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Neonatal developmental and behavioral outcomes of
immediate delivery versus expectant monitoring in mild
hypertensive disorders of pregnancy: 2-year outcomes
of the HYPITAT-II trial

Eva F. Zwertbroek, BSc; Maureen T. M. Franssen, MD, PhD; Kim Broekhuijsen, MD, PhD; Josje Langenveld, MD, PhD;
Henk Bremer, MD, PhD; Wessel Ganzevoort, MD, PhD; Aren J. van Loon, MD, PhD; Maria G. van Pampus, MD, PhD;
Robbert J. P. Rijnders, MD, PhD; Marko J. Sikkema, MD, PhD; Sicco A. Scherjon, MD, PhD; Mallory D. Woiski, MD, PhD;
Ben W. J. Mol, MD, PhD; Anneloes L. van Baar, PhD; Henk Groen, MD, PhD; for the HYPITAT-II Study Group

BACKGROUND: Management of preterm hypertensive disorders re- (n¼ 25) had an abnormal Ages and Stages Questionnaire score compared
mains a clinical dilemma. The maternal benefits of delivery need to be

weighed against the adverse neonatal consequences of preterm birth.

Long-term consequences of obstetric management in offspring of women

with hypertensive disorders in preterm pregnancy are largely unknown.

We report child neurodevelopmental and behavioral outcomes at 2 years

after the Hypertension and Preeclampsia Intervention Trial at near Term

(HYPITAT-II) trial, which compared immediate delivery versus expectant

monitoring in mild late preterm hypertensive disorders of pregnancy.

OBJECTIVE: To compare effects of immediate delivery vs expectant

monitoring on neurodevelopmental and behavioral outcomes at 2 years of

age in offspring of women with mild late preterm hypertensive disorders.

MATERIALS AND METHODS: We studied children born in the

HYPITAT-II trial, a study in which women (n ¼ 704) with hypertensive

disorders of pregnancy who were between 34 and 37 weeks’ gestation

were randomized to immediate delivery or expectant monitoring. Partici-

pating women were asked to complete the Ages and Stages Questionnaire

for developmental outcome and the Child Behavior Checklist for behavioral

problems when their toddlers were 2 years old.

RESULTS:We approached 545 of 704 randomized women (77%); 330
of 545 (61%) returned the questionnaires. In the immediate delivery

group, 45 of 162 infants (28%) had an abnormal Ages and Stages

Questionnaire score compared to 27 of 148 (18%) in the expectant

monitoring group (risk difference, 9.6%; 95% CI, 0.3e18.0%); P¼ .045.

In the pregnancies (n¼ 94) that delivered before reaching 36 weeks, 27%
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to 22% (n ¼ 47) when delivered after 36 weeks (odds ratio, 0.77; con-

fidence interval, 0.44e1.34). An abnormal Child Behavior Checklist

outcome was found in 31 of 175 (18%) in the delivery group vs 24 of 166

(15%) in the expectant monitoring group (risk difference, 3.2%; 95% CI,

e4.6% to 11.0%). After correction for maternal education, management

strategy remained an independent predictor of abnormal Ages and Stages

Questionnaire score (odds ratio, 0.48; confidence interval, 0.24 toe0.96,
P ¼ .03). In multivariable analyses, low birth weight, low maternal edu-

cation, and immediate delivery policy were all significantly associated with

an abnormal Ages and Stages Questionnaire score.

CONCLUSION: In this study, we found that early delivery in women

with late preterm hypertensive disorders is associated with poorer neu-

rodevelopmental outcomes in their children at 2 years of age. These

findings indicate an increased risk of developmental delay after early

delivery compared to expectant monitoring. This follow-up study un-

derlines the conclusion of the original HYPITAT-II study that, until the

clinical situation deteriorates, expectant monitoring remains the most

appropriate management strategy in the light of short- and long-term

neonatal outcomes in women with preterm hypertensive disorders.

Key words: Ages and Stages Questionnaire, behavior, Child Behavior
Checklist, chronic hypertension, follow-up, gestational hypertension, hy-

pertensive disorder of pregnancy, HYPITAT-II trial, long-term outcome,

neurodevelopment, preeclampsia, superimposed preeclampsia
ypertensive disorders of preg-
H nancy complicate up to 10% of all
pregnancies worldwide, resulting in
considerable maternal morbidity and
neonatal mortality or morbidity.1e3
The only definitive treatment for a
hypertensive disorder is delivery. In
women with a hypertensive disorder at
term, immediate delivery reduces the risk
of adverse maternal outcomes or pro-
gression to severe disease without
affecting neonatal outcomes.4 Therefore,
immediate delivery is the preferred
strategy at term. In women with a hy-
pertensive disorder diagnosed before
term, benefits of delivery for the mother
need to be weighed against the adverse
consequences of iatrogenic preterm birth
for the neonate, including neonatal res-
piratory distress syndrome (RDS), hypo-
glycemia, and hyperbilirubinemia.5e7
This issue was addressed in the Hyper-
tension and Preeclampsia Intervention
Trial at near Term (HYPITAT-II), which
compared immediate delivery to expec-
tant monitoring in women with
gestational hypertension or mild pre-
eclampsia. The composite adverse
maternal outcome occurred in 1.1% of
the 352 women allocated to immediate
delivery vs 3.1% of the 351 women allo-
cated to expectant monitoring (relative
risk [RR], 0.36; 95% CI, 0.12e1.11). In
the immediate delivery group, 5.7% of
the neonates were diagnosed with respi-
ratory distress syndrome compared to
1.7% in the expectant monitoring group

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajog.2019.03.024&domain=pdf
https://doi.org/10.1016/j.ajog.2019.03.024
http://www.AJOG.org
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Why was this study conducted?
� To evaluate child behavior and developmental outcome 2 years after an ran-

domized controlled trial comparing immediate vs deferred delivery in preterm
hypertensive pregnancy.

Key findings
� Early delivery in women with late preterm hypertensive disorders results in

poorer neurodevelopmental outcome of their children at 2 years of age
� No differences in behavior problems between the management strategies were

found.
� Immediate delivery, low maternal education, and lower birthweight were

predictors of abnormal development.

What does this add to what is known?
� Preterm hypertensive disorders are associated with impaired neuro-

development at 2 years of age.
� Expectant monitoring should be the preferred management strategy in pre-

term hypertensive disorders, especially in the light of long-term neonatal
consequences.
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(RR, 3.3; 95% CI, 1.4e8.2).8 We
concluded that in women with a
mild hypertensive disorder diagnosed
preterm, immediate delivery is not justi-
fied, as it significantly increases the
short-term risk of RDS even though it
may reduce an already small risk of
adverse maternal outcome. As a conse-
quence, expectant monitoring was
considered to be the preferred strategy,
until the clinical situation of the women
required delivery.

Preterm delivery, be it with or
without short-term neonatal morbidity,
is associated with long-term neuro-
developmental problems in the
offspring.9e13 Preterm birth is a preva-
lent outcome of a hypertensive disorder,
and accordingly, the hypertensive disor-
der in itself may contribute to impaired
neurodevelopment, as well as through
iatrogenic actions. This has been
demonstrated for severe early-onset
preeclampsia.14 In late preterm hyper-
tensive disorders, the long-term effects
of early vs deferred delivery on the
offspring are unknown. We compared
neurodevelopmental and behavioral
outcomes at 2 years of age in the
offspring of mothers with late preterm
hypertensive disorders randomized to
immediate delivery or expectant
monitoring.
Materials and Methods
Study population
Our study population consisted of chil-
dren born to womenwho participated in
the HYPITAT-II trial. This randomized
controlled trial took place from 2009 to
2013 and was described previously.8

Briefly, the study randomized 704
women with a hypertensive disorder of
pregnancy (gestational hypertension,
chronic hypertension, or mild pre-
eclampsia) between 34þ0 and 36þ6
weeks of gestation to immediate delivery
or expectant monitoring until 37 weeks
of gestation (when delivery was
mandated per protocol). Expectant
monitoring consisted of close moni-
toring until 37 weeks or until an indi-
cation for delivery occurred, whichever
came first. The trial was approved by the
Institutional Review Board of the Aca-
demic Medical Centre in Amsterdam
(08/244), and had local approval from
the boards of the other participating
hospitals. Informed consent for follow-
up was previously obtained at inclusion
in the original study. For the current
study, we approached randomized
women who participated in the
HYPITAT-II trial. Children born to these
mothers were eligible for participation at
the age of 2 years. This follow-up study
took place from 2011 to 2015.
AUGUST 2019 Ameri
Study procedures
When infants were about to reach 2
years of age, the research nurse from the
participating hospital contacted the
parents to announce the follow-up
study. Three paper questionnaires were
sent by post: the Dutch versions of the
Ages and Stages Questionnaire (ASQ)
and the Child Behavior Checklist
(CBCL for children between 0.5 and 5
years of age) to assess developmental
and behavior problems and a general
background questionnaire. Parents
were asked to fill out the questionnaires
when their child was between 23 and 26
months of age, corrected for prematu-
rity (which is the age range for the
version of the ASQ that was used).
When the questionnaires were not
returned, the parents were reminded by
telephone. If the questionnaires were
not filled out during the right period,
they were not included in the planned
analysis.

Ages and Stages Questionnaire
The Ages and Stages Questionnaire is a
screening instrument to detect develop-
mental delay in children.15e17 It has
different age versions, each version
consisting of age-specific developmental
milestones. The 24-month version has
previously been validated to identify
developmental delay in infants that were
born preterm.18 This parent-completed
questionnaire covers 5 developmental
domains: communication, gross motor,
fine motor, problem solving, and per-
sonal social behavior. There are 6 ques-
tions per domain with a score of 0, 5 or
10 points, reflecting respectively whether
the child is not yet able, sometimes is
able, or is fully able to perform the
behavior described. Per domain, a
maximum score of 60 can be achieved,
with lower scores indicating less attain-
ment of developmental milestones.16 A
score�2 standard deviations (SD) below
the mean of a Dutch reference popula-
tion on 1 domain, or a score �1 SD
below the mean on 2 or more domains,
is defined as abnormal.15 This definition
of an abnormal score is specified in the
ASQ manual, and indicates a possible
delay in development and a need for
further assessment.
can Journal of Obstetrics & Gynecology 154.e2
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FIGURE 1
Flow chart of inclusions

ASQ, Ages and Stages Questionnaire; CBCL, Child Behavior Checklist; HYPITAT-II, Hypertension and Preeclampsia Intervention Trial At
near Term.

Zwertbroek et al. Developmental and behavioral outcome after late preterm hypertensive disorder. Am J Obstet Gynecol 2019.
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Child Behavior Checklist
The Child Behavior Checklist (CBCL)
assesses behavioral and emotional
problems at 1.5e5 years of age.19,20 The
CBCL has 100 questions regarding
behavior problems, allowing calculation
of an age-adjusted total problem score
and subscores for 7 narrow syndrome
scales (emotionally reactive, anxious/
depressed, somatic complaints, with-
drawn, sleep problems, attention prob-
lems, and aggressive behavior) and 2
broader scales (internalizing and exter-
nalizing behavior). Standardized Tscores
are calculated for each behavior prob-
lem.20 For the narrow syndrome scales, a
score above the 93th percentile (T � 65)
is defined as a borderline score, whereas
for the broader scales, the borderline
cut-off point is a T score above the 83rd
percentile (T� 60).20 A score above the
borderline cut-off point indicates a sig-
nificant risk for behavior problems.

Statistical analysis
Baseline characteristics and outcomes of
the original study were compared be-
tween respondents and nonrespondents
as well as between the 2 randomization
groups. Continuous variables were
expressed as mean and SD or as medians
and interquartile ranges (IQR), as
appropriate. T tests or ManneWhitney
U tests, respectively, were used to
compare the groups. Dichotomous var-
iables were expressed in absolute
numbers and percentages, and these
variables were compared using the c2

test or Fisher exact test.
Our primary outcome, abnormal

ASQ or CBCL, was compared between
the randomization groups using the c2

test. The secondary outcomes, abnormal
domain or syndrome scores, were
compared in the same way. In addition,
univariable logistic regression was per-
formed to assess predictors of poor
neurodevelopmental or behavioral
outcome independently of management
strategy. Predictors with a P value <.05
were selected for multivariable logistic
regression analysis to assess the inde-
pendence of their effects on abnormal
ASQ and CBCL outcomes. Multi-level
analysis using generalized estimating
equations with independent and
154.e3 American Journal of Obstetrics & Gynecol
exchangeable correlation matrix struc-
tures was performed to determine the
impact of inclusion of twins in our
analysis.

Results
Of the 704 women randomized in the
HYPITAT-II study, we were able to
approach 545 women (77%), of whom
330 (61%) agreed to participate in the
follow-up study (Figure 1). We received
completed questionnaires of 342
ogy AUGUST 2019
children, of whom 24 (7.0%) were twins.
Of these 342 children, 176 had been born
after randomization to immediate de-
livery, whereas 166 had been random-
ized to expectant monitoring. A total of
32 (9.6%) ASQ questionnaires and 1
(0.3%) CBCL questionnaire were
excluded because they were incomplete
or filled out outside the recommended
age range of 23e26 months (for the
ASQ). This resulted in a sample of 310
children with complete ASQ and 341

http://www.AJOG.org
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children with complete CBCL
questionnaires.

Baseline characteristics
Baseline characteristics of the re-
spondents and nonrespondents, as well as
of the 2 management groups (immediate
delivery or expectant monitoring), are
shown inTable 1.Womenwho responded
were significantly more often Caucasian/
white (94% vs 80% P < .001), were less
likely to have smoked during pregnancy
(13% vs 20%, P ¼ .02), and had more
often finished higher education (44% vs
30%, P ¼ .003). Baseline characteristics
were compared between immediate de-
livery and expectant monitoring, and re-
sults were not significantly different from
the original HYPITAT-II randomized
controlled trial.8

Among women participating in the
current study, those allocated to the
expectant monitoring group delivered at
a more advanced gestational age (me-
dian 37.0 vs 36.1, P< .001) than those in
the immediate delivery group.

Neonatal outcomes for immediate
delivery and expectant monitoring are
shown in Table 2. Neonates in the im-
mediate delivery group were less likely to
be born small for gestational age (11% vs
18%, P ¼ .05) but were more likely to
develop transient tachypnea of the
newborn (7.4% vs 2.4%, P ¼ .03). Res-
piratory distress syndrome occurred
more often in the immediate delivery
group (4.5% vs 1.8%, P ¼ .15), a differ-
ence similar in size to that in the original
HYPITAT-II study, even though it did
not reach statistical significance in the
current comparison. Children in the
immediate delivery group were signifi-
cantly older (24.4 vs 24.1 months, P ¼
.037) when the questionnaires were
answered.

Developmental outcomes
In the immediate delivery group, 28% of
the infants (n ¼ 45) had an abnormal
ASQ score, compared to 18% (n¼ 27) in
the expectant monitoring group (differ-
ence, 9.6%; CI, e0.3% to 18.0%, P ¼
.045) (Figure 2). In all of the develop-
mental subdomains, a trend toward a
higher percentage of abnormal out-
comes was observed in the immediate
delivery group (Table 3). The most
pronounced difference was found in the
fine motor domain (6.8% vs 2.0%; dif-
ference, 4.8%; CI, 0.3e9.3). When the
scores were analyzed as continuous
values, children in the immediate de-
livery group had a significantly lower
average total score (P¼.02) and they also
had lower average scores on specific
domains, such as the fine motor score
(P ¼ .04) or the personalesocial score
(P ¼ .03).
The uncorrected association between

management and the ASQ outcome was
statistically significant (OR for expectant
monitoring, 0.58; CI, 0.34e0.99). After
correction for maternal education,
management strategy remained an in-
dependent predictor of abnormal ASQ
score (OR, 0.48; CI, 0.24e0.96, P¼ .03).
When we adjusted for gestational age
at delivery, the effect size of randomiza-
tion allocation on ASQ scores did not
change substantially but was no longer
statistically significant (OR, 0.62; CI,
0.35e1.1). We performed a sensitivity
analysis for gestational age at delivery: In
the pregnancies (n ¼ 94) in which in-
fants were delivered before reaching 36
weeks, 26.6% (n¼ 25) had an abnormal
ASQ score compared to 21.8% (n ¼ 47)
when delivered after 36 weeks (OR, 0.77;
CI, 0.44e1.34). In the pregnancies (n ¼
94) that delivered before reaching 36
weeks, 29.9% of the children (n¼ 20/67)
in the delivery group had an abnormal
ASQ as compared to 18.5% (n¼ 5/27) in
the expectant monitoring group (P ¼
.26). In the group who reached a gesta-
tional age of >36 weeks at delivery
(n ¼ 216), we found an abnormal ASQ
score in 26.3% (n ¼ 25/95) in the
delivery group as compared to 18.2%
(n ¼ 22/121) in the expectant moni-
toring group (P ¼ .15).

Behavioral problems
In the immediate delivery, group 18% of
children (n ¼ 31) had an abnormal
CBCL outcome compared to 15% (n ¼
24) in the expectant monitoring group
(difference, 3.2%; CI, e4.6 to 11.0, P ¼
.414) (Figure 2). On the individual syn-
drome scales, the proportion of children
with an abnormal score likewise did not
differ significantly between the groups
AUGUST 2019 Ameri
(Table 3). Analysis of the T scores as
continuous variables showed no statis-
tically significant differences between the
groups.

Predictors of abnormal ASQ or CBCL
scores
Table 4 shows the results of the uni-
variable analysis of possible predictors of
an abnormal ASQ or CBCL outcome
independent of the management policy.
A normal ASQ score was associated with
high birthweight of the child (OR, 0.59;
CI, 0.34e0.99), highmaternal education
(OR, 0.41; CI, 0.20e0.82), and the
randomization allocation (OR for
expectant monitoring, 0.58; CI,
0.34e0.99). Gestational age at delivery,
fetal growth restriction, respiratory
distress syndrome and neonatal inten-
sive care unit admission were not
significantly associated with abnormal
ASQ scores. Maternal smoking during
pregnancy (OR, 2.31; CI, 1.10e4.87)
and low maternal education (OR for
higher education, 0.31; CI, 0.14e0.72)
were associated with abnormal CBCL
outcome. In a multivariable analysis,
birth weight, maternal education, and
management policy were all significantly
associated with an abnormal ASQ score
(Table 5). Maternal education had the
strongest influence on CBCL score (OR
for higher education, 0.33; CI,
0.14e0.77). Results of multi-level ana-
lyses did not suggest any major influence
of dependency between twin siblings.

Comment
Principal findings
In this follow-up study of 342 (49%)
children born from mothers included in
the HYPITAT-II study, infants in the
immediate delivery group had more
often an abnormal ASQ score compared
to children in the expectant monitoring
group at 2 years of age. This poorer
neurodevelopmental outcome indicates
that these children are at increased risk
for developmental delay. After adjusting
for birthweight and maternal education
level, management policy remained
a significant predictor of neuro-
developmental outcome of the child.
Management strategy directly influenced
gestational age at delivery, which
can Journal of Obstetrics & Gynecology 154.e4
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TABLE 1
Baseline characteristics of study participants

Characteristics

Respondents Nonrespondents

P value

Immediate delivery Expectant monitoring

P valuen ¼ 330 n ¼ 374 n ¼ 170 n ¼ 160

Maternal characteristics

Age, y 30 (27e34) 30 (26� 34) 0.68 30 (26e34) 30 (27e34) .73

Caucasian/white 300 (93.8%) 294 (80.3%) <0.001 157 (95.2%) 143 (92.3%) .29

Smoking 42 (13.2%) 71 (19.8%) 0.02 22 (13.4%) 20 (13.0%) .91

Higher educationa 95 (43.8%) 69 (30.0%) 0.003 55 (50.0%) 40 (37.4%) .06

Body mass indexa 31 (27e35) 31 (28e36) 0.47 31 (27e34) 32 (28e35) .53

History of preeclampsia 43 (13.1%) 62 (16.6%) 0.18 23 (13.5%) 20 (12.6%) .61

Comorbidity 67 (21.1%) 85 (23.4%) 0.49 26 (16.0%) 41 (26.5%) .02

Diabetes mellitus 3 (0.9%) 7 (1.9%) 0.28 1 (0.6%) 3 (1.3%) .53

Gestational diabetes mellitus 10 (3.0%) 14 (3.7%) 0.60 4 (2.4%) 6 (3.8%) .46

Pregnancy details

Nulliparous 207 (62.7%) 210 (56.1%) 0.08 60 (35.3%) 63 (39.4%) .44

Twin pregnancy 16 (4.8%) 28 (7.5%) 0.15 9 (5.3%) 7 (4.4%) .70

Management 0.49

Delivery 170 (51.5%) 183 (48.9%) NA NA NA

Expectant monitoring 160 (48.5%) 191 (51.1%) NA NA NA

Mode of delivery 0.15 .17

Spontaneous 186 (56.4%) 230 (61.7%) 100 (58.8%) 86 (53.8%)

Instrumental 34 (10.3%) 32 (8.6%) 19 (11.2%) 15 (9.4%)

Primary cesarean 40 (12.1%) 28 (7.5%) 14 (8.2%) 26 (16.3%)

Secondary cesarean 70 (21.2%) 83 (22.3%) 37 (21.8%) 33 (20.6%)

Disease characteristics

Type of hypertension 0.27 .59

Gestational hypertension 88 (26.6%) 94 (25.1%) 49 (28.8%) 39 (24.4%)

Preeclampsia 144 (43.6%) 180 (48.1%) 76 (44.7%) 68 (42.5%)

Worsening chronic hypertension 54 (16.4%) 43 (11.5%) 25 (14.7%) 29 (18.1%)

Superimposed preeclampsia 44 (13.3%) 56 (15.0%) 20 (11.8%) 24 (15.0%)

Diastolic blood pressure at inclusion 95 (90e100) 95 (90e100) 0.30 95 (90e100) 95 (90e100) .08

Systolic blood pressure at inclusion 140 (135e150) 140 (135e150) 0.24 140 (135e150) 142 (135e150) .19

Gestational age at onset 35 (33e36) 35 (34e36) 0.21 35 (33e36) 35 (33e36) .35

Gestational age at inclusion 36 (35e36) 36 (35e36) 0.51 36 (35e36) 36 (35e36) .17

Gestational age at delivery 36 (36e37) 37 (36e37) 0.14 36 (35e37) 37 (36e37) <.001

Days between inclusion and delivery 3 (2e7) 4 (2e8) 0.228 2 (1e3) 7 (4e11) .00

Antenatal steroids 31 (9.5%) 31 (8.4%) 0.61 15 (8.9%) 16 (10.2%) .70

Composite adverse maternal outcome 9 (2.7%) 6 (1.6%) 0.30 2 (1.2%) 7 (4.4%) .08

Composite adverse neonatal outcome 33 (10.0%) 30 (8.1%) 0.37 22 (12.9%) 11 (6.9%) .07

Data are median (interquartile range) or number (%). Data were compared between respondents, nonrespondents, and induction of labor and expectant monitoring using Student t,ManneWhitney U,
c2, or Fisher exact test. Data are given according to available data.

NA, not applicable.

a Indicates a variable with >20% missing data.

Zwertbroek et al. Developmental and behavioral outcome after late preterm hypertensive disorder. Am J Obstet Gynecol 2019.
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TABLE 2
Neonatal outcomes

Neonatal outcomes

Immediate delivery Expectant monitoring

Difference in % or mean (95% CI) P valuen ¼ 176 n ¼ 166

Fetal growth restriction at study entry 20 (13.5%) 12 (8.9%) 4.6 (e2.7 to 11.9) .22

Born small for gestational age 19 (10.8%) 30 (18.4%) e7.6 (e1.5 to e0.1) .05

Birthweight (g) 2593 (2352e2916) 2670 (2272 e 3055) e62 (e172 to 46) .26

Gestational age at birth (wk) 36.1 (35.4e36.6) 37.0 (36.1e37.1) e0.67 (e0.86 to e0.50) <.001

RDS 8 (4.5%) 3 (1.8%) 2.7 (e1.0 to 6.4) .15

5-min Apgar score <7 10 (5.7%) 4 (2.4%) 3.3 (e0.8 to 7.4) .13

Umbilical artery pH <7.05a 3 (2.2%) 3 (2.3%) e0.1 (e3.6 to 3.4) .94

NICU admission 13 (7.4%) 6 (3.6%) 3.8 (e1.0 to 8.6) .13

Sepsis 16 (9.1%) 11 (6.6%) 2.5 (e3.2 to 8.2) .39

Hypoglycemia 23 (13.1%) 25 (15.5%) e2.4 (e9.8 to 5.0) .61

Transient tachypnea of the newborn 13 (7.4%) 4 (2.4%) 5.0 (0.5 to 9.5) .03

Meconium aspiration syndrome 0 (0%) 1 (0.6%) e0.6 (e1.8 to 0.6) .49

Pneumothorax or pneumomediastinum 2 (1.1%) 1 (0.6%) 0.5 (e1.4 to 2.4) .99

Periventricular leukomalacia 2 (1.4%) 0 (0%) 1.4 (e0.5 to 3.3) .50

Intraventricular hemorrhage 2 (1.2%) 0 (0%) 1.2 (e0.4 to 2.8) .50

Convulsions 2 (1.1%) 1 (0.6%) 0.5 (e1.4 to 2.4) .99

Necrotizing enterocolitis 0 (0%) 0 (0%) NA

Any neonatal morbidity 58 (38.7%) 47 (34.6%) 4.1 (e7.1 to 15.3) .47

Age at completion of follow up (mo) 24 (24e25) 24 (23e24) 0.28 (0.02e0.55) .04

Data were compared between induction of labor and expectant monitoring using Student t,ManneWhitney U, c2, or Fisher exact test. Table shows median (interquartile range) or number (%). Data
are given according to available data.

n, Number of neonates born in a certain cohort; NICU, neonatal intensive care unit; RDS, respiratory distress syndrome.

a Indicates a variable with >20% missing data.

Zwertbroek et al. Developmental and behavioral outcome after late preterm hypertensive disorder. Am J Obstet Gynecol 2019.

ajog.org OBSTETRICS Original Research
together affect development. We did not
find differences in behavioral problems
as measured by the CBCL.

Results of the study in context of
what is known
The children in both management
groups of our study, born preterm due to
hypertensive disease, have an increased
rate of abnormal neurodevelopmental
scores (18% vs 28%) as compared to
their 2-year-old peers in the Netherlands
(eg, an abnormal score of 2 SD below the
mean will be found only in 2.3% of a
general population).15 This finding
strengthens previous studies reporting
the association between both premature
birth and a less optimal developmental
outcome, and hypertensive disorders
and impaired development later in
life.10,11,21e25 As reported in a previous
preeclampsia study, timing of delivery
matters: children born preterm had
more often abnormal ASQ scores than
children born at term.14 This finding is
supported in our study in a late preterm
population: we show a difference in
developmental outcome when
comparing early vs deferred delivery in
late preterm hypertensive disorders, a
finding that has not previously been
demonstrated.
Development of the child is known to

be associated with maternal lifestyle
factors, such as smoking and socioeco-
nomic status or education.26 Similar to
what is reported in the literature, we
found that lower maternal education
and smoking were associated with
poorer development and behavior.
AUGUST 2019 Ameri
Besides lifestyle factors, gestational age at
birth is known to influence develop-
mental outcomes later in life.14,26

Although in our study population
gestational age was not an independent
predictor of development, a trend was
seen toward more abnormal develop-
ment with lower gestational age at de-
livery. Neonatal complications related to
preterm delivery such as hypoglycemia
and respiratory distress syndrome are
also known to be associated with long-
term neurodevelopmental prob-
lems.10,27,28 We were not able to
demonstrate this association between,
for example, hypoglycemia and
abnormal ASQ scores, which could be
due to the low frequency of those
neonatal morbidities in our population.
Low birthweight and severe growth
can Journal of Obstetrics & Gynecology 154.e6
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FIGURE 2
Number of children with abnormal scores on Ages and Stages Questionnaire
(ASQ) or Child Behavior Checklist (CBCL)

Data were compared with c2 test. n, Number of neonates with completed questionnaire.

Zwertbroek et al. Developmental and behavioral outcome after late preterm hypertensive disorder. Am J Obstet Gynecol 2019.

TABLE 3
Abnormal scores per problem area compared between groups

Variable
Immediate
delivery

Expectant
monitoring

Difference
in % (95% CI) P value

Problem area ASQ ASQ n ¼ 162 ASQ n ¼ 148

Communication 13 (8.0%) 6 (4.1%) 3.9 (e1.4 to 9.2) .15

Gross motor 12 (7.4%) 7 (4.7%) 2.7 (e2.6 to 8.0) .33

Fine motor 11 (6.8%) 3 (2.0%) 4.8 ( 0.3 to 9.3) .04

Problem solving 5 (3.1%) 4 (2.7%) 0.4 (e3.3 to 4.1) .84

Personal social 9 (5.6%) 3 (2.0%) 3.6 (e0.6 to 7.8) .11

total score 26 (15.9%) 13 (8.8%) 7.1 (e0.1 to 14.3) .05

Syndrome scale CBCL CBCL n ¼ 175 CBCL n ¼ 166

Emotionally reactive 7 (4.0%) 10 (6.0%) e2.0 (e6.6 to 2.6) .39

Anxious/depressed 1 (0.6%) 1 (0.6%) 0.0 (e1.6 to 1.6) .89

Somatic complaints 7 (4.0%) 8 (4.8%) e0.8 (e5.2 to 3.6) .71

Withdrawn 4 (2.3%) 3 (1.8%) 0.5 ( e2.5 to 3.5) .78

Sleep problems 5 (2.9%) 2 (1.2%) 1.7 (e1.2 to 4.7) .45

Attention problems 12 (6.9%) 9 (5.4%) 1.5 (e 3.6 to 6.6) .58

Agressive behavior 4 (2.3%) 6 (3.6%) e1.3 (e4.9 to 2.3) .53

Internalizing 11 (6.3%) 14 (8.4%) e2.1 (e7.6 to 3.4) .45

Externalizing 18 (10.3%) 12 (7.2%) 3.1 (e2.9 to 9.1) .32

Total problem score 9 (5.1%) 10 (6.0%) e0.9 (e5.8 to 4.0) .72

Data were compared with c2 test.

ASQ, Ages and Stages Questionnaire; CBCL, Child Behavior Checklist; n, number of neonates with complete questionnaire.

Zwertbroek et al. Developmental and behavioral outcome after late preterm hypertensive disorder. Am J Obstet Gynecol
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restriction are also known to increase the
risk of abnormal neurologic develop-
ment.29 We found that birthweight was
an independent predictor of abnormal
neurodevelopment, even after correction
for maternal education and manage-
ment policy. As a result of all these
findings, clinicians should keep in mind
that in gestational ages between 34 and
37 weeks, low birthweight, growth re-
striction, and early induction of labor all
can have long-term negative effects on
the development of the child.

Clinical implications
The implications of this study are 2-fold.
First, expectant monitoring of a late
preterm hypertensive disorder seems to
be preferential in light of short- and
long-term neonatal outcomes. The
increased risk of neurodevelopmental
delay at 2 years after immediate delivery
should be kept in mind when consid-
ering maternal benefits of delivery
against the consequences of preterm
delivery for the neonate. More elaborate
follow-up examinations and longer
follow-up are needed to investigate the
severity of the delay as well as the
persistence of the delay and group
differences in neurodevelopmental
outcome at 2 years of age and later in life.
Obstetric decision making benefits from
increasing knowledge of long-term
consequences of the intervention
chosen.

Second, structural follow-up, in these
children born late preterm at risk for
impaired neurodevelopment, is needed
to allow early intervention in child-
hood.30,31 Long-term consequences of
abnormal ASQ scores at 2 years of age are
unknown in children born from a hy-
pertensive pregnancy. Nevertheless, 18%
of children with abnormal screening
questionnaire results receive a diagnosis
of developmental delay requiring treat-
ment after referral and further exami-
nation.15 The difference that we found
between our groups (18% vs 28%)
therefore seems clinically relevant. A
developmental delay at a young age may
have lifelong consequences since these
children are at increased risk of persist-
ing problems and delays at later ages.32

Therefore, it seems important to
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TABLE 4
Univariable analysis of possible confounders on ASQ and CBCL scores

Variable

Abnormal ASQ Abnormal CBCL

n (%) OR 95% CI P value n (%) OR 95% CI P value

Type of hypertension .32 .39

Gestational hypertension 15 (17.5%) 1.00 Reference 16 (17.8%) 1.00 Reference

Preeclampsia 26 (26.5%) 1.68 (0.85e3.30) .13 27 (18.0%) 1.02 (0.51e2.01) .97

Chronic hypertension 21 (23.6%) 1.44 (0.69e3.03) .33 12 (11.8%) 0.62 (0.28e1.40) .25

Gestational age at birth (/wk) .11 .50

<35 14 (38.9%) 2.55 (1.10e5.88) 9 (23.7%) 1.52 (0.62e3.75)

35e36 11 (19.0%) 0.94 (0.41e2.14) 10 (16.1%) 0.94 (0.40e2.19)

36e37 28 (23.1%) 1.20 (0.63- 2.31) 18 (13.3%) 0.75 (0.37e1.53)

>37 19 (20.0%) 1 Reference 18 (17.0%) 1 Reference

Birthweight (kg) 0.59 (0.34e0.99) .05 0.63 (0.35e1.12) .11

Twin 0.89 (0.35e2.29) .81 0.63 (0.18e2.17) .46

Yes 6 (21.4%) 3 (11.1%)

No 66 (23.4%) 52 (16.6%)

FGR 1.95 (0.85e4.47) .11 2.30 (0.95e5.56) .07

Yes 10 (34.5%) 8 (25.8%)

No 48 (21.2%) 33 (13.1%)

SGA 1.72 (0.86e3.47) .13 1.66 (0.79e3.49) .19

Yes 14 (32.6%) 11 (22.4%)

No 58 (21.9%) 43 (14.9%)

Adverse neonatal outcome 0.87 (0.36e2.10) .76 1.39 (0.57e3.37) .47

Yes 7 (21.2%) 7 (20.6%)

No 65 (23.6%) 48 (15.6%)

RDS 0.41 (0.05e3.29) .40 0.51 (0.06e4.08) .53

Yes 1 (11.1%) 1 (9.1%)

No 71 (23.6%) 54 (16.4%)

Apgar 1.89 (0.61e5.83) .26 1.44 (0.39e5.33) .59

Yes 5 (35.7%) 3 (21.4%)

No 67 (22.7%) 52 (16.0%)

Umbilical artery pH 0.63 (0.07e5.51) .68 NA NA .59

Yes 1 (16.7%) 0 (0%)

No 58 (24.1%) 47 (17.9%)

NICU 0.65 (0.18e2.30) .50 0.97 (0.27e3.46) .97

Yes 3 (16.7%) 3 (15.8%)

No 69 (23.6%) 52 (16.1%)

Zwertbroek et al. Developmental and behavioral outcome after late preterm hypertensive disorder. Am J Obstet Gynecol 2019. (continued)
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identify offspring at risk for impaired
neurodevelopment due to pregnancy
complications, since these children may
benefit from early intervention in
childhood.30,31 In addition, in current
clinical practice, professionals might not
be aware of the potential developmental
risks posed by early induction in these
AUGUST 2019 Ameri
children, resulting in a late preterm
birth. With a screening approach that
uses screening instruments, as in this
study, and in cases of borderline
can Journal of Obstetrics & Gynecology 154.e8
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TABLE 4
Univariable analysis of possible confounders on ASQ and CBCL scores (continued)

Variable

Abnormal ASQ Abnormal CBCL

n (%) OR 95% CI P value n (%) OR 95% CI P value

Sepsis 1.46 (0.61e3.50) .39 1.58 (0.61e4.11) .35

Yes 8 (29.6%) 6 (22.2%)

No 63 (22.3%) 48 (15.3%)

Hypoglycemia 1.22 (0.58e2.58) .60 1.27 (0.57e2.80) .56

Yes 11 (26.2%) 9 (18.8%)

No 60 (22.5%) 45 (15.4%)

Transient tachypnea of the newborn 1.56 (0.53e4.66) .42 2.33 (0.79e6.91) .13

Yes 5 (31.3%) 5 (29.4%)

No 66 (22.5%) 49 (15.2%)

Antenatal steroids 1.44 (0.63e3.31) .39 1.71 (0.73e4.02) .22

Yes 9 (30.0%) 8 (23.5%)

No 63 (22.9%) 46 (15.2%)

Management policy 0.58 (0.34-0.99) .05 0.79 (0.44e1.40) .41

Expectant 27 (18.2%) 24 (14.4%)

Delivery 45 (27.8%) 31 (17.7%)

Educationa,b 0.41 (0.20e0.84) .02 0.31 (0.14e0.72) .01

Higher 13 (14.6%) 8 (8.1%)

Lower 34 (29.3%) 28 (22.0%)

Maternal smoking 1.51 (0.72e3.16) .27 2.31 (1.10e4.87) .03

Yes 12 (30.0%) 12 (27.9%)

No 57 (22.1%) 41 (14.3%)

Percentages are given according to available data.

ASQ, Ages and Stages Questionnaire; CBCL, Child Behavior Checklist; CI, confidence interval; OR, odds ratio.

a Indicates a variable with >20% missing data; b Higher education denotes university or higher vocational training; lower education denotes vocational training or lower.

Zwertbroek et al. Developmental and behavioral outcome after late preterm hypertensive disorder. Am J Obstet Gynecol 2019.

TABLE 5
Joint effects of factors of influence on abnormal ASQ and CBCL results in
multivariable logistic regression analysis

Variable OR 95% CI P value

ASQ

Higher maternal education 0.36 (0.17e0.74) .01

Expectant monitoring 0.47 (0.23e0.96) .04

Birthweight (kg) 0.46 (0.24e0.90) .02

CBCL

Higher maternal education 0.33 (0.14e0.77) .01

Smoking during pregnancy 1.92 (0.75e4.94) .17

ASQ, Ages and Stages Questionnaire; CBCL, Child Behavior Checklist.

Zwertbroek et al. Developmental and behavioral outcome after late preterm hypertensive disorder. Am J Obstet Gynecol
2019.
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abnormal outcomes, further neuro-
developmental examinations may be
feasible.

Research implications
We investigated children at 2 years of age,
which is still rather young, as some
problems might not yet be apparent.
However, some children did already show
clear indications of major developmental
problems. School assessment and more
detailed neuropsychological and socio-
emotional assessments later in life are
important to investigate whether these
problems persist, and whether other (or
subtle) developmental difficulties appear
in this population. Considering that
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longitudinal follow-up studies are needed
to investigate developmental problems, a
5-year follow-up study of the current
cohort has been planned, and data
collection has already started.

Strengths and limitations
This follow-up study was a preconceived
part of the HYPITAT-II study, consid-
ering that obstetric interventions may
affect development in childhood. It is
unique that we have 2-year follow-up
data of a large cohort of children born
to women participating in a randomized
controlled trial on management of hy-
pertensive disorders in preterm period of
pregnancy.14 In addition, validated
questionnaires were used to assess the
behavioral and neurological develop-
ment of toddlers. Unfortunately, we
were unable to perform physical exami-
nations of the children, because of
financial limitations. It was challenging
to contact participants of the original
study, for logistic reasons; for example,
many different hospitals included pa-
tients, and after 2 years, some partici-
pants had moved. The follow-up rate
may have influenced the results, because
the original randomization was not
maintained. Nevertheless, the response
rate to this follow-up study was relatively
good, providing sufficient power to
demonstrate these important differences
in the development of these children.

Conclusion
Neurodevelopmental problems at 2
years of age occur more often after im-
mediate delivery compared to expectant
monitoring in preterm hypertensive
disorders of pregnancy, corrected for
birth weight and maternal educational
level. There was no indication of
behavioral problems associated with
immediate delivery. This study un-
derlines the conclusion of the original
HYPITAT-II study that, until the clinical
situation deteriorates, expectant moni-
toring remains the most appropriate
management strategy for preterm hy-
pertensive disorders. Although induc-
tion of labor may reduce the small risk of
adverse maternal outcomes, it is also
associated with an increase in the risk of
neonatal respiratory distress syndrome
and poor neurodevelopment at 2 years of
age. These findings are apparent even
though gestational age differences be-
tween the management groups were
relatively small. Further studies are
needed to assessmore long-term effects of
hypertensive disorders in pregnancy. n
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