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Abstract

The objective of this review was to assess whether early age at first childbirth is associated with increased risk of
poor pregnancy outcomes. Early age at childbirth is variously defined in studies of its effect on maternal and infant
health. In this systematic review, we limit analysis to studies of at least moderate quality that examine first births
among young mothers, where young maternal age is defined as low gynaecological age (=2 years since menarche)
or as a chronological age <16 years at conception or delivery. We conduct meta-analyses for specific maternal or
infant health outcomes when there are at least three moderate quality studies that define the exposure and
outcome in a similar manner and provide odds ratios or risk ratios as their effect estimates. We conclude that the
overall evidence of effect for very young maternal age (<15 years or <2 years post-menarche) on infant outcomes
is moderate; that is, future studies are likely to refine the estimate of effect or precision but not to change the
conclusion. Evidence points to an impact of young maternal age on low birthweight and preterm birth, which may
mediate other infant outcomes such as neonatal mortality. The evidence that young maternal age increases risk
for maternal anaemia is also fairly strong, although information on other nutritional outcomes and maternal
morbidity /mortality is less clear. Many of the differences observed among older teenagers with respect to infant
outcomes may be because of socio-economic or behavioural differences, although these may vary by country/
setting. Future, high quality observational studies in low income settings are recommended in order to address
the question of generalisability of evidence. In particular, studies in low income countries need to consider low
gynaecological age, rather than simply chronological age, as an exposure. As well, country-specific studies should
measure the minimum age at which childbearing for teens has similar associations with health as childbearing for
adults. This ‘tipping point” may vary by the underlying physical and nutritional health of girls and young women.

Keywords: Age at first pregnancy, adolescent pregnancy, maternal nutritional status, maternal morbidity, maternal mor-
tality, preterm, premature, low birthweight, still birth, neonatal death, neonatal mortality.

Approximately 11 per cent of births worldwide are
to women 15-19 years old, and 95 per cent of these are
in low and middle income countries.! Adolescent
childbearing is more common in sub-Saharan Africa,
Bangladesh, and parts of India, especially in rural
areas and communities where education levels for
girls and women are low.! While average age at first
childbirth is increasing in most areas, the persistence
of adolescent parenting among the poorest popula-
tions continues to be a cause for concern.”
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noted that ‘[p]reventing . .. pregnancies among ado-
lescents would also improve the health of women and
girls and increase the chances that their children will
survive” (p. 80). This ‘health theme in family plan-
ning,” recognised for almost 100 years, has conceptu-
ally linked family planning with maternal and child
health initiatives for at least 40 years.*

One of the reasons for this linkage is the long-
observed association between adolescent childbearing
and poor maternal, infant and child health outcomes.
However, whether this association is causal or rather
associated with the relatively poorer social status of
child brides/adolescent mothers remains controver-
sial.> To attempt to clarify whether the evidence is suf-
ficient to prioritise early childbearing prevention to
improve maternal nutrition-associated health, in this
review we examine studies with high enough quality
to rate as a grade of ‘moderate’ in the GRADE system
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(Grading of Recommendations Assessment, Develop-
ment and Evaluation), described in detail elsewhere.”
We conduct a meta-analysis when there are at least
three moderate quality studies of a particular health
outcome that define the exposure group and outcome
similarly and provide a risk ratio or odds ratio (OR) as
their effect estimate. Ideally, a study would examine
the effect of early childbearing on maternal nutrition
directly, but there are few such studies. Therefore,
we included studies of infant outcomes [such as low
birthweight (LBW), neonatal mortality, and stillbirth]
and maternal morbidity, which are indirect measures
of maternal health.

Methods

Systematic review

The objective of this review was to assess whether
early age at first childbirth is associated with
increased risk of poor pregnancy outcomes. The sys-
tematic literature search was conducted by the authors
and another Masters of Public Health student at
Emory University. All attended a 1-day training work-
shop on the methodology for conducting the system-
atic review, data abstraction, and assessing the overall
quality of evidence using the GRADE method. The
training was led by experts in systematic reviews and
the GRADE and Lives Saved Tool (LiST) methods.?
After training, screeners examined all titles and
abstracts returned by the search, excluded those
deemed irrelevant, and reviewed full-text articles
for potentially eligible studies. Questions relating to
whether an article met the inclusion criteria were dis-
cussed among the authors.

Literature search

We utilised six major search engines (PubMed/
MEDLINE, POPLINE, ISI Web of Science, EMBASE,
Cochrane Reference Libraries, and CINAHL), we
limited searches to English only and human subjects.
Our search terms varied slightly according to the
required syntax particular to each search engine.
Search terms listed in Appendix 1 are formatted for
the PubMed search engine. We retrieved and
reviewed both electronic and non-electronic sources.
When a database returned unpublished results, we
attempted to find the studies with the help of a refer-
ence librarian. In addition, we manually searched the

references of a limited number of studies. We did not
contact authors to identify additional studies. Our
methods were similar to those used for a recent review
of the impact of contraception on perinatal mortality.’

Eligibility criteria

In general, we excluded descriptive studies, general
review articles, and commentaries in our systematic
review; however, we did include meta-analyses/
systematic reviews that examined the association
between adolescent pregnancy and outcome(s) of
interest and that used a clear, systematic methodology
for selecting studies. Study data for the same outcome
were included only once (i.e. if a study that met our
inclusion criteria was already cited in a meta-analysis
for LBW, we only used the LBW data from the
meta-analysis). For studies not previously included
in a meta-analysis, we restricted papers to those that
defined exposure as maternal age =16 at conception
or delivery (or some subset of that). There were no
restrictions on the age range of the comparison group.
Phipps and Sowers' define early adolescent child-
bearing as <16 years of age, but we wanted to account
for the later menarche that may occur in some less
developed areas of the world. We also included
studies that examined low gynaecologic age (=2 years
after menarche) as an exposure. We excluded studies
that did not define the outcome, did not examine
confounding or effect modification, did not control
for parity (either by restricting to the woman’s first
pregnancy or by matching/multivariable analysis), or
did not control for some measure of socio-economic
status (SES) by matching or multivariable analysis. If
an author classified infants as “premature’ or ‘preterm’
using birthweight cut-offs (rather than classifying
based on gestational age), we included these data
in our analysis of LBW and not preterm birth (PTB).
Additionally, for matched cohort studies that pre-
sented results using several narrow birthweight
categories, we grouped birthweight categories <2500
grams to analyse LBW. Across the studies, there were
numerous differences in how SES and other potential
confounders were defined. For clarity in comparison,
rather than ‘lumping’ these variables, we chose
to code and list them as defined in the studies (see
Appendix 2). Our inclusion criteria regarding control
for confounding and SES were somewhat similar to
those used by Conde-Agudelo etal. in a review of
birth spacing and adverse perinatal outcomes.'!
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We searched for maternal nutrition outcomes
including anaemia, change in gestational body com-
position, and pre-pregnancy weight and/or anthropo-
metric measures. We included studies that met either
the World Health Organisation definition of anaemia
threshold values (120 g/L for non-pregnant women
over 15 years of age and 110g/L for pregnant
women'’) or the International Nutritional Anemia
Consultative Group (INACG) recommended cut-off
values (which are divided by trimesters of 110 g/L for
first and third trimesters or if trimester is unknown,
and 105 g/L for second trimester haemoglobin mea-
surements'). Studies of gestational body composition
change were excluded if they did not account for
initial weight and/or body composition. We searched
for maternal morbidity outcomes of pregnancy-
induced hypertension (PIH) including eclampsia,
HELLP (Hemolysis, Elevated Liver Enzymes, Low
Platelet count), and pre-eclampsia; obstetric labour
complications, including abruptio placentae, cephalo-
pelvic disproportion, dystocia, placenta accreta,
placenta previa, post-partum haemorrhage, uterine
inversion, uterine rupture, and vasa previa; oligohy-
dramnios
pregnancy complications; infectious pregnancy com-
plications, including parasitic and puerperal infec-
tions; puerperal disorders, including post-partum
depression, mastitis, post-partum haemorrhage, post-
partum thyroiditis, pubic symphysis diastasis, and
puerperal infection; and obstetric fistula. Placental
diseases included abruptio placentae, chorioamnioni-
tis, retained placenta, and placental insufficiency. We
also searched for maternal mortality.

We searched for infant outcomes of LBW, very low
birthweight (VLBW), or moderately low birthweight
(MLBW) (with birthweight specified in grams);
preterm or very preterm delivery (with weeks
specified); neonatal or early neonatal mortality (with
weeks specified); stillbirth; and perinatal mortality. We
excluded studies that reported only infant mortality or
postneonatal mortality, because infant death after the

and polyhydramnios; haematologic

neonatal period may be affected more by the infant’s
postnatal environment than by maternal nutritional
status or infant health at birth. We also excluded out-
comes of small for gestational age and intrauterine
growth restriction because of differing outcome defi-
nitions across studies.

Grading of Recommendations Assessment, Devel-
opment and Evaluation assesses a study’s evidence
quality based on study design, limitations/biases,
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consistency of results, applicability of evidence,
precision, and publication bias. Evidence may be
downgraded (e.g. if there are serious limitations)
or upgraded (e.g. if consistency is high).” Within the
GRADE system, observational studies begin at ‘low’
quality, but they may be upgraded. To assure that all
studies in this systematic review were at least moder-
ate quality, we used the inclusion criteria described
previously. Categorisation of countries as high-,
middle- or low-income countries was done using the
World Bank Country classification.

Study selection process

We searched for papers entered into the search
engines by 31 January 2011. Our separate searches for
age at first pregnancy returned 577 articles of maternal
nutritional status, 1250 studies of maternal morbidity
or mortality, and 1190 studies of infant outcomes, with
some overlap of studies that included both maternal
and infant outcomes. There were 43 studies that met
our final inclusion criteria for data quality and rel-
evant information.

Data extraction

Studies meeting inclusion criteria were abstracted into
an abstraction table that we adapted from previous
GRADE studies to account for inclusion of observa-
tional studies. This table was piloted and finalised
through training workshops. A random subsample
of 30% of the included articles was double abstracted
by the senior author to ensure the accuracy and com-
pleteness of the abstraction procedure. Key variables
abstracted were related to the study identifiers and
context, study design and limitations, and associations
with the outcomes of interest.

Statistical analysis

When at least three studies of comparable exposures/
outcomes were abstracted, we conducted a meta-
analysis using the inverse-variance method for
weighting and a random-effects model to calculate
a summary OR, transformed to a mnatural log
scale. Weights were derived from the standard error
estimated from the reported 95% confidence intervals
(CI). We tested for heterogeneity using both the
Chi-squared and the I* statistic based on a random-
effects model. Meta-analyses were conducted using
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Review Manager Software version 5.1 (Copenhagen,
Denmark).

Level of evidence

The quality of overall evidence was assessed and
graded according to the Child Health Epidemiology
Reference Group (CHERG) adaptation of the GRADE
technique.*”® Overall assessment of the evidence
depends on both the amount and the quality of
studies in the systematic review. The GRADE System
classifies overall quality of evidence as very low (very
uncertain effect estimates), low (further research will
likely change the effect estimate), moderate (further
research may change the estimate and our confidence
in it), or high (further research is unlikely to change
the effect estimate and our confidence in it).”

In the results section, we present findings from
the systematic review of the association of age at first
pregnancy with (i) maternal health (nutritional out-
comes and maternal morbidity/mortality), and (ii)
infant outcomes. CIs [in brackets] are 95% CI, unless
otherwise noted. This is followed by a summary dis-
cussion of the level of evidence for each outcome.

Results
Age at first pregnancy and maternal health

Anaemia

Eight studies meeting our inclusion criteria are
summarised in Table 1. Five (three in high income
countries'®™® and two in middle income countries'*)
controlled for potential confounders by matching,
but none controlled on the same confounders, which
made interpretation of the mixed results difficult.
Scholl et al.,”” Konje et al.,'* and Phupong et al."® found
significant associations, Ncayiyana ef al.** did not find
a significant association, and Hulka ef al.’® found a sig-
nificant inverse association for post-partum anaemia
and a nonsignificant association for antenatal anaemia
(Table 1).

Three studies® %

performed multivariable analyses
for this outcome. In a study of numerous middle
income Central and South American countries,
Conde-Agudelo et al.*! found that anaemia was signifi-
cantly more common among adolescents =15 years
old than among 20-24-year-olds [the adjusted odds
ratio (aOR) [95% CI] being 1.41 [1.33, 1.50]]. de Vienne

etal® found that anaemia was significantly more
common among 16-year-olds than among 20-year-
olds in France [the adjusted risk ratio (aRR) being
1.27 [1.15, 1.40]]. In Australia, Lewis et al.® found that
anaemia was significantly more common among
12-16-year-olds than among women >19 (aOR =1.61
[1.02, 2.54]). While these studies varied on their selec-
tions of confounders, they were similar enough to
justify a meta-analysis, which resulted in an overall
OR (random effects) of 1.36 [1.24, 1.49] (Figure 1).

Change in maternal body composition

Five studies met our inclusion criteria (Table 2). One
was a retrospective cohort study, and four were
prospective cohort studies;*? all but one* were con-
ducted in the US.

For weight gain during pregnancy, all included
studies showed either a higher weight gain (or higher
prevalence of excessive weight gain) in adolescents or
a nonsignificant association. However, the study con-
ducted in Nepal® found that change in mid-upper
arm circumference (MUAC) from early pregnancy to
12 weeks post-partum was associated with maternal
age; the decrease in adolescents was significantly
greater than the decrease in adults, which the authors
proposed was because of lactation (adjusted change in
cm [95% CI] among adolescents <16 was —0.97 [-1.33,
—0.60], vs. a change of —0.40 [-0.70, —0.10] in 20-25-
year-olds). We could not conduct a meta-analysis
because of the heterogeneous outcome definitions
used.

Pre-pregnancy nutritional status

To be abstracted, studies of pre-pregnancy nutritional
status had to report pre-pregnancy weight or body
mass index (BMI). In addition, to be included in the
systematic review, the studies had to report the asso-
ciation between pre-pregnancy weight/BMI and the
study outcome. Only three studies met all inclusion
criteria (Table 3), because many studies reporting pre-
pregnancy weight simply adjusted for this variable
in analyses of other exposures/outcomes and did not
give sufficient data to assess the association between
pre-pregnancy weight and maternal age. All three
studies in Table 3 originated in Camden, New Jersey —
two from the Camden prospective cohort study
(1985-1992% and 1985-1995%) and one from an earlier
case—control study.”” Scholl et al.”” found no significant
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Test for overall effect: Z = 6.72 (P < 0.00001)

Odds ratio Odds ratio
Study or subgroup log [Odds ratio] SE _Weight IV, random, 95% CI IV, random, 95% CI
Conde-Agudelo, 2005%' (<16) 0.3435897 0.03156908 56.2% 1.41 [1.33, 1.50] |
de Vienne, 2009%2 (16) 0.2390169 0.04972211  40.2% 1.27 [1.15, 1.40] |
Lewis, 2009%° (12-16) 0.47623418 0.2326173 3.7% 1.61 [1.02, 2.54]
Total (95% ClI) 100.0% 1.36 [1.24, 1.49] [}
Heterogeneity: Tau? = 0.00; Chi? = 3.64, df = 2 (P = 0.16); I? = 45% ‘ ‘ - ‘ !
0.01 0.1 1 10 100

Favours experimental Favours control

Figure 1. Forest plot for anaemia among adolescents <17 years of age.*”
*Numbers in parentheses represent the age of the ‘exposed” group in each study.
Included studies are below, along with the ages of exposed & unexposed groups.

“Authors restricted to first pregnancy.
Conde-Agudelo et al., 2005”' (<16 years vs. 20-24 years).
°de Vienne et al., 20097 (16 years vs. 20 years).
‘Lewis et al., 2009% (12-16 years vs. >19 years).

IV, inverse variance; CI, confidence interval.

differences in pre-pregnancy weights reported in
clinical records between adolescents <15 years of age
and adults =20. Both reports from the Camden cohort
study found that self-reported pre-pregnancy BMI
was slightly but significantly lower among adoles-
cents who were <16 at their last menstrual period
(LMP) than among adults aged 18-29 at LMP (22.1 vs.
23.0% and 21.9 vs. 23.4%).

Maternal morbidity /mortality

Only two studies met our inclusion criteria (Table 4).
In a report from the Camden Study, maternal lacera-
tions were significantly lower among primiparas <16
years at LMP than among primiparas aged 18-29
years at LMP (aOR =0.56 [0.34, 0.93]).® In Thailand,
Phupong et al.” found no difference in premature
rupture of membranes between adolescents <15 years
old and 20-29-year-olds matched on race, infant
gender, and year of delivery. However, pre-eclampsia
was significantly more common in adolescents in this
study, although the small sample size resulted in an
imprecise estimate (aOR =5.4 [1.2, 25]).

Age at first pregnancy and infant health

Low birthweight

Twenty studies met our inclusion criteria for LBW
(typically defined as a birthweight <2500 g). Of these,
11 reported results for LBW only, and nine presented
results for VLBW (<1500 g) as well as MLBW (1500-
2499 g) or LBW. The four studies conducted in middle

income countries”*? reported that LBW was signifi-
cantly higher among infants of younger mothers
(Table 5). Sixteen of the 20 studies were conducted in
high income countries: 13 in the United States,'®**
and one each in Saudi Arabia,®® Australia,® and
France. The majority of these studies found that
LBW occurred significantly more often among infants
of young mothers than among infants of older
mothers (for all or for a subset of the groups they
studied). However, six of the studies from high
income countries did not find a significant associa-
tion. Additionally, Reichman and Paganini* compared
mothers <15 years of age with mothers 25-29 years of
age and reported a significant association among
whites but not blacks [aOR = 2.18 for whites (P < 0.01)
and 0.96 for blacks (P > 0.05), respectively, no CI pro-
vided]. In order to ascertain whether there is a dose—
response relationship between maternal age and LBW,
we conducted a meta-analysis using the four studies
that stratified mothers by age (Figures 2—4). In each of
these papers, mothers =16 were stratified into three
‘exposure’ groups (youngest, middle and oldest) for
comparison with an older ‘reference’” group. Although
the age strata were slightly different in each study,
we left the age groupings up to the discretion of the
authors, as women in different countries may not
mature at the same age. However, for Hulka et al.,'®
we decided to group the 12/13-year-olds together, as
results were presented separately for 12-, 13-, 14- and
15-year-olds. We found evidence of a dose-response
relationship between maternal age and LBW, with the
magnitude of the association decreasing as maternal
age increased. The summary ORs for the youngest,
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Odds ratio Odds ratio
Study or subgroup log [Odds ratio] SE Weight IV, random, 95% CI 1V, random, 95% CI
Chen, 2010% (10-14) 0.62593843 0.15017568 19.1% 1.87 [1.39, 2.51] —
Cooper, 1995% (10-12) 0.54232429 0.09203148 50.9% 1.72 [1.44, 2.06] -
DuPlessis, 1997%° (10-13) 0.67803354 0.12155979 29.2% 1.97 [1.55, 2.50] —a—
Hulka, 19648 (12-13) 0.62593843 0.7086554  0.9% 1.87 [0.47, 7.50] >
Total (95% ClI) 100.0% 1.82 [1.60, 2.07] <&
Heterogeneity: Tau? = 0.00; Chi® = 0.84, df = 3 (P = 0.84); I° = 0% t t f f
0.2 0.5 1 2 5

Test for overall effect: Z =9.12 (P < 0.00001)

Favours experimental Favours control

Figure 2. Forest plot for low birthweight among adolescents in the youngest age stratum.**<
?As described in the text, the ‘young’, ‘middle” and ‘older” age strata for these low birthweight studies were the youngest, middle and

oldest age groupings in their respective study.

PNumbers in parentheses represent the age of the ‘exposed’ group in each study.
‘Included studies are below, along with the ages of exposed & unexposed groups.

4Authors restricted to first pregnancy.
Chen et al., 2010% (10-14 years vs. 20-24 years).
dCooper et al., 1995% (10-12 years vs. 15 years).
DuPlessis et al., 1997% (10-13 years vs. 20-24 years).
Hulka et al., 1964™ (12-13 years vs. 19-21 years).
1V, inverse variance; CI, confidence interval.

middle, and oldest strata were 1.82 [1.60, 2.07]; 1.56
[1.31, 1.87]; and 1.42 [1.06, 1.89], respectively. For the
youngest stratum, I* was 0%. Among the middle-aged
and older exposed groups, the effect estimates from
DuPlessis et al.¥ and Chen et al.*?> were similar, while
the effect estimates from Cooper et al.*® were less. This
heterogeneity may be present as Cooper et al. used
15-year-olds as their reference group, who may be at
higher risk of LBW than a group of 20-24-year-olds.
The effect estimates from Hulka et al.'® were higher,

Study or subgroup log [] SE Weight

1V, random, 95% CI

but this was a hospital-based study from over 40 years
ago. Differences in prenatal care or other factors could
also impact the observed association between young
maternal age and LBW.

Nine studies examined VLBW: six in high income
countries®”¥444 and three in middle income
countries®*°? (Table 5). We conducted a meta-analysis
using effect estimates in individuals <15 years old
(Figure 5). The overall OR was 1.39 [1.23, 1.58], which
suggests a moderate association between young

IV, random, 95% ClI

Chen, 2010% (15) 0.51282363 0.07382468 30.5%
Cooper, 1995% (13) 0.27763174 0.04083811  35.3%
DuPlessis, 1997%° (14)  0.53062825 0.07000057  31.1%
Hulka, 19648 (14) 0.91228271 0.50653339  3.0%

Total (95% Cl) 100.0%

Heterogeneity: Tau? = 0.02; Chi? = 15.24, df = 3 (P = 0.002); I? = 80%

Test for overall effect: Z = 4.87 (P < 0.00001)

1.67 [1.45, 1.93] ™
1.32[1.22, 1.43] n
1.70 [1.48, 1.95] n
2.49[0.92, 6.72] 1
1.56 [1.31, 1.87] ¢
0.01 0.1 1 10 100

Favours experimental Favours control

Figure 3. Forest plot for low birthweight among adolescents in the middle age stratum.*><
*As described in the text, the ‘young’, ‘middle’ and ‘older’ age strata for these low birthweight studies were the youngest, middle and

oldest age groupings in their respective study.

"Numbers in parentheses represent the age of the ‘exposed’ group in each study.
‘Included studies are below, along with the ages of exposed & unexposed groups.

9Authors restricted to first pregnancy.
Chen et al., 2010* (15 years vs. 20-24 years).
dCooper et al., 1995% (13 years vs. 15 years).
DuPlessis et al., 1997% (14 years vs. 20-24 years).
Hulka ef al., 1964'® (14 years vs. 19-21 years).
1V, inverse variance; CI, confidence interval.
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Study or subgroup log[] SE Weight IV,random, 95% CI IV, random, 95% CI

Chen, 2010% (16) 0.43178242 0.04439356  30.8% 1.54[1.41, 1.68] L-

Cooper, 1995°% (14) 0.05826891 0.02351587  31.4% 1.06 [1.01, 1.11]

DuPlessis, 1997%° (15)  0.48242615 0.07864831 29.0% 1.62 [1.39, 1.89] =

Hulka, 19648 (15) 0.65752  0.4181269  8.8% 1.93[0.85, 4.38] +—

Total (95% Cl) 100.0% 1.42 [1.06, 1.89] TS

Heterogeneity: Tau? = 0.07; Chi? = 74.39, df = 3 (P < 0.00001); I> = 96% f f t )
Test for overall effect: Z =2.38 (P = 0.02) 0.01 0.1 1 10 100

Favours experimental  Favours control

Figure 4. Forest plot for low birthweight among adolescents in the oldest age stratum.>"*
?As described in the text, the ‘young’, ‘middle’, and ‘older’ age strata for these low birthweight studies were the youngest, middle and
oldest age groupings in their respective study.
"Numbers in parentheses represent the age of the ‘exposed’ group in each study.
‘Included studies are below, along with the ages of exposed & unexposed groups.
4Authors restricted to first pregnancy.

Chen et al., 2010° (16 years vs. 20-24 years).

dCooper et al., 1995® (14 years vs. 15 years).

DuPlessis et al., 1997% (15 years vs. 20-24 years).

Hulka et al., 19648 (15 years vs. 19-21 years).
IV, inverse variance; CI, confidence interval.

Study or subgroup log[] SE Weight 1V, random, 95% CI 1V, random, 95% CI

Chen, 200743 (10-15) 0.37843644 0.01718021  21.6% 1.46 [1.41, 1.51] .

Chen, 2010%2 (10-14) 0.28517894 0.51086484 1.5% 1.33[0.49, 3.62]

Chen, 2010% (15) 0.25464222 0.25345606 5.0% 1.29[0.78, 2.12] -

Conde-Agudelo, 20052 (<16) 0.22314355 0.05416337 19.0% 1.25[1.12, 1.39] .

Cooper, 1995% (10-12) 0.65752  0.16367659 9.0% 1.93 [1.40, 2.66] -

Cooper, 1995% (13) 0.54812141 0.07143532  17.3% 1.73[1.50, 1.99] -

Cooper, 1995% (14) 0.14842 0.04622291 19.7% 1.16 [1.06, 1.27] .

Duenhoelter, 1975% (<15) 0.23111172  0.34342165 3.0% 1.26 [0.64, 2.47]

Ekwo, 2000*' (<16) -0.56211892  0.61695008 1.0% 0.57[0.17, 1.91]

Hidalgo, 2005°° (<16) 0 0.37853946 2.5% 1.00[0.48, 2.10]

Hulka, 19648 (12—-15) 1.97408103  1.06884986 0.4% 7.20[0.89, 58.50]

Total (95% Cl) 100.0% 1.39 [1.23, 1.58] ¢

Heterogeneity: Tau? = 0.02; Chi? = 44.09, df = 10 (P < 0.00001); 12 = 77% f f f f
Test for overall effect: Z = 5.18 (P < 0.00001) 0.01 0.1 1 10 100

Favours experimental Favours control

Figure 5. Forest plot for very low birthweight among adolescents <16 years of age.*®
*Numbers in parentheses represent the age of the ‘exposed” group in each study.
Included studies are below, along with the ages of exposed & unexposed groups.
“Authors restricted to first pregnancy.

“Chen et al., 2007* (10-15 years vs. 20-24 years).

Chen et al., 2010% (10-14 years vs. 20-24 years).

Chen et al., 2010%? (15 years vs. 20-24 years).

Conde-Agudelo et al., 2005* (<16 years vs. 20-24 years).

‘Cooper et al., 1995% (10-12 years vs. 15 years).

“Cooper et al., 1995 (13 years vs. 15 years).

“Cooper et al., 1995 (14 years vs. 15 years).

Duenhoelter et al., 1975* (<15 years vs. 19-25 years).

‘Ekwo and Moawad, 2000* (<16 years vs. 20-24 years).

Hidalgo et al., 2005 (<16 years vs. 20-30 years).

Hulka ef al., 1964'® (<12-15 years vs. 19-21 years).
IV, inverse variance; CI, confidence interval.
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maternal age and VLBW. Although the groups were
heterogeneous, most of the ORs were relatively
consistent. The highest OR came from Hulka et al.’s
study;'® however, there were so few occurrences of
VLBW in this study that the precision of the CI (and
thus the weight of the study in the meta-analysis) was
very low.

Preterm birth

Twenty-five studies of PTB (<37 weeks’ gestation) or
very preterm birth (VPTB, =32-34 weeks’ gestation,
depending on the study) or both outcomes met inclu-
sion criteria (Table 6). Of these, 18 were from high
lnCOI‘ne CountrieSII8,22,23,29,3%36,38,39,41*43,45750 fiVe were
from middle income countries, one was from a
low income country,” and one analysed data from
countries of differing income levels.”* Four out of
five studies from middle income countries found that

19,21,30-32

PTB was significantly more common among infants

19213132 a5 did most of the studies

151

of younger mothers,
from high income countries. The study from Nepa
had wide CI, likely because of a small sample size, but
the point estimates still indicate a possible adverse
effect of adolescent pregnancy on PTB.

Our meta-analysis (among mothers <15 or mothers
=15 with a low gynaecological age) also indicates that
there is an association between preterm birth and
young maternal age and that the association may
be stronger in developing countries (Figure 6). The
overall OR was 1.68 [1.34, 2.11], which suggests a
moderate association between young maternal age
and PTB. However, this summary OR is over a hetero-
geneous group of women.

Eight studies examined the relationship between
VPTB and low maternal age; six were from high
income countries,¥®4449%0 and two were from
middle income countries*** (Table 6). All found a sig-
nificant association between VPTB and young mater-
nal age, with ORs that ranged from 1.16 to 4.8. We
conducted a meta-analysis using effect estimates in
teenagers <16 years of age, although the comparison
groups were heterogeneous. The overall effect esti-
mate was 1.87 [1.51, 2.31] (Figure 7).

Neonatal mortality

Six studies met our inclusion criteria, including an
earlier meta-analysis® of 13 studies published before
1990. Many studies were excluded because they did

© 2012 Blackwell Publishing Ltd
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not define the outcome. Of the five observational
studies that fit our inclusion criteria, three were from

#4354 and one each was from

high income countries,
middle income?” and low income® countries (Table 7).
None of the ORs for young maternal age were
significant for neonatal mortality after adjustment for
gestational age or birthweight. Similarly, in our meta-
analysis of the four studies that controlled for a
measure of birthweight or gestational age in at least
one of their models, the overall OR was not significant
(OR=1.09 [0.98, 1.22]) (Figure 8). There was some
heterogeneity between the effect estimates, and the
authors controlled for different measures of birth-
weight, gestational age, or both. The study by Conde-
Agudelo ef al* examined early neonatal death, and
other possible differences between studies included
additional variables controlled and quality of neonatal
care.

Perinatal mortality

No studies met inclusion criteria. Several studies were
excluded because they did not define the outcome.

Stillbirth

Six studies met our inclusion criteria: four from high
income countries (two in the US>
Sweden® and France®), one from middle income

and one each in

Latin American countries,?! and one from low income
Nepal® (Table 8). Olausson et al.** found a nonsignifi-
cant relationship (aOR=1.4 [0.6, 3.1]) between early
maternal age and stillbirth, whereas de Vienne et al.”
found a significant relationship (aRR =1.37 [95% CI
1.09, 1.70]) between the two. Salihu et al.’® found a
significant association when they adjusted for basic
confounders only (aOR=1.57 [1.49, 1.66]), which
remained significant after adjusting for maternal com-
plications and congenital anomalies (aOR =1.67 [1.58,
1.77]). However, after further adjustment for preterm
birth, the odds of stillbirth were slightly but signifi-
cantly lower in young compared with older mothers
(aOR =0.90 [0.85, 0.96]). Wilson et al.¥” found signifi-
cant adjusted hazard ratios (aHRs) for overall still-
birth, antepartum stillbirth, and intrapartum stillbirth
(aHR=2.6 [2.1, 3.3], 2.3 [1.7, 3.0], and 4.3 [4.0, 4.7],
respectively). Conde-Agudelo etal?' found no evi-
dence of a relationship between early maternal age
and stillbirth in their study of Latin American coun-
tries. Katz et al.® also found no association between
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Study or subgroup log[] SE Weight IV, random, 95% ClI IV, random, 95% Cl
Chen, 2010% (10-14) 0.41210965 0.13825877 12.1% 1.51[1.15, 1.98] -
Cooper, 1995% (10-12) 0.40546511 0.08732054 13.6% 1.50[1.26, 1.78] -
Cooper, 1995 (13) 0.3074847 0.03619987 14.5% 1.36 [1.27, 1.46] .
Cooper, 1995% (14) 0.14842 0.01729671 14.6% 1.16 [1.12, 1.20] g
DuPlessis, 1997%° (10-13)  1.01884732 0.09086779 13.5% 2.77[2.32, 3.31] -
DuPlessis, 1997% (14) 0.82855182  0.0608355 14.1% 2.29 [2.083, 2.58] =
Hediger, 1997° (low gyn.)  0.97077892 0.38820236  5.5% 2.64[1.23, 5.65] —_—
Lubarsky, 199448 (<15) 0.22314355 0.21093535  9.9% 1.25[0.83, 1.89] T
Stewart, 2007°' (12-14) 0.85015093 0.71647642  2.2% 2.34[0.57, 9.53] —

Total (95% Cl) 100.0% 1.68 [1.34, 2.11] ¢

Heterogeneity: Tau? = 0.09; Chi? = 207.72, df = 8 (P < 0.00001); I? = 96%

Test for overall effect: Z = 4.50 (P < 0.00001)

Figure 6. Forest plot for preterm birth among younger adolescents.*®

0.01 0.1 1 10 100
Favours control

Favours experimental

*Numbers in parentheses represent the age of the ‘exposed” group in each study. We used adolescents <15 or adolescents =15 with a

low gynaecological age (as in Hediger et al.%).

*Included studies are below, along with the ages of exposed & unexposed groups.

“Authors restricted to first pregnancy.
Chen et al., 2010%? (10-14 years vs. 20-24 years).
‘Cooper et al., 1995% (10-12 years vs. 15 years).
“Cooper et al., 1995% (13 years vs. 15 years).
“Cooper et al., 1995 (14 years vs. 15 years).
DuPlessis et al., 1997% (10-13 years vs. 20-24 years).
DuPlessis et al., 1997% (14 years vs. 20-24 years).

“Hediger et al., 1997 (teens =15 of gynaecological age <2 years vs. 18-29 years).

Lubarsky et al., 1994* (<15 years vs. 20-29 years).
“Stewart et al., 2007°! (12-14 years vs. 23-25 years).
1V, inverse variance; CI, confidence interval.

young maternal age and stillbirth in Nepal. We did
not conduct a meta-analysis of stillbirth, because we
believed the exposed groups were too heterogeneous
to give a useful summary estimate.

Summary of results

Using the GRADE methodology,®” we estimated
evidence quality for each maternal and infant outcome
reviewed (Table9). Many of the studies that met
our inclusion criteria were large, population-based
cohort studies, which we considered to be high
quality individual studies. As maternal age is an expo-
sure that necessarily precedes a birth, we believe that
retrospective cohort studies would also qualify as
high quality.

We believe that negative studies are likely to be
published, given the robust scientific debate about the
causal nature of this association. Thus, publication bias
is not likely to be an issue. However, direct applicabil-
ity of evidence to low income countries is lacking for
virtually all outcomes, as most reviewed studies were

performed in high or middle income countries. This
issue is discussed further below.

We found more and better evidence of the impact of
young maternal age on infant outcomes than on mater-
nal outcomes. In general, we upgraded overall evi-
dence when there were sufficient studies to perform a
meta-analysis, when at least some of the studies were
in middle or low income countries, and/or when
multivariable analyses that controlled for different
confounders reached somewhat homogeneous conclu-
sions. When results were more heterogeneous, we con-
sidered whether there could be explanations for these
other than random ‘noise’. For example, some studies
restricted to women in their first pregnancy, while
other studies controlled for parity/gravidity by enter-
ing it as a covariate into a multivariable model.
This could lead to slightly different effect estimates.
Overall, we judged quality of evidence to be very low
(for perinatal mortality), low (for maternal morbidity/
mortality, pre-pregnancy nutritional status, change in
maternal body composition during pregnancy, and
stillbirth), low to moderate (for VLBW), or moderate
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Study or subgroup log[]

SE Weight

Chen, 2007* (10-15) 0.64710324
Chen, 2010% (10-14)

Chen, 2010% (15)
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Cooper, 1995% (10-12)
Cooper, 1995% (13)

Cooper, 1995% (14)

Hulka, 19648 (12-15)
Olausson, 200146 (13—15)
Robson, 2006°° (<16)

0.98207847 0.82759775

Total (95% Cl)

Test for overall effect: Z = 5.75 (P < 0.00001)

0.0131843 13.5%
0.97455964  0.34392806 5.7%
1.07500242 0.18371536 9.7%
0.41210965 0.05138468 13.1%
0.44468582 0.11905496 11.6%
0.32930375 0.05228504  13.1%

0.14842 0.02989498  13.4%

1.56861592 0.18515586 9.7%
0.48858002 0.22228515 8.6%

100.0%
Heterogeneity: Tau? = 0.09; Chi® = 300.76, df = 9 (P < 0.00001); 12 = 97%

IV, random, 95% CI IV, random, 95% CI

1.91 [1.86, 1.96] u

2.65 [1.35, 5.20] —_—
2.93[2.04, 4.20] —-
1.51[1.37, 1.67] =

1.56 [1.24, 1.97] -

1.39 [1.25, 1.54] -

1.16 [1.09, 1.23] .

2.67[0.53, 13.52] —
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1.63[1.05, 2.52] —

1.87 [1.51, 2.31] ¢
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Figure 7. Forest plot for very preterm birth among adolescents <16 years of age."”
*Numbers in parentheses represent the age of the ‘exposed” group in each study.
PIncluded studies are below, along with the ages of exposed & unexposed groups.

“Authors restricted to first pregnancy.
“Chen et al., 2007* (10-15 years vs. 20-24 years).
Chen et al., 2010% (10-14 years vs. 20-24 years).
Chen et al., 2010% (15 years vs. 20-24 years).
Conde-Agudelo et al., 2005* (<16 years vs. 20-24 years).
“Cooper et al., 1995% (10-12 years vs. 15 years).
“Cooper et al., 1995% (13 years vs. 15 years).
“Cooper et al., 1995% (14 years vs. 15 years).
Hulka et al., 1964™ (<12-15 years vs. 19-21 years).
“Olausson ef al., 2001* (13-15 years vs. 20-24 years).
Robson et al., 2006™ (<16 years vs. 18-19 years).

1V, inverse variance; CI, confidence interval.

(for maternal anaemia, LBW, preterm and VPTB, and
neonatal mortality) (see Table 9).

Comments

Biological plausibility

There is considerable justification for arguing that
very young maternal age (<15 or perhaps older for
less-nourished populations, where menarche occurs
later) has a negative, biological impact on maternal
growth as well as on infant growth and survival.'®”
Height and pelvic dimensions are almost complete
by 2 years after menarche, which supports the use of
low gynaecological age as an exposure. The biological
mechanisms related to very young maternal age and
adverse outcomes may differ depending on whether
maternal or infant outcomes are examined.

The theory of feto-maternal competition for nutri-
ents is a common explanation of why infants of ado-
lescent mothers may be subject to adverse outcomes.®
Growing adolescents, despite gaining more weight
during pregnancy, give birth to smaller infants

© 2012 Blackwell Publishing Ltd
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than non-growing adolescents; they also tend to retain
more weight after giving birth. Leptin surges in the
third trimester may prevent fat breakdown, increase
the use of glucose for maternal growth, and make less
energy available for the growth of the foetus. More-
over, when the food supply is restricted, the mother’s
metabolic needs usually come before foetal growth
needs, unless malnourishment is severe.* Competi-
tion for nutrients is also associated with a smaller pla-
cental mass, less placental nutrient transfer, and less
uterine/umbilical cord blood transfer.” Furthermore,
production of glycine, an amino acid that is needed
for fetal growth and development, may be compro-
mised among younger mothers, especially during the
third trimester.® This may be exacerbated in regions
of high food insecurity and could be associated with
lower birthweights in these infants. Additionally,
inadequate weight gain during pregnancy (especially
during late pregnancy) is also associated with
an increased risk of PTB* and Intrauterine growth
restriction,*” although a large amount of research has
found that growing adolescents gain more weight
during pregnancy than non-growing adolescents.®
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Study or subgroup log[] SE Weight IV, random, 95% CI IV, random, 95% CI
Chen, 2007*3 (10-15) 0.06765865  0.0669348  68.8% 1.07 [0.94, 1.22] E
Conde-Agudelo, 2005%' (<16) 0.14842 0.10676247  27.0% 1.16 [0.94, 1.43]
Olausson, 1999%* (13—15) 0 0.35364652 2.5% 1.00 [0.50, 2.00] —
Sharma, 2008% (12-15) 0.13102826  0.42261324 1.7% 1.14[0.50, 2.61] o
Total (95% CI) 100.0% 1.09 [0.98, 1.22] ’
Heterogeneity: Tau? = 0.00; Chi® = 0.48, df = 3 (P = 0.92); I? = 0% ; f f {
0.01 0.1 1 10 100

Test for overall effect: Z = 1.60 (P = 0.11)

Favours experimental Favours control

Figure 8. Forest plot for neonatal death among adolescents <17 years of age.*”
*Numbers in parentheses represent the age of the ‘exposed” group in each study.
PIncluded studies are below, along with the ages of exposed & unexposed groups.

“Authors restricted to first pregnancy.
“Chen ef al., 2007* (10-15 years vs. 20-24 years).
Conde-Agudelo et al., 2005” (<16 years vs. 20-24 years).
Olausson et al., 1999 (13-15 years vs. 20-24 years).
Sharma et al., 2008% (12-15 years vs. 20-24 years).

Micronutrient deficiency is another possible biologi-
cal pathway through which foetal growth could
be compromised. Folic acid is needed for DNA syn-
thesis, and depletion can contribute to cell death or
dysplasia.®®

This feto-maternal competition for nutrients may
also impact the mother. Low caloric intake, as well as
increased iron requirements for red blood cell expan-
sion during adolescence, may contribute to make
anaemia more common among teenagers.”” Adoles-
cents may also be physiologically immature. Adoles-
cents are more likely to have an immature pelvis,
as it continues to grow throughout adolescence. This
can lead to cephalopelvic disproportion, obstructed
labour, or other obstetric complications.”® A short
cervix (=25 mm) and a small uterine volume, which
are associated with preterm birth, may also be more
common among younger mothers.**® Preterm deliv-
ery is also more likely when mothers are anaemic or
have pregnancy-induced hypertension; if adolescents
are more likely to have these complications, they may
also be more likely to deliver preterm.”

Because the majority of studies that fit our inclusion
criteria were either in high income or middle income
countries in the western hemisphere, the evidence
for the impact of early childbearing on maternal and
infant health does not have direct applicability to
women in low income countries and would be graded
down for this factor. However, it could be argued that
this is a strength rather than a limitation of the evi-
dence, because girls in high and middle income coun-
tries typically have better nutrition when entering
adolescence and may be at a lower risk of nutritional

© 2012 Blackwell Publishing Ltd
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deficits associated with early childbearing. Thus, if
the observed associations between early childbearing
age and poor pregnancy outcomes are mediated
through nutritional deficits, it is likely that these
effects would be as great or greater in populations
with poorer overall nutrition.

Alternative arguments

If observed risks for young adolescents are not caused
by biological deficits, the reason for consistent results
across observational studies may be unmeasured con-
founding associated with socio-economic or life style
factors. Younger maternal age in developed societies is
associated with being unmarried, primiparous, under-
educated, an ethnic minority, socio-economically
disadvantaged, and less likely to obtain early prenatal
care; these factors are associated with adverse preg-
nancy outcomes.” In an attempt to focus on the bio-
logical impact, we chose to review only studies that
controlled for some measure of socio-economic status,
but because these are observational studies, unmea-
sured confounding might still be present. It is possible
that greater attention to the needs of young mothers
could mediate any inherently higher pregnancy risk.
Some experts believe that obstetric risks should not be
any greater in young mothers who have adequate pre-
natal care than in adults.*® In developing countries that
encourage early childbearing within marriage, factors
such as prenatal care may be more important than
maternal age.” In a meta-analysis, Scholl ef al.”* found
that adolescents with comprehensive prenatal care
had a risk of pregnancy-induced hypertension that
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was 0.59 [0.49, 0.72] times that of similar-aged mothers
with traditional prenatal care. Moreover, individuals
with good prenatal care are more likely to gain
adequate weight during pregnancy and less likely to
deliver a preterm infant; a meta-analysis showed that
teenagers with comprehensive prenatal care had 0.81
[0.67, 0.96] the risk of PTB compared with adolescents
with traditional care.” Sexually transmitted diseases
and urinary tract infections may also be associated
with preterm birth and adverse foetal outcomes,”
although this is association is not always found.”
Sexually transmitted infections may be more common
among teenagers, and adequate prenatal care may
help eliminate these infections and protect against
preterm birth.

On the other hand, Cunnington argues that prena-
tal care may not be protective in and of itself. Rather,
those who enter prenatal care late or not at all
may be underprivileged in other ways. Alternatively,
behavioural and psychosocial risks that are associated
with delaying prenatal care may explain part of the
increased risk among these adolescents.”” However,
some researchers have found that drug and alcohol
use, as well as smoking, are lower among adolescents
than among adults.”® Even if substance abuse does
not explain observed differences in pregnancy out-
comes for young mothers, other pathways associated
with stress and depression in young adults may
mediate adverse outcomes such as preterm birth,
either directly (e.g. through stimulated release of
corticotropin-releasing hormone in the placenta)
or indirectly”! Young mothers may also be more
likely to have undergone childhood abuse compared
with the general population, which could lead to a
permanently altered stress response or to altered
behaviours that increase the likelihood of preterm
delivery.”! These factors may not play an important
role in many less developed societies where the
family support provided to young mothers is greater
than that in many developed societies.”

Conclusions

In summary, it appears that there may be a true
biological effect of very young age at first pregnancy
(<15 years or so) on infant health, through the
increased risk of preterm birth and LBW. The evi-
dence that young maternal age increases the risk of
maternal anaemia is also fairly strong, although infor-
mation on other nutritional outcomes and maternal

morbidity /mortality is less clear. Many of the differ-
ences observed among older teenagers with respect to
infant outcomes may be because of socio-economic or
behavioural differences, which may vary by country/
setting. In particular, studies in low income countries
need to consider low gynaecological age, rather
than simply chronological age, as an exposure. As
well, country-specific studies should measure the
minimum age at which childbearing for teens has
similar associations with health as childbearing for
adults. This ‘tipping point’ may vary by the underly-
ing physical and nutritional health of girls and young
women.
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Appendix 1 - Search terms for PubMed

Search terms listed below are formatted for the
PubMed search engine. All searches for each maternal
or child outcome included the following terms to
search for early teenage pregnancy: ‘teen pregnancy’
OR teenage pregnancy OR pregnancy in adolescence.
We narrowed the results to more relevant articles by
adding the second search clause (childbearing age
OR age factors OR maternal age) in databases that
returned large numbers of irrelevant results.
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In order to restrict the search to the desired mater-
nal nutrition and child health (MNCH) outcomes,
we formatted the searches in the following way for
several of the databases: (adolescent pregnancy search
terms) AND (age factors search terms) AND (outcome
search terms). For example, papers retrieved from the
PubMed search for adolescent pregnancy and adverse
infant outcomes had at least one search term from
the adolescent pregnancy grouping, one search term
from the age factors grouping, and one term specified
from the infant outcomes search terms listed. We also
manually searched the references of some studies, but
because of time constraints, this was not possible for
most articles.

Maternal nutritional status outcomes included
the following search terms: ‘Maternal Nutritional
Physiological Phenomena’(MeSH) OR ‘maternal
nutrition” OR ‘maternal malnutrition’” OR “maternal
undernutrition’” OR undernourished OR malnour-
ished OR ‘weight gain’” OR ‘prepregnancy weight’
OR ‘nutritional status’ OR ‘iron deficiency” OR ‘folate
deficiency’ OR folate insufficiency OR ‘folic acid
deficiency’ OR ‘folic acid insufficiency’” OR maternal
depletion OR maternal nutritional stores OR ‘calcium
deficiency” OR ‘vitamin d deficiency’ OR ‘zinc defi-
ciency’ OR ‘multiple micronutrient supplement” OR
‘vitamin deficiency” OR “catch-up growth” OR ‘anemia’
OR ‘anemic” OR ‘hemoglobin.’

Maternal morbidity or mortality outcome search
terms included: Maternal mortality OR Gestational
diabetes OR pregnancy-Induced hypertension OR
eclampsia OR HELLP Syndrome OR pre-eclampsia
OR Obstetric Labor Complications OR obstetric labor
complication OR Abruptio Placentae OR Breech Pre-
sentation OR Cephalopelvic Disproportion OR Dysto-
cia OR Premature Rupture Fetal membranes OR
Premature obstetric labor OR Placenta Accreta OR Pla-
centa Previa OR Postpartum Hemorrhage OR Uterine
Inversion OR Uterine Rupture OR Vasa Previa OR
Oligohydramnios OR Placental Diseases OR Placental
Disease OR Abruptio Placentae OR Chorioamnionitis
OR Retained Placenta OR Placental Insufficiency OR
Polyhydramnios OR Cardiovascular Pregnancy Com-
plications OR Cardiovascular Pregnancy Complication
OR Amniotic Fluid Embolism OR Hematologic Preg-
nancy Complications OR Hematologic Pregnancy
Complication OR Infectious Pregnancy Complications
OR Infectious Pregnancy Complication OR septic
abortion OR Parasitic Pregnancy Complications
OR Puerperal Infection OR Prolonged pregnancy OR
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Puerperal Disorders OR Postpartum depression OR
Lactation Disorders OR Mastitis OR Postpartum Hem-
orrhage OR Postpartum Thyroiditis OR Pubic Sym-
physis Diastasis.

Infant outcomes search terms included: ‘Infant,
Low Birth Weight’'(MeSH) OR ‘Infant, Very Low Birth
Weight'(MeSH) OR ‘Infant, Extremely Low Birth
Weight'(MeSH) OR low birth weight* OR ‘premature
birth’(MeSH) OR preterm deliver* OR preterm birth*
OR ‘small for gestational age” OR intrauterine growth
retardation OR ‘intrauterine growth restriction” OR
‘Infant Mortality’(MeSH) OR ‘fetal death” OR stillbirth
OR ‘perinatal death” OR fetal mortalit* OR perinatal
mortalit* OR ‘neonatal death” OR neonatal mortality
OR infant mortality.

Appendix 2 - Grouped confounders

Glossary of confounders that are used in
the tables

Race/ethnicity (Class) (1 = race/ethnicity /Indigenous
status/foreign born mother/caste/mother’s country
of origin)

Socioeconomic status (SES) (2 = maternal education/
literacy; 3 =marital status; 4 =SES; 34 = community
development/proportion non-high school graduates/
census tract income; 35=log income; 36 = maternal
occupation/working status; 37 =insurance status;
38 =latrine ownership; 39 =electricity in home;
40 = cattle ownership; 50 = paternal education; 52 =
paternal occupation; 53 = paternal acknowledgement
on birth certificate; 54 =no housework help; 55=
mother’s living arrangements; 56 =work during
pregnancy; 57 =consanguinity; 75=religion; 76=
household space (sq. ft); 96 =social status of the
couple at the birth of the index child 97 = change of
social status between the two births)

Drug or alcohol use during pregnancy (Drug/alc
use) (5=smoking during pregnancy; 6 = alcohol use
during pregnancy; 44 = cocaine use)

Infant characteristics (Infant char) (11=sex of
infant; 19 = plurality; 26 = Gestational Age/Preterm
Birth; 27 =birth weight/LBW; 28 =5SGA; 29 = con-
genital anomalies; 30 = perinatal death; 101 = Prema-
ture rupture of the membranes)

Maternal body composition/nutritional indicators
(Mat body comp) (13 = maternal BMI/pre-pregnancy
BMI; 14 = weight gain during pregnancy; 15 = triceps

skinfold thickness; 16 =mid-arm circumference,
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17 =maternal height; 47 =maternal pre-pregnancy
weight; 41 = maternal night blindness during preg-
58 = diabetes; 59 = hypertensive disease/
PIH; 60=ferrous use; 61 =maternal vitamin use;
86 =history of anaemia in previous pregnancy;
87=Hb level at booking; 89 =current pregnancy
status; 93 = meat consumption; 98 = Maternal obesity;
99 = cardiopathy; 102 =Increased blood pressure
during pregnancy; 103 = Infectious diseases during
pregnancy; 104 = Haemorrhage during pregnancy;
105 = preeclampsia; 106 = eclampsia; 107 = abruptio
placentae; 108 = Anaemia; 109 = Gestational diabetes
mellitus; 110 = Syphilis; 111=Rh isoimmunisation;
112 = Urinary tract infection; 116 = diethylstilbestrol
exposure; 117 =cervical incompetence; 118 = uterine
anomaly; 120 = Maternal haematocrit)

Quality of medical care (QoC) (7=prenatal care;
21 =level/type of hospital; 22=private hospital;
23 =nonhospital birth; 71 =use of IPT for malaria
during pregnancy; 72 =use of bednets; 73 = P. falci-
parum infection at delivery; 82 = gestational age at
first  ANC visit; 83=Number of prenatal care
visits; 90 =onset of prenatal care; 92=length of

nancy;

time between ANC visits; 94 = clinic payment status;
100 =Less than 5 prenatal visits/entering after 3
months)

Pregnancy history/complications (Pg hx) (10=
parity/gravidity /birth order; 12 =medical complica-

tions of pregnancy or delivery; 18 =IPI/recent live-
birth; 24 = history of previous miscarriage or abortion;
25=had child who died; 31 =cervical dilation;
62 = number of previous liveborn children who were
still alive; 63 = number of previous liveborn children
who had died; 64 = preceding infant’s birth weight;
65 = previous medical history; 66 = previous obstetric
history; 67 =previous preterm birth; 68 = history of
low birthweight; 69 = outcome of previous pregnancy;
77 =number of previous deliveries; 78 = previous
Caesarean delivery; 85 = previous pregnancy losses;
79 =number of weeks post-partum; 95=history of
perinatal death; 113 = vaginal bleeding; 115 = planned
pregnancy; 119 =Previous induced abortion; 121 =
stillbirth and early neonatal death)

Parental age (Parental age) (45=paternal age;
46 = age difference of parents; 48 = chronologic age;
49 = age;* 70 = maternal age <18 years; 84 = age at first
index pregnancy; 88 = gestational age at delivery;
91 = age of menarche)

Details/setting of delivery (Setting) (8=year of
delivery; 9 = geographic area (state/county/country
of birth); 20 = delivery mode; 33 = city size/rural resi-
dence)

Type of study/biases (Study/biases) (32 =memory
bias; 43 =type of study/treatment (in cohorts from
cluster RCTs)
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