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A Brazilian cross-sectional study with preterm births (2011 - 2012)

How hypertension influenced maternal and perinatal outcomes?

Prevalence of hypertension — 28.2%

Who were those women?

>35years | With partner | Non-white

How was their pregnancy care?

Adequate prenatal care | Excessive weight gain

How the pregnancy ended?

Planned cesarean section | Oligohydramnios
. m < 34 weeks
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ORIGINAL ARTICLE

Hypertensive disorders during pregnancy
as a major cause of preterm birth and
adverse perinatal outcomes: findings
from a Brazilian National Survey
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Patricia Moretti Rehder', Samira Haddad', Maria Helena Sousa?, Renato Passini-Junior’,
José Guilherme Cecatti', Maria Laura Costa'
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ABSTRACT

Objective: This study aimed to evaluate the prevalence of hypertensive disorders during
pregnancy among Brazilian women with preterm births and to compare the epidemiological
characteristics and perinatal outcomes among preterm births of women with and without
hypertension. Methods: This was a secondary cross-sectional analysis of the Brazilian
Multicenter Study on Preterm Birth. During the study period, all women with preterm births
were included and further split into two groups according to the occurrence of any hypertensive
disorder during pregnancy. Prevalence ratios were calculated for each variable. Maternal
characteristics, prenatal care, and gestational and perinatal outcomes were compared between
the two groups using %? and t-tests. Results: A total of 4,150 women with preterm births
were included, and 1,169 (28.2%) were identified as having hypertensive disorders. Advanced
maternal age (prevalence ratio (PR) 2.49) and obesity (PR= 2.64) were more common in the
hypertensive group. The gestational outcomes were worse in women with hypertension. Early
preterm births were also more frequent in women with hypertension. Conclusion: Hypertensive
disorders of pregnancy were frequent among women with preterm births, and provider-
initiated preterm births were the leading causes of premature births in this group. The factors
significantly associated with hypertensive disorders among women with preterm births were
obesity, excessive weight gain, and higher maternal age.

Keywords: Premature birth; Hypertension; Hypertension, pregnancy-induced; Infant, premature;
Pre-eclampsia; Pregnancy complications, cardiovascular

INTRODUCTION

Chronic hypertension, gestational hypertension, preeclampsia, superimposed
preeclampsia, and eclampsia are the most recognized hypertensive disorders
that occur during pregnancy.®) These disorders are important in the maternal
mortality and morbidity spectrum, particularly in low- and middle-income
countries.?» Arterial hypertension during pregnancy is identified when two or
more measures of systolic blood pressure are =140mmHg and/or the diastolic
blood pressure is =90mmHg.®

Chronic hypertension is that occurring before pregnancy or before 20 weeks
of gestation. When hypertension is identified after 20 weeks, it is classified
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as gestational hypertension, and, if accompanied by
significant proteinuria or clinical or laboratory signs of
organ damage, preeclampsia is diagnosed. Superimposed
preeclampsia occurs in women with underlying chronic
hypertension and presents as worsening of blood pressure
control associated with evidence of organ damage.®

Preterm birth (PTB) is a cause of infant morbidity
and mortality and is strongly associated with gestational
age at delivery.® There is inconclusive evidence about
the current trends in PTB; whereas some studies report
an increased rate of prematurity, ranging from 3.4 to
15%,© other studies report a consistent reduction in
PTB rates,” probably showing disparities associated
with different levels of development among countries.
Preterm birth occurs due to spontaneous preterm
labor or preterm premature rupture of membranes,
or is medically indicated because of adverse maternal
or fetal conditions. Pregnant hypertension is strongly
associated with PTB.®

OBJECTIVE

This study aimed to evaluate the prevalence of
hypertensive disorders during pregnancy among
Brazilian women with preterm deliveries. We also
aimed to compare epidemiological characteristics and
perinatal outcomes among preterm births of women
with and without hypertension.

METHODS

This is a secondary analysis of the Brazilian Multicenter
Study on Preterm Birth (EMIP - Estudo Multicéntrico
de Investigacdo em Prematuridade). The primary results
and research protocols of this cross-sectional multicenter
study have been previously published.®!Y The Brazilian
Multicenter Study on Preterm Birth gathered data
from all PTB cases in 20 public maternity hospitals in
three Brazilian regions from April 2011 to July 2012.
Informed consent was obtained after ethical approval
of the original study by the Institutional Review Board
of the Universidade Estadual de Campinas (protocol #
704/2009) and from all other participating centers.

Interviews were conducted with the included
women, their medical charts were reviewed, and
data were stored on a web-based electronic platform
hosted by the coordinating center. Data on maternal
characteristics, clinical follow-ups during pregnancy,
gestational characteristics, and perinatal outcomes
were also retrieved.
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For this analysis, all women who delivered before
37 weeks of gestation were included, irrespective of the
cause of the preterm birth, and were further divided
into two groups according to the reported occurrence
of hypertensive disorders of pregnancy. Women who
self-reported chronic hypertension, preeclampsia, or
gestational hypertension in the current pregnancy; had
these diagnoses retrieved from medical charts; or had
a medically indicated PTB due to hypertension, were
included in the hypertension group; those who did not
report any of those conditions and did not have the
diagnosis reported as a cause of PTB were classified in
the non-hypertension group.

Epidemiological characteristics, pregnancy outcomes,
and perinatal outcomes were included in our analysis.
Epidemiological characteristics included maternal
factors such as age, skin color, marital status, schooling,
history of diabetes, previous PTB, and previous low
birth weight. Prenatal care (onset and total number of
visits), weight (initial and final), substance consumption
(alcohol and tobacco), anemia, and infections during
pregnancy (vulvovaginitis, urinary tract infection, dental
inflammation, or any other reported infection) were
also used to assess the epidemiological characteristics
of the population included in our sample. Gestational
outcomes included fetal morbidity, onset of labor, route
of delivery, gestational age at delivery, use of antenatal
corticosteroids, and PTB classification. Finally, we
described perinatal outcomes considering birthweight,
5% minute Apgar score, ventilatory support, and length of
hospital and neonatal intensive care unit (NICU) stays.
We also assessed the occurrence of neonatal infections
(sepsis, pneumonia, and necrotizing enterocolitis) and
intraventricular hemorrhage.

A statistical analysis was performed using the SAS
System for Windows (Statistical Analysis System)
9.4 software. Frequencies were obtained from each
variable in each group; categorical variables were
compared using the y? test. Statistical significance was
set at p<0.05. The crude prevalence ratio (PR) and
95% confidence interval (95%CI) were obtained for
each assessed variable. Cox regression was performed
to estimate the independent association of multiple
variables with two outcomes: the occurrence of
hypertension during pregnancy and neonatal morbidity,
and their adjusted PR with 95%CI. Variables were
selected using a stepwise process, and associations were
considered significant if the p value was <0.05.
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RESULTS

A total of 4,150 women with PTB were included in
this analysis; of these, 1,169 (28.2%) were included
in the hypertension group and 2,981 (71.8%) were
included in the non-hypertension group. Among the
women included in the study, 2,680 (64.6%) were 20-
34 years, and 2,317 (55.8%) were non-white. Only 340
participants (8.2%) held university degrees.

Table 1 compares the maternal characteristics of
both groups. Women with PTB and hypertension were
older (maternal age = 35 years, 21.8% versus 11.7%,
p<0.01), and the majority had partners (80.2% versus
75.7%, p=0.002). They also had higher levels of
education (> 12 years of education: 10.1% versus 7.6%,
p=0.012). The reported frequency of diabetes before
pregnancy was very low in both groups but was more
frequent among cases of hypertension (3.8% versus
1.8%, p<0.01). The number of previous PTB was
higher in women with hypertension (13.9% versus 6.5%;
p<0.01). Skin color and previously low birth weight
were similar in both groups.

Pregnancy outcomes were significantly different
between the groups (Table 2). Women with hypertension

had slightly higher access to prenatal care (98.0% versus
95.7%, p<0.01) and had a higher number of prenatal
visits (61.6% versus 55.5%, p=0.001) compared to those
with no hypertension. However, the onset of prenatal
care was similar in both the groups. The frequency of
obesity at the beginning and end of prenatal care was
higher among women with hypertension, and this group
also had a higher incidence of inadequate weight gain
(43.3% versus 28.1%, p<0.001). Obese women had a 2.6
times higher likelihood of developing hypertension.

Smoking during pregnancy was less frequent among
women with hypertension (9.8% versus 15.9%, p<0.001)
and alcohol consumption was rare and less frequent
in this group compared to those with no hypertension.
Women in the hypertension group were less likely to
have anemia (26.0% versus 29.7%, p=0.0184) compared
to those with no hypertension. Urinary tract infection
was the most frequent infection during pregnancy;
however, the occurrence was similar between the groups,
and vulvovaginitis was more frequent in women without
hypertension compared to those with hypertension
(Table 2).

Table 1. Maternal sociodemographic characteristics and clinical and obstetric background of women with preterm birth according to the diagnosis of hypertension

Preterm births

Maternal characteristics Hypertension

Non-hypertension

n (%), (1=1,169) n (%), (1=2,981) el e

Maternal age (years) <0.001

<19 146 (12.5) 718(24.1) Ref

20-34 767 (65.7) 1.913(64.2) 1.69 (1.42-2.02)

>3 255(21.8) 350(11.7) 2.49(2.03-3.06)
Skin color 0.203

White 498 (42.6) 1,335 (44.8) Ref

Other 671(57.4) 1,646 (55.2) 1.066 (0.949-1.197)
Marital status 0.002

With partner 937(80.2) 2,258 (75.7) 1.207 (1.046-1.394)

No partner 232(19.8) 723(24.3) Ref
Schooling (years) 0.012

<8 432 (37.6) 1,209 (41.2) Ref

9-12 600 (52.3) 1,505 (51.2) 1.083 (0.957-1.225)

>12 116(10.1) 224.(7.6) 1.296 (1.056-1.591)
Diabetes prior to pregnancy <0.01

Yes 44(38) 55(1.8) 1.601 (1.185-2.164)

No 1,124 (96.2) 2,925(98.2) Ref
Previous preterm birth <0.001

Yes 160 (13.9) 192 (6.5) 1.719(1.454-2.031)

No 995(86.1) 2,767 (93.5) Ref
Previous low birthweight 0.0406

Yes 217(18.7) 475(16.1) 1.139(0.983-1.321)

No 942 (81.3) 2,481(83.9) Ref

PR: prevalence ratio.
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Table 2. Gestational characteristics of women with preterm birth according to the diagnosis of hypertension

Gestational characteristics

Preterm births

Hypertension

Non-hypertension

n (%), (1=1,169) n (%), (1=2,981) el FLRE]

Prenatal care <0.01

Yes 1,146 (98.0) 2,853 (95.7) 1.881(1.245-2.843)

No 23(2.0) 128(4.3) Ref
Onset of prenatal care 0.7350

First trimester 960 (83.8) 2,377 (83.4) Ref

Second or third trimester 185(16.2) 473(16.6) 1.023(0.874-1.197)
Number of prenatal visits 0.001

Adequate (=6) 599 (61.6) 1,360 (55.5) 1.198 (1.053-1.363)

Inadequate (<6) 374 (38.4) 1,091 (44.5) Ref
Weight gain in pregnancy <0.001

<7kg 250 (24.9) 949 (37.0) Ref

8-12kg 319(31.8) 893 (34.8) 1.263(1.070-1.490)

>12kg 434(43.3) 721(28.1) 1.802 (1.543-2.106)
Initial body mass index <0.001

<18.5kg/m? underweight 35(3.5) 267 (10.3) 0.513(0.363-0.723)

18.5-24.99 kg/m?: normal 450 (45.0) 1,540 (59.5) Ref

>25 kg/m?: overweight/obesity 516 (51.5) 781(30.2) 1.759 (1.550-1.996)
Final body mass index <0.001

<18.5 kg/m? underweight 3(03) 23(09) 0.892 (0.284-2.801)

18.5-24.99 kg/m?: normal 128(13.3) 861(34.7) Ref

>25 kg/m?: overweight/obesity 828(86.3) 1,596 (64.4) 2.639(2.191-3.179)
Paid work in pregnancy 0.6698

Yes 471(88.4) 1,064 (87.6) 1.049 (0.805-1.367)

No 62 (11.6) 150(12.4) Ref
Smoking in pregnancy <0.001

Yes 115(9.8) 475(15.9) Ref

No 1,054 (90.2) 2,506 (84.1) 1.519(1.253-1.841)
Alcohol consumption in pregnancy 0.0401

Yes (frequently) 10(0.9) 51(1.7) Ref

No or seldom 1,149(99.1) 2,911(98.3) 1.726(0.926-3.217)
Anemia 0.0184

Yes 297 (26.0) 866 (29.7) Ref

No 845 (74.0) 2,047 (70.3) 1.144.(1.002-1.306)
Vulvovaginitis in pregnancy 0.0017

Yes 161(23.3) 536 (29.6) Ref

No 530 (76.7) 1,276 (70.4) 1.270(1.065-1.515)
Urinary tract infection during pregnancy 0.477

Yes 308(23.9) 797 (34.2) 1.042 (0.909-1.195)

No 628(67.1) 1,633 (65.8) Ref
Dental inflammation/infection in pregnancy 0.3225

Yes 209 (18.1) 497 (16.8) 1.066 (0.918-1.239)

No 944 (81.9) 2,456 (83.2) Ref
Any other infection during pregnancy 0.859

Yes 105(9.1) 274(9.3) 0.985 (0.806-1.204)

No 1,050(90.9) 2,682(90.7) Ref
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All variables assessing pregnancy outcomes differed
significantly among the groups (Table 3). Fetal morbidity
was more frequent in the hypertension group (33.3%
versus 20.8%, p<0.001) than the no hypertension
group. Women with hypertension had a 6.4 higher
chance of undergoing a planned cesarean section, and
82.2% of the preterm deliveries in this group were
provider-initiated, compared to the no hypertension
group. Amniotic fluid disorders were more frequent in
the hypertensive group with marked oligohydramnios
(23.1% versus 18.2%, p<0.01) compared to the no
hypertension group. The occurrence of early PTB (<34
weeks) was more frequent in the hypertension group
(41.4% versus 35.7%, p<0.001) compared to the no
hypertension group.

Table 4 presents perinatal outcomes in both groups.
Extreme low birthweight was more frequent in the
hypertension group (27.1% versus 18.8%, p<0.001),
and those newborns demanded more ventilatory
support (56.8% versus 49.7%, p<0.001) than the no
hypertension group; however, 5 minute Apgar scores
<7 were higher in the non-hypertension group (12.1%
versus 14.9%, p=0.02). Intubation at birth was similar
in both groups. The average length of hospital stay and

neonatal care unit stay were significantly higher among
women with hypertension compared to those without.
The frequency of sepsis, intraventricular hemorrhage,
pneumonia, and oxygen therapy at 28 and 56 days of
life was similar; necrotizing enterocolitis was higher in
the hypertension group (3.6% versus 2.2%, p=0.035)
than in the no hypertension group. The occurrence
of newborn death was similar in both groups, with an
overall frequency of 8.5%.

Higher maternal age is independently associated
with the occurrence of hypertension during pregnancy.
Women aged 20-34 years had a 2.5 higher likelihood
and those aged >35 years had a 3.4 higher chance of
PTB than those aged <20 years. A weight gain > 12kg
increased the risk of hypertension during pregnancy by
2.18, and obese women also had a greater chance of
hypertension compared to those with a BMI <25 m/m?
(Table 5).

To evaluate factors associated with neonatal
morbidity, all variables of tables 1, 2, and 3 were
tested; however, only delivery before 34 weeks was
independently associated with this outcome (PR= 1.69,
95%CI=1.41-2.01) (data not shown).

Table 3. Pregnancy outcomes of women with preterm birth according to the diagnoses of hypertension

Preterm births

Pregnancy outcomes Hypertension Non-hypertension PR (95%Cl)
n (%), (n=1,169) n (%), (n=2,981) p value
Neonatal morbidity <0.001
No 733(66.7) 2,190(79.2) Ref
Yes 366 (33.3) 576(20.8) 1.550 (1.367-1.757)
Onset of labor <0.001
Spontaneous 198 (16.9) 2,019(67.7) Ref
Induction of labor 189(16.2) 385(12.9) 3.690(3.023-4.503)
Planned cesarean section 782(66.9) 577(19.4) 6.443 (5.513-7.631)
Route of birth <0.001
Vaginal 222(19.0) 1,710 (57.4) Ref
Cesarean section 947 (81.0) 1,271 (42.6) 3.716/(3.210-4.300)
Amniotic fluid disorders <0.01
Oligohydramnios 253(23.1) 496 (18.2) 1.221(1.060-1.406)
Polyhydramnios 25(2.3) 93(3.6) 0.735(0.494-1.095)
No 817 (74.6) 2,136(78.2) Ref
Preterm birth classification <0.001
Spontaneous preterm birth 208(17.8) 2,474 (83.0) 8.441 (7.266-9.806)
Provider-initiated preterm birth 961 (82.2) 507 (17.0) Ref
Gestational age at birth <0.001
<34 weeks 484(41.4) 1,065 (35.7) 1.186 (1.056-1.333)
34-36 weeks 685 (58.6) 1,916 (64.3) Ref
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Table 4. Perinatal outcomes among women with preterm birth according to the diagnosis of hypertension

Perinatal results

Preterm births

Hypertension

Non-hypertension

n (%), (n=1,169) n (%), (1=2,981) Elaie it tfeFll)
Birthweight <0.001
<1500 ¢ 316(27.1) 558(18.8) 1.621(1.374-1.912)
1501102500 g 591 (50.7) 1,610(50.9) 1.261(1.089-1.460)
>2500 g and <4000 g 255(21.9) 888 (30.0) Ref
>4000 g 3(0.3) 8(0.3) 1.223(0.392-3.816)
5" minute Apgar score <7 0.02
Yes 140(12.1) 435(14.9) 0.841(0.705-1.003)
No 1,015(87.9) 2,490 (85.1) Ref
Orotracheal intubation at birth 0.5784
Yes 189(17.0) 457 (16.3) 1.039(0.888-1.215)
No 922 (83.0) 2,350 (83.7) Ref
Surfactant use 0.0470
Yes 194(17.7) 419(15.1) 1.142(0.978-1.334)
No 901(82.3) 2,351 (84.9) Ref
Fetal malformation 0.005
Yes 96(8.7) 328(11.8) Ref
No 1,006 (91.3) 2,449 (88.2) 1.286 (1.043-1.585)
Average length of hospital stay (days) 17.7+196 149+195 <0.001
Average length of NICU stay (days) 11.7£19.4 9.6£16.9 <0.001
Ventilatory support <0.001
Yes 632 (56.8) 1,396 (49.7) 1.229(1.091-1.384)
No 480(43.2) 1413 (50.3) Ref
Any neonatal morbidity <0.001
Yes 833(74.8) 1,923 (68.6) 1.248(1.090-1.428)
No 281(25.2) 879(31.4) Ref
Sepsis 0.0687
Yes 214(27.0) 562 (30.5) 0.885(0.757-1.036)
No 579(73.0) 1280 (69.5) Ref
Respiratory distress 0.004
Yes 654 (79.4) 1412(74.2) 1229 (1.038-1.455)
No 170 (20.6) 490(25.8) Ref
Intraventricular hemorrhage 0.999
Yes 59(9.4) 139(9.4) 1.00(0.765-1.307)
No 568 (90.6) 1,338(90.6) Ref
Necrotizing enterocolitis 0.035
Yes 29(3.6) 40(2.2) 1.392(0.961-2.016)
No 786 (96.4) 1,813(97.8) Ref
Pneumonia 0.7014
Yes 47(5.8) 114(6.1) 0.954(0.711-1.281)
No 770(94.2) 1,744(93.9) Ref
Oxygen therapy at 28 days 0.8566
Yes 72(8.9) 161 (8.6) 1.019(0.800-1.298)
No 714(91.7) 1,702 (91.4) Ref
Oxygen therapy at 56 days 0.7624
Yes 24(3.0) 59(3.2) 0.950(0.633-1.426)
No 776(97.0) 1,771(96.8) Ref
Newborn's condition at discharge or hospital transfer 0.0868
Alive 1,037 (92.8) 2,581 (91.1) Ref
Dead 81(7.2) 253 (8.9) 0.846 (0.675-1.061)

NICU: neonatal intensive care unit
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Table 5. Factors independently associated with hypertensive diseases of
pregnancy among women with preterm birth in Brazil

Factor p value PR, (95CI)

Maternal age (between 20-34 years) 0.0453 2494 (1.019-6.103)
Maternal age (>35 years) 0.0096 3.372 (1.346-8.449)
Weight gain (>12 kg) <0.001 2.184(1.546-3.086)
Obesity (BMI >25 kg/m?) <0.001 1.753(1.341-2.291)

BMI: body mass index.

DISCUSSION

We aimed to compare the characteristics of PTB among
women with and without hypertension using a large
database of Brazilian PTB cases. More than 20% of
the women had hypertensive disorders of pregnancy;
advanced maternal age, higher educational levels, and
having a partner were more likely to occur in the
hypertension group. Infections were frequent in both
groups; however, tobacco and alcohol consumption
were not frequent, and smoking was significantly less
common among women with hypertension. Women
with hypertension had worse gestational characteristics,
such as fetal morbidity, early PTB, and oligohydramnios;
therefore, they received more antenatal corticosteroids
than those without hypertension. Due to the earlier
gestational age at birth, newborns in the hypertension
group required more ventilatory support than those in
the no hypertension group; however, other complications
and deaths were similar. Obesity, uncontrolled weight
gain during pregnancy, and advanced maternal age were
associated with hypertension, whereas extreme preterm
birth was associated with neonatal morbidities.

The women included in this study were mainly
non-white, 20-34 years of age, and most did not
have a university degree. We did not collect data on
family income. However, we can infer that our sample
comprised young, poor, and non-white women.
The Brazilian Institute of Geography and Statistics
evaluated the characteristics of the Brazilian population
through a national survey called the Programa
Nacional de Avalia¢ido de Domicilios Continua (PNAD
Continua), with the most recent report published in
2022.4Y According to a survey, 55.9% of the Brazilian
population is non-white, most of the female population
is aged between 20—44 years, and only 19.2% have a
university degree. The population included in this study
was, therefore, similar to the Brazilian population,
and our results probably reflect the reality of women
attending public health settings, which is the majority
in the country.

We showed that hypertensive disorders during
pregnancy affected one-fifth of all the PTB cases
included in the cohort. Chronic hypertension is the
most frequent non-communicable disease in Brazil,
and is more frequently self-reported by women®?
while preeclampsia prevalence ranges from 4.7% to
7.5%.13 Our prevalence of hypertensive disorders of
pregnancy is representative of the national background
of a high prevalence of chronic hypertension and the
high prevalence of preeclampsia in middle-income
countries such as Brazil.' Unfortunately, our study
does not allow for accurate diagnosis of different
hypertensive disorders because the original study was
not developed specifically for the study of hypertension
in pregnancy. The criteria for each hypertensive disorder
of pregnancy were not obtained during data collection,
and we grouped chronic hypertension, gestational
hypertension, and preeclampsia for this analysis. We
recognize this as an important limitation.

Another important aspect related to the higher
frequency of hypertensive disorders of pregnancy
compared to other previous reports was that we obtained
data specifically from a cohort of women with PTB;
among the 4,150 PTB included, 1,468 were provider-
initiated.'"”’” Among these women, 598 (40.73%) had
hypertensive disorders during pregnancy. These two
factors may explain the high frequency of hypertensive
disorders during pregnancy in our study.

Clinical phenotypes related to PTB have already
been explored using the EMIP database;'® our results
suggest that women with hypertension who had PTB
were older, had a better educational level, and had a
partner, suggesting that they had a higher economic
status when compared to those with no hypertension.
They also attended more prenatal care, possibly because
this group included women with chronic hypertension
and were more aware of their condition, with increased
surveillance of maternal conditions and pregnancy
outcomes.

Another interesting point regarding the clinical
phenotypes of women with PTB and hypertension is
that most were obese at the beginning and had excessive
weight gain during pregnancy; therefore, almost all
were obese at the end of pregnancy. These four easily
identified characteristics (age, educational level, marital
status, and obesity) in women with hypertension are
likely to be associated with medically indicated PTB,
and healthcare providers should be aware of this
association.!®

Most PTB cases in the hypertensive group occurred
before 34 weeks of gestation. These characteristics may
explain the increased use of antenatal corticosteroids

einstein (Sao Paulo). 2024;22:1-10



Guida JP, Dias TZ, Lajos GJ, Nomura ML, Pacagnella RC, Tedesco RP, Rehder PM, Haddad S, Sousa MH, Passini-Junior R, Cecatti JG, Costa ML

in this group. The use of corticosteroids was previously
evaluated in EMIP®” and the results showed better
outcomes among those who received this intervention
before 34 weeks of preterm labor. In hypertensive
disorders in pregnancy, mostly preeclampsia, the
fetuses are exposed to oxidative stress, chronic hypoxia,
and malnutrition. This hostile environment can cause
intrauterine stress and fetuses can be exposed to
endogenously elevated steroid levels. Therefore, the
effect of antenatal corticosteroid treatment on neonatal
outcomes in pregnancies complicated with hypertension
is doubtful. In addition, approximately 30-50% of
women with early onset hypertensive disorders have
fetal growth restrictions, and data on the efficacy of
antenatal corticosteroid treatment in women with
growth-restricted fetuses are limited and conflicting.
Despite these doubts, there is robust evidence in
recent literature that a single course of corticosteroids
(betamethasone or dexamethasone) reduces the risk of
perinatal death and neonatal complications, including
respiratory distress syndrome, necrotizing enterocolitis,
and intensive care admissions in pregnancies at risk
of preterm birth regardless of the cause; subgroup
analyses indicate that there is no evidence to suggest
any difference in the effect of preterm birth as a result
of hypertensive disease.!820)

The incidence of cesarean sections was higher
in the hypertension group than in the control group.
There are two possible explanations for this. Many of
these deliveries occurred before 34 weeks, and most
women had their onset as a planned cesarean section
due to concerns about the induction of labor before
32 weeks.® The other explanation is that Brazil has
one of the highest cesarean section rates worldwide,"
and hypertension was probably not the only (or even
the primary) contributor to the decision to perform a
cesarean section.

Newborns had similar performance in both groups
for most of the considered variables; however, the
results differed in the need for ventilatory support
(PR= 1,229, 95%CI= 1,091-1,384), respiratory distress
(PR= 1,229, 95%CI=1,038-1,455), and length of stay
in the NICU and hospital. These worse results among
women with hypertension are justified by the fact that
deliveries at less than 34 weeks and birth weights less
than 1,500g were more frequent in that group. This was
probably due to the worsening of the maternal clinical
conditions, which resulted in medically indicated
preterm delivery. These results also reinforce the need
for corticosteroids for fetal lung maturation, as advised
by the International Society of Studies in Hypertension
in Pregnancy."
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Interventions and outcomes during pregnancy can
affect the health of women.? Hypertensive disorders
of pregnancy are major risk factors for pregnancy
complications; women with these conditions are at a
higher risk of stroke, coronary artery disease, cardiac
arrhythmias, and chronic kidney disease during long-
term follow-up.® Knowing that 20% of women
are affected by hypertensive disorders of pregnancy
highlights the importance of adequate follow-up to
prevent cardiovascular morbidity.

Our study has significant limitations. We only
included women with PTB, and the results are not
generalizable to the obstetric population. Another
critical point previously discussed is the classification of
women with hypertension, as we grouped women with
different types of hypertensive disorders of pregnancy
into the same group.

The strength of this analysis is that it presents the
significant impact of hypertension among PTB cases
in our setting, highlighting the importance of adequate
antenatal care and follow-up to enable insufficient
diagnosis and management. Early onset preeclampsia
(<34 weeks) is associated with an increased risk of
adverse maternal and perinatal outcomes but also
an increased risk of long-term hypertension and
cardiovascular disease.®

Hypertensive disorders of pregnancy are frequent
among women with PTB and are associated with
advanced maternal age, obesity, and uncontrolled
weight gain. Women with hypertension had a higher
incidence of early PTB—mostly provider-initiated—
through cesarean sections. Low birth weight and
need for ventilatory support were the main perinatal
complications, and delivery below 34 weeks was
associated with neonatal morbidity.

ACKNOWLEDGMENTS

Members of the Brazilian Multicenter Study on Preterm
Birth study group (lead by José Guilherme Cecatti) are:
Sérgio Tadeu Martins Marba, Vilma Maria Zotareli
Prette, and Lucio Tito Gurgel, from the coordinating
center at Universidade de Campinas (Campinas, SP);
Francisco Feitosa and George Chaves, from Maternidade
Escola Assis Chateaubriand (Fortaleza, CE); Ana
Porto and Isabela Coutinho, from Instituto de Medicina
Integral Prof. Fernando Figueira (Recife, PE); Antonio
Barbosa Lima, Elias Melo Jr, and Debora Leite,
from Hospital das Clinicas da Universidade Federal de



Hypertensive disorders during pregnancy as a major cause of preterm birth and adverse perinatal outcomes

Pernambuco (Recife, PE); Melania Amorim, Adriana
Melo, and Fabiana Melo, from Instituto de Satide Elidio
de Almeida (Campina Grande, PB); Marilia Martins
and Marinea Nunes, from Hospital Universitirio da
Universidade Federal do Maranhdo (Sao Luis, MA);
Claudio Paiva, Moises Lima, and Djacyr Freire, from
Hospital Universitdrio Lauro Wanderley da Universidade
Federal da Paraiba (Joao Pessoa, PB); Edson Tristao,
Denis Nascimento, and Renato Souza, from Hospital
das Clinicas da Universidade Federal do Parand (Curitiba,
PR); Carlos Menezes and Marcelo Aquino, from
Maternidade Climério de Oliveira (Salvador, BA); Janete
Vettorazzi and Cintia Senger, from Hospital das Clinicas
da Universidade Federal do Rio Grande do Sul (Porto
Alegre, RS); Augusta Assumpgio, Marcela Guedes,
and Maria Moreira, from Instituto Fernandes Figueira
(Rio de Janeiro, RJ); Vera Borges, from Faculdade de
Medicina de Botucatu da Universidade Estadual Paulista
(Botucatu, SP); Nelson Maia Filho and Jacinta Mathias,
from Faculdade de Medicina de Jundiai (Jundiai, SP);
Ruth Guinsburg, Eduardo Souza, and Ana Zamarian,
from Hospital Sdo Paulo da Universidade Federal
de Sdo Paulo (Sao Paulo, SP); Francisco Martinez,
Silvana Quintana, and Patriicia Melli, from Hospital
das Clinicas da Faculdade de Medicina de Ribeirdo Preto
da Universidade de Sdo Paulo (Ribeirao Preto, SP);
Fatima Lotufo and Kaliane Uzilin, from Santa Casa
de Limeira (Limeira, SP); Elvira Zanette and Carla
Andreucci, from Santa Casa de Sdo Carlos (Sao Carlos,
SP); Tenilson Oliveira and Laercio Oliveira, from Casa
Maternal Leonor Mendes de Barros (Sao Paulo, SP);
Nelson Sass and Mirian Silveira, from Maternidade
Escola de Vila Nova Cachoeirinha (Sao Paulo, SP); and
Pedro Coutinho and Luciana Siqueira, from Hospital
Estadual de Sumaré (Sumaré, SP).

AUTHORS’ CONTRIBUTION

José Paulo de Siqueira Guida, Téabata Zumpano Dias,
Giuliane Jesus Lajos, Marcelo Luis Nomura, Rodolfo
de Carvalho Pacagnella, Ricardo Porto Tedesco,
Patricia Moretti Rehder, Samira Haddad, Maria Helena
Sousa, and Renato Passini-Junior: contributed to the
conception of this analysis, performed the statistical
analysis, interpreted data, wrote the manuscript, and
reviewed the first version of the manuscript. José
Guilherme Cecatti and Maria Laura Costa: contributed
to the conception of this study, interpreted the data,
and critically reviewed the manuscript. All authors
approved the final version of the manuscript.

AUTHORS' INFORMATION

Guida JP: http://orcid.org/0000-0002-3648-6159

Dias TZ: http://orcid.org/0000-0001-8072-2887

Lajos GJ: http://orcid.org/0000-0003-0268-3303
Nomura ML: http://orcid.org/0000-0002-2664-4475
Pacagnella RC: http://orcid.org/0000-0002-5739-0009
Tedesco RP: http://orcid.org/0000-0003-4851-6949
Rehder PM: http://orcid.org/0000-0003-4530-1109
Haddad S: http://orcid.org/0000-0001-8352-8983
Sousa MH: http://orcid.org/0000-0002-2600-2157
Passini-Junior R: http://orcid.org/0000-0001-8247-4549
Cecatti JG: http://orcid.org/0000-0003-1285-8445
Costa ML: http://orcid.org/0000-0001-8280-3234

REFERENCES

1. Wilkerson RG, Ogunbodede AC. Hypertensive Disorders of Pregnancy. Emerg
Med Clin North Am. 2019;37(2):301-16. Review.

2. Ghulmiyyah L, Sibai B. Maternal mortality from preeclampsia/eclampsia.
Semin Perinatol. 2012;36(1):56-9.

3. Brown MA, Magee LA, Kenny LC, Karumanchi SA, McCarthy FP. Saito S,
Hall DR, Warren CE, Adoyi G, Ishaku S; International Society for the Study
of Hypertension in Pregnancy (ISSHP). Hypertensive Disorders of Pregnancy:
ISSHP Classification, Diagnosis, and Management Recommendations for
International Practice. Hypertension. 2018;72(1):24-43. Review.

4. Peracoli JC, Borges VT, Ramos JG, Cavalli RC, Costa SH, QOliveira LG, et al.
Pre-eclampsia/Eclampsia. Rev Bras Ginecol Obstet. 2019;41(5):318-32.
Erratum in: Rev Bras Ginecol Obstet. 2019;41(5):e1-2. Review.

5. ShahPS, Rau'S, Yoon EW, Alvaro R, da Silva 0, Makary H, Claveau M, Lee SK;
Canadian Neonatal Network (CNN) Investigators. Actuarial Survival Based on
Gestational Age in Days at Birth for Infants Born at <26 Weeks of Gestation.
J Pediatr. 2020;225:97-102.€3.

6. Silveira MF, Santos IS, Barros AJ, Matijasevich A, Barros FC, Victora CG.
Increase in preterm births in Brazil: review of population-based studies. Rev
Saude Publica. 2008;42(5):957-64. Review.

7. Ravelli AC, Eskes M, van der Post JA, Abu-Hanna A, de Groot CJ. Decreasing
trend in preterm birth and perinatal mortality, do disparities also decline?
BMC Public Health. 2020;20(1):783.

8. Goldenberg RL, Culhane JF, lams JD, Romero R. Epidemiology and causes of
preterm birth. Lancet. 2008;371(9606):75-84. Review.

9. Lajos GJ, Tedesco RP. Passini R Jr, Dias TZ, Nomura ML, Rehder PM,
Haddad SM, Sousa MH, Cecatti JG; Brazilian Multicenter Study on Preterm
Birth Study Group. Methodological issues on planning and running the
Brazilian Multicenter Study on Preterm Birth. Scientific\WorldJournal.
2015;2015:719104.

10. Passini R Jr, Cecatti JG, Lajos GJ, Tedesco RP. Nomura ML, Dias TZ, Haddad
SM, Rehder PM, Pacagnella RC, Costa ML, Sousa MH; Brazilian Multicentre
Study on Preterm Birth study group. Brazilian multicentre study on preterm
birth (EMIP): prevalence and factors associated with spontaneous
preterm birth. PLoS One. 2014;9(10):e109069. Erratum in: PLoS One.
2015;10(2):e0116843.

11. Instituto Brasileiro de Geografia e Estatistica (IBGE). Pesquisa Nacional
de Amostragem de Domicilios Continua - PNAD Continua. Rio de Janeiro:
IBGE; 2022 [citado 2023 Out 17]. Disponivel em: https://www.ibge.gov.
br/estatisticas/sociais/trabalho/9171-pesquisa-nacional-por-amostra-de-
domicilios-continua-mensal.html

12. Malta DC, Bernal RT, de Souza MF, Szwarcwald CL, Lima MG, Barros
MB. Social inequalities in the prevalence of self-reported chronic non-
communicable diseases in Brazil: national health survey 2013. Int J Equity
Health. 2016;15(1):153.

einstein (Sao Paulo). 2024;22:1-10



Guida JP, Dias TZ, Lajos GJ, Nomura ML, Pacagnella RC, Tedesco RP, Rehder PM, Haddad S, Sousa MH, Passini-Junior R, Cecatti JG, Costa ML

de Aratjo CA, Ray JG, Figueiroa JN, Alves JG. Brazil magnesium (BRAMAG)
trial: a double-masked randomized clinical trial of oral magnesium
supplementation in pregnancy. BMC Pregnancy Childbirth. 2020;20(1):234.

Mayrink J, Souza RT, Feitosa FE, Rocha Filho EA, Leite DF, Vettorazzi J,
Calderon IM, Sousa MH, Costa ML, Baker PN, Cecatti JG; Preterm SAMBA
study group. Incidence and risk factors for Preeclampsia in a cohort of
healthy nulliparous pregnant women: a nested case-contral study. Sci Rep.
2019;9(1):9517.

Giordano JC, Parpinelli MA, Cecatti JG, Haddad SM, Costa ML, Surita FG, et
al. The burden of eclampsia: results from a multicenter study on surveillance
of severe maternal morbidity in Brazil. PLoS One. 2014;9(5):e97401.

Souza RT, Cecatti JG, Passini R Jr, Pacagnella RC, Oliveira PF, Silva CM;
Brazilian Multicentre Study on Preterm Birth study group. Cluster analysis
identifying clinical phenotypes of preterm birth and related maternal and
neonatal outcomes from the Brazilian Multicentre Study on Preterm Birth. Int
J Gynaecol Obstet. 2019;146(1):110-7.

Dias TZ, Passini R Jr, Tedesco RP, Lajos GJ, Rehder PM, Nomura ML, Costa
ML, Oliveira PF Sousa MH, Cecatti JG; Brazilian Multicenter Study on
Preterm Birth (EMIP) study group. Evaluation of prenatal corticosteroid use in
spontaneous preterm labor in the Brazilian Multicenter Study on Preterm Birth
(EMIP). Int J Gynaecol Obstet. 2017;139(2):222-9.

einstein (Sao Paulo). 2024;22:1-10

10

20.

21.

22.

23.

. Ushida T, Kotani T, Hayakawa M, Hirakawa A, Sadachi R, Nakamura N, et al.

Antenatal corticosteroids and preterm offspring outcomes in hypertensive
disorders of pregnancy: a Japanese cohort study. Sci Rep. 2020;10(1):9312.

. Magann EF, Haram K, Ounpraseuth S, Mortensen JH, Spencer HJ,

Morrison JC. Use of antenatal corticosteroids in special circumstances: a
comprehensive review. Acta Obstet Gynecol Scand. 2017;96(4):395-409.
Review.

Fox R, Kitt J, Leeson P, Aye CY, Lewandowski AJ. Preeclampsia: Risk Factors,
Diagnosis, Management, and the Cardiovascular Impact on the Offspring. J
Clin Med. 2019;8(10):1625. Review.

Magee LA, Brown MA, Hall DR, Gupte S, Hennessy A, Karumanchi SA, Ket
al. The 2021 International Society for the Study of Hypertension in Pregnancy
classification, diagnosis & management recommendations for international
practice. Pregnancy Hypertens. 2022;27:148-69.

Filippi V, Chou D, Barreix M, Say L; on behalf of the WHO Maternal Morbidity
Working Group (MMWG). A new conceptual framework for maternal
morbidity. Int J Gynecol Obstet. 2018;141(Suppl 1):4-9.

Garovic VD, White WM, Vaughan L, Saiki M, Parashuram S, Garcia-Valencia
0, et al. Incidence and Long-Term Outcomes of Hypertensive Disorders of
Pregnancy. J Am Coll Cardiol. 2020;75(18):2323-34.



