Dube et al. BMC Pregnancy and Childbirth (2024) 24:844 B MC Preg na ncy a nd Ch i | d b| rth
https://doi.org/10.1186/s12884-024-06939-5

. ®
Adverse birth outcome research case it

definitions associated with maternal HIV
and antiretroviral drug use in preghancy:
a scoping review

Kopano R. Dube', Shani T. de Beer?3, Kathleen M. Powis*®, Michael McCaul® and Amy L. Slogrove'”

Abstract

Background Adverse birth outcomes (preterm birth, low birth weight, small for gestational age, and stillbirth) seem
to persist in infants born to people with HIV, even in the context of maternal antiretroviral therapy. However, findings
have been disparate, inconclusive, and difficult to compare directly across settings, partly owing to variable outcome
definitions. We aimed to collate, compare, and map existing adverse birth outcome definitions to inform a harmo-
nized approach to universally measure these outcomes in studies including pregnant people with HIV.

Methods We conducted a scoping review of studies that reported adverse birth outcomes associated with maternal
HIV and antiretroviral use in pregnancy, specifically those that included definitions of ‘preterm birth; ‘low birth weight,
‘small for gestational age, and ‘stillbirth’ Five databases were searched from 01 January 2011 to 15 August 2022. Title,
abstract and full-text screening was conducted independently in duplicate. A comparative quantitative analysis

was conducted to compare study characteristics by period of study (<2013; 2013-2015;>2016) and country income
group. A qualitative content analysis was conducted to compare and map deviations from the WHO definitions

as a reference.

Results Of the 294 articles that included at least one adverse birth outcome, 214 (73%) studies started before 2013,
268 (919%) were published as primary research articles, and 137 (47%) were conducted in Eastern and Southern Africa.
Among the 283 studies included in the country income group analysis, 178 (63%) were conducted in low- and mid-
dle-income countries. Studies reporting low birth weight, preterm birth, small for gestational age and stillbirth devi-
ated from the WHO definitions in n=11/169 (7%), n=93/246 (39%), n=40/112 (36%) and n=85/108 (79%) instances,
respectively. The variations included the use of different thresholds and the addition of new terminology.

Conclusion The current WHO definitions are valuable tools for population-level monitoring; however, through con-
sensus, these definitions need to be optimized for research data collection, analysis, and presentation. In conjunc-
tion with good reporting, variation in adverse birth outcome definitions can be decreased to facilitate comparability
of studies as well as pooling of data for enhanced evidence synthesis.
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Background

According to current universal antiretroviral therapy
(ART) guidelines, it is recommended that people who
have acquired HIV commence ART upon diagnosis [1].
This recommendation led to 82% of pregnant people with
HIV receiving ART globally during pregnancy in 2022
and a substantial proportion of those receiving ART at
conception [2, 3]. Additionally, policies are in place for
the administration of pre-exposure prophylaxis (PrEP)
[2] to people at substantial risk of HIV acquisition as
well as pregnant and breastfeeding people living with-
out HIV and residing in high-HIV-incidence settings.
These advances have resulted in a decline in the number
of infants perinatally acquiring HIV [3, 4], an increase in
the number of infants with fetal HIV and antiretroviral
exposure, and the emergence of an infant population that
is antiretroviral exposed without HIV [5].

The benefits of ART for pregnant people living with
HIV and their children, who are at risk of vertical HIV
acquisition, are undeniable. However, from ongoing
research [6, 7], it seems that adverse birth outcomes
occur more often in children born to pregnant people
with HIV than in those without fetal HIV exposure. Fur-
thermore, any child, irrespective of HIV and antiretrovi-
ral exposure, born preterm, with low birth weight (LBW)
or restricted growth is at increased risk for morbidity
and mortality in its early years [8]. The literature exten-
sively details the adverse birth outcomes of preterm birth
(PTB), LBW, small for gestational age (SGA) and stillbirth
occurring in pregnancies of people with HIV. Despite the
use of WHO definitions (Table 1) for all these outcomes,
heterogeneity in how studies define the outcomes might
contribute to disparate and inconclusive findings with
limited generalizability®'°.

Agreement by researchers on definitions of these
important outcomes represents a valuable step towards
achieving more scientifically rigorous and directly

Table 1 Published WHO definitions of adverse birth outcomes
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comparable studies that have the potential to strengthen
evidence-informed health policy development. Thus, we
aimed to conduct a scoping review of studies evaluating
adverse birth outcomes in pregnant people with HIV to i)
compare study characteristics by temporal period and by
country income group and ii) quantitatively and qualita-
tively map definition variation in reference to the WHO
definitions for PTB, LBW, SGA, and stillbirth to inform
a harmonized approach to defining these important out-
comes for the purpose of research data collection, analy-
sis, and presentation.

Methods

Scoping Review

We conducted a scoping review that sought to collate,
compare, and map definitions for adverse birth outcomes
associated with maternal HIV and antiretroviral use in
pregnancy, including LBW, PTB, SGA and stillbirth. This
scoping review was conducted according to the Joanna
Briggs Institute guidelines and reported using the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analysis Extension for Scoping Reviews (PRISMA-ScR)
[11, 12]. The protocol has been published previously [13].
This review included definitions for the adverse birth out-
comes LBW, PTB, SGA or stillbirth from case series and
reports; primary experimental (e.g., controlled trials) and
observational (e.g., cohorts) studies; and secondary stud-
ies (e.g., systematic reviews) presented in the article,
abstract, poster or conference presentation formats. For
inclusion, the specified adverse birth outcomes had to
be evaluated as primary or secondary outcomes, and the
definition of the outcome had to be provided in studies
that examined HIV exposure or antiretroviral use during
pregnancy or HIV exposure or antiretroviral use during
pregnancy in conjunction with exposure to other com-
municable or noncommunicable diseases in the context
of maternal and child health or pregnancy. The full text

Adverse Birth Outcome  WHO Root Definition

WHO Subgroup Definitions

Low Birth Weight Weight at birth less than 2500 g (5.5 Ib)

Preterm Birth
pleted

Small for Gestational Age
age, gender-specific reference population

Stillbirths
tion

Babies born alive before 37 weeks of pregnancy are com-

Infants below the 10th centile of birthweight-for-gestational-

A baby born with no signs of life at or after 28 weeks' gesta-

Low birth weight may be subdivided into very low birth
weight (less than 1500 g), and extremely low birth weight
(less than 1 000 g)

There are subcategories of preterm birth, based on ges-
tational age: extremely preterm (less than 28 weeks), very
preterm (28-32 weeks) %, moderate to late preterm (32-37
weeks) ?

None

None

@ Lack of clarity without mutually exclusive categories: 32 weeks and 0 days are included as both very preterm birth and moderate-to-late preterm birth
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or digital recordings of the sources of evidence had to be
retrievable, written or narrated in English. Five databases
were searched: PubMed/MEDLINE, the Cochrane Library,
Web of Science, Scopus, and CINHAL/EBSCOhost. The
search strategy is detailed in the protocol [13]. This report
focuses on the presentation of citations retrieved from
the search of published literature. The search of gray and
other unpublished literature will be presented in a separate
report. To focus on the most recent decade of the HIV epi-
demic, the search was restricted to publications occurring
from 01 January 2011 to 15 August 2022. Title and abstract
screening as well as full-text screening were conducted
independently and in duplicate (KRD and STdB) using eli-
gibility criteria that were piloted and adjusted in consulta-
tion with a senior author (ALS). All disagreements were
resolved through discussion with the ALS, who made the
final decision if a consensus could not be reached.

Data extraction was conducted by one reviewer (KRD)
via a standardized data extraction tool developed in
REDCap. For the quantitative comparison of study char-
acteristics, year of study, publication type, study design,
country, setting and study sample size were collected.
Additionally, the adverse birth outcome assessor (who
measured the outcome), method of outcome assessment
(what was used to measure the outcome) and definition
of outcome (as per the WHO definition or deviation
from the WHO definition) were collected. Outcome defi-
nitions that deviated from the WHO definitions, which
are used as the reference definitions, were extracted ver-
batim for the qualitative content analysis.

Synthesis of Results

Quantitative comparison of study characteristics

The publication and study characteristics of the included
studies were compared by temporal period (2011-2012;
2013-2015 and 2016-2022) and by country income
group (high income, low- and middle-income, and mixed
income). The temporal period categories corresponded
with WHO ART guideline recommendations: <2013 CD4,
clinical or immunological criteria; 2013—2015 ART for all
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pregnant and breastfeeding people with HIV; and >2016
universal ART for all people with HIV [11-13]. The year
of study commencement was used to categorize studies
into temporal periods. The World Bank classification was
used according to the year of study to classify the coun-
try income group (CIG) [14]. Patient characteristics are
reported as frequencies and percentages. STATA 17 was
used to conduct the analysis, and the results were tabu-
lated and described narratively where applicable.

Qualitative content analysis and logic models of outcome
definitions
For the content analysis [15], outcome definitions that
deviated from the WHO definition were categorized by
the position of the deviation on the basis of where the
deviation occurred, at the root definition or at the sub-
group definition. Each deviation category (root or sub-
group deviation) was analysed for patterns of deviation
and further classified according to the type of deviation
from the reference definition (Table 2). Individual defi-
nitions could have more than one position of deviation
(root or subgroup) and more than one type of deviation.
The frequency of deviation types was counted to assist
with interpretation and description, and deviations were
further analysed qualitatively. The deviation types, such
as key words, phrases, or thresholds used, are described
in additional detail. The modification types were classi-
fied according to how frequently they occurred as high-
frequency or low-frequency modifications. The definition
for a high- or low-frequency modification was determined
at analysis on the basis of the overall number of modifica-
tions observed for each definition. Modifications occurring
at least twice for LBW and at least five times for PTB, SGA
and stillbirth were considered high-frequency modifica-
tions. Studies that evaluated LBW had few modifications.
Therefore, modifications occurring at least five times were
considered high frequency for all outcomes except LBW.
The content analysis was reported graphically and
descriptively as logic models. Briefly, logic models are

Table 2 Types of deviation from the WHO reference outcome definitions and their descriptions

Type of deviation from reference definition Description

Minor jargon, formatting, and technicalities
of the definition

Modified subgroup category thresholds

Specification of additional criteria in conjunction
with WHO definition

Alternative criteria without WHO definition

Minor differences in format and terminology that did not meaningfully change the interpretation

Thresholds for subgroup categories that deviated from those provided by the WHO

Use of the reference WHO definition with additional criteria such as time of measurement or use
of specific methods, formula, or tools to measure the outcome

Use of alternative criteria such as the use of a scoring system, formula or other criteria or measures

to define the outcome instead of using the WHO definition

Introduction of new terminology

Emergence of subgroup classifications that are not defined by the WHO or common in literature
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graphical illustrations of complex concepts translated
into simplified formats that show relationships between
various elements [16]. For the logic models, the WHO
root and subgroup definitions were labelled reference def-
initions, deviations from the WHO definitions as types of
deviations from the reference and the key words, phrases
or thresholds that frequently appeared in a deviation type
as high-frequency modifications arising from deviations.
For the logic models, only high-frequency modifications
are illustrated.

Additionally, reasons for modifying definitions from
the reference WHO definitions were abstracted and
reported verbatim where available.

Results
The search identified 3,439 citations, 294 of which were
determined to be eligible and included in the review

(Fig. 1).

Comparison of study characteristics by temporal period
and country income group

Of the 294 studies that included a definition for at least
one of the adverse birth outcomes, 214 (73%) were con-
ducted and published prior to 2013, 56 (19%) during
2013-2015 and 24 (8%) in 2016 or later (Table 3).
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Among the 294 studies that included a definition for
at least one adverse birth outcome, 283 (95%) could be
included in the CIG comparison [see Additional File 1].
Most studies occurred in low- and middle-income coun-
tries (=178, 63%). The predominant study types were
cohort studies in the low- and middle-income groups
(n=284, 47%) and the high-income group (n=61, 82%),
whereas 19% (n=33) of the studies in the low- and mid-
dle-income groups and 29% (n=9) in the mixed income
group were controlled trials. For setting, the data collec-
tion source and unit of study numeric comparison show
no noteworthy differences across the CIG.

The comparisons by temporal period and CIG for
individual adverse birth outcomes can be found in
Additional File 2.

Comparison of adverse birth outcome definitions
and their measurement by temporal period

and country income group

Low birth weight

Among the 294 studies included, 169 (55%) evaluated
LBW [see Additional file 2, Table 1]. The WHO refer-
ence definition was used without the subgroups of very
LBW or extremely LBW by 68% (n=115) of the studies
overall, with decreasing use of the WHO definition with

Records removed before
screening:

Duplicate records removed
by automation (n= 1 740)

Records excluded by manual title
& abstract screening (n=1 105)

Reports not retrieved (n= 31)*

—
c
L
§ Records identified from >
= databases (n= 3 439)
o
3
)
_ .
Records screened
——>
(n=1699)
Reports sought for retrieval o
> (n=594)
=
[
: I
[*)
(7]
Reports assessed for eligibility o
(n=563) -
)
A4

Reports excluded (n= 269)

Adverse outcome undefined (n=79)

Did not include pregnant people living with HIV (n=64)
Did not evaluate 1 of the 4 required outcomes (n= 44)
Duplicates (n= 39)

Abstracts, posters & oral presentations (n= 30)
Narrative reviews (n=7)**

Not written in English (n=4)

Commentary pieces (n= 2)

Studies included in review
(n=294)

Fig. 1 PRISMA-ScR flow diagram of identification and inclusion of studies
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Table 3 Characteristics of studies including a definition for at least one of the four adverse birth outcomes, compared by temporal
period of study (N=294; data N (column %) unless otherwise specified)

Total 2011-2012 2013-2015 2016-2022
Total-N (row %) 294 (100.0) 214.(72.8) 56 (19.0) 24 (8.2)
Publication type - n (%)
Primary original research 268(91.2) 194 (90.7) 52(92.9) 22(91.7)
Secondary original research 8(2.7) 8(3.7) 0(0.0)
Miscellaneous publications® 18 (6.1) 12 (5.6) 4(7.0) 2 (8.3)
Study design - n (%)
Case control & case series 13 (44) 10 (4.7) 2(3.6) 14.2)
Cohort 150 (51.0) 112 (52.3) 27 (48.2) 11 (45.8)
Cross-sectional 23(7.8) 13(6.1) 5(8.9) 5(20.8)
Controlled trials* 43 (14.6) 31(14.5) 8(14.3) 4(16.7)
Systematic reviews 17 (5.8) 17 (7.9) 0(0.0) 0(0.0)
Alternative designsS 28 (9.5) 16 (7.5) 11 (19.6) 14.2)
Unspecified 20 (6.8) 15 (7.0) 3(54) 2(8.3)
WHO region of study - n (%)
Eastern and Southern Africa 137 (46.6) 74 (34.6) 46 (82.1) 17 (70.8)
Western and Central Africa 22(7.5) 17 (8.0) 2(3.6) 3(125)
Americas 46 (15.7) 43 (20.1) 3(54) 0(0.0)
European 35(11.9) 34(15.9) 1(1.8) 0(0.0)
South—east Asia & Western pacific 15(5.1) 10 (4.7) 3(5.4) 2 (8.3)
Multiregional/site 31(10.5) 28 (13.1) 1(1.8) 2 (8.3)
Unspecified 4(14) 4(1.9) 0(0.0) 0(0.0)
Not applicable 4(014) 4(1.9 0(0.0) 0(0.0)
Study setting - n (%)
Clinic 76 (25.9) 51(23.8) 18 (32.1) 7(29.2)
Hospital 117 (39.8) (34 6) 31(55.4) 12 (50.0)
Other® 80 (27.2) 0(32.7) 6(10.7) 4(16.7)
Unspecified 21(7.0) 9(8.9) 1(1.8) 142
Data collection source - n (%)
Clinical records 82(27.9) 55 (25.7) 22 (39.3) 5(20.8)
Primary research data 122 (41.5) 75(35.0) 29(51.8) 18 (75.0)
Surveillance data 29(9.9 27 (1 2.6) 2(3.6) 0(0.0)
Other* 55(187) 1(238) 3(54) 1(42)
Unspecified 6(2.0) 6 (2.8) 0(0.0) 0(0.0)
Unit of study: participants - n (%)
Pregnancy (mother) 245 (83.3) 174 (81.3) 49 (87.5) 22(91.7)
Newborn (child) 15 (5.1) 11(5.1) 3(54) 1(4.2)
Pregnancy (mother) and newborn (child) 25(8.5) 20 (94) 4(7.1) 1(4.2)
Other* 9(3.1) 9(4.2) 0(0.0) 0(0.0)

@ Miscellaneous publications included published protocols with unpublished data; *Controlled trials included randomized and non-randomized trials; *Alternative
designs included modelling studies; “Other study settings included departmental or organization centres; *Other data collection sources included region-specific
patient registries; ™ Other unit of study included population data from households in a specific area. Most studies (n=268, 91%) reported original research, with

the highest proportion being cohort studies (n =150, 51%), followed by controlled trials (n=43, 15%), with minimal differences in study design across the temporal
periods. Studies were pre-dominantly conducted in the Eastern and Southern Africa Region (n= 137, 47%), with an increase in studies in this region from 35% (n=74)
in <2013 to 82% (n=46) in 2013-2015, followed by a slight decrease in>2016 to 71% (n=17). Hospital (n =117, 40%) and clinic (n=76, 26%) settings were used most
often, and either prospective primary data collection (n= 122, 42%) or extraction of data from clinical records (n =82, 28%) were the most frequent data sources, with
pregnancy being the most common unit of study (n =245, 83%)

subgroups over time. The person who assessed the out-  studies, respectively. Compared by CIG [see Additional
come and the outcome measurement methods for LBW file 2, Table 1], modified definitions occurred exclusively
were unspecified in 95% (n=161) and 93% (n=158) of the  in the low- and middle-income group (2%, n=4/162).
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Preterm birth

Among the 294 included studies, 246 (84%) evaluated
PTB [see Additional file 2, Table 1]. The use of the WHO
definition without the subgroups increased over time.
The use of the WHO definition with subgroups was infre-
quent (n=3; 1%), whereas 30% (n=73) utilized the WHO
definition with modifications to the subgroup or used a
completely modified definition (n=20; 8%). The person
who assessed the outcome of PTB was largely unspeci-
fied by studies (n =218, 89%), whereas adverse birth out-
come measurement methods were unspecified by 60%
(n=148) of studies, studies that did indicate measure-
ment methods primarily used the last menstrual period
(n=41, 17%) to determine gestational age. There seems
to be little difference in the use of the WHO definition
for PTB without subgroups or with subgroup modifica-
tions between high and low- and middle-income group
[see Additional file 2, Table 1].

Small for gestational age

SGA was evaluated by 112 (38%) of the 294 included
studies [see Additional file 2, Table 1], and only 5 (5%)
occurred in 2016-2022. The WHO definition was used
by 60% (n=67) of the studies, with modifications to the
WHO definition occurring in 24% (n=27) of the stud-
ies, and modified definitions emerged in 12% (n=13)
of the studies. The person who assessed the outcome as
well as the method used to measure birth weight in SGA
children remained largely unspecified in 98% (n=110)
of studies in both instances. The method of assessment
for gestational age was unspecified in 65% (n=73) of the
studies, with 12% (n=13) specifying the method used as
the last menstrual period. The gender-specific reference
standard used by studies was unspecified by 52% (n=58)
of the studies, with 15% (n=17) indicating the use of a
validated global standard. According to CIG compari-
sons [see Additional file 2, Table 1], 78% (n=29/37) of
high-income countries used the WHO SGA definition,
whereas in low- and middle-income countries, 53%
(n=32/61) used the WHO SGA definition, and 36%
(n=22/61) used the WHO definition with modifications.

Stillbirth

Stillbirth was evaluated in 108 (37%) of the 294 included
studies [see Additional file 2, Table 1]. Only 15% (n=16)
of the studies reporting stillbirth rates used the WHO
definition for stillbirth, with 66% (n=71) using a modi-
fied definition and 7% (n="7) using the WHO definition
with modifications. The person who assessed the adverse
birth outcome and the adverse birth outcome measure-
ment method were largely unspecified by 98% of the
studies in both instances, with few differences noted
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across temporal periods. Low- and middle-income coun-
tries, primarily used the WHO definition with modi-
fication and the modified definition, accounted for 70%
(n=53/76) of the variation in stillbirth identification. [see
Additional file 1, Table 2].

Content Analysis of Adverse Birth Outcome Definitions
Low birth weight

Among the 169 studies evaluating LBW, only 11 (7%) had
modifications (Fig. 2, Panel A).

Deviations from the reference definition were observed
in the WHO LBW root definition. The highest deviation
frequency (n=6) was observed in the root definition with
the specification of additional criteria in conjunction
with the WHO definition. None of the authors provided
justification for the modifications; thus, a thematic analy-
sis of the reasons for additions was not performed.

Preterm birth

Among the 246 studies evaluating PTB, 93 (38%) deviated
from the WHO definition (Fig. 2, Panel B). For the WHO
root definition, the specification of additional criteria in
conjunction with the WHO definition was the deviation
of highest frequency (n=23), with the specification of a
viability threshold being observed 16 times. For viability,
the lower limits of < 34 weeks and > 16 weeks were deter-
mined five times. Additionally, the distinction between
spontaneous and provider-initiated preterm birth was
observed four times, and the specification of the gesta-
tional age assessment method (e.g., use of ultrasound)
was observed three times.

For the subgroups, the WHO very PTB definition (28
to<32 weeks) had the highest frequency of deviations.
Modified thresholds were observed 54 times, 37 with-
out the specification of the lower limit of 28 weeks as
in the WHO very PTB definition and 14 instances of a
threshold of < 34 weeks. The WHO moderate-to-late PTB
subgroup had the second largest frequency of deviations
observed, with modified threshold categories observed
11 times. The use of the terms moderate PTB alone and
late PTB alone was observed three times while moderate
and late PTB as per the WHO was observed four times.
Various gestational age thresholds were used to define
these subgroups; however, the thresholds remained
within 32-37 weeks.

For PTB, the introduction of new terminology was
observed nine times, with the term early PTB being
observed nine times and the threshold of<34 weeks
being used seven times to define this subgroup.

The authors seldom provided reasons for deviation from
the WHO definitions, but those that did cite the follow-
ing considerations: i) clinical decision-making (related to
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" Measured “within 24hrs of
Low birth Weight birth (freq.=2)

(11 studies)

WHO Root Definition
(birth weight <2500g)
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criteriain n with
WHO definition (freq.=6)

I Specification of infant as “live
born” (freq.=2)

m deviations

WHO SGA Definition
(birth weight < e
gestatio

‘smallfor Gestational Age
(40 studies)

Very small SGA “below 3rd
centile” (freq.=15)

Unknown }»

Fig. 2 Logic Models of all adverse birth outcomes

“below]
3rd centile” (freq .=8)

using a 34-week threshold), ii) consistency with the Core
Outcome Measures in Effectiveness Trials (COMET)
initiative, and iii) limits of viability and the importance
of distinguishing between spontaneous and provider-
initiated PTB [17-20]. There were no themes that could
be identified from the data; however, detailed reasons for
modifications can be found in additional file 3.

Small for gestational age
Among the 112 studies that evaluated SGA, 40 (35%)
deviated from the WHO definition (Fig. 2, Panel C). For
this outcome, the specification of additional criteria was
observed seven times. In six instances, the authors used
the WHO definition with alternative measures such as
the Z score or standard deviation to define SGA instead
of centiles. New terminology was introduced 23 times,
with authors using very SGA (n=15) or severe/severely
SGA (n=8), defined by all 23 sources as having a weight
at or below the 3rd centile for gestational age.

For the thematic analysis, no authors indicated why the
specified additional criteria were used to define SGA. For
very SGA and severe/severely SGA, two authors provided

High frequency modifications arising
fron

Use of “20 weeks and above”
(rea.=27)

stlbinth
(78 studies)

g
% -

se of APGAR Score With or
Time
intervals (freq.=13)

Use of additionsl citeria
define ST freq.=15)

reasons related to identifying infants with the highest risk
of adverse outcomes [21, 22]. No themes were identified
from the justifications provided; however, detailed rea-
sons for modifications can be found in additional file 3.

Stillbirth

Among the 108 studies that evaluated stillbirth, 78 (72%)
deviated from the WHO definition (Fig. 2, Panel D).
The modified threshold of viability categories as well as
the minor jargon, formatting, and technicalities had the
highest deviation type frequencies of 70 and 50, respec-
tively. For the former, the use of 20 weeks or more as the
threshold for stillbirth was observed 27 times. This was
followed by unspecified gestational age or no considera-
tion of gestation age (allowing for stillbirth at “any” ges-
tational age) or written as “any’, which was observed 16
times, followed by 24/25 weeks and above (n=12) or
21/22 weeks and above (n=9). For minor jargon, format-
ting, and technicalities, the use of the phrases fetal/fetal
death or fetal demise or intrauterine fetal demise in the
definition was observed 39 times (not included in the
logic model).
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The use of additional criteria in conjunction with the
WHO definition was observed 17 times, with the speci-
fication of birth weight at 500 g or more or 1000 g being
used 10 times. The use of additional specifications alone
to define the outcome was observed 15 times, with the
use of the Apgar score with or without specified time
intervals observed 13 times. A single author indicated the
selection of a modified threshold of>32 weeks for still-
birth with a rationale indicating “determines fetal viabil-
ity in resource-limited settings” rather than the WHO
definition for stillbirths needing to occur after 28 weeks
gestation [23]. None of the other authors specified the
reasons for the modifications.

Discussion

Systematic reviews and meta-analyses that have evalu-
ated the association between maternal HIV and ART
exposure with adverse birth outcomes have reported the
exclusion of studies because i) adverse birth outcomes
are defined differently than the protocol for the review,
which is usually according to WHO definitions; ii) inves-
tigators do not differentiate between adverse birth out-
come subgroups; and iii) methods used to assess adverse
birth outcomes are omitted [24, 25]. This scoping review
shows how these variations continue to persist over time
and provides key insights into the type of variations that
occur.

With respect to individual outcomes, LBW frequently
uses the WHO root definition, with infrequent use of
the WHO subgroups. While studies did not detail the
reasons for the infrequent use of subgroups, not differ-
entiating between subgroups means that a more nuanced
understanding of severe outcomes is lost, which is a
missed opportunity for evidence synthesis. When the
LBW root definition was modified, studies incorporated
additional criteria, such as the time at which weight was
measured after birth or gestational age at birth, both of
which contribute to improved specificity.

For PTB, the WHO definition without WHO sub-
groups was regularly used. Modifications to the WHO
root definition predominantly include the addition of
valuable criteria, including distinguishing between spon-
taneous and provider-initiated PTB, which could aid
in understanding the potential mechanisms of preterm
birth, detailing the gestational age assessment methods
used, which is important for understanding the accuracy
of preterm birth measurement, and specifying viabil-
ity, all of which improve precision and specificity. There
was irregular use of the WHO subgroup definitions,
and when subgroups were used, there were substantial
threshold modifications to very PTB and moderate-to-
late PTB, as well as the introduction of a new subgroup,
early PTB <34 weeks. The overlap in the current WHO
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subgroups may have created the need for more clearly
defined mutually exclusive subgroups that make classifi-
cation precise and subsequent decision making for infant
care more clinically relevant.

For SGA, there was frequent use of the WHO defi-
nition, with moderate use of the WHO definition with
modifications and less use of modified definitions.
When considering modifications, the WHO root defi-
nition was used in conjunction with additional crite-
ria such as z scores and standard deviations. However,
we speculate that the frequency at which these addi-
tions occur suggests study-specific modifications that
seek to provide an additional measure for calculating
SGA if the tools at hand in a low-resource setting, for
example, could not allow for the calculation of centiles.
While SGA does not have subgroups, we do see the fre-
quent introduction and use of the terms very SGA, as
well as severe or severely SGA, referencing infant birth
weights at or below the third centile for gestational age.
The addition of this subgroup may signal the need to
look at the differences between infants below the 10th
centile and those at or below the 3rd centile, as infants
born at or below the 3rd centile are at increased risk for
poorer outcomes, necessitating unique prevention or
care approaches.

Compared with the other outcomes in this study, still-
birth had the highest frequency of modifications. The
infrequent use of the WHO root definition suggests that
applying the definition across various settings is challeng-
ing and that this has not improved over time. A closer
look at the modified definitions reveals frequent use of
the phrases fetal/fetal death, fetal demise or intrauterine
fetal demise. The use of these phrases does not represent
a clinically meaningful deviation from the WHO root
definition but rather offers additional descriptive detail.
Various modified thresholds of viability were observed,
with 20 weeks and above being used frequently. The use
of these lower limits of viability reflects progress in the
survival of extremely preterm infants. Some definitions
frequently include birth weight. This is because birth
weight is a readily available measure for establishing lim-
its of viability in resource-limited settings where clinical
means of assessing gestational age are not always readily
available. As with LBW, studies did not detail the rea-
sons for modifications; however, both primary and sec-
ondary researchers should be encouraged to report the
reasons for modifications to standardized definitions for
transparency.

For all four outcomes, there was infrequent speci-
fication of both the adverse outcome assessor and
the adverse outcome measurement methods, even in
more recent studies. Investigators and authors should
be encouraged to report these elements of outcome
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measurements, as this is consistent with the require-
ments of several reporting guidelines, such as STROBE,
CONSORT and the Cochrane handbook for systematic
reviews [26, 27]. This practice allows for improved study
replication and comparability. Furthermore, modifica-
tions for all four outcomes frequently came from the low-
and middle-income group. We suspect that modifications
could have reflected the need to adapt to context-specific
resource availability and efforts to improve precision.

While there are various existing and developing core
outcome sets (COSs) related to pregnancy and child-
birth, investigating adverse birth outcomes in relation
to maternal HIV and antiretroviral exposure could be
valuable for reaching a consensus on standardized defi-
nitions for use in this field[28]. It would also be valuable
to consider participant involvement when developing
or identifying the outcomes and associated definitions
to ensure that studies evaluate adverse birth outcomes
that are of interest to families affected by HIV [29]. The
global alignment of immunization safety assessment in
the pregnancy project of the Brighton collaboration has
published several case definitions and guidelines for data
collection, analysis, and presentation of immunization
safety data, which could serve as a paradigm for birth
outcome consensus definitions around pregnancy, HIV
and the use of antiretroviral drugs [30-34]. The applica-
tion of practices employed by the Brighton collaboration
could decrease the amount of variation, enhance study
comparability, and facilitate data pooling.

Our study has limitations as well as strengths. This
study is the first comprehensive review of adverse birth
outcome definitions involving persons with HIV. While a
broad search strategy was implemented across five pub-
lication databases to identify all the relevant studies, the
search resulted in a high yield and limited precision in the
original search yield. Duplicate screening ensured that
the inclusion criteria were applied consistently. However,
being unable to conduct duplicate data extraction repre-
sents a potential limitation regarding the consistency of
the data extraction. Additionally, the researcher (KRD)
does not have experience in applying the definitions in
clinical settings. While this may have reduced the degree
of confirmation bias, observer bias may have been pre-
sent. This observer bias, however, is likely to have been
limited by the involvement of various stakeholders in the
protocol development and conducting of this scoping
review. The use of mixed methods assisted in developing
a comprehensive understanding of the heterogeneity that
is present in the application of adverse birth outcome
definitions. Finally, this review did not evaluate the origi-
nal validity or source material of definitions to determine
if they were evidence informed.
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Conclusion

This study quantifies and illustrates the heterogeneous
use of the specified adverse birth outcome definitions
in the published literature around pregnancies among
persons with HIV. Of note is the persistent use of the
WHO LBW and PTB definitions without accompanying
subgroups, the modifications of thresholds to PTB sub-
groups, the introduction of new subgroups to both PTB
and SGA, and the extensive use of modified stillbirth def-
initions. The evidence from future studies that evaluate
adverse birth outcomes could be strengthened through i)
a standardized taxonomy of outcomes and measurement,
ii) the reporting of studies according to existing pre-
scribed guidelines and iii) providing context for any mod-
ifications to standardized definitions or deviations from
reporting guidelines. Considering that birth outcomes
are critical in setting the life trajectory of infants, reduc-
ing adverse birth outcomes in children with HIV expo-
sure and/or antiretroviral exposure is a critical step in the
chain that will optimize their life course trajectory. Thus,
research that focuses on the birth outcomes of children
who are HIV- and/or antiretroviral-exposed needs to be
scientifically rigorous and comparable. The WHO defini-
tions for specified adverse birth outcomes are essential
for population-level monitoring. However, a harmonized
approach to defining these important outcomes for the
purpose of research data collection, analysis, and presen-
tation needs to be developed.
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