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Abstract: Sub-Saharan Africa concentrates the burden of HIV and the highest adolescent fertility
rates. However, there is limited information about the impact of the interaction between adolescence
and HIV infection on maternal health in the region. Data collected prospectively from three clinical
trials conducted between 2003 and 2014 were analysed to evaluate the association between age,
HIV infection, and their interaction, with the risk of maternal morbidity and adverse pregnancy
and perinatal outcomes in women from southern Mozambique. Logistic regression and negative
binomial models were used. A total of 2352 women were included in the analyses; 31% were
adolescents (≤19 years) and 29% HIV-infected women. The effect of age on maternal morbidity
and pregnancy and perinatal adverse outcomes was not modified by HIV status. Adolescence was
associated with an increased incidence of hospital admissions (IRR 0.55, 95%CI 0.37–0.80 for women
20–24 years; IRR 0.60, 95%CI 0.42–0.85 for women >25 years compared to adolescents; p-value < 0.01)
and outpatient visits (IRR 0.86, 95%CI 0.71–1.04; IRR 0.76, 95%CI 0.63–0.92; p-value = 0.02), and an
increased likelihood of having a small-for-gestational age newborn (OR 0.50, 95%CI 0.38–0.65; OR
0.43, 95%CI 0.34–0.56; p-value < 0.001), a low birthweight (OR 0.40, 95%CI 0.27–0.59; OR 0.37, 95%CI
0.26–0.53; p-value <0.001) and a premature birth (OR 0.42, 95%CI 0.24–0.72; OR 0.51, 95%CI 0.32–0.82;
p-value < 0.01). Adolescence was associated with an increased risk of poor morbidity, pregnancy and
perinatal outcomes, irrespective of HIV infection. In addition to provision of a specific maternity care
package for this vulnerable group interventions are imperative to prevent adolescent pregnancy.
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It is estimated that approximately 12 million girls between 15 and 19 years old and
777,000 girls under 15 years gave birth in low- and middle-income countries, the vast majority
in Asia and Africa [1,2]. Adolescent and young girls worldwide, especially in low-resource
settings, suffer from a disproportionate burden of disease due to preventable and treatable
health problems, including sexual, reproductive, and maternal health problems [3]. Young
women’s health, and especially that of adolescent girls, constitutes thus a global health
priority [3,4]. It is known that adolescent mothers have higher risk than other age groups to
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die or suffer from disability as a result of pregnancy, while their newborns present higher risk
of being born with low birth weight (LBW), prematurity or asphyxia, which contributes to an
increase in infant mortality and psychomotor development problems [5–11].
Sub-Saharan Africa (SSA) also concentrates the highest burden of Human Immunodeficiency Virus (HIV) infection. In 2019, 19.1 million women of 15 years or more were
living with the infection in the world, 80% of them in SSA [12,13]. In 2018, more than
900 thousand pregnancies happened among HIV-infected women in the 23 most affected
countries [13]. Moreover, in 2019 there were 350,000 new infections among adolescent girls
and young women (under 25 years) in SSA [12], which is a major issue of concern in this
region where more than 50% of pregnancies take place during adolescence [14].
Most of the HIV-infected women living in SSA are diagnosed during antenatal care
(ANC) services through prevention of mother-to-child transmission programs (PMTCT).
Since 2013, the World Health Organization (WHO) recommends lifelong antiretroviral
treatment (ART) (Option B+) for HIV-infected pregnant and post-partum women [15].
In 2018, almost 82% of women living with HIV received ART [12]. However, adherence
varies across countries and it is influenced by demographic and health indicators such as
mental health, stigma, marital status, or age [16,17]. Importantly, adolescent girls present a
reduced rate of ART uptake, adherence to PMTCT strategies, and consequently, are at an
increased risk of mother-to-child transmission [18–20].
Adolescence, pregnancy, and HIV infection may constitute a dangerous overlap,
particularly in SSA. Nevertheless, there is limited information about the interactions of
the three conditions and their concomitant impact on maternal health [11,21]. Of note, a
recent scoping review about the experiences of adolescent mothers living with HIV in SSA,
concluded that information about pregnancy and perinatal outcomes of this population
group was almost non-existent [22].
The objective of this study was to investigate the presence and effect of an interaction
between HIV infection and age on maternal morbidity and the prevalence of adverse
pregnancy and perinatal outcomes among women living in a semi-rural area from SSA.
2. Materials and Methods
2.1. Study Design and Data Sources
This study was a secondary analysis of data obtained prospectively from three clinical trials conducted in the district of Manhiça, southern Mozambique, between 2003
and 2014 [23–25]. The trials evaluated the safety and efficacy of antimalarial drugs as
Intermittent Preventive Treatment of malaria in pregnancy (IPTp). The first trial was a
double-blind randomized placebo-controlled trial that evaluated two doses of sulfadoxinepyrimethamine (SP) for IPTp versus placebo among women, regardless of their HIV
status [23]. The second study was an open label randomized clinical trial among HIVuninfected pregnant women where the efficacy and safety of two doses of IPTp-mefloquine
(MQ) and two doses of IPTp-SP were compared [24]. Finally, the third study was a randomized double-blind clinical trial that included HIV-infected women on cotrimoxazole
prophylaxis (CTXp) and compared the efficacy and safety of three doses of IPTp-MQ with
three-dose IPTp-placebo [25]. The summary of the results of the three clinical trials can be
found in the Supplementary material (Text S1).
2.2. Study Population
The study population was comprised of pregnant women enrolled in the three abovementioned clinical trials. The inclusion criteria for the trials were the same with the
exception of HIV infection: (a) ≤28 weeks of gestation when attending the ANC clinic
for the first time during the current pregnancy, (b) being residents in the study area, and
(c) agreeing to give birth in one of the maternity wards of the study area. Women were
followed up until one month after the end of pregnancy.
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The population subgroup of interest in the present study was adolescents. Following
WHO definition, adolescence was defined as being between 10 and 19 years old [26]. Young
women aged 20 to 24 years and adult women ≥25 years were used as comparison groups.
2.3. Study Area
All data collected belong to women from the Manhiça district, southern Mozambique.
Manhiça is a semi-rural area of around 200,000 inhabitants [27]. The participants were
recruited at the ANC clinics of the Manhiça District Hospital and the Maragra Health
Centre between 2003 and 2014 [23–25]. In 2012, the prevalence of HIV infection at the
community level was estimated to be nearly of 40% in the adult population and 29% among
pregnant women [28,29].
At the time the studies were conducted, PMTCT relied on nevirapine (NVP) prophylaxis during pregnancy (2003–2005) or on daily monotherapy with zidovudine (AZT)
from 14 weeks of gestation (2010–2014). In addition, between 2010 and 2014, maternal
prophylaxis was combined with antiretroviral (ARV) drugs during labour and up to one
week postpartum (single dose nevirapine (sd-NVP) and daily AZT plus lamivudine (3TC)),
together with the administration of daily NVP to the infant, from birth until one week after
weaning. ART was recommended when CD4+T cell count decreased to levels <350 and/or
when the woman was in 3 or 4 HIV/AIDS WHO clinical stage. Roll out of ARV drugs for
ART in the study area started in 2005 and these were delivered to pregnant women at the
monthly ANC visits.
2.4. Study Variables
The study outcomes were maternal morbidity and adverse pregnancy and perinatal
outcomes. Maternal morbidity was defined by the frequency of hospital admissions and
outpatient visits during pregnancy of study participants from trial’s enrolment until study
completion. The adverse pregnancy outcomes analysed were miscarriage—defined as a
foetal loss before completing the 20th weeks of gestation; and stillbirth—a loss from week
20 until delivery. Adverse perinatal outcomes included were LBW—birth weight less than
2500 g; small for gestational age newborns (SGA)—defined as live newborns with a birth
weight below the 10th percentile for their gestational age; and preterm babies defined as
born before week 37 of gestation. Of note, stillbirths could be also considered perinatal
events depending on the definition used.
The main independent variables of the analyses were maternal HIV status, which was
categorized into infected and uninfected, and age group, adolescents (≤19 years), young
women (20–24 years) and adult women (≥25 years).
Additional variables of interest used as covariates or potential confounding factors
were trial arm, literacy, gestational age at recruitment, mid-upper arm circumference
(MUAC), and anaemia at recruitment [8].
2.5. Data Cleaning and Analysis
Databases of the three trials were pooled in a single database and data cleaning was
carried out prior to the analyses. Three hundred and thirty-seven observations were
dropped because of missing data on at least one of the covariates or the HIV status. After
this, the proportion of HIV- infected women and the proportion of adolescents remained
constant. The variables with the highest proportion of missing data were HIV status (5.8%
of women had an unknown status), and MUAC at baseline (7.7% of the sample had no
MUAC value). The analyses of LBW had a lower number of observations due to the
exclusion of women who had a miscarriage, and of cases with missed information on birth
weight. In addition, the analyses of SGA and premature births had 307 fewer observations
due to missing data of gestational age at delivery.
Data were described using frequencies, means and standard deviations for discrete and
continuous variables, respectively. Logistic regression models with penalized likelihood
were used to explore an interaction effect between HIV and age group regarding each
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dichotomous outcome [30]. The penalized likelihood method is used when data have
complete or quasi-complete separation, or the prevalence/coverage of the outcome is low
like in this study. For count outcomes, negative binomial models were run as they are
suitable for this type of outcome measures. These models were estimated taking each
subject follow-up time into account. For each outcome, univariable and multivariable
models were computed. All covariates were forced to be kept in the multivariable models
to allow for comparability across them. The interaction between HIV status and age group
was tested in the multivariable models. Gravidity was not included in the models to avoid
confounding since it was correlated with age [7,8]. Nevertheless, stratified analyses by age
were performed to assess the effect of gravidity. The significance level was set at 0.05. Data
analyses were performed using the Stata statistical program version 16 (Stata Corporation,
College Station, TX, USA) [31].
3. Results
Data from 2352 pregnant women contributed to the analyses. The characteristics of the
study population stratified by age category are shown in Table 1. Of the total sample, 31%
were adolescents and 29% were HIV-infected women. Fourteen per cent of the pregnant
adolescent girls were HIV-infected.
Table 1. Characteristics of study population, by age group.
Age in Years (Categories) N = 2352
≤19
20–24
≥25
n = 729
n = 628
n = 995
Demographic and clinical data

Variable

HIV status 1
Gravidity 1

Infected

101 (14)

195 (31)

397 (40)

Uninfected

628 (86)

433 (69)

598 (60)

Primigravidae

550 (75)

89 (14)

16 (2)

Multigravidas

179 (25)

539 (86)

979 (98)

Weight at baseline (in kg) 2

MUAC at baseline 1

59.4 (7.8)

62.3 (10.2)

<0.001

21.1 (4.6)

21.3 (5.0)

21.7 (4.9)

0.09

Yes

401 (55)

331 (53)

544 (55)

No

328 (45)

297 (48)

451 (45)

Normal

698 (96)

616 (98)

981 (99)

31 (4)

12 (2)

14 (1)

592 (81)

425 (68)

548 (55)

203 (32)

447 (45)

Literate

Trial

Illiterate

1

Study arm 1
1

<0.001

58.1 (7.0)

Lower or equal to 22

Literacy 1

<0.001

2

Gestational age at recruitment
Anaemia (<11 g/dl Hb) 1

p-Value

137 (19)
Data origin

Menéndez et al. 2008

216 (30)

209 (33)

256 (26)

González et al. 2014 (I)

451 (62)

276 (44)

415 (42)

González et al. 2014 (II)

62 (9)

143 (23)

324 (33)

Placebo

132 (18)

171 (27)

295 (30)

MQ

326 (45)

262 (42)

438 (44)

SP

271 (37)

195 (31)

262 (26)

0.66
<0.001

<0.001

<0.001

<0.001

n (Column percentage)/Chi-squared test p-value 2 Arithmetic Mean (SD)/ANOVA p-value.

In one of the included trials, 84% of HIV-infected women reported having taken
nevirapine for PMTCT at delivery [32]. In the trial on HIV-infected pregnant women,
more than 90% of the participants reported having taken ARV drugs for PMTCT during
pregnancy, while 75% of all enrolled women were adherent to 80% or more of the expected
CTXp doses [25].
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Univariable models of the maternal morbidity outcomes displayed significant associations with both HIV-infection and age group (Table 2). Compared with young and adult
women, adolescents had a higher risk of hospital admissions during pregnancy (IRR 0.60
95%CI 0.41–0.87 and IRR 0.67 95%CI 0.49–0.92, respectively, p-value < 0.01). Although
no significant difference was observed between adolescents and young women, age was
found to decrease the risk of outpatient visits (IRR 0.86 95%CI 0.71–1.05 for young women
and IRR 0.75 95%CI 0.63–0.90 for adults, p-value < 0.01, with adolescence as reference
category). HIV-infection was also associated with increased risk of hospital admissions
during pregnancy (IRR 1.39 95%CI 1.04–1.87, p-value = 0.03). Regarding adverse pregnancy
outcomes, the probability of having a miscarriage or a stillbirth was not significantly associated with maternal age in the univariable models (Table 3). HIV infection was associated
with an increased likelihood of having a stillbirth (OR 1.84 95%CI 1.14–2.97, p-value = 0.01).
Regarding perinatal outcomes, adolescence was significantly associated with an increased
likelihood of having a LBW, a SGA, and a premature newborn (p-value < 0.001 in all cases)
(Table 4).
Table 2. Univariable and multivariable analyses: maternal morbidity outcomes.
Variable

HIV status 1

1.39 (1.04–1.87)

≤19
Age in years

HIV status

0.03

1

0.91 (0.77–1.08)

0.28

1

20–24

0.60 (0.41–0.87)

≥25

0.67 (0.49–0.92)
Multivariable analysis
p-value
IRR (95% CI)

0.75 (0.63–0.90)
IRR (95% CI)

p-value

1.28 (0.90–1.81)

0.83 (0.69–1.00)

<0.05

1

≤19
Age in years

Study Outcome
Hospital Admissions during Pregnancy
Outpatient Visits during Pregnancy
n = 2352
n = 2352
Univariable analyses
p-value
p-value
IRR (95% CI)
IRR (95% CI)

<0.01

0.17

1

20–24

0.55 (0.37–0.80)

≥25

0.60 (0.42–0.85)

0.86 (0.71–1.05)

<0.001

1
<0.01

0.86 (0.71–1.04)

0.02

0.76 (0.63–0.92)

1

IRR for Positive vs. Negative Note: Multivariable analyses adjusted for study arm, gestational age at recruitment, MUAC at baseline,
literacy and anaemia.

The interaction between HIV infection and maternal age was not statistically significant in any multivariable analysis. Figure 1 shows the predictive margins of the tested
interactions between HIV status and age group, by study outcome. The effect of age over
morbidity or pregnancy and perinatal adverse outcomes was not modified by HIV status.
In the multivariable regression models, adolescent girls had a significantly increased
incidence of hospital admissions and outpatient visits than young and adult women (IRR 0.55
95%CI 0.37–0.80, and IRR 0.60 95%CI 0.42–0.85, respectively, p-value < 0.01, for hospital admissions; IRR 0.86 95%CI 0.71–1.04 and IRR 0.76 95%CI 0.63–0.92, p-value = 0.02, for outpatient
visits) (Table 2). Prevalence rates of stillbirths and miscarriages were not associated with
maternal age (Table 3). Young women and adults were less likely than adolescent girls to
have a LBW newborn (OR 0.40 95%CI 0.27–0.59 and OR 0.37 95%CI 0.26–0.53, respectively,
p-value < 0.001) (Table 4). With regard to SGA newborns, adolescent girls accounted for a
higher risk compared to adults and young women (OR 0.50 95%CI 0.38–0.65 for women
20–24 years, and OR 0.43 95%CI 0.34–0.56 for adult women, with adolescents as reference
category, p-value < 0.001) (Table 4). The same applies to premature newborns; young (OR
0.42 95%CI 0.24–0.72) and adult women (OR 0.51 95%CI 0.32–0.82) had a significantly lower
probability of preterm birth (p-value < 0.01) than adolescent women (Table 4).
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Table 3. Univariable and multivariable analyses: adverse pregnancy outcomes.
Study Outcome
Miscarriages
Stillbirths
n = 2352
n = 2352
Univariable analyses
p-value
p-value
OR (95% CI)
OR (95% CI)

Variable

HIV status 1

1.38 (0.70–2.71)

≤19
Age in years

HIV status

1.84 (1.14–2.97)

1

0.01

1

20–24

1.16 (0.45–3.03)

≥25

1.78 (0.80–3.99)
Multivariable analysis
p-value
OR (95% CI)

1.20 (0.69–2.10)
OR (95% CI)

p-value

0.93 (0.39–2.25)

1.74 (0.99–3.04)

0.05

1

≤19
Age in years

0.35

0.99 (0.52–1.89)

0.30

0.87

1

0.73

1

20–24

1.10 (0.40–3.03)

≥25

1.91 (0.78–4.67)

0.92 (0.47–1.79)

0.25

0.78

1.13 (0.62–2.06)

1

OR for Positive vs. Negative Note: Multivariable analyses adjusted for study arm, gestational age at recruitment, MUAC at baseline,
literacy and anaemia.

Table 4. Univariable and multivariable analyses: adverse perinatal outcomes.
Study Outcome
Variable

Low Birth Weight
n = 2299

OR (95% CI)
1.09
(0.80–1.48)

HIV status 1

≤19
Age in years

0.42
(0.29–0.61)

≥25

0.39
(0.28–0.55)
OR (95% CI)
1.52
(1.07–2.16)

HIV status 1

≤19
Age in years

Univariable analyses
p-value
OR (95% CI)
0.58

1

20–24

0.40
(0.27–0.59)

≥25

0.37
(0.26–0.53)

0.93
(0.74–1.16)

<0.001

0.52
(0.40–0.68)

0.46
(0.37–0.59)
Multivariable analysis
p-value
OR (95% CI)
0.02

1.10
(0.85–1.42)

OR (95% CI)

p-value

0.50

0.99
(0.64–1.51)

0.95

1
<0.001

0.50
(0.38–0.65)
0.43
(0.34–0.56)

0.42
(0.24–0.71)

<0.001

0.52
(0.34–0.79)
p-value

OR (95% CI)

p-value

0.47

1.34
(0.83–2.16)

0.23

1
<0.001

Premature Births
n = 2045

p-value

1

1

20–24

Small for Gestational Age
n = 2045

1
<0.001

0.42
(0.24–0.72)

<0.01

0.51
(0.32–0.82)

1

OR for Positive vs. Negative Note: Multivariable analyses adjusted for study arm, gestational age at recruitment, MUAC at baseline,
literacy, and anaemia.

In the multivariable models, HIV infection was significantly associated with a lower
risk of outpatient visits during pregnancy (IRR 0.83 95%CI 0.69–1.00, p-value < 0.05) (Table 2)
and with an increased prevalence of LBW babies (OR 1.52 95%CI 1.07–2.16, p-value = 0.02)
(Table 4).
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The fact that most pregnant adolescent girls are primigravidae could partially explain
the associations observed between young age and impaired maternal health, which could not
be completely independent of gravidity. Associations between primigravity and increased
risks of adverse maternal health outcomes have been extensively described and they are
partially explained by women’s biological immaturity in their first pregnancy [7,8]. However,
our findings suggest that this association also depends on maternal age. Gravidity was
associated with LBW and SGA prevalence only among adolescents, and with stillbirths
and miscarriages among women ≥ 25 years of age. Similarly, significant associations
between young age and preterm birth and LBW have been reported in a study including
primigravidae women only [6].
When considering the generalizability of the findings, it is worth mentioning that the
study participants were all women who attended monthly ANC visits. Since pregnancy
during adolescence is a taboo in many cultures, it is likely that a significant proportion
of adolescent girls do not attend the ANC services. Thus, the observed figures, although
robust and significant, could be underestimating the maternal health risks associated
with adolescent’s pregnancies. On the other hand, participants in clinical trials might be
different in terms of socio-economic background than the general population, especially if
acceptance rates are low and attendance to health services poor. However, this is unlikely in
the context of the present study since the proportion of women that accepted to participate
in the study trials was generally over 97%. Additionally, the Manhiça district has a long
history of health surveillance and epidemiological research with a high engagement of the
community [27].
The lack of a significant interaction between maternal age and HIV infection, suggests
that adolescence is not affecting disproportionately maternal health of HIV-infected girls
compared to that of those HIV-uninfected. Our findings indicate that HIV infection is
related to the same maternal health risks at all ages. This finding could be due to the fact
that many HIV-infected adolescent girls may be recently infected and do not present complications. However, HIV-infected adolescents had increased morbidity and frequency of
poor pregnancy-related outcomes than HIV-infected pregnant adults. Therefore, maternal
health programs should target adolescent girls, regardless of their HIV status.
The increased prevalence of LBW newborns among HIV-infected women in the multivariable model is consistent with previous studies [33–36]. Contrary to this finding, the
incidence of outpatient visits was increased in HIV-uninfected women. Potential explanations for this association include a high efficacy of CTXp [37], which was taken by women
participating in the clinical trial that only enrolled HIV-infected pregnant women, and a
lower attendance to ANC by HIV-infected women due to stigma.
The association between HIV infection and adverse pregnancy and perinatal outcomes
remains controversial. First, not all available studies found significant associations between
HIV infection and poor maternal health outcomes [38]. Then, some authors suggest that
the success of strategies such as PMTCT programs could be reverting the negative effects
of HIV over outcomes like LBW [39]. Moreover, there is a growing body of literature
suggesting that the use of several ART regimens is associated with higher prevalence
rates of adverse perinatal and pregnancy events [40,41]. At the time the first clinical trial
was conducted in 2003, PMTCT of HIV relied on NVP prophylaxis, and CTXp was only
given to pregnant women with CD4+T counts below 350 cells/µL. From all HIV-infected
participating women, 84% reported taking NVP at childbirth onset [32]. On the other hand,
in the trial conducted from 2010 to 2014, all participants received CTXp and over 90% of
them adhered to ART or PMTCT. The present study was not adjusted by ART, PMTCT, and
CTXp adherence, which constitutes an important limitation for the interpretation, thus,
a possible association between HIV and other study outcomes rather than LBW cannot
be discarded.
Several study limitations related to the data and analysis should be acknowledged.
First, the data sources are old and from different years, when HIV treatment and prevention
guidelines, HIV knowledge and adherence to ANC were different. This caveat makes
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more complex the interpretation of the results. Secondly, the observational nature of the
analyses makes impossible to infer causality, therefore only associations can be observed
and hypothesis generated. Finally, the multivariable models created are exploratory in
nature, only allowing to assess the modification of the relationship between the study
outcomes and age in the presence of HIV infection. The models are not generalizable.
Despite the limitations, the strengths of this study make it relevant for informing
policy and research on adolescents’ health and HIV. The principal strength of the present
study is the robust analytical methodology that was used. This was an individual-patient
data pooled analysis of three large clinical studies performed in the same SSA setting,
enrolling more than 2000 pregnant women. Importantly, to our knowledge, this study is
the first evaluating the interaction between age and HIV infection with pregnancy and
perinatal outcomes in this vulnerable group of women from SSA.
In conclusion, adolescent pregnancies are associated with an increased likelihood of
poor maternal health outcomes similarly among HIV-infected and uninfected pregnant
women. Global efforts are devoted to prevent adolescent pregnancies through adolescentfriendly services that increase access of girls to contraceptive methods, such as information
and counselling services on reproductive health, and prevention, detection and response
programs on sexual and other forms of gender-based violence [2–4]. Additionally, there
is an urgent need of strategies targeting adolescent girls once they are already pregnant,
such as the provision of an adapted maternity care package for this vulnerable group
that tackles their special needs, or strategies to empower young mothers to overcome
stigma. Additional research on the concomitant impact of global epidemics such as HIV on
adolescent’s maternal health from SSA is needed.
Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/jcm10081564/s1, Table S1: Sensitivity multivariable analyses by age group: associations
between gravidity and the study outcomes, Text S1: Summary of the three clinical trials included in
the analyses.
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