
RESEARCH ARTICLE

Complications associated with adolescent

childbearing in Sub-Saharan Africa: A

systematic literature review and meta-

analysis

Taran GrønvikID
1*, Ingvild Fossgard Sandøy1,2,3

1 Centre for International Health, University of Bergen, Bergen, Norway, 2 Department of Global Public

Health and Primary Care, University of Bergen, Bergen, Norway, 3 Centre for Intervention Science in

Maternal and Child Health (CISMAC), Centre for International Health, University of Bergen, Bergen, Norway

* tgr040@uib.no

Abstract

Objective

To examine whether childbearing before age 18 in Sub-Saharan Africa is associated with

increased risk of maternal and child complications through a systematic literature review

and meta-analysis.

Methods

The literature on adolescent pregnancy and associated complications in Sub-Saharan

Africa was reviewed. A systematic electronic database search in Medline and Embase iden-

tified relevant papers. Studies were eligible for inclusion if they had numeric data on mater-

nal mortality, pre-eclampsia, eclampsia, preterm birth, low birth weight, small for gestational

age, stillbirth, neonatal death or perinatal death. We included studies on adolescents aged

17 years or younger, and with a comparison group of adult women aged between 20 and 35

years. The quality of the articles was assessed. Meta-analyses were conducted when there

were at least three included studies with minor clinical heterogeneity in population and out-

come measures.

Results

Eighteen studies met our inclusion criteria. There were many studies from Sub-Saharan

Africa with data on the age group 15–19 years old, but few studies had separate data on

adolescents <18 years old. All included studies were of either moderate or low quality. Ado-

lescents had an increased risk of low birth weight, pre-eclampsia/eclampsia, preterm birth

and maternal and perinatal mortality. We found a lower, nonsignificant risk of stillbirth and

for small for gestational age babies among the young mothers.
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Conclusion

In this systematic review, the findings indicate that young maternal age is associated with

some unfavorable outcomes in Sub-Saharan Africa. High quality observational studies that

adjust for sociodemographic factors are lacking.

Introduction

Approximately 16 million adolescents aged 15–19 years old give birth each year in developing

regions [1]. Another million girls younger than 15 years old also give birth annually [2]. Ado-

lescent childbearing is associated with health risks for both the mother and the child. In low

and middle income countries, complications of pregnancy, childbirth and abortion are esti-

mated to be among the leading causes of death for girls aged 15–19 years old [3]. Higher preva-

lence among adolescents of hypertensive disorders of pregnancy and higher risk of their babies

having low birth weight (LBW) and/or being born prematurely have also been reported from

numerous studies from both high and low income countries [4–7].

Whether the association between adolescent pregnancy and adverse outcomes for mothers

and newborns is caused by biological immaturity, or is a result of the poorer socioeconomic

status of pregnant adolescents, is a topic of some controversy [8, 9]. Adolescent girls are more

likely to have unwanted pregnancies, and the girls who become pregnant are often relatively

poor, less educated and from rural areas. They are also less likely to access prenatal care, and

prenatal care interventions aimed at adolescents have in some studies improved some of the

adverse outcomes of adolescent pregnancy [5]. Pregnancy after the age of 16 years in high

income countries is not associated with an increased risk of adverse outcomes [8], which fur-

ther implies that health services are important for the pregnancy outcomes of adolescents.

There are indications that the prevalence of complications such as low birth weight varies

considerably between different geographical areas, with the prevalence of LBW being particu-

larly high in South Asia [10]. Because of the geographical variation of complications, we

decided to focus on Sub-Saharan Africa in this review since the continent has the highest rates

of adolescent pregnancy in the world, with recent estimates of 28% of girls having given birth

before the age of 18 in West and Central Africa, and 25% in Eastern and Southern Africa [11].

In addition, recent systematic reviews on complications of adolescent pregnancy have included

very few studies from Sub-Saharan Africa [8, 12].

The risk of maternal and newborn complications has been found to be higher for younger

compared to older adolescents. However, many studies on adolescent childbearing group all ado-

lescents together, including up to 19 year old girls, even though this could mask the higher risk of

adverse outcomes among the younger girls. In this systematic review, studies that included sepa-

rate measurements of outcomes for adolescents aged 17 years and less were included.

Our objective was to examine whether childbearing before age 18 in Sub-Saharan Africa is

associated with increased risk of maternal mortality, preeclampsia/eclampsia, prematurity, low

birth weight, small for gestational age babies, stillbirth, perinatal mortality or neonatal mortal-

ity compared to adults through a systematic literature review and meta-analysis.

Methods

Search strategy and study selection

Systematic electronic database searches in Medline and Embase identified relevant papers. We

conducted searches with the thesaurus terms ‘pregnancy in adolescence’ and ‘pregnancy
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complications’ in Medline and ‘adolescent pregnancy‘ and ‘pregnancy complication’ in Embase,

and searches in both databases with the search words listed in Table 1, with restriction to English

language articles and citations from 2005 and later. The last search was done on the 1st of Decem-

ber 2017. References cited in systematic review articles on the topic were also reviewed.

All returned papers were exported into Endnote X7, and after a duplication check they were

screened to see if they were eligible for inclusion. Both authors conducted the systematic search

and independently screened all of the returned papers. The first stage involved screening of titles

and abstracts to see if the articles appeared to be relevant. The papers that were considered to

potentially be eligible for inclusion, were kept for screening of full texts. When there was uncer-

tainty regarding whether a paper was relevant or not, the full text was always screened. When the

full text of an article was not available in the electronic databases and journals that the University

of Bergen subscribes to, a librarian was consulted to find it. Reasons for excluding papers after full-

text screening were recorded. Disagreements or questions regarding whether a paper was eligible

for inclusion, were discussed among the authors to achieve consensus.

Eligibility criteria

Studies were eligible for inclusion if they had numeric data from Sub-Saharan Africa on any of

the following outcomes of interest: maternal mortality, pre-eclampsia, eclampsia, preterm

birth, low birth weight, small for gestational age, stillbirth, neonatal death and perinatal death.

We included English language publications from 2005 or later, with a clearly defined sample of

adolescents aged 17 years or younger from the general population, and with a comparison

group of adult women aged between 20 and 35 years old.

Commentaries, editorials, case reports, general reviews, qualitative studies and conference

abstracts were not eligible for inclusion. We excluded studies that did not present separate

findings from Sub-Saharan Africa. Studies focusing on special groups such as patients with

HIV were also excluded, as these were not considered to have a study population that was rep-

resentative of the general population. Lack of an older control group (within the set age limits)

and age data not being properly presented were other exclusion criteria.

Data extraction, quality assessment and qualitative synthesis

Data from the included studies was extracted using a data extraction form. From each study,

data was collected on design, setting and time, population, comparison group, inclusion and

Table 1. Search words.

Adolescent Pregnancy Sub-Saharan Africa Maternal and child complications

(adolescence or adolescent or

adolescents or teenage or teenaged or

teen or teens or youth or youths or girl

or girls or ((maternal age) and young))

(childbearing or pregnancy or

pregnancies or pregnant or

childbirth or childbirths or

birth or births)

(Angola OR Benin OR Botswana OR

Burkina Faso OR Burundi OR Cabo Verde

OR Cameroon OR Central African Republic

OR Chad OR Comoros OR Congo OR Cote

d’Ivoire OR Ivory Coast OR Eritrea OR

Ethiopia OR Gabon OR Gambia OR Ghana

OR Guinea OR Guinea-Bissau OR Kenya

OR Lesotho OR Liberia OR Madagascar OR

Malawi OR Mali OR Mauritania OR

Mauritius OR Mozambique OR Namibia

OR Niger OR Nigeria OR Rwanda OR (Sao

Tome) OR Principe OR Senegal OR

Seychelles OR Sierra Leone OR Somalia OR

South Africa OR South Sudan OR Sudan

OR Swaziland OR Tanzania OR Togo OR

Uganda OR Zambia OR Zimbabwe OR

Africa)

((maternal mortality) or (maternal death) or

(maternal deaths) or (pre-eclampsia) or

preeclampsia or eclampsia or preterm or

premature or prematurity or (low

birthweight) or (low birth weight) or (small

for gestational age) or (still birth) or stillbirth

or stillbirths or (neonatal death) or (neonatal

deaths) or (perinatal death) or (perinatal

deaths) or (newborn death) or (newborn

deaths) or (neonatal mortality))

https://doi.org/10.1371/journal.pone.0204327.t001
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exclusion criteria, baseline imbalances, outcomes and definitions, sample size, withdrawals,

exclusions and missing data, results for each outcome of interest, confounding factors

accounted for, self-reported limitations of the study, funding sources and possible conflicts of

interests.

Critical appraisal of the included studies was conducted using Quality assessment tool for

Observational Cohort and Cross-Sectional Studies [13] and the Newcastle-Ottawa Scale

(NOS) [14]. These tools were used to assess the risk of bias in the individual studies, and to

grade the quality of the study as strong, moderate or low. The risk of bias in the selection of the

study population, the comparability between the study groups, and the valid and consistent

ascertainment of the exposure and outcome of interest were some of the quality parameters

that were assessed with these tools. Both the data extraction and the quality assessment were

conducted independently by both authors, and then compared and discussed to reach

consensus.

The qualitative synthesis included a description of the characteristics, and findings of the

included studies based on the data extraction findings. Effect estimates with confidence inter-

vals for each of the included studies were reported, and homogeneity in the estimates and

whether conducting a meta-analysis would be appropriate was assessed for each of the

outcomes.

Statistical analysis

Odds ratios (OR) with 95% confidence intervals for the different outcomes in each study were

calculated. Meta-analysis was conducted when there were at least three included studies with

minor clinical heterogeneity in population and outcome measures. Statistical heterogeneity

was assessed using the Chi2 test, the Tau2 and the I2 statistic. We conducted random-effects

meta-analysis to allow for expected differences in results among studies, with the Mantel-

Haenzel method for weighting to calculate a summary OR and a forest plot to present the

results for the different outcomes. A result was considered to be statistically significant when

the 95% confidence interval of the OR excluded 1. Meta-analysis was performed using Review

Manager 5.3.

Results

Study selection

Eighteen studies met our inclusion criteria, out of 1965 potentially relevant publications found

from the database search. Screening of reference lists did not result in any additional relevant

studies. After title and abstract screening, 1486 studies were excluded, while full text screening

was done for 479 articles. There were many studies from Sub-Saharan Africa with data on the

age group 15–19 years old, but few studies had separate data on adolescents <18 years old.

There was one study we were not able to retrieve full text of [15]. Exclusions at each stage with

reasons are presented in Fig 1. For most of the excluded articles, more than one exclusion cri-

teria applied, and for these the first detected reason is the one reported in the flow diagram.

Included studies

The eighteen included studies were primarily hospital or health clinic based patient record

reviews, except for two studies which were based on household surveys [16, 17], one which

was based on public death notification forms [18], and one which used various data sources

[19]. Two of the studies, both by Mombo-Ngoma et al., reported on some of the same data [20,

Adolescent childbearing in Sub-Saharan Africa
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Fig 1. Literature review flow diagram.

https://doi.org/10.1371/journal.pone.0204327.g001
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21], and to avoid adding the same data twice, only one of the studies was included in the meta-

analysis.

The studies had varying age groups of adolescents. Three studies had data on adolescents

aged less than 15 years [16, 18, 19], four studies had an adolescent group aged 15 years or less

[22–25], five studies included adolescents aged 16 years or less [20, 21, 26–28], while six

included adolescents up to 17 years old [17, 29–34]. There were three studies from Cameroon

[23, 27, 28], two each from Nigeria[25, 29], Tanzania [24, 32], South Africa [18, 34] and Zam-

bia [16, 17], one study each from Namibia [31], Gabon [20], Ghana [33], Ethiopia [19] and

Sudan [26], and two multi-country studies: Ganchimeg et al. with data from Algeria, Angola,

Democratic Republic of Congo, Niger, Nigeria, Kenya and Uganda [22], and Mombo-Ngoma

et al. which included data from Benin, Gabon and Mozambique [21]. See Table 2 for study

characteristics, and Tables 3 and 4 for results for the individual studies.

Risk of bias

All studies were of either moderate or low quality. This was due to lack of adjustment for

potential confounding factors and various other limitations in the individual studies, including

the risk of selection bias when conducting hospital-based studies. Five of the studies [17, 20,

21, 33, 34] had adjusted for sociodemographic characteristics. Ganchimeg et al. [22] was a

multi-country study, and adjusted for sociodemographic factors in the pooled analysis, but did

not adjust the separate analysis of data from African countries. See Table 5 for a summary of

the quality assessment.

Low birth weight

Eleven of the included studies had data on LBW, defined as birth weight less than 2500 g [20–

22, 24, 26, 28, 29, 31–34]. Ten of them reported a higher incidence among the adolescent

group [20–22, 24, 26, 28, 29, 32–34]. For four of the studies [21, 22, 28, 32], the difference was

significant. These were also four of the five studies with the largest sample sizes. However, after

controlling for BMI, parity, literacy, plasmodium infection and middle upper arm circumfer-

ence, Mombo-Ngoma et al. found a nonsignificant association (aOR = 1.29 (0.81, 2.06))

between young maternal age and LBW [21]. When controlling for country, trimester of first

antenatal care visit, group of preventive malaria treatment and infant gender instead, the asso-

ciation was significant.

We performed a meta-analysis for this outcome, including ten of the studies. Mombo-

Ngoma et al. from 2017 [20] was not included in the meta-analysis, as it mostly reported on

the same data as the other included Mombo-Ngoma article from 2016. The 2016 article had a

larger sample size and was a multi-country study, and hence was preferred for inclusion in the

meta-analysis. Mombo-Ngoma 2017 assessed urogenital schistosomiasis and adverse out-

comes in Gabon, based on data from two prospective cohort studies. They found a nonsignifi-

cant increased risk of LBW among adolescents, aOR = 1.66 (0.68, 4.02).

The summary OR for the meta-analysis was 1.61 (1.24, 2.09) (Fig 2). The I2 statistic is 62%,

which suggests moderate heterogeneity.

Preterm birth

Five of the included studies had data on preterm birth, defined as birth before 37 completed

weeks of gestation. For Ganchimeg et al., gestational age (GA) at birth was defined as “the

number of completed weeks of gestation based on the estimated delivery date in the clinical

records” [22]. Moodley et al. based GA on the mother’s last normal menstrual period or by

ultrasound [34], and Mombo-Ngoma et al. estimated GA at the mother’s first antenatal care

Adolescent childbearing in Sub-Saharan Africa
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Table 2. Characteristics of included studies.

Study Study type Setting and time Ages of

adolescents

Ages of
comparison
group

Inclusion and exclusion criteria Outcomes and definitions

Ujah et al.

2005

Patient record review Jos University Teaching Hospital,

Nigeria

Jan 1985-Dec 2001

�15

20–24
Not reported Maternal deaths; women who

died during pregnancy or

childbirth in the maternity

ward of the hospital

Wort et al.

2006

Cross-sectional patient record

review

Kilosa Hospital, Tanzania

June 2001- October 2002

�15, n = 34

�20, n = 281
Inclusion: vaginal births

Exclusions: Twin births,

stillbirths, cesarean section.

Unclear whether triplets

excluded.

Low birth weight, <2500 g

Van Dillen

et al. 2008

Retrospective patient record

review

Onandjokwe Lutheran Hospital,

Namibia

February 2002 –August 2002

14–17, n = 76

�20, n = 371
Inclusion: Primiparous women,

singleton births

Exclusion: Twin births,

unknown age of mother

Low birth weight, <2500 g

Perinatal mortality;

all deaths occurring after 28

weeks gestation with weight

greater or equal to 1000 g

Maternal mortality

Stillbirth (macerated)

Adam et al.

2009

Cross-sectional descriptive

study

Khartoum teaching hospital,

Sudan

October 2007 –January 2008

�16, n = 29

20–24, n = 203
Inclusion: Primiparous women,

singleton births

Exclusion: > 24 years old

Preterm birth, <37 weeks of

gestation

Low birth weight, <2500 g

Nkwabong

et al. 2009

Retrospective patient record

review

Yaoundé Teaching Hospital,

Cameroon

January 2004 –December 2004

�15, n = 11

16, n = 13

17, n = 21

20–25, n = 403

Inclusion: Nulliparous teenagers

or women aged 20–25 years old

Early neonatal death

Adeyinka

et al. 2010

Retrospective case-control

study, patient record review

The University College Hospital,

Ibadan, Nigeria

January 2007 –November 2008

<18, n = 45

20–35, n = 90
Inclusion: Adolescents aged <18

years old or adults aged between

20 and 35

Pre-eclampsia�

Eclampsia��

Low birth weight, <2500 g

Stillbirths

Zeck et al.

2010

Retrospective patient record

review

The Kilimanjaro Christian

Medical Centre, Moshi,

Tanzania.

<18, n = 209

22–27,

n = 1341

Inclusion: Primiparas

Within the set age categories

Intrauterine fetal death

LBW, <2500 g at term

Preeclampsia at the time of

delivery

Tebeu et al.

2011

Case-control study, patient

record review

Maroua Regional Hospital,

Cameroon

June 2005 –May 2007

13–16, n = 53

20–34, n = 330
Inclusion: Cases had

hypertensive disorders in

pregnancy

Exclusion: Twin gestations,

chronic hypertension

Pre-eclampsia/eclampsia���

Ganchimeg

et al. 2013

Secondary analysis using

facility-based cross-sectional

patient record data from the

WHO Global Survey on

Maternal and Perinatal Health

Health institutions in 24

countries in Africa, Latin

America and Asia. Africa:

Algeria, Angola, Democratic

republic of Congo, Niger,

Nigeria, Kenya and Uganda.

2004–2005 in Africa

Africa:�15,

n = 551

20–24,

n = 10242

Inclusion: Health institutions

with�1000 deliveries per year

and capable of performing

caesarean sections.

Nulliparous women

�24 years of age

Singleton neonate of BW�500 g

or gestational age�22 weeks if

BW was missing

Low birthweight, <2500 g

Preterm birth; births <37

completed weeks of gestation.

Perinatal death����

Maternal deaths; intra-

hospital deaths occurring on

or before the 8th day

postpartum

Lukonga et al.

2015

Cross-sectional population

based data

National household survey

Zambia Demographic and Health

survey (ZDHS)

2007

12–17,

n = 2649 (# of

births)

25–29, n = 233
(# of births)

Inclusion: Women who gave

birth to live infants within 5

years preceeding the survey

Available and complete records

of the babies for the first 28 days

Exclusion: Incomplete or

missing records for the baby

Neonatal death, up to 28 days

postpartum

(Continued)
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Table 2. (Continued)

Study Study type Setting and time Ages of

adolescents

Ages of
comparison
group

Inclusion and exclusion criteria Outcomes and definitions

Banda et al.

2015

Cross-sectional data Zambia. Data from national

population census 2010,

10–14

20–24

Pregnancy-related deaths:

Death of a woman while

pregnant or within 42 days of

termination of pregnancy

Ibrahim et al.

2015

Retrospective patient record

review. Purposive sampling

method from birth registry

folders

Tamale Teaching Hospital,

Northern Ghana, data collected

from 2000 and 2010

<18, n = 12

25–34,

n = 761

Low birth weight, <2500 g

De Wet et al.

2016

Secondary data analysis of

Death Notification Forms

(DNF)

South Africa. DNFs and

household surveys from 2006–

2012.

10–14

20–24
Inclusion: Completed forms

where the deceased was female

and pregnancy status was

confirmed

Maternal death: Direct

maternal causes of death while

pregnant

Pregnancy-related deaths: All

deaths while pregnant

Njim et al.

2016

Retrospective patient record

review

Bueau Regional Hospital, South-

West region of Cameroon

Jan. 2007 –Dec. 2012

�16, n = 78

�20, n = 4450

Inclusion: Complete records of

women who gave birth at the

hospital

Exclusion: Gestational age <28

completed weeks, multiple

gestations, incomplete

information

Preterm delivery

Low birth weight

Mombo-

Ngoma et al.

2016

Prospective multinational

cohort study

Data from a RCT (MiPPAD) in

Benin, Gabon, Mozambique and

Tanzania

Sept 2009 –Dec.2013

�16, n = 248

20–30,

n = 2376

Inclusion: HIV negative women,

gestational age (GA) <28 weeks

at first ANC visit, willing to

participate and give birth at the

study health facility

Exclusion: Allergy to any of the

study drugs. Any other ongoing

serious condition. Stillbirths,

multiple gestations. Tanzania
data on PTD was excluded in the
paper because of a systematic
error in the assessment of GA

Low birth weight, <2500 g

Preterm delivey, <37

completed weeks of gestation,

estimated at ANC visit with

bimanual palpation, and at

delivery by the Ballard score

Moodley

et al. 2016

Cross-sectional patient record

review

A regional hospital in Durban,

South Africa. July–Dec. 2011 and

Jan.–June 2014

<18, n = 827

25–34,

n = 3662

Inclusion: Women with viable

pregnancies delivering neonate

>_500 g with recorded birth

outcomes

Exclusion: Multiple births

Premature births,<37

completed weeks of gestation

Low birth weight, <2500 g

Stillbirth

Small for gestational age

(gestational age at delivery

based on mothers last normal

menstrual period, or

ultrasound, or a combination

of both)

Mombo-

Ngoma et al.

2017

Analysis of two prospective

cohort studies

(MiPPAD and IDEA)

Two health institutions in

Lambaréne and Fougamou,

Gabon

Sept 2009 –Nov. 2013

�16, n = 66

20–30, n =
587

Inclusion: Participation in

MiPPAD or IDEA trials

Exclusion: Missing delivery data,

miscarriage or stillbirth, multiple

gestations

Low birth weight, <2500 g

(Continued)
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visit with bimanual palpation, and at delivery using the Ballard score [21]. Adam et al. and

Njim et al. did not report how they assessed gestational age [26, 28].

Four of the studies found a significant difference between the adolescent and the adult group,

with a higher risk of preterm birth for the adolescents [21, 22, 28, 34]. Adam et al. did not find a

significant difference, and the incidence of preterm birth was higher in the comparison group of

adults. However, the sample size of adolescents in this study was very small (n = 29) resulting in

an imprecise estimate [26]. Two of the studies controlled for potential confounders, Moodley

et al. and Mombo-Ngoma et al., and both found that the association between young maternal age

and preterm birth was significant [21, 34]. Moodley et al. found a nonsignificant association

before adjustment, OR = 1.18 (0.98, 1.41), but the association was significant after controlling for

mode of delivery, pregnancy term category and HIV status, aOR = 1.28 (1.06, 1.55).

A meta-analysis was conducted with the five studies, and the summary OR was 1.75 (1.18,

2.61) (Fig 3). The I2 statistic is 80%, which suggests important heterogeneity.

Stillbirth

Four of the included studies had data on stillbirth. Van Dillen included only macerated stillbirths

[31]. The other studies did not report what definition they used for stillbirth. Adeyinka et al.

found a nonsignificantly higher risk of stillbirth among the adolescent group [29]. Zeck et al.

reported a significantly higher rate of intrauterine fetal deaths among adolescents, p<0.01, ana-

lyzed by Student’s paired t-test [32]. However our calculations indicate that the crude OR was

nonsignificant, OR = 1.62 (0.53, 4.88). Van Dillen et al. and Moodley et al. on the other hand

found a higher incidence of stillbirth among the adult group [31, 34]. Only Moodley et al. found

a significant association [34]. For Van Dillen et al., the age of the mother was unknown for two

macerated stillbirths. Even though the definitions of stillbirth were not reported for all of the

studies, and there was some missing data for one of the studies [31], we conducted a meta-analy-

sis, and found a summary OR = 0.87 (0.49, 1.54) (Fig 4). The I-squared statistic is 32%, which

indicates low to moderate study heterogeneity for this outcome.

Perinatal and neonatal deaths

Ganchimeg et al. included fresh and macerated stillbirths and early neonatal deaths in their

definition of perinatal mortality. Early neonatal death was defined as “the intra-hospital death

Table 2. (Continued)

Study Study type Setting and time Ages of

adolescents

Ages of
comparison
group

Inclusion and exclusion criteria Outcomes and definitions

Tessema et al.

2017

Secondary data from Global

burden of Disease study from

2013.

Ethiopia, 1990–2013.

Various data sources; sibling

stories, censuses, maternal

mortality surveillance and verbal

autopsy analysis.

10–14

20–24

25–29

Maternal death: Death of a

woman while pregnant or

within 42 days of termination

of pregnancy

� Hypertension (140/90 mmHg on two occasions 4h apart) and proteinuria (0,3g/dl) in the second half of pregnancy

�� Associated with convulsions, oliguria (4400ml/24h), increased tendon reflex, pain in the right hypochondriac region

��� Women with a diastolic blood pressure of at least 90 mmHg or a systolic BP of at least 140 mmHg were considered to have hypertensive disorder in pregnancy

���� Perinatal deaths included fresh and macerated stillbirths and early neonatal deaths, defined as the inta-hospital death of a liveborn neonate during the first 7 days

after delivery or earlier if the discharge occurred before 7 days

https://doi.org/10.1371/journal.pone.0204327.t002
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Table 3. Adolescent pregnancy and adverse outcomes for the baby.

Study Age groups LBW Preterm birth Perinatal

death

Neonatal death Stillbirths Small for

gestational age

Adjusted ORs

Wort 2006 �15, n = 34

�20, n = 281
<16: 29%

>19: 18.9%

OR = 1.79 (0.81,

3.97)

- - - - - -

Van Dillen

2008

14–17, n = 76

�20, n = 371
14–17, n = 76

�20, n = 371
- - Early neonatal

death: 0/76 vs 4/371

1/76 vs 6/371

OR = 0.81

(0.096, 6.84)

- -

Adam 2009 �16, n = 29

20–24, n = 203
7/29 (24.1%) vs

23/203 (11.3%)

OR = 2.49 (0.96,

6.47)

2/29 (6.8%) vs

29/203 (14.2%)

OR = 0.44

(0.10, 1.97)

- - - - -

Nkwabong

2009

�15, n = 11

16, n = 13

17, n = 21

20–25, n = 403

- - - Early neonatal

death: OR = 29.6

(4.4, 199.5)

- - -

Adeyinka

2010

<18, n = 45

20–35, n = 90
22.2% vs

20.22%,

p = 0.635

OR = 1.14 (0.48,

2.73)

- - - 24.4% vs.

21.1%

OR = 1.21

(0.52, 2.82)

- -

Zeck 2010 <18, n = 209 22–

27, n = 1341

26 (12.4%) vs 94

(7%)

OR = 1.89 (1.19,

2.99)

- - - 1.9% vs 1.2%

OR = 1.62

(0.54, 4.88)

- -

Ganchimeg

2013

Africa:�15,

n = 551 20–24,

n = 10242

19.7% vs 9.6%

OR = 2.32 (1.86,

2.89)

21.8% vs 11%

OR = 2.25

(1.82, 2.79)

7.6% vs 4.5%

OR = 1.75

(1.26, 2.43)

- - - ORs not adjusted for

Africa separately

Lukonnga

2015

12–17, n = 2649

(# of births)

25–29, n = 233 (#

of births)

- - - Neonatal deaths:

25–29 vs 12–17:

OR = 1.61 (0.91,

2.87)

- - Neonatal deaths:

aOR = 0.83 (0.29,

2.35)

25–29 years vs. 12–

17 years

Ibrahim 2015 <18, n = 12

25–34, n = 761

<18 ref.

OR = 0.60 (0.17,

2.79)�

- - - - - LBW: aOR = 0.65

(0.17, 2.41)

<18 ref.

Njim 2016 �16, n = 78

�20, n = 4450
OR = 2.26 (1.29,

3.94)

OR = 2.45

(1.40, 4.28)

Mombo-

Ngoma 2016

�16, n = 248

20–30, n = 2376
OR = 1.96 (1.35,

2.83)

OR = 1.82

(1.09, 3.03)

- - - - LBW: 1) aOR = 2.06

(1.37, 3.12)

2) aOR final

model = 1.29 (0.81,

2.06)

PTD: 1) aOR = 1.73

(1.01, 2.98)

2) aOR final

model = 2.16 (1.10,

4.24)

Moodley 2016 <18, n = 827

25–34, n = 3662
<18 ref.

OR = 0.93 (0.75,

1.17)

<18 ref.

OR = 0.85

(0.71, 1.02)

- - <18 ref.

OR = 1.8

(1.05, 3.1)

<18 ref.

OR = 0.86

(0.66, 1.13)

<18 ref.

LBW: aOR = 0.84

(0.66, 1.06)

PTD: aOR = 0.78

(0.64, 0.94)

Stillbirth: aOR = 1.86

(1.06, 3.25)

SGA: aOR = 0.81

(0.61, 1.07)

(Continued)
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of a liveborn neonate during the first 7 days after delivery or earlier if the discharge occurred

before 7 days”. They found a higher incidence of perinatal mortality in the adolescent group,

OR = 1.75 (1.26, 2.43) [22].

Two studies had data on early neonatal deaths, but none of them reported their definition

of this outcome. Nkwabong et al. found a much higher risk in the adolescent group of girls

�15 years old compared to 20–25 year olds, OR = 29.6. They reported a 95% confidence inter-

val from 27.9 to 31.2 although our calculations indicate a much wider 95% confidence interval

from 4.4 to 199.5. The odds ratio was 6.20 (1.01, 38.14) for girls�17 years old [23]. Van Dillen

et al. found no early neonatal deaths among the newborns of adolescent mothers [31].

Lukonga et al. was the only included study that had data on neonatal deaths up to 28 days

postpartum. The adult group aged 25–29 years old had a lower risk of neonatal death than the

adolescent group aged 12–17 years old. The difference was not significant (aOR = 0.83 (0.29,

2.35)) [17]. The study also compared younger adolescents to the age group 18–24 years old,

Table 3. (Continued)

Study Age groups LBW Preterm birth Perinatal

death

Neonatal death Stillbirths Small for

gestational age

Adjusted ORs

Mombo-

Ngoma 2017

�16, n = 66

20–30, n = 587

OR = 1.27 (0.61,

2.63)

LBW: aOR = 1.66

(0.68, 4.02)

� Ibrahim et al. reported an unadjusted OR of 0.80 (0.62, 1.05) for 25–34 year olds compared to <18 year olds.

Our calculations gave a different unadjusted OR of 0.60, which is the one reported in Table 4. However, in the meta-analysis we used their adjusted OR of 0.65

(OR = 1.54 when 25–34 year olds is the reference group).

https://doi.org/10.1371/journal.pone.0204327.t003

Table 4. Adolescent pregnancy and adverse outcomes for the mother.

Study Age groups Pre-eclampsia/

eclampsia

Maternal mortality Adjusted ORs

Adeyinka 2010 <18, n = 45 20–35, n = 90 Eclampsia: 9/45 (20%) vs 3/90

(3.33%)

OR = 7.25 (1.86, 28.33)

- -

Banda 2015 10–14

20–24

- Pregnancy-related mortality rate,

10–14: 9338/100.000

20–24: 557/100.000

-

De Wet 2016 10–14

20–24

- Probability of dying during pregnancy, 10–14:

0.0001

20–24: 0.0039

-

Ganchimeg

2013

Africa:�15, n = 551 20–24,

n = 10242

- 73.1/10,000 births vs 19.6/10,000 births ORs not adjusted for Africa

separately

Tebeu 2011 13–16, n = 53

20–34, n = 330

25/53 vs 76/330

OR = 2.98 (1.64, 5.42)

- -

Ujah 2005 �15

20–24

- 573/100,000 total deliveries vs. approx. 500/

100,000 total deliveries

-

Zeck 2010 <18, n = 209 22–27,

n = 1341

Pre-eclampsia: 11/209 (5.3%) vs 20/

1341 (1.5%)

OR = 3.67 (1.73, 7.77)

- -

Tessema 2017 10–14

20–24

25–29

- 2013:

10–14:�120/100,000 live births

20–24:�140/100,000 live births

25–29:

�85/100,000 live births

-

https://doi.org/10.1371/journal.pone.0204327.t004
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Table 5. Summary of quality assessment results.

Study Clearly

stated

research

question/

objective?

Clearly

specified and

defined study

population?

Subjects from

same populations?

Inclusion criteria

prespecified and

applied

uniformly?

Sample size

justification,

power

description, or

variance and

effect estimates

provided?

Outcome measures

clearly defined,

valid, reliable and

implemented

consistently?

Key potential

confounding

variables

measured and

adjusted for?

Representativeness of

the exposed cohort

Assessment of

outcome

Ujah Yes Yes Yes No Not reported No Somewhat

representative

Record linkage

Wort Somewhat Yes Yes No Yes No No description of the

derivation of the

cohort

Record linkage

Van Dillen Somewhat Yes Yes No LBW and perinatal

mortality defined.

Stillbirths not

defined.

No Somewhat

representative

Record linkage

Adam Yes Yes Probably, but not

explicitly stated

Effect estimates,

but no sample size

justification

Yes No Somewhat

representative

Self report.

Probably also

medical

records, not

explicitly stated

Nkwabong No No Not mentioned Effect estimates,

but no sample size

justification

No No No decription of the

derivation of the

cohort

Record linkage

Adeyinka Yes No Not reported No Stillbirth not

defined, eclampsia

and LBW defined

No Not description of the

derivation of the

cohort

Record linkage

Zeck Somewhat Yes Somewhat.

Inclusion/exlusion

not described well

No Probably, not

clearly mentioned

No Somewhat

representative

Record linkage

Tebeu Yes No–controls

not properly

described

Not mentioned Effect estimates,

but no sample size

justification

Yes Some risk factors

have adjusted

ORs, but not age

No description of the

derivation of the

cohort

Record linkage

Ganchimeg Yes Yes Yes Effect estimates,

but no sample size

justification

Yes Yes, but not for

Africa separately

Somewhat

representative

Record linkage

Lukonga Somewhat No Yes No Partly, not a clear

definition

Yes Truly representative Self report and

record linkage

Banda Yes Yes Yes No Clearly defined,

but not reliably

measured because

of dependency on

recall of household

members

No Truly representative Self report

(reported by

househould

member)

De Wet Yes Yes Yes No Yes No Truly representative Record linkage

Ibrahim Yes Yes Yes Yes Yes Some. Not

adjusted for

education or

wealth

No description of the

derivation of the

cohort

Record linkage

Mombo-

Ngoma

2016

Yes Yes Yes Yes Yes Yes Somewhat

representative

Record linkage

Mombo-

Ngoma

2017

Yes Yes Participants from

two cohort studies

Yes Yes Some. Not

adjusted for

education or

wealth

No description of the

derivation of the

cohort

Record linkage

(Continued)
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and found that this age group had a significantly lower risk of neonatal death than the 12–17

year old group (aOR = 0.47 (0.23, 0.96)).

Small for gestational age

Only one study included data on small for gestational age (SGA) infants. Moodley et al.

[34] found that women aged 25–34 years old had a lower risk of having a SGA infant than

adolescent mothers under 18 years of age. The difference was not significant, aOR = 0.81

(0.61, 1.07).

Pre-eclampsia/eclampsia

Three of the included studies had results for pre-eclampsia and eclampsia. Adeyinka et al

defined pre-eclampsia as hypertension (�140/90 mmHg on two occasions 4 hours apart) and

proteinuria (>0,3g/dl) in the second half of pregnancy, while eclampsia was defined as “associ-

ated with convulsions, oliguria (>400ml/24h), increased tendon reflex, pain in the right hypo-

chondriac region” [29]. Tebeu et al. also stated that women were considered to have a

hypertensive disorder of pregnancy when they had a systolic blood pressure of at least 140

mmHg or a diastolic blood pressure of at least 90 mmHg. Women who had chronic hyperten-

sion were excluded, however the article does not describe if and how they differentiated

between gestational hypertension and pre-eclampsia. No description of proteinuria is given,

however the results are presented as women who had pre-eclampsia/eclampsia [27]. Zeck et al.

reported pre-eclampsia at the time of delivery, based on hypertension, proteinuria and resting

edema [32].

Table 5. (Continued)

Study Clearly

stated

research

question/

objective?

Clearly

specified and

defined study

population?

Subjects from

same populations?

Inclusion criteria

prespecified and

applied

uniformly?

Sample size

justification,

power

description, or

variance and

effect estimates

provided?

Outcome measures

clearly defined,

valid, reliable and

implemented

consistently?

Key potential

confounding

variables

measured and

adjusted for?

Representativeness of

the exposed cohort

Assessment of

outcome

Moodley Yes Yes Yes Yes For most

outcomes, no

definition found

for stillbirth

Some. Not

adjusted for

education or

wealth

No description of the

derivation of the

cohort

Record linkage

Njim Yes Yes Yes No No No No description of the

derivation of the

cohort

Record linkage

Tessema Yes Not clearly

stated in this

paper

Not specified No Yes No Somewhat

representative

Record linkage

https://doi.org/10.1371/journal.pone.0204327.t005

Fig 2. Forest plot for low birth weight. � Adjusted ORs. IV, inverse variance; CI, confidence interval.

https://doi.org/10.1371/journal.pone.0204327.g002
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All the three studies found a significant difference between the adolescent and the adult

group, with a higher incidence in the adolescent group. Adeyinka et al [29] found that 20% in

the adolescent group had pre-eclampsia or eclampsia, compared to 3% in the comparison

group. Tebeu et al. found a greater risk for the age group 13–16 years old compared to the age

group 20–34 years old (odds ratio 2.974, (1.627, 5.427) [27]. Zeck et al found 5% of pre-

eclampsia in the adolescent group, compared to 1.5% in the adult group, and the difference

was significant, OR = 3.665 (1.671, 7.723) [32]. Even though there are some differences and

uncertainty concerning the definitions for this outcome, we considered the studies to be simi-

lar enough to conduct a meta-analysis, which gave a summary OR = 3.52 (2.26, 5.48) (Fig 5).

The I2 statistic is 0%, which shows no observed heterogeneity.

Maternal mortality

Five studies reported data on maternal mortality. Ujah et al. [25] studied all women who

died during pregnancy or childbirth in the maternity ward of the hospital, but did not

define the outcome further, while Ganchimeg et al. defined maternal mortality as “intra-

hospital deaths occurring on or before the eighth day postpartum” [22]. Ujah et al. ana-

lyzed data from a hospital during a 17 year period in Nigeria, and found a maternal mor-

tality ratio (MMR) of 573/100,000 total deliveries for the adolescent group aged 15 and

less. The result for the comparison group aged 20–24 years old is only reported in a graph

in the article, which shows a MMR of approximately 500/100,000 total births [25]. Gan-

chimeg et al. found a maternal mortality ratio of 731/100,000 births among the adoles-

cents from Sub-Saharan Africa in their study, while the ratio for adults was 196/100,000

births [22].

Tessema et al. used secondary data from the Global burden of Disease study from 2013

[35], which explored several different data sources on maternal mortality in Ethiopia from

1990 to 2013. They found that the age groups of 10–14 and 20–24 were the groups with the

highest maternal mortality ratios throughout this period. In 1990 and 1995, girls aged 10–14

had the highest maternal mortality ratio. Later, the 20–24 year olds had higher ratios. In 2013,

the MMR for 10–14 year olds was approximately 120/100,000 live births, while it was 140/

100,000 live births for 20–24 year olds. In comparison, the 25–29 year old group had a MMR

of approximately 85/100,000 live births.

Banda et al. analysed data from the national population census in Zambia from 2010. They

reported pregnancy-related deaths, defined as deaths occurring while pregnant, during

Fig 3. Forest plot for preterm birth. � Adjusted ORs. IV, inverse variance; CI, confidence interval.

https://doi.org/10.1371/journal.pone.0204327.g003

Fig 4. Forest plot for stillbirth. � Adjusted OR. IV, inverse variance; CI, confidence interval.

https://doi.org/10.1371/journal.pone.0204327.g004
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childbirth, or in a 6 week period after giving birth. Based on their findings, the pregnancy-

related mortality ratio was 9338/100.000 live births for girls aged 12–14 year old, compared to

557/100.000 live births for 20–24 year olds [16].

De Wet et al. analyzed Death Notification Forms to examine maternal and pregnancy-

related deaths, but they did not study deaths that occurred in the postnatal period. They calcu-

lated the probability of dying during pregnancy, and found that the probability was just 0.01%

for young adolescents aged 10–14, compared to 0.39% for women aged 20–24. Excluding indi-

rect causes of death during pregnancy, the risk of dying of direct maternal causes for 10–14

year olds was 0.007%, and for 20–24 year olds 0.39%. The main causes of death for adolescents

in their study were hypertension, abortion and injuries [18]. This was the only study that

reported a lower risk of mortality for adolescents. They reported a high number of missing

cases, up to 32.44% [18]. Three other studies with data on these outcomes, found that adoles-

cents had a higher risk of pregnancy-related and maternal mortality [16, 22, 25]. Tessema et al.

found a MMR for 10–14 year olds that was lower than the 20–24 year olds for recent years,

while it was higher than the MMR for 25–29 year olds [19].

Because of the differing ways these four studies collected and reported data on maternal

mortality and pregnancy-related deaths, we considered them too heterogeneous in population

and outcome measures, and therefore did not conduct a meta-analysis of this outcome.

Discussion

Summary of evidence

The results of this review indicate that there is an association between young maternal age and

low birth weight, preterm birth, pre-eclampsia/eclampsia and maternal and perinatal mortality

in Sub-Saharan Africa. We found a lower (but non-significant) risk of stillbirth and for small

for gestational age baby among the young mothers. High quality observational studies that

adjust for sociodemographic factors are lacking.

Limitations of included studies. A major limitation of the included studies in this review,

is that most of them did not adjust for sociodemographic factors. Adolescent birth rates are higher

in rural areas, and among adolescents who are less educated or from poor households [11]. Poor

pregnancy outcomes are also associated with many factors such as poverty, low education and

lack of prenatal care, and when none of these possible confounding factors are adjusted for, the

higher risk of adverse pregnancy outcomes of adolescents could be at least partly due to their

poorer socioeconomic status rather than their age. Among the studies included in this review,

only Ganchimeg et al. and Lukonga et al. attempted to adjust for socioeconomic status by includ-

ing educational attainment of the mother in the multiple logistic regression models. However,

Ganchimeg et al. did not have separate adjusted analyses for African countries. None of the

included studies adjusted for wealth, employment, income, urban or rural residence or tribe/eth-

nic group. As most of the included studies were retrospective record reviews, the reason for not

adjusting for socioeconomic differences could be lack of information on education status, wealth

and other socioeconomic characteristics of the study participants.

Fig 5. Forest plot for pre-eclampsia/eclampsia. IV, inverse variance; CI, confidence interval.

https://doi.org/10.1371/journal.pone.0204327.g005
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High quality studies from Sub-Saharan Africa were lacking. A systematic literature review

and meta-analysis by Gibbs et al. from 2012 included only studies of at least moderate quality

that adjusted for sociodemographic confounders, and those studies were primarily from high

income countries [12]. In our review, some higher quality studies which included data from

Sub-Saharan Africa were excluded because the data was pooled with data from other parts of

the world [7, 36, 37] or because the adolescent group consisted of girls up to 19 years old, or

the comparison group included girls 18–19 years old [38] [7]. There is a need for more high

quality studies that distinguish between younger and older adolescents, instead of grouping

them all together, in order to come up with firm conclusions on the differences in risks for

mothers who are younger than 18 years compared to adults.

The systematic review conducted by Gibbs et al. concluded that 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 findings on LBW in Gibbs’

review are comparable to those in this review. Gibbs et al. grouped adolescents aged 16 years

and younger into different age stratums to look at LBW. They got a summary OR from the

meta-analysis of 1.42 (1.06, 1.89) for the oldest age stratum aged 14–16 years old, and 1.82

(1.60, 2.07) for the youngest age stratum aged 10–14 years old. In this review, our summary

OR for adolescents aged 17 years or younger was 1.61 (1.24, 2.09).

Fall et al. pooled data from five different birth cohorts from South Africa, Brazil, Guatemala,

India and the Philippines, to examine associations between maternal age and birth outcomes,

as well as adult outcomes for the babies. They found that having an adolescent mother (<19

years old) was associated with LBW, preterm birth, small for gestational age babies, 2-year

stunting, and lower completion of secondary school [39]. These associations remained after

adjustment for socioeconomic status, height and parity. Fall et al. later presented separate data

on the different ages of adolescent mothers [40]. They concluded that the children born to

mothers aged 15–16 years old, were especially disadvantaged compared to those born to older

mothers aged 19 and older. The association with lower birthweight for the babies of the adoles-

cent mothers was still significant after adjusting for socioeconomic factors, but not after addi-

tionally adjusting for parity.

The meta-analysis by Gibbs et al. and the study by Fall et al. show that the negative effect

young maternal age has on low birth weight and preterm birth is likely to persist even when

adjusting for socioeconomic factors, especially for the younger adolescents. Thus it seems

likely that the results found in our review would still show a disadvantage for adolescent moth-

ers and their babies, even if all the studies had adequately adjusted for socioeconomic factors.

Gibbs et al. only had one included study with pre-eclampsia as an outcome, but that study also

found a higher risk for adolescents (aOR = 5.4 (1.2, 25) [41].

In this review, the one included study that studied perinatal mortality, Ganchimeg et al.,

found a significantly increased risk of perinatal death for the babies of adolescents girls [22],

while the pooled data from the studies on stillbirth resulted in a reduced, but nonsignificant,

risk of stillbirth for adolescents compared to adults. A recent multi-country study from low

and middle income countries by Althabe et al. found similar results, with a reduced, nonsignif-

icant association for stillbirth when adolescents <15 years old were compared to adults

(RR = 0.80 (0.38, 1.71)), and an increased, but also nonsignificant, risk of perinatal mortality

among <15 year olds (RR = 1.19 (0.67, 2.11)) [37].

Another limitation with these studies is the small sample sizes of some of the studies, which

is associated with a risk of random variations in the number of cases with complications, possi-

bly influencing the overall associations. In addition, all except for three [16–18] are hospital-

based or health clinic-based studies. This means that the samples may not be representative of

the general population, as births outside of health facilities are common in Sub-Saharan Africa,
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particularly in rural areas [42, 43]. The proportion of institutional deliveries varies between

countries, but in many African countries less than half of deliveries are at a health facility [44].

The fact that the included studies are from referral hospitals and clinics implies that there will

be a higher proportion of complicated pregnancies among women delivering there, which

could result in an overestimation of risks. In addition, adolescents in Sub-Saharan Africa are

more likely to give birth outside of hospitals or health clinics than adult women [45], and ado-

lescent pregnancies are more common in rural areas. This means that when the data in this

review is mostly from hospital-based studies in urban settings, the adverse outcomes of child-

bearing in this group may be underestimated. Some of the inclusion criteria in the studies may

also limit their external validity. For example, Mombo-Ngoma et al. only included HIV nega-

tive pregnant women, and reports this as one possible limitation [21].

Differences in the definition and measurements of adverse pregnancy outcomes, or lacking

information about definitions used, further complicated the comparison of studies in this

review. For low birth weight, all studies had the same outcome definition. However, the studies

that assessed neonatal mortality used different definitions, partly due to different follow-up

times. The common definition of early neonatal death is death within the first 7 days of life,

but the duration of follow-up in all the hospital-based studies was short, i.e. only until dis-

charge from the hospital. Most women stay shorter than 7 days in the hospital after delivery,

and thus the medical records may not have captured all deaths that occurred within the first

week. Similarly, Ganchimeg et al., who report data on perinatal mortality (which per definition

refers to stillbirths and mortality during the first 7 days of life), were not able to follow up

women who were released from the health institutions before 7 days had passed [22]. This

means that the incidence of perinatal mortality might have been greater than reported in their

study.

Assessment of gestational age was performed with varying methods in the different studies.

None of them had access to ultrasound for all their estimations, and several studies listed lack

of information on gestational age [33] or inaccurate estimations [34] as a limitation. This

could lead to misclassification of premature and full-term babies. If accurate estimations of

gestational age had been available and routinely used, we probably would have found more

studies that had assessed small for gestational age as an outcome, and could differentiate the

babies with low birth weight as either premature or small for gestational age.

Information bias such as recall bias is not likely to be a major problem in studies based on

medical records, but can be a challenge in household surveys where respondents are asked to

recall events in the past. Lukonga et al. [17] and Banda et al. [16] both used data from house-

hold surveys, but since the outcomes of interest from these studies are neonatal death and

pregnancy-related deaths, dramatic events that are not likely to be forgotten, recall bias was

not likely to have been big concerns in these studies either. However, incomplete medical rec-

ords were more likely to be a problem in the included studies. The completeness of the records

is likely to be suboptimal in settings with high patient loads and limited numbers of health care

professionals. Missing data was reported in some of the studies, but not mentioned in others.

Van Dillen et al. had 7 cases of unknown age of the mother, including for two macerated still-

births [31]. In a study like this with few outcome events, inclusion of two more cases in the

analysis could have relatively big effects on the odds ratio, and this could also have affected the

summary OR for stillbirth. Wort et al. reported missing data on nine births [24]. Missing

information on pregnancy status could be a problem in both Banda [16] et al. and de Wet et al.

[18]. De Wet et al. reported that missing cases for pregnancy status was up to 32.44% during

their study period [18].
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Limitations of the review process

This systematic review is limited by the decision to focus on English language articles and only

to include studies from 2005 and later. In addition, a limitation is that we only searched two

databases. However, the two we chose are the biggest biomedical databases, and by also screen-

ing the reference lists of other review articles, it appears likely that we have found most of the

relevant articles on the studied outcomes. We were able to retrieve full text of all articles that

we considered might be relevant, except for one [15].

Since there is controversy regarding the topic of adolescent pregnancy and the risk of adverse

pregnancy outcomes, negative results might be likely to be published, but there is still a possibility

that publication bias had an impact on the results of this review and meta-analyses.

Conclusions

The findings of this review indicate that there is an association between young maternal age

and low birth weight, pre-eclampsia/eclampsia, preterm birth and maternal and perinatal mor-

tality in Sub-Saharan Africa. There were no significant associations for stillbirth or for small

for gestational age.

Most of the included studies did not adjust for key potential confounding variables.

This review identifies specific gaps in the literature on pregnancy among adolescents less

than 18 years old in Sub-Saharan Africa. There were few studies on younger adolescents, as

most studies grouped all adolescents up to 19 years old together. High quality observational

studies on young adolescent pregnancy, adjusted for sociodemographic factors, are lacking.

Future research addressing adolescent pregnancy in Sub-Saharan Africa should use several age

subgroups for adolescents, and adjust for all important confounders.
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