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Abstract

Background: Premature membrane rupture is a known causes of preterm labor
and accounts for approximately one-third of cases. Vitamin D deficiency may play
arole in preterm labor as well.

Objective: The present study aimed to compare vitamin D levels in mothers and
infants with and without prolonged rupture of membranes (PROM).

Materials & Methods: This cross-sectional study was conducted with 241 babies,
with and without a history of membrane rupture, in mothers in the neonatal ward
of Ghaem Hospital, Mashhad, from 2019 to 2021 with available sampling
methods. After confirmation of prolonged membrane rupture (more than 18 hours
before birth) based on history and examination with a speculum, we completed a
data collection tool, a checklist including laboratory evaluation and neonatal and
maternal characteristics. The conditions of neonates with and without prolonged
membrane rupture were compared. Data were analyzed by T-test and Chi-square.
Results: We examined a total of 241 neonates including 148 (61.4%) without
prolonged rupture of the membranes in mothers and 93 (38.6%) with PROM.
There were statistically significant differences between the two groups regarding:
maternal vitamin D level (p = 0.001); neonatal vitamin D level (p = 0.001); and
fifth minute Apgar score (p = 0.003). These variables were lower in the group of
neonates with PROM.

Conclusion: Vitamin D deficiency in mothers was significantly associated with
prolonged membrane rupture. With increasing severity of vitamin deficiency, the
probability of PROM increases and, therefore, the likelihood of preterm labor and
its complications rises.

Keywords: fetal membranes, prolonged premature rupture of membranes, infant,

newborn, vitamin D, mothers, Apgar score



Pesrome
AKTyanbHOCTH: [IpexxaeBpeMeHHbIN pa3pbiB MIOAHBIX 000JI0UYEK SIBISETCS OAHOU
U3 U3BECTHBIX MPUYUH MPEKIEBPEMEHHBIX POJOB U COCTABIISIET MPUMEPHO OJIHY
TpeTh Bcex ciayyaeB. Jlepuuur BuTamumHa D Takke MOXKET Hrparb pojib B
IPEXIEBPEMEHHBIX POAAX.
Leab: HacTosIEEe UCCIEAOBAHUE HANPABJICHO HA CPABHEHUE YPOBHEW BUTAMHHA
D y martepeii U MIIaJIeHIIEB C MTPOJIOHTUPOBAHHBIM Pa3pPbIBOM IIJIOIHBIX 000JI0UEK U
0e3 Hero.
Marepuasbl u MeToabl. HacTosmiee nonepeyHoe ucciaeaoBane ObUIO TPOBEIECHO
Ha 241 MuazeHIle C pa3pblBOM IUIOAHBIX 00O0JOYEK y Mareped u 0e3 Hero B
HEOHATAJILHOM oTAciaeHUH OoypHHIBI ['aem, Memxen, ¢ 2019 mo 2021 rox c
UCIIOJIb30BaHUEM JIOCTYMHOro MeroAa BblOOpku. Ilocne moaTBepikaeHUs
JUTUTEILHOTO pa3phbiBa IUIOJHBIX 000Jsiouek (Oosiee 18 yacoB 10 pOXKIEHHUS) Ha
OCHOBaHMM aHAMHE3a U OCMOTpPa C MOMOIIBIO 3€pKal MBI 3aIIOJIHWIN UHCTPYMEHT
Ui cOOpa JTaHHBIX, KOHTPOJIbHBIM CIUCOK, BKIIOYAIOMINNA Ja00paTOPHYIO OLIEHKY
YU HEOHATaJbHbIE W MATEPUHCKHUE XapaKTepUCTUKU. CpaBHUBAIU COCTOSHUE
HOBOPOXKICHHBIX C JJUTENbHBIM H3JMTUEM IIJIOJHBIX 000JI04eK U 0e3 Hero.
JlaHHBIE aHATU3UPOBAIM C TOMOLIBIO T-KpuTepusa U Xu-KBaapara.
Pe3yabtarbl. O0cnenoBan 241 HOBOpOXAeHHBINH, B ToM uucie 148 (61,4%) 6e3
JUTUTEILHOTO pa3pbiBa IUIOAHBIX 00osodek y marepeir u 93 (38,6%) c IIPIIO.
Mexnay naByMmsi rpymnmnaMu OOHapyK€Ha CTaTUCTUYECKM 3HAauMMash pa3HUlA B
ypoBHe ButammHa D y wmarepu (P = 0,001), ypoBHe BurammHa D 'y
HoBopoxaeHHoro (P = 0,001) u ouenke no mkane Anrap Ha nsaToil munyte (P =
0,003). D10 O3HayaeT, YTO 3HAYEHHS YKA3aHHBIX MEPEMEHHBIX ObLJIM HUXKE B
rpytie HoBopoxaeHHbIX ¢ [TPIIO.
BeiBoa: Jlepuuut ButamuHa D y marepeld B 3HAUMTENIbHOM CTENEHU CBS3aH C
JUTUTEIBHBIM Pa3pbhIBOM IUIOIHBIX O0OJIOYEK, a C YCUJIEHHUEM TSKECTH Aeduuura
ButamuHa D yBenmmuuBaercs BeposTHOCTh IIPIIO u, cienoBaTebHO, MOBBIIAETCS

BCPOATHOCTEL NPCKACBPEMEHHBIX POAOB U UX OCJIOKHECHU.



KiroueBble cji0Ba: 1mioaHble 000JI0YKH, TPOJIOHTUPOBAHHBIN MPEXKIEBPEMEHHbBIN
pa3pbIB IUIOJHBIX O0O0JOYEK; MIIaJICHEl], HOBOPOXKIAEHHBIN; BUTaMUH D, Marepwu,

OILIEHKA MO MmKane Anrap
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Introduction

With a prevalence of 11% worldwide, preterm labor is one of the causes of
death and long-term disability of infants and remains a major concern for public
health (1). The amniotic membrane protects the fetus against inflammation,
bacteria, and viruses. Prolonged rupture of the membranes means rupture of the
amniotic sac more than 18 hours before delivery (2), and it is a risk factor for early
neonatal sepsis (3). Its prevalence is reported to be 4-19%(4), and it is a
predisposing factor for about one-third of preterm labors (5). Maternal risk factors
for premature rupture of membranes include age, parity, education, hypertension,
cervical length with a history of miscarriage, history of upper urinary tract
infection, sexually transmitted infections, positive vaginal culture, history of
PROM, addiction, diabetes, placental abruption, preeclampsia, and cerclage. Labor
complications of premature membrane rupture involve cesarean section,
oligohydramnios, chorioamnionitis, placental abruption, fetal distress, fever at the
time of delivery, placenta previa, infection, prenatal bleeding, sepsis in the mother,
need for antibiotic therapy, placental retention, and post-partum endometriosis.
Prematurity, respiratory distress syndrome, asphyxia, infection, meningitis, sepsis,
pneumonia, perinatal mortality, patent arterial duct, necrotizing enterocolitis,
intraventicular hemorrhage, and pulmonary hypoplasia are neonatal complications
of PROM (6).

Low levels of maternal vitamin D during pregnancy are a risk factor for
many adverse outcomes, including preterm labor (7). The prevalence of vitamin D
deficiency in pregnant women in the first and second trimesters is significantly
higher than in the third trimester(8). The fetus relies exclusively on the maternal
concentration of 25 hydroxyvitamin D (9). Vitamin D levels in pregnancy are
associated with many maternal and fetal health outcomes. There have been
numerous studies regarding an association between 25-hydroxyvitamin D levels in
pregnancy and multiple pregnancy complications including gestational
hypertension, preeclampsia, gestational diabetes, time and type of delivery,

preterm labor, and fetal complications including skeletal, immune, and respiratory
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system problems (10, 11). Vitamin D deficiency in premature neonates is
associated with a number of problems (e.g. cerebral hemorrhage, retinopathy of
prematurity, infection, and even death) (12). Thus, correction of maternal vitamin
D levels reduces the incidence of prematurity and these important neonatal
problems. In the study of Shah et al., 25-hydroxyvitamin D levels were positively
associated with fetal intrauterine growth restriction and prolonged rupture of
membranes (13). In general, prolonged membrane rupture is a serious complication
in pregnancy, and it can increase mortality or perinatal morbidity, especially
preterm labor and infection (14). Due to the association between vitamin D
deficiency and prematurity, one of the mechanisms of prematurity in vitamin D
deficiency may be a membrane rupture. Therefore, in this study, we compared
vitamin D levels in infants and mothers with and without a prolonged membrane
rupture.

Materials & Methods

This cross-sectional study was conducted in the maternity ward, midwifery
ward, and NICU of Ghaem Hospital in Mashhad from 2019 to 2020. Prior to
enrollment, verbal consent was obtained from the infant's parents. According to
Zhang Q's study: the prevalence of placental inflammation in mothers with vitamin
D deficiency is 63%; and in mothers without placental inflammation, it is 37%.
Using a formula to compare two ratios related to a qualitative trait from two
communities, along with alpha coefficient of 0.01 and beta of 0.2, the sample size
in each group was estimated to be 87 mothers (15).

Mothers who gave birth to premature infants with more than 18 hours of
ruptured amniotic sac were studied as a case group. Mothers without prolonged
membrane rupture with preterm labor were included in the study as a control
group. Confirmation of ruptured amniotic sac was based on history and speculum
examination. We completed the data collection tool, a checklist including
laboratory evaluation, and neonatal and maternal characteristics. Preterm labor is a
delivery before 37 weeks of gestation with or without membrane rupture (16).

Premature rupture of the amniotic sac means spontaneous rupture of the fetal
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membranes before 37 weeks of gestation and before the onset of uterine
contractions (17). Prolonged rupture of the membranes means rupture of the
amniotic sac more than 18 hours before delivery (18).

Exclusion criteria included amniotomy, urinary tract infection, vaginal
infection, or congenital anomalies. Serum vitamin D was measured from mothers
and umbilical cords during delivery, and 1.5 cc of the prepared samples were
centrifuged, with serum kept at -20°C and sent for laboratory evaluation. Vitamin
D levels were measured using an ELISA method and the model RT2100c reader
made in Germany and an ELISA washing device. We considered less than 30
mg/ml of vitamin D as deficient and above 30 mg/ml as sufficient. Vitamin D
deficiency cases were divided into three groups: severe deficiency below 10
mg/ml; moderate deficiency 10-20 mg/ml; and mild deficiency 20-30 mg/ml.
Infants in the two groups were compared in terms of neonatal, maternal, and
laboratory characteristics. Checklist status was completed based on neonatal
information (gestational age, first minute Apgar score, fifth minute Apgar score),
maternal information (maternal age, parity), and blood tests (maternal and neonatal
vitamin D levels, C-reactive protein, erythrocyte sedimentation rate, white blood
cell, nucleated red blood cell). All tests, except for the vitamin D test, were
requested by the treating physician, and we recorded them without intervention.

After discharge, they were followed up using the Denver Il test at 24
months. The Denver Developmental Screening Test I, to assess the growth and
development of children from birth to six years old, is divided into four categories:
personal/social; fine motor; gross motor; and language. If the infant had a problem
in every category (i.e., fine motor skills, gross motor skills, language and
personal/social), it would be considered as developmental delay for them. If the
infant had: a problem in only one category, it is considered a mild developmental
delay; in two categories, a moderate developmental delay; and in three or more
categories, a severe developmental delay []. A favorable outcome was defined as

normal neurologic and good general condition at the end of the study. Unfavorable
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outcome was defined as the presence of at least delay in one domain of Denver
screening (19).
Statistical analysis

Data were analyzed using t-test, chi-square, and SPSS software version 20.
First, we described the results using statistical tables and graphs. We then
compared the two groups of infants, with or without prolonged rupture of
membrane in mothers, using chi-square and t-test. Correlation methods were used
to evaluate the association between the severity of vitamin D deficiency and
PROM. The p<0.05 level was considered significant in all cases.
Ethical consideration

This study was approved by the Ethics Committee of the Vice Chancellor
for Research of Mashhad University of Medical Sciences (No 991476,
IR.MUMS.MEDICAL.REC.1399.623).
Results

In this study, 9 infants were excluded (3 cases of amniotomy, 2 cases of
urinary tract infection, 3 cases of vaginal infection, 1 case of congenital anomaly).
Finally, we examined 241 neonates including 148 infants without prolonged
rupture of membrane and 93 infants with PROM. Based on the results of this
study, the mean gestational age was 33.57 +3.33 weeks, and the mean maternal
vitamin D level was 20.66 +13.03 mg/dL. Other characteristics of the studied

infants are given in Table 1.

Table 1: Means of variables of mothers and newborns included in the study

In addition, 36 infants (14.9%) needed resuscitation; 28.6% were born
naturally, and 71.4% by cesarean section. In this study, there were statistically
significant differences: between maternal vitamin D levels (p = 0.001) and
neonatal vitamin D levels (p = 0.001); in fifth minute Apgar score (p = 0.003); and
in CRP (p = 0.032) (Table 2).
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Table 2: Comparison of variable means of mothers and neonates with or

without prolonged rupture of membranes

Calculations were performed based on standard deviation+mean (t-test).

Twenty percent of infants with PROM had an infection (16% sepsis, 4%
meningitis), while 5% of neonates without a history of PROM had an infection. In
this study, vitamin D deficiency was significantly associated with prolonged
rupture of membranes (p = 0.0001), and with increasing severity of vitamin D
deficiency, the rate of PROM increased. Mothers with normal vitamin D level had
a 29% chance of PROM, which increased to 47% in moderate deficiency and 62%
in severe deficiency. There was a moderate association between maternal serum
vitamin D and the incidence of PROM (p = 0.0001 , Spearman's rho = 0.286).
Short-term neonatal follow-up showed that the serum level of vitamin D in PROM
infants who died was 9.76 + 1.01 and 12.92 + 7.67 mg/ml in discharged live
neonates (p = 0.003). Assessment of neonatal development from PROM mothers
by Denver Il test showed that 35% of neonates at 24 months of age showed some
degree of developmental delay. In neonates from mothers without PROM, 12%
showed developmental delay (p = 0.001). Serum vitamin D levels in children with
developmental delay were 13 + 7. In the group with normal development, they
were 17 + 11 mg/ml (p = 0.042).

Discussion

According to the results of our study, there was a significant relationship
between vitamin D deficiency in mothers and infants and prolonged rupture of the
membranes, with the likelihood of PROM rising as the severity of vitamin D
deficiency increases. Also, for mothers with moderate-to-severe deficiency, the
risk of PROM doubles. Studies on the role of vitamin D and the risk of preterm
labor, and the possibility of membrane rupture, are contradictory. Numerous

studies have shown an association between vitamin D deficiency and increased
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probability of preterm labor (20). Rupture of the membranes is one of the possible
causes of preterm labor due to vitamin D deficiency (16, 21, 22). Maternal vitamin
D deficiency increases the risk of preterm labor by approximately 9-fold (23).
Vitamin D deficiency during pregnancy and childbirth may play a role in
premature rupture of membranes by a mechanism of placental inflammation (24).
Hence, Frazipour's study revealed that there was no significant association between
serum vitamin D level and premature rupture of membranes (24). The underlying
mechanism of the potential protective effect of vitamin D on the risk of preterm
labor may be due to the wide variety of immunoregulatory effects of vitamin D.

It seems that vitamin D may protect against preterm labor by reducing
infection and inflammation (25), but this has not been confirmed in other studies
(26-28). Vitamin D is a known modulator of the immune system (29). It is also an
effective stabilizer of amniotic membranes through non-genomic mechanisms (30).
It is involved in epigenetic changes through DNA methylation in genes that
regulate extracellular matrix regeneration and is effective in maintaining the health
of amniotic membranes (31); the health of the amniotic membranes is dependent
on the structure of vitamin D (32). Low levels of vitamin D are associated with
bacterial vaginosis (33). Therefore, with increasing cases of bacterial vaginosis,
premature rupture of the membranes occurs. To the best of our knowledge, there is
no report in available sources on the relationship between the severity of vitamin D
deficiency and the incidence of PROM. We report for the first time the relationship
between vitamin D deficiency severity and the increase in the incidence of PROM.

According to the results of our study, PROM increased the risk of definitive
neonatal infection more than four-fold. Inflammation and infection of the chorio
decidua refers to the mechanism of premature rupture of the membranes. There is a
strong association between premature rupture of membranes and inflammation and
intrauterine infections, especially in preterm pregnancies (34). Prolonged rupture
of the amniotic sac for more than 18 hours increases the risk of neonatal infection
ten-fold. Although the most common complication of prolonged rupture of the

membranes is immaturity and its side effects, infection is the most important
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preventable complication (35). Women with premature rupture of membranes are
highly disposed to chorioamnionitis as a result of increased bacterial colonization
of vagina before or after PROM (36). Decreased collagen in embryonic
membranes is a predisposing factor for premature rupture of membranes (37).

In the current study, CRP was significantly higher in PROM neonates. It was
associated with high sensitivity, specificity and reliability. Increased CRP relates to
the pathological confirmation of chorioamnionitis associated with fever (38). CRP
Is the most common biomarker used for neonatal bacterial sepsis. It is also known
as a reliable serum marker for the presence or absence of invasive bacterial
infection and antibiotic response in newborns (39). Boonkasediesha showed that
neonatal CRP with a cut-off point of 1.90 mg / ml has a very high sensitivity,
specificity and positive predictive value (40). In the Boskabadi study, 44% of
infants with ruptured membranes had elevated CRP (14).

According to the results of our study, vitamin D deficiency in infants born to
PROM mothers also increases the risk of death and developmental delay. The
results of a study showed vitamin D deficiency was more pronounced in newborns
who died. Vitamin D deficiency may increase the likelihood of death of these
infants by increasing respiratory problems and infections (41).

In this study, Apgar scores of neonates with prolonged rupture of
membranes were lower than newborns without rupture of membranes. However,
this difference was not significant in the first minute Apgar score. Preterm rupture
of the membranes is one of the most common pregnancy complications that can
affect Apgar score (42). In one study, the duration of the rupture was effective in
reducing the Apgar score and increased this risk by 8.5-fold (43). As the interval
between rupture of the membranes and delivery increases, the risk of infection in
the mother and fetus rises (44). In addition to the increased risk of intrauterine
infection, other complications such as placenta abruption, pulmonary hypoplasia,
hypoxia, and fetal distress due to umbilical cord compression or prolapse increase
(45). A limitation of our study was a lack of placental examination of the infants

under study.
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Conclusion

Based on the results of this study, maternal and neonatal vitamin D levels
and fifth minute Apgar scores were lower in neonates with prolonged rupture of
membranes. With increasing severity of vitamin D deficiency, the probability of
PROM was higher. Since vitamin D levels in mothers and neonates are correlated
with prolonged rupture of membranes, it is recommended that mothers who are at
risk for preterm labor receive vitamin D supplementation during pregnancy. It may
reduce the incidence of prolonged membrane rupture or prematurity, with

consequent reductions in various associated complications.
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TABLES

Table 1: Means of variables of mothers and newborns included in the study

Ta6amuua 1: CpenHee 3HavyeHHMe NEepPEeMEHHBIX MaTepell M HOBOPOKICHHBIX,

BKJJIIOYC€HHBIX B HCCJICTOBAHHUE

Variables
Ilepemennbie

Mean + Standard deviation
CpenHee 3Ha4eHHe £ CTAHAAPTHOE
OTKJIOHEHHE

Mother age (years)
Bo3zpact marepu (Jier)

30.52 +6.73

Parity
Uucio BEIHOMICHHBIX OEpEMEHHOCTEN

2.01 £1.23

Maternal vitamin D levels (mg/dl)
YpoBuu Butamuna D y marepu
(mr/m)

20.66 +13.03

Neonatal vitamin D levels (mg/dl)
YpoBuu BuTamuHa D y
HOBOPOXKJICHHBIX (MT//1T)

16.17 £10.78

Gestational age (weeks)
Cpox 6epeMeHHOCTH (HEIEIH )

33.57 £3.33

First minute Apgar score
Ouenka no mkaie Anrap Ha nepBou
MUHYTE

7.16 £2.15

Fifth minute Apgar score
Ouenka no mkaie Anrap Ha naTou
MUHYTE

8.58 +1.63

Table 2: Comparison of variable means of mothers and neonates with or

without prolonged rupture of membranes

Tabimua 2: CpaBHeHHe CpeJHUX NOKAa3aTeJieil MaTepeid 1 HOBOPOKICHHBIX C

AJIUTECJIbHBIM Pa3spbIBOM IUIOHBIX 000J104eK UJIH 0e3 Hero

Groups Neonates with PROM Neonates without PROM | Significance
Variables N=93 (38.6%) N=148 (61.4%) level *
I'pynnsi HoBopo:kIeHHBIX ¢ HoBopo:knennbie oe3 (T-Test)
Ilepemennbie ITPIIO ITPIIO Yposenn
N=93 (38,6%) N=148 (61,4%) 3HAYMMOCTH
* (T-TecT)
Maternal vitamin D levels 17.29+12.55 22.78+12.92 0.001

(mg/ml)




YpoBuu BuTamuHa D y
Matepu (Mr/mi)

Neonatal vitamin D levels
(mg/ml)

YpoBuu BuTamuHa D y
HOBOPOXKJICHHBIX (MI/MIT)

13.09+8.68

18.21+11.56

0.001

Gestational age (weeks)
Cpok 6epeMeHHOCTH
(memenn)

32.88+2.82

33.67+3.40

0.351

first minute Apgar score
OLIEHKa I10 1Kajie Anrap
Ha MepBO MUHYTE

6.93+2.04

7.29+2.21

0.213

fifth minute Apgar score
OILICHKaA I10 IIKaJIe Anrap
HA II5ITO MUHYTE

8.17+1.74

8.83+£1.52

0.003

WBC*10°
nerkormTe* 10°

16.31+10.90

8.60+4.84

0.059

NRBC

2105.53+5205.55

1325.92+672.93

0.608

ESR
COD

41.75+29.84

1.00+0.00

0.102

CRP
CPb

28.21+25.27

16.28+16.63

0.032

The calculations were performed based on standard deviation=mean
Pacuetnl MMPOBOANJINCH HAa OCHOBC CTAHAAPTHOI'O OTKJIIOHCHUS =+ CpCaHCro
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