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Preterm delivery (PTD: <37 gestational weeks) complicates 5–13% of deliveries world-
wide [1], and is a leading cause of perinatal and childhood mortality and morbidity [2–5].
PTD is also a risk factor for long-term maternal health complications, including cardiovas-
cular and renal morbidities [6,7].

In most countries, PTD rates are increasing, and an annual estimation of 15 million
babies, which equates to 11.1% of live births, are born prematurely worldwide [8].

Spontaneous preterm parturition is a result of the pathological activation of one or
more of the processes leading to delivery. The etiology of spontaneous preterm labor, which
accounts for 70–83% of PTDs, is mostly unknown [9,10], and multiple etiologies are usually
involved; these include cervical insufficiency, uterine ischemia, intrauterine infections,
prior cervical surgeries, a decline in progesterone action (a critical hormone in pregnancy
maintenance), uterine malformations, and others. Iatrogenic PTD may be indicated in cases
of possible hazard to the mother or the fetus, mainly due to preeclampsia, fetal distress,
or severe intrauterine growth restriction [11]. In addition to the differentiation between
spontaneous or indicated, PTD can be categorized based on gestational age at delivery
as follows: extreme preterm (<28 gestational weeks), very preterm (28–<32 gestational
weeks), moderate preterm (32–<34 gestational weeks), and late preterm (34–<37 complete
gestational weeks), the latter of which is when most PTDs occur [12].

Prevention strategies have been suggested and practiced to lower the risk of PTD;
however, their effectiveness is questioned, especially among women considered to be at low
risk for PTD [13–15]. These strategies may include progesterone administration, cervical
cerclage, or antibiotic treatment.

Risk factors for PTD are obstetrical, socio-economical, behavioral, environmental, and
genetic, and include young or old maternal age, infertility treatments, and smoking [16,17].
For instance, in this Special Issue, Kluwgant et al. mentions the high risk of extreme
PTD among women with a history of placental abruption, placenta previa, and multiple
gestation. Studies have shown variations in the effect size of the different risk factors
based on the PTD type (spontaneous or indicated) and whether the case is initial PTD
or recurrent PTD [18,19]. Studies addressing risk factors for PTD by type of PTD are
presented in this Special Issue [16,18]. The leading risk factor for PTD is having a history
of PTDs [19,20]; moreover, the risk increases with each additional PTD, or if the PTD
occurred in the immediately preceding pregnancy, and if the gestational age of the first
PTD was earlier [21]. The risk of recurrent spontaneous PTD varies among studies, from
18–31.6% [22,23].

One of the early detectable PTD risk factors is cervical shortening or insufficiency
(cervical length ≤ 25 mm), defined as an inability of the cervix to remain closed during
pregnancy [24]. However, cervical length was found to have a low predictive value, as only
a small fraction of women with spontaneous preterm birth had a short cervix, and only
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half of those with a short cervix delivered prematurely [25]. Recurrent PTD, however, is
more strongly associated with cervical length in the subsequent pregnancy, and it has a
higher predictive value in recurrent compared to initial PTD [24,25].

Since PTD events are likely to re-occur in the same mother and within the family [26],
factors that are persistent, such as genetic factors, or factors which are present over a
long time span, such as exposure to environmental factors, are likely involved in PTD
re-occurrence. Indeed, exposure to environmental factors such as smoking and air pollution
have been associated with an increased risk of recurrent PTD [27,28]. Genetic studies based
on whole-exome sequencing suggested an association between PTD and inflammatory
regulation genes [29], as well as genes related to estrogen receptor alteration [30]. Although
genetic factors have been associated with PTD risk, this has not been studied in association
with recurrent PTD risk.

Fetal development occurs throughout the entire pregnancy until full term; therefore,
when PTD occurs, the newborn is not physiologically and metabolically mature, leading to
immediate and long-term complications [2–5]. The severity of these complications depends
mainly on gestational age at delivery, and increases with reduced gestational age; this
is reported by Gutvirtz et al. [3] and Zer at al. [4] in our Special Issue, in their works
regarding risk of prematurity and respiratory or neurologic morbidities in offspring. In
a large retrospective cohort, Gutvirtz et al. [3] found that offspring born at an extremely
premature gestational age were ~3 times more likely to be hospitalized with respiratory
morbidities, and Zer at al. [4] found that they were ~3.9 times more likely to be hospitalized
with neurologic morbidities, compared to offspring born at term. Besides immediate and
long-term health effects, PTD entails great economic consequences due to health costs, and
the support of families and their offspring throughout life; this begins with the immediate
hospitalization and intensive care treatment upon delivery. Aspects of the special treatment
of premature newborns are also presented in this Special Issue by Saldana-Garcia et al. [31],
who address the benefits of early interventions in reducing respiratory-related risk to the
newborn. In the United States, the annual costs associated with PTD in the year 2005 were
USD 26.2 billion [32].

Lowering the rate of this major, relatively prevalent pregnancy complication has been
declared by the WHO as “an urgent priority for reaching Millennium Development Goal
4, calling for the reduction of child deaths” [33]. Although women with a history of PTD
are clearly a population at risk for a subsequent PTD, and although strategies to prevent
preterm birth have been practiced for over 30 years, the expectations have not been met,
and PTD rates have not declined. Some PTD risk factors are preventable, and addressing
them at the personal (e.g., patient education regarding prenatal product consumption
and smoking) and population levels (e.g., industries and legislation), may decrease PTD
incidence. Environmental policy has the potential to reduce PTD; this has recently been
shown in the US, where legislation and health concerns have led to the closure of coal and
oil power plants, and to the lowering of PTD incidence [34]. Even a small reduction in PTD
incidence may have a large public-health and economic impact, in terms of preventing
perinatal mortality, morbidity, and lifelong disability among affected infants.
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Abstract: Objective: To investigate whether there is a linear association between the degree of
prematurity and the risk for long-term ophthalmic morbidity among preterm infants. Study design:
A population-based, retrospective cohort study, which included all singleton deliveries occurring
between 1991 and 2014 at a single tertiary medical center. All infants were divided into four groups
according to gestational age categories: extremely preterm births, very preterm births, moderate to
late preterm births and term deliveries (reference group). Hospitalizations of offspring up to 18 years
of age involving ophthalmic morbidity were evaluated. Survival curves compared cumulative
hospitalizations and regression models controlled for confounding variables. Results: During the
study period, 243,363 deliveries met the inclusion criteria. Ophthalmic-related hospitalization rates
were lower among children born at term (0.9%) as compared with extremely preterm (3.6%), very
preterm (2%), and moderate to late preterm (1.4%) born offspring (p < 0.01; using the chi-square test
for trends). The survival curve demonstrated significantly different hospitalization rates between
the gestational ages (p < 0.001). The regression demonstrated an independent risk for ophthalmic
morbidity among extremely preterm born offspring (adjusted hazard ratio 3.8, confidence interval
1.6–9.2, p < 0.01), as well as very preterm and moderate to late preterm (adjusted hazard ratio
2.2 and 1.5, respectively) as compared with term deliveries. Conclusions: The risk for long-term
ophthalmic-related hospitalization of preterm offspring gradually decreases as the gestational age
increases.

Keywords: ophthalmic morbidities; retinopathy of prematurity; gestational age; preterm delivery

1. Introduction

The consequences of prematurity are well established in literature, causing long-term
and potentially severe effects on pediatric and infantile morbidity and mortality [1,2]. With
incomplete maturation, preterm infants are at a greater risk for developing a wide spec-
trum of medical complications, including hypothermia, jaundice, respiratory disorders [3],
immunologic problems [4], neurodevelopmental problems [5–7], increased susceptibility to
infections, hypoglycemia and feeding problems. In accordance with preterm newborns’
shorter intrauterine periods, ocular development in preterm infants is also subject to a
number of abnormal influences, given the reduced time for proper growth and support
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in a unique environment [8]. Previous literature demonstrated that children who were
born very preterm (28–32 weeks) are at a significantly higher risk for abnormal visual
and neurological development, when compared to children born at full term [9]. These
abnormalities include retinopathy of prematurity (ROP), strabismus, color vision deficits,
visual field defects, decreased visual acuity and refractive error [10].

The World Health Organization (WHO) subcategorizes preterm births based on gesta-
tional age: extremely preterm (less than 28 weeks delivery), very preterm (28 to 32 weeks
delivery), moderate to late preterm (32 to 37 weeks delivery) [11].

A recent study showed that long-term ophthalmic morbidities of offspring is signifi-
cantly associated with early term delivery [12]. Early preterm-born offspring were found
to have an independent risk for long-term ophthalmic morbidity (adjusted hazard ratio
2.51, confidence interval 1.91–3.29) as compared with full term offspring. In our study,
we sought to investigate one step further to understand the relative risk for long-term
ophthalmic morbidity between the different subcategories of preterm deliveries.

2. Materials and Methods

A retrospective cohort study of all singleton pregnancies in women who gave birth between
the years 1991 and 2014 was conducted. Data was taken from the Soroka Univer-sity Medical
Center (SUMC), the major tertiary hospital in the Negev region of Israel and the largest birth
center in the country. The Negev region has continued to see increasing immigration since the
1990s. Therefore, the present study was based on non-selective population data. The study
protocol was a received informed consent exemption by the SUMC institutional review board
and was exempt from informed consent. The study population included two different ethnic
groups: Jewish and Bedouins, who differ in their economic status, levels of education, and
traditional beliefs [13]. However, prenatal care services are available to all Israeli citizens free
of charge (covered by universal national health Insurance) [13]. Nevertheless, prenatal care
services utilization is lower in Bedouin women as compared to Jewish women for a variety of
social, cultural, and geographical access issues [14,15].

The primary exposure was defined as pre-term delivery (before 37 weeks). The control
groups consisted of newborns born at later gestations. Gestational age was based on the
best obstetric estimate determined by providers and used for clinical decision making. The
standard criteria used involved consideration of the clinical history and earliest ultrasound
scan. If the last menstrual period (LMP) was certain and consistent with the ultrasound,
dating was based on the LMP. If the ultrasound was not consistent with the LMP, or the
LMP was unknown, ultrasound data were used to determine gestational age.

Excluded from the study were fetuses with congenital malformations or chromo-
somal abnormalities, as well as perinatal mortality cases (intrauterine fetal death, intra-
partum death, and post-partum death) and nonsingleton births. All offspring were divided
into four groups according to their gestational age at delivery: extremely preterm birth:
24–28 gestational weeks, very preterm birth: 28–32 gestational weeks, moderate to late
preterm birth: 32–37 gestational weeks and term deliveries: above 37 weeks.

The long-term outcomes assessed included all hospitalizations of offspring at SUMC
until the age of 18 years that involved ophthalmic morbidity. The term “ophthalmic
morbidity” included four categories: visual disturbances, retinopathy of prematurity,
ocular infection and hospitalization. All diagnoses during hospitalization were predefined
according to a set of ICD-9 procedures and diagnostic codes, detailed in Table A1.

Follow-up was terminated once any of the following occurred: after the first hospital-
ization, due to any of the predefined ophthalmic morbidities, any hospitalization resulting
in death of the child, or when the child reached 18 years of age (calculated by date of birth).

Data was collected from two databases that were cross-linked and merged: the comput-
erized hospitalization database of SUMC (“Demog-ICD9”), and the computerized perinatal
database of the Obstetrics and Gynecology Department. The perinatal database consists of
information recorded immediately following an obstetrician delivery. Experienced medical
secretaries routinely reviewed the information prior to entering it into the database to en-
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sure maximal completeness and accuracy. Coding was carried out after assessing medical
prenatal care records, as well as routine hospital documents.

The SPSS package 23rd ed. (IBM/SPSS, Chicago, IL, USA) was used for statistical anal-
ysis. Categorical data is shown in counts and rates. Associations between the gestational
age categories, background and outcome characteristics were assessed using the chi-square
and ANOVA tests. In order to demonstrate the cumulative hospitalization incidences over
time among the study groups, a Kaplan–Meier survival curve was used, and the log-rank
test was used to assess the difference between the curves.

For the purposes of establishing an independent association between specific gestational
age and the future incidence of ophthalmic-related hospitalizations of the offspring, a Cox
regression model was constructed. The model was adjusted for confounding and clinically
significant variables, including maternal age and diabetes (pre-gestational and gestational). All
analyses were two-sided, and a p-value of ≤0.05 was statistically considered.

3. Results

A total of 243,363 deliveries were included in the study; 405 were between 24–28 ges-
tational weeks (0.2%), 1084 deliveries were between 28–32 weeks (0.4%), 14,956 deliveries
were between 32–37 weeks (6.1%) and 226,918 occurred at ≥37 gestational weeks (93.2%).

Table 1 summarizes maternal characteristics by delivery week category. Maternal age
was similar in all delivery groups, with an overall average of 28.08 ± 6.3. Diabetes was
more likely to occur in deliveries between 32–37 weeks (7.5%). Hypertensive disorders
were more common in deliveries between 28–32 weeks (17.7%).

Table 1. Maternal characteristics according to gestational age.

Maternal Characteristic
Extremely

Preterm: 24–28
Weeks (n = 405)

Very Preterm: 28–32
Weeks (n = 1084)

Moderate to Late
Preterm: 32–37

Weeks (n = 14,956)

Term Deliveries:
more than 37 weeks

(n = 22,6918)
p-Value

Ethnicity, n (%)
<0.01Jewish 190 (46.9%) 463 (42.7%) 6883 (46%) 107,673 (47.5%)

Bedouin 215 (53.1%) 621 (57.3%) 8073 (54%) 119,245 (52.5%)

Maternal age, years, mean ± SD 28.44 ± 6.5 28.16 ± 6.3 28.14 ± 6.2 28.16 ± 5.7 <0.01

Diabetes 1, n (%) 5 (1.2%) 57 (5.3%) 1118 (7.5%) 10,973 (4.8%) <0.01

Hypertensive disease 2, n (%) 40 (9.9%) 192 (17.7%) 1839 (12.3%) 10,169 (4.5%) <0.01

1 Including pre gestational and gestational diabetes; 2 Including pre gestational, gestational hypertension and pre-
eclampsia.

Table 2 summarizes pregnancy outcomes of all four groups. Mean birth weight was
positively associated to gestational age; ranging from 855.1 ± 429.5 for 24–28 weeks of
age to 3264 ± 446.6 among the mature group, while small for gestational age (SGA) as
well as low birth weight (LBW( were most common in the former group (13.3% and 97.5%
respectively). Cesarean deliveries were significantly more common among women in
28–32 weeks of gestation (44.8%, p-value < 0.01).

Table 2. Pregnancy outcomes for children (age < 18) by delivery week.

Pregnancy Outcome
Extremely

Preterm: 24–28
Weeks (n = 405)

Very Preterm: 28–32
Weeks (n = 1084)

Moderate to Late
Preterm: 32–37

Weeks (n = 14,676)

Term Deliveries:
more than 37 Weeks

(n = 226,917)
p-Value

Birthweight, gr mean ± SD 855.1 ± 429.5 1560.7 ± 623.4 2532.4 ± 506.3 3264.2 ± 446.6 <0.01

Small for gestational age 1, n (%) 54 (13.3%) 54 (5%) 607 (4.1%) 10,547 (4.6%) <0.01

Low birth weight 2, n (%) 395 (97.5%) 992 (91.5%) 7030 (47%) 7805 (3.4%) <0.01

Cesarean delivery, n (%) 139 (34.3%) 486 (44.8%) 4444 (29.7%) 27,908 (12.3%) <0.01
1 Small for gestational age (SGA) < 5th percentile for gestational age; 2 Low birth weight (LBW) < 2500 g.

The long-term ophthalmological morbidities based on hospitalizations is presented
in Table 3. Rates of visual disturbances and retinopathy of prematurity (ROP) were sig-
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nificantly higher among the 24–28 gestational weeks group (0.7%, p-value < 0.01; 1.4%,
p-value < 0.01 respectively), while ocular infection was highest among newborns in the
28–32 weeks of gestation (0.9%, p-value < 0.01). Total ophthalmic hospitalization rates
were highest among the 24–28 gestational weeks group (3.6%, p-value < 0.01 using the
chi-square test for trends), and gradually decreased with increasing gestational week (2%
among 28–32 weeks, 1.4% among 32–37 weeks, and 0.9% among 37+ weeks). A decrease in
the number of hospitalizations with gestational age was also documented while stratifying
for ethnicity. Offspring born between 24–28 weeks had the highest cumulative incidence of
hospitalizations (Figure 1) due to ophthalmological morbidity, followed by offspring born
at 28–36 and those born at ≥37 gestational weeks (p < 0.001).

Table 3. Selected long-term ophthalmological morbidities for children (age < 18) by delivery week.

Ophthalmological
Morbidity

Extremely
Preterm: 24–28
Weeks (n = 138)

Very Preterm: 28–32
Weeks (n = 891)

Moderate to Late
Preterm: 32–37

Weeks (n = 14,676)

Term Deliveries:
more than 37

Weeks (n = 226,482)
p-Value

Visual disturbances, n (%) 1 (0.7%) 0 (0%) 36 (0.2%) 245 (0.1%) <0.01

ROP, n (%) 2 (1.4%) 2 (0.2%) 0 (0%) 0 (0%) <0.01

Ocular Infections, n (%) 1 (0.7%) 8 (0.9%) 123 (0.8%) 1336 (0.6%) 0.02

Total ophthalmic
Hospitalization, n (%)

Bedouin 2 (1.4%) 12 (1.3%) 123 (0.8%) 1190 (0.5%) <0.01

Jewish 3 (2.2%) 6 (0.7%) 85 (0.6%) 907 (0.4%) <0.01

All 5 (3.6%) 18 (2%) 208 (1.4%) 2097 (0.9%) <0.01

In the multivariate Cox regression model for offspring long-term risk of ophthalmic-
related hospitalizations (Table 4), earlier deliveries were associated with higher risk for
hospitalization, compared to the most mature group (24–28) weeks: HR = 3.8; CI95% 2.6–9.2;
28–32 weeks: HR = 2.2; CI95% 1.4–3.5; 32–37 weeks: HR = 1.5; CI95% 1.3–1.7).

 

Figure 1. Kaplan-Meier survival curve demonstrating the cumulative incidence of. ophthalmological-
related hospitalizations compared to delivery time in weeks.
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Table 4. Cox regression analysis of the association between week of birth and ophthalmic-related
hospitalization of children (age < 18).

Hazard Ratio 95% CI p-Value

Extremely preterm: 24–28 weeks 3.8 1.6–9.2 <0.01

Very preterm: 28–32 weeks 2.2 1.4–3.5 <0.01

Moderate to late preterm: 32–37 weeks 1.5 1.3–1.7 <0.01

Term deliveries: more than 37 weeks 1 (Reference)

Mother age at birth 0.9 0.98–0.99 0.02

Diabetes 1.0 0.8–1.2 0.6

4. Discussion

This large population-based cohort study demonstrates an increased risk for childhood
and adolescence long-term ophthalmic morbidities as the gestational age becomes earlier
among the pre-term deliveries. The risk remained significantly elevated among all the
preterm groups while controlling for relevant maternal factors.

Numerous studies have identified an association between early gestational age at
birth and the risk of poor health outcomes, based on incidence of morbidities, mortality
and hospitalization rates [16,17]. A growing body of evidence has also shown ophthalmic
morbidity among preterm infants. Kozeis et al. [18] found preterm infants to be associated
with impairment of some aspects of visual function.

Although the pathophysiology is still not fully understood, complex multifactorial
mechanisms have been suggested as the potential causes for ocular damage from preterm
delivery. The suggested mechanisms include deficiencies in both innate and adaptive
immunity [19], hypoxic-ischemic induced inflammation and cytokine injury, reperfusion
injury, toxin-mediated injury, infection [20,21], and insufficient endogenous hormones
(e.g., Cortisol & thyroxin), often exhibited as transient hypothyroxinemia of prematurity
(THOP) [22].

Vast epidemiological studies conducted worldwide on ROP showed that despite
geographical variability, the incidence of ROP was similar [14–18]. A study conducted by
the Australian and New Zealand Neonatal Network (ANZNN) showed that the incidence
of severe ROP was higher (34%) in infants born before 25 weeks gestation when compared
to infants born at 25–26 weeks gestation (12.9%) [23]. Similar results have been found in
North America, the UK and Indonesia [24–26].

Our findings revealed that the highest rate of ROP was observed in infants born at
24–28 weeks gestation (1.4%), with a declining rate for more advanced gestational age and
reaching zero cases in those born after 32 weeks’ gestation. These results are consistent
with previous studies examining the rate of ROP [27–30] and are likely to be explained
by the fact that ROP is a disease of developing blood vessels, which are still considered
underdeveloped at the beginning of the third trimester [31].

Additional long-term ophthalmological morbidities, such as visual disturbances, were
examined in our study and showed the same pattern. The higher visual disturbances in
preterm babies are a consequence of the higher retinopathy rate and other reasons e.g.,
osteopenia of prematurity [32]. Other types of vision disturbances include sub-categories,
such as strabismus (both exotropia and esotropia), refractive errors, visual field deficits,
color vision errors, astigmatism, cortical blindness and more. A recent study comparing
strabismus in premature and term children found that the risk for strabismus in premature
children was substantially higher than in full-term children (16.2% vs. 3.2%) [33]. Other
ophthalmological morbidities related to prematurity, such as ROP, were linked to increased
risk for strabismus as well [34].

Many factors contribute to the increased susceptibility of preterm infants to infections.
Prematurity is associated with underdeveloped ocular surface defense mechanisms and
has also been associated with neonatal conjunctivitis [35]. While previous studies showed
an increase in the risk for general ocular infection among preterm newborns compared to
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term newborns [36], our analysis did not show a conclusive trend. Infants born between
24–28 weeks of gestation showed a lower proportion of ocular infections compared to
those born during weeks 28–32 (0.7% compared to 0.9% respectively). This result could be
explained by the smaller size of the preterm group and requires further analysis.

The key strength of our study was the use of a large cohort in a single medical
center providing broad follow-up of children up to 18 years of age. This allowed for the
investigation of substantially larger numbers of infants to be followed-up on than could
be achieved by individual NICU follow-up studies, and simplified the monitoring of all
infants for the purposes of comparison.

A major limitation of our study is its retrospective nature, as such studies may only
suggest an association rather than causation. An additional limitation is the fact that
information on other important risk factors, such as lifestyle, nutrition, perinatal treatment
and other family factors was not available in the datasets. Two more challenges stemmed
from the choice of ophthalmic-related hospitalizations as the present study’s endpoint:
(1) Most of the ophthalmic morbidity is probably catered to in an outpatient setting (as
discussed earlier). However, all significant ocular morbidity is routed to the SUMC, as
it is the only tertiary hospital in the South of Israel (2) Offspring born earlier are more
likely to be hospitalized in general, and therefore may be more frequently diagnosed with
ophthalmic morbidities.

5. Conclusions

Our study was able to find a significant association between degree of prematurity
and long-term ocular morbidities up to 18 years of age. A markedly increasing risk of
severe adverse neonatal outcomes was observed as gestational age decreased. Further
studies could raise awareness for early interventions, improve children’s health outcomes
and decrease the burden on health care systems attributed to these diseases.
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Appendix A

Table A1. Supplement Data—Ophthalmic Diagnoses.

Group Subgroup Code Diagnosis Description

Ophthalmic Infectious inflammatory 370 KERATITIS

3643 UNSPECIFIED IRIDOCYCLITIS

3708 OTHER FORMS OF KERATITIS

3709 UNSPECIFIED KERATITIS

3720 ACUTE CONJUNCTIVITIS
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Table A1. Cont.

Group Subgroup Code Diagnosis Description

3723 OTHER AND UNSPECIFIED CONJUNCTIVITIS

3729 UNSPECIFIED DISORDER OF CONJUNCTIVA

3732 CHALAZION

3736 PARASITIC INFESTATION OF EYELID

3739 UNSPECIFIED INFLAMMATION OF EYELID

36000 PURULENT ENDOPHTHALMITIS, UNSPECIFIED

36011 SYMPATHETIC UVEITIS

36012 PANUVEITIS

36019 OTHER ENDOPHTHALMITIS

36212 EXUDATIVE RETINOPATHY

36320 CHORIORETINITIS, UNSPECIFIED

36322 HARADA’S DISEASE

36403 SECONDARY IRIDOCYCLITIS, INFECTIOUS

36404 SECONDARY IRIDOCYCLITIS, NONINFECTIOUS

36410 CHRONIC IRIDOCYCLITIS, UNSPECIFIED

36424 VOGT-KOYANAGI SYNDROME

37021 PUNCTATE KERATITIS

37031 PHLYCTENULAR KERATOCONJUNCTIVITIS

37040 KERATOCONJUNCTIVITIS, UNSPECIFIED

37049 OTHER KERATOCONJUNCTIVITIS

37055 CORNEAL ABSCESS

37059 OTHER INTERSTITIAL AND DEEP KERATITIS

37200 ACUTE CONJUNCTIVITIS, UNSPECIFIED

37202 ACUTE FOLLICULAR CONJUNCTIVITIS

37203 OTHER MUCOPURULENT CONJUNCTIVITIS

37205 ACUTE ATOPIC CONJUNCTIVITIS

37211 SIMPLE CHRONIC CONJUNCTIVITIS

37213 VERNAL CONJUNCTIVITIS

37214 OTHER CHRONIC ALLERGIC CONJUNCTIVITIS

37220 BLEPHAROCONJUNCTIVITIS, UNSPECIFIED

37230 CONJUNCTIVITIS, UNSPECIFIED

37240 PTERYGIUM, UNSPECIFIED

37261 GRANULOMA OF CONJUNCTIVA

37300 BLEPHARITIS, UNSPECIFIED

37311 HORDEOLUM EXTERNUM

37312 HORDEOLUM INTERNUM

37313 ABSCESS OF EYELID

37400 ENTROPION, UNSPECIFIED

37405 TRICHIASIS OF EYELID WITHOUT ENTROPION

37500 DACRYOADENITIS, UNSPECIFIED

37502 CHRONIC DACRYOADENITIS

37530 DACRYOCYSTITIS, UNSPECIFIED

37532 ACUTE DACRYOCYSTITIS

37541 CHRONIC CANALICULITIS

37542 CHRONIC DACRYOCYSTITIS

37543 LACRIMAL MUCOCELE
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Table A1. Cont.

Group Subgroup Code Diagnosis Description

37600 ACUTE INFLAMMATION OF ORBIT, UNSPECIFIED

37601 ORBITAL CELLULITIS

37610 CHRONIC INFLAMMATION OF ORBIT, UNSPECIFIED

37611 ORBITAL GRANULOMA

37612 ORBITAL MYOSITIS

37613 PARASITIC INFESTATION OF ORBIT

37730 OPTIC NEURITIS, UNSPECIFIED

37731 OPTIC PAPILLITIS

37732 RETROBULBAR NEURITIS (ACUTE)

37739 OTHER OPTIC NEURITIS

37900 SCLERITIS, UNSPECIFIED

37909 OTHER SCLERITIS

376010 PERIORBITAL CELLULITIS

Retinopathy of
prematurity 36220 RETINOPATHY OF PREMATURITY, UNSPECIFIED

36221 RETROLENTAL FIBROPLASIA

36223 RETINOPATHY OF PREMATURITY, STAGE 1

362211 RETINOPATHY OF PREMATURITY

Visual disturbances 3670 HYPERMETROPIA

3671 MYOPIA

3672 ASTIGMATISM

3682 DIPLOPIA

3688 OTHER SPECIFIED VISUAL DISTURBANCES

3689 UNSPECIFIED VISUAL DISTURBANCE

3698 UNQUALIFIED VISUAL LOSS, ONE EYE

3699 UNSPECIFIED VISUAL LOSS

3780 ESOTROPIA

36021 PROGRESSIVE HIGH (DEGENERATIVE) MYOPIA

36720 ASTIGMATISM, UNSPECIFIED

36731 ANISOMETROPIA

36781 TRANSIENT REFRACTIVE CHANGE

36800 AMBLYOPIA, UNSPECIFIED

36801 STRABISMIC AMBLYOPIA

36811 SUDDEN VISUAL LOSS

36812 TRANSIENT VISUAL LOSS

36840 VISUAL FIELD DEFECT, UNSPECIFIED

36900 BLINDNESS OF BOTH EYES, IMPAIRMENT LEVEL NOT
FURTHER SPECIFIED

36960 BLINDNESS, ONE EYE, NOT OTHERWISE SPECIFIED

36970 LOW VISION, ONE EYE, NOT OTHERWISE SPECIFIED

37775 CORTICAL BLINDNESS

37800 ESOTROPIA, UNSPECIFIED

37801 MONOCULAR ESOTROPIA

37805 ALTERNATING ESOTROPIA

37810 EXOTROPIA, UNSPECIFIED

37815 ALTERNATING EXOTROPIA
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Table A1. Cont.

Group Subgroup Code Diagnosis Description

37817 ALTERNATING EXOTROPIA WITH V PATTERN

37820 INTERMITTENT HETEROTROPIA, UNSPECIFIED

37821 INTERMITTENT ESOTROPIA, MONOCULAR

37824 INTERMITTENT EXOTROPIA, ALTERNATING

37830 HETEROTROPIA, UNSPECIFIED

37831 HYPERTROPIA

37832 HYPOTROPIA

37835 ACCOMMODATIVE COMPONENT IN ESOTROPIA

37881 PALSY OF CONJUGATE GAZE

37885 ANOMALIES OF DIVERGENCE

Not otherwise specified 3612 SEROUS RETINAL DETACHMENT

3619 UNSPECIFIED RETINAL DETACHMENT

3633 CHORIORETINAL SCARS

3648 OTHER DISORDERS OF IRIS AND CILIARY BODY

3651 OPEN-ANGLE GLAUCOMA

3659 UNSPECIFIED GLAUCOMA

3669 UNSPECIFIED CATARACT

3769 UNSPECIFIED DISORDER OF ORBIT

3770 PAPILLEDEMA

3789 UNSPECIFIED DISORDER OF EYE MOVEMENTS

3798 OTHER SPECIFIED DISORDERS OF EYE AND ADNEXA

36020 DEGENERATIVE DISORDER OF GLOBE, UNSPECIFIED

36023 SIDEROSIS OF GLOBE

36030 HYPOTONY OF EYE, UNSPECIFIED

36033 HYPOTONY ASSOCIATED WITH OTHER OCULAR
DISORDERS

36041 BLIND HYPOTENSIVE EYE

36043 HEMOPHTHALMOS, EXCEPT CURRENT INJURY

36044 LEUCOCORIA

36100 RETINAL DETACHMENT WITH RETINAL DEFECT,
UNSPECIFIED

36103 RECENT RETINAL DETACHMENT, PARTIAL, WITH
GIANT TEAR

36104 RECENT RETINAL DETACHMENT, PARTIAL, WITH
RETINAL DIALYSIS

36105 RECENT RETINAL DETACHMENT, TOTAL OR SUBTOTAL

36107 OLD RETINAL DETACHMENT, TOTAL OR SUBTOTAL

36110 RETINOSCHISIS, UNSPECIFIED

36133 MULTIPLE DEFECTS OF RETINA WITHOUT
DETACHMENT

36181 TRACTION DETACHMENT OF RETINA

36202 PROLIFERATIVE DIABETIC RETINOPATHY

36210 BACKGROUND RETINOPATHY, UNSPECIFIED

36211 HYPERTENSIVE RETINOPATHY

36216 RETINAL NEOVASCULARIZATION NOS

36229 OTHER NONDIABETIC PROLIFERATIVE RETINOPATHY

36231 CENTRAL RETINAL ARTERY OCCLUSION
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Table A1. Cont.

Group Subgroup Code Diagnosis Description

36234 TRANSIENT RETINAL ARTERIAL OCCLUSION

36235 CENTRAL RETINAL VEIN OCCLUSION

36240 RETINAL LAYER SEPARATION, UNSPECIFIED

36250 MACULAR DEGENERATION (SENILE) OF RETINA,
UNSPECIFIED

36254 MACULAR CYST, HOLE, OR PSEUDOHOLE OF RETINA

36256 MACULAR PUCKERING OF RETINA

36263 LATTICE DEGENERATION OF RETINA

36270 HEREDITARY RETINAL DYSTROPHY, UNSPECIFIED

36273 VITREORETINAL DYSTROPHIES

36274 PIGMENTARY RETINAL DYSTROPHY

36281 RETINAL HEMORRHAGE

36330 CHORIORETINAL SCAR, UNSPECIFIED

36332 OTHER MACULAR SCARS OF RETINA

36361 CHOROIDAL HEMORRHAGE, UNSPECIFIED

36370 CHOROIDAL DETACHMENT, UNSPECIFIED

36372 HEMORRHAGIC CHOROIDAL DETACHMENT

36405 HYPOPYON

36441 HYPHEMA OF IRIS AND CILIARY BODY

36470 ADHESIONS OF IRIS, UNSPECIFIED

36471 POSTERIOR SYNECHIAE OF IRIS

36472 ANTERIOR SYNECHIAE OF IRIS

36474 ADHESIONS AND DISRUPTIONS OF PUPILLARY
MEMBRANES

36475 PUPILLARY ABNORMALITIES

36476 IRIDODIALYSIS

36477 RECESSION OF CHAMBER ANGLE OF EYE

36489 OTHER DISORDERS OF IRIS AND CILIARY BODY

36500 PREGLAUCOMA, UNSPECIFIED

36504 OCULAR HYPERTENSION

36514 GLAUCOMA OF CHILDHOOD

36520 PRIMARY ANGLE-CLOSURE GLAUCOMA, UNSPECIFIED

36560 GLAUCOMA ASSOCIATED WITH UNSPECIFIED OCULAR
DISORDER

36600 NONSENILE CATARACT, UNSPECIFIED

36610 SENILE CATARACT, UNSPECIFIED

36612 INCIPIENT SENILE CATARACT

36616 SENILE NUCLEAR SCLEROSIS

36620 TRAUMATIC CATARACT, UNSPECIFIED

36630 CATARACTA COMPLICATA, UNSPECIFIED

36650 AFTER-CATARACT, UNSPECIFIED

36813 VISUAL DISCOMFORT

36815 OTHER VISUAL DISTORTIONS AND ENTOPTIC
PHENOMENA

36816 PSYCHOPHYSICAL VISUAL DISTURBANCES

37000 CORNEAL ULCER, UNSPECIFIED

37003 CENTRAL CORNEAL ULCER

37004 HYPOPYON ULCER
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Table A1. Cont.

Group Subgroup Code Diagnosis Description

37100 CORNEAL OPACITY, UNSPECIFIED

37105 PHTHISICAL CORNEA

37120 CORNEAL EDEMA, UNSPECIFIED

37123 BULLOUS KERATOPATHY

37140 CORNEAL DEGENERATION, UNSPECIFIED

37142 RECURRENT EROSION OF CORNEA

37143 BAND-SHAPED KERATOPATHY

37150 HEREDITARY CORNEAL DYSTROPHY, UNSPECIFIED

37157 ENDOTHELIAL CORNEAL DYSTROPHY

37158 OTHER POSTERIOR CORNEAL DYSTROPHIES

37160 KERATOCONUS, UNSPECIFIED

37162 KERATOCONUS, ACUTE HYDROPS

37170 CORNEAL DEFORMITY, UNSPECIFIED

37172 DESCEMETOCELE

37263 SYMBLEPHARON

37272 CONJUNCTIVAL HEMORRHAGE

37273 CONJUNCTIVAL EDEMA

37274 VASCULAR ABNORMALITIES OF CONJUNCTIVA

37275 CONJUNCTIVAL CYSTS

37289 OTHER DISORDERS OF CONJUNCTIVA

37420 LAGOPHTHALMOS, UNSPECIFIED

37430 PTOSIS OF EYELID, UNSPECIFIED

37451 XANTHELASMA OF EYELID

37482 EDEMA OF EYELID

37484 CYSTS OF EYELIDS

37489 OTHER DISORDERS OF EYELID

37515 TEAR FILM INSUFFICIENCY, UNSPECIFIED

37520 EPIPHORA, UNSPECIFIED AS TO CAUSE

37521 EPIPHORA DUE TO EXCESS LACRIMATION

37552 STENOSIS OF LACRIMAL PUNCTUM

37553 STENOSIS OF LACRIMAL CANALICULI

37554 STENOSIS OF LACRIMAL SAC

37555 OBSTRUCTION OF NASOLACRIMAL DUCT, NEONATAL

37556 STENOSIS OF NASOLACRIMAL DUCT, ACQUIRED

37561 LACRIMAL FISTULA

37630 EXOPHTHALMOS, UNSPECIFIED

37633 ORBITAL EDEMA OR CONGESTION

37641 HYPERTELORISM OF ORBIT

37646 ENLARGEMENT OF ORBIT

37651 ENOPHTHALMOS DUE TO ATROPHY OF ORBITAL
TISSUE

37681 ORBITAL CYSTS

37689 OTHER ORBITAL DISORDERS

37700 PAPILLEDEMA, UNSPECIFIED

37703 PAPILLEDEMA ASSOCIATED WITH RETINAL DISORDER

37710 OPTIC ATROPHY, UNSPECIFIED
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Table A1. Cont.

Group Subgroup Code Diagnosis Description

37721 DRUSEN OF OPTIC DISC

37724 PSEUDOPAPILLEDEMA

37741 ISCHEMIC OPTIC NEUROPATHY

37749 OTHER DISORDERS OF OPTIC NERVE

37852 THIRD OR OCULOMOTOR NERVE PALSY, TOTAL

37853 FOURTH OR TROCHLEAR NERVE PALSY

37854 SIXTH OR ABDUCENS NERVE PALSY

37855 EXTERNAL OPHTHALMOPLEGIA

37871 DUANE’S SYNDROME

37887 OTHER DISSOCIATED DEVIATION OF EYE MOVEMENTS

37923 VITREOUS HEMORRHAGE

37924 OTHER VITREOUS OPACITIES

37929 OTHER DISORDERS OF VITREOUS

37931 APHAKIA

37932 SUBLUXATION OF LENS

37933 ANTERIOR DISLOCATION OF LENS

37934 POSTERIOR DISLOCATION OF LENS

37941 ANISOCORIA

37942 MIOSIS (PERSISTENT), NOT DUE TO MIOTICS

37943 MYDRIASIS (PERSISTENT), NOT DUE TO MYDRIATICS

37950 NYSTAGMUS, UNSPECIFIED

37951 CONGENITAL NYSTAGMUS

37952 LATENT NYSTAGMUS

37954 NYSTAGMUS ASSOCIATED WITH DISORDERS OF THE
VESTIBULAR SYSTEM

37955 DISSOCIATED NYSTAGMUS

37956 OTHER FORMS OF NYSTAGMUS

37959 OTHER IRREGULARITIES OF EYE MOVEMENTS

37991 PAIN IN OR AROUND EYE

37992 SWELLING OR MASS OF EYE

37993 REDNESS OR DISCHARGE OF EYE

37999 OTHER ILL-DEFINED DISORDERS OF EYEa
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Abstract: (1) Background: We aimed to study whether a low 5 min Apgar score is associated
with pediatric neurological morbidities throughout childhood. (2) Methods: A population-based
retrospective cohort study was conducted. The exposed group was defined as offspring with a 5 min
Apgar score <7, and the remaining offspring served as the comparison group. The primary outcome
was defined as pediatric hospitalizations with any neurological morbidity. Multivariable survival
models were used to evaluate the association between the exposure and outcome while adjusting
for potential confounders. Additional models were used to study this association separately among
term- and preterm-born offspring. (3) Results: The study population included 349,385 singletons
born between the years 1991 and 2021, 0.6% (n = 2030) of whom had a 5 min Apgar score <7
(exposed). The cohort was followed for up to 18 years (median ~ 10.6). The incidence of neurological
morbidity-related hospitalizations was higher among the exposed group versus the unexposed group
(11.3% versus 7.5%, hazard ratio = 1.84; 95%CI 1.58–2.13). A low 5 min Apgar score remained
a significant risk factor for neurological hospitalizations after adjusting for preterm delivery, maternal
age, hypertension during pregnancy, gestational diabetes mellitus, chorioamnionitis, and delivery
mode (adjusted hazard ratio = 1.61; 95%CI 1.39–1.87). However, after modeling term and preterm
offspring separately, a low 5 min Apgar score was independently associated with neurological
hospitalizations only among offspring born at term (adjusted hazard ratio = 1.16; 95%CI 0.87–1.55
and 1.70; 95%CI 1.42–2.02 for preterm and term offspring, respectively). (4) Conclusions: A low 5 min
Apgar score is independently associated with childhood neurological morbidity, specifically among
term-born offspring. Although not designed to identify risk for long-term health complications,
Apgar scores may be a marker of risk for short- and long-term neurological morbidities among
term newborns.

Keywords: Apgar score; neurological morbidities; long-term follow-up; population-based study;
retrospective cohort

1. Introduction

Apgar scores, measured at 1 and 5 min after birth, have been used worldwide as
a newborn viability and vitality evaluation tool for more than 60 years. Although the
sensitivity and predictive values of this measure have been questioned in recent decades [1],
it remains the only tool for a fast and easy evaluation of newborns. The Apgar score ranges
from 0 to 10, and a low score is usually defined as <7 [2,3], although other cutoff values
have been used in different studies [4,5]. The score given at one minute (Apgar 1) is
considered an indicator of antepartum complications associated with infant mortality,
morbidity, and development, especially in the short term [6,7]. The score given at five
minutes (Apgar 5) has been shown to highly correlate with neonatal survival and long-term
morbidity in general, and it is considered an indicator of antepartum complications and
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prenatal environment, regardless of gestational age at birth [5–8]. A low Apgar 5 score
may be indicative of a substantial intrapartum hypoxic–ischemic event and other neonatal
complications [9], and it is therefore associated with offspring neurological development;
function; and morbidity, including neonatal seizures and intracranial hemorrhage, cerebral
palsy [4,10,11], neurological disability, and epilepsy [12,13]. The main risk factor for these
neurological complications and morbidities is prematurity [14–16]. The brain of premature
newborns is not fully developed, as well as the lungs and other systems, making them
more susceptible and vulnerable to harmful exposures. Due to the intensive care and
interventions they undergo, the rates of many neurological complications, with possible
long-term consequences, are higher among offspring born premature, and the risk increases
with earlier gestational age at delivery [17–19].

The use of low Apgar 5 scores for the prediction of long-term health has been ques-
tioned [20], and studies present inconsistent findings. While Diepeveen et al. [11] found
a low Apgar 5 score to be associated with language impairment at early school age, Black-
man et al. [21] found no association with neurodevelopment at age 5, and Seidman et al. [22]
found a poor correlation between low Apgar scores and intelligence scores at age 17. We
therefore aimed to deepen the understanding of the potential predictive value of low Ap-
gar scores and offspring neurological morbidity throughout childhood, and to study this
possible association among offspring born at term and preterm.

2. Experimental Section

2.1. Study Design

A population-based retrospective cohort analysis was performed, and it included all
offspring born between the years 1991 and 2021 and discharged alive from the Soroka
University Medical Center (SUMC). SUMC is a single tertiary-level hospital providing care
for the entire southern region of Israel, with labor and delivery units, adjacent to neonatal
intensive care units, and general and pediatric emergency and critical care units. SUMC
serves a population of 1.5 million residents, and with >17,000 births/year in recent years, it
is among the largest birth centers in Israel.

The independent variable was defined as a low (<7) 5 min Apgar score based on
maternal delivery chart. The SUMC perinatal computerized dataset consists of information
recorded directly following delivery by an obstetrician. Coding is performed following the
assessment of prenatal care records in addition to routine hospital documents.

The outcome variable (event) was defined as the first pediatric hospitalization of the
offspring up to the age of 18 years, with any neurological diagnoses (the index hospitaliza-
tion). Neurological diagnoses were predefined using a list of the International Classification
of Diseases (ICD-9) codes. A list of the grouped diagnoses and ICD-9 codes is presented in
Supplementary Table S1. The pediatric hospitalization dataset includes ICD-9 codes for
all medical diagnoses, as well as demographic information. All diagnoses were grouped
according to systems and organs, and a list of all neurological morbidities was created.
The perinatal dataset was cross-linked and matched with the pediatric hospitalization
dataset based on maternal and offspring personal identifying numbers. Follow-up time
was calculated from birth to an event or until censored. Censoring occurred in the case of
death (during hospitalization, not neurological related), reaching age 18, or at the end of
the study period. Only the first hospitalization with any neurological diagnoses for each
offspring was included in the analyses. For instance, in case the offspring was hospitalized
for feeding intolerance or UTI, these hospitalizations were not included; however, if there
was a hospitalization due to seizures, this was defined as the event, or index hospitalization,
even though this may have been the second or third hospitalization for this offspring.

In order to reduce potential confounding effects, multiple gestations and newborns
with major congenital malformations or chromosomal abnormalities were excluded from
the study, as well as newborns with missing 5 min Apgar scores.
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2.2. Statistical Analysis

Statistical analysis was performed using STATA (version 12.0, https://www.stata.
com/, accessed on 27 March 2022) and SPSS (version 26.0, https://www.ibm.com/products/
spss-statistics, accessed on 27 March 2022) software. Assumptions were two sided with
α = 0.05 and β = 0.2.

Initial analysis compared background, pregnancy, and perinatal characteristics be-
tween the study groups (low or normal Apgar 5 scores), using Fisher exact χ2 test for
categorical variables and t-test for comparison of means of continuous variables with nor-
mal distribution. Background, pregnancy, and perinatal characteristics included maternal
age, parity, gestational age at delivery, mode of delivery, pregnancy complications, and
offspring gender.

Incidence rates of neurological-related hospitalizations were calculated, and time to
the first hospitalization per diagnoses group was compared between the study groups
using hazard ratio (HR), which were the results of unadjusted Cox regressions. If more than
one diagnosis was present per offspring during the index hospitalization, all diagnoses
were included in the univariable comparison between the groups.

Kaplan–Meier survival curves were constructed, and the cumulative neurological
hospitalization incidence (with any neurological morbidity) was compared between the
groups using the Cox–Mantel log-rank test. The Kaplan–Meier curves were also used to
assess the proportionality assumption of the risk between the study groups.

In order to identify possible confounding variables, the following were each tested
for their associations with the outcome variable: background; pregnancy; and perinatal
characteristics, which were statistically different between the study groups based on initial
tests. In case the variable was associated with both the study group and the outcome,
it was entered into the multivariable model. If, due to the inclusion of the variable, the
main effect (adjusted HR) changed by >10%, the variable was included in the final model.
Variables with clinical importance, such as maternal age, and offspring year of birth, which
represents different changes over the study period, were also included in the multivariable
analysis, even though they may have not changed the effect by >10%.

The multivariable Cox survival models were used to compare the independent risk for
neurological-related morbidity based on presence of a low Apgar 5 score, and adjusted HRs
were calculated. Separate multivariable models were used to study the risk specifically
among term and preterm newborns (<37 gestational weeks; as well as specifically among
<32 and <28 gestational weeks). The final models were selected based on the best model fit
and lowest −2 log likelihood.

The study protocol was approved by the SUMC institutional review board (committee
#0438-15-SOR), and informed consent was exempt.

3. Results

Between the years 1991 and 2021, there were 356,356 singleton deliveries without
malformations at Soroka Medical Center, of which 6791 (2.0%) were excluded due to
missing data on the 5 min Apgar score, resulting in a study population of 349,385 offspring.
A low Apgar 5 score was present in 2030 (0.6%) newborns, referred to as the ‘exposed
group’. Among this group, the score was 0–4 in 657 newborns, and 1953 scored 5–7.

The background data of the study population are presented in Table 1. As compared
to the normal Apgar 5 group, exposed newborns were more likely to be males, be delivered
earlier, have a lower mean birthweight, and follow pregnancies complicated with maternal
hypertensive disorders or gestational diabetes mellitus.
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Table 1. Characteristics of the study population with normal or low Apgar 5 scores.

Characteristics Low Apgar (<7) Normal Apgar
χ2 or t Values and Degree

of Freedom (d.f), p
OR (95%CI)

n (%) n (%)

1551 (0.4) 347,051 (99.6)

Maternal age (mean ± SD) 28.44 ± 6.2 28.25 ± 5.8 t = −1.1 (d.f = 1559),
p = 0.23

Parity χ2 = 56 (d.f = 2),
p < 0.001

1 485 (31.1) 84,493 (24.3)

2–4 669 (43.2) 180,433 (52.0)

≥5 396 (25.5) 82,078 (23.7)

Gestational age, week (mean ± SD) 37.62 ± 3.7 39.10 ± 1.7 t = 16 (d.f = 1551),
p < 0.001

Preterm delivery (<37 weeks) 366 (23.6) 21,767 (6.3) χ2 = 780 (d.f = 1),
p < 0.001

4.62 (4.11–5.20)

Gestational diabetes mellitus 102 (6.6) 16,681 (4.8) χ2 = 3 (d.f = 1),
p = 0.002

1.34 (1.14–1.71)

Hypertensive disorders
of pregnancy 128 (8.3) 16,177 (4.7) χ2 = 44 (d.f = 1) 1.84 (1.53–2.21)

Chorioamnionitis 128 (6.3) 1560 (0.4) χ2 = 1439 (d.f = 1),
p < 0.001

14.91 (12.39–17.96)

Gender χ2 = 21 (d.f = 1),
p < 0.001

1.27 (1.15–1.40)

Male 882 (56.9) 176,921 (51.0)

Female 669 (43.1) 170,136 (49.0)

Birthweight, g (mean ± SD) 2902 ± 773 3215 ± 492 t = 16 (d.f = 1555),
p < 0.001

Low birthweight (≤2500 g) 352 (22.7) 21,754 (6.3) χ2 = 701 (d.f = 1),
p < 0.001

4.39 (3.89–4.95)

Non-reassuring fetal heart rate 406 (26.2) 18,283 (5.3) χ2 = 1330 (d.f = 1),
p < 0.001

6.38 (5.69–7.15)

Small for gestational age 125 (8.1) 15,044 (4.3) χ2 = 51 (d.f = 1),
p < 0.001

1.93 (1.61–2.32)

Cesarean delivery 798 (51.5) 48,458 (14.0) χ2 = 1788 (d.f = 1),
p < 0.0001

6.53 (5.91–7.22)

Labor induction 273 (17.6) 74,220 (21.4) χ2 = 13 (d.f = 1),
p < 0.001

0.78 (0.69–0.89)

Meconium-stained amniotic fluid 286 (18.4) 41,802 (12.0) χ2 = 59 (d.f =1),
p < 0.001

1.65 (1.45–1.88)

The study population was followed for an average of 10.8 ± 6.5 years and 7.8 ± 6.4 years
(normal and low 5 min Apgar groups, respectively, p < 0.001). The Kaplan–Meier analysis
(shown in Figure 1) presents the significant difference in survival between the study groups
(log-rank, p < 0.001), indicating that the offspring with a low 5 min Apgar score tended to
have shorter survival. The survival curves present the proportionality of survival between
the two study groups.
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Figure 1. Cumulative survival by study group.

During the follow-up period, 175 (11.3%) offspring with low Apgar 5 scores were
hospitalized with neurological-related morbidities as compared to 25,898 (7.5%) in the
normal Apgar score group (hazard ratio, HR = 1.84; 95% confidence interval, CI 1.58–2.13).
Selected neurological morbidities with normal or low 5 min Apgar scores are presented in
Table 2. Offspring with a low Apgar score were more likely to be hospitalized with any of
the neurological morbidities, including epilepsy and movement disorders, cerebral palsy,
and developmental disorders.

Table 2. Selected neurological morbidities with normal or low 5 min Apgar scores.

Low Apgar (<7) Normal Apgar
Unadjusted Hazard

Ratio; 95%CI

n (%) n (%)
1551 (0.4) 347,051 (99.6)

Autism 3 (0.2) 228 (0.1) 3.77; 1.21–11.77
Epilepsy and movement disorders 83 (5.4) 10,470 (3.0) 2.07; 1.67–2.57

Cerebral palsy 27 (1.7) 664 (0.2) 11.07; 7.53–16.27
Developmental disorders 30 (1.9) 3056 (0.9) 1.91; 1.52–2.41
Degenerative disorders 19 (1.2) 688 (0.2) 7.07; 4.48–11.15

Psychiatric and emotional disorders 72 (4.6) 9983 (2.9) 2.38; 1.66–3.41
Total neurological-related

hospitalizations 175 (11.3) 25,898 (7.5) 1.84; 1.58–2.13

Among offspring born at term (n = 299,614), the rates of neurological-related hos-
pitalizations were 125 (10.6%) vs. 23,550 (7.2%) among low and normal Apgar 5 scores,
respectively (OR = 1.51; 95%CI 1.26–1.82). Among preterm-born offspring (<37 gestational
weeks, n = 22,133), the rates of hospitalizations were 50 (13.7%) vs. 2341 (10.8%) among
low and normal Apgar 5 scores, respectively (OR = 1.31; 95%CI 0.97–1.78). The power to
test the studied association among preterm <37 gestational weeks was 43%.

In the multivariable survival models presented in Table 3, for the entire study pop-
ulation, offspring born with a low 5 min Apgar score were 1.61 times more likely to be
hospitalized with neurological morbidities after adjusting for preterm births, maternal
age, delivery mode, chorioamnionitis, and maternal hypertension or diabetes (adjusted
hazard ratio (Adj. HR) = 1.61; 95%CI 1.39–1.87). This association was present specifically
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among term-born offspring (Adj. HR = 1.70; 95%CI 1.43–2.03) but not among preterm-born
offspring (<37 gestational weeks) (adj. HR = 1.18; 95%CI 0.88–1.57).

Table 3. Total neurological-related hospitalizations and low vs. normal Apgar scores *.

Adjusted Hazard Ratios *
All Preterm Term

Low Vs. Normal Apgar 5 1.61; 1.39–1.87 1.16; 0.87–1.54 1.70; 1.42–2.02
Hypertensive disorders 1.10; 1.04–1.15 1.11; 0.99–1.25 1.09; 1.07–1.15

Gestational diabetes mellitus 1.03; 0.97–1.09 0.95; 0.78–1.15 1.04; 0.98–1.11
Cesarean vs. vaginal delivery 1.10; 1.06–1.14 1.02; 0.94–1.12 1.11; 1.07–1.16

Chorioamnionitis 1.11; 0.96–1.28 1.11; 0.90–1.36 1.09; 0.89–1.35
Preterm delivery ** 1.44; 1.38–1.50 - -

* All models additionally adjusted for maternal age and year of birth. ** Among the preterm and term models,
gestational age adjusted for instead of preterm delivery.

A stratified analysis among offspring born preterm is presented in Table 4. The stratified
analysis reveals that the lack of association between a low Apgar score and neurological-related
hospitalization among offspring born preterm is due to the earlier gestational ages; among
offspring born <32 gestational age, a low Apgar score was not associated with neurological-
related morbidities, either in the univariable analysis or after adjusting for maternal age.
Specifically, among offspring born <28 gestational age, although not statistically significant,
a low Apgar score was associated with a lower risk of hospitalization.

Table 4. Incidence and multivariable analysis for total neurological-related hospitalizations among
offspring born preterm *.

Gestational Age
at Delivery

Apgar n
Neurological-Related

Hospitalization
OR; 95%CI

Adjusted HR;
95%CI *

<28
Low Apgar (<7) 381 7 (1.8) 0.10; 0.05–0.21 0.59; 0.27–1.28
Normal Apgar 604 97 (16.1)

28–32
Low Apgar (<7) 124 11 (11.8) 0.92; 0.53–1.59 1.35; 0.80–2.29
Normal Apgar 2148 274 (12.8)

32–36
Low Apgar (<7) 421 51 (12.1) 1.36; 1.01–1.82 1.72; 1.30–2.27
Normal Apgar 45,712 4216 (9.2)

* Adjusted for maternal age.

4. Discussion

In this large population-based cohort with a long follow-up period, a low 5 min Apgar
score was independently associated with pediatric neurological hospitalizations. This
association was not present among preterm-born offspring. Although the possibility of
insufficient power cannot be ruled out in the latter cases, it is also possible that other factors,
such as those possibly leading to early delivery, the intensive interventions following deliv-
ery, and the prematurity itself, are the ones increasing the risk for neurological morbidities,
regardless of the Apgar score.

Apgar scores have long been established as a prediction tool for short-term neonatal
survival and morbidity. Their value in the prediction of long-term outcome has been
questioned in recent years.

Low Apgar scores have been associated with perinatal asphyxia and immaturity or
impairment of the central nervous system [23]. These postpartum complications may
be involved in neurological morbidity mechanisms, from cerebral palsy (CP) to develop-
mental and language impairments [11,23]. Prematurity is known to be associated with
an increased risk for long-term morbidities [24] due to both the immaturity of different
systems, specifically the lungs and the brain, and the possible side effects of the intensive
care and iatrogenic interventions often critical for life support. As opposed to those of term
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newborns, preterm newborns’ Apgar scores may represent developmental achievements
rather than fetal compromise [25]. It is possible that it is for this reason that a low Apgar
score among preterm-born offspring was not independently associated with long-term
complications. It is also possible that the current cohort includes relatively healthy, resilient
offspring, who, although were born with a low Apgar score, were discharged alive from
the hospital. This too may explain the lack of association and possibly suggest a protective
association between low Apgar scores and neurological-related hospitalizations among
preterm- and, specifically, extreme preterm-born offspring.

Other studies have also reached similar conclusions; Jensen et al. [9] found a low
5 min Apgar score to be associated with CP or death across all gestational ages; however,
the association was weaker with deceasing gestational age at birth. Low Apgar scores
have been found to be associated with an increased risk for infantile seizures, specifically
among full-term and normal-birth-weight infants [26], and Lie et al. [23] found a stronger
association between low Apgar scores and CP among normal- as compared to low-birth-
weight offspring.

Since this study was of a retrospective nature, several limitations were present. The
first limitation is related to the subjective nature of the Apgar score being assigned by
the staff, such as a midwife or a pediatrician. Data regarding the medical staff assigning
the Apgar score were unavailable for analysis. Inter-observer Apgar scoring variability is
expected [27], and there is a possibility that different medical staff members tend to grade
higher or lower than others. However, there is no reason to suspect that this distribution
was associated with the risk for neurological morbidity likelihood later in life. Other factors
that are known to be associated with Apgar scores, such as congenital malformations,
gestational age, and mode of delivery, have been either excluded or accounted for in the
multivariable analysis.

This study′s aim was to evaluate the predictive value of a low 5 min Apgar score in
relation to pediatric neurological morbidities. However, since cases of neonatal deaths were
excluded from the long-term follow-up and only newborns that were discharged alive from
the hospital following delivery were included, a survival bias is present in our findings,
since newborns with the lowest Apgar scores are underrepresented in the cohort. Since the
cohort includes relatively ‘healthy’ offspring, our results are probably an under-estimation
of the true association between low Apgar scores and neurological morbidities.

This study has several strengths, including the long follow-up period, which enabled
the associations between low Apgar scores and long-term neurological-related pediatric
hospitalizations to be addressed. Moreover, due to the large cohort size, we were able to
study less-frequent neurological morbidities, as well as the association among preterm
offspring, extreme preterm offspring, and twins.

According to the ACOG’s 2015 statement [23], low Apgar 5 score monitoring may identify
needs for focused educational programs and improvement in systems of perinatal care.

5. Conclusions

Although Apgar scores are not intended for the prediction of neurological morbidities,
our findings suggest Apgar scores may be used, possibly independently or in combination
with other measures, as a predictor of later neurological morbidities among term-born but
not preterm-born offspring. The early detection of newborns at risk for long-term adverse
health outcomes can lead to early treatment and reduce the odds of long-term adverse
health effects.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcm11071922/s1; Table S1: Neurological diagnoses and ICD-9 codes.
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Abstract: Respiratory morbidity is a hallmark complication of prematurity. Children born preterm
are exposed to both short- and long-term respiratory morbidity. This study aimed to investigate
whether a critical gestational age threshold exists for significant long-term respiratory morbidity. A
23-year, population-based cohort analysis was performed comparing singleton deliveries at a single
tertiary medical center. A comparison of four gestational age groups was performed according to the
WHO classification: term (≥37.0 weeks, reference group), moderate to late preterm (32.0–36.6 weeks),
very preterm (28.0–31.6 weeks) and extremely preterm (24.0–27.6 weeks). Hospitalizations of the
offspring up to the age of 18 years involving respiratory morbidities were evaluated. A Kaplan–Meier
survival curve was used to compare cumulative hospitalization incidence between the groups. A
Cox proportional hazards model was used to control for confounders and time to event. Overall,
220,563 singleton deliveries were included: 93.6% term deliveries, 6% moderate to late preterm,
0.4% very preterm and 0.1% extremely preterm. Hospitalizations involving respiratory morbidity
were significantly higher in children born preterm (12.7% in extremely preterm children, 11.7% in
very preterm, 7.0% in late preterm vs. 4.7% in term, p < 0.001). The Kaplan–Meier survival curve
demonstrated a significantly higher cumulative incidence of respiratory-related hospitalizations in
the preterm groups (log-rank, p < 0.001). In the Cox regression model, delivery before 32 weeks had
twice the risk of long-term respiratory morbidity. Searching for a specific gestational age threshold,
the slope for hospitalization rate was attenuated beyond 30 weeks’ gestation. In our population, it
seems that 30 weeks’ gestation may be the critical threshold for long-term respiratory morbidity of
the offspring, as the risk for long-term respiratory-related hospitalization seems to be attenuated
beyond this point until term.

Keywords: prematurity; gestational age; threshold; respiratory morbidity; pediatric hospitalization

1. Introduction

Prematurity is defined by the WHO as a birth before 37 completed weeks’ gestation
and is associated with significant infant mortality and morbidity [1,2]. Worldwide, the
preterm birth rate is estimated to be approximately 11% [3,4]. The WHO defines three sub-
categories for prematurity according to gestational age (GA) at birth: extremely preterm
(less than 28 weeks’ gestation), very preterm (28–32 weeks’ gestation) and moderate to late
preterm (32–36 weeks’ gestation). This classification mainly reflects the offspring prognosis,
as mortality rates correlate with GA [5]. Infants born at or before 28 weeks of gestation
have the highest mortality with reported death rates of approximately 50 percent [6], al-
though infant survival rates have improved over the years, especially in high-income
countries [7]. Nevertheless, even among tertiary neonatal centers in the United States,
there is a variation in mortality that ranges between 5% to 36% for all GAs and 13–73% for
infants less than 25 weeks’ gestation [8]. One of the main causes of early infant death is
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respiratory disorders [9,10] especially in extremely preterm infants. Preterm birth interferes
with the development of the lung and may render it less effective as a gas exchanger or
may make it more susceptible to disease by changing the “program” that determines its
development [11]. Those who survive may suffer short-term complications (e.g., respiratory
distress syndrome (RDS), patent ductus arteriosus (PDA) and bronchopulmonary dysplasia
(BPD)) during the neonatal period [12] and long-term sequelae including repeated hospital-
izations [13,14], chronic respiratory diseases [15–17] and neurodevelopmental disabilities
such as cerebral palsy (CP) [18,19].

Respiratory morbidity is one of the most prominent complications of prematurity,
starting with RDS with increasing incidence as GA decreases [12] and followed by BPD as
a later respiratory complication. While these complications are short-term in appearance,
they are known to have long-term consequences on lung function [20], and the outcome of
poor lung development depends on the type and severity of the insult as well as the lung
developmental stage at which it occurs [21].

As respiratory morbidity is one of the devastating outcomes of prematurity, we opted
to investigate the correlation between the degree of prematurity and long-term respiratory
morbidity of the offspring in order to establish a critical cut-off at which the long-term
respiratory morbidity of the offspring would be higher.

2. Methods

This was a population-based, retrospective study conducted at the Soroka University
Medical Center (SUMC) between the years 1991 and 2014. It included all singleton deliveries
occurring within this time period at SUMC and followed offspring hospitalizations in
SUMC until 18 years of age.

The institutional review board (SUMC IRB Committee) approved the study that has
been performed, which is in accordance with the ethical standards laid down by the 1964
Declaration of Helsinki and its later amendments (Helsinki Declaration 1975, revision 2013).

The SUMC is the largest birth center in the country and the sole tertiary hospital in
the Negev area that includes a neonatal intensive care unit (NICU) and pediatric wards.

The area has experienced positive immigration over the last two decades, with increas-
ing annual birth rates reaching approximately 15,000 by the end of the study period. As the
only hospital in the area, children born in the SUMC are also expected to be hospitalized in
the hospital’s pediatric wards, if indicated.

A comparison of 4 gestational age groups was performed according to the WHO
classification [1]: term births (≥37.0 weeks), moderate to late preterm (32.0–36.6 weeks),
very preterm (28.0–31.6 weeks) and extremely preterm (24.0–27.6 weeks).

We excluded cases of multiple pregnancies and congenital malformations, as both fac-
tors are associated with preterm delivery and chronic health problems. Perinatal mortality
cases were also excluded from the long-term analysis.

Maternal characteristics included maternal age and background morbidity (pre-gestational
diabetes and chronic hypertension). Selective pregnancy complications were also recorded
including gestational diabetes mellitus (GDM) and hypertensive disorders (preeclampsia
with and without severe features and eclampsia).

The primary outcome variables included respiratory-related hospitalizations of the
offspring up to the age of 18 years, as recorded in hospital records, using predefined
diagnoses of ICD-9 codes detailed in the Table S1. Secondary outcomes assessed included
adverse perinatal outcomes such as intra-amniotic infection rates (a clinical diagnosis
made by an obstetrician during labor defined by a combination of common clinical criteria
for chorioamnionitis, including maternal fever, maternal and fetal tachycardia, uterine
tenderness and foul amniotic fluid), low Apgar scores (<7) given to the neonate at 5 min,
small for gestational age (SGA), defined as birthweight <5th percentile for gestational age
and gender, and cesarean delivery rates.

Follow-up time was defined as time to event (respiratory-related hospitalization, as
first diagnosis or background diagnosis) and ended at either first hospitalization, child
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death (during hospitalization for unrelated morbidity), reaching age of 18 or at the end of
the study period, whichever milestone was reached first.

We used 2 distinct hospital databases in order to merge and cross-link maternal and
offspring data The first is the computerized obstetrics and gynecology department database,
which consists of maternal and obstetrical information recorded at the mothers’ admission
to the delivery room after assessing medical prenatal care records and immediately follow-
ing delivery by an obstetrician. The second is the pediatric hospitalization database, which
includes demographic information and ICD-9 codes for all medical diagnoses made during
hospitalization in any of the pediatric departments at the SUMC. In the SUMC, all records
are routinely reviewed by experienced medical secretaries for accuracy and completeness
prior to entering them into the databases.

Statistical Analysis

We used the SPSS package 23rd edition (IBM/SPSS, Chicago, IL, USA) to perform the
study’s statistical analysis. Background, clinical and outcome variables were compared
between the study groups using χ2 tests for categorical variables and Student’s t test for
continuous variables with normal distribution. Kaplan–Meier survival curves were used
to compare cumulative respiratory-related hospitalization incidences during follow-up
time according to gestational age at birth, divided into the four subgroups characterized
above, and differences between curves were assessed using log-rank test. A Cox regression
model was used to investigate the association between gestational age at birth and pediatric
respiratory-related hospitalization risk. The model was adjusted based on the univariate
analysis and clinically relevant variables including follow-up time, maternal age, mode
of delivery, birthweight, diabetes mellitus, hypertensive disorders and presence of intra-
amniotic infection (clinically diagnosed chorioamnionitis). Term deliveries were used as
the reference group for the comparison. All analyses were two-sided. A p-value < 0.05 was
considered statistically significant.

3. Results

During the study period, 220,563 singleton deliveries met the inclusion criteria. Of
those, 93.6% (n = 206,361) were born at term, 6% (n = 13,308) were moderate to late preterm,
0.4% (n = 776) were very preterm and 0.1% (n = 118) were extremely preterm.

Maternal characteristics and immediate perinatal outcomes according to the different
gestational age groups are presented in Table 1. A statistically significant difference in
maternal age was noted between groups; however, it was clinically irrelevant. Incidence of
hypertensive disorders was highest in women who delivered very preterm and lowest in
women who delivered at term. Incidence of intra-amniotic infection and cesarean deliveries
decreased progressively as gestational age increased. Diabetes was more common in
women from the preterm groups except for those who delivered extremely preterm.

Table 2 summarizes the selected respiratory morbidities and total hospitalization rate
for the four study groups according to prematurity severity. Offspring born preterm had a
significantly higher respiratory-related hospitalization rate compared to term offspring, as
the hospitalization rate increased with decreasing gestational age (4.7%, 7.0%, 11.7% and
12.7% for offspring born in term delivery, moderate to late PTB, very PTB and extremely
PTB, respectively, p < 0.001 for trends).
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Table 1. Maternal characteristics and pregnancy outcomes according to gestational age.

Maternal Characteristics

Extremely
Preterm

(24.0–27.6)
N = 118

Very Preterm
(28.0–31.6)

N = 776

Moderate to Late
Preterm

(32.0–36.6)
N = 13,308

Term Delivery
(≥37.0)

N = 206,361
p Value a

Maternal age (mean ± SD, years) 28.4 ± 6.3 28.3 ± 6.3 28.3 ± 6.2 28.2 ± 5.7 <0.001

Diabetes mellitus b (%) 0.0 6.2 8.2 5.3 <0.001

Hypertensive disorders c (%) 8.5 19.1 12.9 4.7 <0.001

Induction of labor (%) 10.2 9.3 23.1 27.6 <0.001

Intra-amniotic infection (%) 33.1 14.3 2.6 0.3 <0.001

Cesarean Delivery (%) 51.7 52.8 31.0 12.7 <0.001

Low Apgar at 5 min (<7) (%) 14.4 6.2 2.5 1.4 <0.001

Gestational age at delivery
(mean ± SD, weeks) 26.4 ± 0.7 30.0 ± 1.0 35.2 ± 1.1 39.4 ± 1.2 <0.001

Birthweight (mean ± SD, grams) 1096 ± 601 1644 ± 633 2540 ± 495 3270 ± 445 <0.001

SGA d (%) 3.4 1.8 3.6 4.4 <0.001
a Calculated for all groups using the chi square test for trends; b including pre-gestational and gestational
diabetes; c including chronic hypertension, gestational hypertension, preeclampsia with or without severe features
and eclampsia; d SGA = small for gestational age, defined as birthweight <5th percentile for gestational age
and gender.

Table 2. Selected long-term respiratory morbidities in children (up to the age of 18 years) according
to gestational age at birth.

Respiratory Morbidity

Extremely
Preterm

(24.0–27.6)
N = 118

Very Preterm
(28.0–31.6)

N = 776

Moderate to Late
Preterm

(32.0–36.6)
N = 13,308

Term Delivery
(≥37.0)

N = 206,361
p Value a

Asthma (%) 3.4 5.2 3.4 2.5 <0.001

Pleural disease (%) 0.0 0.4 0.1 0.1 0.022

Obstructive sleep apnea
(OSA) (%) 1.7 1.3 0.9 0.7 0.002

Other * (%) 8.5 6.6 3.0 1.9 <0.001

Total respiratory
hospitalizations (%) 12.7 11.7 7.0 4.7 <0.001

a Calculated for all groups using the chi square test for trends. * Detailed in the supplementary table.

Mean age at hospitalization for offspring born at 24–28 weeks’ gestational age was
10.2 +/− 6.6 years. A total of 12.7% of the cases occurred by the age of 1 year, and 30.5%
by the age of 5 years. The median age was 12.1 years. For offspring born at 28–32 weeks’
gestational age, the mean age at hospitalization was 9.13 +/− 6.4 years. A total of 11.9% of
the cases occurred by the age of 1 year, and 37% by the age of 5. Median age was 8.65 years.
For offspring born at 32–36 weeks’ gestational age, the mean age at hospitalization was
9.92 +/− 6.1 years. A total of 7.5% of the cases occurred by the age of 1 year, and 28.1% by
the age of 5. The median age was 10.2 years.

The mean age at hospitalization for offspring born at term was 10.02 +/− 6.1 years.
A total of 6.8% of the cases occurred by the age of 1 year, and 27.5% by the age of 5. The
median age was 10.2 years.

A significant difference was noted in the age of hospitalization between age groups
28–32 and 32–36 (p < 0.001) and between 28–32 and term (p < 0.001).
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Presented in Figure 1 are the Kaplan–Meier survival curves showing a progressively
higher cumulative incidence of offspring respiratory-related hospitalizations as gestational
age decreases. Similar survival curves of offspring born extremely and very preterm were
noted, with the highest cumulative hospitalization incidence. For all gestational age groups,
the sharpest incline of hospitalizations was seen by the age of 5.

Figure 1. A Kaplan–Meier survival curve demonstrating the cumulative incidence of respiratory-
related hospitalizations among study groups of different gestational age at birth.

A univariate analysis of respiratory-related hospitalization rates according to week
of gestation at birth is presented in Figure 2. A general inverse relationship can be seen
between gestational week at birth and incidence of respiratory-related hospitalization. At
30 weeks’ gestation, the hospitalization rate drops significantly to approximately 10% (as
opposed to 17% at 26 weeks); then, it is attenuated until 34 weeks, with a further decrease in
hospitalization rate at 36 weeks. The curve continues to drop to its lowest point at 40 weeks
(full term), although the decline is less prominent.
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Figure 2. Respiratory-related hospitalization rates according to gestational age.

A Cox proportional hazards model is presented in Table 3. The model was constructed
to adjust for follow-up time, and control for statistically significant and clinically relevant
variables is described in the methods section. Using this model, prematurity (birth before
37 completed weeks) was found to be independently associated with long-term respiratory
morbidity. Compared to term delivery, birth before 32 weeks’ gestation (whether extremely
or very preterm) carries a 2.0-fold risk for long-term respiratory morbidity, while birth at
moderate to late preterm (32.0–36.6 weeks) carries a 1.3-fold risk for long-term respiratory
morbidity. The critical threshold beyond which long-term respiratory morbidity decreased
is 30 days.

Table 3. Multivariable analysis of long-term risk for respiratory-related hospitalizations according to
gestational age.

Gestational Age
Adjusted Hazard

Ratio (aHR) *
Confidence Interval

(95%)
p Value

Term delivery (reference)
(37–42 weeks) 1 - -

Moderate to late preterm
(32–37 weeks) 1.29 1.20–1.39 <0.01

Very preterm (28–32 weeks) 2.02 1.62–2.52 <0.01

Extremely preterm
(24–28 weeks) 2.04 1.21–3.44 <0.01

* Adjusted for maternal age, birthweight, diabetes mellitus, hypertensive disorders, presence of intra-amniotic
infection and mode of delivery.

Repeated hospitalizations of the offspring were also evaluated. We found the mean
re-hospitalization rate decreased with increasing gestational age, from 20% in extremely
premature infants (24–28 weeks’ gestation) to 16% in the very preterm group (28–32 weeks),
10% in the moderate to late preterm group (32–37 weeks) and finally decreasing to only 6%
in term infants (≥37 weeks).

Finally, we conducted a sub-analysis of the original cohort, dividing it to two dis-
tinct time periods—offspring born before the year 2000 (1991–1999) and those born after
(2000–2014). In offspring born before the year 2000, with the exception from 26 to 28 weeks,
an inverse relationship can be seen between gestational week at birth and incidence of
respiratory-related hospitalization (Figure 3). At 30 weeks’ gestation, the hospitalization
rate is more than halved to 5.5% from 12.5% at 28 weeks. From 30 weeks’ gestation, the
hospitalization rate slowly declines to its lowest rate at full term (40 weeks).
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Figure 3. Respiratory-related hospitalization rates according to gestational age (offspring born before
the year 2000).

A Cox regression model for this cohort, adjusted for maternal age, mode of delivery,
birthweight, diabetes mellitus, hypertensive disorders and presence of intra-amniotic infec-
tion (clinically diagnosed chorioamnionitis), found prematurity (birth before 37 completed
weeks) was independently associated with long-term respiratory morbidity. Compared to
term delivery, being born extremely preterm, very preterm and moderate to late preterm
carries a significant higher risk for long-term respiratory morbidity (aHR of 3.33, 2.61 and
1.32, respectively, Table 4).

Table 4. Multivariable analysis of long-term risk for respiratory-related hospitalizations according to
gestational age (offspring born before the year 2000).

Gestational Age
Adjusted Hazard

Ratio (aHR) *
Confidence Interval

(95%)
p Value

Term delivery (reference)
(37–42 weeks) 1 - -

Moderate to late preterm
(32–37 weeks) 1.32 1.12–1.56 <0.01

Very preterm (28–32 weeks) 2.61 1.70–4.02 <0.01

Extremely preterm (24–28 weeks) 3.33 1.50–7.39 <0.01
* Adjusted for maternal age, birthweight, diabetes mellitus, hypertensive disorders, presence of intra-amniotic
infection and mode of delivery.

In offspring born after the year 2000, a general inverse relationship can once again be
seen between gestational week at birth and incidence of respiratory-related hospitalization
(Figure 4). The gradual decline in the hospitalization rate is attenuated from 30 weeks’
gestation until 34 weeks, with a further decrease in the hospitalization rate at 36 weeks.
The curve continues to drop to its lowest point at full term (40 weeks).

A similar Cox regression model for this sub-analysis, adjusted for maternal age, mode
of delivery, birthweight, diabetes mellitus, hypertensive disorders and presence of intra-
amniotic infection (clinically diagnosed chorioamnionitis), also found prematurity (birth
before 37 completed weeks) was independently associated with long-term respiratory
morbidity. Compared to term delivery, being born extremely preterm, very preterm and
moderate to late preterm carries a significant higher risk for long-term respiratory morbidity
(aHR of 2.04, 1.97 and 1.32, respectively, Table 5).
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Figure 4. Respiratory-related hospitalization rates according to gestational age (offspring born after
the year 2000).

Table 5. Multivariable analysis of long-term risk for respiratory-related hospitalizations according to
gestational age (offspring born after the year 2000).

Gestational Age
Adjusted Hazard

Ratio (aHR) *
Confidence Interval

(95%)
p Value

Term delivery (reference)
(37–42 weeks) 1 - -

Moderate to late preterm
(32–37 weeks) 1.32 1.21–1.44 <0.01

Very preterm (28–32 weeks) 1.97 1.52–2.55 <0.01

Extremely preterm (24–28 weeks) 2.04 1.01–4.12 0.04
* Adjusted for maternal age, birthweight, diabetes mellitus, hypertensive disorders, presence of intra-amniotic
infection and mode of delivery.

4. Discussion

This large retrospective cohort study examined the long-term incidence of respiratory-
related hospitalizations of children born preterm, stratified by the severity of prematurity
and compared to offspring born at term. We found the risk for long-term respiratory
morbidity to be increased as gestational age at birth decreased, which is in accordance with
earlier literature [22–24]. Nevertheless, while most studies associate more extremely prema-
turity with higher rates of respiratory morbidity, they could not point out the gestational
age threshold that carries the highest risk, after which the prognosis improves. Using a
sub-analysis of hospitalization rates according to gestational age at birth, we found the
sharpest decline at 30 weeks, which then attenuates until reaching near-term (36 weeks),
where it once again declines to reach its lowest point at full term (40 weeks). 30 weeks’
gestation seems to be the threshold where the risk for long-term respiratory morbidity
is significantly reduced and from which point the hospitalization rate decreases to less
than 10%.

This threshold is similar to that found by Copper et al. for preterm infants’ survival
rates. Their study, conducted in the U.S., reported that by 30 weeks of gestation, survival
rates were >90% and increased by <1% per week thereafter until term [25], which is in
line with our finding that this threshold is an important developmental stage for the
preterm newborn.

The human fetal lung, like other crucial organs, has a developmental timeline that pro-
gresses from the embryonic period until birth. The pulmonary alveoli, the definitive units
of gas exchange, and its supportive structures develop during late fetal and early postnatal
life. Postnatally, the lungs continue to mature as alveolarization and microvascular matura-
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tion continue until a “complete” functional lung is achieved [26]. Abrupt discontinuation
of lung development process (i.e., preterm birth) results in a premature and immature
functional lung, commonly presenting as neonatal respiratory distress syndrome (RDS) and
its later complication, bronchopulmonary dysplasia (BPD), with increased incidence and
severity with decreasing gestational age [12,27]. The primary cause of RDS is deficiency of
pulmonary surfactant, which is developmentally regulated and starts at around 20 weeks’
gestation [28]. However, most alveolar surfactant is produced after about 30–32 weeks’
gestation, and preterm infants born before then will probably develop RDS [29], as both
a decrease in the quantity and quality of surfactant contributes to decreased surfactant
activity, resulting in RDS. Importantly, the characteristic clinical course of RDS is observed
less frequently because of interventions that reduce the risk of RDS, including the use of
antenatal glucocorticoid therapy, early intubation for surfactant therapy, and/or respiratory
support for the preterm neonate [30]. Nevertheless, RDS is very common in extremely and
very preterm infants, and even those born between 30 and 34 weeks have a significant
risk for acute respiratory disease, as reported in a Swedish study in which approximately
30% of the moderate to late preterm infants had this complication [31]. As a result, it is
common for preterm infants, especially those born very preterm, to be exposed to high
levels of oxygen for extended periods owing to respiratory insufficiency. It is now known
from multiple animal studies that prolonged inhalation of high levels of oxygen can per-
manently alter lung development, especially the formation of alveoli [21,32,33]. Preterm
infants are more susceptible to oxygen toxicity compared with term infants due to their
more immature antioxidant enzyme systems [28,34]. Other than oxygen toxicity, preterm
infants may also suffer injury caused by mechanical ventilation (volutrauma) [35–37]. For
extremely preterm infants who receive mechanical ventilation, the risk of BPD is high [38].
Because of the strong evidence that aggressive mechanical ventilation plays a major role in
the pathogenesis of BPD, management of preterm infants requiring respiratory support
has moved towards initial noninvasive measures. However, despite the use of noninvasive
respiratory support, up to 50 percent of extremely preterm infants are eventually intubated
and mechanically ventilated [39]. Extended ventilatory support carries an increased risk
not only for BPD but also for later airway problems such as asthma and chronic obstructive
pulmonary disease (COPD) [40]. Looking at chronic respiratory morbidities, retrospective
studies and meta-analyses found prematurity to be an important risk factor for childhood
wheezing disorders, specifically asthma [41–43]. In a large Swedish study, children born
extremely preterm had a four-times higher risk of asthma compared to those born at
term [44]. Furthermore, studies of children and young adults born moderately to very
preterm show persistent and significant lung function deficits [17] and reduced exercise
capacity in those born very preterm [45], all of which imply the significant health conse-
quences of prematurity. In light of the evidence regarding the lung prematurity at extremely
and very preterm gestational ages, our results can be easily interpreted. Interestingly, our
study provides similar results to an earlier study carried out by our group [46], which also
found that children born before 32 weeks’ gestation were at a significantly higher risk for
infectious morbidity, including respiratory infections, once again reinforcing the thesis that
a premature lung is more susceptible to respiratory morbidity later in life.

Our study found significant higher rates of intrauterine infection in children born
preterm, specifically in the extremely preterm group. This factor is known to affect infants’
lung function and health [47]. Hence, we included it in the Cox regression models and
found that it did not change the results of the study. As expected, rates of induced labor
were far less common in the extremely and very preterm groups but still reached around
10% of deliveries in these groups. This might have resulted from the much higher rate of
intrauterine infections that forced the attending obstetricians to induce labor in these early
gestational ages. The same may be hypothesized due to the increased rates of hypertensive
disorders found in the extremely and very preterm groups, though to a much lesser extent.
Compared to term deliveries, diabetes was also more common in women who delivered
very and moderate to late preterm, although this was not the case for those who delivered
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extremely preterm (probably since the gestational age of extreme prematurity is set before
the recommended gestational age for GDM screening). Nevertheless, we also included
these variables in the Cox model to find the results were unchanged. Finally, as expected,
cesarean delivery rates were also significantly higher in the extremely and very preterm
group. As this mode of delivery is known to affect long-term respiratory morbidity of
the offspring even at term [48], we also included this variable as a possible confounder in
the multivariant model. Even after controlling for all these possible confounders, the Cox
model shows that being born preterm carries a significant risk for long-term respiratory
morbidity, which correlates to the severity of prematurity.

The strength of this study stems from its large cohort and the long-term follow-up on
children born in a single tertiary medical center. Being the sole hospital in the Negev region,
we were able to combine databases from the Obstetrics and Pediatric wards to match the
data for the offspring, assuming that if the child required hospitalization, it would have
occurred in our institute. Since the Negev region has enjoyed positive immigration rates for
the last 2 decades, this assumption is plausible. Maternal and obstetrical information was
recorded by obstetricians assessing the mothers’ medical prenatal care records immediately
following delivery. Prior to archiving, all records were also reviewed by trained medical
secretaries for accuracy and completeness of the information. Naturally, human errors are
inevitable, but considering the large cohort of patients, we assume these are very marginal
and statistically insignificant.

This was a retrospective study and as such, it has inherent flaws that allowed us only to
assume an association between exposure (prematurity) and outcome (long-term morbidity)
and not a causative explanation. Furthermore, many other factors could have led to the
increased risk of long-term respiratory morbidity, rather than prematurity alone. We ac-
knowledge that our dataset lacks some important factors for children long-term respiratory
prognosis such as the treatments provided during pregnancy, offspring hospitalization or
other post-discharge medical care. An important limitation to fully interpreting our results
is the lack of data regarding the use of antenatal corticosteroid therapy. Dozens of random-
ized trials have confirmed that a course of antenatal corticosteroid therapy administered to
women at risk for preterm delivery reduced the incidence and severity of respiratory dis-
tress syndrome (RDS) and mortality in offspring [49]. However, since the use of antenatal
corticosteroid therapy for preterm delivery was already well established during the study
period, we assume most patients in our cohort who presented with preterm labor or were
induced to deliver in early gestational ages received the treatment non-selectively. Another
important limitation of this study is the difficulty to account for some postnatal variables
such as socioeconomic status and environmental influences, which might affect offspring
respiratory health [50]. Our long-term database is also based on hospitalization records,
and as such it includes only cases that were severe enough to require in-hospital treatment.
Milder cases of respiratory morbidity that were treated in ambulatory setting were out of
our reach. However, we assume that our results are actually an underestimation of the
true prevalence of long-term respiratory morbidity in extremely and very preterm infants.
Finally, this study evaluated long-term morbidity of offspring until 18 years of age and
did not include longer-term follow-ups into adulthood, as a longer-term follow-up was
not in the scope of this study. More studies investigating the longer-term follow-up of
respiratory-related morbidity of the offspring according to gestational age would help to
shed some more light on the true prevalence of gestational-age-related respiratory diseases
of the total population.

5. Conclusions

Although the respiratory morbidity of a preterm infant is well described in the litera-
ture, most studies reported the inverse relationship between morbidity and gestational age
but could not point out the exact gestational age threshold after which long-term morbidity
is reduced. Our study shows 30 weeks’ gestation to be an important milestone that can
serve obstetricians and neonatologist in further calculating the risk and counselling patients
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on the long-term respiratory morbidity of a preterm infant. Obstetricians may also use
our data when considering the consequences of preterm induction of labor for patients
presenting with pregnancy complications, as we have demonstrated the risk of respiratory
morbidity by gestational age. Our data also provide some reassurance for pediatricians
and patients in the study cohort of hospitalized patients with respiratory morbidity, as
most morbidities investigated here were found at relatively low rates.
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Abstract: Background: A complete course of prenatal corticosteroids reduces the possibility of
morbimortality and neonatal respiratory distress syndrome (RDS). Occasionally, it is not possible
to initiate or complete the maturation regimen, and the preterm neonate is born in a non-tertiary
hospital. This study aimed to assess the effects of a single dose of betamethasone within 3 h before
delivery on serious outcomes (mortality and serious sequelae) and RDS in preterm neonates born in
tertiary vs. non-tertiary hospitals. Materials and methods: Preterm neonates who were <35 weeks and
≤1500 g, treated during a period of five years in a level IIIC NICU, were included in this retrospective
cohort study. Participants were divided into groups as follows: NM, non-matured; PM, partial
maturation (one dose of betamethasone up to 3 h antepartum). They were further divided based
on their place of birth (NICU-IIIC vs. non-tertiary hospitals). The morbimortality rates and the
severity of neonatal RDS were evaluated. Results: A total of 76 preterm neonates were included. A
decrease in serious outcomes was found in the PM group in comparison to the NM group (OR = 0.2;
95%CI (0.07–0.9)), as well as reduced need for mechanical ventilation (54% vs. 68%). The mean
time between maternal admission and birth was similar in both cohorts. The mean time from the
administration of betamethasone to delivery was 1 h in the PM cohort. With regard to births in
NICU-IIIC, the PM group performed better in terms of serious outcomes (32% vs. 45%) and the
duration of mechanical ventilation (117.75 vs. 132.18 h) compared to the NM group. In neonates
born in non-tertiary hospitals with PM in comparison to the NM group, a trend towards a reduced
serious outcome (28.5% vs. 62.2%) and a decreased need for mechanical ventilation (OR = 0.09; 95%CI
(0.01–0.8)) and maximum FiO2 (p = 0.01) was observed. Conclusions: A single dose of betamethasone
up to 3 h antepartum may reduce the rate of serious outcomes and the severity of neonatal RDS,
especially in non-tertiary hospitals.

Keywords: antenatal corticosteroids; betamethasone; preterm infant; mortality; respiratory
distress syndrome

1. Introduction

The benefits of antenatal corticosteroid (ACS) administration in terms of reduced
mortality and neonatal respiratory distress syndrome (RDS) rates in the preterm population
are well documented in the scientific literature. Exposure to antenatal corticosteroid has
also been associated with a decrease in the occurrence of intraventricular haemorrhage
(IVH) [1].

These results have been verified for the full corticosteroid course, i.e., two doses of
betamethasone, 12 mg each, 24 h apart, or four doses of dexamethasone, 6 mg each, 12 h
apart, when preterm birth occurs within one to seven days of complete maturation [1–3].
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With regard to precipitous preterm deliveries or situations that have imminent risk to
the mother or foetus, at least one dose of antenatal corticosteroid is recommended, even if
the completion of the course is not possible. However, on some occasions when a rapid
birth is anticipated, the delivery may be completed without any prenatal corticosteroid
dose [2,4].

The minimum time interval between the administration of antenatal corticosteroids
and the appearance of significant beneficial effects for the preterm infant has not been
determined. A mathematical estimate has recently been published in the EPICE study,
which concludes that a single dose of corticosteroid administered 3 h before birth could
lead to a decrease in mortality rate of up to 26% in the preterm population [5].

Situations regarding imminent delivery, either due to maternal, foetal, or membrane
pathology, require rapid action by the obstetric team and may occur in both tertiary and
secondary centres. Given the urgency of these events, on some occasions, it is not possible
to transfer the pregnant woman from the regional hospital to the referral hospital, and
the preterm is born in level I/II neonatal units, with subsequent transfer of the neonate,
following stabilisation, to the referral level III unit for treatment [6].

The aim of this study was to assess the effects of a single dose of betamethasone admin-
istered within 3 h prior to birth with regard to serious outcomes and neonatal respiratory
distress syndrome (RDS) in preterm infants born in tertiary vs. secondary hospitals.

2. Materials and Methods

A retrospective cohort study was conducted from 1 January 2015 to 31 December 2020,
including preterm infants under 35 weeks of gestational age (GA), weighing ≤ 1500 g,
admitted in a Neonatal Intensive Care Unit (NICU) IIIC level (Regional University Hospital
of Málaga). Neonates with major malformations, genetic syndromes, and a prenatal
diagnosis of intrauterine growth retardation were excluded from the study. Informed
consent was obtained from parents upon admission to the NICU.

The study population was divided based on the course of lung maturation admin-
istered: non-matured (NM), which included preterm infants who received no antenatal
corticosteroid dose, and partial maturation (PM), which included preterm infants who
received a single dose of betamethasone (12 mg) within 3 h before birth.

The following variables were recorded as demographic and clinical characteristics:
maternal age, primiparity, single/multiple gestations, the presence of gestational dia-
betes, hypertensive stages including pre-eclampsia, eclampsia and HELLP syndrome [7],
chorioamnionitis [8,9] and third trimester haemorrhage (placental abruption, placenta
praevia, uterine rupture, or vasa praevia). The following data were collected: place of birth,
caesarean section, gestational age (GA) in weeks, anthropometric measurements at birth,
gender, Apgar test score < 5 at 5 min of life and need for intubation at birth.

The main objective was to determine “serious outcomes”, defined as death or survival
with serious sequelae, which included the following: intraventricular haemorrhage grade
III–IV (IVH), according to Papile classification [10]; periventricular leukomalacia (PVL) in
either the cystic or non-cystic form, defined as changes in the signal intensity or echogenic-
ity of the periventricular white matter, detected by ultrasound or MRI [11]; retinopathy of
prematurity (ROP) requiring treatment [12]; necrotising enterocolitis (NEC) stage ≥ 2 ac-
cording to the Bell classification [13]; moderate (the need for supplemental O2 for ≥28 days
and FiO2 < 30% at 36 weeks postmenstrual age or discharge) or severe (the need for
supplemental O2 for ≥28 days greater than 30% and/or continuous positive pressure or
mechanical ventilation at 36 weeks postmenstrual age or discharge) bronchopulmonary
dysplasia (BPD) [14].

As secondary outcomes, the severity of RDS was determined by establishing the need
for mechanical ventilation (MV), time on VM, maximum FiO2 during admission, and the
need for surfactant administration. Other variables analysed included hypotension during
the first week of life requiring treatment (volume expansion or inotropic administration),
persistent ductus arteriosus with haemodynamic repercussion requiring medical or surgical
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treatment, and the presence of sepsis (defined as clinical signs of sepsis and/or suggestive
laboratory test results with a confirmatory blood culture), either early (in the first 72 h of
life) or late (after the first 72 h of life) [15].

After the baseline characteristics of the study population were assessed, the population
was further divided based on the place of birth (neonates born in the tertiary hospital with
NICU-IIIC and neonates born in secondary hospitals and subsequently transferred to
the NICU-IIIC).

Finally, in order to determine whether there would have at least been sufficient time
to administer a dose in the non-matured (NM) group, the time elapsed from the admission
of the pregnant woman to the emergency department to the birth of the preterm infant,
in minutes, was analysed with regard to the PM and NM cohorts. This analysis was
completed for the PM population using the time interval from maternal admission to
prenatal corticosteroid administration and from prenatal corticosteroid administration
to birth.

Contingency tables and the chi-squared test were used for the comparison of qualita-
tive variables. In the 2 × 2 tables with a low number of observations (n < 5), Fisher’s exact
test and the odds ratios were calculated. To carry out pairwise comparisons of quantitative
variables the Student’s t-test was used. In all cases, a statistically significant difference was
declared when the level for statistical significance was found to be below 5% (p < 0.05).
For statistically significant results, a multivariate model was adjusted for the following
confounding factors: GA, the presence of chorioamnionitis, hypertensive stages, and Apgar
test score < 5 at 5 min of life. The statistical program SPSS 25.0 (IBM Corp., Armonk, NY,
USA) was used.

This study was approved by the Provincial Ethics Committee of Málaga and by the
Medical Management of the Regional University Hospital of Málaga.

3. Results

A total of 76 patients were studied, who were divided into the NM cohort (n = 41)
and PM cohort (n = 35). The characteristics of the two cohorts are summarised in Table 1.
The NM cohort had a higher percentage of secondary hospital births. The other variables,
including GA, were distributed among the two cohorts without significant differences.

Table 1. Characteristics of the cohorts included in the study according to the maturation pattern.

NM
(n = 41)

PM
(n = 35)

Significance (p)
NM vs. PM *

Maternal age (years) 31.39 ± 7.06 30.55 ± 6.69 0.60
Primiparity 13 (38.2%) 11 (32.4%) 0.61

Multiple gestation 11(26.8%) 7 (20%) 0.48
Gestational diabetes 2 (6.9%) 0 0.49
Hypertensive states 3 (7.7%) 1 (2.9%) 0.61
Chorioamnionitis 12 (30%) 9 (25.7%) 0.68

Third trimester haemorrhage 10 (25%) 6 (17.15%) 0.31
Secondary hospital birth 19 (46.3%) 7 (20%) 0.01

Caesarean section 26 (63.4%) 2 (65.7%) 0.92
Gestational age (weeks) 28.03 ± 2.61 27.84 ± 2.47 0.75

Birth weight (grams) 1040.98 ± 280.6 1025.9 ± 291.7 0.82
Height at birth (cm) 37.05 ± 3.1 35.7 ± 3.5 0.16

Head circumference at birth (cm) 26.65 ± 2.2 25.3 ± 2.8 0.08
Gender (female) 18 (43.9%) 20 (57.14%) 0.25

Apgar < 5 at 5 min 5 (14.3%) 2 (5.7%) 0.42
Intubation at birth 28 (68.3%) 20 (57.1%) 0.35

Qualitative variables are expressed as n (%); quantitative variables as mean ± standard deviation. * Fisher’s exact
test/chi-squared test for qualitative variables; Student’s t-test for quantitative variables. NM, not matured; PM,
partial maturation.
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A comparison analysis between the NM versus PM cohort is shown in Table 2. The
rate of serious outcomes was found to be lower among those who received a single dose
of betamethasone within 3 h prior to birth (PM cohort) than in those who received none,
both in the unadjusted and in the multivariable model (OR 0.2 95%CI (0.07–0.9)). Likewise,
preterm infants who received a pre-birth dose showed lower percentage rates of periven-
tricular leukomalacia (PVL) and treated ROP. Trends that favoured the PM cohort were
found in relation to other outcome variables, which included: less need for MV, shorter
MV times, lower maximum FiO2 during admission, less hypotension requiring treatment
during the first week of life, and reduced rates of moderate/severe BPD.

Table 2. Neonatal outcomes of cohort comparison according to maturation pattern.

NM
(n = 41)

PM
(n = 35)

Significance
(p) *

OR(95%CI)
Unadjusted

OR(95%CI)
Adjusted ‡

Exitus 6 (14.6%) 7 (20%) 0.53 1.4 (0.44–4.83)
Serious outcome 22 (53.7%) 11 (31.4%) 0.05 0.3 (0.15–1) 0.2 (0.07–0.9)

Severe IVH 7 (17.1%) 5 (14.3%) 0.74 0.8 (0.2–2.8)
PVL 5 (12.2%) 0 0.05 0.8 (0.7–0.9) NA

NEC ≥ 2nd degree 1 (2.6%) 0 1 0.9 (0.92–1) NA
Treated ROP 5 (12.2%) 0 0.05 0.8 (0.7–0.9) NA

Arterial hypotension 17 (42.5%) 11 (31.4%) 0.32 0.6 (0.2–1.6)
Treated PDA 14 (34.1%) 16 (45.7%) 0.42 1.6 (0.6–4.1)

Moderate/severe BPD 10 (28.6%) 3 (10.7%) 0.11 0.3 (0.07–1.2)
Surfactant requirement 33 (80.5%) 28 (80%) 0.95 0.9 (0.31–3)

MV 28 (68.3%) 19 (54.4%) 0.21 0.5 (0.2–1.4)
Early sepsis 2 (5.1%) 1 (2.9%) 1 0.5 (0.04–6.2)
Late sepsis 14 (35.9%) 10 (28.6%) 0.62 0.7 (0.2–1.9)

Significance (p) †

MV time (hours) 159.42 ± 176.51 98.84 ± 81.17 0.12
Maximum FiO2 50.12 ± 26.37 42.32 ± 24.77 0.19

Variables are expressed as n (%) and mean ± standard deviation for qualitative and quantitative variables,
respectively. * Fisher’s exact test/chi-squared test; † Student’s t-test. ‡ Results of multivariate analysis are
shown for significant variables in the unadjusted model. NM, not matured; PM, partial maturation; IVH,
intraventricular haemorrhage; PVL, periventricular leukomalacia; NEC, necrotising enterocolitis; ROP, retinopathy
of prematurity; PDA, patent ductus arteriosus; BPD, bronchopulmonary dysplasia; MV, mechanical ventilation.
NA, not applicable, as one of the cohorts analysed had a result of “0” for the variable.

Data concerning the time elapsed (in minutes) from the admission of the pregnant
woman to preterm birth are shown in Figure 1. Surprisingly, somewhat longer periods of
time elapsed with regard to the NM cohort, although the difference did not reach statistical
significance (NM vs. PM, mean ± standard deviation: 150.7 ± 118.9 vs. 126.1 ± 57.5,
respectively).

For the PM cohort, the time intervals from the admission of the pregnant woman to
antenatal betamethasone administration and from corticosteroid administration to preterm
birth were found to be 35.4 ± 58.2 and 61.8 ± 44.4 min, respectively.

An analysis of the NM and PM cohorts of preterm infants born at the tertiary hospital
was performed (Table 3). In the analysis of NM versus PM, a trend towards lower serious
outcome rates in the group receiving a single dose of antenatal corticosteroid was seen.
Better results were also observed in terms of the rates of PVL, severe IVH, moderate/severe
BPD, arterial hypotension in the first week of life, and the need for surfactant therapy, as
well as with regard to MV time.

46



J. Clin. Med. 2022, 11, 20

Figure 1. Time interval (in minutes) from the admission of the pregnant woman to the birth of the
preterm neonate, depending on the maturation pattern received. NM, non-matured. PM, partial
maturation.

Table 3. Comparison of the tertiary hospital birth population based on the maturation pattern
received.

NM
(n = 22)

PM
(n = 28)

Significance
(p) *

OR
(95%CI)

Exitus 5 (22.7%) 6 (21.4%) 0.91 0.9 (0.24–3.55)
Serious outcome 10 (45.5%) 9 (32.1%) 0.33 0.5 (0.18–1.80)

Severe IVH 3 (13.6%) 4 (14.2%) 1 1.2(0.21–5.29)
PVL 2 (9.1%) 0 1 0.9 (0.79–1.03)

NEC ≥ 2nd degree 1 (5%) 0 0.41 0.9 (0.85–1.05)
Treated ROP 2 (9.1%) 0 0.18 0.9 (0.79–1.03)

Arterial hypotension 8 (38.1%) 9 (32.1%) 0.76 0.7 (0.23–2.51)
Treated PDA 6 (27.6%) 13 (46.3%) 0.16 2.3 (0.69–7.64)

Moderate/severe BPD 3 (17.6%) 3 (13.6%) 1 0.7 (0.12–4.21)
Surfactant requirement 18 (81.8%) 22 (78.5%) 0.77 0.8 (0.19–3.33)

MV 11 (50%) 16 (57.1%) 0.61 1.3 (0.43–4.09)
Early sepsis 1 (4.5%) 1 (3.5%) 1 0.7(0.04–11.91)
Late sepsis 5 (22.7%) 9 (32.1%) 0.75 1.4 (00.39–5.14)

(p) †

MV time (hours) 132.18 ± 186.91 113.75 ± 79.82 0.76
Maximum FiO2 45.80 ± 27.96 45.92 ± 26.18 0.98

Results are expressed as n (%) and mean ± standard deviation for qualitative and quantitative variables, respec-
tively. * Fisher’s exact test/chi-squared test; † Student’s t-test. NM, non-matured; PM, partial maturation; CM,
complete maturation; IVH, intraventricular haemorrhage; PVL, periventricular leukomalacia; NEC, necrotising
enterocolitis; ROP, retinopathy of prematurity; PDA, patent ductus arteriosus; BPD, bronchopulmonary dysplasia;
MV, mechanical ventilation.
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The analysis of the effects of partial maturation in the secondary hospital population
is shown in Table 4. The decrease in the number of cases had an impact on the statistical
power of this comparison, although the trends towards better results in relation to the PM
cohort with regard to the rates of serious outcomes and different morbidities (severe IVH,
PVL, ROP, and arterial hypotension during the first week of life) were maintained. There
was a significant decrease in the need for MV that favoured the PM cohort, which was
maintained following adjustment for confounding factors (OR 0.09 95%CI (0.01–0.8)). The
maximum FiO2 during admission was significantly lower in the PM group, p = 0.01; 95%CI
(−45.19, −5.63). Time on VM was also significantly lower in the PM group, but when it
was adjusted for confounding factors, significance was lost (p = 0.19).

Table 4. Comparison of the secondary hospital birth population based on the maturation pattern
received.

NM
(n = 19)

PM
(n = 7)

Significance
(p) *

OR (95%CI)
Unadjusted

OR (95%CI)
Adjusted ‡

Exitus 1 (5.3%) 1 (14.3%) 0.47 3 (0.16–55.72)
Serious outcome 12 (62.2%) 2 (28.5%) 0.19 0.2 (0.03–1.5)

Severe IVH 4 (21.1%) 1 (14.2%) 1 0.6 (0.05–6.8)
PVL 3 (15.8%) 0 0.54 0.8 (0.6–1.02)

NEC ≥ 2nd degree 0 0 - - -
Treated ROP 3 (15.8%) 0 0.54 0.8 (0.6–1.02)

Arterial hypotension 9 (47.4%) 2 (28.5%) 0.65 0.4 (0.06–2.88)
Treated PDA 8 (42.1%) 3 (42.8%) 1 1.03 (0.17–5.9)

Moderate/severe BPD 7 (38.9%) 0 0.13 0.2 (0.02–2.09)
Surfactant requirement 15 (78.9%) 6 (85.7%) 0.69 1.6 (0.14–17.1)

MV 17 (89.5%) 3 (42.8%) 0.02 0.08 (0.01–0.71) 0.09 (0.01–0.8)
Early sepsis 1 (5.3%) 0 1 0.94 (0.85–1.05)
Late sepsis 9 (47.4%) 1 (14.3%) 0.19 0.18 (0.02–1.84)

Significance (p) † Adjusted
significance (p) ‡

MV time (hours) 177.05 ± 172.92 19.33 ± 16.04 0.002 0.19
Maximum FiO2 55.16 ± 24.17 28.42 ± 11.04 0.01 0.01

Variables are expressed as n (%) and mean ± standard deviation for qualitative and quantitative variables,
respectively. * Fisher’s exact test/chi-squared test; † Student’s t-test. ‡ Results of multivariate analysis are shown
for significant variables in the unadjusted model. NM, non-matured; PM, partial maturation; IVH, intraventricular
haemorrhage; PVL, periventricular leukomalacia; NEC, necrotising enterocolitis; ROP, retinopathy of prematurity;
PDA, patent ductus arteriosus; BPD, bronchopulmonary dysplasia; MV, mechanical ventilation.

A further analysis was performed to assess the effect of birth in secondary hospitals
and the subsequent transfer of the preterm infant with regard to the non-matured and
partially matured populations (Tables 5 and 6, respectively). The analysis of the NM group
revealed worse results for the group born in the secondary hospital, with a significantly
higher rate of the need for MV in both the unadjusted and confounder-adjusted models
(OR 9.05 95%CI (1.62–50.62)). Comparison between the PM groups based on place of birth
showed similar percentage rates of serious outcome and different morbidities. The tertiary
hospital PM cohort had a longer MV time; however, when it was adjusted for confounding
factors, this significance disappeared (p = 0.46; OR 0.38 95%CI (−126.6–9)).
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Table 5. Comparison of the non-matured population by place of birth.

NM_T
(n = 22)

NM_S
(n = 19)

Significance
(p) *

OR (95%CI)
Unadjusted

OR (95%CI)
Adjusted ‡

Exitus 5 (22.7%) 1 (5.3%) 0.11 0.18 (0.02–1.78)
Serious outcome 10 (45.5%) 12 (62.2%) 0.25 2.05 (0.58–7.21)

Severe IVH 3 (13.6%) 4 (21.1%) 0.68 1.68 (0.32–8.73)
PVL 2 (9.1%) 3 (15.8%) 0.64 1.87 (0.27–12.61)

NEC ≥ 2nd degree 1 (5%) 0 1 0.95 (0.85–1.05)
Treated ROP 2 (9.1%) 3 (15.8%) 0.64 1.87 (0.27–12.61)

Arterial hypotension 8 (38.1%) 9 (47.4%) 0.55 1.46 (0.41–5.15)
Treated PDA 6 (27.6%) 8 (42.1%) 0.31 1.93 (0.52–7.17)

BPD 3 (17.6%) 7 (38.9%) 0.16 2.9 (0.62–14.22)
Surfactant requirement 18 (81.8%) 15 (78.9%) 0.81 0.83 (0.17–3.91)

MV 11 (50%) 17 (89.5%) 0.007 8.5 (1.57–45.91) 9.05 (1.62–50.62)
Early sepsis 1 (5%) 1 (5.3%) 0.97 1.05 (0.6–18.17)
Late sepsis 5 (25%) 9 (47.4%) 0.14 2.7 (0.7–10.46)

Significance (p) †

MV time (hours) 132.18 ± 186.91 177.05 ± 172.92 0.52
Maximum FiO2 45.8 ± 27.96 55.16 ± 24.17 0.27

Variables are expressed as n (%) and mean ± standard deviation for qualitative and quantitative variables,
respectively. * Fisher’s exact test/chi-squared test; † Student’s t-test. ‡ Results of multivariate analysis are shown
for significant variables in the unadjusted model. NM_T, not-matured (tertiary hospital); NM_S, not-matured
(secondary hospital); IVH, intraventricular haemorrhage; PVL, periventricular leukomalacia; NEC, necrotising
enterocolitis; ROP, retinopathy of prematurity; PDA, patent ductus arteriosus; BPD, bronchopulmonary dysplasia;
MV, mechanical ventilation.

Table 6. Comparison of the population with partial maturation by place of birth.

PM_T
(n = 28)

PM_S
(n = 7)

Significance (p) * OR (95%CI)

Exitus 6 (21.4%) 1 (14.3%) 1 0.61 (0.06–6.10)
Serious outcome 9 (32.1%) 2 (28.5%) 1 0.8 (0.13–5.22)

Severe IVH 4 (14.2%) 1 (14.2%) 1 1 (0.09–10.66)
PVL 0 0 - -

NEC ≥ 2nd grade 0 0 - -
Treated ROP 0 0 - -

Arterial hypotension 9 (32.1%) 2 (28.5%) 1 0.8 (0.13–5.22)
Treated PDA 13 (46.3%) 3 (42.8%) 0.94 0.8 (0.16–4.6)

Moderate/severe BPD 3 (13.6%) 0 1 0.8 (0.73–1.02)
Surfactant requirement 22 (78.5%) 6 (85.7%) 0.64 1.6 (0.16–16.3)

MV 16 (57.1%) 3 (42.8%) 0.67 0.5 (0.1–2.9)
Early sepsis 1 (3.6%) 0 1 0.9 (0.89–1.03)
Late sepsis 9 (32.1%) 1 (14.3%) 0.64 0.3 (0.03–3.37)

Significance (p) † Adjusted significance (p) ‡

MV time (hours) 113.75 ± 79.82 19.33 ± 16.04 <0.01 0.46
Maximum FiO2 45.92 ± 28.18 28.42 ± 11.04 0.09 0.12

Variables are expressed as n (%) and mean ± standard deviation for qualitative and quantitative variables,
respectively. * Fisher’s exact test/chi-squared test; † Student’s t-test. ‡ Results of multivariate analysis are shown
for significant variables in the unadjusted model. PM_T, partial maturation (tertiary hospital); PM_S, partial
maturation (secondary hospital); IVH, intraventricular haemorrhage; PVL, periventricular leukomalacia; NEC,
necrotising enterocolitis; ROP, retinopathy of prematurity; PDA, patent ductus arteriosus; BPD, bronchopulmonary
dysplasia; MV, mechanical ventilation.

4. Discussion

The time interval between the administration of antenatal corticosteroid and preterm
birth is of utmost importance, as the beneficial effects of corticosteroids on the rates of
serious outcomes and respiratory distress depend on this interval [3,16–18].
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There are clinical situations where prenatal corticosteroid therapy is not initiated
because birth is considered imminent, or the full course cannot be completed. Additionally,
in these high-risk situations, the cascade of events prevents the transfer of the pregnant
woman if she is in a non-tertiary hospital, and the premature birth takes place in a level
I/II neonatal unit [6,19].

Our results show a 22.3% decrease in serious outcomes in favour of the group that
received a single dose of betamethasone immediately before birth, which is in line with
the results found in the literature [5,16]. In the EPICE study published by Norman et al.
(2017), a mathematical estimate was made based on the results obtained from a cohort of
4594 preterm infants, concluding that a single dose of corticosteroid administered within
3 h before birth could reduce the mortality rate associated with non-matured neonates up to
26% [5]. In our study, we found no significant differences in mortality rates, probably due to
insufficient sample size (289 infants in each arm would have been needed to obtain sufficient
power to detect a 20% decrease in mortality). The minimum time interval between prenatal
corticosteroid administration and preterm birth to obtain the benefits of lung maturation
has not been determined. In our study, with a mean of 61.8 ± 44.4 min between the
administration of a single dose of corticosteroid and preterm birth and up to a maximum
of 3 h, better results were found for the PM cohort.

In animal models, betamethasone levels that are effective for lung maturation
(1–4 ng/mL) have been detected in the umbilical cord at the time of prenatal administra-
tion. [20] Based on these models, it was determined that in pregnant women > 28 weeks,
the intramuscular administration of 11.4 mg of betamethasone produces levels > 1 ng/mL
in the umbilical cord from the first hour of administration and are maintained for up to
1.4 days. Levels below 1 ng/mL increase the risk of surfactant therapy [21]. The placental
transfer of betamethasone has been compared in single gestational, twin, and obese moth-
ers, with no differences and levels > 1 ng/mL after the first dose of betamethasone [22].
These findings may support the biological plausibility of our results, although further stud-
ies are needed to analyse betamethasone levels in the umbilical cord after administration
close to delivery.

In some situations where delivery is imminent, prenatal corticosteroids were not
administered because it was considered that there would not be enough time for them
to have an effect on the neonate. In our study, the timeline from the moment a pregnant
woman was admitted to the emergency department to the birth of a preterm infant was
recorded. This time interval was similar for non-matured and partially matured neonates
(with a mean of 150 min for the NM group vs. 126 min for the PM group). Our results
indicate that some of the preterm infants in the non-matured cohort could have benefited
from the effects of a single dose of antenatal betamethasone.

Regarding the results found in preterm infants born in non-tertiary hospitals, the
beneficial effect of antenatal betamethasone was evident. The PM cohort was found to
exhibit a trend towards lower serious outcome rates. In addition, there was less need for
MV and lower maximum FiO2 in the group that received prenatal corticosteroids, although
the sample of preterm infants for the PM cohort was smaller. In our study, a pre-delivery
dose of betamethasone was shown to improve the outcome of preterm infants who had to
undergo inter-hospital transfer to continue their treatment [19].

Mixed analysis between NM and PM cohorts born in secondary hospitals and the
tertiary hospital reinforces the recommendations that favour preterm birth to take place in
specialised units [6,19].

The strengths of this study include the homogeneity of the cohorts in terms of ges-
tational age, birth weight, and perinatal history. Subsequent analysis controlling for
confounding factors consolidated the results. The biological plausibility and the results
according to the literature, support this research.

Several limitations of our study have to be pointed out. First, the retrospective ap-
proach of this research prevents from obtaining definitive conclusions about single-dose
maturation, although it poses an important hipothesys to be tested in a larger prospective
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clinical trial. Second, the small sample size of the study population probably had an influ-
ence on not reaching significant differences in some of the variables analysed. Despite this,
trends towards better results were observed in the group that received at least one dose.
Finally, long-term outcomes have not been addressed in our study.

Given the international recommendation to initiate maturation with prenatal corti-
costeroids in situations of preterm birth, there are few cases in which maturation is not
administered or in which it is administered just before delivery [23]. Further studies are
necessary to confirm our results and determine the minimum time it takes for benefits from
prenatal corticosteroid to be obtained by premature infants.

5. Conclusions

In conclusion, the administration of a single dose of betamethasone within 3 h prior to
preterm birth may decrease the rates of serious outcomes and other morbidities in neonates.
In particular, beneficial effects were observed when delivery takes place in non-tertiary
hospitals. Given the available scientific evidence and the results of this study, we consider
that urgent administration of antenatal betamethasone may be a safe and effective strategy
in cases of imminent preterm birth.
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Abstract: Preterm birth (PTB) is the leading cause of perinatal morbidity and mortality. Its etiopathol-
ogy is multifactorial; therefore, many of the tests contain the assessment of the biochemical factors
and ultrasound evaluation of the cervix in patients at risk of preterm delivery. The study aimed
at evaluating the socioeconomic data, ultrasound examinations with elastography, plasma concen-
trations of MMP-8 and MMP-9 metalloproteinases, and vaginal secretions in the control group as
well as patients with threatened preterm delivery (high-risk patients). The study included 88 pa-
tients hospitalized in the Department of Obstetrics and Pregnancy Pathology, SPSK 1, in Lublin.
Patients were qualified to the study group (50) with a transvaginal ultrasonography of cervical length
(CL) ≤ 25 mm. The control group (38) were patients with a physiological course of pregnancy with
CL > 25 mm. In the study group, the median length of the cervix was 17.49 mm. Elastographic
parameters: strain and ratio were 0.20 and 0.83. In the control group, the median length of the cervix
was 34.73 mm, while the strain and ratio were 0.20 and 1.23. In the study group, the concentration of
MMP-8 in the serum and secretions of the cervix was on average 74.17 and 155.46 ng/mL, but in the
control group, it was significantly lower, on average 58.49 and 94.19 ng/mL. The concentration of
MMP-9 in both groups was on the same level. Evaluation of the cervical length and measurement of
MMP-8 concentration are the methods of predicting preterm delivery in high-risk patients. The use
of static elastography did not meet the criteria of a PTB marker.

Keywords: preterm labor; high-risk patients; ultrasound; elastography; metalloproteinases; MMP-8;
MMP-9

1. Introduction

Premature birth is a crucial issue of modern perinatology. According to the World
Health Organization, it is estimated that approximately 15 million children are born pre-
maturely. One million of them die due to complications related to prematurity, and a large
proportion has physical and mental disabilities [1]. In Poland, the percentage of premature
births is close to the European average and amounts to approximately 6.7% of all live births
(i.e., approximately 27,000 children).

Preterm births have increased in the last 20 years. It results, inter alia, from a delay
in the reproductive age of women giving birth for the first time and, therefore, a greater
number of maternal health problems, such as diabetes, hypertension, infertility treatment,
cancer [1]. The same data indicate a higher survival rate of premature babies, which is
inextricably linked with an improvement in neonatal care in most countries. Currently,
about 90% of babies born at 28 weeks of pregnancy have a chance of survival. Research
conducted in Great Britain shows that the survival rate of newborns in the group between
22 and 23 weeks of gestation is approximately 51%, in 24 weeks of pregnancy—47%,
and in 25 weeks—67% and half of the newborns born after 25 weeks of pregnancy develop
normally [2]. The definition of preterm labor includes the criterion of the duration of
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pregnancy, and it is delivery after the 22nd week of pregnancy and before the 37th week of
pregnancy [1].

The greatest risk of complications concerns children born up to the 33rd week of
pregnancy. Therefore, it is important to identify risk factors for preterm labor, and thus
qualify pregnant women to the group at risk of premature delivery [3]. These patients can
be divided into two groups:

• High-risk group (these are patients who have had a history of preterm labor in
previous pregnancies—about 15% of all preterm births).

• Low-risk group (85% of preterm deliveries without burdened medical history).

Preterm labor risk factors can be divided into maternal, environmental, occupational,
and obstetric factors.

The maternal factors include:

• Low socioeconomic status;
• Black race (compared to the white race) [4];
• Low level of education;
• Age below 18 and over 40 [5];
• Free marital status;
• Low maternal body weight before pregnancy (BMI below 19) [6];
• Thyroid diseases and other maternal diseases, such as urinary tract infections and

periodontal diseases [7].

The environmental and professional factors include:

• Environment pollution;
• Smoking and drugs addiction;
• Stress (doubling the risk of preterm labor) [8];
• Hard physical work, shift work, night work, and long-term standing [9].

The obstetric factors include:

• A history of preterm labor;
• Multiple pregnancies;
• Bleeding from the genital tract [10];
• Intrauterine infection;
• Endometriosis [11];
• Hypertension and diabetes;
• Incorrect amount of amniotic fluid;
• Abdominal surgery in the second and third trimesters of pregnancy.

The etiology of preterm labor is multifactorial. About 50% of premature deliveries are
associated with spontaneous uterine contractions; in 20–30% of cases, it is the premature
termination of pregnancy due to medical indications, while 20% of them are caused by
the preterm premature rupture of membranes (PPROM). Romero, in 2006, proposed the
so-called “common way of delivery”, which involves the activation of multiple systems
that lead to biochemical and anatomical changes aimed at the expulsion of the fetus and
postpartum [12]. According to the current state of knowledge, infections are the main cause
of premature births. It is assumed that they are responsible for about 40% of premature
births. The pathogens identified in the amniotic fluid include both aerobic and anaerobic
bacteria and viruses. The cytokines involved in the activation of the “common pathway”
in preterm labor are IL-1 and TNF-alpha. It has been shown that the concentration of
IL-1 and IL-8 in the cervicovaginal secretion is significantly higher in women who gave
birth prematurely [13]. In addition, IL-1 stimulates the production of prostaglandins
by the temporal and amniotic fluid, thereby inducing uterine contractile activity. In the
case of TNF-alpha, there are reports that the concentration of this substance is much
higher in patients whose preterm labor is caused by rupture of the membranes [14]. It is
related to the stimulation of the production of metalloproteinases, mainly MMP-1, MMP-2,
and MMP-9, which, etiopathogenetically, are associated with premature rupture of the
fetal bladder and maturation of the cervix [15]. Metalloproteinases are enzymes that
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catalyze the degradation processes of collagen types I, II, III, IV, VII, X, and elastin. Their
activity in the membranes of the fetus is regulated by many different substances, including
trypsin, elastase, and thrombin. Anti-inflammatory cytokines, such as IL-10, also play
an important role in the mechanism that induces preterm labor and are involved in the
immune recognition and maintenance of pregnancy.

The causes of preterm labor also include cervical insufficiency, which we define as
painless opening and shortening of the cervix. The risk of premature childbirth is estimated
at 75% when the assessment of the length of the cervix is below 25 mm in pregnant women
before the 20th week of pregnancy [16]. There are also biochemical indicators of preterm
labor; these include fetal fibronectin.

Ultrasound is one of the best methods of assessing the length of the cervical canal.
During ultrasound examination of the cervix, the following parameters should be taken
into account:

• Measurement of the length of the cervical canal;
• Assessment of the shape of the internal os and the cervical canal;
• Measurement of the internal os;
• Measurement of the length of the invagination of the fetal bladder;
• Cervical index;
• Assessment of the posterior angle of the cervix.

The total length of the cervix is the distance between the inner and outer os. Its func-
tional length is the distance between the lower pole of the amniotic sac, to the cervix,
and the external os. In practice, functional length assessment is important for the pre-
diction of preterm labor. We use the TYVU (Trust Your Vaginal Ultrasound) scheme to
evaluate the shape of the internal os. Incorrect values of the index for patients from the
higher risk group significantly increase the real risk of preterm labor. According to the Fetal
Medicine Foundation (FMF), in order to correctly assess the length of the cervical canal,
certain conditions must be met [17]. The elastography technique was first described in 1991
by Ophir and his colleagues [18]. It is a method of imaging organs and tissues, assessing
their stiffness and hardness. It determines the susceptibility of the examined tissue to
compression and mechanical decompression. This is possible thanks to digital ultrasound
and appropriate image processing obtained with a volumetric probe. Currently, the most
advanced variant of this method is dynamic elastography (in other words, Shear Wave
Elastography). It is based on the objective assessment and measurement of the stiffness
of the tissue to obtain its numerical value expressed in kPa or m/s using the supersonic
effect in the Mach cone and Young’s modulus (on the extensibility and compressibility of
the media) [19].

Elastography is a modern diagnostic method that is based on the fact that the hardness
of the tissue/organ changes significantly as a result of the disease process. There are
attempts to predict preterm labor by assessment of placental flexibility. The rectus abdo-
minis muscle and the subcutaneous tissue were used as reference points for the stiffness
coefficients. In the case of the second factor, its value measured in the second trimester of
pregnancy can be effectively used as a marker of preterm labor [20]. Metalloproteinases
(MMPs) are proteolytic enzymes that contain a zinc ion in the catalytic center. Both the
MMP-8 and MMP-9 enzymes are of crucial importance during labor. MMP-9 has also
been identified in the amniotic fluid in patients at risk of preterm labor and in delivery
patients [21]. There are reports on the relationship between ultrasound examination and
the assessment of the concentration of MMP-9 as a marker of preterm labor within 7 days
from the examination. Most importantly, the concentration of MMP-9 in the maternal
blood plasma remains stable during uncomplicated preterm pregnancy until the onset
of full-term labor. In active preterm labor, the concentration of MMP-9 is increased in
the amniotic fluid. MMP-9 is concentrated and activated in the amniotic fluid during
pregnancy complicated by premature rupture of the membranes. Moreover, in the case of
inflammation of the membranes and PROM, the expression of the gene encoding MMP-9
is increased. Assuming a cut-off value of 15 mm for the measurement of the cervical
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length and a proMMP-9 concentration of 67.157 ng/mL in plasma, we can achieve similarly
negative predictive values for preterm labor, approx. 96% for the length of the cervix
and 96% for the concentration of pro-MMP-9, while for positive predictors, 69% and 60%
respectively. Interestingly, when both prognostic factors were combined, the sensitivity
and specificity of the test improved. However, in order to be able to use the combina-
tion of both tests to predict premature labor, studies on a larger group of patients are
needed [15]. Increased concentration of MMP-8 is not only associated with the maturation
of the cervix during labor but also in preterm labor, PPROM, and intrauterine infection.
Increased concentrations of MMP-8 in the blood serum are associated with an increase
in the number of leukocytes in vaginal swabs [22]. Neutrophils and the concentration of
MMP-8 in the amniotic fluid are believed to be an inflammatory response to ascending
vaginal infections [7,12,23–25].

As shown, preterm labor is a complex problem, and its diagnosis is one of the most
important obstetric issues.

2. The Aim of the Study

The aim of this study was a biochemical and ultrasound evaluation of the cervix in
patients at high-risk of preterm labor.

The aim of the work was achieved by assessing:

• Socioeconomic data;
• Ultrasound examinations with elastography;
• The concentration of MMP-8 and MMP-9 metalloproteinases in plasma and in vaginal

secretions in the group of patients at risk of preterm labor compared to the control
group of pregnant women with a physiological course of pregnancy.

3. Material and Methods

The clinical material of the study included 88 pregnant women hospitalized at the
Department of Obstetrics and Pathology of Pregnancy of the Medical University of Lublin.
Patients who met the criteria for high-risk premature labor between 25 and 38 weeks
gestation qualified for the study group. The control group consisted of patients who did
not report premature delivery symptoms without concomitant diseases. After learning
about the purpose and method of conducting the research, all patients gave their informed
and written consent to participate in this project. The consent for the research was issued
by the Bioethics Committee at the Medical University of Lublin (KE-0254/134/2009 and
KE-0254/294/2017).

In patients hospitalized at the Department of Obstetrics and Pathology of Pregnancy
at the Medical University of Lublin with symptoms of premature labor, the diagnostic
standard is an ultrasound examination, in which, in addition to the assessment of the
fetal biometry and anatomy, the length of the cervix was determined. Blood samples were
also collected from the patients included in the study, and a swab was taken from the
posterior vaginal fornix during the gynecological examination preceding the ultrasound
examination. The VolusonTM E8 with Elastography Analysis mode was used for the
ultrasound examination. An endovaginal ultrasound was performed using an endoscopic
probe (VolusonTM E8, RIC5-9-D). During the examination, the patients were asked to
assume the lithotomy position. An endovaginal probe was placed in the anterior vaginal
fornix, and the bladder was identified as an orientation point. A standard sagittal image
of the cervix was then obtained, and the length of the cervix was measured. The probe,
with elastography mode on, was used to produce up to five compression and decompres-
sion cycles. After confirming the correct compression and manual decompression in the
form of a green quality bar in the lower-left corner of the screen, a measurement was made
with each cycle lasting about 1 s. During each cycle, a tissue shift of approximately 1 cm
was achieved. On the images obtained in this way, two regions were selected: area A on
the upper cervical lip and area B on the bones of the fetal skull as the hardest reference
point. Within these areas, circles of 5 mm in diameter were placed. From these circles,
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the Elastography Analysis program computed numerical values for the strain ratio and
SR (SR–comparative tissue measurement). The value of the deformation factor means
compression. The maximum value of compression in human tissue is 2%. The SR value,
or comparative tissue measurement, indicates how much the tissue in the test area is harder
or softer than the tissue in the reference test area. From these values, the means were
calculated and used for statistical calculations (Figure 1).

 

Figure 1. Cervical elastographic evaluation in the Elastography Analysis program.

The transducer receives two sets of radiofrequency signals: before and after squeezing
the cervix, and the amount of shift in the tissue is estimated from the waveform difference.
Tissue rate versus distance from the transducer is calculated for all image points. The rate
of change values are known as strain values and are displayed in a variety of colors ranging
from red to yellow, green to blue for soft and hard tissues. Tissues marked in red are
considered to be the most flexible tissues, while tissues with the least elasticity are marked
in blue (Figure 2).

Laboratory tests were performed concurrently with the ultrasound examinations.
These studies used serum samples separated from peripheral blood and samples of cervical
secretions obtained from the simultaneous collection from a given patient.

Blood from the antecubital vein was collected in a volume of 9 mL into disposable
S-Monovettes (Sarstedt, Germany) containing a blood clotting activator. The solidification
process took place at room temperature and lasted approximately 30–40 min. The samples
were then centrifuged in a centrifuge (Sigma 1-6P, Polygen) for 10 min at room temperature
and 3800 rpm. The serum obtained in this way was aliquoted 200 μL in Eppendorf
tubes (Medlab Products) and stored at −75 ◦C (Platinum Angelantoni 500, Italy) until the
measurements were made.

Cervical discharge was collected with a sterile swab (Deltalab, Barcelona, Spain) while
examined in a sterile speculum from the posterior vaginal fornix. If vaginal discharge could
not be collected, a sample was collected from the cervix. A swab was inserted into the
outer mouth of the cervix to a depth of 1–2 cm and then pressing the mucous membrane
several times (for 10–15 s), which allowed for the absorption of the appropriate amount of
secretion. The material collected in this way was placed in a sterile, tightly closed tube and
sent to a laboratory.
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Figure 2. Cervical elastographic assessment. Tissue elasticity distribution calculations in real-time
and presented using a color scale—red (soft), blue (hard), and green (medium-hard).

In the next step, the swab with the sample was transferred to a tube containing 2 mL
of PBS (Phosphate Buffered Saline (PAA Laboratories GmbH, Leonding, Austria) without
calcium (Ca2+) and magnesium (Mg2+) ions). The secretion was extracted by vigorously
rotating the swab inside the tube for about 10 s, and then the samples were centrifuged for
10 min at room temperature, at a speed of 3800 rpm. The supernatant thus obtained was
collected from the sediment and aliquoted 200 μL. The material was stored in the same
way as in the case of the serum.

Determination of the concentration of metalloproteinases 8 (MMP-8) and 9 (MMP-9)
in the tested material was performed with the use of commercially available ELISA kits
(Enzyme-linked Immunosorbent Assay) based on immunological reactions. All test steps
were performed in accordance with the procedures recommended by the manufacturer
of the assay kits. The following test was used to determine the concentration of MMP-
8: Quantikine Human Total MMP-8 Immunoassay. For the quantitative determination
of human active and pro-Matrix Metalloproteinase 8 (total MMP-8) concentrations in
cell culture supernatants, serum, plasma, and saliva, Cat # DMP800 was used (R&D
Systems Europe Ltd., Abingdon, UK). The mean analytical sensitivity of the assay was
0.02 ng/mL (0.01 to 0.06 ng/mL), and the measuring range was from 0 to 10 ng/mL (lowest
concentration to highest standard concentration).

The following assay was used to determine the level of MMP-9: Quantikine Human
MMP-9 Immunoassay. For the quantitative determination of human active (82 kDa) and
Pro- (92 kDa) Matrix Metalloproteinase 9 (MMP-9) concentrations in cell culture super-
natants, serum, plasma, saliva, and urine, Cat # DMP900 was used (R&D Systems Europe
Ltd., Abingdon, UK).

The sensitivity of the assay, defined as the minimum detectable dose (MDD) of human
MMP-9, was less than 0.156 ng/mL. The measuring range was from 0 to 20 ng/mL (from
the lowest concentration to the highest standard concentration).

A statistical analysis of clinical data was performed using: the arithmetic mean
standard deviation (SD), medians (ME) using the Shapiro–Wilk test, and the Kruskal-Wallis
H test. A comparison of the differences between the control group and the study group was
carried out with the Student’s t-test. For the variables tested, which did not show normal
distribution, non-parametric tests were used for further analysis. The concentrations of
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MMP-8 and MMP-9 were compared using the U-Mann-Whitney test and the Pearson Chi2
test. The relationship between individual substances and clinical data was carried out
using the Spearman correlation test. Statistical significance was set at p ≤ 0.05. Results
statistically insignificant were defined by the abbreviation “ns”. Statistical calculations
were based on Statistica 10 (StatSoft, Tulsa, OK, USA).

4. Results

Characteristics of the Study and Control Groups

The study group included 58 pregnant women at risk of preterm labor, while the con-
trol group included 30 healthy pregnant women with a physiological course of pregnancy.
Based on medical records, questionnaires, and an interview, demographic, social, and clin-
ical data were collected for each patient participating in the study. The demographic,
socio-clinical characteristics of the study and control groups are presented in Tables 1–3.

Table 1. Demographic, socio-clinical characteristics of the study and control group.

Parameter
Study No

(n)
Control
No (n)

Study
Percentage (%)

Control
Percentage (%)

Age
20–30 yo 38 19 63..33 66.67

31–40 yo 19 11 36.67 33.33

Education
Secondary 10 1 3.33 17.54

Higher 47 6 20 82.46

Place of living

Rural 18 23 76.67 31.58

Urban < 100,000 people 14 11 36.67 24.56

Urban > 100,000 people 25 6 20 43.86

Employment
Employed 28 13 43.33 49.12

Unemployed 29 16 53.33 5.88

Number of pregnancies

1 37 14 46.67 64.91

2 14 16 53.33 24.56

3 4 9 30 7.02

4 2 3 10 3.51

Number of deliveries

1 41 2 6.67 71.93

2 15 17 56.67 26.32

3 1 11 36.67 1.75

High-risk factors

N/A 29 2 6.67 50.88

PTB in family 7 18 60 12.28

Infertility 6 1 3.33 10.53

Miscarriage 6 3 10 10.53

PTB 3 1 3.33 5.26

Cervical incompetence 3 2 6.67 5.26

Urinary and vaginal tract infection 3 2 6.67 5.26

FGR 1 3.33

Hypothyroidism 1 3.33

Uterine myomas 1 3.33

Abbreviations: yo—year old, N/A—not applicable, PTB—preterm birth, FGR—Fetal Growth Restriction.
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Table 2. Detailed characteristics of the study group in terms of selected demographic and clinical parameters.

Parameter N Average Median Min Max SD

Age (years) * 57 29.70 30 22 39 3.93

Duration of gestation (wks) 57 36.79 38 25 41 4.10

Length of cervix (mm) 57 17.49 19 2 30 6.34

Deformation 57 0.20 0.17 0.01 0.94 0.14

SR-comparative tissue measurement 57 0.83 0.59 0.03 3.86 0.77

MMP-8 serum (ng/mL) 57 74.17 61.63 16.59 287.77 51.50

MMP-8 cervix (ng/mL) 57 155.46 158.34 2.07 379.58 123.14

MMP-9 serum (ng/mL) 57 1308.98 1181.90 418.94 2569.52 591.88

MMP-9 cervix (ng/mL) 57 202.43 103.04 1.72 1258.57 281.85

*—data with a normal distribution (assessed with the Shapiro–Wilk test). N—number of cases, SD—standard deviation

Table 3. Detailed characteristics of the control group in terms of selected demographic and clinical parameters.

Parameter No Average Median Min Max SD

Age (years) * 27 30.74 30 25 39 4.07

Duration of gestation (wks) 30 39.10 40 28 41 2.26

Length of cervix * (mm) 30 34.73 34 25 46 6.37

Deformation 30 0.20 0.16 0.009 0.61 0.13

SR—comparative tissue measurement 30 1.23 0.57 0.17 6.56 1.65

MMP-8 serum (ng/mL) * 30 58.44 57.47 14.99 123.73 26.22

MMP-8 cervix (ng/mL) 30 94.19 60.95 1.14 259.02 91.08

MMP-9 serum (ng/mL) * 30 1261.56 1134.42 447.30 2258.83 505.83

MMP-9 cervix(ng/mL) 30 103.59 59.70 2.24 554.40 122.21

*—data with a normal distribution (assessed with the Shapiro–Wilk test). WKS—weeks gestation

The comparison of the distribution of values of selected demographic and clinical
parameters in the study and control groups showed statistically significant differences in
the variables—duration of pregnancy, CL, and MMP-8 concentration (assessed in samples
of cervical secretion collected from the posterior vaginal fornix). It was noted that the
parameter duration of pregnancy in weeks had significantly higher values in the control
group than in the study group (40 (95% CI: 39–40) vs. 38 (95% CI: 37–39) weeks; test
value U = 451 0; test value Z = −3.6; significance level p = 0.0002). Figure 3 shows a
comparison of the parameter value the duration of pregnancy in weeks in the study and
control groups. Similarly, the variable CL in mm had significantly higher values in the
control group compared to the study group (34 (95% CI: 30, 17–39) vs. 19 (95% CI: 16–21)
mm; test value U = 12.0; test value Z = −7.52; significance level p < 0.0001). In the case
of the other examined variables, no statistically significant differences were found in the
distribution of data. A graph comparing the value of the variable neck length in the test
and control groups is presented in Figure 4.
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Figure 3. A box-whisker chart showing the comparison of the duration of pregnancy (wks) parameter
in the study-1 and control-0 groups.

Figure 4. A box-whisker chart showing a comparison of the value of the variable cervical length—mm
in the study-1 and control-0 groups.

However, in the case of MMP-8 concentration significantly lower values of this pa-
rameter were observed in the control group compared to the study group (60.95 (95% CI:
25.38–89.86) vs. 158.34 (95% CI: 61.81–216.99) ng/mL; U test value = 631.5 Z test value = 1.99
and significance level p = 0.0459. Presented in Figure 5.
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Figure 5. A box-whisker plot showing a comparison of MMP-8 ng/mL concentrations (assessed in
cervical samples) in the study-1 and control-0 groups.

Based on the data analysis, several correlations were observed between the selected
demographic and clinical parameters in the study group. There was a statistically signifi-
cant mean negative correlation between the strain values and the SR-comparative tissue
measurement (rho = −0.4248; p = 0.0010). Moreover, a statistically significant, average posi-
tive correlation was observed between the values of the cervix length and the parameter of
pregnancy duration (wks) (rho = 0.3729; p = 0.0043). A very high positive correlation was
also found between the concentration of MMP-8, and MMP-9 assessed in the peripheral
blood serum (rho = 0.8387; p < 0.0001). A very high positive correlation was also observed
in the case of MMP-8 and MMP-9 concentrations assessed in samples of cervical secretion
from the posterior vaginal fornix (rho = 0.7798; p < 0.001). In the case of the remaining
possible combinations of MMP-8 MMP-9 concentrations in peripheral blood serum and
samples taken from the cervix, no statistically significant correlations were found. On the
other hand, there were several correlations between demographic and clinical variables
and the concentrations of MMP-8 and MMP-9 assessed in various study materials and an
average negative correlation between MMP-8 values assessed in the cervical material and
the age of the examined patients (rho = −0.4000; p = 0.0020). The age of the respondents
also negatively correlated with the values of MMP-9 concentrations assessed in the mate-
rial taken from the cervix (however, it was a weak correlation) (rho = −0.2986; p = 0.02).
Similarly, a weak negative correlation was observed between the values of the parameters
of the duration of pregnancy and MMP-9 (assessed in the material taken from the posterior
vaginal vault) (rho = −0.3434; p = 0.0089).

Based on the data analysis, several correlations were observed between the selected
demographic and clinical parameters in the control group. There was a statistically signifi-
cant negative correlation between the values of SR parameters, comparative measurement
of tissues, and cervical length (rho = −0.3743; p = 0.0416).

As in the study group, a high positive correlation was found between the concentration
of MMP-8 and MMP-9 assessed in the peripheral blood serum (rho = 0.7511; p < 0.0001).
A high positive correlation was also observed in the case of MMP-8 and MMP-9 con-
centrations assessed in samples of cervical secretion from the posterior vaginal fornix
(rho = 0.5189; p = 0.0033). No statistically significant correlations were found for the re-
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maining possible combinations of MMP-8 and MMP-9 concentrations in peripheral blood
serum and samples taken from the posterior vaginal fornix.

There were, however, two correlations between clinical variables and the values of
MMP-8 concentrations assessed in samples taken from the cervix.

Among other things, there was an average negative correlation between the MMP-8
values assessed in the cervical material and the SR parameter—comparative tissue mea-
surement in the control group (rho = −0.3737; p = 0.0419). There was also an average
negative correlation between MMP-8 values assessed in the material collected from the
posterior vaginal fornix and the parameter—duration of pregnancy in weeks (rho = 0.3623;
p = 0.0491). Based on the analysis carried out with the use of ROC curves, it was found
that among the studied demographic and clinical variables, only the length of the cervix
(in mm) and the concentration of MMP-8 (in ng/mL), assessed in the cervical secretion
obtained from the posterior vaginal fornix, were significantly high in the area under the
curve (AUC) value in the early detection of the possibility of preterm labor.

For the cut-off value of the cervical parameter length ≤ 26 mm determined on the
basis of the ROC curve, the sensitivity and specificity of the detection of preterm labor
were 98.2% and 96.7%, respectively (AUC = 0.993, 95% CI: 0.437–0.659; p < 0.0001; Figure 6).
On the other hand, in the case of the cut-off value for MMP-8 concentration assessed in
peripheral blood serum > 90.8 ng/mL, the sensitivity and specificity of preterm labor
detection were 57.9% and 70%, respectively (AUC = 0.631, 95% CI: 0.520–0.732; p < 0.0291;
Figure 7). On the other hand, the other examined variables (sensitivity and specificity,
respectively): age (94.7% and 18.5%), strain (84.2% and 23.3%), SR—comparative tissue
measurement (38.6% and 63, 3%), concentrations of MMP-8 (33.3% and 86.7%) and MMP-9
(47.4% and 66.7%) assessed in peripheral blood serum, and the concentration of MMP-9
(21.1% and 96.7%), tested in samples from the cervix, proved to be insignificantly diagnostic
in detecting preterm labor (Figures 6–13). Detailed data on the assessment of the diagnostic
usefulness of selected demographic and clinical factors using ROC curves are presented in
Table 4.

Figure 6. Diagnostic usefulness of the age parameter in the early detection of preterm labor using the
ROC curve.
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Figure 7. Assessment of the diagnostic usefulness of the cervical length parameter in early detection
of preterm labor using the ROC curve.

Figure 8. Evaluation of the diagnostic usefulness of the deformity parameter in the early detection of
preterm labor using the ROC curve.
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Figure 9. Diagnostic usefulness of the SR parameter—comparative tissue measurement in the early
detection of preterm labor using the ROC curve.

Figure 10. Assessment of the diagnostic usefulness of the MMP-8 (ng/mL) concentration determina-
tion in the peripheral blood serum in the early detection of preterm labor using the ROC curve.
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Figure 11. Evaluation of the diagnostic usefulness of MMP-8 (ng/mL) concentration determination
in samples taken from the cervix in early detection of preterm labor using the ROC curve.

Figure 12. Assessment of the diagnostic usefulness of the MMP-9 (ng/mL) concentration determina-
tion in the peripheral blood serum in the early detection of preterm labor using the ROC curve.
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Figure 13. Evaluation of the diagnostic usefulness of MMP-9 (ng/mL) concentration determination
in samples taken from the cervix in the early detection of preterm labor using the ROC curve.

Table 4. Characteristics of the parameters of ROC curves for the concentration values of MMP-8 cervical (ng/mL).

Parameter AUC SE 95%CI
Level

(AUC = 0.5)

Age (years) 0.550 0.068 0.437–0.659 0.4674

Cervical length (mm) 0.993 0.006 0.945–1.000 <0.0001

Deformation 0.506 0.067 0.397–0.615 0.9240

SR-comparative tissue measurement 0.553 0.064 0.443–0.660 0.4067

MMP-8 cervix (ng/mL) 0.631 0.059 0.520–0.732 0.0291

MMP-8 serum (ng/mL) 0.575 0.062 0.465–0.681 0.2275

MMP-9 cervix (ng/mL) 0.562 0.063 0.452–0.668 0.3266

MMP-9 serum (ng/mL) 0.514 0.064 0.405–0.623 0.8236

AUC—Area Under the Curve, SE—standard error, CI—confidence interval.

5. Discussion

Despite a significant development that has taken place in recent years in medicine,
preterm labor still remains one of the major problems of modern obstetrics and therefore is
one of the most serious challenges of modern perinatology (1). The aim of this study was
to assess the effects of biochemical markers and ultrasound measurement on predicting
preterm labor. The physical markers included the assessment of cervical length and its
elastographic assessment, while the biochemical factors included the assessment of the
concentration of metalloproteinases in the vaginal-cervical secretion and in the maternal
blood serum. Statistical analysis of the age of the patients did not show statistically
significant differences. The test and control groups were homogeneous in terms of age.
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In the study group, the mean age was 29.7 years. However, in the control group, the mean
age was slightly higher, amounting to 30.7 years). The age of the patients had no significant
effect on the increased risk of preterm labor. Most of the scientific reports, analyzing the
data on patients with extreme age, confirm the fact that the age of the patients influences
the risk of preterm labor [26,27]. In a study by Cooper et al., obstetric results were assessed
in very young 15-year-old married women with secondary education, white race, under
medical care [26]. Similarly, Astolfi et al. Comparing the age of parents at 20–29 years
with the age of the mother over 30 and the father over 40 showed that the influence of
paternal age on the risk of preterm labor is smaller but significant if he is over 40 [28]. It is
noteworthy that the deformation parameter (cervical) was slightly higher in older patients,
but this relationship did not become statistically significant.

In this research, the variable “duration of pregnancy” in the study and control group
was compared with the variable “cervical length” assessed in the ultrasound examination.
It was confirmed that the parameter “duration of pregnancy in weeks” had significantly
higher values in the control group compared to the study group. It was shown that in
patients whose variable “cervical length” was less than or equal to 25 mm, the parameter
“duration of pregnancy” in weeks had statistically significantly lower values. The obtained
results lead to the conclusion that the CL expressed in millimeters is inversely proportional
to the risk of preterm labor. This is confirmed by the Berghella study, according to which
screening the length of the cervix with transvaginal ultrasound is a good prognostic test
for the prediction of spontaneous preterm labor in single pregnancies with symptoms of
preterm labor [29]. It has been shown that in patients at risk of preterm labor, for whom
the cervical length measurement is known, the incidence of spontaneous preterm labor is
lower, and the gestational age at delivery is higher. This is due to the possibility of using
appropriate clinical management. Asymptomatic women at risk should be screened at a
2-week interval starting from 16 to 18 weeks, up to 24 weeks. CLs < 10th centile are at risk
of PTB, especially with a decrease in CL after 16 weeks [30]

In our study, the results of the ultrasound assessment of the CL and an elastographic
examination were analyzed. The evaluation of the cervical length measurement in relation
to other parameters is the subject of many studies comparing the palpation with ultra-
sound examination of the cervix, especially in patients with premature contractions of the
uterine muscle and preserved amniotic fluid [31–34]. Women between 24 and 34 weeks
of pregnancy were assessed. On admission to the hospital, the cervix was assessed in
relation to the Bishop scale and the length of the cervix measured by ultrasound in all pa-
tients. Statistical analysis showed a difference based on cervical evaluation methods. More
medical information was provided by the results of ultrasound examinations. However,
both methods had a similar predictive value [32]. In our study, the cervix was not assessed
according to the Bishop score due to the subjectivity of this method, emphasized by other
authors [33,34]. Similar results were obtained in the Pedretti screening [35]. It assessed the
length of the cervix in ultrasound in asymptomatic patients. It has been confirmed that
this form of examination can be successfully used to identify asymptomatic patients with
single pregnancies at risk of preterm labor.

The aim of this study was to confirm the hypothesis of the existence of a correlation
between the so-called “Soft cervix” in the elastographic evaluation and its reduced length,
and therefore the use of elastography as a marker of premature labor. One of the inspira-
tions for this assumption was a study conducted by Thomas et al. in 2007 in non-pregnant
women, who assessed the elasticity of neoplastic changes in the cervix and, for the first
time, used the elastographic technique to assess the cervix [36]. Thomas et al. created a
cervical pattern. Measurements were made with a transvaginal probe with slight compres-
sion of the cervix. The elastographic images were analyzed using a program that allows
semi-quantitative tissue stiffness analysis. Tissue elasticity distribution calculations were
performed in real-time and presented using a color scale—red (soft), blue (hard), and green
(medium-hard). Based on this study, it was determined that cervical neoplastic changes
can be identified as less flexible structures within the cervix. The hypothesis of our research
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was based on the assumption that there is a dependence of cervical elasticity on the extent
of pregnancy. Unfortunately, the evaluation of the correlation of parameters such as strain
and SR, i.e., a comparative measurement of the tissues determining the consistency of the
cervix with the “duration of pregnancy”, proved to be statistically insignificant. There-
fore, the above-mentioned parameters are not good markers of preterm labor. The results
on the basis of which this conclusion was drawn were calculated based on the analysis
performed with the use of ROC curves. Similar research results were obtained by Maurer
et al., who showed a very weak correlation between elastography and clinical features of
the population, such as a history of preterm labor and cervical length less than 30 mm [37].
Due to the non-standardized values of the force exerted by the probe on the cervix, only
an assessment of the relative formability within each organ can be obtained. Therefore,
this study does not provide information about the evolution of changes in the elasticity of
the entire organ because it does not lead to the normalization of the strength as the color
scale signal depends on the imaged deformation, i.e., the susceptibility of the examined
tissues. Based on the tests performed with the Voluson E8 apparatus, using the RIC5-9-D
endovaginal probe with static elastography software, it was impossible to obtain the same
tissue deformation forces during one ultrasound examination with the use of elastography,
which conditioned the obtaining of comparable results, even when examined by the same
person. Therefore, in the case of the calculated coefficients, mean values were taken into
account, which were included in the statistical calculations. Fruscalzo et al. proposed
standardization of the ROI area and developed guidelines for controlling the effect of a
force applied with a transvaginal probe [38,39]. The ROI was placed across the entire
thickness of the cervical anterior lip to reduce the variation due to tissue heterogeneity and
force dispersion due to the distance from the transvaginal probe. Thus, it was possible to
quantify cervical deformity on a continuous scale of values. In turn, Parra-Saavedra et al.
calculated the cervical consistency index (CCI). In his study, he used the anteroposterior
thickness of the cervix (AP), measured before and after applying pressure to the cervix,
respectively [40]. A significant relationship between CCI and the elastographic assessment
of the cervix was also confirmed in the study by Mazza et al. [34]. The above-mentioned
authors emphasize that the deformation coefficient depends on the distance between the
ROI frame and the transvaginal probe, i.e., the greater the elasticity of the test center,
the less repeatable the test is. Therefore, in our study, the reference point of reference was
the hard parts of the fetus (skull bones), considering them as reference areas in relation to
the cervix due to similar bone mineralization in a given week of pregnancy. The results
of our own research showed an identical deformation coefficient for both groups. On the
other hand, SR, i.e., the comparative tissue measurement, differed slightly between the
studied groups but did not reach the level of statistical significance. The obtained results
did not show a relationship between tissue elasticity and the duration of pregnancy and
did not confirm the hypothesis that the less elastic the cervical tissue, the lower the risk of
preterm labor.

Promising research, opposed to our own research, was Nicolaides’s group’s 2012
analysis. Its purpose was to confirm the objectivity of the elastographic examination.
The repeatability of elastographic measurements was then assessed. Two investigators
assessed the cervixes of the same pregnant women. No statistically significant differences
were found in the elastographic measurements by both researchers, except for the area that
directly perceived the power of the transducer. On the basis of the conducted analysis,
it was concluded that an objective assessment of the cervical elastogram is possible [33].
It seems, however, that the elastographic evaluation of the neck has some limitations,
as the studies conducted by the author did not confirm the conclusions resulting from the
above-mentioned analyzes. No statistically significant correlation was found between the
value of the parameters assessed and the length of the cervix and the duration of pregnancy;
therefore, the usefulness of elastography in a clinical study in predicting preterm labor was
not demonstrated. Moreover, in the study group, a negative correlation between the values
of deformation and the SR measurement of tissues was noted, and in the control group,
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a negative correlation between the values of SR parameters—comparative measurement of
tissues and the length of the cervix. This did not allow for a clear comparison of the two
groups in terms of the above-mentioned correlations and thus to draw conclusions about
the usefulness of this study in predicting preterm labor.

Further studies are needed to evaluate the suitability of this technique for clinical
application, such as predicting preterm labor or successful induction of labor. In our own
study, the elastographic evaluation used a numerical scale obtained in the Elastography
Analysis program. However, elastographic maps in terms of color were not assessed, as was
done, for instance by Woźniak et al. [41]. The above-mentioned researchers found that
elastographic evaluation of the internal cervix in 18–22 weeks of pregnancy in patients with
shortened cervix may be useful in predicting premature labor. The hardness of the inner
orifice of the cervix was assessed elastographically using a color scale: red (soft), yellow
(medium-soft), blue (medium-hard), and purple (hard). In the case of visualization of two
colors around the inner mouth, the softer option was chosen. The following variables
were analyzed: the percentage of premature births in the different categories of internal
orifice hardness and the sensitivity, specificity, negative and positive predictive value
of elastography in predicting preterm labor. The number of premature deliveries was
significantly higher in the red group than in the blue and purple groups. The cut-off point
for elastography suggests adopting both red and yellow colors as factors predisposing
to preterm labor. The comparison of both methods (elastographic map and numerical
scale) is not really possible. The parameters assessed in the own study (deformation and
SR—comparative tissue measurement) in the study group showed a statistically significant
average negative correlation with each other, which does not allow for drawing unequivocal
conclusions. No results were obtained that would confirm the conclusions formulated by
the authors. However, it should be taken into account that the methods used by the author
differed radically from the methods used by Woźniak et al., as can be seen, elastography
seems to be a promising diagnostic method.

Unfortunately, there is still no consensus on the optimal method for assessing the
cervix. Virtually most of the previous studies, evaluating the use of various elastography
methods, gave many satisfactory results [42–44].

In this study, the relationship between the concentration of metalloproteinases in
blood serum and vaginal-cervical secretions in pregnant women was analyzed. Most
studies analyze the concentration of MMP-8 and MMP-9 in the amniotic fluid in association
with other fluid components and their correlation with preterm labor. The latest one aimed
at investigating the association of MMP-1, MMP-8 and MMP-9 polymorphisms, and levels
of MMP-9 in preterm birth with positive results [45]. A study by Lee et al. found that a
model combining the concentration of various amniotic fluid proteins, including MMP-8
and MMP-9, with clinical factors can improve the accuracy of preterm labor prediction [46].
Moreover, the assessment of these correlations is more accurate than the assessment of
single biomarkers in women with cervical insufficiency. The concentration of MMP-8 in the
cervical secretion was significantly higher in the study group as compared to the control
group. Therefore, it can be concluded that the measurement of MMP-8 concentration can
be one of the methods of predicting preterm labor, as was stated in research by Lee and
Park [47]. Yoo et al. also assessed the concentration of metalloproteinases in the cervi-
covaginal secretion. He showed that proteins involved in immune regulation, including
MMP-8 and MMP-9, alone or in combination with clinical risk factors, may be useful as
predictors of spontaneous preterm labor in women with cervical insufficiency or with an
ultrasound short cervix (≤25 mm) [48]. The combination of these markers and clinical
factors significantly improves the predictability of preterm labor compared to the markers
alone. The results obtained in our own study confirm the above-mentioned concept. A sta-
tistically significant positive correlation was found between the cervical length values and
the duration of pregnancy, and it was also confirmed that the concentration of MMP-8 in
the uterine cervical discharge is significantly higher in the study group compared to the
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control group. Therefore, it can be concluded that measuring the concentration of MMP-8
together with the evaluation of the cervix may be useful markers of preterm labor.

Scientific studies have shown that in pregnancy, the concentration of matrix metallo-
proteinases in the cervical mucus is statistically higher [49]. However, their physiological
and pathophysiological significance is not fully understood and elucidated, although it has
been proven that the concentrations of MMP-8 and MMP-9 increase mainly in the distal
part of the mucous plug depending on the stages of pregnancy. It seems that it is related to
the defense against infectious agents acting mainly in this area of the cervix. In patients
delivering prematurely, the concentrations of MMP-8, MMP-9, and IL-8 in the cervical
secretion are several times higher compared to the concentrations of these substances in the
mucous plugs of patients delivering at term. As there are different molecular mechanisms
underlying preterm labor without and from damage to the membranes, the concentra-
tion of MMP-8 in the cervical secretion may thus reflect the different functions of this
protease. Therefore, the use of MMP-8 to differentiate the causes of preterm labor is not
recommended [50]. However, it does not change the fact that MMP-8 can be effectively
used as a marker of premature labor.

In our study, the group of patients was quite heterogeneous in terms of the cause
of preterm labor, and yet in all patients, the concentration of this metalloproteinase was
significantly increased in the cervical secretion. On the other hand, the concentration of
metalloproteinases in the peripheral blood serum of this dissertation is consistent with the
results obtained by other researchers and does not show significant differences between
patients with a physiological pregnancy and patients with a risk of premature delivery [51].
In this study, the concentrations of MMP-9 in the blood serum and in the cervical secretion
were assessed. It would seem that the concentrations of MMP-9 should statistically signif-
icantly differ between the study group and the control group. Unfortunately, the tested
material did not provide any results confirming this thesis. The concentration of MMP-9
in the blood serum in patients in the study group did not differ significantly from the
concentration of MMP-9 in the control group, although the difference between the con-
centration in the cervical secretion collected from the posterior vaginal fornix in the study
group was slightly higher, but not statistically significant. Athayde et al. conducted a
study to determine whether the increased bioavailability of MMP-9 was associated with
preterm labor [52]. The results were as follows: spontaneous delivery at term was as-
sociated with a statistically significant increase, and the concentration of MMP-9 in the
amniotic fluid was statistically higher in the group of women with preterm labor compared
to the group of women with the risk of preterm delivery, who gave birth at the expected
date of delivery. Moreover, MMP-9 concentrations did not change with the progressive
gestational age. In conclusion, a significant increase in MMP-9 concentration is characteris-
tic of PPROM (preterm premature rupture of membranes); therefore, MMP-9 cannot be
considered a marker of preterm labor. This concept is also confirmed by the results of our
study. The study conducted by the authors showed differences in the concentrations of
both metalloproteinases in the study group as compared to the control group; however,
both groups were not analyzed in terms of the etiopathogenetic factor of preterm labor,
i.e., infection. The concentrations of MMP-8 and MMP-9 in the cervical secretion were
higher in patients in the study group; the concentrations of MMP-8 were significantly
higher while the concentrations of MMP-9 differed slightly. Similar results were obtained
by Myntti et al., but in his study, the cause of preterm labor was important [53]. This study
assessed the proteolytic biomarkers of the amniotic fluid that form the inflammatory cas-
cade in response to microbial invasion of the amniotic cavity and intrauterine infection
in preterm labor with intact membranes. The research results obtained by the author
indicate that the concentrations of MMP-8, MMP-9 (and others) were higher in the case
of suspected infection compared to the control group and also in the case of intrauterine
infection. The tested biomarkers, including MMP-8 and MMP-9, had a sensitivity of 100%
with thresholds based on the ROC curve. The analysis of the study group indicates that in
some patients, the cause of preterm labor could be an intrauterine infection.
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Metalloproteinases are involved in the pathogenesis of preterm labor but are not
only related to intrauterine birth. Therefore, an increase in their concentrations may be an
important predictive factor, especially in the case of MMP-8 not related to the infectious
nature of preterm labor. The results of the authors’ research indicate that the monitoring of
the length of the cervix and the non-invasive assessment of biochemical markers of preterm
labor, including metalloproteinases, may allow for the personalization of pregnancies at
risk of preterm labor and, in the long term, also enable effective prevention of a number of
serious perinatal complications. Delivery and proper postnatal care in properly equipped
perinatal centers, as well as timely implemented therapeutic interventions, can significantly
reduce the incidence of preterm labor and the effects of prematurity.

6. Conclusions

Assessment of the cervical length plays a key role in the ultrasound assessment of
cervical length and is one of the most important markers of preterm labor. The use of static
elastography does not meet the criterion of a good marker of premature labor in high-risk
patients. However, in the same group of patients, the MMP-8 concentration may be one of
the methods of predicting preterm labor.
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51. Kuć, P.; Lemancewicz, A.; Laudański, P.; Krętowska, M.; Laudański, T. Total matrix metalloproteinase-8 serum levels in patients
labouring preterm and patients with threatened preterm delivery. Folia Histochem. Cytobiol. 2010, 48, 366–370. [CrossRef]

52. Athayde, N.; Romero, R.; Gomez, R.; Maymon, E.; Pacora, P.; Mazor, M.; Yoon, B.H.; Fortunato, S.; Menon, R.; Ghezzi, F.; et al.
Matrix metalloproteinaes-9 in preterm and term human parturition. J. Matern. Fetal Med. 1999, 8, 213–219.

53. Myntti, T.; Rahkonen, L.; Nupponen, I.; Pätäri-Sampo, A.; Tikkanen, M.; Sorsa, T.; Juhila, J.; Andersson, S.; Paavonen, J.;
Stefanovic, V. Amniotic Fluid Infection in Preterm Pregnancies with Intact Membranes. Dis. Markers 2017, 2017, 1–9. [CrossRef]
[PubMed]

74



Journal of

Clinical Medicine

Article

Maternal Systemic Lupus Erythematosus (SLE) High Risk for
Preterm Delivery and Not for Long-Term Neurological
Morbidity of the Offspring

Dora Davidov 1, Eyal Sheiner 1,*, Tamar Wainstock 2, Shayna Miodownik 1 and Gali Pariente 1

Citation: Davidov, D.; Sheiner, E.;

Wainstock, T.; Miodownik, S.;

Pariente, G. Maternal Systemic Lupus

Erythematosus (SLE) High Risk for

Preterm Delivery and Not for

Long-Term Neurological Morbidity of

the Offspring. J. Clin. Med. 2021, 10,

2952. https://doi.org/10.3390/

jcm10132952

Academic Editors: Emmanuel Andrès

and Angelo Valerio Marzano

Received: 27 May 2021

Accepted: 29 June 2021

Published: 30 June 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Soroka University Medical Center, Department of Obstetrics and Gynecology, Ben-Gurion University of the
Negev, Beer-Sheva 84101, Israel; davidora88@gmail.com (D.D.); miodowni@post.bgu.ac.il (S.M.);
galipa@bgu.ac.il (G.P.)

2 The Department of Public Health, Faculty of Health Sciences, Ben-Gurion University of the Negev,
Beer-Sheva 84101, Israel; wainstoc@post.bgu.ac.il

* Correspondence: sheiner@bgu.ac.il

Abstract: Objective: Pregnancies of women with systemic lupus erythematosus (SLE) are associated
with preterm delivery. As preterm delivery is associated with long-term neurological morbidity,
we opted to evaluate the long-term neurologic outcomes of offspring born to mothers with SLE
regardless of gestational age. Methods: Perinatal outcomes and long-term neurological disease of
children of women with and without SLE during pregnancy were evaluated. Children of women
with and without SLE were followed until 18 years of age for neurological diseases. Generalized
estimating equation (GEE) models were used to assess perinatal outcomes. To compare cumulative
neurological morbidity incidence a Kaplan–Meier survival curve was used, and a Cox proportional
hazards model was used to control for confounders. Result: A total of 243,682 deliveries were
included, of which 100 (0.041%) were of women with SLE. Using a GEE model, maternal SLE was
noted as an independent risk factor for preterm delivery. The cumulative incidence of long-term
neurological disease was not found to be significantly higher when using the Kaplan Meier survival
curves and maternal SLE was not found to be associated with long-term neurological disease of the
offspring when a Cox model was used. Conclusion: Despite the association of SLE with preterm
delivery, no difference in long-term neurological disease was found among children of women with
or without SLE.

Keywords: systemic lupus erythematosus; preterm delivery; neurologic morbidity; offspring

1. Introduction

Systemic lupus erythematosus (SLE) is a chronic multisystemic autoimmune inflam-
matory disease with a wide range of clinical manifestations and it affects many organ
systems [1]. While SLE mainly affects young women of childbearing age, the prevalence
varies with the sex, age and ethnicity [1–3]. Treatment of SLE focuses on preventing and
decreasing the severity and duration of flares, with the use of NSAIDs and antimalarial
drugs for mild to moderate SLE and high dose corticosteroids for severe disease [4,5].

Antiphospholipid antibodies (aPL) are the main predictors of pregnancy compli-
cations, including miscarriage, fetal death, prematurity and preeclampsia, with lupus
anticoagulant (LAC) being strongly associated with miscarriage and late fetal loss [6–8].
Furthermore, infants of mothers with SLE who were exposed to anti-Ro/SSA or anti-
La/SSB antibodies during pregnancy have shown an increased risk for neonatal lupus
syndrome, with its most serious manifestation being fetal heart block [6,9,10].

Previous studies have examined immediate pregnancy outcomes of women with SLE.
Recurrent pregnancy loss, preeclampsia, fetal growth restriction, preterm delivery, cesarean
delivery and postpartum infections [9,11,12] are some of the obstetrical complications
shown to be correlated with SLE.
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Studies have pointed out an association of long-term neurological diseases in children
of mothers with SLE, such as neurodevelopment impairment, learning and speech disorder,
attention deficit hyperactivity disorder (ADHD) and autism spectrum disorders [13–15].
However these studies were limited by smaller cohorts.

Several factors have been suggested to affect neurodevelopment impairment among
children born to mothers with SLE. This largely involves maternal autoantibodies that
cross the placenta during fetal development which may result in learning disorders and
dyslexia in offspring [16,17]. Additionally, prematurity was found to be linked to long-
term neurological disease, such as cerebral palsy, particularly when chorioamnionitis was
involved [18,19].

Due to the link between maternal SLE and preterm delivery, we opted to investigate
the association between maternal SLE and unfavorable perinatal outcome, and long term
neurological disease of children born to mothers with SLE, regardless of gestational age.

2. Materials and Methods

This was a population-based retrospective cohort study that investigated perinatal
results and long-term neurological diseases of children of mothers with and without SLE.
The study compared various perinatal outcomes, such as perinatal mortality, caesarean de-
livery, recurrent pregnancy loss, hypertensive disorders, placental abruption and preterm
delivery. A predefined set of ICD-9 codes (Table S1) was used as the basis for assessing the
total neurological diseases of children of mothers with SLE up to the age of 18 years. These
neurological diseases included psychiatric emotional disorders, movement disorders and
total neurologic-related hospitalizations. Follow-up time was determined as time to an
event (hospitalization with any neurological diagnosis). If any of the following occurred,
follow-up ended: hospitalization resulting in death, first hospitalization with any neuro-
logical diagnosis or when the child reached 18 years of age. The study population included
all children born to mothers with SLE during the years 1991–2014 at Soroka University
Medical Center (SUMC), a tertiary hospital and the only medical center in the Negev, the
southern region of the country, which covers 65% of the country’s area (about 1.22 million
people) [20]. Multifetal pregnancies and cases of congenital anomalies and chromosomal
abnormalities were excluded from the study. Cases of perinatal mortality were excluded
from the long-term analysis. Pregnancies prior or after the study period (1991–2014) were
not included in the study. Hence some of the women in our study were multipara but only
part of their pregnancies was included in our study. The institutional review board, in
accordance with Helsinki declaration, approved the study (IRB number 0357-19-SOR).

Data were collected from two cross-linked and merged computerized databases, each
based on mother and infant ID numbers: the perinatal database of the Obstetrics and
Gynecology Department and the pediatric hospitalization database of SUMC (Demog-
ICD9). The perinatal database contains maternal demographics, diseases and perinatal
results documented immediately after delivery and anonymized before analysis. The
pediatric hospitalization database contains demographic data and ICD-9 codes for all
medical diagnoses recorded during any hospitalization at SUMC.

Among 100 women with SLE, data regarding disease activity, manifestations, presence
of anti-Ro/La antibodies, anti dsDNA antibodies and anti-phospholipid syndrome (APS)
antibodies were gathered by examining each women’s file. The data were in 70% of the
files (i.e., 30 women with SLE did not have information regarding disease activity or lack
thereof during pregnancy). Severe SLE during pregnancy was defined as having active
SLE during pregnancy (i.e., experiencing any SLE manifestation during pregnancy).

Statistical Analysis

Statistical analysis was executed utilizing SPSS 23rd edition. To compare background
characteristics between the two study groups, univariable analysis was performed which
included t-tests or Mann-Whitney U tests for continuous variables and chi-square tests for
categorical variables. Generalized estimating equation (GEE) models were used to compare
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perinatal outcomes, controlling for confounders and for maternal clusters. To compare the
cumulative incidence of neurologic-related hospitalization in offspring of mothers with
and without SLE a Kaplan-Meier survival curve was used. Finally, a Cox proportional
hazards model was used to control for confounders. A p-value of ≤0.05 was considered
statistically significant. All analyses were two-sided.

Based on initial analysis, after excluding the offspring who did not meet the inclusion
criteria, there were 242,246 offspring born to mothers without SLE, and 96 offspring born
to mothers with SLE. The rate of pediatric neurological-associated hospitalizations, based
on initial analysis, was 4.2% (n = 4x). This sample size has a power of 80% to detect an
odds ratio of 5.8% between the study groups.

3. Results

3.1. Maternal Characteristics and Perinatal Outcomes

This study included 243,682 deliveries that met the inclusion criteria, of which 100 were
from women with SLE (0.041%). Information regarding disease activity during pregnancy
was found in 70 women with SLE, of those, 20 women had flares during pregnancy. Disease
activity manifested with arthritis (12 women), nephritis (9 women), dermatitis (8 women)
and carditis (1 woman). Some women with flares had more than one clinical manifestation.
While anti Ro/La antibodies were present in 3 women with flares during pregnancy, anti
dsDNA antibodies were present in 10 women with SLE flares during pregnancy. Two
women had prior APS antibodies. No information regarding prior organ damage was
found in our population. Demographic and clinical characteristics of women with SLE are
presented in Table 1.

Table 1. Demographic and clinical characteristics of mothers with and without SLE.

Characteristic
Mothers with SLE

(n = 100)
Mothers without SLE

(n = 243,582)
Odds Ratio (95%

Confidence Interval)
p-Value

Maternal age,
years (mean ± SD) 31.44 ± 4.62 28.16 ± 5.8 - 0.001

Gravidity (%)
1

2–4
≥5

18.0 19.7
23.0 47.8 - 0.585
59.0 32.5

Parity (%)
1

2–4
≥5

24.0 23.6
65.0 51.1 - 0.003
11.0 25.3

Recurrent
pregnancy loss (%) 23.0 5.0 5.63 (3.53–8.98) <0.001

Mothers with SLE were older and demonstrated higher rates of recurrent pregnancy
loss. Perinatal outcomes of the study population are described in Table 2.

Higher rates of hypertensive disorders (13.0% vs. 5.0%, p < 0.001(caesarean delivery
(40.0% vs. 13.5%, p < 0.001), preterm delivery (28.0% vs. 6.9%, p < 0.001) and perinatal
mortality (4.0% vs. 0.5%, p < 0.001) were noted among women with SLE compared with
women without SLE.

A GEE model that controlled for maternal age and disorders of hypertension demon-
strated that maternal SLE was an independent risk factor for preterm delivery (adjusted
OR 4.9, 95% CI 3.20–7.80, p < 0.001). Using another GEE model controlling for gestational
age, the association between maternal SLE and perinatal mortality lost its significance
(adjusted OR 2.4, 95% CI 0.78–7.93, p = 0.123, Table 3).
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Table 2. Perinatal outcomes of women with and without SLE.

Characteristic
Women with SLE

(n = 100)
(%)

Women without
SLE

(n = 243,582)
(%)

Odds Ratio 95% CI p-Value

Hypertensive
disorders 13.0 5.0 2.8 1.57–5.06 <0.001

Placental
abruption 1.0 0.6 1.8 0.25–12.92 0.552

Preterm
delivery 28.0 6.9 5.2 3.41–8.18 <0.001

Caesarean
delivery 40.0 13.5 4.2 2.85–6.35 <0.001

1 -Min Apgar
score <7 8.0 5.3 1.5 0.75–3.18 0.258

5-Min Apgar
score <7 3.0 2.3 1.3 0.42–4.22 0.496

Small for
gestational age

(SGA)
7.0 4.6 1.5 0.71–3.34 0.260

Perinatal
mortality 4.0 0.5 7.5 2.77–20.57 <0.001

Table 3. GEE models for preterm delivery and perinatal mortality.

Outcome Adjusted OR 95% CI p-Value

Model 1 * Preterm Delivery Maternal SLE (vs.
no maternal SLE) 4.9 3.20–7.80 <0.001

Model 2 ** Perinatal mortality Maternal SLE (vs.
no maternal SLE) 2.4 0.78–7.39 0.123

* Model 1 controls for maternal age and hypertensive disorders. ** Model 2 controls for gestational age at birth.

3.2. Long Term Neurological Morbidity of Offspring to Mothers with SLE

After eliminating all cases of antepartum, intrapartum, and postpartum mortality, the
population of the study included 242,342 children, among them 96 children of mothers
with SLE. No significant difference was noted in long-term neurological disease between
children to mothers with SLE and without SLE (4.2% vs. 3.1%, p = 0.552, Table 4).

Table 4. Selected long-term neurological morbidity in offspring of women with and without SLE.

Neurological Morbidity
Maternal SLE

(n = 96)
No maternal SLE

(n = 242,246)
p-Value

Movement disorder (%) 3.1 1.8 0.351

Psychiatric emotional disorder (%) 1.0 0.5 0.443

Total neurological hospitalizations (%) 4.2 3.1 0.552

Severe SLE during pregnancy was defined as having flares of SLE manifestations
during pregnancy. No significant difference was noted in long-term neurological disease
between children to mothers with severe SLE during pregnancy compared with children to
mothers with SLE with no manifestation of severity during pregnancy (p = 0.79)

Similarly, no significantly higher cumulative incidence rate of long-term neurological
morbidity in offspring of women with SLE was demonstrated by the Kaplan Meier survival
curve (log-rank test p = 0.429, Figure 1).
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Figure 1. Kaplan-Meier survival curve demonstrating the cumulative incidence of neurologic-related
hospitalizations in offspring of mothers with and without SLE (log-rank test, p = 0.429).

A Cox proportional hazards model, controlling for gestational age and maternal age,
demonstrated that being born to a mother with SLE was not found to be independently
associated with long-term neurological disease of the offspring (adjusted HR 1.3, 95% CI
0.51–3.62, p = 0.539, Table 5).

Table 5. Long-term neurological morbidity of children to women with SLE assessed by Cox propor-
tional hazards model.

Adjusted HR 95% CI p Value

Maternal SLE (vs. no maternal SLE) 1.3 0.51–3.62 0.539

Preterm delivery (<37 weeks) 1.5 1.41–1.65 <0.001

Mother Age at Birth 0.9 0.99–1.00 0.268

4. Discussion

The major finding of our study is that while maternal SLE was associated with a
significantly higher risk for adverse perinatal outcomes such as preterm delivery, no
significant difference in long-term neurological morbidity was found between offspring
born to mothers with or without SLE.

4.1. Perinatal Outcomes of Mothers with SLE

The association between maternal SLE and adverse perinatal outcomes is well estab-
lished. Studies of perinatal outcomes in women with SLE showed higher rates of recurrent
pregnancy loss, preeclampsia, fetal growth restriction, cesarean delivery, postpartum infec-
tions and preterm delivery [12,21].

Our study supports these findings, as hypertensive disorders, cesarean delivery rates,
and recurrent pregnancy loss were higher among mothers with SLE compered with mothers
without SLE. Preterm delivery rates were also higher among mothers with SLE. As preterm
delivery has been demonstrated to be associated with maternal age [22], and hypertensive
disorders [23,24], after using a GEE model controlling for maternal age and hypertensive
disorders, maternal SLE was independently associated with preterm delivery.
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4.2. Long Term Neurological Morbidity in Offspring Born to Mothers with SLE

Contrary to our study, previous studies found an increased risk for long-term neuro-
logical morbidity in offspring of mothers with SLE, including learning disorders, ADHD
and autism spectrum disorders [14,16,25,26]. Nalli, et al. [26] reported an increased risk
of learning disorders in offspring to mothers positive for aPL antibodies. Nevertheless,
a restricted sample size of only 10 children born to mothers with SLE, lack of a control
group such as children born to mothers with systemic autoimmune diseases yet negative
for aPL and self reported evaluations made it hard to interpret the study results. In their
case-control study, Ross, et al. [16] studied 58 children born to mothers with SLE and 58
children born to healthy mothers. The authors demonstrated that sons of women with
SLE, rather than daughters, were significantly more likely to have learning disabilities, and
that the presence of anti-Ro and anti-La antibodies and disease activity were significantly
related to a higher prevalence of learning disabilities in the offspring. As our study focused
on neurological morbidity that is related to the health of the offspring, learning disabilities
were not addressed in our study.

Prior studies have demonstrated the influence of maternal autoantibodies on several
aspects of fetal development during pregnancy, such as the presence of anti-Ro/anti-La
antibodies and the increased risk of neonatal lupus and congenital heart block [13,17,27].
Other studies indicated that anti-La antibodies were associated with developmental delays
in offspring [26,28].

Animal studies demonstrated that anti-dsDNA antibodies and anti-NMDR antibodies,
which are both present in SLE patients, cross the placenta and influence fetal neurological
development [29]. Surprisingly, our study did not demonstrate a significant association
between maternal SLE and long-term neurological morbidity. Lack of association might
be due to the fact that some neurological-related morbidities only manifest at ages older
than 18 years. Another explanation may be related to the fact that most women with SLE
in our population did not manifest symptoms of severe disease during pregnancy and only
a minority had positive autoantibodies such as anti-Ro/La of dsDNA autoantibodies. To
understand the association between maternal SLE and its long-term neurological effects
on offspring, further studies should be done to assess the neurodevelopment spectrum of
offspring from childhood to adolescence and differences in offspring outcome between
women with and without severe SLE during pregnancy.

4.3. Strengths and Limitations of the Study

Our study worked with a large population and with a long follow-up period, in an
effort to evaluate the risk of neurologic-related hospitalizations in children born to mothers
with SLE, thereby decreasing the chances of incorrect exposure and outcome data. By
combining maternal, neonatal, and long-term childhood data, we were able to demon-
strate the long-term outcomes of children, while controlling for several parameters during
pregnancy and delivery. Healthcare in the country is universal, with all citizens provided
equal and free medical care irrespective of their socio-economic standing. Inequity in
medical access being reduced in such circumstances, it is unlikely that differences between
social classes would be encountered. Nevertheless, our study has several limitations. First,
our study lacked some clinical data regarding the severity of the disease, presence of
specific antibodies and the treatment that was provided to mothers with SLE. However, as
the two most common medications for treatment of SLE include antimalarial agents and
corticosteroids, which have not been shown to effect long-term neurological development
of the offspring, we would assume that the treatment provided to the mother would not
influence the study’s results [30–34]. In addition to this no data regarding the reasons for
the preterm deliveries or the reasons for the perinatal mortality cases were known to us,
Secondly, because our study was based on hospitalizations alone, our data include only
severe neurological morbidities and exclude minor morbidities that are mainly treated
in regional clinics. Another limitation of our study is the rareness of both the exposure
(maternal SLE) and outcome (long- term neurological morbidity of the offspring) in our
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population, which may result in lack of power to demonstrate a positive correlation be-
tween the two. Finally, since patients can choose other places of health care, patients may
have chosen to be treated in health centers other than SUMC

5. Conclusions

In conclusion, in our study population, maternal SLE does not appear to increase
the risk for long-term neurologic hospitalizations in offspring. As most women with SLE
during pregnancy in our population did not have severe disease during pregnancy and as
the activity of the disease may influence the association between maternal SLE and long-
term morbidity of the offspring, additional studies should investigate differences between
mild to severe maternal SLE and their association with long- term neurological morbidity
of the offspring. Further studies should also investigate the association between maternal
SLE and other related neurodevelopmental concerns, in order to identify populations at
need for long-term surveillance.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/jcm10132952/s1, Table S1: neurological morbidities ICD-9 codes.
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Abstract: We opted to investigate whether a critical threshold exists for long-term pediatric neu-
rological morbidity, and cerebral palsy (CP), in preterm delivery, via a population-based cohort
analysis. Four study groups were classified according to their gestational age at birth: 24–27.6,
28–31.6, 32–36.6 weeks and term deliveries, evaluating the incidence of long-term hospitalizations
of the offspring due to neurological morbidity. Cox proportional hazard models were performed
to control for confounders. A Kaplan–Meier survival curve was used to compare the cumulative
neurological morbidity incidence for each group. A total of 220,563 deliveries were included: 0.1%
(118) occurred at 24–27.6 weeks of gestation, 0.4% (776) occurred at 28–31.6 weeks of gestation, 6%
(13,308) occurred at 32–36.6 weeks of gestation and 93% (206,361) at term. In a Cox model, while
adjusting for confounders, delivery before 25 weeks had a 3.9-fold risk for long-term neurological
morbidity (adjusted HR (hazard ratio) = 3.9, 95% CI (confidence interval) 2.3–6.6; p < 0.001). The
Kaplan–Meier survival curve demonstrated a linear association between long-term neurological
morbidity and decreasing gestational age. In a second Cox model, adjusted for confounders, infants
born before 25 weeks of gestation had increased rates of CP (adjusted HR = 62.495% CI 25.6–152.4;
p < 0.001). In our population, the critical cut-off for long-term neurological complications is delivery
before 25 weeks gestation.

Keywords: preterm birth; neurological; pediatric

1. Introduction

Globally, an estimated 15 million infants are born preterm annually [1], and preterm
birth (PTB) remains the leading cause of death under the age of 5 years [2]. The World
Health Organization (WHO) defines PTB as all births before 37 completed weeks of gesta-
tion, with a further sub-division based on gestational age; extremely PTB (delivery at less
than 28.0 weeks of gestation), very PTB (delivery between 28.0 and 31.6 weeks of gestation)
and moderate to late PTB (delivery between 32.0 and 36.6 weeks of gestation) [1].

Over the past few decades, improvements in modern obstetrics, perinatology, and
neonatal care have resulted in an improved survival of the premature infant [3–6]. Among
the improvements is included the widespread application of antenatal glucocorticoid
therapy, the introduction of synthetic surfactant, and a tendency towards more aggres-
sive feeding strategies [7]. Thus, premature infants are surviving with major and minor
neurodevelopmental morbidities, often resulting in lifelong disability [8]. Neurodevelop-
mental impairments can include, among other morbidities, cerebral palsy (CP), cognitive
dysfunction, and sensory impairments [6,9,10].

As the most common cause of severe physical disability in childhood [11,12], CP
defines a group of permanent disorders that has occurred in the developing fetal or infant’s
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brain, resulting in severe limitation of activity [12–15]. In CP, motor impairment is often
accompanied by disturbances of sensation, perception, cognition, communication and be-
havior [15]. The overall prevalence of CP is estimated to be 2 per 1000 live births [6,11,16]
and its risk is inversely proportional to gestational weight and age at birth, but not neces-
sarily increasing severity [6]. The prevalence of CP expressed by gestational age is reported
to be 14.6% in extremely preterm children, 6.2% in very preterm children, and 0.7% in
moderate to late preterm compared with 0.11% in term-born children [16,17].

The pathophysiologic mechanisms accounting for the neurodevelopmental disorders
in preterm survivors are poorly understood. Perinatal systemic inflammation may sensitize
the developing brain to secondary insults and contribute to sustained central nervous
system inflammation [18]. Inflammation and related cytokines that can lead to preterm
birth may be combined with genetic and epigenetic factors, altering the preterm infant’s
brain, making it vulnerable to injury [19–22].

As neurologic morbidity is one of the devastating outcomes of prematurity, we elected
to investigate the association between the grade of prematurity and long-term neurological
morbidity of the offspring, in order to set up a critical cut-off at which the long-term
neurological morbidity of the offspring would be higher.

2. Materials and Methods

We conducted a retrospective population-based cohort study, which included all
singleton pregnancies in women who delivered between the years 1991 and 2014. The
study was conducted at the Soroka University Medical Center (SUMC). The hospital assists
the local population by providing obstetrical and pediatric care being the only tertiary
medical center in the Negev district. The Negev occupies 60% of the land of Israel, and
SUMC serves the entire population of the region (14% of Israel’s population, approximately
1,190,000) with a birth rate in the southern region showing a positive trend and continues
to grow each year [23].

Thus, this study is based on nonselective population data. The Institutional Review
Board (in accordance with the Helsinki declaration) approved the study (IRB #0357-19-SOR).

Four groups were evaluated during the study period, based on gestational age, as
followed by the WHO (1); extreme PTB: 24 + 0–27 + 6, very PTB: 28 + 0−31 + 6, moderate
to late PTB: 32 + 0−36 + 6 weeks of gestation and term deliveries. Neurological morbidity
included hospitalizations up to 18 years of age involving a predefined set of ICD-9 (Inter-
national Classification of Diseases) codes, as recorded in hospital records. Neurological
morbidity encompasses movement disorders, developmental disorders, degenerative dis-
orders, psychiatric disorders, and CP (Table S1). Multiple pregnancy, women with lack
of prenatal care, women with chromosomal abnormalities or congenital anomalies, and
perinatal mortality cases (intrauterine fetal death, intrapartum death, postpartum death)
were excluded from the study. All other deliveries were included in the study.

Follow up was terminated if any of the following occurred: the first hospitalization at
SUMC for neurological morbidity, any hospitalization which resulted in death, the child
reached 18 years of age, or at the end of the study period.

Data were collected from two computerized clinical data sets: the first, perinatal data
from the obstetric and gynecologic department at SUMC, including information that was
documented by obstetricians directly following delivery. Subsequently, medical secretaries
regularly examine the data before it is entered into the database. After evaluating and
crossing the hospital documents with prenatal care records, coding is performed. Maxi-
mal completeness and accuracy of the databases is fulfilled with these unique measures.
The second is a computerized pediatric hospitalization at SUMC (Demog-ICD-9), which
includes both demographic data and medical diagnosis during hospitalization. The two
databases were cross-linked and merged based on the patients’ ID (mother and child). All
diagnoses were classified by the international classification of disease (ICD-9).

Neurological outcomes assessed included hospitalization of the offspring up to
18 years of age due to primary or secondary neurological morbidity, with secondary neu-
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rological morbidity defined as hospitalization with neurological morbidity not being the
primary diagnosis. These outcomes included at least one diagnosis of the following: move-
ment disorder (including seizures disorders), cerebral palsy (including infantile cerebral
palsy unspecified, paraplegia, diplegia of upper limbs, and paralysis unspecified), autism
spectrum disorders, eating disorders, psychiatric disease, attention deficit hyperactivity
disorder, and developmental disorders. The predefined ICD-9 codes of all diagnoses are
detailed in the Supplemental Table (Table S1). In our setting, screening for neurological
morbidity is performed at The Institute for Child Development, which provides diagnos-
tic services, treatment, and monitoring for children with developmental disorders from
birth to 6 years old. Beyond this age, children diagnosed with developmental disorders
are referred to at developmental and neurological clinics at SUMC or in the community.
Additionally, the Institute for Child Development has close ties with, and oversees, other
ambulatory services. Although diagnoses made at the Institute for Child Development
diagnoses are not part of the SUMC hospitalization database, these diagnoses are often
recorded as background diagnoses in the database when a child is hospitalized. In Israel,
early assessment of developmental disorders routinely takes place at community “Well
Baby” centers. If an additional evaluation is required, the children and their families are
referred to Child and Family Developmental Centers, where the child is evaluated by a
multi-disciplinary care team to ascertain eligibility for service provision. Thus, neurological
diagnosis may be captured in the SUMC database when a child is referred for hospital-
ization by the community clinic. Additionally, the community clinic and SUMC share an
online interface, which assists in capturing all diagnoses upon admission.

Statistical Analysis

Univariable analysis was performed to compare background characteristics between
the 4 study groups. The univariable analysis included Chi-square tests for categorical
variables and ANOVA tests for continuous variables according to their distribution. The
incidence of long-term (up to the age of 18 years) hospitalizations of the offspring due to
neurological morbidity was evaluated in the four gestational week age groups. Cumulative
incidence morbidity rates were compared using a Kaplan–Meier survival curve, with
use of the log-rank test to determine significant differences. Cox proportional hazards
models were conducted to compare neurological associated hospitalization risk among
offspring born preterm (using dummy variables), divided based on gestational age and
term offspring (the reference group), while adjusting for length of follow up. The models
adjusted for potential confounders based on the univariable analysis and on the clinical
importance of the variables. The cox regression for long-term neurological hospitalizations
was adjusted for maternal age, diabetes mellitus, hypertensive disorder, cesarean section
and child year birth. The cox regression for cerebral palsy was adjusted for maternal age
and child year birth. The mothers in the cohort were entered as clusters to account for
dependence between siblings. All analysis was performed using SPSS package 23rd edition
(IBM, Armonk, NY, USA) as well as the STATA software 12th edition (StataCorp, College
Station, TX, USA).

3. Results

During the study period, 220,563 deliveries met the inclusion criteria. Of those, 0.1%
(118) occurred at 24–27.6 gestational weeks, 0.4% (776) occurred at 28–31.6 gestational
weeks, 6% (13,308) occurred at 32–36.6 gestational weeks and 93% (206,361) were born
at term. We did not find any significant obvious trend over the years of the study for
distributions of preterm birth.

Table 1 presents the demographic maternal characteristics and immediate perinatal
outcomes of the study population according to gestational age at birth. There was no
difference in maternal age between the groups. Overall parity increased with increasing
gestational age. Rates of smokers were highest among women delivering extreme preterm
and decreased with increasing gestational age. As gestational age declined, rates of in-vitro
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fertilization (IVF) pregnancies and low Apgar scores were higher. Diabetes was more
prevalent in women delivered preterm, although not in the group of extremely preterm.

Table 1. Maternal characteristics and immediate perinatal outcomes of the study population according to gestational age
at birth.

Characteristics
Extreme PTB
(n = 118) (%)

Very PTB
(n = 776) (%)

Moderate-Late PTB
(n = 13,308) (%)

Term Birth
(n = 206,361) (%)

p-Value

Maternal Age, years (mean ± SD) 28.47 ± 6.34 28.36 ± 6.37 28.31 ± 6.24 28.24 ± 5.76 0.482

Gravidity
1 29.7 24.5 23.3 20.2 <0.001

2–4 46.6 44.8 44.5 48.7
5+ 23.7 30.7 32.1 31.2

Parity
1 38.1 31.4 29.0 24.2

2–4 48.3 47.7 47.7 52.0 <0.001
5+ 13.6 20.9 23.3 23.8

Smokers 4.2 1 1.5 1 <0.001

Fertility treatments <0.001
In vitro fertilization 3.4 2.6 2.3 1.1
Ovulation induction 1.7 1.8 1.1 0.8

Hypertensive disorders * 8.5 19.1 12.9 4.7 <0.001

Maternal diabetes ** 0.0 6.2 8.1 5.2 <0.001

Induction of labor 14.3 4 27.3 31.8 <0.001

Type of birth <0.001
Vaginal delivery 48.3 46.5 67.3 83.9

Assisted vaginal delivery 0 0.6 1.7 3.3
Cesarean delivery 51.7 52.8 31.0 12.7

Small for gestational age (SGA) 3.4 1.8 3.6 4.4 <0.001

Apgar score 1 min < 7 49.2 28.1 10.2 4.1 <0.001

Apgar score 5 min < 7 14.4 6.2 2.5 1.4 <0.001

* Hypertensive disorders include chronic hypertension, gestational hypertension preeclampsia and eclampsia. ** Maternal diabetes includes
pre-gestational diabetes and gestational diabetes. PTB, preterm birth; SD, standard deviation.

Table 2 reveals the incidence rate of disease-specific neurologic-related hospitalizations
of the child in accordance with gestational age at birth. Offspring born prematurely were
subjected to significantly more hospitalizations due to movement disorders, cerebral palsy
as well as psychiatric disorders compared to term offspring.

Table 2. Incidence rate of disease-specific hospitalizations according to gestational age at birth.

Neurological Morbidity
of the Offspring

Extreme PTB
(n = 118) (%)

Very PTB
(n = 776) (%)

Moderate-Late PTB
(n = 13,308) (%)

Term Birth
n= (206,361) (%)

p-Value

Movement disorders 4.2 3.5 2.7 1.8 <0.001

Cerebral palsy 4.2 0.9 0.2 0.1 <0.001

Psychiatric disorders 2.5 0.9 0.7 0.5 <0.001

Developmental disorders 0.8 0.3 0.2 0.1 <0.001

Degenerative disorders 0 0.6 0.1 0.1 <0.001

The Kaplan–Meier survival curve demonstrated a linear association between long-
term neurological morbidity and decreasing gestational age (Log-Rank test p < 0.001,
Figure 1).
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Figure 1. A Kaplan–Meier survival curve exhibiting the cumulative incidence of long-term neurologic-
related hospitalizations according to gestational age (Log-Rank test p < 0.001).

Figures 2 and 3 represent two Kaplan–Meier curves and each represent the cumulative
incidence of long-term neurological hospitalization in two different time periods: 1991–1999
and 2000–2014. No difference in the Log rank test is seen between the two figures.

Figure 2. A Kaplan–Meier survival curve demonstrating the cumulative incidence of long-term
neurologic-related hospitalizations according to gestational age before year 2000 (Log-Rank test
p < 0.001).
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Figure 3. A Kaplan–Meier survival curve demonstrating the cumulative incidence of long-term
neurologic-related hospitalizations according to gestational age after year 2000 (Log-Rank test p < 0.001).

Figure 4 illustrates univariate analysis of total neurological morbidity according to
gestational week at delivery. As seen, the gestational week at birth and neurological
morbidity are manifested in an inverse relationship. Searching for a specific threshold, the
slope for hospitalization rate attenuated beyond 25 weeks of gestation (Figure 2).

Figure 4. Long-term neurologic-related hospitalizations according to gestational age.

Using a Cox model, adjusting for diabetes, hypertensive disorders and cesarean
delivery, delivery before 25 weeks had a 3.9-fold risk for long-term neurological morbidity
(adjusted HR = 3.9, 95% CI 2.3–6.6; p < 0.001, Table 3). In a second Cox model, which
adjusted for maternal age, infants born before 25 weeks of gestation had significantly
increased rates of CP (adjusted HR = 62.4, 95% CI 25.6–152.4; p < 0.001, Table 3). No
differences in the medians of follow-up times were demonstrated between the different
gestational ages (p = 0.179).
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Table 3. Cox multivariable analyses for long-term neurologic-related hospitalizations and for CP according to gestational age.

Total Neurologic Related
Hospitalizations

Cerebral
Palsy

Gestational Age aHR * 95% CI p-Value aHR ** 95% CI p-Value

Term delivery (reference)
>37 gestational weeks 1 - - 1 - -

Moderate to late preterm 1.3 1.2–1.5 <0.001 2.5 1.6–3.9 <0.001

Very preterm 1.9 1.4–2.5 <0.001 13.4 6.2–28.7 <0.001

Extremely preterm 3.9 2.3–6.6 <0.001 62.4 25.6–152.4 <0.001

* Adjusted for maternal age, diabetes mellitus, hypertensive disorders and cesarean section and childbirth year. ** Adjusted for maternal
age and childbirth year. aHR, adjusted hazard ratio, CI, confidence interval.

Table 4 and Figure 5 exhibit Cox proportional hazard models for long-term neuro-
logical morbidity according to gestational age. Twenty five weeks is the critical threshold
beyond which long-term neurological morbidity decreased. Another reduction of long-
term morbidity is seen between 29 and 30 weeks.

Table 4. Cox proportional hazards models for long-term neurological morbidity according to gestational age.

Total Neurologic Related
Hospitalizations

Gestational Age aHR * 95% CI p-Value

Model 1 PTB 25 gestational week versus other later weeks of PTB 5.9 2.2–15.9 <0.001

Model 2 PTB 26 gestational week versus other later weeks of PTB 2.9 1.4–6.2 <0.004

Model 3 PTB 27 gestational week versus other later weeks of PTB 2.4 1.4–4.2 <0.001

Model 4 PTB 28 gestational week versus other later weeks of PTB 2.3 1.5–3.5 <0.001

Model 5 PTB 29 gestational week versus other later weeks of PTB 2.1 1.4–3.0 <0.001

Model 6 PTB 30 gestational week versus other later weeks of PTB 1.6 1.2–2.2 <0.002

Model 7 PTB 31 gestational week versus other later weeks of PTB 1.5 1.1–1.9 <0.002

Model 8 PTB 32 gestational week versus other later weeks of PTB 1.4 1.1–1.7 <0.003

Model 9 PTB 33 gestational week versus other later weeks of PTB 1.3 1.1–1.6 <0.003

Model 10 PTB 34 gestational week versus other later weeks of PTB 1.2 1.0–1.4 <0.03

Model 11 PTB 35 gestational week versus other later weeks of PTB 1.3 1.1–1.5 <0.001

* Adjusted for maternal age, diabetes mellitus, hypertensive disorders and cesarean section.

Figure 5. Cox proportional hazard models for long-term neurological morbidity according to gesta-
tional age.
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4. Discussion

This large retrospective cohort study inspected the long-term incidence of neurologic-
related hospitalizations laminated by extremity of prematurity and compared to term
offspring. We concluded that decreasing gestational age at birth increased neurological
morbidity, as shown in both the Kaplan–Meier survival curve and the Cox regression
analysis model. The slope for hospitalization rate according to gestational age attenuated
beyond 25 weeks of gestation; therefore, 25 weeks could be determined as the critical
threshold below which the risk of neurological morbidity significantly rises, with another
threshold effect seen between 29 and 30 weeks, showing a further reduction in long-term
neurological morbidity.

These findings are in line with the results of a considerable number of studies in
which extremely preterm infants exhibited greater neurodevelopmental impairment than
their older gestational age peers [24–26]. Pascal et al., systematic review and meta-analysis
demonstrated that overall CP prevalence, along with motor and cognitive delays, were
higher in extremely low birthweight infants than in very low birth infants. This variability
was only statically significant for CP (p < 0.001) and motor delays (p = 0.012) [24].

Previous studies from our cohort have investigated the possibility of a critical thresh-
old regarding extremity of prematurity and long-term morbidity of the offspring. A large
retrospective population-based study by Davidesko et al. found that children born after
32 weeks gestation were at decreased risk of long-term infectious morbidity [27]. Addi-
tionally, Ohana et al. demonstrated a relationship between the degree of prematurity and
long-term gastrointestinal morbidity of the offspring, with a critical cut-off at 25 weeks
gestation [28].

Studies have indicated that the prevalence of CP among extremely preterm children
ranges from 16 to 21% [29]. The EPIPAGE Cohort (étude épidémiologique sur les petits
âges gestationnels) study evaluated infants born between 22 and 32 weeks’ gestation in
nine regions of France in 1997. This study found that at 2 years of age, the prevalence
of CP was 20% in those born at 24–26 weeks gestation compared with 4% in those born
at 32 weeks [30].

Our study has also demonstrated an independent association between gestational age
at birth and the risk for CP. This association may reflect that premature exposure to the extra-
uterine environment, including gravity and sensory experiences, can alter musculoskeletal
and nervous system development, thereby shifting the trajectory of motor development for
otherwise healthy children [26]. Higher rates of CP in the preterm population study groups
could be explained by reductions in the rates of post-term births and/or improvements in
the accuracy of pregnancy dating over the last decades could have influenced the outcomes
of the study.

The human brain develops and matures during the fetal period and is controlled
by a set of complex relations among various signaling receptors, genetic/epigenetic fac-
tors as well as environmental influences. During the gestational period, several stages of
development have been marked: primary neurulation (weeks 3–4), prosencephalic develop-
ment (months 2–3), neuronal proliferation (months 3–4), neuronal migration (months 3–5),
neuronal organization (5 months postnatal period), and myelination. The process of myeli-
nation of the human brain spreads from the fetal second trimester and continues postnatally
into adulthood, with the quickest growth striking in the immediate neonatal period [31].
The preterm brain is particularly vulnerable because it is exposed to the extra-uterine
environment during critical periods of brain development, and is thus at risk of alterations
to the “normal” trajectory of brain development [13].

The etiology of neurodevelopmental morbidity, including CP, remains unclear but
is thought to be multifactorial. There is increasing evidence that intrauterine or early
postnatal inflammation may play a role in the development of CP [32]. Bountiful literature
has identified in utero microbial infection and/or inflammation as a strong risk factor
for PTB, particularly early spontaneous PTB [33]. The theory is that maternal infection
and/or inflammation, occurring during critical periods of fetal development, could alter
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brain structure and function in a time-sensitive manner, as evidenced by different types
of studies. Specifically, in humans, both bacterial and viral infections are associated with
abnormal brain structure in affected individuals, while bacterial infections during gestation
have been weakly associated with abnormal psychological and cognitive development
in their offspring. Data gathered from animal models and retrospective human data and
findings advocate potential causative mechanisms for the correlation between injury to
the fetal brain and infection; specifically, the inflammatory cascade, caused by infection, is
characterized by elevations in various cytokines, such as IL-6, eventually ensuing altered
brain structure and function [34].

Amongst the strengths of our study is the population-based nature of its data, and the
fact that our hospital serves as only a tertiary medical center of the entire southern region.
As a consequence, the majority of the patients are provided with health care services in
our facility. The robustness of our conclusions relies on the population-based nature of the
cohort, without a selection bias. In our study, vast inclusion criteria and limited exclusion
criteria yielded a representative study population. Nevertheless, various limitations in
our results should be addressed. The retrospective nature of the data, which are based
on a database registry, which has intrinsic limitations related to the type of retrieved
information as well as the possibility of misclassification of the outcome (neurological
morbidity), provide a major limitation. Most of the neurological conditions evaluated
in this study are routinely diagnosed and treated in an ambulatory setting. Thus, our
hospital-based database may not reflect the true population morbidity, and some cases
will be missed unless the child is hospitalized for any reason. Furthermore, in the case of
several of the neurological outcomes, diagnosis is performed via specialized screening. It
is therefore possible that there are patients who have the disorder but have not ever been
screened. These factors put our study at risk of selection bias. Nevertheless, because some
of the conditions included in the study are associated with significant health burdens and
comorbidities, sufferers are likely to be hospitalized at one time or another.

Deviation of the results toward the null hypothesis could be caused by this bias. Merely
grave neurological morbidities, leading to hospitalizations, were identified, and classified
as such. Thus, our conclusions must be restricted to such cases. Even though the southern
region is usually influenced by positive immigration, the possibility of immigration of
children born outside the hospital coverage zone remains. Another important limitation
relates to the study follow-up of the offspring, until the child reaches 18 years old. Various
morbidities could arise only at an older age. This deserves to be investigated in future
studies. In addition, data regarding interventions to improve perinatal outcomes of preterm
infants, including GBS prophylaxis, use of corticosteroids for lung maturation, as well as
neuroprotection with magnesium sulfate, were not available for further statistical analysis.

5. Conclusions

In conclusion, very preterm offspring have the highest risk for CP and long-term
neurological morbidity. A crucial threshold of 25 weeks gestation was prominent in our
study, below which the jeopardy of long-term neurological morbidity of the offspring
increased significantly. It is also emphasized that each additional week of gestation further
decreased the risk of long-term neurological morbidity, stressing the necessity to consider
to properly schedule medically indicated preterm delivery and even early-term delivery in
respect of the long-term health of the offspring. Clinical practice should attempt prevention
of preterm delivery where possible and attempt to optimize the timing of medically
indicted induced delivery as close to full term as medically possible without surpassing
an unacceptable increase in the risk to both mother and fetus. Increased surveillance
during childhood for signs of neurological impairment could contribute to offspring
born prematurely, which is unique for those who born prior to 25 weeks of completed
gestation. The mechanisms by which in utero events impact brain injury resulting in
subsequent adverse neurodevelopment are extraordinarily complex. Understanding the
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pathways that lead to observed associations is a challenge that will require immense
ongoing scientific rigor.
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Abstract: Preterm birth (PTB) is the leading cause of perinatal morbidity and mortality. Adverse
effects of preterm birth have a direct correlation with the degree of prematurity, in which infants
who are born extremely preterm (24–28 weeks gestation) have the worst outcomes. We sought
to determine prominent risk factors for extreme PTB and whether these factors varied between
various sub-populations with known risk factors such as previous PTB and multiple gestations.
A population-based retrospective cohort study was conducted. Risk factors were examined in cases
of extreme PTB in the general population, as well as various sub-groups: singleton and multiple
gestations, women with a previous PTB, and women with indicated or induced PTB. A total of
334,415 deliveries were included, of which 1155 (0.35%) were in the extreme PTB group. Placenta
previa (OR = 5.8, 95%CI 4.14–8.34, p < 0.001), multiple gestations (OR = 7.7, 95% CI 6.58–9.04,
p < 0.001), and placental abruption (OR = 20.6, 95%CI 17.00–24.96, p < 0.001) were the strongest risk
factors for extreme PTB. In sub-populations (multiple gestations, women with previous PTB and
indicated PTBs), risk factors included placental abruption and previa, lack of prenatal care, and
recurrent pregnancy loss. Singleton extreme PTB risk factors included nulliparity, lack of prenatal
care, and placental abruption. Placental abruption was the strongest risk factor for extreme preterm
birth in all groups, and risk factors did not differ significantly between sub-populations.

Keywords: preterm birth; extreme preterm birth; placental abruption; prematurity

1. Introduction

Preterm delivery, defined as delivery prior to 37 weeks of gestation, is a leading cause
of perinatal morbidity and mortality worldwide, with an incidence of 5–13% depending
on location [1]. Since the prevalence of preterm delivery is so high, it is thought to put
more financial, medical, and emotional stress on affected communities than any other
perinatal issue [2]. Additionally, prematurity has both short and long-standing conse-
quences for affected infants and can leave these individuals with lifelong disabilities, even
after the available interventions are attempted [3–5]. Morbidity and mortality are higher
among those defined as “very” preterm (<32 weeks) and “extremely” preterm (<28 weeks),
but prognosis has improved in recent years with better care, even among those born at
22–23 weeks [6–9]. However, it should be noted that this varies between countries.

Many factors can predispose to the development of preterm delivery, but it is useful
to categorize preterm birth into three general etiologic groups: spontaneous labor with
intact membranes, preterm premature rupture of membranes (PPROM) leading to preterm
delivery, and labor induction due to maternal or fetal factors [4,10]. These categories
each have their own common risk factors; for example, risk factors for PPROM-induced
delivery include intrauterine infection [11], tobacco use [12], abruption [13], multiple
gestations [14], previous PPROM [15], and cervical factors [16,17], among others. However,
these risk factors are not exclusive to each etiologic group, and some can be risk factors for
multiple groups.
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Other risk factors include previous C section [18], low pre-pregnancy BMI [19], and
hypertensive disorders of pregnancy [20]. Women who have had one previous sponta-
neous preterm delivery have an increased risk of subsequent preterm delivery in their
next pregnancy, with an absolute risk of about 30% of another preterm delivery [21,22].
Primigravid women and those carrying male fetuses also have a higher association with
preterm delivery [2]. Even seemingly insignificant factors such as ambient air temperature
can have an impact on rates of preterm delivery [23].

While various risk factors for preterm delivery are well recognized, it is still unclear
whether the cause of preterm delivery is multifactorial, or whether each risk factor leads
to a different pathophysiologic cause of preterm delivery [1]. In this study, we attempt
to evaluate the impact of different known risk factors on the occurrence of extremely
preterm birth (<28 weeks) while controlling for confounders. We also examine whether
different risk factors for preterm delivery were more important in various subgroups, such
as induced versus spontaneous preterm birth and multiple versus singleton gestations.

2. Materials and Methods

2.1. Population and Study Design

This retrospective cohort study was performed using data from the birthing center
at Soroka University Medical Center (SUMC). SUMC is the largest tertiary hospital in the
Negev region of Israel and serves the entire population of this area. Data were collected
using the computerized perinatal database. Information from the perinatal database is first
documented directly following delivery by an attending physician. Subsequently, medical
secretaries routinely review the information before it is entered into the database. After
evaluating prenatal care records together with the routine hospital documents, coding
is performed. These measures ensure maximal completeness and accurateness of the
databases. The databases include demographic information and International Classifi-
cation of Diseases, 9th revision codes (ICD-9) for all diagnoses. The institutional review
board, in accordance with the Helsinki declaration, approved the study (0358-19-SOR). All
deliveries between the years 1991 and 2018 were included. Cases of fetal malformations or
chromosomal abnormalities of the fetus were excluded from the study.

Four groups were examined based on gestational age, as put forth by the WHO: ex-
treme preterm (24 + 0–27 + 6 weeks), very preterm (28 + 1–31 + 6 weeks), and moderate to
late preterm (32 + 0–36 + 6 weeks), with a reference group of term births (>37 + 0 weeks) [24].
We examined the following obstetric risk factors and evaluated their impact on the oc-
currence of preterm birth in different gestational ages while controlling for confounders:
maternal age, ethnicity, nulliparity, previous cesarean delivery, recurrent pregnancy loss,
diabetes mellitus, hypertension, use of in vitro fertilization or ovarian induction, lack
of prenatal care, gestational diabetes mellitus, preeclampsia, placenta previa, placental
abruption, as well as delivery characteristics such as cesarean delivery, assisted delivery,
maternal need for blood transfusions after delivery, post-partum hemorrhage, and fetal
characteristics such as fetal gender, small for gestational age fetus, 5-min APGAR score <7,
umbilical cord pH <7, intrapartum death, and number of fetuses. Placental abruption was
clinically defined as the premature detachment of an implanted placenta from the uterine
wall before the delivery of the fetus. The diagnosis was made by the attending staff during
the delivery [25,26]. In some of the cases, the diagnosis was confirmed by pathological
examination. Nevertheless, as abruption is considered a clinical diagnosis, only some
cases of acute abruptions demonstrated histologic confirmation. Maternal exposure, with
or without placenta abruption, as well as all other clinical characteristics were identified
using ICD-9 codes, with ICD-9 code 641.2 for placental abruption. Placenta previa occurs
when the placenta attaches inside the uterus but in an abnormal position near or over the
cervical opening [27]. As the diagnosis of placenta previa may change later in pregnancy,
we defined it here as placenta previa diagnosed on ultrasound before delivery during
routine ultrasounds, which in Israel are performed at 14, 22, and 30 weeks, and also every
time a woman presents for prenatal care.
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We further examined whether different risk factors and outcomes for preterm delivery
were more important in various subgroups; induced vs. spontaneous preterm birth,
those with vs. without previous PTB, and multiples vs. singletons. The vast majority of
multiples born at our center were twins (65.5%), with the remainder being triplets (6.6%)
or quadruplets (0.7%). Therefore, we did not differentiate between twins and higher order
multiples, since the rates of higher order multiples were exceedingly low (twins = 3.4%,
triplets = 0.1%).

2.2. Statistical Analysis

Statistical analysis was performed using SPSS (SPSS, Chicago, IL, USA). We used
the Chi-square test to calculate the statistical significance based on differences between
qualitative variables and the t for continuous variables. Few multivariable logistic re-
gression models were created in order to examine independent risk factors for preterm
delivery according to gestational age and among different sub-groups, while controlling for
confounders. Odds ratios and their 95% confidence intervals were calculated, and p-values
less than 0.05 were considered statistically significant.

3. Results

A total of 334,415 births were included in our study, including extreme PTB (n = 1155),
very PTB (n = 2490), moderate-late PTB (n = 25,344), and term births (n = 304,732). Char-
acteristics of the overall population are summarized in Table 1. There was a significantly
higher rate of PTB in Bedouin women, especially in the very PTB group (57.1%, p < 0.001).
The rate of nulliparity was significantly higher in the extreme PTB group (37.3%, p < 0.001).
Rates of recurrent pregnancy loss, lack of prenatal care, placenta previa and abruption,
need for maternal blood transfusion, postpartum hemorrhage, small for gestational age
neonates, 5-min APGAR score <7, umbilical cord pH <7, and intrapartum death were
also all significantly higher in the extreme PTB group than in all others. Those in the
very preterm group had the highest rates of hypertension, use of in vitro fertilization and
ovulation induction, preeclampsia, delivery by cesarean delivery, multiple gestations, and
male fetal gender. Rates of previous cesarean delivery were 25.7%, 27.9%, 25.9%, and
15.3% for extreme PTB, very PTB, moderate–late PTB, and term deliveries, respectively
p < 0.001. Rates of previous PTB were 27.5%, 30.1%, 28.8%, and 11.1% for extreme PTB,
very PTB, moderate–late PTB, and term deliveries, respectively p < 0.001. Rates of small for
gestational age infants were 14.2%, 6.2%, 4.3%, and 4.7% among extreme PTB, very PTB,
moderate PTB, and term deliveries, respectively, p < 0.001. Rates of large for gestational
age infants were 0.1%, 0.2%, 0.4%, and 4.8% among extreme PTB, very PTB, moderate PTB,
and term deliveries, respectively, p < 0.001. Finally, those in the moderate–late PTB group
had the highest rates of diabetes mellitus and gestational diabetes mellitus, while the term
births had the highest percentage of Jewish mothers and female neonates.

Logistic regression (Table 2) showed placental abruption to be the most significant
independent risk factor in the extreme PTB group (OR = 13.579, CI = 8.757–21.057, p < 0.001).
Other factors that were independent risk factors in this gestational age group were lack
of prenatal care, nulliparity, placenta previa, recurrent pregnancy loss, induction of labor,
and multiple gestation. In the other PTB groups (Table 3), abruption was also the most
significant risk factor (OR = 22.799, CI = 18.422–28.216, p < 0.001). Interestingly, having
a history of diabetes mellitus (OR = 0.362, CI = 0.238–0.552, p < 0.001) decreased the
probability of PTB in this gestational age group. Adding the child’s year of birth to the
logistic regression model did not significantly affect the results of the model. The only
variable that lost its significance as risk factor for extreme PTB was preeclampsia.
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Table 1. Characteristics of general population.

Characteristic:
Extreme PTB:

24 + 0–27 +
6 Weeks

Very PTB:
28 + 1–31 +

6 Weeks

Moderate–
Late PTB:

32 + 0- 36 +
6 Weeks

Term Birth:
>37 + 0 weeks

p-Value * p-Value **

n 1155 2490 25,344 304,732

Maternal Age (mean ± SD) 28.07 ± 6.642 28.32 ± 6.362 28.40 ± 6.186 28.19 ± 5.798 0.176 0.499

Ethnicity: Jewish
Bedouin

46.7 42.9 48.1 48.4
<0.001 0.26853.3 57.1 51.9 51.6

Nulliparity 37.3 31.9 29.7 23.8 <0.001 <0.001

Previous PTB *** 27.5 30.1 28.8 11.1 <0.001 <0.001

Previous cesarean delivery 25.7 27.9 25.9 15.3 <0.001 <0.001

Recurrent pregnancy loss 8.7 7.8 6.6 4.6 <0.001 <0.001

Diabetes mellitus 2.3 6.1 7.9 5.1 <0.001 <0.001

Hypertension 9.1 14.8 12.2 4.4 <0.001 <0.001

In vitro fertilization 7.2 8.6 6.4 1.3
<0.001 <0.001Ovulation induction 2.9 4.7 3.5 0.9

Lack of prenatal care 13.5 12.4 8.4 9.0 <0.001 <0.001

Gestational diabetes mellitus 1.2 4.1 5.4 4.0 <0.001 <0.001

Preeclampsia 7 13.6 10.5 3.5 <0.001 <0.001

Placenta previa 3.6 3.3 2.1 0.2 <0.001 <0.001

Placental abruption 12.8 10.2 2.4 0.3 <0.001 <0.001

Cesarean delivery 16.1 19.1 18.2 11.7 <0.001 <0.001

Assisted delivery 0.2 0.5 1.6 3.3 <0.001 <0.001

Blood transfusion 7.8 6.5 3.6 1.3 <0.001 <0.001

Postpartum hemorrhage 1.0 0.5 0.4 0.6 <0.001 0.030

Multiple gestation 22.1 26.9 23.2 1.6 <0.001 <0.001

Neonate’s Gender:
Male 53.0 53.1 52.4 50.8

<0.001 0.164Female 47.0 46.9 47.6 49.2

Small for gestational age
neonate 14.2 6.2 4.3 4.7 <0.001 <0.001

5-min APGAR < 7 28.6 6.4 1.3 0.3 <0.001 <0.001

Umbilical Cord pH < 7 2.9 0.9 0.9 0.4 0.007 0.026

Intrapartum death 5.0 0.6 0.1 0.0 <0.001 <0.001

* p-value for multiple comparisons (all four groups); ** p-value for comparison between the extreme PTB and all other groups; *** This
analysis was restricted to women with birth order >1. APGAR: The APGAR score (named after Dr. Virginia Apgar) is a universal scoring
system use to assess newborns one minute and five minutes after they are born.
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Table 2. Logistic regression results for extreme preterm group.

Characteristic
Adjusted Odds

Ratio
95% Confidence

Interval
Significance

(p-Value)

Lack of prenatal care 2.019 1.694–2.407 <0.001
In vitro fertilization 1.338 1.038–1.723 0.024

Nulliparity 2.304 2.006–2.647 0.071
Previous cesarean delivery 1.444 1.212–1.720 <0.001

Diabetes mellitus 0.322 0.217–0.477 <0.001
Preeclampsia 1.033 0.816–1.307 <0.001

Placenta previa 5.884 4.149–8.344 <0.001
Recurrent pregnancy loss 1.815 1.468–2.245 <0.001

Placental abruption 20.606 17.006–24.969 <0.001
Induction of labor 1.410 1.220–1.626 <0.001
Multiple gestation 7.714 6.581–9.042 <0.001

Table 3. Risk factors in women with previous PTB.

Characteristic:
Extreme PTB:

24 + 0–27 +
6 Weeks

Very PTB:
28 + 1–31 +

6 Weeks

Moderate–
Late PTB:

32 + 0–36 +
6 Weeks

Term Birth:
>37 + 0 weeks

p-Value * p-Value **

n 204 514 5173 26,046 –

Ethnicity: Bedouin
Jewish

64.7 62.8 58.1 63.5
<0.001 0.53735.3 37.6 41.9 36.5

Previous cesarean delivery 31.9 40.3 36.9 29.0 <0.001 0.661

Diabetes mellitus 1.5 6.6 9.1 6.7 <0.001 0.002

Hypertension 12.7 17.9 12.3 5.3 <0.001 0.001

In vitro fertilization 4.4 4.7 3.7 1.3
<0.001 0.005Ovulation induction 1.5 3.1 1.5 0.5

Gestational diabetes mellitus 1.5 4.1 5.7 5.0 <0.001 0.018

Preeclampsia 11.3 15.4 9.5 3.6 <0.001 <0.001

Placenta previa 4.4 3.5 1.8 0.3 <0.001 <0.001

Placental abruption 14.2 11.5 2.8 0.4 <0.001 <0.001

* p-value for multiple comparisons (all four groups); ** p-value for comparison between the extreme PTB and all other group.

In the extreme PTB group (Table 3), those who had a history of previous PTB had the
highest rates of Bedouin ethnicity, placenta previa, need for maternal blood transfusion,
postpartum hemorrhage, female fetal gender, small for gestational age neonates, and 5-min
APGAR <7. The other PTB groups in those with a history of PTB, the highest rates of
previous cesarean delivery, diabetes mellitus, hypertension, use of in vitro fertilization and
ovulation induction, gestational diabetes mellitus, preeclampsia, cesarean delivery, male
neonatal gender, and intrapartum death were seen. Notably, term babies born to women
both with and without a history of PTB had the highest rates of assisted delivery. Similar
to those in the general population, placental abruption was the highest risk factor for PTB
(OR = 13.579, CI = 8.757–21.057, p = 0.001) in this population according to multivariate
analysis (Table 4). Placental abruption was found to be more common among pregnancies
with preeclampsia compared to pregnancies without preeclampsia (1.7% vs. 0.5%, OR 3.3,
95% CI 2.93–3.86, p < 0.001). A positive non-parametric correlation was demonstrated
between the two variables, even though the correlation was very weak.
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Table 4. Logistic regression results for women with previous PTB.

Characteristic
Adjusted Odds

Ratio
95% Confidence

Interval
Significance

(p-Value)

Lack of prenatal care 2.174 1.391–3.399 0.001
In vitro fertilization 1.358 0.659–2.797 0.407

Previous cesarean delivery 1.013 0.746–1.378 0.932
Diabetes mellitus 0.162 0.051–0.510 0.002

Preeclampsia 1.888 1.193–2.991 0.007
Placenta previa 4.161 1.958–8.839 <0.001

Recurrent pregnancy loss 2.370 1.664–3.374 <0.001
Placental abruption 13.579 8.757–21.057 <0.001
Induction of labor 1.478 1.018–2.145 0.040
Multiple gestation 6.177 4.202–9.080 <0.001

In singleton deliveries, the rates of nulliparity (Table 5), history of recurrent pregnancy
loss, use of in vitro fertilization, lack of prenatal care, placenta previa, abruption, need for
maternal blood transfusion, postpartum hemorrhage, small for gestational age neonate,
5-min APGAR <7, and intrapartum death were all highest in the extreme PTB group. For
the other PTB groups, there were higher rates of Bedouin ethnicity, previous PTB and
cesarean delivery, diabetes mellitus, hypertension, use of ovulation induction, gestational
diabetes mellitus, preeclampsia, cesarean delivery, and assisted delivery.

Table 5. Risk factors for singleton pregnancies.

Characteristic:
Extreme PTB:

24 + 0–27 +
6 Weeks

Very PTB:
28 + 1–31 +

6 Weeks

Moderate–
Late PTB:

32 + 0–36 +
6 Weeks

Term Birth:
>37 + 0 Weeks

p-Value * p-Value **

n 905 1829 19,508 299,814 -

Ethnicity: Bedouin
Jewish

53.3 58.0 53.9 51.7
<0.001 0.38646.7 42.0 46.1 48.3

Nulliparity 35.4 29.1 28.9 23.8 <0.001 <0.001

Previous PTB 18.4 22.1 22.9 8.6 <0.001

Previous cesarean delivery 17.6 19.5 19.5 11.7 <0.001 <0.001

Recurrent pregnancy loss 8.4 8.0 6.7 4.6 <0.001 <0.001

Diabetes mellitus 2.1 4.8 7.4 5.0 <0.001 <0.001

Hypertension 10.3 17.1 12.0 4.3 <0.001 <0.001

In vitro fertilization 2.6 2.3 2.1 1.1
<0.001 <0.001Ovulation induction 1.0 1.4 1.1 0.8

Lack of prenatal care 15.6 13.7 9.7 9.0 <0.001 <0.001

Gestational diabetes mellitus 1.0 3.2 4.9 4.0 <0.001 <0.001

Preeclampsia 8.2 15.8 10.2 3.4 <0.001 <0.001

Placenta Previa 4.1 4.1 2.5 0.2 <0.001 <0.001

* p-value for multiple comparisons (all four groups); ** p-value for comparison between the extreme PTB and all other groups.

According to logistic regression (Table 6), the greatest risk factor for PTB in this group
was placental abruption (OR = 24.619, CI = 20.063–30.210, p < 0.001).
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Table 6. Logistic regression results for singleton gestation group.

Characteristic
Adjusted Odds

Ratio
95% Confidence

Interval
Significance

Lack of prenatal care 2.136 1.772–2.574 <0.001
In vitro fertilization 1.687 1.104–2.580 0.016

Nulliparity 2.226 1.902–2.605 <0.001
Previous cesarean delivery 1.592 1.314–1.929 <0.001

Diabetes mellitus 0.345 0.218–0.545 <0.001
Preeclampsia 1.432 1.117–1.837 0.005

Placenta previa 5.845 4.022–8.945 <0.001
Recurrent pregnancy loss 1.747 1.368–2.232 <0.001

Placental abruption 24.619 20.063–30.210 <0.001
Previous PTB 2.305 1.980–2.784 <0.001

Induction of labor 1.528 1.312–1.778 <0.001

In multiple gestations (Table 7), rates of nulliparity, placenta previa, placental abrup-
tion, need for maternal blood transfusion, small for gestational age neonate, 5-min APGAR
< 7, and intrapartum death were highest in the extreme PTB group. The other PTB groups
had the highest rates of Bedouin ethnicity, previous PTB and cesarean delivery, diabetes
mellitus, hypertension, use of in vitro fertilization or ovulation induction, lack of pre-
natal care, gestational diabetes mellitus, preeclampsia, cesarean delivery, male neonatal
gender, and umbilical cord pH > 7. Term babies in both single and multiple gestations
had the highest rates of assisted deliveries. In the logistic regression (Table 8), placen-
tal abruption was the most significant risk factor for extreme PTB in multiple gestations
(OR = 7.467, CI = 4.398–12.677, p < 0.001). Those with diabetes mellitus and preeclampsia
had a negative risk for extreme PTB (OR = 0.280, CI = 0.131–0.598, p = 0.001; OR = −0.229,
CI = 1.779 = 12.819, p < 0.001, respectively). We did not differentiate between twins and
higher-order multiples, since the rates of higher-order multiples were exceedingly low
(twins = 3.4%, triplets = 0.1%).

Table 7. Risk factors for multiple gestations.

Characteristic:
Extreme PTB:

24 + 0–27 +
6 Weeks

Very PTB:
28 + 1–31 +

6 Weeks

Moderate–
Late PTB:

32 + 0–36 +
6 Weeks

Term Birth:
>37 +

0 Weeks
p-Value * p-Value **

n 255 670 5888 4960 –
Ethnicity: Bedouin
Jewish

53.3 54.6 45.1 47.1 <0.001 0.03146.7 45.4 54.9 52.9
Nulliparity 43.9 39.4 32.5 24.3 <0.001 <0.001
Previous PTB 14.9 16.6 12.3 7.1 <0.001
Previous cesarean delivery 11.0 18.1 13.9 10.4 <0.001 0.436

Recurrent pregnancy loss 9.8 7.3 6.3 6.1 0.084 0.023

Diabetes mellitus 2.7 9.7 9.4 8.4 <0.001 <0.001
Hypertension 4.7 8.5 12.9 8.3 <0.001 0.002
In vitro fertilization 23.5 25.7 20.4 14.9 <0.001 0.106Ovulation induction 9.4 13.9 11.6 8.9

Lack of prenatal care 6.3 9.0 4.1 5.3 <0.001 0.308

Gestational diabetes
mellitus 2.0 6.7 7.3 6.9 0.013 0.002

Preeclampsia 2.7 7.6 11.6 7.2 <0.001 <0.001

Placenta Previa 2.0 0.9 0.5 0.2 <0.001 <0.001

Placental Abruption 7.1 4.5 0.9 0.7 <0.001 <0.001

* p-value for multiple comparisons (all four groups); ** p-value for comparison between the extreme PTB and all other groups.
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Table 8. Logistic regression results for multiple gestation group.

Characteristic
Adjusted Odds

Ratio
95% Confidence

Interval
Significance

Lack of prenatal care 1.396 0.823–2.368 0.216
In vitro fertilization 1.171 0.856–1.604 0.324

Nulliparity 2.483 1.855–3.323 <0.001
Previous cesarean delivery 0.909 0.589–1.401 0.664

Diabetes mellitus 0.280 0.131–0.598 0.001
Preeclampsia 0.229 0.107–0.490 <0.001

Placenta previa 4.775 1.779–12.819 0.002
Recurrent pregnancy loss 1.853 1.207–2.846 0.005

Placental abruption 7.467 4.398–12.677 <0.001
Previous PTB 2.113 1.435–3.112 <0.001

Induction of Labor 0.424 0.198–0.907 0.027

In those with induced PTB (Table 9), higher rates of Jewish ethnicity, recurrent preg-
nancy loss, use of in vitro fertilization, placenta previa, need for maternal blood transfusion,
postpartum hemorrhage, small for gestational age neonate, 5-min APGAR < 7, and in-
trapartum death were seen in the extreme PTB group. In the other induced PTB groups,
higher rates of previous PTB and cesarean delivery, diabetes mellitus, hypertension, use
of ovulation induction, lack of prenatal care, preeclampsia, cesarean delivery, maternal
blood transfusion, and multiple gestations were seen. In the logistic regression (Table 10),
the most important risk factor for induced extreme PTB was abruption (OR = 14.175,
CI = 8.654–23.218, p < 0.001). Diabetes mellitus had a negative predictive value for induced
extreme PTD (OR = 0.262, CI = 0.123–0.556, p < 0.001). Adding child’s year of birth to
the logistic regression models of other sub-populations (previous PTB, singleton preg-
nancies, multiple gestations and indicated PTBs) did not affect significantly the results of
the models.

Table 9. Risk factors for Induced PTB.

Characteristic:
Extreme PTB:

24 + 0–27 +
6 Weeks

Very PTB:
28 + 1–31 +

6 Weeks

Moderate–
Late PTB:

32 + 0- 36 +
6 Weeks

Term Birth:
>37 + 0 Weeks

p-Value * p-Value **

n 281 346 4153 70,615

Ethnicity: Bedouin
Jewish

44.8 55.2 42.7 38.5
<0.001 0.08355.2 44.8 57.3 61.5

Nulliparity 40.6 32.7 42.0 39.4 <0.001 0.719

Previous PTB 13.5 16.2 17.4 6.2 <0.001

Previous cesarean delivery 10.0 11.3 5.3 4.6 <0.001 <0.001

Recurrent pregnancy loss 7.8 7.5 6.6 4.8 <0.001 0.023

Diabetes mellitus 2.5 5.2 8.6 9.0 <0.001 <0.001

Hypertension 11.7 14.7 24.3 9.0 <0.001 0.313

In vitro fertilization 2.5 2.0 3.0 1.8
<0.001 0.672Ovulation induction 1.8 2.0 2.3 1.4

Lack of prenatal care 11.7 12.4 5.7 4.8 <0.001 <0.001

Gestational diabetes mellitus 1.4 3.2 5.8 6.9 <0.001 <0.001

Preeclampsia 8.9 13.9 21.3 7.5 <0.001 0.716

Placenta previa 1.4 0.3 0.2 0.1 <0.001 <0.001

Placental Abruption 7.1 7.2 1.8 0.3 <0.001 <0.001

* p-value for multiple comparisons (all four groups); ** p-value for comparison between the extreme PTB and all other groups.
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Table 10. Logistic regression results for Induced PTB group.

Characteristic
Adjusted Odds

Ratio
95% Confidence

Interval
Significance

Lack of prenatal care 2.585 1.771–3.713 <0.001
In vitro fertilization 1.205 0.557–2.608 0.635

Nulliparity 1.331 1.024–1.729 0.032
Previous cesarean delivery 2.177 1.430–3.315 <0.001

Diabetes mellitus 0.262 0.123–0.556 <0.001
Preeclampsia 0.954 0.628–1.449 0.825

Placenta previa 9.193 2.867–29.484 <0.001
Recurrent pregnancy loss 1.611 1.030–2.521 0.037

Placental abruption 14.175 8.654–23.218 <0.001
History of PTD 2.013 1.383–2.292 <0.001

4. Discussion

The results of our study add to the growing body of information on this topic and
provide data specific to the population under study, leaving room for further investigation.
In this study, the most notable outcome we found was that placental abruption (defined here
as clinically diagnosed placental abruption) was the risk factor with the highest significance
in all of the populations and sub-populations (e.g., early PTB multiples, induced early
PTB, etc.) that we looked at. As placental abruption is a clinical diagnosis, its association
with induction of labor may be due to the clinical decision to induce labor following a
suspected abruption or may be related to abruption caused by the induction itself. Another
interesting finding of our study is that in our population, having diabetes mellitus had an
inverse relationship with risk of early PTB. Preeclampsia also showed a weak, negatively
predictive effect on extreme PTB, but this was non-statistically significant. Rates of assisted
delivery (which at our facility entails use of vacuum extraction) were lower than in other
settings as well; these rates are indeed low, since in our medical center, vacuum is hardly
performed in preterm deliveries [28].

As is well known and widely noted in other studies, placental abruption is often
associated with preterm delivery [10,13]. This risk factor is very significant, with the risk
being estimated as between 1.2 and 31.7, and incidence being between 40 and 60% [13].
Placental abruption has been shown by other studies to be nine times more likely to
occur in preterm gestational ages than is in term gestational ages (2.8% versus 0.3%,
respectively) [29]. Still, other studies have shown that placental abruption implicates itself
in 5.8% of births occurring before 35 weeks of gestation, with another finding that 50% of
women with PTB had “clinical or histological abruption, chorioamnionitis, or both” [30,31].

Placental abruption is defined as a premature detachment of the placenta from the
uterine wall, which occurs after 20 weeks of gestation but before birth. Typical presenting
will include vaginal bleeding, abdominal pain, contractions, and abnormal fetal heart
rate tracings. Placental abruption leads to uteroplacental under perfusion, hypoxia, and
placental ischemia. Thus, abruption can cause a spontaneous PTB, but it may also be an
indication for an induced PTB in order to save the life of the mother or her fetus. The
mechanism by which placental abruption causes spontaneous PTB is believed to be due to
blood irritating the uterine lining and stimulating contractions, which may subsequently
lead to PTB [13].

There are a few reasons why placental abruption was found to be the most significant
risk factor for PTB in our study. Firstly, abruption was found to have the highest incidence
during weeks 24–26 [32], which is a timeframe that falls into the early PTB gestational age
group, explaining the high odds ratio seen with abruption in this group. Additionally,
over 50% of abruption occurs before term, meaning that if abruption occurs and leads to
a natural or induced delivery, it is highly likely that the neonate will be premature. One
area our study did not explore was whether the rates of women with risk factors (such as
smoking, use of cocaine, etc.) for abruption had a higher rate of PTB caused by abruption,
this is an area that is ripe for exploration, as it may help explain our results.
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Many studies show that gestational diabetes mellitus and pregestational diabetes
mellitus can lead to an increased risk of preterm birth. This being said, there is no consensus
as to whether diabetes mellitus is an independent risk factor for spontaneous PTB. Some
studies have demonstrated an increased risk of PTB in both pregestational and gestational
diabetes [33], while others indicated that this risk was associated only with insulin-treated
diabetes mellitus [34]. One study showed obesity to have protective effects against preterm
birth [35], which could help explain the results seen in our population, as women with
diabetes mellitus are more likely to be obese.

The uncertainty of the effect of gestational diabetes mellitus in our study may be
related to the fact that instead of categorizing diabetes mellitus as gestational versus
pregestational, we used a composite outcome that included all cases of diabetes mellitus
in pregnancy. Since the mechanism of placental pathology is likely different in these two
entities, more clear results may be obtained by studying these as separate pathologies and
looking at the effect of each on the risk of PTB.

The strengths of this study lie in the fact that it was performed using a very large
perinatal database with many years of delivery information about mothers and their
neonates. This gave us access to a large population from which we could aggregate data
and determine the results. Another strength of this study was that we used sub-group
analysis, which allowed us to examine each risk factor on its own while controlling for
confounders. The most significant limitation to this study is that it was done retrospectively,
and therefore, the results do not indicate causation but rather correlation between the risk
factors and outcomes. Another weakness lies in the fact that we did not have data to
perform distinct analyses on the risks of extreme PTB in monochorionic versus dichorionic
twins and rather regarded them as one entity (‘multiple gestations’). Additionally, the rate
of extreme PBT in our population was significantly lower than that of other populations.
It should be noted that some populations report lower rates of extreme PTB; this may be
due to differences among populations [36]. Since our study focused on gestational age, we
did not perform any analyses based on birthweight centile. This may have added to the
completeness of our data. Overall, however, since we were able to use a large population
with a long follow up and had significant results, this study is still able to shed light on the
topic at hand.

5. Conclusions

Our study suggested a strong association between early PTB and placental abrup-
tion. Since the most significant risk factor for placental abruption is a previous placental
abruption, a future area for research may be looking at rates of early PTB due to abrup-
tion in those with previous placental abruption. Another interesting feature of placental
abruption is that the risk factors for abruption differ in term versus preterm abruption,
but the exact difference in mechanism is not well understood, leaving this area open to
further investigation.
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Abstract: (1) Background: Preterm deliveries (PTD, <37 gestational weeks) which occur in 5–18% of
deliveries across the world, are associated with immediate and long-term offspring morbidity, as
well as high costs to health systems. Our aim was to identify risk factors during the first pregnancy
ending at term for PTD in the subsequent pregnancy. (2) Methods: A retrospective population-
based nested case−control study was conducted, including all women with two first singleton
consecutive deliveries. Women with PTD in the first pregnancy were excluded. Characteristics and
complications of the first pregnancy were compared among cases, defined as women with PTD
in their second pregnancy, and the controls, defined as women delivering at term in their second
pregnancy. A multivariable logistic regression model was used to study the association between
pregnancy complications (in the first pregnancy) and PTD (in the subsequent pregnancy), while
adjusting for maternal age and the interpregnancy interval. (3) Results: A total of 39,780 women
were included in the study, 5.2% (n = 2088) had PTD in their second pregnancy. Women with PTD,
as compared to controls (i.e., delivered at term in second pregnancy), were more likely to have
the following complications in their first pregnancy: perinatal mortality (0.4% vs. 1.0%), small for
gestational age (12.4% vs. 8.1%), and preeclampsia (7.6% vs. 5.7%). In the multivariable model,
after adjusting for maternal age, interpregnancy interval and co-morbidities, having any one of
these first pregnancy complications was independently associated with an increased risk for PTD
(adjusted OR = 1.44; 95%CI 1.28–1.62), and the risk was greater if two or more complications were
diagnosed (adjusted OR = 2.09; 95%CI 1.47–3.00). These complications were also risk factors for
early PTD (<34 gestational weeks), PTD with a systematic infectious disease in the background, and
possibly with spontaneous PTD. (4) Conclusions: First pregnancy complications are associated with
an increased risk for PTD in the subsequent pregnancy. First pregnancy, although ending at term,
may serve as a window of opportunity to identify women at risk for future PTD.

Keywords: perinatal mortality; preeclampsia; pregnancy complications; preterm birth; preterm
delivery; small for gestational age

1. Introduction

Preterm delivery (PTD), defined as delivery before 37 complete gestational weeks [1],
is the main cause for newborn death and childhood disability and the second cause of
death in children up to the age of five years [2]. PTD rates vary by country, ranging in
recent years from ~5% in European countries, 9.6% in the USA and 18% in some African
countries [3,4]. In most countries, PTD rates are increasing, and an estimated 15 million
babies (11.1% of live births), are born premature worldwide every year [2,3,5].

Fetal development occurs throughout the entire pregnancy until full term, therefore,
when PTD occurs, the newborn is not physiologically and metabolically mature, leading
to immediate and long term complications [3]. Risk and severity of these complications
depend mainly on gestational age at delivery and increase with reduced gestational age.
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The causes for PTD are mainly unknown, and they are usually multifactorial, including
genetic factors, utero-placental dysfunction or underlying inflammation processes [6].

PTD risk factors, including subtypes of PTD, have been extensively studied. The
leading PTD risk factor is having a history of PTD [7–10]. The risk increases with each
additional PTD in a woman’s history, or if the PTD occurred in the immediately preceding
pregnancy, and with earlier gestational age at the previous PTD [7].

It is recommended for women with a history of PTD to receive more intensive prenatal
monitoring, including treatment strategies to reduce PTD risk. Often weekly mid-trimester
17-alpha-hydroxyprogesterone caproate (17-OHPC) are applied to reduce risk for PTD
recurrence [11,12].

A history of pregnancy complications in term pregnancies has also been suggested to
be associated with subsequent pregnancy PTD risk [13–15]. These complications mainly
include threatened PTD, small for gestational age (SGA) and perinatal mortality. Less is
known, however, regarding the risk factors by the type of PTD and by the extremity of
the PTD.

Since a history of PTD is a main risk factor for its recurrence, the aim of the current
study was to identify additional PTD risk factors, among a population of women without
a history of PTD. Specifically, the risk factors were studied among women with sponta-
neous PTD, early PTD (<34 gestational weeks), and PTD with an infectious disease in the
background (with a possible inflammatory etiology).

2. Experimental Section

The study was conducted at the Soroka University Medical Center (SUMC) located
in the Southern region of Israel. SUMC, the single tertiary medical center in the region,
serves a population of >1 million residents, and has the country’s largest birthing center
with approximately 17,000 yearly births in recent years.

The study protocol received the SUMC IRB approval (#0355819SOR, October 2019),
and informed consent was exempt.

A retrospective population-based nested case−control study was conducted. Inclu-
sion criteria: All women with two first singleton consecutive deliveries between the years
1988–2017. Exclusion criteria: Women with PTD in the first pregnancy, multiple gestations
(in either pregnancy). Cases were defined as women with PTD in their second pregnancy,
and they were compared to the controls, defined as women delivering at term in their sec-
ond pregnancy. Primary outcomes: Characteristics and complications of the first pregnancy,
which were compared among cases and controls.

First pregnancy characteristics and complications that were significantly different be-
tween cases and controls were included in the multivariable analysis. Multivariable logistic
regression models were used to study the association between pregnancy complications (in
the first pregnancy) and PTD (in the subsequent pregnancy), while adjusting for maternal
age (3 categories: <20; 20–35; ≥35) and interpregnancy interval (3 categories: <6 months;
6 months- 5 years; ≥5 years). The interpregnancy interval was defined as the time between
first delivery and best estimation of first day of last menstruation period of the second preg-
nancy, based on clinical evaluation and first trimester sonar test. Interpregnancy interval,
either short or long, has been associated with increased risk for several adverse pregnancy
outcomes, including small for gestational age (SGA, defined as birthweight < 5th percentile
for gestational age and sex), low birthweight (<2500 g), PTD and perinatal death [16–20]. It
has also been shown to affect offspring long-term health [21,22]. The short interpregnancy
interval may not allow the mother enough time to recuperate physiologically from the
previous pregnancy and birth, and increase the risk for SGA and PTD. A long interpreg-
nancy interval is associated with older maternal age, obesity and increased incidence of
secondary infertility, morbidities and pregnancy complications.

A combined adverse pregnancy score was created, which summed the following first
pregnancy complications (which were associated with second pregnancy preterm birth,
based on the first step analysis): SGA, perinatal mortality or preeclampsia (defined as
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either of the following ICD-9 codes: 642.41; 642.42; 642.51; 642.52; 642.61; 642.62). Scoring
of this variable ranged between 0 = no complications; 1 = one complication, 2 = two or
more complications. A multivariable logistic model was then used to study whether the
risk for PTD in the second pregnancy increased with each first pregnancy complication,
and for each additional complication, based on the combined adverse pregnancy score.
Women without first pregnancy complications were defined as the reference group.

In order to evaluate how early the second pregnancy PTD occurred following the first
pregnancy complications, the mean (±standard deviation, SD) of gestational ages among
the cases were evaluated regarding each first pregnancy complication.

Several subanalyses were performed that were:
1. Aiming to study risk factors for spontaneous PTD, the incidence of first pregnancy

complications was compared between term deliveries and cases of spontaneous PTD in
the second pregnancy. Spontaneous PTD included the following diagnoses: spontaneous
premature rupture of the membranes or premature contractions (ICD-9 codes: 651.1;
644.21, respectively). Excluded were all cases of indicated PTD or PTD of a nondefinite
nature (they may have been either spontaneous or indicated), which had the following
diagnoses: placental abruption (ICD-9 code: 641.21), fetal growth restriction, preeclampsia
(ICD-9 codes: 642.41, 642.51, 642.61, 642.62, 642.42, 642.52), meconium stained amniotic
fluid (ICD-9 code 656.81), chronic hypertension (ICD-9 code 642.01), polyhydramnios
(ICD-9 code 657.01), oligohydramnios (ICD-9 code 658.01), or pathological presentation
(breech, transverse of face, ICD-9 codes 652.81, 652.21, 652.2, 652.31, 652.41, 660.31).

2. Aiming to study risk factors for early PTD (<34 weeks), a more severe outcome
with greater complications to the offspring, incidence of first pregnancy complications was
compared between term deliveries and cases of early PTD in second pregnancy. Women
who delivered between 34.0–36.99 gestational week were excluded.

3. Aiming to study risk factors for PTD involving an infectious etiology, incidence
of first pregnancy complications was compared between term deliveries and PTD cases
involving an infection etiology in the second pregnancy. Systematic infection was defined
as having either of the following, prior to the PTD: bacterial or viral infections, of known
or unknown causes, including pneumonia, urinary tract infections, endometritis, etc.

The multivariable analysis with the combined adverse score was performed for each
of the subanalyses.

3. Results

A total of 39,780 women were included in the study, 5.2% (n = 2088) delivered preterm
in their second pregnancy (i.e., cases). Of them, the incidence of definite spontaneous PTD
(following premature rupture of the membranes or contractions) was 14.8% (n = 310) and
incidence of indicated PTB (following premature rupture of the membranes, fetal growth
restriction or preeclampsia) was 15.2% (n = 318).

Table 1 presents a comparison of the participants' characteristics, as well as first and
second pregnancy characteristics, between cases and controls. As can be seen, cases were
slightly older, delivered heavier newborns, and were more likely to have the following
complications in their first pregnancy: perinatal mortality (1.0% vs. 0.4%; OR = 2.56
95%CI 1.60–4.09, p < 0.001), small for gestational age (SGA, 12.4% vs. 8.1%; OR = 1.60
95%CI 1.39–1.83, p < 0.001), preeclampsia (7.6% vs. 5.7%; OR = 1.34 95%CI 1.14–1.59,
p < 0.001) and offspring with low birthweight (LBW, birthweight <2500 gr.: 12.3% vs.
5.7%; OR = 2.31; 2.01–2.65, p < 0.001). Rates of gestational diabetes, placental abruption
and cesarean deliveries were comparable between the groups. Among the cases of first
pregnancy perinatal mortality, the possible causes of the mortality did not differ between
the cases and the controls, for instance: 7 (35%) versus 44 (31%) were diagnosed with
chromosomal abnormalities or malformations among cases and controls, respectively, and
intrauterine fetal death 11 (55.0%) versus 72 (50.7%) among cases and controls, respectively.
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Table 1. Maternal, first and second pregnancy characteristics by cases and controls.

Cases (PTD Second
Pregnancy)

n = 2088 (5.2%)

Controls (Term Second
Pregnancy)

n = 37,692 (94.8%)
p-Value

Maternal Characteristics

Ethnicity <0.001
Jewish 928 (4.4) 20,036 (95.6)

Bedouin 1160 (6.2) 17,656 (93.8)
Smoking 23 (1.1) 458 (1.2) 0.75

Chronic hypertension 32 (1.5) 217 (0.6) <0.001
Diabetes mellitus 13 (0.6) 90 (0.2) 0.003

First Pregnancy Characteristics

Maternal age (mean ± SD) 23.39 ± 4.0 22.72 ± 4.2 <0.001
<20 393 (18.9) 4564 (12.1) <0.001

20–35 1624 (78.0) 32,231 (85.6)
≥35 65 (3.1) 843 (2.2)

Birthweight (mean ± SD) 3139 ± 416 2961 ± 425 <0.001
Gestational age (mean ± SD) 38.93 ± 1.30 39.49 ± 1.25 <0.001

First and second pregnancy interval mean ±
SD) 1.56 ± 1.52 1.47 ± 1.75 0.03

<6 months 582 (27.9) 7550 (20.0) <0.001
between 6 months and 5 years 1414 (67.7) 28,810 (76.4)

≥5 years 92 (4.4) 1332 (3.5)

Odds ratio; 95%CI, p-value

Fertility treatments * 60 (2.9) 1043 (2.8) 1.04; 0.8–1.35, 0.74
Obesity * 10 (0.5) 275 (0.7) 0.66; 0.35–1.23, 0.23

Cesarean delivery 241 (11.5) 4494 (11.9) 0.96; 0.84–1.10, 0.62
full dilatation cesarean sections 44 (18.3) 596 (13.3) 1.46; 1.04–2.05, 0.03

Low Apgar (<7) at 5 min 9 (0.4) 179 (0.5) 0.91; 0.47–1.79, 1.0
Perinatal mortality 20 (1.0) 142 (0.4) 2.56; 1.60–4.09, <0.001

Low birthweight (<2500 gr.) 256 (12.3) 2148 (5.7) 2.31; 2.01–2.65, <0.001
Chromosomal abnormalities or congenital

malformations 130 (6.2) 2065 (5.5) 1.14; 0.95–1.37, =0.15

Small for gestational age * 258 (12.4) 3059 (8.1) 1.60; 1.39–1.83, <0.001
Mild or severe preeclampsia or eclampsia 158 (7.6) 2165 (5.7) 1.34; 1.14–1.59, <0.001

Gestational diabetes 67 (3.2) 1096 (2.9) 1.11; 0.86–1.42, 0.43
Placental abruption 9 (0.4) 100 (0.3) 1.63; 0.82–3.22, 0.19

Prolonged first stage of delivery 38 (1.8) 1031 (2.7) 0.66; 0.47–0.91, 0.012
Prolonged second stage of delivery 81 (3.9) 1401 (3.7) 1.04; 0.83–1.31, 0.68

Second Pregnancy Characteristics

Preeclampsia 110 (5.3) 764 (2.0) 2.69; 2.19–3.30, <0.001
Fetal growth restriction 161 (7.7) 504 (1.3) 6.16; 5.13–7.40, <0.001

Placenta abruption 75 (3.6) 84 (0.2) 16.68; 12.18–22.85, <0.001
Rupture of the membranes 300 (14.4) 2518 (6.7) 2.34; 2.06–2.67, <0.001

* Fertility treatments: including ovulation induction or in vitro fertilization; obesity: BMI > 30; small for gestational age: birthweight < 5th
percentile for gestational age and gender.

In the second pregnancy, the incidence of preeclampsia, fetal growth restriction and
placental abruption were all higher among the pregnancies ending with PTD as compared
to term deliveries.

In three multivariable models (not presented), which adjusted for categories of mater-
nal age in second pregnancy and interpregnancy interval, first pregnancy with either SGA
(adjusted OR = 1.54; 95%CI 1.35–1.77, p < 0.001), preeclampsia (adjusted OR = 1.36; 95%CI
1.15–1.61, p = 0.001) or perinatal mortality (adjusted OR = 2.27; 95%CI 1.41–3.64, p < 0.001),
was independently associated with second pregnancy PTD risk. A combined adverse first
pregnancy outcome variable was created, including the sum of the following diagnoses:
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SGA, perinatal mortality and preeclampsia (scoring 0, 1, ≥2). In the multivariable model
presented in Table 2, having a history of any one of the complications was independently
associated with an increased risk for PTD (adjusted OR = 1.46; 95%CI 1.30–1.65, p < 0.001),
and the risk was greater if two or more complications were diagnosed (adjusted OR = 2.20;
95%CI 1.54–3.13, p < 0.001). The model was adjusted for maternal age, interpregnancy
interval, maternal comorbidities and year of delivery.

Table 2. Multivariable analysis for the association between first pregnancy complications and PTD
risk in second pregnancy.

Variable Adjusted Odds Ratio; 95%CI p

Any adverse first pregnancy outcome (vs. none) * 1.44; 1.28–1.62 <0.001
Any two or three complications (vs. none) 2.09; 1.47–3.00 <0.001

Maternal age
<20 1.56; 1.38–1.75 <0.001

20–35 1 (Ref.)
≥35 1.16; 0.91–1.48 0.216

Interpregnancy interval
<6 months 1.44; 1.30–1.60 <0.001

between 6 months and 5 years 1 (Ref.)
≥5 years 1.44; 1.15–1.80 0.001

delivery year 1.0; 0.99–1.00 0.459
obesity 0.81; 0.29–2.27 0.694

chronic high blood pressure 2.53; 1.73–3.70 <0.001
diabetes 2.65; 1.46–4.79 0.001

* The following complications were included: SGA, perinatal mortality or preeclampsia.

The distribution of gestational ages among PTD in second pregnancy, by first preg-
nancy complication were as follow: among pregnancies with SGA 33.81 ± 3.1; among
pregnancies with preeclampsia 34.2 ± 3.1; and among PTD following pregnancies with
perinatal mortality 33.2 ± 3.7.

There were 310 (14.8%) definite spontaneous PTD and 318 (15.2%) cases of indicated
PTD. In the subanalysis, cases of spontaneous PTD were compared to the control group
(term delivery). The incidence of first pregnancy SGA, perinatal mortality and preeclampsia
were all higher among the spontaneous PTD group, the differences were not statistically
significant, most likely due to the small sample size (SGA: 11.9% versus 9.0%, OR = 1.36,
95%CI 0.98–1.99, p = 0.071, perinatal mortality: 0.6% versus 0.4%, OR = 1.72; 95%CI
0.42–6.96, p = 0.33, preeclampsia: 6.1% versus 5.7%, OR = 1.07; 95%CI 0.67–1.71, p = 0.73).
A combined adverse first pregnancy outcome variable was created, including any of
the following diagnoses: SGA, perinatal mortality or preeclampsia (scoring 0 or 1). The
incidence of having at least one complication in the first pregnancy was 19.0% versus
15.4% among the spontaneous PTD versus the term pregnancies, respectively, (OR = 1.29,
95%CI 0.97–1.72, p = 0.08). In the multivariable analysis (presented in Table 3), while
adjusting for maternal age and interpregnancy intervals, first term delivery with either SGA,
perinatal mortality or preeclampsia, was associated with an increased risk for spontaneous
subsequent pregnancy PTD (adjusted OR = 1.29, 95%CI 0.97–1.72, p = 0.078). This finding
was not statistically significant, however the possibility that the findings were due to
insufficient power cannot be ruled out (Power = 39%).

There were 543 (1.4%) cases of early preterm (gestational age < 34) in second deliv-
ery, compared to term deliveries. First pregnancy incidence of SGA (13.6% versus 8.3%,
OR = 1.75, 95%CI 1.37–2.24, p < 0.001) and perinatal mortality (1.1% versus 0.4%, OR = 2.80,
95%CI 1.23–6.35, p = 0.024) were both significantly higher among women with second
pregnancy early preterm delivery. The incidence of preeclampsia was slightly higher
(6.6% versus 5.8%, OR = 1.5, 95%CI 0.82–1.61) among this group. Among mothers without
a history of any complications, the risk for early PTD was 1.3%, and the risk was 2.3% and
3.2% among mothers with one and two complications, respectively (p for trend < 0.001).
In the multivariable analysis (presented in Table 3), while adjusting for maternal age
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and interpregnancy intervals, first term delivery with either SGA, perinatal mortality or
preeclampsia, was associated with an increased risk for early subsequent pregnancy PTD
(adjusted OR = 1.73; 1.42–2.11, p < 0.001).

Table 3. Multivariable analysis for the association between first pregnancy complications and PTD risk in second pregnancy.

Spontaneous PTD Only Early PTD Only
PTD Following a Systemic

Infectious Disease

Variable
Adjusted Odds

Ratio; 95%CI
p Adjusted Odds

Ratio; 95%CI
p Adjusted Odds

Ratio; 95%CI
p

Any adverse first pregnancy outcome
(vs. none) * 1.29; 0.97–1.72 0.078 1.73; 1.42–2.11 <0.001 1.63; 1.17–2.28 0.004

Maternal age
<20 0.99; 0.7–1.42 0.98 2.06; 1.67–2.54 <0.001 1.51; 1.05–2.17 0.027

20–35 1 (Ref.) 1 (Ref.) 1 (Ref.)
≥35 1.41; 0.83–2.38 0.20 1.51; 0.99–2.32 0.06 0.97; 0.45–2.11 0.95

Interpregnancy interval (years)
<6 months 0.95; 0.71–1.28 0.75 1.39; 1.15–1.70 0.002 1.13; 0.82–1.57 0.45

between 6 months and 5 years 1 (Ref.) 1 (Ref.) 1 (Ref.)
≥5 years 1.64; 1.01–2.66 0.047 1.36; 0.88–2.12 0.16 1.46; 0.76–2.83 0.26

* The following complications were included: SGA, perinatal mortality or preeclampsia.

There were 215 (8.8% of all PTDs) PTD second deliveries with systematic infectious dis-
ease in the background, compared to 37,692 term deliveries. Among this group 40 (18.6%)
had definite spontaneous delivery. First pregnancy incidence of SGA (11.6% versus 8.1%,
OR = 1.49, 95%CI 0.98–2.26, p = 0.073), perinatal mortality (1.9% versus 0.4%, OR = 5.01,
95%CI 1.84–13.67, p = 0.01) and preeclampsia (9.8% versus 5.7%, OR = 1.78, 95%CI 1.13–2.79,
p = 0.018) were all higher among the cases with second pregnancy PTD with systematic
infectious disease in the background. Among mothers without a history of any complica-
tions, the risk for PTD with systematic infectious disease in the background was 0.5%, and
the risk was 0.8% and 2.0%, among mothers with any one or ≥2 complications, respectively
(p for trend < 0.001). In the multivariable analysis (presented in Table 3), while adjusting for
maternal age and interpregnancy intervals, first term delivery with either SGA, perinatal
mortality or preeclampsia, was associated with an increased risk for PTD in second preg-
nancy with systematic infectious disease in the background (adjusted OR= 1.63; 1.17–2.28,
p = 0.004).

4. Discussion

In this large population-based retrospective nested case−control study, first term preg-
nancy complicated with either SGA, preeclampsia or perinatal mortality, was associated
with an increased risk for PTD in the subsequent pregnancy. These findings were also true
specifically for early PTD, PTD with a possible inflammatory etiology, or spontaneous PTD,
although the later was without statistical significance. This association was independent of
maternal age, interpregnancy interval and maternal comorbidities. Exposure to more than
one of these first pregnancy complications was associated with an even greater risk.

First pregnancy complications were associated with not only late, near term PTD, but
also with extreme PTD: while the majority of second pregnancy PTD occurred between
gestational ages 35–36, among women with a first pregnancy which ended with perinatal
mortality, 25% of PTD deliveries occurred at <32 gestational weeks; and in nearly 40%
of women with first pregnancy SGA, the PTD occurred at <34 gestational weeks. The
associations between the first pregnancy complications were weaker regarding spontaneous
PTD, which suggest other risk factors are relevant in these cases, however the possibility of
lack of power to detect such differences cannot be ruled out.

Findings of the current study are in agreement with previous studies that found that
women with a history of term SGA or fetal mortality were at increased risk for PTD [13].
The strongest risk factor of PTD is a previous PTD, therefore chronic environmental [23–25],
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and genetic factors are most likely involved in PTD etiology [26,27]. The current study
addresses first PTD occurrence and its association with previous term pregnancy SGA,
preeclampsia and perinatal mortality, all of which may be due to several mechanisms and
causes. These four complications may share similar mechanisms, and therefore reoccur in
the same mother, and can serve as markers of increased risk for the other complications [28].

The underlining cause and mechanism of PTD is not yet completely understood, and
even less is known regarding causes of spontaneous PTD. The main mechanisms that have
been suggested are inflammation, infection, and vascular pathologies [29,30]. Usually
multiple etiologies are involved, including: cervical insufficiency, decline in progesterone
action and insufficiency or ischemic placental−uterine unit [29,31,32]. Impaired placental
implantation processes and insufficient fetal nutrition and growth may cause deliveries
of SGA newborns, preeclampsia, perinatal mortality, placental abruption and PTD [33,34].
In the current study, placental abruption in the second pregnancy was a risk factor for
PTD in the second pregnancy, but having a history of term placental abruption was not a
risk factor.

An inflammatory process has been suggested as a main factor in PTD, causing pre-
mature contractions and (mainly) spontaneous PTD [35]. In our study, women delivering
preterm with an infectious disease in the background, have also presented with higher
rates of SGA, preeclampsia and perinatal mortality in the first pregnancy. Although it
is not clear whether neonatal outcomes are affected by the maternal infection [36], it is
possible women with an infectious disease during pregnancy, and with a history of these
complications, would benefit from PTD prevention strategies.

Several study limitations need to be addressed. Since this was a retrospective cohort
and based on medical records, data regarding additional potential confounding variables
was unavailable, such as environmental and life-style characteristics, and may have caused
a residual confounding effect. However, since this was a large population-based study, in
which the two pregnancies of each mother were matched and compared, it can be expected
that familial, background and environmental factors were relatively similar between the
two pregnancies, and in case a distortion of the true association existed, it was minimal.

The aim in the current study was to identify second pregnancy PTD risk factors during
the first pregnancy, and therefore the current findings are not valid or relevant for PTD
risk among primiparous women or for PTD recurrence. Still, according to our findings,
initial PTD occurred in 5.2% of second pregnancies, therefore this is a relatively prevalent
pregnancy complication, to which our findings are relevant.

It is possible women with previous pregnancy complications were under more fre-
quent and closer monitoring and were therefore more likely to be diagnosed with second
pregnancy complications, leading to a higher incidence of indicated PTD among this group.
However, a subanalysis among spontaneous second pregnancy PTD showed similar results,
suggesting detection bias is unlikely.

PTD is a major cause of death and a significant cause of long-term morbidities and
disabilities, and the risks are greater with decreasing gestational age at delivery. Lowering
the rate of this major pregnancy complication has been declared by the World Health
Organization as “an urgent priority for reaching the Millennium Development Goal, calling
for the reduction of child deaths” [2]. While risk factors for PTD have been widely studied,
and although strategies and diagnostic tools to prevent PTD have been practised for over
30 years, the expectations have not been met and PTD rates have not declined. Some PTD
risk factors are preventable, and addressing them, in the personal and population levels,
may decrease PTD risk. Even a small reduction in PTD can have a large public health and
economic impact, both in terms of preventing perinatal mortality, morbidity and lifelong
disability among affected infants.

5. Conclusions

First pregnancy complications are associated with an increased risk for PTD in the
subsequent pregnancy, and specifically with PTD with maternal infectious disease in the

113



J. Clin. Med. 2021, 10, 1517

background, early PTDs, and possible spontaneous PTDs. First pregnancy, although ending
at term, may serve as a window of opportunity to identify women at risk for future PTD,
and PTD prevention strategies which are recommended for women with a history of PTD,
should be considered for women with history of these other pregnancy complications.
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Abstract: The vaginal microbiota plays a critical role in pregnancy. Bacteria from Lactobacillus spp.
are thought to maintain immune homeostasis and modulate the inflammatory responses against
pathogens implicated in cervical shortening, one of the risk factors for spontaneous preterm birth. We
studied vaginal microbiota in 46 pregnant women of predominantly Caucasian ethnicity diagnosed
with short cervix (<25 mm), and identified microbial communities associated with extreme cervical
shortening (≤10 mm). Vaginal microbiota was defined by 16S rRNA gene sequencing and clustered
into community state types (CSTs), based on dominance or depletion of Lactobacillus spp. No
correlation between CSTs distribution and maternal age or gestational age was revealed. CST-IV,
dominated by aerobic and anaerobic bacteria different than Lactobacilli, was associated with extreme
cervical shortening (odds ratio (OR) = 15.0, 95% confidence interval (CI) = 1.56–14.21; p = 0.019).
CST-III (L. iners-dominated) was also associated with extreme cervical shortening (OR = 6.4, 95%
CI = 1.32–31.03; p = 0.02). Gestational diabetes mellitus (GDM) was diagnosed in 10/46 women.
Bacterial richness was significantly higher in women experiencing this metabolic disorder, but no
association with cervical shortening was revealed by statistical analysis. Our study confirms that
Lactobacillus-depleted microbiota is significantly associated with an extremely short cervix in women
of predominantly Caucasian ethnicity, and also suggests an association between L. iners-dominated
microbiota (CST III) and cervical shortening.

Keywords: high-risk pregnancy; shortened cervix; microbiome; Lactobacillus

1. Introduction

The uterine cervix acts as a physical and immune barrier against pathogens’ passage into the
uterine cavity during pregnancy. Premature cervical remodeling, shortening, and dilation of the cervix
are known risk factors for spontaneous preterm birth (sPTB) [1–4] with the notion that the shorter
the cervix, the higher the risk of sPTB [1]. In addition to congenital disorders [5], genetic syndromes
(e.g., Ehlers–Danlos syndrome) [6] and progesterone deficiency [7], local inflammation secondary to

J. Clin. Med. 2020, 9, 3621; doi:10.3390/jcm9113621 www.mdpi.com/journal/jcm

117



J. Clin. Med. 2020, 9, 3621

changes in the cervico-vaginal microbiome is another mechanism that has been proposed to cause
cervical shortening [8].

Vaginal microbial communities are largely involved in preventing ascending infections from the
vagina into the uterine cavity by pathogens that can seriously compromise pregnancy [9,10]. At least
five microbial communities, referred to as community state types (CSTs), have been identified in the
vaginal microbiota of healthy reproductive-age non-pregnant women. Four CSTs are dominated by
Lactobacillus species, better adapted to the vaginal environment [11]. In particular, CST-I is dominated
by Lactobacillus crispatus, CST-II by L. gasseri, CST-III by L. iners, CST-V by L. jensenii. Each species
contributes to the first-line defense against bacterial, fungal, and viral pathogens through the release of
antimicrobial and anti-inflammatory products and the production of lactic acid that maintains a low
vaginal pH [10,12].

CST-IV is represented by polymicrobial communities that include species belonging to Gardnerella,
Atopobium, Mobiluncus, Megasphoera Prevotella, Streptococcus, Mycoplasma, Ureaplasma, Dialister, and
Bacteroides genera [11,13]. CST-IV is more common in African, African-American, and Hispanic
women, being detected in 40% to 60% of non-pregnant black women, depending on the country
analyzed [10,12,14]. In contrast, the prevalence of CST-IV in Caucasian women is around 10%, as
reported in cohorts of non-pregnant women [12,14,15]. High stability of the Lactobacillus community
was recorded during pregnancy [16,17]. Some reports indicated that the vaginal microbiota is more
stable during pregnancy than in non-pregnant women [17].

Recent results showed that the vaginal microbiota depleted by Lactobacillus spp. (CST-IV) is
associated with increased odds of having a short cervix and, that the concomitance of both CST-IV
and a short cervix increases the risk of sPTB [8,18]. These results were obtained in a large cohort of
pregnant women, mainly of Hispanic, African, African-American ethnicity, whose vaginal microbiota
in non-pregnant status is most frequently of the CST-IV type with few to no Lactobacillus spp.
detected [11,14].

Moreover, metabolic disorders during pregnancy, such as gestational diabetes mellitus (GDM),
are known to affect the composition of the vaginal microbiota and the immune homeostasis of the
vaginal environment, by being associated with an abundance of potential pathogens and an increase of
inflammatory cytokines [19].

In this study, we recruited a cohort of pregnant women (of whom 95% were of Caucasian ethnicity)
with sonographic evidence of cervical shortening (<25 mm) revealed in the second or early third
trimester of pregnancy. In particular, we aimed to characterize microbial communities associated
with cervical length ≤10 mm, which we defined as “extreme cervical shortening”, as it has been
associated with higher rates of PTB compared to a longer measurement of the cervix (e.g., 20 or 25 mm),
at different gestational ages [1,20]. The influence of GDM on vaginal microbiome composition and
cervical shortening was also studied.

2. Experimental Section

2.1. Study Population and Sample Collection

The study population consisted of asymptomatic pregnant women with singleton gestation who
were referred to the Preterm Birth Clinic of the Department of Obstetrics and Gynecology of Careggi
University Hospital (Florence, Italy) between 2014 and 2018 for a cervical length <25 mm in the second
or early third trimester (23–32 weeks’ gestation). The study was approved by the Ethical Committee
of Azienda Ospedaliero-Universitaria Careggi, Firenze (Ref. no. BIO14.0009- 09/07/2014), and all
women provided written informed consent. The patients were referred by their obstetricians who
detected cervical shortening on a transvaginal ultrasound performed during a routine prenatal visit.
Although not under a specific protocol, in private practice in Italy pregnant women are often offered
cervical length measurement and this can lead to a diagnosis of a short cervix even after 24–25 weeks of
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gestation. In some cases, particularly for women who had a cervical length<10 mm, it was the detection
of a shortened cervix on a vaginal exam that justified the ultrasound measurement of the cervix.

Exclusion criteria were a history of sPTB, previous surgery to the cervix (cone biopsy and large
loop excision), evidence of premature rupture of membranes or symptomatic uterine contractions at
the time of recruitment, the presence of fetal abnormalities, vaginal symptoms consistent with infection
at the time of enrolment, and the presence of a cervical cerclage or pessary in place at the time of
enrolment. All women who are referred to our preterm birth clinic undergo a full obstetric exam and
transvaginal ultrasound for assessment of cervical length and a complete medical history is collected
by the attending physician. For the purpose of this study, only patients with a singleton gestation and
short cervix who did not present any of the exclusion criteria were offered to participate in the study.

Gestational age (GA) was calculated based on the last menstrual period and confirmed by
ultrasound. Clinical and demographic information and obstetric history were collected from patients’
charts. Repeat measurement of the cervical length by transvaginal ultrasound was performed by trained
personnel to confirm cervical shortening at the time of study recruitment. All patients underwent
a complete clinical and vaginal examination. Vaginal secretions were collected by inserting a swab
approximately 4 to 5 cm into the vagina and gently rotating it several times. The swab was then
placed in phosphate-buffered saline (PBS) on ice for 30 min. After swab removal, samples were
centrifuged at 8000× g for 10 min, and pellet and supernatant were separately collected and stored at
−80 ◦C. Vaginal progesterone, at a dose of 200 mg daily, was prescribed to 33 patients after sample
collection and continued until 34 weeks or until delivery. Placement of a cerclage to prevent PTB in our
cohort of patients was not indicated, as “ultrasound-indicated” cerclage in women with short cervix
is only considered effective in patients with a history of prior sPTB, which none of our patients had.
In addition, none of the patients enrolled in the study received a pessary for prevention of preterm birth
after enrollment, either because they did not meet the criteria for pessary placement (cervical length
<20 mm before 24 weeks based on our hospital protocol), or because they refused it. On the other hand,
women who already had a pessary in place and were referred to the preterm birth clinic for follow-up
after discharge from the hospital were considered ineligible for the study, as the impact that the pessary
might have on the vaginal microbiota is unknown. All patients were followed until delivery in our
preterm birth clinic. Pregnancy and delivery outcomes were collected from patients’ charts.

2.2. Bacterial DNA Extraction, 16S Ribosomal RNA Gene Amplicon Preparation, and Illumina
MiSeq Sequencing

Bacterial genomic DNA was extracted from the thawed vaginal samples by using the QIAamp
DNA Mini Kit (Qiagen, Milano, Italy), following the manufacturer’s protocol. Quality control was
carried out by gel electrophoresis and measuring ng/μL of DNA by using Qubit 4 Fluorometer (Thermo
Fisher Scientific, Milan, Italy) and the related Qubit dsDNA HS (High Sensitivity) assay kit highly
selective for double-stranded DNA(Thermo Fisher Scientific, Italy). The library of 16S rRNA gene
amplicons was prepared by IGA Technology Services (Udine, Italy) through amplification of the V3-V4
hypervariable region by using specific-barcoded primers with overhanging adapters. The standard
protocol was followed according to the 16metagenomic sequencing library preparation guide from
Illumina (Part # 15044223 Rev. B; https://support.illumina.com/). Pooled V3-V4 amplicon libraries were
sequenced using the Illumina MiSeq platform.

2.3. Sequencing Analysis

The 300-bp paired-end reads obtained from Illumina MiSeq platform for each sample were
demultiplexed and quality checked using FastQC 0.11.5. Reads were further processed using the
MICCA pipeline (version 1.7.2, http://compmetagen.github.io/micca/) [21] for merging and filtering
of reads, chimera checking, and picking of operational taxonomic unit (OTU)/sequence variant (SV),
as reported by Meriggi et al. [22]. We obtained 5,705,871 total read counts, with an average per
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sample equal to 124,040 ± 47,905 (mean ± standard deviation (SD)). Sequence data are available at
http://www.ebi.ac.uk/ena/data/view/PRJEB37121, under the accession number PRJEB37121.

2.4. Microbiota Data Analysis

Sequence data analyses were performed in R (v.3.42; R Core Team, 2018), by using phyloseq
package v.1.22.3 [23]. Alpha diversity analysis and principal coordinate analysis (PCoA) ordination (beta
diversity) based on the Bray–Curtis distances and plots for microbial profile comparison among samples
were performed by using the Microbiome Analyst tool (https://www.microbiomeanalyst.ca/) [24],
providing OTUs and taxonomy tables and the metadata file. Data filtering was set to remove low-quality
features. Considering a total of 1182 OTUs number and 1082 OTUs with ≥2 counts, we fixed the low
count filter: minimum count (n = 2) and 20% prevalence in samples. Low variance filter: 10% of
features removed based on standard deviation. Count data were scaled based on cumulative sum
scaling (CSS).

Lactobacillus spp. were assigned based on the Basic Local Alignment Search Tool nucleotide
(BLASTn) software (National Center for Biotechnology Information-NCBI database). The highest
percentage of identity (Query cover 100% or 99% and Identity 99 or 95%) and expectation value
(E-value) was considered to select significant BLAST hits, keeping only outcomes with the lowest
E-value (minimal E-value of 10−3). Based on the Lactobacillus spp. assignment, Community State Types
(CSTs) were defined considering the relative abundance of Lactobacillus spp. (>60% in each sample),
and aerobic and anaerobic bacteria (ranging from 14 to 40%), as previously indicated [13].

Permutational multivariate analysis of variance (PERMANOVA) and diversity indices calculation
(OTU, Shannon, Chao), were calculated using the Microbiome Analyst tool (https://www.
microbiomeanalyst.ca/) [24].

To discover potential microbial biomarkers with statistical significance the linear discriminant
analysis (LDA) effect size (LEfSe) method was assessed. An alpha significance level of 0.05, either for
the factorial Kruskal–Wallis test among classes or for the pairwise Wilcoxon test between subclasses,
was used. A size-effect threshold of 2.0 on the logarithmic LDA score was applied for discriminative
microbial biomarkers.

2.5. Matrix Metalloproteinase-8 Concentration Measurement

From vaginal fluids, protein concentration was assessed by BCA assay (Euroclone, Milan, Italy).
A total of 60 micrograms of proteins was suspended in PBS and matrix metalloproteinase-8 (MMP-8)
concentration was determined by Immunoplex assay (Millipore, Burlington, MA, USA) using Bioplex
instrument [25].

2.6. Statistical Analysis

For continuous variables, multiple group comparisons were performed by the Kruskal–Wallis test,
while for two-group comparisons the Mann–Whitney U test was used. Spearman’s rank correlation
test was used to examine the relationships between two continuous variables. Analysis of covariance
(ANCOVA) was applied to compare cervix length among CSTs, obstetric diseases, and gestational
diabetes mellitus groups, adjusting for gestational age at sampling or for age of patients. For the
analysis of frequency, statistical analyses were performed using Fisher’s exact test. For each odds
ratio, a confidence interval at 95% (CI 95%) was shown, and the z test was applied to obtain a p-value
associated with OR. p < 0.05 was considered significant. Statistical analysis was performed using R
software version 4.0.2.
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3. Results

3.1. Population

During the study period, 174 potential study participants who met the inclusion criteria were
identified. Of these, 128 were excluded because they presented one or more of the exclusion criteria.
Therefore, 46 women were enrolled in the study. Table 1 summarizes demographic and clinical
information of the enrolled patients, including age (34.2 ± 6.7 years; mean ± SD), gestational age (GA)
at sampling (27.6 ± 2; mean ± SD), and pregnancy complications including GDM (diagnosed in 10/46
pregnant women, and requiring insulin treatment in 5 of them). GDM was diagnosed using the 2 h 75 g
oral glucose tolerance test at 24 to 28 weeks’ gestation, or earlier in patients at high risk for gestational
diabetes. The mean gestational age at diagnosis was 25.1 weeks. Vaginal infections that occurred later
in gestation were also reported. In our cohort of women, those enrolled at 28 to 32 weeks all had a
cervical length <20 mm and 38% of them had a cervical length <10 mm. Progesterone therapy was
administered to all women after sample collection to reduce the risk of sPTB throughout gestation.
Overall, 10 women (21.7%) delivered preterm (<37 weeks’ gestation): of these, three belonged to the
group with extreme cervical shortening (<11 mm), six to the group with cervical length 11–20 mm, and
only one to the group with cervical length 21–24 mm. The relationship between specific CSTs and PTB
was not analyzed, as the study was not powered to evaluate this outcome.

Table 1. Patient demographic and clinical information.

All Women,
n (%)

Stratification by Cervical Length (<25 mm) p-Value
(Chi Square Test)

1–10 mm 11–20 mm 21–24 mm

N. of enrolled women at
risk of sPTB 46 (100%) 15 (32.6%) 25 (54.3%) 6 (13%)

Ethnicity
Caucasian 44 (95.7%) 15 (100%) 23 (92%) 6 (100%)

Asian 1 (2.2%) 0 (0%) 1 (4%) 0 (0%)
North-African (Morocco) 1 (2.2%) 0 (0%) 1 (4%) 0 (0%)

Age at sampling (years);
mean ± SD 34.2 ± 6.7 34.1 ± 6.5 34.7 ± 7.1 32.2 ± 6.4

Gestational age at
sampling (weeks);

mean ± SD 27.6 ± 2 27.9 ± 2.2 27.6 ± 2.1 26.8 ± 1.5

Pregnancy complications

Vaginal infection 1 11 (23.9%) 5 (33.3%) 4 (16%) 1 (16.6%) 0.415
GDM 10 (21.7%) 1 (6.66%) 7 (28%) 2 (33.3%) 0.217

1 Vaginal infections included yeast infection and bacterial vaginosis (such as Streptococcus, Gardnerella, Ureaplasma,
Klebsiella and Citrobacter). These infections were diagnosed at a later gestational age than enrolment and sample
collection, when the patient reported vaginal symptoms. sPTB, Spontaneous preterm birth; GDM, gestational
diabetes mellitus

As the first step of our analysis, we evaluated whether maternal age and/or the presence of
GDM can affect cervical shortening. Supplementary Figure S1A shows that there were no significant
differences in cervical length between women with GDM and women who did not develop GDM.
Similarly, no significant correlations between GA at sampling or maternal age and cervical length were
detected (Supplementary Figure S1B,C).

3.2. Vaginal Microbiota Composition

The vaginal samples were first classified into two categories based on Lactobacillus abundance
(Figure 1A): (i) Lactobacillus-dominated (≥50% Lactobacillus spp.); and (ii) Lactobacillus-depleted
microbiota (<10% Lactobacillus spp.). The Lactobacillus-dominated microbiota category was the most
prevalent in our cohort (n = 40; 86.9%), while the Lactobacillus-depleted microbiota was only present
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in 6 women (13%). Spearman correlation analysis showed that the abundance of taxa belonging to
the Lactobacillus genus was positively correlated with cervical length (Spearman coefficient 0.421;
p = 0.01). Figure 1B shows that women with Lactobacillus-depleted microbiota had an extremely short
cervix length (<10 mm) and significant differences were recorded by comparing the cervical length
of these women with that of women with Lactobacillus-dominated microbiota. When the cervical
length of these two groups was adjusted for maternal age or GA, no interaction between grouping
variable (Lactobacillus-depleted/-dominated microbiota) and covariates was found by ANCOVA analysis
(Supplementary Table S1 and Figure S2), supporting the significance of differences in cervical length
between women with Lactobacillus-depleted microbiota and women with Lactobacillus-dominated
microbiota (Figure 1C,D).

 
Figure 1. Survey of vaginal microbiota and correlation with cervical length. (A) Overview of vaginal
microbiota grouped by Lactobacillus-depleted and Lactobacillus-dominated microbiota types. In each
barplot, the percentage of relative abundances at the genus level is showed. (B) Differences in cervical
length between women with Lactobacillus-depleted microbiota and women with Lactobacillus-dominated
microbiota. Data are presented as box and whisker plots, with boxes extending from the 25th to 75th
percentile and horizontal lines representing the median. Whiskers extend 1.5 times the interquartile
range from the 25th and 75th percentile. Statistical analysis was performed by Mann–Whitney assay.
p-value < 0.05 was considered as significant. (C,D) Analysis of covariance (ANCOVA) with grouping
variables and covariates (C) age and (D) gestational age at sampling. Scatter plot with regression lines
for the two groups (Lactobacillus-depleted/Lactobacillus-dominated microbiota).

3.3. Community State Type (CST) Distribution of Vaginal Microbiota

To deeper understand vaginal microbiota composition and to define microbial profiles associated
with extreme cervical shortening, we stratified vaginal microbiotas into the five major vaginal
community state types (CSTs), according to Ravel J et al. [11].

L. crispatus-dominated microbiota (CST-I) characterized 34.8% (n = 16) of pregnant women,
L. gasseri-dominated microbiota (CST-II) was present in 13% (n = 6), L. iners-dominated microbiota
(CST-III) in 32.6% (n = 15), L. jensenii-dominated microbiota (CST-V) in 6.5% (n = 3) of women (Table 2).
Lactobacillus-depleted microbiota, defined as CST-IV was found in 13% (n = 6) of our patients (Table 2).
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Fisher’s Exact test showed a statistically significant difference in the distribution of CSTs in women
with different cervical length (p = 0.007; Table 2).

Table 2. Distribution of CSTs in all recruited women, according to cervical length. We differentiated
the women with a very short cervix (1–10 mm) from the others (11–24 mm).

Cervical Length

All Women 1–10 mm 11–24 mm p-Value (Fisher’s Exact Test)

Total N 46 15 31

CST I
16

(34.8%)
3

(20.0%)
13

(41.9%)

0.007CST II
6

(13.0%)
0

(0.0%)
6

(19.4%)

CST III
15

(32.6%)
7

(46.7%)
8

(25.8%)

CST IV
6

(13.0%)
5

(33.3%)
1

(3.2%)

CST V
2

(6.5%)
0

(0.0%)
3

(9.7%)

To evaluate the distribution of cervical samples based on their microbial community composition,
we performed PCoA ordination based on Bray-Curtis distances (Figure 2). This analysis showed that
the distribution of the vaginal samples was clearly driven by CSTs (PERMANOVA, p = 0.001).

Figure 2. Beta diversity measure. Principal Coordinate Analysis (PCoA) ordination based on Bray
Curtis dissimilarities correlated with community state types (CSTs) (permutational multivariate analysis
of variance (PERMANOVA) 999 permutations; R2 = 0.740 p-value < 0.001). Samples belonging to
different CSTs are indicated with different colour dots.

Moreover, the differential abundance of Lactobacillus and Gardnerella genera reflected the
distribution among samples (Supplementary Figure S3; PERMANOVA R2 = 0.741; p < 0.001).
PERMANOVA analysis showed that no other variables, such as cervical length, or the presence
of GDM, differed between CST types (Supplementary Table S2).
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In accordance with the data shown in Figure 1B, OR calculation showed that vaginal microbiota
of CST-IV type was the main risk factor for extreme cervical shortening (OR = 15 CI = 1.56–144.0;
p = 0.019).

However, due to the high prevalence of women of Caucasian ethnicity in our cohort, CST-IV was
present in only 13% of vaginal swabs, while Lactobacillus-dominated CSTs were largely represented
in 87% of samples (Table 2). Thus, we decided to analyse only the Lactobacillus-dominated vaginal
microbiota samples. We observed that in 7/15 women (46.7%) with an extremely short cervix
(1–10 mm) the vaginal community was dominated by L. iners (Table 2). Statistical analyses
indeed showed that, among Lactobacillus-dominated CSTs (CST I, CST II, CST III, CST V), women
with CST III microbiota had the highest risk of having an extremely short cervix (OR = 6.4 CI
95% = 1.32–31.032; p-value = 0.024; Table 3). This suggests that CST-III might be the only community
among that Lactobacillus dominated-species possibly involved in the mechanisms leading to severe
cervical shortening.

Table 3. Association of CSTs and cervical shortening categorization.

Cervical Length

Vaginal Microbial
Community

1–10 mm 11–24 mm
p-Value

(Fisher’s Exact Test)
OR 95% CI p-Value OR

L. iners-dominated
community (CST III)

7
(46.7%)

8
(25.8%) 0.191 2.52 0.69–9.18 0.16

other CSTs
8

(53.3%)
23

(74.2%)

L. iners-dominated
community (CST III)

7
(70.0%)

8
(26.7%) 0.024 6.417 1.327–31.032 0.021

other Lactobacillus
spp.-dominated

community (CST I,
CST II, CST V)

3
(30.0%)

22
(73.3%)

We also measured MMP-8 concentration in supernatant of cervical samples, since this enzyme is
known to compromise the epithelial barrier integrity [26] and was found to be strongly associated with
cervical shortening [27]. We found an increased concentration of MMP-8 in women with CST III and
CST IV microbiota compared to other CSTs groups (Lactobacillus-dominated community; CST I, CST II,
and CST V). The difference, however, did not reach statistical significance (Supplementary Figure S4).

3.4. Cervical Shortening, Microbial Diversity and Enrichment of Bacterial Taxa

When pregnant women were stratified in three subgroups based on cervical shortening (1–10 mm,
11–20 mm, 21–24 mm), microbial diversity seemed to increase with progressive cervical shortening, as
shown by barplot configuration of microbiota composition in vaginal samples (Figure 3A). We used
these groups of samples to further identify differential microbial profiles associated with cervical
shortening. In particular, a progressive reduction of Lactobacillus spp. and an increase of Gardnerella,
Streptococcus, Enterococcus and Prevotella genera were evident in groups with the shortest cervix
(Figure 3A). Estimation of species richness (alpha diversity) was also measured (Supplementary
Figure S5). Although a trend toward an increased microbial diversity was evident in the 1–10 mm and
11–20 mm groups compared to the 21–24 mm group, no statistically significant differences in species
richness were observed by ANOVA analysis.

The enrichment of selected bacterial taxa in groups of women with different cervical length
was evaluated by LEfSe. By pairwise comparison of vaginal samples of women with cervical length
1–10 mm versus 21–24 mm (Figure 3B), we confirmed enrichment of Lactobacillus spp. in women with
cervical length approaching the limit of 25 mm (21–24 mm). Taxa from the Bifidobacteriaceae family
and, in particular, Gardnerella genus were enriched in women with a cervical length ranging from 11 to
20 mm, compared with women with a cervical length of 21–24 mm (Figure 3C). LEfSe, however, did
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not show discriminative bacterial profiles when samples of women with cervical length between 1 and
10 mm were compared to those of women with cervical length between 11 and 20 mm.

Figure 3. Microbiome profiles in vaginal samples according to cervical shortening categorization.
(A) Barplot of vaginal swab samples was stratified based on cervical shortening (1–10 mm, 11–20 mm,
21–24 mm). The percentage of bacterial relative abundances (average) at the genus level is showed.
(B,C) Metagenomic biomarker discovery by linear discriminant analysis effect size (LEfSe) analysis.
Comparison of enriched taxa between vaginal samples of women with cervix length (B) 1–10 mm
vs. 21–24 mm, and (C) 11–20 mm vs. 21–24 mm. Results indicated the statistically significant taxa
enrichment among groups (Alpha value = 0.05 for the factorial Kruskal–Wallis test among classes).
The threshold for the logarithmic LDA score was 2.0.

3.5. Gestational Diabetes Mellitus, Vaginal Microbiota Profile and Cervical Shortening

In our cohort, 21.7% (10/46) of pregnant women were diagnosed with GDM (Table 1), a metabolic
disorder that may affect the composition of the vaginal microbiota [19]. CSTs distribution of microbiota
from women with GDM revealed 3 CST-I, 3 CST-III, 3 CST IV, and 1 CST-V. No difference in the

125



J. Clin. Med. 2020, 9, 3621

distribution of samples based on GDM was highlighted by the PCoA ordination (PERMANOVA;
Supplementary Table S2). Moreover, as indicated above, Figure 1A shows no statistically significant
differences in the cervical length between women with GDM and those not affected.

Although the number of women with GDM was limited, we noted that alpha diversity indexes
(observed OTUs and Chao I) were significantly higher in women experiencing GDM compared with
non-diabetic women (Figure 4A).

Figure 4. Vaginal microbiome profiles of women experiencing GDM during the pregnancy. (A) Alpha
diversity (observed operational taxonomic units (OTUs), Chao I and Shannon indexes; p-values by
Kruskal–Wallis test). (B) LEfSe analysis. Comparison of enriched taxa between vaginal samples of
women with GDM and normal glucose-tolerant women. Results indicated the statistically significant
taxa enrichment among groups (Alpha value = 0.05 for the factorial Kruskal–Wallis test among classes).
The threshold for the logarithmic LDA score was 2.0.
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To investigate the reasons for this increase in bacterial richness in more depth, we compared
vaginal microbial profiles of women experiencing GDM during pregnancy with those of non-diabetic
women. LEfSe analysis revealed significant enrichment of taxa in association with GDM, such as
Fusobacterium, Mobiluncus, Prevotella, Brevibacterium, and taxa from the families of Enterobacteriaceae
(Campylobacter, Haemophilus), Aerococcaceae, Sutterellaceae and Lachnospiraceae (Figure 4B). When women
with GDM were considered as a subclass stratified based on cervical shortening, LEfSe analysis did not
reveal significant enrichment of bacterial taxa, indicating no association between specific microbiota
profiles and short cervix in women with GDM.

4. Discussion

In our study, microbiota analysis of vaginal fluids was performed in a selected cohort of pregnant
women with cervical shortening during the second or early third trimester of pregnancy, to identify
vaginal communities associated with “extreme” cervical shortening (1–10 mm), a high-risk factor for
spontaneous preterm birth [1–3]. A cervical length shorter than 10 mm is considered abnormal (below
the 5th or 10th percentile for gestational age) even at 28–32 weeks’ gestation [1,20]. Iams et al. [1]
reported that the relative risk of PTB increased as the length of the cervix decreased: they observed
that the RR for PTB was 9.49 (95% CI 5.95–15.15) for lengths at or below the 5th percentile at 24 weeks
(22 mm), and 13.99 (95% CI 7.89 to 24.78) for lengths at or below the 1st percentile (13 mm), compared
with those above the 75th percentile. At 28 weeks, the corresponding relative risks for preterm delivery
were 13.88 and 24.94.

In agreement with Gerson et al. [8], we found that Lactobacillus-abundance was positively correlated
with cervical length. In contrast, Lactobacillus-depleted communities, which define the microbiota
commonly named CST-IV [11], were significantly associated with increased odds of extreme cervical
shortening (OR = 15 CI = 1.56–144; p = 0.019). Taking into account the higher stability of vaginal
microbiota during pregnancy compared to non-pregnant status [17], these data reinforce the concept
that Lactobacillus-depleted communities leading to vaginal dysbiosis are a risk factor for cervical
insufficiency and remodeling of the cervix during pregnancy. Lactobacillus-dominated communities
of the vagina are known to inhibit the adhesion and proliferation of opportunistic and primary
pathogens [28] through multiple mechanisms including the production of antimicrobial compounds,
such as hydrogen peroxide, lactic acid and/or bacteriocins, acting as a biosurfactant on the vaginal
epithelium [10].

The occurrence of communities with low proportions or no detectable Lactobacillus spp. are
relatively uncommon in the vaginal environment of non-pregnant white Caucasian women (10.3%) or
Asian women (19.8%) compared with Hispanic (38.1%) and Black (40.4%) women [11].

In our cohort, white Caucasian women represented 96% of cases, Asian 2.1%, and only one woman
was from North-Africa (Arabian ethnicity). Lactobacillus-dominated communities were present in
86% of vaginal swabs. Although our data confirmed the association between CST-IV and extremely
short cervix [8], we also evaluated whether other microbial communities, more represented in white
Caucasian women, could also be associated with the risk of an extremely short cervix. Our results
showed that about half of women with L. iners-dominated communities (CST-III) had an extremely
short cervix at the time of sampling, suggesting that L. iners may play a role in the mechanisms of
cervical shortening and remodeling during pregnancy. Compared to the other species of Lactobacilli
evolutionary adapted in the vaginal environment, L. iners is the species with the lowest ability to
contrast infections from external pathogens or pathobionts. L. iners produces D-lactate instead of
L-lactate, low amounts of antimicrobial peptides, and has reduced ability to bind epithelial cells [12].
For these reasons, L. iners has reduced ability to prevent the enrichment of Gardnerella and other bacteria
causing bacterial vaginosis and it is better adapted to vaginal dysbiosis-associated conditions, such as
an elevated pH and the presence of polymicrobial communities [10,12,29,30].

L. iners has been suggested as a marker of microbial imbalance leading to bacterial vaginosis [31].
Moreover, it was reported that L. iners increases ectocervical and endocervical permeability, suggesting
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that this bacterial species is less active in modulating inflammatory processes that could have negative
consequences on cervical length during pregnancy [31].

Kindinger et al. [32] found a significant positive association between L. iners-dominated
communities (CST-III) and the occurrence of spontaneous pre-term birth in a cohort of predominantly
Caucasian and Asian women. In our study, the L. iners-dominated community was the only Lactobacillus-
enriched community significantly associated with an extremely short cervix (1–10 mm; OR = 6.4;
p = 0.02) suggesting that, besides CST-IV, CST-III may serve as a marker of increased risk of extreme
cervical shortening, in particular in women of Caucasian ethnicity.

Finally, it is known that insulin resistance, weight gain and increased inflammation in women
developing GDM may play a role in favoring adaptation of microbial communities that are different
from those of non-diabetic women [19]. An abundance of potentially pathogenic bacteria and an
increase of inflammatory cytokines expression have been described in the vaginal microbiome of
women with GDM. We thus investigated whether, in our cohort, women experiencing GDM during
pregnancy have a different vaginal microbial profile compared to women who did not develop GDM.
In accordance with Cortez et al. [19], we found that the vaginal microbial profiles of women with
GDM were enriched of bacterial taxa abundant in vaginal dysbiosis or associated with a viral infection,
inflammation or epithelial adhesiveness [13,33] compared to non-diabetic women. Despite these
results, we could not associate GDM with extreme cervical shortening. Further studies in a larger
cohort of pregnant women are needed to define whether GDM or other complications during the
pregnancy are involved in the mechanism leading to cervical shortening.

Strengths of the present study include the cross-sectional design and the selection of a group of
mostly Caucasian women, who generally have a vaginal microbiota enriched with Lactobacillus spp.
compared to other ethnicities, to investigate the association between microbial profiles/CSTs and a
shortened cervical length. Furthermore, vaginal sampling was performed before any mitigative or
therapeutic measures in order to limit the amount of confounding factors.

This study presents some limitations: (i) only one sample of vaginal fluid was collected from
each woman for vaginal microbiota investigation. This may represent a limitation, as it does not
allow for evaluating the dynamics of the microbiota with progressive cervical shortening during
pregnancy. However, some evidence indicated that, during physiologic pregnancy, vaginal microbiota
is more stable compared to non-pregnant women [18]; (ii) assessing the global vaginal microbiota
community by 16S rRNA gene-based amplicon sequencing limits the evaluation of every single
bacterial contribution to the mechanisms leading to cervical shortening; (iii) we could not draw any
conclusion on the relationship between specific CSTs and PTB, as the study was not powered to
evaluate this outcome. Moreover, the treatment of most women with progesterone therapy limited
the ability to evaluate such association; (iv) the study did not include a control group of women with
cervical length >25 mm, which would have allowed comparison of microbial profiles according to
cervical length; (v): the exclusion of patients who had a pessary placed for prevention of PTB could
represent a selection bias. At the time of the study at our institution, the cervical pessary was placed,
with specific indications, during hospital admission and then the patients received follow-up at our
preterm birth clinic. Therefore, we did not include this subset of patients, as the impact that the pessary
might have on the vaginal microbiota is not well known.

This study showed that CST-IV is a risk factor for extreme cervical shortening in Caucasian women.
L. iners-dominated community (CST III), a type of vaginal microbiota much more common in white
Caucasian women, was identified as an additional risk factor for extreme cervical shortening. Future
studies exploring the microbial contribution to the mechanisms leading to severe cervical shortening
will be crucial in predicting susceptibility to sPTB.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/9/11/3621/s1,
Figure S1: (a) Differences in cervical length (mm) between patients with or without GDM. Statistical analysis
was performed by the Mann–Whitney test, p-value = 0.161. (b) The relationship between cervical length (mm)
and gestational age (weeks) was investigated by the Spearman’s rank correlation test. No statistically significant
correlation was found (Spearman’s rank correlation coefficient −0.108, p value = 0.475). (c) The relationship
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between cervical length (mm) and age (years) was investigated by Spearman’s rank correlation test. No statistically
significant correlation was found (Spearman’s rank correlation coefficient 0.0451, p-value = 0.766). Figure S2:
Subgroups examination and ANCOVA analysis. (a) The ANCOVA analysis shows that no differences in cervical
length between women with or without gestational diabetes mellitus were found when the data were adjusted
for gestational age at sampling (p-value 0.308). The same analysis shows that no correlation exists between
gestational age and cervical length in each subgroup considered. In addition, the ANCOVA analysis revealed that
no interaction between the covariate (gestational age at sampling) and grouping variables (gestational diabetes
mellitus) exist (p-value 0.851). Left panel: scatter plot with regression lines for the two groups (diabetes mellitus
yes or no); right panel: output from R software version 4.0.2 for ANCOVA analysis. (b) The ANCOVA analysis
shows that no differences in cervical length between women with or without gestational diabetes mellitus were
found when the data were adjusted for gestational age at sampling (p-value 0.253). The same analysis shows that
no correlation exists between gestational age and cervix length in each subgroup considered. In addition, the
ANCOVA analysis revealed that no interaction between the covariate (gestational age at sampling) and grouping
variables (gestational diabetes mellitus) exist (p-value 0.741). Left panel: scatter plot with regression lines for
the two groups (diabetes mellitus yes or no); right panel: output from R software version 4.0.2 for ANCOVA
analysis. Figure S3: PCoA ordination, based on Bray Curtis dissimilarities, correlated with (a) Lactobacillus spp.
and (b) Gardnerella spp. abundances. Colors from red to green indicate a decreasing abundance of the bacterial
genus (PERMANOVA 999 permutations; R20.740 p-value < 0.001). Figure S4: Matrix metalloprotease 8 (MMP-8)
concentration in vaginal samples of a subgroup of women. Data from pregnant women with vaginal microbiota
of CST-I, CST-II, and CST-V (Lactobacillus-dominated community) were compared with data from women with
CST-III (L. iners-dominated) and CST-IV (Lactobacillus-depleted). Data are presented as box and whisker plots,
with boxes extending from the 25th to 75th percentile and horizontal lines representing the median. Whiskers
extend 1.5 times the interquartile range from the 25th and 75th percentile. Statistical analysis, performed by the
Mann–Whitney assay did not reveal significant differences. Figure S5: Alpha diversity measures. Box plots of
observed OTUs, Chao 1, and Shannon index according to the cervical length classification. ANOVA test resulted
not significant for all comparisons. Table S1: ANCOVA analysis with microbiota as a grouping variable and
gestational age at sampling as covariate adjustment. The output from R software version 4.0.2 for ANCOVA
analysis. Table S2: PERMANOVA analysis on PCoA ordination of vaginal microbiota samples.
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Abstract: Gestational age at birth is a critical factor for perinatal and adulthood outcomes, and
even for transgenerational conditions’ effects. Preterm birth (PTB) (prematurity) is still the main
determinant for infant mortality and morbidity leading cause of infant morbidity and mortality.
Unfortunately, preterm birth (PTB) is a relevant public health issue worldwide and the global PTB
rate is around 11%. The premature activation of labor is underlined by complex mechanisms, with a
multifactorial origin influenced by numerous known and probably unknown triggers. The possible
mechanisms involved in a too early labor activation have been partially explained, and involve
chemokines, receptors, and imbalanced inflammatory paths. Strategies for the early detection and
prevention of this obstetric condition were proposed in clinical settings with interesting results.
Progesterone has been demonstrated to have a key role in PTB prevention, showing several posi-
tive effects, such as lower prostaglandin synthesis, the inhibition of cervical stromal degradation,
modulating the inflammatory response, reducing gap junction formation, and decreasing myome-
trial activation. The available scientific knowledge, data and recommendations address multiple
current areas of debate regarding the use of progesterone in multifetal gestation, including different
formulations, doses and routes of administration and its safety profile in pregnancy.

Keywords: preterm birth; risk factors; prevention; 17-OHPC; micronized progesterone; perinatal
outcomes; recommendations

1. Introduction

Preterm birth is defined by the World Health Organization (WHO) as delivery before
37 completed weeks of gestation. About 85% of these premature births occur at 32 to
36 weeks, 10% are born at 28–31 weeks, and 5% at <28 weeks of gestation (extremely
preterm babies).

Being born too soon is an important cause of infant deaths from prematurity every
year, and many preterm newborns have long term disabilities. About 15 million babies
are born preterm annually, with an increasing trend in cases rates worldwide, putting the
global PTB rate at 11% [1–3].

There is growing evidence that the progesterone can be useful in high risk pregnancies
for preterm birth. The use of progestogens has been extensively studied over the years and
it is still a topic of interest in current research [4–13]. Expert researchers suggest that the
rate of PTB may be reduced by the prophylactic use of progesterone, especially in women
with a high risk profile, including a previous history of spontaneous preterm delivery
and in women revealed to have a short cervical length (CL) at transvaginal ultrasound
(TVU) [14].
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The complex pathogenesis of preterm labor activation makes reliable prediction dif-
ficult [15]. An obstetric history of spontaneous preterm birth (sPTB) is considered the
strongest predicting factor. sPTB recurs in 35 to 50% of pregnancies, and the risk of a
recurrent event recurrence is proportional to the number of prior spontaneous preterm
deliveries. Several other risk factors have been associated with at the evidence surrounding
the variability of this obstetric event, including non-Hispanic Black race, low socioeconomic
status, midtrimester cervical length <25 mm, cervical-vaginal infections, history of cervical
surgery procedures, maternal smoking, poor or no prenatal care, uterine overdistension,
decidual hemorrhage, and short interpregnancy interval. Others conditions possibly as-
sociated with spontaneous preterm birth are multiple pregnancy, pregnancy derived by
assisted reproductive techniques (ART), periodontal disease, maternal anemia, environ-
mental factors and epigenetics [16]. Recently, experts advocated that a possible association
may exist between environment and preterm birth. How pollution and other contaminants
may induce maternal-fetal effects is still unexplained; however, some researchers have
demonstrated the probable influence of air pollution on epigenetic effects. Other recent
scientific evidence suggests that epigenetics may, in turn, be linked to preterm labor [17].

Table 1 lists the known risk factors, the level of association and the possible interven-
tions for PTB.

Table 1. Risk factors, level of association with spontaneous PTB, available preventive-therapeutic
interventions [15–22].

Risk Factors
Associations with
Spontaneous PTB

Available
Interventions

Ethnicity (black) X No
Maternal age (young age and advanced age) X Yes

Domestic violence XX Yes
Low socioeconomic status XX ?

Stress, despression, negative life events XX Yes
Hard work XX Yes

No or poor prenatal care XX Yes
Smoking, substance abuse (cocaine) X Yes

Alcohol, caffeine X Yes
Pre-pregnancy BMI, weight gain in pregnancy X Yes
Previous preterm delivery or second trimester

pregnancy loss XXX Yes

Previous cone biospy/cervix surgery XX ?
Previous cesarean section X Yes
Mullerian abnormalities X No, Yes or ?

Parity (nulliparity?) X -
Short inter-pregnancy interval (<12 months) X Yes or ?

Family history for PTB, genetics X No
Male baby X No

Reproductive system disorders, treatments, ART X Yes
Maternal medical disorders

(preeclampsia, diabetes, others) X No, Yes or ?

Multiple pregnancy XXX Yes
Vaginal bleeding X No or?

Cervico-vaginal infections XX Yes
Uterine contractility X Yes

Short cervix/Cervical modification (during antenatal
surveillance) XX Yes

Periodontitis X Yes
Maternal anemia X Yes

Environmental factors and epigenetics X ?
-: not applicable; PTB: preterm birth; ART: assisted reproductive technologies; BMI: body mass index; X: weak
demonstrated association; XX: mild demonstrated association; XXX: strong demonstrated assoccation; ?: as-yet
unidentified interventions.
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Extensive data reported that the ultrasound measurement of CL at mid-gestation may
be a useful strategy for predicting the risk of pretem birth delivery for both singleton and
twin pregnancies [18–22]. A growing body of studies agree that the administration of
progestogens to high-risk women, mainly with a singleton pregnancy, significantly reduces
the rate of sPTB [4–8,23–25]. A lack of strong evidence and controversial opinions exist on
progesterone’s usefulness in twin/multifetal pregnancies.

2. Progesterone: Biochemical “Identikit” and Rationale for Use

The history of progesterone (PG) is long and characterized by numerous and fascinat-
ing chronological steps, and it is probably destinated to have a “never-ending history”, as
discussed in a recent paper [26,27]. Progesterone is probably the oldest hormone scientists
know about. The terms “progestogens” or “progestagens” refer to natural or synthetic
chemical forms with progestational activity.

Nowadays, the pharmacokinetic and pharmacodynamic features of progesterone are
well-known.

The understanding of the pharmacodynamics of progesterone in preterm labor preven-
tion is based on the evidence that it relaxes the uterus throughout pregnancy by inhibiting
the expression of estrogen receptor alpha (ER-a) and reducing sensitivity to estrogen [28].
Overall, progesterone shows numerous functions on the myometrium: it has been shown
to induce high levels of cyclic adenosine mono phosphate (cAMP) and time-dependent
stimulation of nitric oxide synthetase (NOS), as well as to inhibit the myometrial gap
junctions’ (channels made of connexin 43) formation. Natural progesterone (P4) and its
metabolites promote uterine quiescence both through interactions between nuclear and
membrane P4 receptors and by inducing low levels of the inflammatory prostaglandins
(via cyclooxygenase), oxytocin and intracellular calcium [29–32].

The route of administration seems crucial in determining the optimal pharmacody-
namic profile of P4 and in obtaining the desired clinical effects. Most of the body of scientific
evidence regards the vaginal, intramuscular and oral routes, as discussed below. The most
important revolution in theme of progesterone is the development of micronization process,
which led to further optimization of clinical effects and objectives deriving from its use. The
micronization of progesterone and its suspension in oil-filled capsules was first studied in
the late 1970s; this allowed progesterone to be absorbed more efficiently by the traditional
oral route [26].

Nowadays, micronized progesterone products are largely preferred and used in
obstetrics (and not only in this field) for many medical conditions, including threatened
miscarriage, recurrent pregnancy loss and PTB prevention [26,33,34]. Based on the major
part of consistent researches, the vaginal administration would be the best option to use
due to the better concentrations that reach the uterus for the “first uterine pass effect”
and to avoid the unwanted side effects such as nausea, headache, and sleepiness derived
from oral route [26,35]. Table 2 reports the main e biochemical, immune and hormonal
mechanisms of progesterone that are involved in the maintenance of pregnancy.

Table 2. Pharmacodynamic identikit of progesterone in pregnancy maintenance [26–32].

Biochemical, Immune and Hormonal Effects + −
Maternal immune responses modulation (fetus as semiallogenic transplant—needs protection) +

Utero-placental perfusion changes and improvements +
Myometrial/uterine relaxation through: +

-Estrogen receptors (ER-alpha) expression −
-Estrogen sensitivity −

-Oxytocin receptors antagonization −
-Levels of cyclic adenosine mono phosphate (cAMP) +

-Nitric oxide synthetase (NOS) +
-Formation of myometrial gap junctions (channels made of connexin 43) −

Cervix integrity promotion +
Suppression of fetal immunoplacental inflammatory response +

Cervix ripening +
CRH (corticotrophin releasing hormone) and cortisol levels −

Prostaglandins release −
Vaginal microbiota influence (for vaginal administration) +
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3. Progesterone and PTB: Where We Are Now

The current best approach to limit the preterm birth burden is based on early detection
risk and prevention by multilevel and even combined strategies. In recent years, inter-
national and national societies have shown a great need to identify and manage women
at risk of delivering prematurely, developing and sharing recommendations that are not
absolute but which are, nevertheless, useful [36].

3.1. Identification of PTB High Risk Women

The traditional method of antenatal screening is based on an accurate history based
on factors such as maternal age, race, smoking status, and previous and current obstetric
history. The available risk scoring systems, which attempt to define the pregnancy’s level
of risk, have been shown to have a scarce detection rate and a high false-positive rate [37].
An alternative strategy is to identify high risk women by cervical length measurement
at 20–24 weeks of gestation [14,18,19]. Studies revealed that in both singleton [14,18,19]
and twin pregnancies [14] the rate of early spontaneous birth can be predicted from the
measurement of CL in this gestational period.

Thus, measuring cervical length by TVU is a simple and effective test for the preven-
tion of PTB, but routine CL screening is not clearly recommended by some international
societies [37–41]. Furthermore, both the American College of Obstetricians and Gynecolo-
gists (ACOG) and the Society for Maternal–Fetal Medicine (SMFM) recognize that such a
screening strategy may be considered [38–40].

The FIGO Working Group on Best Practice in maternal-fetal medicine was clear in
its statement in favor of the universal screening of pregnant women by mid-trimester
TVU evaluation of the cervical length as a useful intervention to decrease preterm births
in pregnant women with a short cervix [36,42]. Similarly, the European Association of
Perinatal Medicine had approved the universal CL screening as a relevant PTB detection
strategy [43].

Once risk assessment is established, the choice on how to manage risk may involve one
or a combination of several preventive strategies. Regarding progesterone use, differences
exist worldwide.

3.2. Management of Short Cervix in Singleton Gestation with NO History of sPTB

Given the association of cervical shortening with preterm birth, several interven-
tions aimed at decreasing the PTB rate have been investigated, including intramuscular
17-hydroxyprogesterone caproate (17-OHPC), cerclage, cervical pessary, and vaginal pro-
gesterone [9,44–47]. Studies of pessary and cerclage have produced conflicting results,
while 17-OHCP treatment has failed to demonstrate benefit when prescribed for the indica-
tion of cervical shortening. The results have been consistently more beneficial and salutary
for vaginal progesterone route. In a large multicenter trial, women with a cervical length
<30 mm at 16 to 22 weeks were randomized to receive weekly injections of 17-OHPC or
placebo. The rate of preterm delivery was similar between groups (25.1% vs. 24.2%, RR
1.03, 95% CI 0.79–1.35), and no improvement was seen in neonatal outcomes [45]. Two
smaller studies produced conflicting results on the efficacy of 17-OHPC in the setting of
short cervix, with one study demonstrating benefit similar to vaginal progesterone and
the other demonstrating no advantage in preterm birth rate reduction. The efficacy of
vaginal administration in women with a sonographic diagnosis of short cervix has been
reported by two multicenter, randomized controlled trials and by independent patient-level
meta-analyses that included data from these studies and several smaller trials. Fonseca et al.
conducted a double-blind trial that randomized women with a cervical length ≤15 mm to
200 mg vaginal progesterone or placebo [5]. A total of 413 women were treated from 24 to
34 weeks’ gestation. Delivery prior to 34 weeks was reduced to 19.2% in the group that
received vaginal progesterone vs. 34.4% in the placebo group (RR 0.56, 95% CI 0.36–0.86).
Eighty-five percent of the women included in this study had no history of preterm birth.
In a subgroup analysis of these women, a relevant reduction in preterm birth rate at
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<34 weeks was noted in women with a short cervix (≤15 mm) who received progesterone
(RR 0.57, 95% CI 0.35–0.93) [5]. The PREGNANT trial reported that administration of
vaginal progesterone gel (dose of 90 mg) in a pregnant group with a cervical length of
10 to 20 mm identified at mid-gestation resulted in a significant reduction in PTB rate
at <33 weeks of gestation (8.9% vs. 16.1%, RR 0.55, 95% CI 0.33–0.92) [48]. Moreover,
this study showed neonatal benefits, with a significant reduction in respiratory distress
syndrome (RR 0.39, 95% CI 0.17–0.92). Only 16% of the enrolled population had a history
of previous PTB, and even after excluding these subjects, progesterone remained associated
with a relevant benefit in the setting of isolated short cervix (RR 0.50, 95% CI 0.27–0.90) [48].
A 2018 meta-analysis incorporated data on 974 singleton pregnancies with a CL ≤25 mm
and described a decreased risk of preterm birth at <32 weeks of gestation (RR 0.64, 95%
CI 0.48–0.86) with vaginal progesterone treatment; preterm deliveries at <28, <34, and
<37 weeks of gestation were reduced as well. In addition, the meta-analysis showed a
reduction in neonatal morbidity and mortality (RR 0.59, 95% CI 0.38–0.91), as well as a
reduction in birthweight <2500 g and <1500 g [46]. Treatment with vaginal progesterone
following the diagnosis of a short cervix and the threshold of cervical length at which to
start treatment remain areas of debate. The US Food and Drug Administration (FDA) did
not approve vaginal progesterone for the indication of preterm birth prevention in the
setting of short CL, in part because data from the PREGNANT trial failed to demonstrate
a benefit when only US patients were analyzed. In addition, the FDA declined approval
because vaginal progesterone did not appear to be effective in Black or obese women.
Despite debate about the clinical utility in all subgroups, given the data on the potential
benefit and lack of harm, the ACOG and SMFM have recommended vaginal progesterone
as a useful strategy for pregnant women with a short cervix [39]. In addition, with evidence
of the benefits of vaginal progesterone administration in the setting of a short cervix and
its cost-effectiveness, some experts have recommended universal cervical length screening
for asymptomatic women without a prior preterm delivery [48–50]. The cost-effectiveness
of such recommendations, however, is founded on a single, not serial, cervical length
measurement at the time of mid-trimester ultrasound examination [51].

3.3. Management of Short Cervix in Singleton Gestation with History of sPTB

The National Institute of Child Health and Human Development (NICHD) Maternal–
Fetal Medicine Units Network conducted a multicenter double-blind randomized con-
trolled trial of 463 women with a singleton pregnancy and prior spontaneous preterm birth
between 16 and 36 weeks who received 17-OHPC or placebo. Treatment with 17-OHPC
was associated with a 34% reduction in recurrent preterm birth at <37 weeks of gestation
(from 54.9 to 36.3%), as well as significant reductions at <32 and <35 weeks and decreased
infant complications, such as intraventricular hemorrhage, necrotizing enterocolitis, and
need for supplemental oxygen [13]. In 2011, the FDA approved 17-OHPC for prevention
of recurrent preterm birth and it became the standard of care in the United States. More
recently, research showed that 17-OHPC administration did not reduce the rate of preterm
birth at <37 weeks of gestation (17-OHPC 11% vs. placebo 11.5%), nor did it reduce neona-
tal morbidity (5.6% vs. 5.0%) [52]. This study could not recruit well in the USA because
17-OHPC was already on the market and incorporated into the standard care for women
with prior PTB, resulting in significant demographic and risk differences between the
PROLONG trial and the NICHD study. Only 22% of patients enrolled in PROLONG were
from the USA; 61% were from Russia and Ukraine. In addition, only 1.1% of patients had
a cervical length <25 mm and only 7% of the patients were Black—two of the greatest
risk factors for preterm birth. These differences in study populations and the conflicting
results of the two trials have introduced considerable uncertainty and controversy into
the management of patients with prior preterm birth with 17-OHPC. The FDA convened
an advisory panel to review the data on 17-OHPC. The panel voted to recommend that
the drug be removed from the market [53]. In October 2020, the FDA Center for Drug
Evaluation and Research proposed withdrawal of 17-OHPC from the market. The final
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decision is subject to potential additional public hearings and a ruling from the FDA
Commissioner [54].

A 2020 statement from SMFM concludes that providers can reasonably continue to
use 17-OHPC in women with a risk profile similar to that of the enrollees in the NICHD
study [55]. Given the preponderance of data in a USA population, the SMFM states
that women with a singleton gestation and a history of prior sPTB may be prescribed
intramuscular administration of 250 mg 17-OHPC weekly, starting at 16 to 20 weeks of
gestation until 36 weeks of gestation or delivery. If 17-OHPC is not available or the patient
declines this option, vaginal progesterone may be a reasonable alternative [55].

The clinical advantage of vaginal progesterone has been largely investigated and
supported in women with prior spontaneous preterm delivery. While subsequent studies
have produced mixed results, a 2019 meta-analysis readdressed the question of the optimal
intervention for women with a prior preterm birth and confirmed that vaginal progesterone
treatment was associated with a reduction in recurrent preterm birth at <34 weeks (OR
0.29, 95% CI 0.12–0.68) and <37 weeks (OR 0.43, 95% CI 0.23–0.74) [56].

At the present, the debate on intramuscular 17-OHPC, vaginal progesterone and which
route and formulation is better is still open. The EPPPIC study group reported results of a
meta-analysis, in which data from 31 trials were included. The authors considered trials
of both singleton and multifetal pregnancies comparing vaginal, intramuscular and oral
progesterone administration with control, or with each other. Compared with controls,
both the vaginal route and the intramuscular 17-OHPC reduced the risk of PTB before
34 weeks for singleton pregnancies in high risk women, with a 22% reduction in the relative
risk (RR) for participants who received vaginal progesterone (nine trials, 3769 women),
and 17% reduction for those received 17-OHPC (five trials, 3053 women) [57]. Importantly,
given that the upper confidence limit crosses the line of no effect, the reported implication
that 17-hydroxyprogesterone caproate (17-OHPC) “reduced birth before 34 week in high-
risk singleton pregnancies” is not justified in light of its lack of statistical significance.
This erroneous conclusion could have serious consequences, as 17-OHCP does not have a
good safety profile. It is well-established, including randomized evidence, that 17-OHCP
causes gestational diabetes mellitus [58], a condition with adverse maternal and neonatal
outcome. 17-OHCP is also associated with higher group B streptococcus (GBS) maternal
colonization (a well-known contributor to neonatal morbidity and mortality) compared to
vaginal progesterone administration [59]. There is also a known increase of cancer in the
offspring of mothers treated with 17-OHCP, as reported at the Endocrine Society’s recent
annual conference [60].

Regarding the utility of oral progesterone administration as preventive strategy in high
risk patients, evidence to support its use in clinical routine practice is still inconsistent [57].

A recent study reported that oral progesterone appears to be effective for the preven-
tion of recurrent preterm delivery and reduction in perinatal morbidity and mortality in
asymptomatic singleton pregnancies compared with placebo. More adverse effects with
oral progesterone therapy compared with placebo were reported, although none were
serious. Thus, future randomized studies comparing oral progesterone with other available
therapies for the prevention of recurrent preterm birth are needed [61].

3.4. Multiple Pregnancy

Twin pregnancies are associated with a several-fold greater perinatal mortality than
singleton pregnancies. PTB Prematurity is an important contributor, with about 50% of
twin pregnancies delivering before 37 weeks and 10% delivering before 32 weeks [62].
Trials in unselected twin pregnancies reported that use of progesterone from mid gestation
had no relevant effect on reducing prematurity for twins. Just recently, a multicenter trial
conducted at 22 European hospitals was published. Women with twin pregnancy were
randomly assigned to receive either progesterone (early administration of 600 mcg/daily
vaginal progesterone from 11 to 14 weeks) or placebo, and in the random-sequence gen-
eration, there was stratification according to the participating center. The results reveal
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that universal treatment with vaginal progesterone does not reduce the incidence of spon-
taneous birth between 24+0 and 33+6 weeks’ gestation. Post hoc time-to-event analysis
led to the suggestion that progesterone may reduce the risk of spontaneous birth before
32 weeks’ gestation in women with a cervical length of <30 mm, and it may increase the
risk for those with a cervical length of ≥30 mm [63]. In conclusion, there is no strong
evidence of the benefit of using universal vaginal progesterone to decrease prematurity in
multiple pregnancies. One meta-analysis showed a benefit in reducing adverse perinatal
outcomes in a subgroup of women with a short cervix ≤25 mm, suggesting it may be
useful in this group, but the study design had several limits and further research is needed.
The NICE guidelines for multiple pregnancy followed by UK healthcare providers do not
promote the routine use of cervical cerclage or progesterone for the prevention of PTB in
multiple pregnancies.

3.5. Combination of Preventive and Therapeutic Strategies

Data regarding the efficacy of combining different approaches, such as intramuscular
progesterone with or without vaginal progesterone and with or without cervical cerclage
and Arabin pessary, are limited, not unanimous, but in evolution. The utility of combined
treatment with history-based cerclage and intramuscular 17-OHPC is unclear, and small
retrospective studies have reported mixed results [64,65]. The SMFM recommends contin-
uation of 17-OHPC in women who receive an ultrasound-indicated cerclage [66]. Most
recently, Shor et al. said that a combined rescue therapy including vaginal progesterone,
cervical cerclage, and Arabin cervical pessary emerges as a promising management strat-
egy in pregnant women who have a short cervical length and a high background risk
for preterm delivery [67]. The possible advantages of a combined approach were also
considered for twin pregnancies. In this regard, a recent study evaluated the efficacy of
a combined approach (vaginal progesterone plus cervical pessary) and of vaginal pro-
gesterone only in twin pregnancies: the combined use of Arabin cervical pessary and
vaginal progesterone in twin pregnancy with short CL may have a synergic and beneficial
effect in preventing preterm labor [68]. On the opposite, D’Antonio et al. observed that
cervical pessary, progesterone and cerclage do not show a significant effect in reducing
the rate of PTB or perinatal morbidity in twins, either when these strategies are applied
to an unselected population of twins or in pregnancies with a short cervix [69]. Further
research is needed to confirm whether or not these preliminary data both in singleton and
twin pregnancies.

4. Progesterone Safety Profile

The safety profile of progesterone on newborn health is another topic of growing
interest among experts. Many questions remain unexplained, particularly the long-term
safety concerns and also whether the use of progestagens may or not improve neonatal
and childhood outcomes.

The results of a meta-analysis suggest that the administration of progestogen for
preterm birth prevention does not appear to negatively affect neonatal mortality in single
or multiple pregnancies regardless of the route of administration [70]. Moreover, similar
conclusions were derived from a study on twins, in which the authors found that antenatal
exposure to progesterone given in twin pregnancies has no significant impact on child
health and developmental outcomes at three to six years [71].

A recent systematic review examined the potential long-term effects of prenatal pro-
gesterone treatment on child development, behavior and health: the authors did not find
evidence of benefit or harm in offspring prenatally exposed to progesterone treatment for
PTB prevention [72]. There is a need for future follow-up studies on prenatal progesterone
administration and its effects in offspring beyond early childhood. Therefore, nowadays,
the safety profile of natural progesterone is quite confirmed, while the one of progesto-
gens is raising many issues of concern (particularly relating to the use of 17-OHPC and
dydrogesterone as alternatives to natural progesterone) [32,35,60].
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5. Conclusions

The current scientific and clinical evidence suggest that cervical length screening and
vaginal progesterone use, eventually combined with cervical cerclage or Arabin pessary,
may help to contain or reduce the burden of preterm delivery birth, when used in the
appropriate target populations of pregnant women. The current data and recommendations
address multiple controversial topic areas regarding the role of progesterone for PTB
prevention in multi-gestational pregnancies multifetal gestation, its different formulations,
dosages, routes of administration and safety profile in pregnancy. Overall, a growing body
of studies are in agreement in identifying progesterone, especially the vaginal formulation,
as a keystone among the preventive PTB strategies in well-defined high-risk categories.
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