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Abstract

Objective: To compare perinatal outcomes, blood pressures throughout pregnancy, rates of hypertensive
disorders of pregnancy, preeclampsia, gestational diabetes mellitus, and immediate obstetric outcomes in
adolescents younger than 20 years at delivery and those in the 20- to 34-year age group.
Patients and Methods: Questionnaires were administered to pregnant women at Campbelltown and
Liverpool hospitals within South West Sydney, Australia, as part of a broader study of sleep-disordered
breathing in pregnancy between February 1, 2009, and February 28, 2013. Data collected included de-
mographic data, blood pressure readings, pregnancy complications, delivery type, and neonatal outcomes.
Adolescents were compared with older women using Student t tests and c2 statistics.
Results: A total of 103 adolescents were compared with 2291 women aged 20 to 34 years. Adolescents
were more likely to be primiparous, had longer average gestations, and had lower pre-pregnancy body
mass index. Adolescents had lower rates of cesarean section delivery and gestational diabetes mellitus.
There was no significant difference in smoking rates, perinatal mortality rate, small for gestational age,
intrauterine growth restriction, Apgar score of less than 7 at 5 minutes, admission to special care nursery,
or hypertensive disorder of pregnancy rates. Adolescents had lower booking systolic and diastolic blood
pressures, and their highest antenatal systolic blood pressures were lower.
Conclusion: Adolescents have birth outcomes to similar to those of their older counterparts. Adolescents
had lower booking blood pressures. This may have implications for the screening and diagnosis of hy-
pertensive disorders of pregnancy in adolescents.
ª 2018 Mayo Foundation for Medical Education and Research. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
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A dolescent pregnancy is defined as preg-
nancy occurring in women younger
than 20 years at time of delivery. In

Australia in 2013, there were 14.6 live births
per 1000 adolescent women. This number has
been steadily decreasing over the past decade
but still remains significantly above Australia’s
overall birth rate of 1.9 per 1000.1 Previous
studies have consistently shown adolescents
to be at an increased risk of preterm delivery,
low birth weight and small for gestational age
(SGA) infants, and increased maternal and in-
fant mortality.2-8 These trends have been
shown internationally and nationally.9

Hypertension is common in pregnancy, af-
fects up to 6% to 8% of all pregnancies, and is
Mayo Clin Proc Inn Qual Out n March 20
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reported to be increased in adolescents.10 Hy-
pertensive disorders in pregnancy (HDP) are
defined using the criteria set out by the Interna-
tional Society for the Study of Hypertension in
Pregnancy.11 The literature varies on whether
adolescents are at an increased risk of
preeclampsia, with some studies reporting an
increased risk3,5 and others a decreased
risk.4,6,12 Theoretically, adolescents would be
at an increased risk for preeclampsia due to
their higher rates of primiparity12; however,
they would also be protected by lower rates of
chronic hypertension, gestational diabetes,
and other comorbidities.3,7,13

The Sydney South West Local Health
District has a rapidly growing population
18;2(1):10-15 n https://doi.org/10.1016/j.mayocpiqo.2018.01.001
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ADOLESCENT PERINATAL OUTCOMES IN SOUTH WEST SYDNEY
and services one of the most socioeconomi-
cally disadvantaged communities in New
South Wales, Australia.14 Within this popula-
tion, socioeconomic factors have been shown
to be independent risk factors for adverse
pregnancy outcomes and lifestyle choices, for
example, higher rates of smoking in preg-
nancy,15 lower rates of breast-feeding,16 and
higher rates of admission to special care nurs-
ery (SCN).17 Furthermore, adolescence has
been shown to be an independent risk factor
for smoking in pregnancy and not breast-
feeding.15,16

The aim of this study was to assess the ef-
fect and outcomes of adolescent pregnancy on
obstetric birth outcomes in metropolitan hos-
pitals in Southwestern New South Wales.
The maternal outcomes assessed were a formal
diagnosis of HDP, gestational diabetes mellitus
(GDM), delivery type, induction, and blood
pressures throughout pregnancy. Birth out-
comes measured were rates of intrauterine
growth restriction, SGA, Apgar scores, gesta-
tional age at delivery, perinatal mortality rate,
admission to SCN, and exclusive breast-
feeding at discharge from hospital.

PATIENTS AND METHODS
Patients recruited for this study were part of a
broader study (National Health and Medical
Research Council project 0711-215M Sleep
Disordered Breathing in Pregnancy: Frequency
and Impact); patients provided written con-
sent prior to being enrolled in the study and
data collected. All pregnancies were accepted
regardless of maternal age, including those
aged younger than 18 years.

Questionnaires were administered to preg-
nant women at Campbelltown and Liverpool
hospitals, 2 metropolitan hospitals within the
Sydney South West Local Health District, as
part of a larger study of sleep-disordered
breathing during pregnancy, conducted be-
tween February 1, 2009, and February 28,
2013. All women younger than 34 years
with singleton pregnancies were included
and were divided into 2 groups: adolescents
(age at delivery <20 years) were compared
with those aged 20 to 34 years at delivery.
Anthropomorphic data were collected at the
first antenatal clinic visit including height,
pre-pregnancy weight, booking weight, pre-
pregnancy and booking body mass index
Mayo Clin Proc Inn Qual Out n March 2018;2(1):10-15 n https://do
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(BMI; calculated as the weight in kilograms
divided by the height in meters squared),
and booking blood pressures (mm Hg). High-
est antenatal and postnatal blood pressures
(mm Hg) were collected retrospectively. All
delivery and neonatal data were collected in
accordance with state perinatal statistical
collection requirements. The age of the mother
at delivery was determined by the easily veri-
fied date when the pregnancy ended, not by
the estimated date of conception. Only the
first pregnancy for each woman was included
in the analysis.

Hypertensive disorders in pregnancy were
defined using the criteria set out by the Inter-
national Society for the Study of Hypertension
in Pregnancy.11 Gestational diabetes mellitus
was defined by criteria set out by the Austral-
asian Diabetes in Pregnancy Society.18 Within
our population, women underwent a 2-hour
oral glucose tolerance test at 26 to 28 weeks
of gestation. Delivery type was classified as
vaginal delivery, cesarean section, or assisted
delivery (including forceps and vacuum
extraction). Intrauterine growth restriction
was defined as birth weight less than third
percentile for gestational age and sex, and
SGA as a birth weight less than 10th percentile
for gestational age and sex.

Continuous variables were summarized
using mean � SD, and categorical variables
were summarized using number (percentage).
Continuous variables that were normally
distributed were compared between adoles-
cents and women between the ages of 20
and 34 years at delivery using the Student
t test. Continuous variables that were nonnor-
mally distributed were compared using the
rank sum test. When sample sizes were small,
as indicated by more than 20% of the cells of a
contingency table having expected values of
less than 5, a Fisher exact test was used to
compare categorical variables between adoles-
cents and women between the age of 20 and
34 years at delivery; otherwise, a c2 test was
used. A P value of less than .05 was used to
denote statistical significance. All analyses
were performed with IBM SPSS v.20.

RESULTS
A total of 3511 questionnaires and outcomes
were attained for singleton pregnancies at all
ages. There were a total of 176 adolescents
i.org/10.1016/j.mayocpiqo.2018.01.001 11
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FIGURE. Age distribution within adolescent group.

TABLE 1. Maternal Demo

Variable

No. of patients
Average age (y)

Pre-pregnancy BMI (kg/m2)

Smokers
Gestation age at recruitmen

Primiparous

aBMI ¼ body mass index.
bValues expressed as mean � S
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and 73 were excluded for incomplete data
sets, leaving 103 adolescents aged between
15 and 19 years at delivery. The average age
was 18 years within the adolescent group.
The Figure shows the age distribution within
this group. There were no adolescents younger
than 15 years at delivery in this study. There
were 2291 complete data sets for women
aged 20 to 34 (inclusive) years, with 365
excluded for incomplete data. Those aged 35
years or older at delivery (679 cases) were
excluded from analysis. Maternal demographic
characteristics for both groups are summarized
in Table 1. Adolescents had a lower average
pre-pregnancy BMI (23.4 vs 26.7 kg/m2;
P<.001) and gestation at recruitment (20 vs
27 weeks; P<.001). They were more likely
to be primiparous; however, there was no
significant difference in smoking rates
between the 2 groups.

Obstetric and neonatal outcomes are pre-
sented in Table 2. Adolescent mothers had a
longer average gestation at delivery (39.5 vs
graphic Characteristicsa,b

Age (y)

P value<20 20-34

103 2291
18�1.0
(15-19)

28�4.0
(20-34)

<.001

23.4�4.70
(16.5-39.3)

26.7�6.89
(16.5-44.1)

<.001

22 (21.4) 450 (19.6) .70
t (wk) 20�5.2

(12-39)
27�5.5
(5-41)

<.001

93 (90.3) 863 (37.6) <.001

D (range) or No. (percentage) of patients.
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39.0 weeks; P¼.02). There was no significant
difference in total perinatal mortality rate,
SGA, intrauterine growth restriction rates, or
Apgar scores of less than 7 at 5 minutes. The
odds ratio for perinatal mortality in an adoles-
cent mother compared with a woman aged 20
to 34 years was 5.04 (95% CI, 0.58-43.56;
P¼.14). There was no significant difference
between the 2 groups for admission to the
SCN. Adolescents had a significantly higher
rate of normal vaginal delivery (79.6% vs
65.7%; P¼.004) and thus a lower rate of ce-
sarean section (14.6% vs 27.2%; P¼.004).
There was no significant difference between
the 2 groups in induction rates. Adolescents
were less likely to be exclusively breast-
feeding at discharge from hospital (62.1% vs
72.6%; P¼.001).

There was no difference between the 2
groups for HDP diagnosis (8.7% vs 9.2%;
P>.99). There were no cases of preeclampsia
within the adolescent group. Adolescents had
a significantly lower rate of GDM (4.0% vs
16.3%; P<.001). Adolescents had lower
booking systolic and diastolic blood pressures
(see Table 3). Rates of HDP diagnosis were
stratified by age group (Table 4).

DISCUSSION
We found that adolescents had significantly
lower booking systolic and diastolic blood
pressures. They had lower rates of GDM, CS,
and exclusive breast-feeding at discharge.
There was no difference in the rates of HDP
or adverse neonatal outcomes.

Van der Klis et al9 conducted a large
population-based study on teenage pregnancy
in South Australia. Similar to our study, they
showed a lower rate of cesarean section deliv-
ery in the adolescent group. However, their
adolescent group was more likely to develop
HDP than their older counterparts, whereas
this study showed no difference. Their popula-
tion had a higher number of mothers younger
than 18 years, and this may have contributed
to this difference. Furthermore, our study
excluded twin and triplet births, a known
risk factor for HDP.19 In terms of neonatal
outcomes, van der Klis et al showed adoles-
cents to have a significantly higher rate of
SGA, SCN admission, and perinatal mortality
rate, whereas our study showed no difference.
Potential contributors to this difference
18;2(1):10-15 n https://doi.org/10.1016/j.mayocpiqo.2018.01.001
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TABLE 2. Obstetric and Neonatal Outcomesa,b

Variable

Age (y)

P value<20 20-34

Obstetric outcomes
Gestation at delivery, mean � SD (range) 39.5�1.48 (35-42) 39.0�1.94 (20-42) .02
HDP 9 (8.7) 212 (9.2) >.99
GDM 4 (4.0) 370 (16.3) <.001

Delivery outcomes
Normal vaginal delivery 82 (79.6) 1507 (65.7) .004
Cesarean section 15 (14.6) 625 (27.2)
Assisted delivery 6 (4.9) 159 (6.9)
Apgar score of <7 at 5 min 1 (1.0) 51 (2.2) .73
Induction with prostaglandins 28 (27.2) 585 (25.5) .73

Birth outcomes
Live birth 102 2277c

Neonatal death 1 5c

Total perinatal mortality rate 9.6 per 1000 births 6.5 per 1000 births .14
SGA (<10th percentile) 8 (7.9) 231 (10.3) .61
IUGR (<3rd percentile) 6 (5.9) 76 (3.4) .16
SCN admission 13 (12.6) 352 (15.4) .58
Breast-feeding exclusively at discharge 64 (62.1) 1665 (72.6) .001

aGDM ¼ gestational diabetes mellitus; HDP ¼ hypertensive disorders in pregnancy; IUGR ¼ intrauterine growth restriction (<3rd
percentile); SCN ¼ special care nursery; SGA ¼ small for gestational age (<10th percentile).
bValues are presented as No. (percentage) of patients unless indicated otherwise.
cMissing neonatal outcome data in 9 patients.

TABLE 3. Blood Pressuresa

Variable

Age (y)

P value<20 20-34

Booking blood pressures (mm Hg)
Systolic 104�9.2

(80-130)
108�10.6
(80-152)

.002

Diastolic 62�6.75
(50-85)

65�7.8
(40-90)

.001

Highest antenatal blood pressure (mm Hg)
Systolic 117�9.9

(90-150)
120�11.8
(80-180)

.02

Diastolic 73�8.5
(60-100)

74�9.0
(50-115)

.24

Highest postnatal blood pressure (mm Hg)
Systolic 119�12.2

(90-145)
120�12.6
(90-198)

.87

Diastolic 74�9.9
(45-97)

74�9.6
(43-120)

.77

aValues expressed as mean � SD (range).
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include their lower rates of nulliparity, higher
rates of smoking, and the age distribution
within our respective cohorts. Furthermore,
they compared adolescents with all mothers
aged 20 years or older, whereas we limited
our comparison to mothers aged 20 to 34
years to remove the confounding effects of
advanced maternal age. Finally, they demon-
strated that adolescents attended fewer ante-
natal visits than did their older counterparts,
a trend that has been repeatedly demonstrated
in adolescents.3,9 Given our study design, we
did not have any data on the number of prena-
tal visits in adolescents, but both study sites
have a strong adolescent support strategy.

Many previous studies have investigated
booking blood pressures in an attempt to pre-
dict HDP and preeclampsia. Higher blood pres-
sures as early as 8 weeks of gestation have been
documented in women who will go on to
develop HDP,20 and most studies agree that
systolic, diastolic, or mean blood pressures are
higher in those who will eventually develop
HDP in the first trimester.19,21,22 Nijdam
et al10 developed a prediction model for hyper-
tension in pregnancy in nulliparous women, of
Mayo Clin Proc Inn Qual Out n March 2018;2(1):10-15 n https://do
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which booking antenatal systolic and diastolic
blood pressures were a major component. Not
all studies demonstrate a positive effect howev-
er. Cnossen et al23 demonstrated that systolic
blood pressure and diastolic blood pressure
i.org/10.1016/j.mayocpiqo.2018.01.001 13
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TABLE 4. HDP Diagnosis by Age Groupa

Age (y) No. (%) Odds ratio P value

<20 103 (3.5) 1.00
20-24 567 (19.3) 0.92 (0.44-1.95) .83
25-30 920 (31.4) 0.95 (0.46-1.97) .89
31-34 1344 (45.8) 1.34 (0.65-2.76) .43

aHDP ¼ hypertensive disorders in pregnancy.

MAYO CLINIC PROCEEDINGS: INNOVATIONS, QUALITY & OUTCOMES

14
were poor predictors of preeclampsia, and that
mean arterial pressure was a better indicator.
Our results show that despite having lower
booking blood pressures and a lower highest
antenatal systolic blood pressure, adolescents
had the same incidence of HDP diagnosis as
their older counterparts. Our results may
demonstrate that the prediction of HDP in ado-
lescents requires a lower threshold for blood
pressures, perhaps throughout the entire preg-
nancy. To our knowledge, no other studies
have investigated the lower blood pressures
among pregnant adolescents and the subse-
quent development of HDP. Further research
may be required to investigate this trend and
determine any clinical significance, such as
altered criteria for HDP, for adolescentmothers.

In our study population, adolescents had a
lower rate of cesarean section. This is consistent
with previous studies,3-5,7,8,13 including
Australian studies.9 Kara et al24 demonstrated
that despite adolescents having lower rates of
cesarean section than older women aged 20 to
34 years, there were no differences in obstetric
or neonatal outcomes, including birth weight
and Apgar scores. Furthermore, in their study
population, there was no significant difference
in the indication for cesarean section. Likewise,
our adolescents were less likely to be breast-
feeding exclusively on discharge from hospital,
a trend shown consistently in previous
studies.7,24 Apostolakis-Kyrus et al25 demon-
strated that among adolescents who were less
likely to initiate breast-feeding, the major
contributing factors were lower age, black
race, unmarried, lack of Medicaid, smoking
status, lack of prenatal care, cesarean delivery,
and preterm birth. Our results thus contribute
to the body of evidence showing adolescents
to have lower rates of cesarean section and
breast-feeding.

There are several limitations to this study.
First, this was a secondary analysis of a larger
Mayo Clin Proc Inn Qual Out n March 20
study of sleep-disordered breathing during
pregnancy, and as such it was not specifically
designed to investigate adolescents. There was
therefore no information on other factors
known to be associated with adverse outcomes
in adolescents such as ethnicity26 and socio-
economic status.9,13 We had no information
on the level of education or income. Further-
more, we had no data on the number of ante-
natal visits to compare between the 2 groups.
The initial questionnaire included the
Epworth Sleepiness Scale and the Berlin Ques-
tionnaire, validated tools for the screening of
sleep-disordered breathing. Regarding this
analysis, only data on pre-pregnancy BMI
from the initial questionnaire were included;
all other data were collected from the medical
record. Second, we defined adolescent preg-
nancy by the easily verified date of delivery
rather than the estimated date of conception,
and as such, we will have missed several cases
of adolescent pregnancy. However, given our
large sample size (2394), this is unlikely to
have had a substantial effect on our results.
Our adolescent group was skewed toward
those aged 18 to 19 years. Previous studies
have shown younger adolescents to be at a
higher risk of adverse outcomes,2-5,7,8 and
this could have potentially resulted in different
rates of complications had that lower age
group been included. Finally, because of the
nature and extent of the missing data in those
excluded, we were not able to compare the
characteristics between these groups, and as
such, we are unable to assess the risk of bias.
CONCLUSION
Our study demonstrates that adolescents have
birth outcomes similar to those of their older
counterparts. Adolescents within this study
had similar rates of HDP but significantly
lower rates of GDM. Adolescents were less
likely to deliver by cesarean section and to
breast-feed exclusively on discharge from hos-
pital. We also demonstrated that adolescents
have lower booking blood pressures, and their
highest antenatal systolic blood pressures were
lower. This may have implications for the
screening and diagnosis of HDP in adoles-
cents, and more research is required to deter-
mine the clinical significance of our findings.
Lower BMIs and rates of GDM also have
18;2(1):10-15 n https://doi.org/10.1016/j.mayocpiqo.2018.01.001
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implications for the delivery of health services
to this population.
Abbreviations and Acronyms: BMI = body mass index;
GDM = gestational diabetes mellitus; HDP = hypertensive
disorder in pregnancy; SGA = small for gestational age; SCN
= special care nursery
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