (e.g. HIV viral load) and the predominance of patients in care at
urban referral centers also could have biased our risk factor analysis, limiting the
generalizeability of our findings.

Conclusion

The standardized assessment of causes of death in children with HIV in Asia highlights
emerging challenges to pediatric and adolescent care, and the continued importance of
infections as causes of death in those with and without AIDS. To maintain public health
gains, we must adjust to the needs of our ‘aging’ populations who have survived beyond
childhood. Using rigorous methods like the CoDe process to assess deaths in adolescents
and young adults would provide useful data around chronic treatment failure leading to pre-
ART levels of immunodeficiency and opportunistic infections, as well as emerging mental
health concerns like suicide. Greater emphasis on surveillance of noninfection-related causes
of morbidity and mortality will also better prepare national programs to integrate HIV care
within models of chronic disease management and guide prioritization of limited clinical
resources and targeted interventions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Cumulative incidence of death by underlying causes using competing risk regression for
children and adolescents with a history of combination antiretroviral therapy (V= 312).
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