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confidence interval [Cl]: 1.00-1.26 p = 0.04) and severe underweight (OR: 1.21, 95%
Cl: 1.08-1.35 p <0.01). Associated risk of wasting was not statistically significant:
(OR: 1.05, 95% CI: 0.98-1.12 p = 0.17); severe wasting (OR: 1.16, 95% Cl: 0.68-1.96
p =0.59). These findings were supported by the qualitative synthesis. Evidence on
the potential role of biological/social factors was limited, but suggested an
intermediary role of maternal nutritional status which warrants further exploration.
Particularly in contexts where adolescent pregnancy remains common, interventions
to both delay adolescent pregnancy and improve adolescent nutritional status could
help reduce the risk of undernutrition in children and contribute to breaking the

intergenerational cycle of malnutrition.

KEYWORDS

adolescent, childhood, low- and middle-income countries, meta-analysis, pregnancy,
underweight, wasting

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
© 2023 The Authors. Maternal & Child Nutrition published by John Wiley & Sons Ltd.

Matern Child Nutr. 2024;20:€13569. wileyonlinelibrary.com/journal/mcn 1 of 15
https://doi.org/10.1111/mcn.13569


https://orcid.org/0009-0006-4608-6075
https://orcid.org/0000-0001-9186-1524
https://orcid.org/0000-0002-8452-0198
http://orcid.org/0000-0002-3745-7317
https://orcid.org/0000-0002-5419-2920
mailto:marko.kerac@lshtm.ac.uk
mailto:stephanie@ennonline.net
https://wileyonlinelibrary.com/journal/mcn
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fmcn.13569&domain=pdf&date_stamp=2023-10-02

2 of 15
°—‘—W1LEY1
1 | INTRODUCTION

Approximately 11% of all births are to adolescent girls 15-19 years,
of which 95% reside in low- and middle-income countries (LMICs)
(Sama et al., 2017). Complications during pregnancy and childbirth
are a leading cause of death for girls in this age group (World Health
Organisation, 2023b). For those adolescent mothers who survive, the
vulnerabilities faced during the post-partum period are comparatively
greater than those faced by older women and can persist through
later pregnancies (James et al., 2022).

Pregnancy also restricts girls' abilities to remain in education and
increases the likelihood that they will experience unemployment,
domestic violence, poverty, food insecurity and post-partum depres-
sion (Jeha et al., 2015; Norris et al., 2022). For adolescent mothers,
such stressors can exacerbate poor physical and mental health
outcomes, impacting their abilities to adequately feed and care for
their children (Hentschel et al., 2022; World Health Organisation,
UNICEF, & World Bank Group, 2018).

Besides risks for the mother, adolescent pregnancy is associated
with increased risks for the infant, including preterm delivery, low
birthweight and short birth length (Fall et al., 2015; Norris et al., 2022).
Evidence suggests that these risks are, at least in part, due to
maternal short stature and competition for nutrients to support both
adolescent and fetal growth and development during pregnancy
(Norris et al., 2022). Consequences for both the mother and infant
contribute to an intergenerational cycle of poverty, malnutrition and
ill health (Norris et al., 2022; Ramakrishnan et al., 2012).

Globally, an estimated 45 million children under 5 years of age
are wasted and 85 million are underweight (Kerac et al., 2021;
UNICEF, WHO, & World Bank Group, 2021), contributing to
substantial burdens of mortality and morbidity in the short- and
longer term (Black et al, 2013; Victora et al, 2021). Evidence
supports an association between low birthweight and higher
prevalence of wasting and underweight below 5 years of age
(Aboagye et al., 2022). Experiencing an episode of wasting in early
life, particularly from O to 3 months, has also been identified as a
predictor of subsequent, and persistent, wasting and concurrent
wasting and stunting, as children age (Mertens et al., 2021; Mertens,
Benjamin-Chung, Colford, Hubbard, et al., 2020). These associations
may be further impacted by maternal nutrition and health status,
socioeconomic deprivation and caregiving practices (Mertens,
Benjamin-Chung, Colford, Coyle, et al., 2020).

Given the established links between adolescent pregnancy and
poor fetal growth and development and the implications of early
growth faltering for childhood wasting and underweight, it can be
hypothesised that being born to an adolescent mother may influence
later child growth and development outcomes in LMICs. However,
evidence on the impact of young maternal age on childhood
anthropometry beyond the neonatal period is limited, with mixed
results (Mertens, Benjamin-Chung, Colford, Coyle, et al., 2020).

This systematic review and meta-analysis aimed to examine the
associations between adolescent pregnancy (10-19 years) and the risk
of wasting and underweight during childhood (1-59 months) and to
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Key messages

e Adolescent pregnancy is a potential risk factor for poor
child growth and development in low- and middle-
income countries.

e This systematic review and meta-analysis showed that
being born to an adolescent mother increases a child's risk
of moderate and severe underweight up to 5 years of age;
data on wasting was more heterogenous.

¢ Evidence on underlying biological/social factors was limited
but suggested a possible intermediary role of maternal
nutritional status.

e Where adolescent pregnancy is common, interventions
to delay adolescent pregnancy and improve adolescent
nutritional status could help reduce the risk of under-
nutrition in children, helping break the intergenerational

cycle of malnutrition.

explore factors (biological or social) that may influence these associa-

tions, with a particular focus on the mother's nutritional status.

2 | METHODS

This systematic review was conducted following the process laid out
by the Preferred Reporting Items for Systematic Review and Meta-
analysis 2009 checklist (Moher et al., 2009). The protocol was
designed and approved among co-authors, and then registered with
the PROSPERO International prospective register of systematic
reviews in July 2022 (CRD42022327351).

2.1 | Search strategy and eligibility criteria

The search strategy was based on the following concepts: (1) child
underweight and wasting (1-59 months); (2) pregnant adolescents or
adolescent mother (10-19 years), including adolescent's nutritional
status; (3) LMICs. A detailed outline of the search strategy and terms
is provided in Supporting Information: Appendix 1.

Child underweight was defined as weight-for-age z-score
(WAZ) <-2, and wasting was defined as weight-for-height z-score
(WHZ) <-2, weight-for-length z-score (WLZ) <-2, mid-upper arm
circumference (MUAC) < 125 mm, and/or bilateral oedema. Only
studies that categorised child outcomes by maternal age were
eligible. Peer-reviewed literature published in English between 1990
and 21 July 2022 was included.

Due to the limited number of studies that included only children
from 1 month of age and/or defined the youngest maternal age
category as <20 years, flexibility was given to include children below
1 month and mothers 20-24 years (Sawyer et al., 2018), provided
other eligibility criteria were met.
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Studies were identified across five databases on 21 July 2022:
Medline, EMBASE, Cumulative Index to Nursing and Allied Health
Literature, Global Health and Cochrane library. All identified records
were imported into EndNote (Version 20, Clarivate) and duplicates
were removed. Titles and abstracts were initially screened to
identify and remove studies outside the scope of review. A detailed
review of full texts was then undertaken for all remaining results,
against the inclusion and exclusion criteria. The studies were
independently screened by two researchers. In cases where
inclusion/exclusion of articles was unclear, these were discussed

between co-authors.

2.2 | Data extraction

The following data were extracted from the identified studies: author(s),
publication date, publication type, study design, setting, population
details, outcome(s) measured, analysis method, exposure and compara-
tor details, sample size for exposure/comparators (where provided),
number of wasted and/or underweight for exposure/comparators
(where provided), results exploring the potential role of other factors in
the association between maternal age and wasting and/or underweight
in offspring (where provided), response rate (where appropriate to
study design), number of follow-ups (where appropriate to study
design), follow-up rate (where appropriate to study design), interven-

tion results (where appropriate to study design).

2.3 | Risk of bias and quality assessment

The Study Quality assessment Tools developed by the National
Heart, Lung and Blood Institute (NHLBI) (National Heart Lung and
Blood Institute, 2013) were used to assess the quality and risk of
bias in the included studies, according to their study designs.
Studies were then graded on their overall profile (good, fair, poor),
with ratings being downgraded due to serious methodological

issues.

2.4 | Analysis

The analysis was performed in two stages: a meta-analysis and a

qualitative synthesis.

2.5 | Meta-analysis

The meta-analysis was conducted according to the analysis plan
(A1-10) presented in Table 1. The primary analysis (A1-4) included all
studies that presented data on the prevalence of underweight and/or
wasting in children 1-59 months categorised by maternal age. In

cases where studies used the same data sources and there was clear
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TABLE 1 Meta-analysis plan.
Reference Outcome Details

Primary analysis

Al Moderate underweight  Includes all studies that report
i this outcome categorised
A2 Severe underweight
by maternal age
A3 Moderate wasting
A4 Severe wasting

Stratified analysis

A5 Moderate and/or
severe underweight®

Stratified by region

A6 Moderate and/or
severe wasting®

Stratified by region

Sensitivity analysis

A7 Moderate underweight  Studies that use <20 years as
i the youngest maternal
A8 Severe underweight
age/exposure cut-off
A9 Moderate wasting
A10 Severe wasting

Note: Moderate underweight, WAZ <-2 to -3; severe underweight,
WAZ < -3; moderate wasting, WHZ or WLZ <-2 to -3 or MUAC 125 to
>115 mm; severe wasting, WHZ or WLZ < -3 or MUAC < 15 mm.

Abbreviations: MUAC, mid-upper arm circumference; WAZ, weight-for-
age z-score; WHZ, weight-for-height z-score; WLZ, weight-for-length
z-score.

Stratified analyses were conducted for outcomes with sufficient data
available per region.

homogeneity in the analysis methods and findings, one study was
randomly selected for inclusion in the meta-analysis. Any studies
excluded from the meta-analysis were still included in the qualitative
synthesis.

Random effects meta-analyses were performed in STATA/SE
17.0 (StataCorp. 2021. Stata Statistical Software: Release 17. College
Station, TX: StataCorp LLC) using the ‘meta esize’ command,
producing pooled estimates for the odds of wasting and underweight
in offspring born to adolescent mothers versus adult mothers.
Unadjusted odds ratios (OR) were used due to the heterogeneity in
study designs and, therefore, the lack of comparability in the
confounders adjusted for. Where data were categorised by multiple
‘adult’ maternal age categories, the findings were combined to create
one adult category for comparison. Pooled effects were presented as
OR with 95% confidence intervals (95% Cl) and p values (p). Egger
tests for each pooled model were performed in STATA to assess for
publication or small study bias (the null hypothesis is no bias).

Stratified analysis was conducted by region for any outcomes
with sufficient data (A5-6). While stratification by children's age
category (<6 months, 6 - <24 months, and 24-59 months) was also
planned to identify any differences in risk of wasting and/or
underweight according to life stage, this was not conducted due to

a lack of appropriately age-categorised data.
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Due to heterogeneity in the objectives of included studies,
and in how maternal age was categorised, a sensitivity analysis
was conducted to assess any differences in effects produced by
the main analysis (including all studies) and a subanalysis of
studies in which the youngest maternal age category only
included adolescents <20 years of age, removing those studies
that included mothers aged 20-24 years in the youngest age
category (A7-10).

2.6 | Qualitative synthesis

The qualitative synthesis included all studies that met the
inclusion criteria but did not present the data in a directly
comparable way, for example, they only presented adjusted ORs,
or other measures of effect, or did not include a comparison
group. Individual studies were assessed and summarised accord-
ing to whether findings indicated an association between
adolescent pregnancy (vs. adult pregnancy) and childhood
wasting and/or underweight. Where more than one effect
estimate was reported per outcome category, for example, across
models adjusted for different variables, or presenting annual
trends, the final adjusted models or the most recent findings
respectively were included. Handsearching of the discussion
section of the final papers was undertaken to identify potential
biological and/or social factors that influenced the associations,
with a particular focus on those that included data on the

mother's nutritional status.

3 | RESULTS
3.1 | Study selection

After deduplication, 19,368 unique references were identified
(Figure 1). Initial title/abstract screening resulted in 694 full-text
articles being reviewed. In all, 602 references were excluded,
primarily due to a lack of disaggregation of child outcomes (wasting
and/or underweight) by maternal age. A total of 92 studies met the
inclusion criteria, 57 of which presented extractable data for the
meta-analysis.

3.2 | Study characteristics

All included studies were published between 2003 and 2022. A
summary of study characteristics is provided in Table 2, with
additional details and full references provided in Supporting
Information: Appendices 2-3. Most studies were cross-sectional in
design (81/92), five were cohort studies, five were case control and
one was a randomised control trial (RCT). Most studies were
conducted in Asia (50/92) and sub-Saharan Africa (SSA) (34/92). Of
the remaining eight, two were conducted in South America, one in
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the Middle East, one in Eastern Europe and four presented data
across multiple regions.

The exposure (maternal age) was categorised in several different
ways, for example, age at first birth, age at marriage and maternal
age. There were also differences in categorisation of maternal age
across studies: 69 studies categorised adolescence according to the
WHO definition of 10-19 years, with at least one maternal age
category <20 years. The remaining studies (23) defined the youngest
maternal age category as <24 years.

Studies reported one or more of the following outcomes:
moderate underweight (WAZ < -2) (72/92), severe underweight
(WAZ < -3) (6/92), moderate wasting (WHZ<-2, WLZ<-2 or
MUAC <125 mm) (67/92), and severe wasting (WHZ < -3, WLZ < -3
or MUAC <115 mm) (9/92). No studies reported wasting assessed via
oedema. One longitudinal study presented repeated anthropometric
measurements (WAZ < -2, WHZ < -2) from the same cohort at 3, 6,
9, 12 and 24 months (Le Roux et al., 2019). Data for each time point
have been treated as individual estimates in the analysis.

Eighteen studies examined the potential influence of other
factors on observed associations between maternal age and child
anthropometric outcomes: 2/18 explored biological factors, 8/18
explored social factors and 8/18 explored a combination of both.
Seven studies presented data on maternal nutritional status
(assessed via height, weight, body mass index [BMI], anaemia
prevalence and dietary intake), categorised by maternal age.
Three studies assessed the double burden of malnutrition in
mother-child pairs (overweight or obese mother and wasted or

underweight child).

3.3 | Risk of bias and quality assessment

Of the 92 studies included, 15 were rated as ‘fair’, and the remainder
as ‘good’ according to the NHLBI tools (Supporting Information:
Appendix 4). Reasons for downgrading studies included a lack of
adjustment for potential confounding variables and justification of
sample size, as well as potential bias in the sampling process (primary
studies). Given that all studies were rated as of good/fair quality,

none were excluded from the analysis.

3.4 | Meta-analysis
3.4.1 | Pooled analysis for child underweight

The meta-analysis included data from 45 studies (49 datapoints) with
data for moderate underweight (Figure 2) and four with data for
severe underweight (Figure 3). The pooled results for all included
studies showed that, compared to adult pregnancy, adolescent
pregnancy (<24 years) was associated with 1.12 times greater odds
of moderate underweight (95% Cl: 1.00-1.26 p=0.04) and 1.21
times greater odds of severe underweight (95% Cl: 1.08-1.35
p <0.01) in children 1-59 months.
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25058 references identified through
database search:
MEDLINE (n=6679)
EMBASE (n=13248)

CINAHL (n=2825)

Global Health (n=1877)
Cochrane Library (n=429)

5690 duplicates

'

19368 unique references identified:
MEDLINE (n=6197)
EMBASE (n=9012)

CINAHL (n=2507)
Global Health (n=1397)
Cochrane Library (n=255)

v

19368 references cautiously
screened by title

v

3516 references screened by title
and abstract

- removed
15852 references

L excluded
2822 references

v

694 full-text articles screened for
eligibility

excluded

602 references excluded:
Populationn =17
Outcome measures n= 82
Exposure n = 360

'

92 studies included in analysis

. Settingn=1
Paper type n = 104
Language n =25
Duplicate papern=1
Could not access whole papern =12

FIGURE 1 Study flow diagram.

Following removal of nine studies for the sensitivity analysis
(as they included mothers aged 20-24 years in the youngest
maternal age category) for moderate underweight (Supporting
Information: Figure 1), the pooled results for the association with
adolescent pregnancy (10-19 years) were no longer statistically
significant (OR: 1.09; 95% Cl 0.87-1.35 p =0.46). No sensitivity
analysis was conducted for severe underweight, as the youngest
maternal age category included only adolescents <20 years in all
studies.

3.4.2 | Pooled analysis for child wasting

The meta-analysis included 41 studies (44 individual datapoints) with
data for moderate wasting (Figure 4) and nine with data for severe
wasting (Figure 5). The pooled results for all included studies showed
no statistically significant association between adolescent pregnancy
(<24 years) and moderate (OR: 1.05; 95% Cl 0.98-1.12 p=0.17) or
severe wasting (OR: 1.16; 95% Cl: 0.68-1.96 p=0.59) in children
1-59 months compared to adult pregnancy.
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TABLE 2 Summary of study characteristics (n = 92).

Study type

Cross-sectional 81
Cohort 5
Case control 5
Randomised controlled trial 1

Exposure (maternal age) youngest group disaggregation
<20 years 69
<24 years 23

Qutcomes reported

Moderate underweight (WAZ < -2 to -3) 71

Severe underweight (WAZ < -3) 6

Moderate wasting (WHZ or WLZ < -2 to -3 or MUAC 125 68
to >115 mm)

Severe wasting (WHZ or WLZ < -3 or MUAC <115 mm) 9

Geographical location

Sub-Saharan Africa 34
Asia 50
South America 2
Middle East 1
Eastern Europe 1
Multiple countries/continents 4
TOTAL papers identified 92

Abbreviations: MUAC, mid-upper arm circumference; WAZ, weight-for-
age z-score; WHZ, weight-for-height z-score; WLZ, weight-for-length
z-score.

The sensitivity analysis removed seven studies from the random
effects model for moderate wasting (Supporting Information:
Figure 2) and five from the model for severe wasting (Supporting
Information: Figure 3). The studies removed as part of the sensitivity
analysis were those that included mothers aged 20-24 in the
youngest age category. While the pooled OR indicated associations
between adolescent (10-19 vyears) versus adult pregnancy and
moderate and severe wasting, findings were not statistically signifi-
cant (moderate wasting, OR: 1.09, 95% Cl 0.99-1.19 p = 0.08; severe
wasting, OR: 1.15; 95% CI: 0.32-4.07 p = 0.83).

3.4.3 | Pooled analysis by geographic location

Given the limited geographic spread of the identified studies, random
effect models were only generated for two regions: Asia and SSA.
For Asia, the meta-analysis included 28 studies with data for
moderate underweight (Supporting Information: Figure 4) and 24
studies with data for moderate wasting (Supporting Information:
Figure 5). The pooled results showed that adolescent pregnancy
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(<24 years) was associated with 1.16 times greater odds of moderate
underweight (95% Cl 1.02-1.32 p=0.02) and 1.09 times greater
odds of moderate wasting (95% Cl 1.00-1.19 p =0.04) in children
1-59 months compared to adult pregnancy.

Only three studies were included in the random effects model for
severe underweight in Asia (Supporting Information: Figure 6),
demonstrating a 1.23 times greater odds of severe underweight for
children born to adolescent versus adult mothers (95% Cl 1.04-1.45
p =0.03). Results from the pooled analysis of four studies from Asia
(Supporting Information: Figure 7) showed no effect of adolescent
(<24 vyears) compared to adult pregnancy (OR: 1.15; 95% ClI
0.32-4.07 p =0.83) on odds of severe wasting.

The random effects models for moderate underweight (Support-
ing Information: Figure 8) and wasting (Supporting Information:
Figure 9) in SSA included 12 (16 datapoints) and 18 studies,
respectively. There were no effects of adolescent pregnancy (<24
years) demonstrated for either outcome (moderate underweight, OR:
1.21; 95% ClI 0.87-1.67 p =0.26; and moderate wasting, OR: 1.08;
95% Cl 0.93-1.25 p=0.30).

Similarly, the random effects models for severe wasting in SSA
included only two studies (Supporting Information: Figure 10), with
the pooled results showing no effect of adolescent (<24 years) versus
adult pregnancy (OR: 1.03; 95% Cl 0.68-2.42 p =0.89). No studies

were from SSA presented data for severe underweight.

3.5 | Qualitative synthesis
3.5.1 | Child underweight

Most studies (15/24, 63%) which reported data for moderate
underweight (Supporting Information: Appendix 5a) indicated an
increased risk for children born to adolescent compared to adult
mothers (Ahmed et al., 2012; Boah et al., 2019; Friebert et al., 2017;
Fuada et al., 2020; Gbadamosi et al., 2017; Hiruy et al., 2021; Hossain
et al, 2020; Ickes et al., 2015; Linnemayr et al., 2008; Mashal
et al,, 2008; Ngoc Hien & Ngoc Hoa, 2009; Nguyen et al.,, 2017;
Poda et al., 2017; Schott et al., 2017; Sobkoviak et al., 2012). A total
of three studies (13%) indicated a reduced risk of underweight for
children born to adolescent mothers (Ali et al., 2019; Nakamori
et al, 2010) and four (17%) indicated no difference (Akseer
et al.,, 2018; Bekele et al., 2021; Hien & Kam, 2008; Kasaye et al.,
2019; Kumar & Paswan, 2021). Only one study included in the
qualitative synthesis presented data for severe underweight and
showed no increased risk in children born to adolescent mothers,
compared to older mothers (adjusted OR < 20 years vs. 20-30 years:
1.11 95% Cl 0.95-1.29).

3.5.2 | Child wasting

Half of the studies (13/26, 50%) included in the qualitative synthesis
(Supporting Information: Appendix 5b) reported an association
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Treatment Control Odds ratio Weight
Study Yes No Yes No with 95% CI (%)
Rajaram et al 76 132 490 1,551 B 1.82[1.35, 246] 2.20
Ntenda and Chuang 318 1,861 600 3,605 ] 1.03[0.89, 1.19] 250
Kim et al 20,216 30,211 27,797 62,220 B 1.50[1.46, 1.53] 261
Birhan and Belay 1,207 3,229 1,048 3,451 o 1.23[1.12, 1.35] 257
Quetal 338 3,955 723 7,130 0.84[0.74, 0.96] 252
Ntenda 26 213 281 1,952 E = 0.85[0.55, 1.30] 1.90
Finlay et al 72,150 35,047 49,647 19,739 = 0.82[0.80, 0.84] 261
Porwal et al 73 318 10,293 20,954 B 0.47[0.36, 0.60] 2.30
Alkaff et al 13 T 56 142 —— 4.71[1.79, 1242] 0.89
Sanjay et al 7 8 222 157 —— 062[0.22, 1.74] 0.82
Khan et al 409 872 406 1,384 | | 160[1.36, 1.88] 248
Aboagye et al 779 3649 8,119 36,422 @ 0.96[0.88, 1.04] 258
Abhikari et al 23,529 44870 19,034 38,998 | 1.07[1.05 1.10] 261
Raj et al 4912 5318 1665 3,337 = 1.85[1.73, 1.99] 259
Sunil 527 588 2,931 3,455 i} 1.06[0.93, 1.20] 253
Tariq et al 10 151 90 733 —— 0.54[0.27, 1.06] 1.35
Parmod et al 122 87 114 120 - 148[1.01, 2.15] 202
Owoaje et al 28 36 72 164 —— 1.77[1.01, 3.12] 157
Faisal et al 1,078 1830 1,014 2419 o 141127, 1.56] 256
Paul et al 14,704 23,467 10,460 23,031 = 1.38[1.34, 142] 261
Khan et al 1220 1920 1,181 2,496 ] 1.34[1.22, 148] 256
Kumar and Ram 6,350 8950 11,344 14662 o 0.92[0.88, 0.95] 260
Paul and Saha 4,158 7895 9399 17,233 ] 0.97[0.92, 1.01] 260
Rahman 1,081 2,126 1,188 2,111 [} 0.90[0.82, 1.00] 256
Amadu et al 1,632 7,598 20,868 99,548 ] 1.02[0.97, 1.08] 260
Le Roux et al 7 69 14 444 —— 3.22[1.25, 825] 092
Le Roux et al 4 72 18 440 —a— 1.36[045, 4.13] 0.74
Le Roux et al 2 74 14 444 0.86[0.19, 3.85] 046
Le Roux et al 2 74 18 440 0.66[0.15, 291] 047
Le Roux et al 2 74 24 434 ——8— 049[0.11, 2.11] 048
Huynh et al 4 31 15 175 - 1.51[0.47, 4.84] 0.69
Tesfaw and Dessie 792 2,393 380 1,462 o 1.27[1.11, 146] 251
Geda et al 490 1668 1,824 5,784 o 093[0.83, 1.04] 255
Tesfaw and Fenta 1,582 6,418 842 2472 o 0.72[0.66, 0.80] 2.57
Haque et al 11,208 17,497 63,315 121,710 ki 1.23[1.20, 1.26] 261
Horta et al 42 772 314 4911 R 3 085[061, 1.18] 213
Subramanian et al 260 411 5321 9,984 | | 1.19[1.01, 1.39] 248
Tiwari et al 99 198 539 1,517 =B 141[1.08, 1.83] 229
Rahman et al 678 3,009 863 3,186 | | 0.83[0.74, 093] 255
Yuan et al 3 22 214 5,290 —a— 3.37[1.00, 11.35] 0.65
Islam and Biswas 148 4,937 58 1,822 E 3 094[069, 1.28] 219
Janevic et al 39 531 15 221 —— 1.08[0.58, 2.00] 147
Hossain and Khan 328 722 2013 4,109 [} 0.93[0.81, 1.07] 251
Nguyen et al 4805 8,719 12317 31,773 || 142[1.36, 1.48] 260
Subramanyam et al 3,341 3964 28332 42673 ) 1.27[1.21, 1.33] 260
Wemakor et al 44 106 5 145 —— 12.04[4.62, 31.39] 0.90
Obayelu and Adeleye 491 1624 6056 9,028 i) 045[041, 050] 255
Rahman et al 465 1,118 5,127 11,279 i 091[0.82, 1.02] 255
Tibebu et al 31 84 75 418 - 206[1.27, 332 177
Overall [ 1.12[1.00, 1.26]
Heterogeneity: T° = 0.13, I’ = 99.14%, H’ = 115.70
Test of 8, = 6;: Q(48) = 2881.51, p = 0.00
Testof 6=0:2=2.02,p=0.04
1 12 2 8
Random-effects REML model

FIGURE 2 Association between adolescent pregnancy (10-24 years) and the pooled odds of moderate childhood underweight (1-59
months) versus adult pregnancy. Key: Treatment—number of children in adolescent mother group, control—number of children in the adult
mother group, yes—number of children with the outcome (moderate underweight, weight-for-age z-score [WAZ] <-2 to -3), no—number of
children without the outcome.
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Treatment Control Odds ratio Weight
Study Yes No Yes No with 95% ClI (%)
Birhan and Belay 382 4,054 342 4,157 1.15[ 098, 1.33] 27.35

Sanjay et al 4 11 38 341
1,517 5,788 12,022 58,983
133 1,450 1,291

Subramanyam et al
Rahman et al
Overall
Heterogeneity: 2 = 0.01, I> = 44.69%, H? = 1.81
Testof 6,=6;: Q(38) =7.16, p = 0.07

Testof 6 =0:z=3.41, p=0.00

Random-effects REML model

15,115 il
< 1.21[1.08, 1.35]

3.26[0.99, 10.75] 0.81
B 1.29[1.21, 1.37] 50.30
1.07[0.89, 1.29] 21.53

FIGURE 3 Association between adolescent pregnancy (10-19 years) and the pooled odds of severe childhood underweight (1-59 months)
versus adult pregnancy. Key: Treatment—number of children in adolescent mother group, control—number of children in the adult mother group,
yes—number of children with the outcome (severe underweight, weight-for-age z-score [WAZ] <-3), no—number of children without the

outcome.

between adolescent versus adult pregnancy and increased risk of
moderate wasting in children 1-59 months, compared to 15% (4/26)
of studies reporting a reduced risk and 23% (6/26) reporting no
difference. Of the two studies with results for severe wasting, one
showed no difference in risk for children born to adolescent
compared to adult mothers (Ahmed et al., 2012). The other found
that, of children receiving treatment for severe wasting, a higher
percentage had been born to adolescent mothers (16-20 years)
compared to mothers in older age groups (21-25 years: 32.2%,
26-30 years: 23.1%) (Mokwena & Kachabe, 2022).

3.5.3 | Outcomes by geographic location

Approximately half of studies from Asia (6/11) (Ahmed et al., 2012;
Fuada et al., 2020; Hossain et al., 2020; Mashal et al., 2008; Ngoc
Hien & Ngoc Hoa, 2009; Nguyen et al., 2017) indicated an increased
risk of moderate underweight for children born to adolescent versus
adult mothers, compared to two-thirds of studies from SSA (8/12)
(Boah et al., 2019; Friebert et al., 2017; Gbadamosi et al., 2017; Hiruy
et al, 2021; Ickes et al., 2015; Linnemayr et al, 2008; Poda
et al., 2017; Sobkoviak et al., 2012). No comparison by setting was
possible for severe underweight, due to the limited number of studies
included in the qualitative synthesis for this outcome.

Nine studies in the qualitative synthesis presented data on moderate
wasting in Asia (Ahmed et al., 2012; Akseer et al., 2018; Ali et al., 2019;
Fuada et al.,, 2020; Hien & Kam, 2008; Mashal et al., 2008; Ngoc Hien &
Ngoc Hoa, 2009; Nguyen et al., 2017, 2021) and 11 in SSA (Beiersmann
et al, 2013; Boah et al, 2019; Friebert et al, 2017; Gbadamosi
et al,, 2017; Gewa & Yandell, 2012; Ickes et al., 2015; Issah et al., 2022;
Mokwena & Kachabe, 2022; Olodu et al., 2019; Poda et al., 2017;
Sobkoviak et al., 2012). For Asia, two-thirds of studies (6/9) reported an
association between adolescent versus adult pregnancy and an increased

risk of child wasting compared to approximately a quarter (3/11) of
studies for SSA. Like severe underweight, a lack of data prevented
geographical comparison for severe wasting.

3.54 | |Influence of other factors

Of the seven studies that measured maternal nutritional status, 5/7 with
maternal BMI measurements observed that a greater proportion of
adolescent mothers were underweight than their adult counterparts or
had, on average, lower BMIs (Akseer et al, 2018; Das et al., 2022;
Nguyen et al., 2017, 2019, 2021). In a cohort of adolescent mothers,
conditional height-for-age z-score between 12 and 15 years of age was
identified as a predictor of WAZ in the offspring between zero and 78
months (8 0.34 p <0.05 in analysis including maternal anthropometry at
two time points; B 041 p<0.01 for analysis including maternal
anthropometry at one time point). This study also found a positive
association between dairy consumption in the last 24 h at age 15 and
WAZ in the offspring (8 0.38 p<0.10 in analysis including maternal
anthropometry at two time points; g 0.42 p < 0.05 for analysis including
maternal anthropometry at one time point) (Schott et al., 2017).

In a subgroup analysis of the Mamachiponde RCT in Malawi, in
which moderately malnourished women received one of three supple-
mentary foods during pregnancy (Friebert et al, 2017), comparatively
more infants born to younger adolescent mothers were underweight at
6- and 12 weeks of age than those born to older adolescent and adult
mothers, despite the younger mothers having received a comparatively
greater quantity of rations across the study duration.

Of the three studies that assessed the risk of wasting for children
of mothers affected by overweight or obesity, two showed no effect
of maternal age (Das et al, 2019; Masibo et al.,, 2020) and one
indicated a reduced risk of wasting for children born to adolescent

mothers, compared to their older counterparts (adjusted OR: wasting:
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Treatment Control Odds ratio Weight
Study Yes No Yes No with 95% Cl (%)
Rajaram et al 29 179 268 1,773 - 1.07[ 0.71, 1.62] 1.56
Ntenda and Chuang 115 2,064 173 4,032 = 1.30[ 1.02, 1.65] 258
Kim et al 10,413 40,014 17,058 72,959 . 1.11[ 1.08, 1.14] 3.7
Quetal 174 4,119 388 7,465 . 0.81[ 0.68, 0.98] 2.93
Ntenda 1 228 68 2,165 - 1.54[ 0.80, 2.95] 0.84
Finlay et al 70,768 36,429 48,677 20,709 . 0.83[ 0.81, 0.84] 3.72
Porwal et al 57 322 5255 25,095 . 3 0.85[ 0.64, 1.12] 225
Amare et al 89 904 851 7,576 » 0.88[ 0.70, 1.10] 2.61
Khan et al 141 1,140 177 1,613 '-' 1.13[ 0.89, 1.42] 258
Aboagye et al 447 3,981 5,424 39,117 . 0.81[ 0.73, 0.90] 3.44
Abhikari et al 15,732 52,667 13,735 44,297 . 0.96[ 0.94, 0.99] 3.71
Raj et al 1,754 8,478 739 4,263 . 1.19[ 1.09, 1.31] 3.48
Sunil 126 989 841 5,545 . 0.84[ 0.69, 1.03] 2.82
Tariq et al 5 156 39 784 0.64[ 0.25, 1.66] 0.45
Mutunga et al 185 1,622 3,180 37,321 . 1.34[ 1.14, 157] 3.1
Faisal et al 463 2,445 471 2,962 . 1.19[ 1.04, 1.37] 3.22
Paul et al 8,496 29,675 7,572 25919 . 0.98[ 0.95, 1.02] 3.70
Paul and Saha 2,616 9,437 5,460 21,172 - 1.07[ 1.02, 1.13] 3.65
Rahman 529 2,678 524 2,775 - 1.05[ 0.92, 1.19] 3.27
Amadu et al 886 8344 9,874 110,542 . 1.19[ 1.11, 1.28] 3.58
Le Roux et al 1" 65 37 421 —a— 1.93[ 0.94, 3.96] 0.71
Le Roux et al 5 7 18 440 1.72[ 0.62, 4.78] 0.39
Le Roux et al 2 74 9 449 1.35[ 0.29, 6.36] 0.18
Le Roux et al 4 72 14 444 1.76 [ 0.56, 5.50] 0.32
Le Roux et al 4 72 14 444 1.76 [ 0.56, 5.50] 0.32
Das et al 1 31 109 1,290 0.38[ 0.05, 2.82] 0.1
Tesfaw and Dessie 308 2,877 150 1,692 ] 1.21[ 098, 1.48] 278
Geda et al 221 1,924 748 6,883 . 1.06 [ 0.90, 1.24] 3.10
Tesfaw and Fenta 460 7,540 298 3,016 - 0.62[ 0.53, 0.72] 3.14
Haque et al 6,019 22,686 39,890 145,135 - 0.97[ 0.94, 1.00] 3.70
Horta et al 20 794 57 5,168 —— 228[ 1.36, 3.82] 1.18
Subramanian et al 137 534 2,531 12,774 . 1.29[ 1.07, 1.57) 287
Rahman et al 321 3,366 357 3,692 . 0.99[ 0.84, 1.15] 3.10
Yuan et al 2 23 219 5,285 2.10[ 0.49, 8.96] 0.21
Islam and Biswas 163 4,922 58 1,822 E & 1.04[ 0.77, 1.41] 212
Rahman et al 596 4,610 194 1,731 . 1.15[ 0.97, 1.37] 3.01
Janevic et al 25 545 13 223 —— 0.79[ 0.40, 1.57] 0.77
Hossain and Khan 181 869 849 5,273 . 1.29[ 1.09, 1.54] 298
Nguyen et al 3,081 10,159 9,534 33,506 [l 1.07[ 1.02, 1.12] 3.67
Wemakor et al 18 132 6 144 —&— 3.27[ 1.26, 8.49] 0.44
Obayelu and Adeleye 220 1,895 1,600 13,484 I 0.98[ 0.84, 1.14] 3.16
Rahman et al 177 1,406 2,259 14,147 . 0.79[ 0.67, 0.93] 3.07
Karim et al 9 32 38 461 —#— 3.41[ 152, 7.67] 0.59
Abitew et al 15 35 430 793 —— 0.79[ 0.43, 1.46] 0.91
Overall [ 1.05[ 0.98, 1.12]
Heterogeneity: 1° = 0.03, I’ = 95.58%, H* = 22.62
Test of 8, = 8: Q(43) = 570.33, p = 0.00
Testof 8=0:2=1.37,p=0.17
1/'16 1}4 1‘ “t
Random-effects REML model

FIGURE 4 Association between adolescent pregnancy (10-24 years) and the pooled odds of moderate childhood wasting (1-59 months)
versus adult pregnancy. Key: Treatment—number of children in adolescent mother group, control—number of children in adult mother group,
yes—number of children with the outcome (moderate wasting, weight-for-height z-score [WHZ] or weight-for-length z-score [WLZ] <-2 to -3
or mid-upper arm circumference [MUAC] 125 to >115 mm), no—number of children without the outcome.
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Treatment Control Odds ratio Weight
Study Yes No Yes No with 95% CI (%)
Fagbmaigbe et al 18,415 141,718 33,693 323,371 . 1.25[ 1.23, 1.27] 12.40
Gebremaryam et al 22 37 45 97 —— 1.28[ 0.68, 2.42] 10.50
Pravana et al 26 17 120 129 _— 1.64[ 0.85, 3.18] 10.38
Rahman et al 596 4,610 81 1,844 -.- 2.94[ 2.32, 3.74] 12.09
Rahman et al 38 1,545 1,906 14,500 - 0.19[ 0.14, 0.26] 11.84
Gebremaryam et al 22 37 45 97 —.— 1.28[ 0.68, 2.42] 10.50
Dadi et al 39 242 86 499 —- 0.94[ 0.62, 1.41] 11.54
Ghimire et al 5 44 18 331 ——— 2.09[ 0.74, 591] 8.36
Fagbmaigbe et al 18,415 141,718 33,593 323,371 [ | 1.25[ 1.23, 1.27] 12.40
Overall - 1.16 [ 0.68, 1.96]

Heterogeneity: 12 = 0.58, I> = 99.87%, H? = 790.43
Test of 8, = 6,: Q(8) = 184.06, p = 0.00
Testof 6 =0:z=0.54, p=0.59

Random-effects REML model
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FIGURE 5 Association between adolescent pregnancy (10-24 years) and the pooled odds of severe childhood wasting (1-59 months) versus
adult pregnancy. Key: Treatment—number of children in adolescent mother group, control—number of children in adult mother group, yes—
number of children with the outcome (severe wasting, weight-for-height z-score [WHZ] or weight-for-length z-score [WLZ] <-3 or mid-upper
arm circumference [MUAC] < 115 mm), no—number of children without the outcome.

<20 years: reference group, 20-29 years: 2.56 (2.11-3.1) p <0.005,
30-39 years: 3.67 (3.03-4.46) p < 0.005, 40-49 years: 3.90 (3.14-4.85)
p < 0.005) (Biswas et al., 2021). Findings for the risk of underweight were
similar: one study showed no effect of maternal age (Masibo et al., 2020);
one indicated a reduced risk of underweight for children born to mothers
21-25 years (adjusted OR: 2.16 (1.08-4.48) p < 0.05) (Das et al., 2019);
and one indicated a reduced risk of underweight in children born to
adolescent mothers compared to those born to mothers in all adult age
groups (adjusted OR: <20 years: reference group, 20-29 years: 2.56
(2.11-3.09) p < 0.005, 30-39 years: 3.65 (3.01-4.43) p < 0.005, 40-49
years: 3.87 (3.12-4.80) p < 0.005) (Biswas et al., 2021).

Studies which explored the influence of social factors suggested
that, for adolescent mothers, poverty and low educational attainment
may be associated with a lack of knowledge about childcare and
feeding practices and lower hygiene standards which, in turn,
increases the risk of diarrhoea and malnutrition during childhood
(Fuada et al., 2020). Child marriage was associated with reduced
autonomy and access to healthcare for both the mother and child
(Mashal et al., 2008; Paul et al., 2019; Raj et al., 2010).

4 | DISCUSSION

This review explored the associations between adolescent pregnancy
and the risk of childhood wasting and underweight. Results from the
meta-analysis showed that children born to mothers <24 years were
at greater risk of moderate and severe underweight than those born
to adult mothers. Pooled estimates showed no statistically significant

associations between adolescent pregnancy and risk of childhood
wasting. However, results from individual studies were mixed and
stratified analyses indicated a higher risk of moderate wasting in
children born to adolescent versus adult mothers in Asia. These
findings were largely supported by the qualitative synthesis, where
most studies found an association between adolescent pregnancy
and risk of childhood underweight (moderate and severe). Evidence
of an association with risk of wasting was less consistent.

Previous evidence has demonstrated a protective effect of older
(20-35 years) compared to younger (<20 years) maternal age on the
risk of childhood underweight, but not wasting (Kerac et al., 2019;
Mertens, Benjamin-Chung, Colford, Coyle, et al., 2020). Associations
between adolescent pregnancy and risk of childhood stunting have
also been established, with low birthweight shown to mediate this
relationship (Maravilla et al., 2020). For mothers who experience
repeated early pregnancies and increased nutritional deficits, these
associations may be further exacerbated (Maravilla et al., 2020).
Underweight is a composite indicator of wasting and stunting (Sadler
et al., 2021; World Health Organisation, 2023a) which may better
represent persistent and repeated episodes of growth faltering across
the pregnancy-post-partum continuum and, thus, the longer-term
risks associated with early pregnancy/motherhood across childhood.
Since children who are underweight (and, by nature, simultaneously
wasted and stunted) are at comparatively greater risk of mortality
than those with individual deficits (wasting or stunting alone) (Myatt
et al., 2018), further exploration into the relationship between
adolescent pregnancy and risk of underweight as children age is

needed. This may, in turn, provide a key target for interventions

85U8017 SUOWIWIOD 8AI1E.1D) 3(cfed|dde U Aq peusenob e il VO ‘85N J0 Sa|nJ o} Akeiq 18Ul UO A8 |IA LD (SUORIPUOD-PUE-SWSILIOY™ A8 | 1M ARed Ut |uo//:Sdny) SUORIPUOD pue swie | 8y} 89S *[7202/2T/20] uo Akeiqiauliuo A8|im ‘Buipe | [eoidol L % 8UeiBAH JO 100YdS Uopuo- Ag 69GET USW/TTTT OT/I0p/L0S A8 | im Akeuq 1ul|uo//:sdny wouy pspeojumod ‘T *¥Z0Z '602807.LT



WELCH €T AL I

aiming to mitigate the persistent burden of child undernutrition in
LMICs, particularly in contexts where the rate of adolescent
pregnancy is high.

In addition to the finding for moderate wasting, results from the
stratified analysis showed that children born to adolescent (<24
years) mothers were at a greater risk of moderate and severe
underweight than those born to adult mothers in Asia. There were no
significant pooled effects of adolescent pregnancy on any child
outcomes when analyses were run using data from SSA. While this
may, in part, reflect the comparatively greater availability of data for
Asia, it also suggests contextual variation in the biological, social and/
or cultural factors which influence the relationship between maternal
age and offspring growth and development. For example, in contrast
to the pooled findings for Asia, one study from Vietnam, found no
association between adolescent pregnancy and risk of underweight in
the offspring—attributing these findings to high levels of familial
involvement in the care of infants born to adolescent mothers in this
context which likely reduces social and/or socioeconomic impacts of
adolescent motherhood on child growth outcomes (Nakamori
et al., 2010). This highlights the need for contextualised approaches
that aim to minimise inequalities to both prevent early marriage and
pregnancy, and support optimal nutrition, health and development of
adolescent girls, and their offspring, should they become pregnant
(Lelijveld et al., 2023).

Previous research supports the contribution of social determi-
nants of health, including ethnicity, socioeconomic status and
education, to the risk of adverse pregnancy outcomes in adolescent
mothers (Amjad et al., 2019). While this review aimed to explore the
influence of other biological and/or social factors in the association
between adolescent pregnancy and wasting and/or underweight as
children age, a dearth of evidence restricted our ability to do so. Most
studies only presented unadjusted rather than adjusted associations
between adolescent age and subsequent child undernutrition—this
precluded statistical examination of the role of other factors which
likely act as confounders or effect modifiers. In addition, in cases
where pooled estimates were significant, effect sizes were small and
may have disappeared if such factors were accounted for—
highlighting that, while adolescent pregnancy may be a useful proxy
of risk, there is a need to focus on a wider group of at-risk mothers.
For example, limited data on maternal nutritional status suggested
that adolescent mothers were more likely than their adult counter-
parts to have lower BMIs or to be underweight, and that maternal
short stature may influence the risk of underweight in children (0-6
years) born to adolescent mothers. This could, at least in part, explain
the association between adolescent pregnancy and childhood
underweight; it may also explain why studies have shown mixed
results since adolescent pregnancy may be a proxy for maternal
nutritional status (and potentially other maternal factors) rather than
a risk factor itself.

Some studies demonstrated effects of child marriage on lack of
access to healthcare services (Mashal et al., 2008; Paul et al., 2019;
Raj et al., 2010) and reflected on the potential role of poverty and low
educational attainment on adolescents' infant feeding and care
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practices (Fuada et al., 2020). However, exploration into the potential
impacts on child anthropometric outcomes was lacking and more
research is needed to understand the pathways between adolescent
pregnancy/motherhood and child underweight and wasting across
contexts. This will help to inform development of tailored interven-
tions and services which support optimal growth and development of
both adolescent girls and their offspring through pregnancy and post-
partum periods. While interventions such as pre- and post-natal
supplementation show promise—with documented benefits on birth
size and on linear growth up to 12 months of age—evidence of
benefits on the risk of wasting and underweight in later childhood is
lacking, as is evidence comparing potential benefits for adolescent
and adult mothers (Argaw et al., 2023).

4.1 | Strengths and limitations

The systematic approach, broad geographical coverage and large
number of papers included in this review are notable strengths. A
more inclusive definition of adolescence was also taken, with a
sensitivity analysis used to explore the data in depth. However,
several limitations are also acknowledged.

First, many of the included studies were cross-sectional and
utilised open-source data sets. While efforts were made to catalogue
and cross-check the data sets, and remove direct duplications, there
is a risk that one or more data sets were overrepresented in the
meta-analysis and this may have affected the reliability of the pooled
effect estimates (Senn, 2009).

Similarly, some countries (e.g., Bangladesh and India) were
overrepresented in the data and may have influenced the compara-
tively strong associations observed in Asia. Since social and cultural
factors are likely to influence the relationships between adolescent
pregnancy and offspring growth and development, over- or under-
representation from countries/regions may lead to an over- or
underreporting of the true effect. To consider these potential
differences, subanalyses by region were intended, but could only
be conducted for SSA and Asia due to a lack of data from other
regions, limiting the conclusions that can be drawn. It is possible that
restricting inclusion of studies to those published in English may have
contributed to the underrepresentation of studies from certain
geographical regions such as North Africa and Latin America.

This review focused only on wasting and underweight since
these are the two forms of severe malnutrition most amenable to
short-term change; stunting has closely related but separate
aetiology and is more difficult to address (Kerac et al., 2020). There
is an extensive body of literature focused on stunting and this would
warrant its own stand-alone review. It is, however, possible that an
association between adolescent pregnancy and stunting mediates
some of our observations: if, for example, adolescent pregnancy
affects length as well as weight, this might partly explain our
observation of greater apparent association with weight-for-age
(underweight) but not so strong an association with weight-for-

length (wasting).
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There was substantial heterogeneity in the study designs,
particularly related to the categorisation of maternal age, which
challenged the comparability between studies and may have diluted
the effect sizes in the meta-analysis. However, consideration of this
was addressed, at least in part, via inclusion of a sensitivity analysis
which compared the results of the fixed effects models when
adolescence was defined as <24 years versus 10-19 years. While the
available data did not allow for stratification of maternal age
according to younger versus older adolescent age categories, this
should also be explored in future research to understand how the
degree of risk changes as adolescents age.

As previously mentioned, outcome data was rarely categorised
according to child age, limiting our ability to assess differences in risk
across life stages (<6 months, 6 - <24 months, 24-59 months).

The random effects models created for the meta-analysis utilised
prevalence data to estimate pooled ORs, predominantly from
observational studies. Thus, there is an intrinsic risk of confounding
in the statistical analysis, which must be considered when inter-
preting the results. Evidence suggests that other factors, for example,
care practices and socioeconomic factors, mediate the relationships
between adolescent pregnancy and both low birthweight and
childhood stunting and, therefore, may be influential in the
associations with risk of wasting and underweight (Fall et al., 2015;
Yu et al., 2016).

5 | CONCLUSION

This systematic review and meta-analysis provided evidence that
being born to an adolescent, compared to an adult, mother is
associated with increased risk of childhood underweight. Pooled
analyses showed no overall associations between adolescent
pregnancy and risk of childhood wasting; however, there was
heterogeneity in individual studies and stratified analyses indicated
an increased risk of moderate wasting for children born to mothers
<24 years in Asia. While evidence on the potential role of biological/
social factors was limited, available studies suggest an important
potential intermediary role of maternal nutritional status. This could
be important for future interventions and warrants further explora-
tion. Particularly in contexts where rates of adolescent pregnancy
remain high, interventions to both delay adolescent pregnancy and
improve adolescent nutritional status could help reduce the risk of
undernutrition in children and contribute to breaking the inter-

generational cycle of malnutrition.
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