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Abstract

Background

Twin pregnancies account for 0.5-2.0% of all gestations worldwide. They have a negative
impact on perinatal health indicators, mainly owing to the increased risk for preterm birth.
However, population-based data from low/middle income countries are limited. The current
paper aims to understand the health risks of twins, compared to singletons, amongst late
preterms and early terms.

Methods

Data is from “Birth in Brazil”, a national inquiry into childbirth care conducted in 2011/2012 in
266 maternity hospitals. We included women with a live birth or a stillborn, and excluded
births of triplets or more, totalling 23,746 singletons and 554 twins. We used multiple logistic
regressions and adjusted for potential confounders.

Results

Twins accounted for 1.2% of gestations and 2.3% of newborns. They had higher preva-
lence of low birth weight and intrauterine growth restriction, when compared to singletons,
in all gestational age groups, except in the very premature ones (<34 weeks). Amongst
late preterm’s, twins had higher odds of jaundice (OR 2.7, 95% CIl 1.8—4.2) and antibiotic
use (OR 1.8, 95% CI 1.1-3.2). Amongst early-terms, twins had higher odds of oxygen
therapy (OR 2.7, 95% CI 1.3-5.9), admission to neonatal intensive care unit (OR 3.1,
95% Cl 1.5-6.5), transient tachypnoea (OR 3.7, 95% CI 1.5-9.2), jaundice (OR 2.8, 95%
Cl11.3-5.9) and antibiotic use (OR 2.2, 95% CI 1.14.9). In relation to birth order, the sec-
ond-born infant had an elevated likelihood of jaundice, antibiotic use and oxygen therapy,
than the first-born infant.

PLOS ONE | https://doi.org/10.1371/journal.pone.0245152  January 11, 2021

1/13


https://orcid.org/0000-0002-0236-2043
https://orcid.org/0000-0003-3592-1849
https://orcid.org/0000-0002-2034-0294
https://doi.org/10.1371/journal.pone.0245152
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0245152&domain=pdf&date_stamp=2021-01-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0245152&domain=pdf&date_stamp=2021-01-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0245152&domain=pdf&date_stamp=2021-01-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0245152&domain=pdf&date_stamp=2021-01-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0245152&domain=pdf&date_stamp=2021-01-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0245152&domain=pdf&date_stamp=2021-01-11
https://doi.org/10.1371/journal.pone.0245152
https://doi.org/10.1371/journal.pone.0245152
https://doi.org/10.1371/journal.pone.0245152
http://creativecommons.org/licenses/by/4.0/

PLOS ONE

Twin pregnancy and perinatal outcomes

Funding: The Birth in Brazil Study was funded by
the National Council for Scientific and
Technological Development (CNPq); National
School of Public Health, Oswaldo Cruz Foundation
(INOVA Project); and Foundation for supporting
Research in the State of Rio de Janeiro (FAPERJ).
The funders had no role in study design, data
collection and analysis, decision to publish, or
preparation of the manuscript.

Competing interests: The authors have declared
that no competing interests exist.

Conclusion

Although strongly mediated by gestational age, an independent risk remains for twins for
most neonatal morbidities, when compared to singletons. These disadvantages seem to be
more prominent in early-term newborns than in the late preterm ones.

Background

Twin births rates vary considerably around the world, according to country development, from less
than 1% of all births in Asian South and Southeast [1] to more than 3% in the USA [2] and France
[3]. Variations also exist according to race and ethnicity [1,2]. Multiple birth rates have been rising
since the 1970s in developed countries [4,5]. Over three decades (1980-2009), the twin birth rate
rose by 76% in USA, increasing more than 2% per year from 1980 through 2004 and reaching 3.3%
of all births in 2009 [6]. The increasing maternal age after the emergence of new contraception and
infertility treatments are the main causes of the increase in twin pregnancy rates [4,5,7-9].

In Brazil, according to the National Live Births Database (SINASC), there is also an increas-
ing trend in twin birth rates, from 1.7% to 2.0% in the sixteen years since 2000 [10]. This trend
was corroborated by a study in a Southern city of Brazil where multiple birth rates rose from
1.9% to 2.5% in the period 1994-2005 [11]. The prevalence of twin gestations is higher in the
Brazilian regions with higher human development index (HDI). Moreover, mothers of twins
are older and show higher levels of education [12].

Twin births have a negative impact on perinatal health indicators, since twins have a higher
risk of perinatal mortality [12-14], especially due to higher preterm birth rates [5]. In low and
middle income countries, early neonatal mortality is seven times higher among twins [14].
Even when we adjust these figures according to birth weight, the chance of early neonatal mor-
tality in twins is three times higher than for single births. Several investigations have found
that neonatal mortality and morbidity of the second twin are higher than the first [12,15,16].
Studies also point to the conflicting results on the safest mode of delivery for the second twin,
particularly for non-cephalic second twins [16-18].

Moreover, maternal mortality and morbidity are higher in cases of twin births when com-
pared with single pregnancies [13,19,20]. A large study conducted mainly in low- and middle-
income countries has found that mothers of twins were three times more at risk of maternal
near miss. The same group of women were considered four times more at risk of maternal
mortality, particularly due to postpartum haemorrhage and hypertensive disorder [19].

In Brazil, as in several developing countries, surveys of twin pregnancies with country-spe-
cific data are limited. Most studies are hospital-based and consider a limited number of hospi-
tals [21], or they are based on secondary data [11,12]. ‘Birth in Brazil’ was the first perinatal
survey in Brazil to provide primary data comprising national and regional representative sam-
ples [22]. The study provides plentiful resource with which we can evaluate the magnitude of
adverse outcomes in twin pregnancies in Brazil.

The objective of the current paper is to understand the health risks of giving birth to twins
at different gestational ages. Subsequent analysis will explore the relationship between birth
order and maternal and perinatal outcomes in cases of twin births.

Methodology
Database

The present manuscript is based on data from ‘Birth in Brazil’, a nationwide population-based
survey on gestation and delivery, performed between February 2011 and October 2012. The
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sample was selected in three stages. The first stage was to select hospitals with 500 or more
births / year, stratified by the country’s five macro-regions, location (capital or non-capital)
and type of hospital (private, public and mixed). The second consisted of identifying the num-
ber of days needed to interview 90 puerperae (minimum of seven days in each hospital). The
third consisted of selecting appropriate puerperae. 266 hospitals were sampled in total. Further
details of sample design are available in Vasconcellos et al (2014) [23].

Inclusion and exclusion criteria

The study included 24,035 women who were admitted to maternity wards at the time of deliv-
ery, along with their newborns of any gestational age and weight, and stillbirths with birth
weight > 500 g and / or gestational age > 22 weeks’ gestation. Of these, 23,746 had a single
birth (23,746 newborns), 277 had twins (554 newborns) and 12 had triplets (36 newborns). For
the present analysis, we have excluded deliveries of triplets. We thus sampled a total of 24,023
puerperae and 24,300 newborns.

Predictor variables

The main predictor variable was twin pregnancy, compared to single pregnancies, stratified
into four gestational age groups: <34 weeks (preterm), 34-36 weeks (late preterm), 37 and 38
weeks (early term) and >39 weeks (full term). As a secondary predictor variable, we analysed
the birth order of twin infants (first-born or second-born).

Outcomes

We analysed the following outcomes: low birthweight (<2500g); intrauterine growth restric-
tion [IUGR] (below the tenth and third percentiles); resuscitation of the newborn in the deliv-
ery room (positive pressure ventilation, orotracheal intubation, cardiac massage or use of
drugs); oxygen therapy (oxygen Hood, continuous positive airway pressure (CPAP) or
mechanical ventilation); use of antibiotics at any time during hospitalisation; admission to the
Neonatal Intensive Care Unit (NICU); transient tachypnoea of the newborn; hypoglycaemia
in the first 48 hours of life; phototherapy in the first 72 hours of life (jaundice); severe neonatal
outcomes; and severe maternal outcomes. The severe neonatal outcome included neonatal
near misses, according to the WHO classification [24]. It also included early and late foetal
and neonatal deaths. The severe maternal outcome included maternal near misses, according
to the WHO classification [25], and maternal deaths occurring in the puerperal period. Appro-
priate birth weight for gestational age was assessed by Intergrowth-21st intrauterine growth
curves, considering birth weight <10™ percentile as small for gestational age (SGA) and birth
weight <3th percentile as intrauterine growth restriction (IUGR) [26].

Covariables

We identified the following variables as potential confounding factors: macroregion (North,
Northeast, South, Southeast, Midwest), type of payment for childbirth (public or private);
maternal age (<20, 20-34, >35); years of maternal schooling (<7, 8-10, 11-14, >15); and ges-
tational age upon delivery (in gestational weeks).

Data collection

We collected data on the socioeconomic characteristics of the women (age, ethnicity, school-
ing, economic class, presence of a companion, and employment status) through face-to-face
interviews with puerperal women. Data on obstetric history and maternal medical conditions
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were collected from maternal hospital records and prenatal cards. We recorded all neonatal
outcomes from hospital records of newborns.

We gathered information on gestational age upon delivery primarily from results of ultra-
sound examinations, performed between seven and thirteen gestational weeks. We collected
this information from both the original ultrasound examination and prenatal cards, maternal
hospital and newborn records. 74% of women had gestational age at birth classified by this
method and, in the absence of ultrasonographic estimates, gestational age was based on the
information reported by the woman in the interview (23%) and, finally, on the date of the last
menstrual period (1%) and the 50% percentile of weight for gestational age at birth (2%) [27].

Statistical analysis

Post-hoc calculations show that with a significance level of 5%, the twin sample (554 new-
borns) would have 80% power to detect an increased risk corresponding to an OR of >2 for
neonatal outcomes, with a prevalence of 5%. However, gestational age categories of 34-36
weeks (with 248 newborns) and 37-38 weeks (with 164 newborns) would have 80% power to
detect an increased risk corresponding to an OR of >2.5 and >3.0, respectively, for neonatal
outcomes with a prevalence of 5%.

We analysed the differences in the characteristics of postpartum women, as well as absolute
differences in neonatal outcomes according to twin births, using the %2 test. Using multiple
non-conditional logistic regressions, stratified by the four gestational age categories (<34, 34—
36, 37 and 38, >39), we analysed neonatal outcomes associated with twin births in comparison
to single births. We analysed neonatal outcomes associated with birth order by means of multi-
ple non-conditional logistic regression. In both analyses, we estimated the odds ratios (OR),
adjusted odds ratios (adj. OR) and their respective 95% confidence intervals.

For all outcomes, macro-region, type of birth payment, maternal age, maternal schooling
years and gestational age, we performed adjusted analysis. Gestational age at delivery was used
as an adjustment variable in the model in complete gestational weeks, as there was a higher
proportion of twins than single births at lower gestational ages, even within the pre-deter-
mined categories. We accounted for the complex sample design in all statistical analyses. We
adopted a significance level of 5% for all analyses. For this research, we used the statistical pro-
gramme SPSS V.20.0.

Ethical considerations

This study was approved by the Research Ethics Committee of ENSP / FIOCRUZ under num-
ber 92/2010. Measures have been taken to ensure the privacy and confidentiality of data col-
lected from participants. Informed consent was obtained prior to interviews with the use of an
informed consent form.

Results

Women giving birth to twins shared several defining characteristics, including higher usage of
private healthcare services, older age (> 35 years), and a greater prevalence of hypertensive dis-
orders (chronic and gestational arterial hypertension, preeclampsia and HELLP syndrome)
when compared to single birth mothers.

Among women giving birth to twins, the onset of labour was mostly provider-initiated,
with almost no labour induction performed. Caesarean sections were performed in 84% of
twin births and, amongst them, 61.5% were elective (antepartum) CS. Gestational age ranges
in twin births also differed significantly from figures observed in single births (Table 1 and
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Table 1. Sociodemographic characteristics, medical conditions, mode of birth and gestational age among mothers of twins and singletons.

Mothers of Twins (n = 277) Mothers of Singletons (n = 23,746) P-value*
Total n (%) n (%)
Region
North 30 (10.8) 2,291 (9.6) 0.415
Northeast 92 (33.2) 6,845 (28.8)
Southeast 96 (34.7) 10,108 (42.6)
South 35 (12.6) 2,959 (12.5)
Midwest 24 (8.7) 1,543 (6.5)
Type of payment for bith
Public 193 (69.7) 19,074 (80.3) 0.007
Private 84 (30.3) 4,672 (19.7)
Age
12to 19 36 (13.0) 4,543 (19.1) <0.001
20 to 34 188 (67.9) 16,709 (70.4)
>35 53 (19.1) 2,494 (10.5)
Ethnicity
White 107 (38.6) 8,002 (33.7) 0.381
Black 19 (6.9) 2,049 (8.6)
Brown/ mixed 151 (54.5) 13,695 (57.7)
Years of schooling
<7 67 (24.2) 6,349 (26.7) 0.197
8to 10 60 (21.7) 6,125 (25.8)
>11 150 (54.2) 11,272 (47.5)
Economic class (n = 266 and 23,311)
D+E 66 (24.8) 5,521 (23.7) 0.601
C 143 (53.8) 12,123 (52.0)
A+B 57 (21.4) 5,667 (24.3)
Marital status (n = 276 and 23,723)
Do not live with a companion 42 (15.2) 4,454 (18.8) 0.208
Live with a companion 234 (84.8) 19,269 (81.2)
Work (n =273 and 23,646)
No 161 (59) 14,145 (59.8) 0.823
Yes 112 (41) 9,501 (40.2)
Previous births
Nuliparous 123 (44.4) 11,107 (46.8) 0.310
1to2 115 (41.5) 10,178 (42.7)
>3 39 (14.2) 2,460 (10.4)
Medical conditions (n = 276 and 23,611)
Chronic hypertension 13 (4.7) 617 (2.6) 0.150
Hypertensive disorders® 51 (18.5) 2,584 (10.9) 0.003
Eclampsia 3(1.1) 135 (0.6) 0.387
Preexisting Diabetes 6(2.2) 244 (1.0) 0.196
Gestational Diabetes 27 (9.7) 1,955 (8.2) 0.471
Other severe chronic diseases® 5(1.8) 260 (1.1) 0.256
Onset of labour (n = 276 and 23,611)
Spontaneous 132 (47.8) 13,514 (57.2) <0.001
Provider-initiated 144 (52.2) 10,097 (42.8)
Elective (antepartum) CS 142 (98.6) 9,158 (90.7) <0.001
Successful labour induction 2(1.4) 939 (9.3)
(Continued)
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Table 1. (Continued)

Total
Mode of Birth
Vaginal
Caesarean
Elective (antepartum) CS
Emergency (intrapartum) CS
Gestational age in weeks
< 34
34-36
37-38
> 39

* Chi square x2 test.

Mothers of Twins (n = 277) Mothers of Singletons (n = 23,746) P-value*
n (%) n (%)
46 (16.3) 11,545 (48.5) <0.001
231 (83.7) 12,201 (51.5)
142 (61.5) 9,158 (75.1) 0.003
89 (38.5) 3,043 (24.9)
50 (18.1) 849 (3.6) <0.001
124 (44.8) 1,832 (7.7)
82 (29.6) 8,292 (34.9)
21 (7.6) 12,773 (53.8)

a Gestational hypertension, pre-eclampsia and HELLP syndrome.

b Chronic cardiac diseases (other than HD), chronic renal diseases and auto-imune diseases.

https://doi.org/10.1371/journal.pone.0245152.t001

S1 Fig). We detail the onset of labour and mode of birth in twin and singleton newborns, by
gestational age groups, in S1 Table.

Newborn twins showed lower birthweights and a higher prevalence of restricted intrauter-
ine growth, when compared to newborn single births. The results were independent of which
percentile was considered (either tenth or third percentile) (Table 2). Of the 277 pairs of twins,
21% (59 pairs) were of the same sex and 20% (55 pairs) showed a difference in birthweights
that exceeded 20% (data nor shown).

Newborn twins presented a larger risk of presenting neonatal outcomes, such as oxygen
therapy, admission to neonatal intensive care unit, transient tachypnoea, jaundice and antibi-
otic use. Nevertheless, the absolute difference between twin and single newborns was more
noticeable in late preterm infants (Table 2).

Among late preterm infants, for every one-hundred infants born, around 48% of newborn
twins showed neonatal near miss/foetal mortality/neonatal mortality, compared to 28% of the
same outcomes among single newborns. Equally, 30% of twins showing signs of jaundice were
subjected to phototherapy, compared to 11% in single newborns; 29% of twins were admitted
to an intensive care unit (ICU), compared to 18% in single newborns; and antibiotics were
used to treat 20% of newborn twins, compared to 12% in single newborns (Table 2).

For early term infants, absolute differences between newborn twins and single-births were
of a lesser magnitude, varying between 0.9% and 6.5%. Yet statistical significance was noted in
a greater number of outcomes (Table 2).

In cases of extreme prematurity, the difference in the application of supplemental oxygen
between twins and single newborns was more telling: 91% vs. 76%, respectively. Meanwhile,
the difference in levels of admission to an ICU was comparable to figures observed in late pre-
term infants. Although, the overall proportion of extremely premature infants admitted to an
ICU was far greater (Table 2).

In adjusted analysis, late preterm newborn twins showed a greater likelihood of being
admitted to an ICU, receiving treatment with antibiotics, neonatal near miss, and undergoing
phototherapy, with OR varying between 1.6 (CI 1.0-2.7) and 4.1 (CI 1.2-3.8). For early
term infants, newborn twins were more likely to receive antibiotics, supplemental oxygen,
phototherapy, to be admitted to an ICU, and to suffer from transient tachypnoea and
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hypoglycaemia, with OR varying between 2.5 (CI 1.1-5.6) and 6.2 (CI 1.9-20.0). Twin births
were neither associated with maternal near miss nor maternal mortality (Table 3).

When analysing birth order in twins, we found that the second-born twin showed a greater
prevalence of the outcomes studied in this research, compared to the first-born twin. After
adjusting for confounding factors, second-born twins showed an elevated likelihood of requir-

ing supplemental oxygen, treatment with antibiotics and phototherapy, than first-born twin
(Table 4).

Discussion

The twin pregnancy rate has increased in the last three decades due to available technologies
facilitating assisted reproduction, and because more women of advanced age (> 35 years old)
are becoming pregnant [7-9]. The proportion of twin pregnancies in this study was 1.15%,
similar to results found in other studies in Brazil [12].

Twin pregnancies and births continue to present a challenge for health services. The risk of
stillbirth is high, and the timing of delivery is important. Monochorionic twin pregnancies and
dichorionic gestation, which often leads to early delivery, potentially increase the risk of

Table 3. Twin pregnancy associated with neonatal and maternal outcomes by gestational age groups.

Birth weight
Low birth weight (< 2500 g)

SGA
IUGR

Neonatal and maternal outcomes

Resuscitation

Oxygen therapy
Antibiotic use

Neonatal ICU admission
Transient tachypnea
Hypoglycemia
Phototherapy (jaundice)
Severe Neonatal Outcome

Index *

Severe Maternal Outcome
Index®

Preterm (< 34 weeks) Late preterm (34-36 weeks) Early term (37-38 weeks) Full term (> = 39 weeks)
Crude OR | adj. OR* (95% Crude OR | adj. OR* (95% | Crude OR | adj. OR* (95% Crude OR adj. OR*(95%
(95%CI) CI) (95%CI) CI) (95%CI) CI) (95%CI) CI)
NA| NA |NA| NA |[77|@3- 74| (4.4- 6.7 | (3.9- 6.6 | (3.6- 17.9 | (5.8- 148 | (4.6-
13.7) 12.7) 11.7) 12.1) 55.4) 47.7)
1.1 (0.5- 09| (0.4-2.4) | 4.6 (2.1- 43| (2.2-8.5) | 6.5 (3.8- 6.3 | (3.5- 10.7 | (4.3- 12.2 | (4.7-
2.4) 11.0) 11.3) 11.4) 26.5) 31.6)
1.0 (0.4- | 09](03-2.7) |35 (1.1- 34((1.3-8.6) | 7.2 | (3.4- 8.0 | (3.7- 17.7 | (6.3- 213 (7.1-
2.4) 11.1) 15.2) 17.3) 50.2) 64.2)
08| (04- 0.6 | (0.2-1.3) | 0.8 | (0.4-2.8) | 0.8 | (0.4-1.4) | 1.2 (0.5-2.9) | 1.3 | (0.5-3.1) 1.8 (0.4-7.5) | 2.0 | (0.5-7.9)
1.6)
34| (1.2- 4.5 (1.6- 1.3 (0.7-2.3) | 1.3|(0.7-2.4) | 3.0 | (1.4-6.6) 1 3.2 | (1.5-7.0) | NA | NA NA NA
9.5) 12.1)
1.1| (0.5~ 1.2 | (0.5-2.8) | 1.8 | (1.0-3.1) | 2.0 | (1.1-3.6) | 2.4 | (1.1-5.3) | 2.4 | (1.1-5.6) | 0.6 | (0.2-1.6) | 0.7 | (0.2-1.9)
2.5)
21 (1.0- | 25| (1.3-49) | 1.8 | (1.2-2.8) | 1.6 | (1.0-2.7) | 3.5 (1.7-7.3) 3.8 | (1.8-7.9) | NA | NA NA| NA
4.5)
1.6 (0.9- 2.0 (1.1-3.7) | 1.3 (0.7-2.5) | 1.3 | (0.6-2.7) | 4.1 | (1.7- 4.0 | (1.5- 1.1 | (0.2-5.3) 1.3 | (0.3-5.7)
2.8) 10.2) 10.5)
1.6 (0.7- 1.8 | (0.7-4.7) | 0.8 | (0.3-2.3) | 0.8 | (0.2-2.5) | 5.5 (1.7- 6.2 | (1.9- NA NA NA NA
3.5) 16.6) 20.0)
20| (L0- | 2.0 (0.9-4.4) |3.4| (22-53) | 4.1 | (2.7-62) | 3.3 | (1.7-6.4) | 3.5 | (1.7-7.0) | 2.20 | (1.4-3.6) | 22| (1.3-3.8)
4.0)
NA NA NA NA 2.4|(1.2-4.9) | 2.2 (1.2-3.8) | 1.8 (1.0-3.4) | 1.8 | (0.9-3.3) | 2.02 | (0.6-7.4) @ 2.2 (0.6-8.5)
NA| NA |NA| NA |07 (02-25) 03 (0.1-1.7) | 1.3 (0.2-8.8) | 1.2 | (0.2-9.0) | NA | NA NA| NA

* Adjusted for region, type of payment for birth (public or private), mother’s age, years of schooling and gestational age at birth in weeks’ gestation.

a Neonatal nearmiss, stillbirth or neonatal death.

b Maternal nearmiss or maternal death.

NA: Logistic Regression not applicable due to very few, or too many, subjects with the outcome (see Table 2).

https://doi.org/10.1371/journal.pone.0245152.t003
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Table 4. Twin pregnancy associated with neonatal and maternal outcomes by order of birth.

All twins (n = 554) | Singletons (n = 23,746) | All twins (vs. Single) | Twin A (n = 277) | Twin B (n = 277) | Twin B (vs. Twin A)

n (%) n (%) adj. OR* (95%CI) n (%) n (%) OR**(95%CI)
Birth weight
Mean (SD) 2240g (573g) 3156 (573g) NA 2249g (558g) 2193g (546g) NA
Low birth weight (< 2500 g) 353 (63.7) 2116 (8.9) 6.7 (4.6-9.9) 176 (63.5) 195 (70.4) 1.0 (0.9-1.1)
SGA 202 (36.5) 1822 (7.7) 7.3 (4.7-11.2) 103 (37.2) 99 (35.7) 0.9 (0.8-1.1)
IUGR 103 (18.6) 746 (3.1) 3.3(1.9-5.8) 51 (18.4) 52 (18.8) 1.0 (0.9-1.1)
Neonatal and maternal outcomes
Resuscitation 83 (15.0) 1769 (7.4) 0.7 (0.4-1.4) 35 (12.6) 48 (17.3) 1.5 (0.9-2.3)
Oxygen therapy 161 (29.1) 1538 (6.5) 2.4 (1.0-5.5) 72 (26.0) 89 (32.1) 1.3 (1.1-1.6)
Antibiotic use 124 (22.4) 1184 (5.0) 1.6 (1.0-2.6) 50 (18.1) 74 (26.7) 1.7 (1.3-2.1)
Neonatal ICU admission 172 (31.0) 1497 (6.3) 3.8 (1.6-8.7) 78 (28.2) 94 (33.9) 1.3 (0.9-2.1)
Transient tachypnea 82 (14.8) 773 (3.3) 1.8 (1.1-2.9) 36 (13.0) 46 (16.6) 1.3 (0.9-1.9)
Hypoglycemia 33(6.2) 284 (1.2) 1.4 (0.6-3.2) 13 (4.7) 20 (7.2) 1.6 (0.7-3.6)
Phototherapy (jaundice) 151 (27.3) 1080 (4.5) 3.4 (2.4-4.7) 58 (20.9) 93 (33.6) 2.0 (1.5-2.6)
Stillbirth 6(1.1) 263 (1.1) 1.0 (0.99-1.01) 3(1.1) 3(1.1) 1.0 (0.98-1.02)
Neonatal death 27 (4.9) 241 (1.0) 4.6 (2.4-8.3) 15 (5.4) 12 (4.3) 0.8 (0.48-1.16)
Severe Neonatal Outcome Index 247 (44.6) 2852 (12.0) 2.1(1.4-3.3) 117 (51.5) 130 (57.3) 1.2 (0.9-1.5)
Severe Maternal Outcome Index” 8 (1.4) 264 (1.1) 0.3 (0.1-1.2) NA NA NA

* Adjusted for region, type of payment for birth (public or private), mother’s age, years of schooling and gestational age at birth in weeks’ gestation.
** There was no need for adjustment, since twins are from the same mother.

a Neonatal nearmisses, stillbitths or neonatal deaths.

b Maternal nearmisses (268 women) or maternal deaths (4 women).

NA: Logistic Regression not applicable.

https://doi.org/10.1371/journal.pone.0245152.t1004

neonatal complications [28-30]. Since the main objective of “Birth in Brazil” study was not to
study twin births, it was not possible to determine whether the twin pregnancy was monochor-
ionic or dichorionic. Neither was it possible to discern whether assisted reproductive technolo-
gies (ART) were applied during twin pregnancies. It was, however, possible to determine that
the proportion of twins was higher in the private sector and in women >39 years, which
increases the odds of twin pregnancy by ART. The same trend was observed in other studies in
Brazil [12,31].

We found that the absolute difference between severe perinatal outcomes in twins compared
to single born infants is higher during the late preterm period. The magnitude of this outcome
reaches almost 50% of infants. The proportion of spontaneous and provider-initiated twin births
was similar to single births in the late preterm; spontaneous births represented 60% of the total
number of births. Thus, a possible explanation for the disparities of outcomes between twins
and single born infants could be due to the higher prevalence of intrauterine growth restriction.
Weight is a defining criterion for neonatal near miss and IUGR infants had greater occurrence
of stillbirths. As for early term births, there was no significant increase in the chances of adverse
perinatal outcomes of twins relative to single born infants. However, other neonatal outcomes—
with the exception of resuscitation—were more prevalent in twins. These differences can be
explained, in part, by the fact that 66% of births were provider-initiated, mainly prelabour cae-
sarean, which increases the risk of respiratory morbidity of the newborn [32].

The optimal time of delivery for twin pregnancies is a highly debated topic [28-30,33]. A
meta-analysis published in 2016 [30], which included 29,685 dichorionic and 5,486
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monochronic pregnancies, showed that waiting for delivery beyond 37 weeks led to an addi-
tional 8.8/1,000 perinatal deaths in dichorionic twin pregnancies. For monochorionic twins,
there was a non-significant trend towards an increase in stillbirths compared with neonatal
deaths after 36 weeks. This analysis supported the notion that delivery should be carried out at
37 weeks for dichorionic pregnancies, and at 36 weeks for uncomplicated monochorionic
twins. However, other authors support the close monitoring of twin pregnancies so as to avoid
late preterm deliveries without increasing risk of stillbirth [34]. In our study, most twins were
delivered between 34 and 38 weeks of gestational age (74.4%) and had significantly more neo-
natal complications associated with the gestational age (jaundice, neonatal ICU admission,
hypoglycaemia, need for oxygen, and use of antibiotics, among other morbidities).

Even though we collected our data before new recommendations regarding the timing of
delivery of twins up to 38 weeks were emphasised in literature [30,35], only 8% of twins were
born after 38 weeks.

In our data, the non-significant difference in the odds of adverse perinatal outcomes
between twins and early term single born infants suggests that early term delivery is more ben-
eficial to infant and mother than late preterm delivery.

The mode of delivery observed in this study was predominantly caesarean as an obstetric
intervention. This procedure continues to draw controversy, especially when applied to a sec-
ond twin not in the cephalic position [17,18,36-38]. In a randomised control trial published in
2013, planned caesarean did not result in an increase or decrease of perinatal mortality or seri-
ous neonatal morbidity [18]. In a cohort study conducted in Australia [38], when comparing
planned caesarean section with planned vaginal delivery in twin pregnancies with the first
cephalic foetus, there was no difference in perinatal mortality, Apgar score < 4, and asphyxia-
related morbidity. However, before 36 weeks and 6 days, planned caesarean section resulted in
higher neonatal morbidity and mortality. After 37 weeks, planned caesarean section resulted
in less asphyixia-related morbidity, but no difference in mortality and morbidity < 28 days,
and Apgar < 4 [38]. Similar results for preterm deliveries were found in a French study, in
which planned caesarean was associated with increased composite neonatal mortality and
morbidity [37]. In this study, no difference was found for term deliveries. We found that for
early term infants, two thirds of twins were delivered by obstetric intervention, mainly via
planned caesarean. Although we did not find differences regarding severe perinatal outcomes,
some of the differences found for the other outcomes may be due to the effect of prelabour cae-
sarean section, such as a greater likelihood of transient tachypnoea, need for oxygen therapy,
and neonatal ICU admission.

Unlike other studies [13,19,20], we found no differences in severe maternal outcomes in
twin pregnancies compared to single pregnancies. One hypothesis for this result is that twin
pregnancies may receive more prenatal care than single pregnancies and are referred for deliv-
ery in specialised referral services. Moreover, Madar et al. [20] recently found that one fifth of
the association between twin pregnancy and severe maternal outcomes may be mediated by
caesarean delivery, yet caesarean rate was also high for single births in our sample. Recent find-
ings from a French study verified that caesarean for the second twin and for both twins had
higher risk of severe maternal morbidity compared to vaginal delivery for both twins [39],
which also emphasizes the importance of reducing caesarean rates for twins in Brazil.

Conclusion

The twin pregnancy rate was similar to that found in other studies in Brazil. The proportion of
caesarean sections was high, with 75% of newborns classified as late preterm and early term.
Along with this came the inevitable greater occurrence of neonatal complications associated
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with these gestational ages. However, all neonatal complications were more frequent in twins
at all gestational ages, when compared to single births. Caesarean delivery may be the cause for
poorer outcomes observed in early term twins.
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