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Abstract

Background: Maternal age is increasingly recognized as a predictor of birth outcomes.
Given the importance of birth and growth outcomes for children’s development, well-
being and survival, this study examined the effect of maternal age on infant birth and
growth outcomes at 6 months and mortality. Additionally, we conducted quantitative
bias analysis (QBA) to estimate the role of selection bias and unmeasured confounding
on the effect of maternal age on infant mortality.

Methods: We used data from randomized-controlled trials (RCTs) of 21555 neonates in
Burkina Faso conducted in 2019-2020. Newborns of mothers aged 13-19 years (adolescents)
and 20-40vyears (adults) were enrolled in the study 8-27 days after birth and followed for
6 months. Measurements of child’s anthropometric measures were collected at baseline
and 6 months. We used multivariable linear regression to compare child anthropometric
measures at birth and 6 months, and logistic regression models to obtain the odds ratio
(OR) of all-cause mortality. Using multidimensional deterministic analysis, we assessed sce-
narios in which the difference in selection probability of adolescent and adult mothers with
infant mortality at 6 months increased from 0% to 5%, 10%, 15% and 20% if babies born to
adolescent mothers more often died during the first week or were of lower weight and
hence were not eligible to be included in the original RCT. Using probabilistic bias analysis,
we assessed the role of unmeasured confounding by socio-economic status (SES).

Results: Babies born to adolescent mothers on average had lower weight at birth, lower
anthropometric measures at baseline, similar growth outcomes from enrolment to
6 months and higher odds of all-cause mortality by 6 months (adjusted OR=2.17, 95% CI
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1.35 to 3.47) compared with those born to adult mothers. In QBA, we found that differen-
tial selection of adolescent and adult mothers could bias the observed effect (OR=2.24,
95% Cl 1.41 to 3.57) towards the null [bias-corrected OR range: 2.37 (95% CIl 1.49 to 3.77)
to 2.84 (95% CI 1.79 to 4.52)], whereas unmeasured confounding by SES could bias the
observed effect away from the null (bias-corrected OR: 2.06, 95% CI 1.31 to 2.64).
Conclusions: Our findings suggest that delaying the first birth from adolescence to adult-
hood may improve birth outcomes and reduce mortality of neonates. Babies born to
younger mothers, who are smaller at birth, may experience catch-up growth, reducing
some of the anthropometric disparities by 6 months of age.

Key words: Maternal age, adolescent pregnancy, infant outcomes, quantitative bias analysis

Key Messages

at enrolment compared with babies of adult mothers.

mothers.

¢ Babies born to adolescent mothers on average had lower weight at birth and lower weight, shorter length, lower
mid-upper arm circumference, lower Length-for-Age Z Score, Weight-for-Age Z Score and Weight-for-Height Z Score

¢ Infants born to adolescent mothers had similar growth outcomes to infants born to adult mothers, suggesting that
catch-up growth reduces some of the anthropometric disparities in early childhood.
* Infants born to adolescent mothers had twice the risk of mortality by 6 months of age compared with infants of adult

Delaying childbirth from adolescence to adulthood can improve birth outcomes and reduce mortality of neonates.
Whereas the effect of biases on the point estimate for infant mortality is substantial, under all scenarios correcting
for selection bias and unmeasured confounding, the odds of mortality in 6 months was higher for babies born to
adolescent mothers compared with adult mothers. Changes in estimates in quantitative bias analysis show the
importance of considering the role of biases in examining effects of interest.

Introduction

Maternal age is increasingly recognized as a predictor of
birth outcomes. Studies show that pregnancies in the
extremes, at ages <17and >40years, are at a higher risk
of negative birth outcomes than other age groups.'?
Although maternal age at childbearing has increased over
the last decade,’ there is still a substantial proportion of
young women who give birth during adolescence, particu-
larly in developing countries. Globally, ~15% of young
girls of age 15-19 years give birth before age 18 years.*
Reasons for this include early marriage that subsequently
leads to early motherhood. Studies show that the rate of
child marriage in low- and middle-income countries
increases slowly until age 14 years and accelerates after
ages 15, 16 and 17 years.’ In addition to planned early
child bearing, early child marriage also increases unin-
tended pregnancies and negatively impacts the health of
both the mother and child.®

Previous studies show that babies born to young moth-
ers have a greater risk of very-pre-term and pre-term

delivery, low birthweight, small for gestational age and
neonatal mortality.”* Low birthweight and poor growth
have implications on long-term health.” Being of low birth-
weight has been linked with subnormal growth, illnesses
and neurodevelopmental delays which in some cases can
still be apparent during adolescence and later life.'®!!
Growth monitoring is also important as the pattern of
growth is a marker of a child’s wellbeing.”'* Children
with multiple anthropometric failures such as stunting, un-
derweight and wasting have a disproportionately high risk
of having issues with cognitive development, school
achievement, economic productivity and mortality.'*'* A
study showed that an estimated 42% of child deaths can
be attributed to children who are stunted, underweight and
wasted or stunted and underweight.'®> Therefore, a neo-
nate’s birth and growth outcomes are important factors for
development, wellbeing and survival.

Although some studies show that young maternal age
has negative birth outcomes, there is limited evidence re-
garding the influence of maternal age on anthropometric



416

International Journal of Epidemiology, 2023, Vol. 52, No. 2

measures at birth and within the first few months of life,
particularly in developing countries where the rates of ado-
lescent childbearing are high. The effect of maternal age on
growth outcomes is also not clear. Whereas some studies
show that under-five morbidity may still be higher in chil-
dren born to younger mothers and that the effect of poor
birth outcomes may persist in early childhood,'>'® other
studies show that the gap between normal and smaller
babies (with low birthweight or low birth length) narrows
in the months after birth.'” Hence, it is important to exam-
ine the short- and long-term effects of maternal age on
child birth, growth and mortality outcomes.

Using data from a large randomized—controlled trial of
neonates in Burkina Faso,'® this study aimed to examine
the effect of maternal age on infant birth and growth out-
comes at 6 months and mortality. Since this study used
data from a trial that enrolled infants who were >8 days
old and weighed >2.5 kg at enrolment, and did not have a
measure of socio-economic status (SES), we conducted de-
terministic and probabilistic bias analysis for selection bias
and unmeasured confounding to assess the effect of these
biases on the estimates of the association between maternal
age and infant mortality at 6 months.

Methods
Study design, setting and population

This analysis used data from a randomized—controlled trial
of azithromycin vs placebo conducted to establish the effi-
cacy and safety of administration of a dose of azithromycin
during the neonatal period.'® The trial recruited 21832
babies in Burkina Faso in 2019 and 2020. The study took
place in several regions of Burkina Faso, including urban,
peri-urban and rural areas that are within a 4-h drive of a
facility with paediatric surgical capacity because azithro-
mycin may increase the risk of infantile hypertrophic pylo-
which 18

Mothers and infants were recruited either during antenatal

ric  stenosis, requires surgical intervention.
care visits, via facility births or via a key informant who
notified study staff of a birth. Neonates were enrolled be-
tween 8 and 27 days of age and had to weigh >2500g at
enrolment. Infants who had low birthweight were included

if they weighed >2500 g at enrolment.

Data collection and measures

At baseline, trained field workers collected information of
the infant and mother via a questionnaire. Child informa-
tion included birthweight, type and timing of breastfeeding
initiation and whether the child was born at a health centre.
Maternal information collected included age, education

level, number of previous pregnancies, number of prenatal
care visits, region of residence and pregnancy type (single vs
multiple). The vital status of each infant enrolled was
assessed by field workers at 28, 90 and 180 days after enrol-
ment. Anthropometric measurements were made at base-
line and at 6 months, and included weight in kilograms
(kg), length in centimetres (cm) and mid-upper arm circum-
ference (MUAC). Weight was measured using a digital scale
that was standardized each morning before measurement.
Length was measured using a Shorrboard to the nearest cm.
At both visits, three consecutive measurements for length
were taken and the median was used for analysis. MUAC
was measured using a standard MUAC tape. Birthweight
data were extracted from government-issued health cards
of babies enrolled in the trial.

For this analysis, maternal age was dichotomized as ad-
olescent (13 to <20 years) and adult (20-40 years). We ex-
cluded babies born to mothers for whom maternal age was
missing (7= 7) and those aged >40 years (n=270). This is
because of data-quality issues, as those aged >40 years
were in some cases the grandmother of the baby as op-
posed to the mother and due to the non-linearity in the ef-
fect as pregnancies in older age may also result in negative
birth outcomes.

Outcomes at enrolment/birth included birthweight (in
g), weight (in kg), length (in cm), MUAC (in cm), Length-
for-Age Z Score (LAZ), Weight-for-Age Z Score (WAZ)
and Weight-for-Length Z Score (WLZ), which are meas-
ures of stunting (LAZ < -2 SDs), underweight (WAZ < -2
SDs) and wasting (WLZ < -2 SDs), respectively. All out-
comes mentioned above except birthweight were also mea-
sured and analysed at 6 months as growth outcomes, i.e. as
change from enrolment to 6 months of age. All-cause mor-
tality was determined based on the vital status assessment
at 180 days.

Statistical analysis methods

To assess the effect of maternal age on birth and growth
outcomes, we used simple and multivariable linear regres-
sion. The changes in outcomes between maternal age
groups were expressed as beta coefficients.

Potential confounders of the association between mater-
nal age and birth and growth outcomes and mortality were
selected a priori using a directed acyclic graph (DAG)"’
(Supplementary Figure 1, available as Supplementary data
at IJE online) and based on previous literature on this
topic. Covariates that were adjusted in multivariable mod-
els include region (residence in urban vs rural settings) and
maternal education. We did not adjust for prenatal care
visits as they occur after maternal age and can thus
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potentially mediate the effect of maternal age on birth and
growth outcomes.

To determine the effect of maternal age on mortality,
we used logistic regression models with estimates
expressed as odds ratios (ORs). Complete case analysis
was conducted. For 6-month anthropometry measures,
which had some missing outcome values (Figure 1); factors
associated with missing values were assessed and sensitiv-
ity analyses were conducted using inverse probability cen-
sored weighting in which observations were weighted by
the inverse of the probability of being observed as deter-
mined by the logistic regression model for probability of

being observed given covariates and outcome. Covariates

included in the logistic regression model were having low
birthweight, maternal age, birth order, maternal educa-
tion, prenatal care visits, residence in urban vs rural set-
tings, child sex and being born at a health centre. As a
sensitivity analysis, the association between maternal age
and birth and growth outcomes was examined by restrict-
ing the data to first-born babies to control for confounding
by birth order. The same analyses methods as described
above were used for the subgroup analysis. As an addi-
tional sensitivity analysis, we examined the effect of mater-
nal age as a continuous variable on childbirth, growth and
mortality outcomes. For this analysis, maternal age was
rescaled such that each unit increase represented at S-year

Randomized in NAITRE trial
(N=21832)

277 excluded
-Babies bormn to mothers older than 40

v

(n=270)
-Missing maternal age (n=7)

Included in this analysis (n=21555)

Baseline:
-MUAC (n=21474), 81 (0.3%) missing
-WLZ (n=21505), 50 (0.2%) missing
Six-month:
- MUAC (n=18356), 3199 (14.8%) missing
(12.1%) missing

Mortality: n=20671, 884 (4.1%) missing

Number of participants included for each outcome

-Birth weight (n=210555), 500 (2.3%) missing

-Weight, Length, LAZ and WLZ (n=21555),

- Weight, Length, LAZ, WAZ and WLZ (n=18949), 2606

0 missing

Figure 1 Participant flow diagram. NAITRE, Neonates and Azithromycin, an Innovation in the Treatment of Children in Burkina Faso; MUAC, mid-up-
per arm circumference; LAZ, Length-for-Age Z Score; WAZ, Weight-for-Age Z Score; WLZ, Weight-for-Length Z Score
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increase in maternal age. We conducted another sensitivity
analysis in which we adjusted for baseline outcomes to
compare estimates that are unadjusted, adjusted only for
the known confounders (maternal education and region)
and estimates in which confounders as well as potential
mediators (baseline measures, birthweight for mortality
outcome) are adjusted. This was intended to provide
insights into the total effect of maternal age on growth/
mortality outcomes as well as the effect it has on the
6-month outcomes beyond or independent of the effect it
has on baseline/birth outcomes.

For the quantitative bias analysis (QBA), we used
the episens command in STATA statistical software
(StataCorp, College Station, TX, USA) to conduct multidi-
mensional deterministic and probabilistic analysis to cor-
rect for differential selection and unmeasured confounding
by SES, respectively.”?®*! For the selection bias, through
deterministic bias analysis, we assessed scenarios in which
there could be differential selection into the study cohort if
babies born to adolescent mothers more often died during
the first week or were of lower weight and hence did not
get selected into the study. This is in line with a previous
study that found higher rates of infant mortality among
babies born to adolescent mothers.® Therefore, we as-
sumed the probability of selection of adolescent mothers
whose child was alive at 6 months (exposed control) and
adult mothers whose child was alive at 6 months (unex-
posed control) to be 1.0, the probability of selection of
adult mothers with child mortality at 6 months (unexposed
case) of 0.95 and the probability of selection of adolescent
mothers with child mortality at 6 months (exposed case) of
0.95-0.75. These corresponded to selection bias factors of
0.95-0.79. For the unmeasured confounding by SES, prob-
abilistic sensitivity analysis through Monte Carlo (random-
number-based) simulations with 10000 replications was
used to generate bias-adjusted ORs of maternal age—infant
mortality association along with 2.5th and 97.5th simula-
tion limits.>' Based on previous studies, we assumed that
there could be a higher proportion of adolescent mothers
living in poverty compared with adult mothers.”> We as-
sumed a prevalence of poverty in adult mothers (unex-
posed) of 0.2-0.25 and a prevalence of poverty in
adolescents (exposed) of 0.2-0.4, both with a uniform dis-
tribution. These bias parameters were based on a previous
study in which 22% of mothers in the study in Burkina
Faso were in Quintile 1 (most poor).23 We also assumed a
poverty—infant mortality (confounder-outcome) associa-
tion relative risk (RR) of 2.0-2.7 with a log-normal distri-
bution. This was based on a study that showed
proportions of child mortality by socio-economic quantile
in six countries in West Africa in which the average of the
RRs comparing the proportion of child deaths in the

poorest to richest SES quintiles was 2.6.** SAS 9.4 was
used for data cleaning and descriptive analyses. STATA
version 14.2 was used for the regression models.

Results

Table 1 shows the characteristics of the study participants.
Overall, 21 832 babies were randomized into the NAITRE
(Neonates and Azithromycin, an Innovation in the
Treatment of Children in Burkina Faso) trial of whom
21555 were included in this analysis (Figure 1). Among
mothers between the ages of 13 and 40 years, 15% were
adolescent (13-19years) and 85% were adults (20—
40 years). The average maternal age was 26 years. Among
adolescents, 84% had never had a previous pregnancy
whereas 37.5% of adults had had three or more previous
pregnancies. This was the first pregnancy for 17% of the
adults. The majority of the teenagers (59.3%) and adults
(60.1%) had had three or four prenatal visits over the
course of their pregnancy. Nearly half (45%) of the adoles-
cent mothers and 56% of the adult mothers had no educa-
tion. Over 99% of the pregnancies were singleton. Overall,
98% of the children were born at a health centre. The
majority of the adolescent (73%) and adult mothers (76 %)
resided in an urban region.

At baseline, babies born to adult mothers had a slightly
higher birthweight in g, weight in kg, length in cm,
MUAC, LAZ, WAZ and WLZ. At 6 months, all these
measures were similar among babies born to teenage and
adult mothers (Table 1). Among babies born to adolescent
mothers, 25 (0.82%) had died by 6 months whereas 65
(0.37%) babies from adult mothers had died within
6 months of life.

In multivariable models, compared with babies born to
adult mothers, babies born to adolescent mothers on aver-
age weighed 161 gless (95% CI -178.8 to —146.7) at birth
and weighed 0.18 kg less (95% CI -0.20 to —0.16), were
0.56 cm shorter (95% CI -0.64 to —0.48) and had 0.29cm
narrower (95% CI -0.33 to —0.25) MUAC at enrolment
(Table 2). At baseline, the LAZ, WAZ and WLZ were also
0.30 (95% CI -0.34 to -0.26), 0.38 (95% CI -0.41 to
-0.34) and 0.23 (95% CI -0.28 to —-0.18) SDs lower for
babies born to adolescent mothers, respectively. These
results were all similar in bivariate and multivariate models
that adjusted for region and maternal education (Table 2).

At 6 months, there were very small decreases in weight,
length, MUAC, LAZ and WAZ for babies born to adoles-
cent mothers compared with those born to adult mothers.
Overall, at 6 months, there were only narrow and negligi-
ble differences in anthropometric measures between babies
born to adolescent vs adult mothers (Table 2 and
Figure 2). Estimates obtained from inverse probability of
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Table 1 Characteristics of mothers and infants enrolled in the NAITRE trial in Burkina Faso 2019-2020

Characteristics Total Adolescent (13-19) Adult (20-40)
(n=21555) (n=3202,14.9%) (n=18353,85.1%)
Maternal age in years (mean, SD) 25.9(5.9) 17.9 (1.1) 27.2(5.3)
Baseline measures
Birthweight in g (mean, SD) 2997.4 (423.3) 2860.1 (381.8) 3021 4 (425.6)
Weight in kg 3.3(0.47) 3.2(0.4) 4(0.5)
Length in cm 50.6 (2.0) 50.1(1.9) 50 7 (2.0)
MUAC in cm 10.9 (1.1) 10.6 (1.1) 10.9 (1.1)
LAZ -0.5(1.2) -0.8 (1.0) -0.5(1.1)
WAZ -0.6 (0.93) -0.9(0.9) -0.6 (0.9)
WLZ -0.6 (1.3) -0.8(1.3) -0.6 (1.3)
Six-month measures
Weight in kg (mean, SD) 7.3 (1.0) 7.3 (1.0) 7.3 (1.0)
Length in cm 65.8 (2.6) 65.6 (2.6) 65.8(2.6)
MUAC 14.1 (1.2) 14.0 (1.1) 14.1 (1.2)
LAZ -0.5(1.2) -0.6 (1.2) -0.5(1.2)
WAZ -0.4 (1.1) -0.5(1.1) -0.4 (1.1)
WLZ -0.1(1.3) -0.1(1.3) -0.1(1.3)
Mortality 90 (0.44%) 25(0.82%) 65(0.37%)
Child’s sex at birth
Male 10841 (50.3%) 1590 (49.7%) 9251 (50.4%)
Female 10714 (49.7%) 1612 (50.3%) 9102 (49.6%)
Number of previous pregnancies (7, %)
0 5827 (27.0%) 2686 (83.9%) 3141 (17.1%)
1 4869 (22.6%) 450 (14.1%) 4419 (24.1%)
2 3961 (18.4%) 8 (1.5%) 3913 (21.3%)
3 or more 6895 (32.0%) 6 (0.5%) 6879 (37.5%)
Number of prenatal visits
0 6(0.3%) 5(0.47%) 1(0.20%)
lor2 2245 (10.4%) 390 (12.2%) 1855 (10.1%)
3or4 12912 (60.0%) 1895 (59.3%) 11017 (60.1%)
5 or more 6314 (29.3%) 898 (28.1%) 5416 (29.6%)
Maternal education level
None 11750 (54.5%) 1446 (45.2%) 10304 (56.1%)
Primary 3932 (18.3%) 633 (19.8%) 3299 (18.0%)
Secondary 5267 (24.4%) 1114 (34.8%) 4153 (22.6%)
Secondary + 605 (2.8%) 9(0.3%) 596 (3.3%)
Pregnancy type
Single 21186 (98.3%) 3184 (99.4%) 18002 (99.0%)
Multiple 368 (1.7%) 18 (0.6%) 350 (1.9%)
Child born at health centre
Yes 21073 (97.8%) 3146 (98.3%) 17927 (97.7%)
Region
Rural 3769 (17.5%) 721(22.5%) 3048 (16.6%)
Urban 16346 (75.8%) 2338 (73.0%) 14008 (76.3%)
Peri-urban 1425 (6.6%) 143 (4.5%) 1282 (7.0%)
Breastfed
Yes 21528 (99.9%) 3196 (99.8%) 18332 (99.9%)

Excludes missing 7 = 3 for number of previous pregnancies, 7 =28 for number of prenatal visits and 7z =15 for region.
NAITRE, Neonates and Azithromycin, an Innovation in the Treatment of Children in Burkina Faso; MUAC, mid-upper arm circumference; LAZ, Length-for-
Age Z Score; WAZ: Weight-for-Age Z Score; WLZ, Weight-for-Length Z Score.
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Table 2 Unadjusted and adjusted mean differences and odds ratios of baseline (birth) and 6-month (growth and mortality) out-

comes, comparing adult mothers (20-40 years old) with adolescent mothers (13-19 years old)

Adolescent (Adult—ref.)

Unadjusted difference (95% CI)

Adjusted difference (95% CI)

Baseline outcomes

Birthweight in g -161.3 (-177.2 to -145.4) -162.8 (-178.8 to -146.7)
Weight in kg -0.18 (-0.20 to —=0.17) -0.18 (-0.20 to —0.16)
Length in cm —0.57 (-0.64 to —0.49) -0.56 (-0.64 to —0.48)
MUAC in cm —0.30 (=0.34 to —0.26) -0.29 (-0.33 to -0.25)
LAZ —0.30 (=0.34 to —0.26) -0.30 (-0.34 to —0.26)
WAZ —0.38 (-0.42 to —0.35) -0.38 (-0.41 to —0.34)
WLZ -0.24 (-0.29 t0o -0.19) -0.23 (-0.28 to -0.18)
Six-month outcomes

Weight in kg —-0.07 (-0.12 t0o —0.03) -0.07 (-0.12 to -0.03)
Length in cm -0.26 (-0.37 to -0.15) -0.28 (-0.39 to -0.17)
MUAC in cm —-0.08 (-0.13 t0o —0.03) -0.07 (-0.12 to -0.03)
LAZ -0.12 (-0.17 t0 -0.07) -0.13 (-0.18 to —0.08)
WAZ —0.08 (-0.12 to —=0.03) -0.08 (-0.13 to —-0.04)
WLZ —0.01 (<0.06 to 0.04) —-0.002 (-0.06 to 0.05)

Mortality (Adult-ref.)

Unadjusted odds ratio, (95% CI)

Adjusted Odds Ratio, (95% CI)

2.24 (1.41 10 3.56)

2.17 (1.35 10 3.47)

Covariates in adjusted models include region and maternal education.

MUAC, mid-upper arm circumference; LAZ, Length-for-Age Z Score; WAZ, Weight-for-Age Z Score; WLZ, Weight-for-Length Z Score.

censoring weighting for growth outcomes were very simi-
lar to complete case analysis from unweighted analyses
(Supplementary Table S1, available as Supplementary data
at IJE online).

In a sensitivity analysis restricting to first-born children
(n=5827), the estimates for baseline outcomes were atten-
uated but similar to the unrestricted analyses except for the
difference in length and LAZ, which were no longer sub-
stantial. At 6 months, in adjusted models, the mean growth
outcomes were consistently lower for babies born to ado-
lescent mothers compared with those born to adult moth-
ers but were not substantial (Supplementary Table S2,
available as Supplementary data at IJE online). These dif-
ferences in growth outcomes were negligible.

For the sensitivity analysis using maternal age as a con-
tinuous variable, we found that an increase in maternal age
was associated with higher/better baseline measures and
very small increases in 6-month anthropometric measures
(Supplementary Table S3, available as Supplementary data
at IJE online). For the sensitivity analysis adjusting for
baseline measures, we found that including them in the
models weakened the association between maternal age
and 6-month growth and mortality outcomes, consistently
with baseline measures being mediators (Supplementary
Table S4, available as Supplementary data at IJE online).

For the association between maternal age and infant
mortality, in the model adjusted for region and maternal
education, babies born to adolescent mothers had 2.17

(95% CI 1.35 to 3.47) times the odds of death by 6 months
compared with babies born to adult mothers (Table 2). In
sensitivity analysis, restricting to first-born babies did not
qualitatively change results (Supplementary Table S2,
available as Supplementary data at IJE online). In the sen-
sitivity analysis in which maternal age was a continuous
variable, each S-year increase in maternal age was associ-
ated with a 21% decrease in the odds of mortality (ad-
justed OR: 0.79, 95% CI 0.65 to 0.96).

For the QBA, the observed unadjusted OR of the mater-
nal age-infant mortality association was 2.24 (95% CI 1.41
to 3.57). For the selection bias analysis, the bias-corrected
(adjusted ORs) for probability of selection of adolescent
mothers with child mortality at 6 months (exposed case) of
0.90, 0.85, 0.80 and 0.75 were 2.37 (95% CI 1.49 to 3.77),
2.51 (95% CI 1.58 to 3.99), 2.67 (95% CI 1.67 to 4.24)
and 2.84 (95% CI 1.79 to 4.52), respectively (Table 3). The
ORs in all scenarios were >1. For the unmeasured con-
founding bias analysis, the OR corrected for systematic er-
ror/confounding was 2.06 (95% CI 1.31 to 2.64), whereas
the OR correcting for systematic and random error was
1.98 (95% CI 1.05 to 3.46; Table 4). The bias-corrected
OR was closer to the null than the observed OR.

Discussion

In this study, babies born to adolescent mothers had
poorer birth and neonatal outcomes as seen in baseline
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Figure 2 Change in mean anthropometric measures between enrolment and 6 months by maternal age. MUAC, mid-upper arm circumference; LAZ,
Length-for-Age Z Score; WAZ: Weight-for-Age Z Score; WLZ, Weight-for-Length Z Score

Table 3 Multidimensional deterministic sensitivity analysis for selection bias for association between maternal age and child

mortality at 6 months

Probability of selection of Probability of selection of Selection bias Percent bias External adjusted
adolescent mothers with adult mothers with child factor odds ratio
child mortality at 6 months mortality at 6 months

(exposed case) (unexposed case)

1.0 1.0 1.00 0% 2.24 (1.41, 3.57)
0.95 0.95 1.00 0% 2.24 (1.41,3.57)
0.90 0.95 0.95 5% 2.37(1.49,3.77)
0.85 0.95 0.89 -11% 2.51(1.58,3.99)
0.80 0.95 0.84 -16% 2.67 (1.67,4.24)
0.75 0.95 0.79 21% 2.84 (1.79,4.52)

Observed OR =2.24 (1.41, 3.57).

Assuming 100% probability of selection of adolescent mothers whose child was alive at 6 months (exposed control) and adult mothers whose child was alive at
6 months (unexposed control), 95% probability of selection of adult mothers with child mortality at 6 months (unexposed case) and 95% to 75% probability of
selection of adolescent mothers with child mortality at 6 months (exposed case).

Selection bias factor = (Sp, £+ /Sp£)/(Sp_E+/Sp_E-)-

anthropometric measures and a higher risk of all-cause Similarly to findings of previous studies, babies born to
mortality by 6 months but similar growth outcomes at adolescent mothers had lower weight, height, MUAC,
6 months compared with those born to adult mothers. LAZ, WAZ and WLZ at baseline and higher odds of
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Table 4 Probabilistic sensitivity analysis for unmeasured con-
founding by poverty for association between maternal age
and infant mortality at 6 months

Analysis Median 95% Interval (2.5th,
97.5th percentile)
Conventional 2.24 (1.41, 3.57)
Systematic error 2.06 (1.31, 2.64)
Systematic and random error 1.98 (1.05, 3.46)

Assuming prevalence of poverty in adolescents (exposed) of 0.2-0.4, preva-
lence of poverty in adults (unexposed) of 0.2-0.25 and poverty—infant mortal-
ity (confounder—outcome) OR of 2.0-2.7.

mortality by 6 months.”**"2” This may partly be due to bi-
ological and social mechanisms.””*® One reason may be
physiological/biologic factors related to young mother-
hood such as short stature, low bodyweight in relation to
height, lower maternal body mass index and greater likeli-
hood of inadequate weight gain.?” Since younger girls are
still growing and physically immature, their nutritional
and energy needs may compete with those of the fetus,
leading to developmental problems and low-birthweight
infants.?’ Short maternal stature and physical immaturity
in adolescence have also been associated with negative
birth outcomes such as being small for gestational age, pre-
term birth and neonatal mortality.>”*° Additionally, birth-
weight may be a predictor for wasting and stunting.>'**
Therefore, the low birthweight among infants of young
mothers may partially explain the other anthropometric
failures. Additionally, behavioural and social factors may
also contribute to the poorer outcomes seen among infants
of young mothers. These may include lack of maturity,
inexperienced childbearing and the higher possibility of
pregnancies in adolescence being unplanned and
unwanted.>*** Social factors such as SES may affect access
to and adequate utilization of healthcare and medical
treatment, information and maternal malnutrition, which
may lead to health-related vulnerabilities.® Parental nutri-
tional status and SES have been previously associated with
child growth failure.>* Older mothers generally have more
opportunities and experiences that may allow them to be
more educated, financially stable and emotionally mature,
which can help in child birth and motherhood.** These fac-
tors collectively may contribute to the poorer outcomes
seen among infants of adolescent mothers. The reasons
noted above may also partly explain the increased risk of
mortality among neonates of adolescent mothers. Studies
show that adolescence is a risk factor for having a low-
birthweight baby and having a low birthweight has been
associated with increased risk of mortality not only during
infancy, but also in later life.** However, in a separate
analysis controlling for birthweight, we still found higher

odds of mortality among babies born to adolescent moth-
ers (Supplementary Table S4, available as Supplementary
data at IJE online). This may again be explained by factors
above and beyond birthweight that have previously been
associated with risk of infant mortality.>”

At 6 months, there were very small differences between
babies born to adolescent and adult mothers in most an-
thropometric outcomes in fully adjusted models. This may
be due to the smaller babies gaining weight more quickly.
Previous studies show that there may be a faster weight-
gain ‘catch-up growth’ among infants who are of low
birthweight compared with those who are not.”' The risk
vs benefit of this catch-up growth has been controversial.
Accelerated growth in low-birthweight infants can help
prevent growth faltering. However, faster weight gain in
infancy has been linked to greater risk of obesity and meta-
bolic diseases in later life.'**® The risk-benefit of post-
natal growth may also differ in different populations. In
developed countries, promoting catch-up growth particu-
larly through nutritional supplementation may not be ad-
vantageous whereas in developing countries, the priority
may be supporting growth and preventing malnutri-
tion.”?” Therefore, whereas the absence of a large differ-
ence in growth outcomes at 6 months is a positive finding,
the rate of growth should be monitored with regard to the
effects it may have in later life. Additionally, a large pro-
portion of the effect of maternal age on growth outcomes
may be mediated by birth outcomes. In models in which
only maternal education and region of residence are ad-
justed, babies from adult mothers had slightly greater
growth, similar to the trend seen in birth outcomes.
However, in the same models, when controlling for base-
line measures, the differences became much smaller in
magnitude and non-substantial (Supplementary Table S4,
available as Supplementary data at IJE online). Poor birth
outcomes have been previously associated with higher risk
of infant mortality and morbidity.'***¢ Therefore, differen-
ces at 6months or the lack thereof may be partially
explained by the difference in baseline measures.

In sensitivity analysis restricting to first-born children to
account for confounding by birth order, our results were
mostly similar but attenuated in magnitude. Babies born to
adolescent mothers had poorer birth outcomes and higher
mortality but similar 6-month growth outcomes. This at-
tenuation of effect may be partly explained by differences
related to birth order. Studies show that independently of
maternal age, a child’s birthweight increases with birth or-
der.***! Since 84% of the newborns among adolescents
and only 17% of the infants born to adult mothers were
first-born, parity may partially explain some of the differ-
ences seen in baseline anthropometric measures of infants
born to adolescent vs adult mothers. However, we still
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found meaningful differences between these two groups in
the subgroup analysis of first-born children.

There was potential for selection bias in this study be-
cause neonates had to weigh >2500g (be of sufficient
weight) and be >8 days old (survive their first week of life)
to be enrolled in the trial. If babies born to adolescent
mothers more often died during the first week or were of
lower weight, this could lead to differential selection into
the study cohort. This would bias the results towards the
null as a higher proportion of the well (survivors with
higher weight) babies from adolescent mothers would be
represented in the study. This is similar to our finding from
the QBA in which the adjusted OR went further away
from the null as the difference in the selection probability
of adolescent and adult mothers with child mortality at
6 months increased from 0% to 5%, 10%, 15% and 20%.
When considering the causal structure, this is similar to
collider stratification in which we restrict the study to
babies who survived their first week of life and are of suffi-
cient weight, therefore opening the back-door path from
maternal age to infant mortality (Supplementary Figure S2,
available as Supplementary data at IJE online). This is be-
cause being born to an adolescent mother is associated
with infant survival in the first week and having a lower
weight at birth”"® and possibly at enrolment, whereas other
factors such as SES could also be a cause of low birth-

4243 and infant mortality.** For the confounding

weight
bias analysis, since SES is a predictor of infant mortality
and there is likely a higher proportion of adolescent moth-
ers living in poverty compared with adult mothers,** there
could be unmeasured confounding. That could mean that
part of the maternal age-infant mortality association seen
could be due to social and financial disadvantage that is
more common among adolescents and leading to the
higher infant mortality among this group. This would bias
the observed effect away from the null. Our finding also
shows that the bias-corrected adjusted OR would be closer
to the null compared with the observed OR. Whereas the
effect of these biases on the point estimate is substantial,
under all scenarios correcting for selection bias and
unmeasured confounding, the odds of mortality within
6 months was higher for babies born to adolescent mothers
compared with adult mothers.

This study has some limitations. First, there were some
missing values for 6-month anthropometric measures/out-
comes (12-15%) and babies born to adolescent mothers
were more likely to have missing outcomes (15.3% vs
11.5% of those born to adult mothers). However, estimates
obtained from inverse probability of censoring weighting for
growth outcomes were very similar to complete case analy-
sis from unweighted analyses (Supplementary Table S1,
available as Supplementary data at IJE online). Second, the

generalizability of the findings may be limited to low- to
middle-income countries. Third, there were other important
factors that were not measured or retrospectively collected
such as gestational age at birth, as it required ultrasound,
which was not available in the context the study was con-
ducted. Additionally, smoking during pregnancy as well as
maternal or paternal height and weight were not measured
and may be potential confounders that could contribute to
residual confounding.

Conclusion

Our findings show that delaying the first birth from adoles-
cence to adulthood can improve birth outcomes and reduce
mortality of neonates. Delaying pregnancy may allow
young girls to mature mentally and physically and improve
their social status, autonomy and decision-making, which
can lead to better outcomes for their newborns.
Additionally, babies born to younger mothers, who are
smaller at birth, may experience catch-up growth, reducing
some of the anthropometric disparities by 6 months of age.
Growth within the first few years of life should be moni-
tored closely to adjust supplements to make up for deficits
at birth but not lead to overgrowth, which in turn nega-
tively affects children. Changes in estimates in QBA show
the importance of considering the role of biases in examin-

ing the effects of interest.
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