Exploring modifiable risk-factors for premature birth

in the context of COVID-19 mitigation measures; A discussion paper

Abstract

During the COVID-19 pandemic, parents with sick or premature babies have faced
challenges following admission to a neonatal unit due to the imposed lock-down restrictions
on social contact, hospital visitation and the wearing of personal protective equipment. The
negative short-term impact on neonatal care in relation to the prevention of proximity, contact
and bonding between parents and babies is potentially significant. However, an interesting
finding has been reported of a reduction in premature birth admissions to the neonatal
intensive care unit during the pandemic, raising important questions. Why was this? Was it
related to the effect of the modifiable risk-factors for premature birth? This discussion paper
focuses on an exploration of these factors in the light of the potential impact of COVID-19
restrictions on neonatal care. After contextualising both the effect of premature birth and the
pandemic on neonatal and parental short-term outcomes, the discussion turns to the
modifiable risk-factors for premature birth and makes recommendations relevant to the

education, advice and care given to expectant mothers.

Introduction

COVID-19 has changed the world. It has changed how people work, do business, provide and
receive education, socialise and communicate. It has separated families and friends. It has
changed how pregnant women and their partners receive support during pregnancy, labour,
birth and in the postnatal period. Within the neonatal setting, parents with sick or premature
babies have faced challenges following admission to a neonatal unit following restrictions to

social contact, hospital visitation and the wearing of personal protective equipment (PPE)



(Royal College of Paediatrics and Child Health (RCPCH), 2020) (Table 1). While the
longer-term impact of such lock-down restrictions on neonatal care are yet to be fully known,
there are negative immediate and short-term effects, in relation to the prevention of
proximity, contact and bonding between parents and their babies (Green et al, 2020a; Stuebe,
2020). However, it has been reported in three simultaneous, independent European studies
(Been et al, 2020; Hedermann et al, 2020a, b; Philip et al, 2020) that admissions of premature
babies to the neonatal intensive care unit (NICU) have reduced during the pandemic raising
certain questions. Firstly, was this merely a coincidence? Secondly, were there fewer babies

born prematurely who needed intensive care?

It is certainly too early in the pandemic to answer the latter question and indeed, to know if
this pattern will continue. Other studies have also concluded differently, their findings
showing higher rates of premature birth in COVID-19 positive women (Allotey et al., 2020;
Antoun et al., 2020; Dubey et al., 2020; KC et al. 2020). However, the research by Been et al
(2020), Hedermann et al (2020) and Philip et al (2020) has focused on the impact of
mitigation measures rather than infection as a causative agent for premature birth. Moreover,
the findings have raised an area for consideration and further discussion in addressing another
question; if fewer premature babies were being born during lock-down, why was this? As
these authors and related commentary suggest (Cullen, 2020; Kearney and Kendall, 2020) a
possible effect of certain restrictions on the modifiable risk factors for premature birth, this
offers us an ideal opportunity to explore these further, learn from them and make tailored

recommendations relevant to the education, advice and care given to pregnant mothers.



Table 1: COVID-19 Mitigation measures

= Social distancing

= Advice against social interaction and visiting

* Advice against handshaking/physical touch

= Regular handwashing/use of alcohol hand-gel

= Advice for staying at home when experiencing symptoms or when having been in
contact with COVID-19-positive person or having visited a high-risk area

= People need to stay home if symptomatic (fever, respiratory complaints)

= (Closing of schools and childcare facilities

»= Reduced commuting to and from work/homeworking

= Personal protective equipment (PPE) - particularly wearing of face masks

The impact of premature birth

It is estimated that 1 in 10 babies are born preterm worldwide (WHO, 2017). It is significant
that prematurity is the leading cause of death in newborns under four weeks of age, and
preterm birth complications are the leading cause of death among children under five years of
age (WHO, 2018). Added to the complexity, many of these babies may have impaired short
and long-term outcomes relating to cognitive, social-emotional, mental health, behavioural,

and regulatory difficulties into school age and beyond (Altimier et al., 2016).

Premature birth can also be a major life stressor for parents. Following the birth, the parents
find themselves in an unfamiliar and technological environment which can be overwhelming,
as they adjust to their new role as parents of a premature baby. Parents can grieve the loss of
their expected pregnancy length, and the early arrival of a baby whose survival and
immediate and long-term future outcome is uncertain (Aagaard et al., 2015; Fowler et al.,
2019). The baby’s appearance can be a source of distress and could impact on their ability to
bond with the baby (Green et al., 2015). Parental bonding is facilitated with behaviours such
as a bedside vigil, touching, holding and interventions such as kangaroo care (Aydon et al.,

2017).



It is often not until the baby is taken home that the parents become aware of the unique needs
of the growing premature baby and the higher level of care required. Due to their initial
prematurity, coupled with an immature immune system, they are at significant risk for
hospital readmission (Roberts and Cheong, 2014). The transition home of extremely
premature babies can be fraught with difficulties as outlined by Green et al. (2020b).
Maternal mental health is fundamental to the well-being and development of the premature
baby, both in the NICU and at home, however mothers of premature babies have been found
to have higher rates of depression, anxiety, acute and post-traumatic stress reactions (Baum et
al., 2012). Evidence is also mounting that babies less than 1000 grams are at an increased risk
of mental health problems in childhood, adolescence and adulthood (Johnson and Marlow,
2014; Altimier et al., 2016). Health professionals have been shown by Petty et al. (2018;
2019) to not always have an optimum understanding of the needs of growing premature
babies, which further increases maternal anxiety; in fact, Fowler et al. (2019) referred to

parents as “the forgotten mothers of extremely premature babies”.

Within the above context, it would be a great achievement, and have significant public health
benefits, if the number of premature births could be decreased (Frey and Kiebanoff, 2016)
reducing the risk of lengthy NICU admissions and the risk of poor neurodevelopmental
outcomes and disabilities. It could also lower the number of re-admissions to hospital and
have a positive impact on parenting ability. No doubt the financial impact on the family and
society would also be beneficial as less resources would be required in the short and long-

term.



The impact of COVID-19 on neonatal care

During the COVID-19 pandemic, there has been a substantive impact on the interactions
between infants, parents, health professionals and nurses. For example, at what is already a
stressful time, the use of PPE has meant that the interpretation of non-verbal cues,
particularly facial expressions has been reduced, thus limiting some important aspects of
communication. Social distancing has meant that staff have been unable to physically
comfort parents and their infants as they would normally. In addition, family support that is
frequently key to the parent-infant bonding process, has been reduced as a result of restricted
visiting to the neonatal unit. These factors provide a range of additional challenges to all

concerned, especially parents whose anxiety levels may be further heightened.

However, an interesting and a more positive outcome of the COVID-19 virus has been
reported from Ireland (Philip et al., 2020), Denmark (Hedermann et al., 2020a, b) and the
Netherlands (Been et al., 2020) of an unprecedented fall in preterm births. The University
Hospital, Limerick has reported a 73% reduction in the number of very low birth-weight
babies born in the hospital, when compared to the same period in the previous two decades
(Philip et al, 2020). The Danish study found the birth rate of extremely premature infants
decreased significantly during the nationwide lock down, again compared to the preceding
five years (Hedermann et al., 2020). Been et al (2020) most recently found that numbers of
preterm births greatly reduced in the Netherlands following implementation of mitigation
measures against the effects of the COVID-19 pandemic. They studied the impact of these
measures in a stepwise fashion on the incidence of preterm birth using data from the neonatal
dried blood spot screening for 56, 720 births that occurred after implementation of COVID-

19 mitigation measures on March 9, 2020. Consistent reductions in the incidence of preterm



birth were seen across various time windows surrounding March and no changes were

observed after March 23.

The reduction has been credited to the possible effect of positive lifestyle influences during
isolation and COVID-19 restrictions with reduced exposure to ordinary stressors at work, less
commuting, increased family support, better infection avoidance, improved sleep, nutrition
and exercise, and lower exposure to tobacco and illegal drugs (Cullen, 2020). The Denmark
research identified similar factors, suggesting the risk factors for premature birth, such as
increased systemic maternal inflammation and other immunologically mediated processes,
may be negated by the increased focus on hygiene, physical distancing, and home

confinement during the lockdown (Hedermann et al., 2020a).

Been et al (2020) would agree and state that many of the known risk factors for premature
birth may be possibly affected by COVID-19 mitigation measures. These include
asymptomatic maternal infection, which through vertical transmission can cause intrauterine
infection, resulting in early birth. Referring to Table 1, social distancing, self-isolation, lack
of commuting, closing of schools and childcare facilities, and increased awareness of hygiene
(e.g. hand washing) all reduce contact with pathogens and, accordingly, risk of infection.
Been et al (2020) propose that the timing of the observed preterm birth reductions in their
study suggests that hygiene measures and anticipatory behavioural changes may have
contributed to the findings. In addition, closure of most businesses, homeworking may have
led to less physically demanding work, less shift work, less work-related stress, optimisation
of sleep duration, uptake of maternal exercise indoors and outdoors, and increased social
support, which could all have a positive effect. Additionally, the decrease in air pollution

caused by the lockdown restrictions may have also played a role in the observed reduction of



premature birth, as air pollution, particularly the anthropogenic PM2.5 (fine particulate matter
that can remain airborne for long periods and travel hundreds of miles), is associated with

18% of premature births globally (Hedermann et al., 2020a, b).

While the decrease in the number of premature babies is good news for those who research
aspects of prematurity, it is important to remember that Cullen’s (2020) and Hedermann et
al’s (2020a, b) studies need to be interpreted with caution because these studies were not
designed to demonstrate which specific factor/s was responsible for the decrease in preterm
births (Kearney and George, 2020). In addition, and unfortunately, the decrease in premature
births is not occurring in all countries. For example, in Nepal prior to the pandemic,
premature births were 24.5% of the proportion of babies born nd this has now risen to 26.2%
(KC et al. 2020). Antoun et al (2020) undertook a prospective study at an English hospital
with data were analysed from 23 pregnant women who had tested positive to COVID-19.
During the study, 19 women delivered with 36.8% having a premature birth. Whilst none of
the infants were COVID-19 positive, the authors concluded that the virus is associated with a
high incidence of prematurity, caesarean section and pre-eclampsia. However, this was a
small-scale study and further research is required to fully substantiate the results. Allotey et
al’s (2020) and Dubey et al’s (2020) systematic reviews concluded that preterm birth rates

were higher in pregnant women with COVID-19 than in pregnant women without the disease.

Despite this, the abovementioned findings from Ireland, Denmark and the Netherlands,
should be given thoughtful consideration, because when the COVID-19 crisis is over
pregnant women will resume their lives and working patterns, not limiting social interactions
and possibly standing or being active for long periods. It is unlikely that women will stay at

home for the purpose of research (Kearney and George, 2020). That said, it is still of interest



to explore further the possible reasons why premature births may have been reduced in
certain countries and whether we can learn more about potential measures to lesson or
prevent risk factors for premature birth. The paper will now turn to a discussion of such risk

factors.

Modifiable risk factors for premature birth

While it is noteworthy that many women who experience preterm birth have no risk factors
identified (National Institutes for Health (NIH), 2017), a range of factors influence the
likelihood of preterm birth (Table 2). Many risk factors are not modifiable during a woman’s
current pregnancy or they evolve as a complication of the pregnancy (Table 2a). However,
modifiable risks (Table 2b) are those that can be controlled or altered to help reduce the risk
of preterm birth, for example by making lifestyle changes. Therefore, addressing modifiable
risk factors may reduce the risk of preterm birth and/or adverse pregnancy outcomes. These

will now be further explored.

Infection/Inflammation

Preterm birth can be initiated by infection or inflammation. Infection and infection-driven
activation of inflammatory responses are thought to be the leading risk factors of spontaneous
preterm birth (Cappelletti et al., 2016). Infection has been detected in at least 25% of all cases
of preterm birth, with 79% of mothers at risk of preterm birth testing positive for an infective
process, leading researchers and clinicians to believe that infection-associated inflammation
regulates the timing of the onset of labour (Cappelletti et al., 2016). The pathological process
of inflammation has been established as a causal link with preterm birth (Tency, 2014) with

increased production of pro-inflammatory cytokines associated with uterine activation and



preterm birth, and production of anti-inflammatory cytokines shown to calm the uterus during

pregnancy (Cappelletti et al., 2016).

Table 2: Non-modifiable and modifiable risk factors for premature birth

2a: Non-modifiable risk factors

High-risk
e«  Women who have delivered preterm before
o Women who are pregnant with greater than one baby (multiple gestation)
e  Women with abnormalities of the reproductive system, particularly the cervix if it is
short or shortens early in the second trimester (NIH, 2017)

Lower risk

e Placenta previa where the placenta implants in the lowest part of the uterus and
covers all or part of the opening to the cervix

e Rupture of the uterus is more likely with a previous caesarean delivery or removal
of a uterine fibroid.

e Ethnicity with preterm labour and birth occurring more often among certain racial
and ethnic groups.

e Mother’s age with those younger than age 18 and those over age 35 more at risk

e Women who become pregnant through in vitro fertilization have an 80%
higher risk for spontaneous preterm birth. This is unrelated to multiple gestation.

e Fetal abnormality

2b: Modifiable risk factors

e Infection/inflammation as a cause — includes urinary tract infections, dental health,
sexually transmitted infections and vaginal infections, avoiding disease - Influenza
vaccination

e Maternal disease processes including a pre-pregnancy type-2 diabetes, gestational
diabetes and hypertension

e Life-style factors including obesity, smoking, drinking alcohol and use of illegal
drugs

e Lack of antenatal care

e Work related stress with long working hours with long periods of standing

e Home related stress, lack of social support, domestic violence, including physical,
sexual, or emotional abuse

e Exposure to certain environmental pollutants

e A short time period between pregnancies (less than 6 months between a birth and
the beginning of the next pregnancy)




Intrauterine infection and invasion by the lower genital tract bacteria evoke an immune
response that triggers prostaglandin synthesis in the amnion and chorion (Verma et al. 2014;
Wynn et al. 2020). These substances trigger uterine contractions, membrane rupture and
cervical ripening, leading to membrane exposure, and entry of microorganisms into the

uterine cavity.

Physiological alterations in the urinary tract and immune related changes associated with
normal pregnancy, predispose pregnant women to urinary tract infections (Habak and Griggs
2020). The physiologic changes in the urinary tract include dilation of the ureter and renal
calyces due to the smooth muscle dilatation as a result of progesterone and ureteral
compression from the gravid uterus. The ureteral dilation can be marked and, coupled with
the decreased bladder capacity, urinary frequency commonly occurs. Vesicoureteral reflux
may also be seen. These pregnancy related changes increase the risk of urinary tract
infections (Habak and Griggs 2020); asymptomatic urinary tract infection is very common
and is linked with preterm birth. Verma et al. (2014) found urogenital infection was 2.1 times

(36.54 %) higher in women with preterm labour.

During pregnancy, the balance of bacteria and yeast in the vagina is altered due to the rise in
oestrogen levels, and this yeast can overgrow. Bacterial vaginosis is caused by an imbalance in
the normal bacteria and flora that exist in the vagina. Bacterial vaginosis has a strong positive
association with preterm birth (Manns-James, 2011). Bacterial imbalance can be triggered by
douching, unprotected sexual intercourse, having multiple sex partners, antibiotics and
vaginal medications. Bacterial vaginosis is not transmitted as a sexually transmitted disease
but is associated with vaginal intercourse. However, bacterial vaginosis increases the risk of

contracting sexually transmitted infections, including the herpes simplex virus, chlamydia,



and HIV. Pregnant women with bacterial vaginosis are more likely to have a preterm birth or
other adverse obstetrical outcome (Owens et al. 2020). This is problematic because the
treatment of bacterial vaginosis during pregnancy has not been shown to improve preterm
birth rates; it has been suggested that this is because the inflammatory cascade that directly
causes increased prostaglandin production and cervical changes resulting in preterm labour
may have reached a critical stage before the bacterial vaginosis is diagnosed and treated

(Manns-James 2011).

Sexually transmitted infections are also associated with increased inflammation and
intrauterine infection/inflammation is associated with approximately 40% of preterm
deliveries (Wynn et al. 2020). Gonorrhoea and syphilis have been shown to increase the risk
of early preterm birth before 32 weeks gestation. Previous work by de Attayde et al. (2011)
has suggested a link between preterm birth and chlamydia, however Baer et al. (2019) did not

find an association.

Periodontitis is a destructive inflammatory disease of the tissues that support the teeth caused
by the oral bacterial biofilm (Saini et al. 2010). A Biofilm is a layer of bacteria that adheres to
surfaces in the mouth. Periodontal disease can also worsen cardiovascular diseases and
diabetes (Huck et al. 2011). Pregnancy influences periodontal status, with pregnant women
being more susceptible to gingival inflammation. Women with periodontal disease prior to
pregnancy have a risk of severe disease during pregnancy with hormonal changes believed to
exacerbate gingival inflammation, to initiate changes in the composition of oral biofilm, and
to induce a selective growth of periodontal pathogens (Huck et al. 2011). It is believed that
most of the intrauterine infection originates in the lower genital tract (Huck et al. 2011).

However, studies have reported intrauterine infections are caused by species not found in



urogenital tract (Huck et al., 2011). The bacterial spreading theory suggests that the bacteria
that cause inflammation in the gums can enter the bloodstream and the amniotic fluid leading
to chorioamnionitis and premature labour and birth (Saini et al. 2010). In periodontal disease,
the inflamed tissues produce proinflammatory cytokines, mainly interleukin 1-beta (IL-1p),
IL-6, prostaglandin E2, and tumour necrosis factor-alpha (TNF-a) (Saini et al. 2010).
Endotoxins released from gram-negative bacteria are believed to be responsible for
periodontal disease by producing cytokines and prostaglandins which stimulates labour.
Proinflammatory mediators can cross the placental barrier resulting in preterm birth (Saini et

al. 2010).

Pregnant women are considered vulnerable to serious influenza disease and related
complications such as preterm birth and fetal death (Fell et al. 2017). Reports from the 2009
HINI influenza A pandemic found that pregnant women are at an increased risk for
hospitalization, acute respiratory distress syndrome, and death compared to the general
population. Influenza infection can trigger preterm birth, but the exact mechanism of
influenza-mediated immune activation causing preterm labour has not yet been articulated
(Hartel et al. 2016). Possibly more worrying for the premature baby is those who were born
during influenza season had a significantly higher risk of periventricular leukomalacia, a
brain injury that creates holes in the white matter (Hértel et al., 2016). The World Health
Organization (WHO) has recommended influenza vaccination for all pregnant women since

2012, but the vaccination rate has been low (Bartolo et al. 2019).

Maternal disease
The role of maternal infection in preterm labour has been discussed as well as the conflicting

findings on COVID-19 as either reducing or increasing premature births. But what about



other maternal disease? Diabetes, for example, can impact on the wellbeing of the mother and
infant. One may argue that Type 1 diabetes is non-modifiable in that it is not related to
lifestyle factors; Coton et al (2016) explain that Type 1 diabetes is frequently diagnosed in
childhood and occurs as a result of the cells that produce insulin being destroyed. Women
from an ethnic minority background (in particular Asian and Hispanic) are more likely to be
diagnosed with gestational diabetes (Lawrence et al, 2008); those mothers who have a Black,
Asian and Minority Ethnicity, again non-modifiable factors, are more prone to the effects of
the COVID-19 virus so maternal diabetes could potentially further complicate their health

and that of their baby.

However, Type 2 diabetes, that occurs when the body does not produce enough insulin, may
be modified through dietary and bodyweight alternations. This type of diabetes has become
an increasing problem with the incidence of it being more prevalent than Type 1 in pregnancy

in some regions (Coton et al, 2016), hence lifestyle changes are imperative.

Unfortunately, maternal diabetes during pregnancy can mean that there are increased risks to
the infant, including congenital abnormalities (Chen, 2005) and perinatal mortality (Chen et
al, 2019). The incidence of prematurity in terms of Type 1 maternal diabetes has been
highlighted (Lin et al, 2017). The association with Type 2 is less clear with no papers
specifically identifying a link, although Hedderson et al (2003), in a cohort study of 46 230
women, concluded that gestational diabetes could slightly increase the risk of a spontaneous

premature birth.

There have been different approaches to the management of maternal Type 2 and gestational

diabetes during pregnancy, most specifically, the administration of insulin. Kong et al (2019),



in a Finnish study, examined data from 649 043 live births (2004—2014). Maternal diabetes,
treated with insulin, was associated with an increased risk of the baby being large for
gestational age and premature; however, maternal obesity in women with Type 2 diabetes
only presented mild to moderately increased risks. The authors suggest that the results should

be considered when considering the care and management of pregnant women with diabetes.

The impact of maternal diabetes to the infant can be substantive; Opara et al (2020)
undertook retrospective research involving neonates who weighed less than 1500grms and
concluded that maternal diabetes was directly linked to retinopathy of prematurity [ROP] and
that that the association was greater with increased severity of ROP. On a positive note,
Persson et al (2018), following their retrospective study with 76 360 infants born between
2007 and 2015, found that maternal diabetes was not associated with further increased risks
for premature infants, less than 1500grms, who were being cared for in high resource

settings.

Finally, in this section, it is important to briefly mention the potential impact of maternal
hypertension on the infant, this may be gestational hypertension, or it may be associated with
pre-eclampsia, a condition that is not yet fully understood (Cook et al, 2020; Madan et al,
2010). The aim when caring for the pre-eclamptic woman is to enable the pregnancy to
proceed as far as is feasible so that the baby’s prematurity is reduced (Cook et al, 2020).
Chappell et al (2019) undertook research to ascertain whether an induced birth would benefit
the mother without harming her baby. Women from maternity units in England and Wales,
who were all pre-eclamptic, were involved in the study; 448 were in the research arm for a
planned delivery and 451 were allocated to have usual care. The study reported that the early

planned delivery was beneficial for the mother, did not cause harm to the infant, but that it



meant increased admissions to the neonatal unit. The findings from further are awaited as it

could have implications for both maternal and neonatal care.

The health and wellbeing of the pregnant mother can have a substantive impact on the health
and wellbeing of the infant. The appropriate management of the underlying maternal

condition requires careful consideration and discussion.

Life-style factors

Evidence is still mounting about COVID-19 and pregnant women, however the pre-existing
comorbidities, high maternal age, and high body mass index seem to be risk factors for severe
COVID-19 (Allotey et al., 2020). These are also the co-morbidities or risk factors for preterm

birth (NIH, 2017).

The community of microorganisms that lives on and in humans is the microbiome. The
microbiota in the microbiome are both helpful and potentially harmful. Most microbiota are
symbiotic with the body and microbiota benefitting, while a smaller amount are pathogenic.
If the person is healthy the pathogenic and symbiotic microbiota coexist without problems
(Quigley 2010; Roberfroid 2000). Prebiotics are a type of fibre that cannot be digested, and
they serve as food for probiotics (Quigley 2010). Prebiotics are in foods such as whole
grains, wheat bran, bananas, green vegetables, onions, garlic, soybeans, artichokes, leeks,
barley, oats, apples flax seeds and seaweed (Roberfroid 2000). Probiotic foods contain
beneficial live microbiota and include fermented foods like kefir, yoghurt with live active
cultures, pickled vegetables, tempeh, kombucha tea, kimchi, miso, and sauerkraut. Labelled
beneficial bacteria, probiotics may contain a variety of microorganisms, with the most

common being Lactobacillus and Bifidobacterium (Roberfroid, 2000). There have been



proposals to supplement pregnancy women with probiotics to minimise the effect on the
microbiome and decrease the risk of preterm birth. A review by Othman et al. (2007) found
that further research was required before recommendations about preterm labour and birth
could be made. It is noteworthy that probiotics given vaginally to the pregnant women
reduced the number of harmful bacteria (Othman et al., 2007). It has been hypothesised that
probiotics administered vaginally can displace and kill harmful bacteria by the development
of inflammatory cytokines, reducing vaginal pH which encourages the growth of healthy
bacteria (Buggio et al., 2019). Further benefits of the modification of gut microbiota have
been reported by Nordqvist et al. (2018) as an improvement in insulin sensitivity in pregnant
women. Late gestation consumption of probiotic milk was associated with a decreased risk of

pre-eclampsia and a reduction in the risk of preterm birth (Nordqvist et al., 2018)

Maternal smoking is directly linked to hypertension because of the disruption of
neoangiogenesis and of endothelial function within vessels (Janisse et al., 2014; Mei-Dan et
al., 2015). Maternal smoking during pregnancy has been consistently reported as a modifiable
risk factor for adverse perinatal outcomes including preterm birth. The preterm delivery rate
was significantly higher in the smoking group compared with controls (22.2% vs. 12.4%,
P<0.05), and even low levels of exposure of up-to-five cigarettes per day was significantly
associated with preterm birth (Mei-Dan et al., 2015). Maternal smoking and preterm delivery
are related because of the vasoconstrictor action of nicotine that causes a reduced blood flow
to the placenta, the binding of carbon monoxide to haemoglobin making less oxygen

available for placental and fetal tissues.

Maternal nutritional status may influence gestational length, and an adequate supply of

maternal nutrients is necessary for continuation of pregnancy, and preterm birth can occur



when there is an imbalance between maternal and fetal needs. The rise in obesity levels
within women of reproductive age has been substantive (Ng et al., 2014) and is particularly
important to consider given that COVID-19 has more severe consequences for those in that
category. Obesity in pregnancy is known to have a potential impact on both the mother and
the baby with risk factors for the infant including prematurity and congenital abnormalities
(Stothard et al., 2009; Aune et al., 2014; Catalano and Shankar, 2017; Cnattingius et al.,
2013; Hadley et al., 2019). In addition, and importantly, the infants of obese mothers are
more likely to become obese themselves, potentially leading to a range of health problems
throughout their life course. Despite this, an absolute and direct link to maternal obesity and
infant health is difficult to establish because of other variables such as lifestyle and genetic
factors. The research that has been conducted is inconclusive — for example, Aly et al (2010),
in their retrospective study, analysed data from mothers who gave birth at the George
Washington University between 1992 and 2003; they found that there was no link between
maternal obesity and prematurity. However, Su et al (2020) also conducted a retrospective
study of Chinese women who delivered between 2015 and 2018; the authors concluded that
there was an increased risk of premature birth with maternal obesity, recommending weight
loss prior to conception. In summary, maternal obesity may be a predisposing factor to
prematurity; in view of this, mothers-to-be should be encouraged to maintain a healthy

weight.

Lack of antenatal care

Studies consistently show that women who receive early and regular antenatal care are less
likely to have a preterm infant (Turienzo et al. 2016; Requejo et al. 2013). The health risks
for women may increase during the pandemic due to a reluctance to attend visits in

potentially crowded antenatal clinics or doctors’ offices; particularly in countries that do not



impose and reinforce strict infection control measures (See Table 1) within their clinics. In
addition, the indirect consequences of the pandemic can lead to reduced access to services
due to an overwhelmed health system, a perceived lack of maternity services and the need for
an increased focus on the reproductive needs of women during their childbearing years (Riley

et al., 2020; Semaan A. et al., 2020).

Work related stress

Work related stress has been shown to be a risk factor for premature birth. In a recent
literature review occupational stress was identified as a significant risk for premature birth
(Takahata and Shiraishi, 2020). This stress is further increased if combined with
socioeconomic disadvantage during pregnancy (Chen et al., 2020). Two recent publications
have identified conflicting outcomes. The first, a literature review, identified that an
increased risk of premature birth for women working fixed night shifts (21%), rotating shifts
(13%) or longer hours (21%) (Cai et al. 2019). While in a study conducted in Brazil of 2416
women provided a counter view of the connection between workplace stress and standing for
prolonged periods (Buen et al. 2020). It was found that women who do work and/or
complete household chores unaided were less likely to have spontaneous premature births.

Buen et al. (2020) suggest that their results need to be interpreted with caution.

Home related stress

Intimate partner violence or domestic violence (DV) is a risk factor for preterm birth and
other adverse perinatal outcomes for the baby and mother (Donovan et al. 2016). Indeed,
exposure to DV during pregnancy doubled the risk of preterm birth. Research into pregnancy
and DV has found that between 3% and 9% of women experience abuse during pregnancy

and higher rates of abuse occur with young maternal age, single relationship status, minority



race/ethnicity, and poverty (Alhusen et al, 2015; Tavoli et al., 2016). Direct physical assault
to the abdomen and sexual abuse are associated with placental damage, uterine contractions,
premature rupture of membranes, and genitourinary infections (Donovan et al., 2016). Many
of the factors associated with DV are risk factors for preterm birth. Risk taking and unhealthy
behaviours such as maternal smoking, alcohol or drug use, inadequate prenatal care, poor
nutrition resulting in insufficient prenatal weight gain (Alhusen et al, 2015; O’Leary et al,

2009; Patra et al., 2011; Sanchez et al. 2013).

Pregnant women who are victims of DV tend to have higher levels of stress, less support
from their partners, and lower self-esteem (Donovan et al 2016). The risk for preterm birth
could be related to psychosocial, emotional and physical stress, depression, anxiety, isolation,
decreased social support, and low self-esteem (Sanchez et al. 2013). Increased hypothalamic-
pituitary-adrenal (HPA) is regarded as one important mechanism for observed associations
between maternal psychiatric symptoms (anxiety disorders) and preterm delivery (Sanchez et
al. 2013). Psychological stress can exacerbate pre-existing conditions such as hypertension

and gestational diabetes increasing the risk of preterm birth (Wadhwa et al, 2011).

A disturbing aspect of the lockdown during COVID-19 is the pandemic coincided with the
onset or escalation of domestic violence and abuse. Boxall et al. (2020) found that two-thirds
of women who experienced physical or sexual violence by a current or former cohabiting
partner since the start of the COVID-19 pandemic, said the violence had started or escalated.
COVID-19 coincided with the onset of violence or coercive control for many women, and for
others there was an increase in the frequency or severity of ongoing violence or abuse (Boxall

et al., 2020).



Exposure to environmental pollutants

China suffers greatly from severe air pollution, and during COVID-19 China locked down
one third of its cities to prevent the escalation of COVID-19 transmission. Lock down
curtailed personal mobility and economic activities and led to significant improvement in air
quality (He et al. 2020). Air pollution exposure has been reported to be a risk factor for
preterm birth (Liu et al. 2019). Particulate matter (PM) is extremely small solid particles and
liquid droplets suspended in air. It can be made up of a variety of components including
nitrates, sulphates, organic chemicals, metals, soil or dust particles, and allergens. Particle
pollution is released from motor vehicles, wood burning heaters, industry, bush fires and dust
storms. The particle size is important and affects their potential to cause health problems. For
example, PM10 (particles with a diameter of 10 micrometres or less), and PM2.5 (particles
with a diameter of 2.5 micrometres or less). Both particle sizes are small enough to enter the
lungs. Liu et al. (2019) found that the risks of preterm birth increase for each
10 pg/m? increase in PMa.s, PMio during the first trimester and in PMa.s, PM1o, SO (sulphur

dioxide), O3 (0zone) during the third trimester.

Recommendations

The modifiable risk factors of pregnancy need to be considered when pregnant women seek
obstetric and/or midwifery care. While it is not possible to know why the number of
premature babies may have decreased in certain countries during COVID-19, the importance
of holistic antenatal care and fetal monitoring cannot be overstated. The pregnant woman and
her partner also need to make informed decisions about ways to decrease the risks of preterm

birth.

Influenza vaccination of pregnant women is associated with a decreased risk of adverse

pregnancy outcomes including preterm birth (Fell et al. 2017) and confers effective
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protection up to the age of 6 months for newborns whose mother was vaccinated during
pregnancy (Bartolo et al. 2019). Campaigns directed at pregnant women to be vaccinated
against influenza are needed. Bartolo et al. (2019) found that 35.5% of the 2045 pregnant
women in their study reported they had been vaccinated against influenza during their
pregnancy; the factor significantly associated with vaccination uptake was previous influenza
vaccination. Other influences included, to a lesser degree, were first pregnancy, history of
preterm birth, the mother’s knowledge of the influenza vaccine (and the perception that
complications associated with the vaccine were low). Health professionals need to advocate
for the influenza vaccination because Bartolo et al. (2019) found that health care worker
vaccination recommendations, evidence-based information and hospital-based prenatal care
in the first trimester of pregnancy were positively associated with vaccine uptake by pregnant

women. Indeed, the primary motivating factor was protecting the baby against influenza.

The nutrition of pregnant women needs careful consideration. Eating foods that contain
prebiotics and probiotics should be encouraged. Probiotic supplementation, at this stage, does
not seem to pose safety risks for pregnant women and is not associated with an increase in
adverse outcomes (Buggio et al. 2019; Nordqvist et al. 2018; Elias et al. 2011). Recognizing
and treating the women having urogenital infections, when it has not become clinically
evident, will decrease the percentage of women going into preterm labour and will improve
the perinatal outcome (Verma et al., 2014). In order to decrease the impact of periodontal
disease on preterm birth incidence, the promotion of pre-pregnancy oral health is
recommended. For those women who are already pregnant, early diagnosis, treatment and
monitoring is essential. It is noteworthy that most of the research has shown that periodontal
treatment is safe for pregnant women and can improve periodontal status (Huck et al. 2011).
It is not yet known if the treatment of periodontal disease reduces the risk of preterm birth

(Polyzos et al. 2010).
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In summary, the work of Been et al (2020), Hedermann et al. (2020b) and Philip et al (2020)
suggest a possible link between the modifiable risks of pregnancy and the lockdown
necessitating pregnant women stay at home. Decreasing contact with others associated with
physical distancing, such as on a daily commute may have resulted in less infection. A focus
on hygiene could have also decreased the risk of infections. Lockdown could have meant
better nutrition with more home cooking and less take-away or less nutritious food, perhaps
leading to a more normal pregnancy weight gain. In some countries, exercise was an
approved reason to leave the house. Avoidance of people outside the house could have meant
less access to tobacco and illegal drugs and less opportunity for unprotected intercourse
resulting in sexually transmitted diseases. Less work stress could have resulted in improved
sleep, however financial stress could be an issue. Fewer industries that spill pollutants into
the air could have resulted in less air pollution. While at this stage it is not possible to make
firm conclusions from these studies’ findings, considering the points raised in this paper can

generate useful discussion and knowledge for learning.

CONCLUSION

COVID-19 and the work of Philip et al (2020), Hedermann et al. (2020a, b) and Been et al
(2020) has provided the opportunity to examine the modifiable risks for preterm birth. It is
unlikely that this opportunity will present again because pregnant women will in all
probability choose not to isolate at home with all the restrictions imposed during the initial
lockdown. Health professionals who care for pregnant women need to address the modifiable
risk factors for preterm birth as part of their mother and baby surveillance. Decreasing the
number of preterm births by paying attention to the modifiable risk factors is considered a
major public health initiative and essential to optimise outcomes of our vulnerable premature

babies and families.

22



References

Aagaard, H., Uhrenfeldt, L., Spliid, M., Fegran, L., 2015. Parents’ experiences of transition
when their infants are discharged from the Neonatal Intensive Care Unit: A systematic review
protocol. JBI database of Systematic Reviews and Implementation Reports. 13(10), 123-132.
https://doi: 10.11124/jbisrir-2015-2287

Alhusen, J.L., Ray, E., Sharps, P., Bullock, L., 2015. Intimate partner violence during
pregnancy: maternal and neonatal outcomes. Journal of Women's Health, 24(1), 100-
106. https://doi: 10.1089/jwh.2014.4872

Allotey, J., Stallings, E., Bonet, M., Yap, M., Chatterjee, S., Kew, T., Balaji, R., 2020.
Clinical manifestations, risk factors, and maternal and perinatal outcomes of coronavirus
disease 2019 in pregnancy: living systematic review and meta-analysis. BMJ. 370 doi:
https://doi.org/10.1136/bmj.m3320

Altimier, L., Phillips, R., 2016. The neonatal integrative developmental care model: advanced
clinical applications of the seven core measures for neuroprotective family-centered
developmental care. Newborn and Infant Nursing Reviews, 16(4), 230-244.
https://doi.org/10.1053/j.nainr.2016.09.030

Aly, H., Hammad, T., Nada, A. Mohamed, M., El-Mohandes, A., 2010. Maternal obesity,
associated complications and risk of prematurity. Journal of Perinatology. 30(7), 447—451.
https:// DOI: 10.1038/jp.2009.117

Antoun, L., Taweel, N. E, Ahmed, 1., Patni, S., Honest, H., 2020. Maternal COVID-19
infection, clinical characteristics, pregnancy, and neonatal outcome: A prospective cohort

study. European Journal of Obstetrics & Gynecology and Reproductive Biology. 252, 559-
562. https://doi: 10.1016/j.ejogrb.2020.07.008

Aune, D., Saugstad, O. D., Henriksen, T., Tonstad, S., 2014. Maternal body mass index and
the risk of fetal death, stillbirth, and infant death: a systematic review and meta-
analysis. JAMA. 311(15), 1536- 1546. https:// doi: 10.1001/jama.2014.2269

Aydon, L., Hauck, Y., Murdoch, J., Siu, D., Sharp, M., 2017. Transition from hospital to
home: Parents perception of their preparation and readiness for discharge with their preterm
infant. Journal of Clinical Nursing. 27(1-2), 269-277. https:// doi: 10.1111/jocn.13883

Baer, R.J., Chambers, C.D., Ryckman, K.K., Oltman, S.P., Rand, L., Jelliffe-Pawlowski,
L.L., 2019. An evaluation of sexually transmitted infection and odds of preterm or Early-

Term birth using propensity score matching. Sexually Transmitted Diseases. 46(6), 389-394.
https:// DOI: 10.1097/0OLQ.0000000000000985

Bartolo, S., Deliege, E., Mancel, O., Dufour, P., Vanderstichele, S., Roumilhac, M.,
Hammou, Y., Carpentier, S., Dessein, R., Subtil, D., Faure, K., 2019. Determinants of
influenza vaccination uptake in pregnancy: a large single-Centre cohort study. BMC
Pregnancy and Childbirth. 19(1), 1-9. https://doi.org/10.1186/s12884-019-2628-5

Baum, N., Weidberg, Z., Osher, Y., Kohelet, D., 2012. No longer pregnant, not yet a mother:

Giving birth prematurely to a very-low-birth-weight baby. Qualitative Health
Research. 22(5), 595-606. https://doi.org/10.1177/1049732311422899

23



Been, J. V., Ochoa, L. B., Bertens, L. C., Schoenmakers, S., Steegers, E. A., Reiss, . K.,
2020. Impact of COVID-19 mitigation measures on the incidence of preterm birth: a national
quasi-experimental study. The Lancet Public Health. https://doi.org/10.1016/S2468-
2667(20)30223-1

Boxall, H. Morgan, A., Brown, R., 2020. The prevalence of domestic violence among women
during the COVID-19 pandemic. Statistical Bulletin 28. Canberra: Australian Institute of
Criminology.

https://www.aic.gov.au/sites/default/files/2020-

07/sb28 prevalence of domestic_violence among women_ during covid-19 pandemic.pdf
(accessed 19 March 2020).

Buen, M., Amaral, E., Souza, R., Passini, R., Lajos, G., Tedesco, R., Nomura, M., Dias, T.,
Rehder, P., Sousa, M., Cecatti, J., the Brazilian Multicentre Study on Preterm Birth Study

Group, 2020. Maternal work and spontaneous preterm birth: A multicenter observational
study in Brazil. Nature Research. 10 (9684). https://doi.org/10.1038/s41598-020-66231-2

Buggio, L., Somigliana, E., Borghi, A., Vercellini, P., 2019. Probiotics and vaginal
microecology: fact or fancy? BMC Women's Health. 19(1), https://doi:10.1186/s12905-019-
0723-4

Cai, C., Vandermeer, B., Khurana, R., Nerenberg, K., Featherstone, R., Sebastianski, M.,
Davenport, M., 2019. The impact of occupational shift work and working hours during

pregnancy on health outcomes: a systematic review and meta-analysis, American Journal of
Obstetrics & Gynecology. 221 (6), 563-576. https:// doi: 10.1016/j.2j0g.2019.06.051

Catalano, P.M., Shankar, K., 2017. Obesity and pregnancy: mechanisms of short term and
long-term adverse consequences for mother and child. BMJ. 356 j1.
https://doi.org/10.1136/bm;.j1

Cappelletti, M., Della Bella, S., Ferrazzi, E., Mavilio, D., Divanovic, S., 2016. Inflammation
and preterm birth. Journal of Leukocyte Biology, 99(1), 67-78.

Chappell, L. C, Brocklehurst, P., Green, M. E., Hunter, R., Hardy, P., Juszczak, E., Linsell,
L., Chiocchia, V., Greenland, M., Placzek, A., Townend, J., Marlow, N., Sandall, J.,
Shennan, A., Phoenix Study Group., 2019. Planned early delivery or expectant management
for late preterm pre-eclampsia (PHOENIX): a randomised controlled trial. Lancet. 394,1181-
90. https:/doi.org/10.1016/S0140-6736(19)31963-4.

Chen, C-P., 2005. Congenital Malformations Associated with Maternal Diabetes Taiwanese
Journal of Obstetrics and Gynecology. 44(1) 1-7.

Chen, L., Shi, L., Chao, M., Tong, X., Wang, F., 2020. Stressful life events, Hypertensive
disorders, and high blood sugar during pregnancy. Stress & Health. 36(2), 160-165.

Chen, L., Wang, W. J., Auger, N., Xiao, L., Torrie, J., McHugh, N G-L., Luo, Z-C., 2019.
Diabetes in pregnancy in associations with perinatal and postneonatal mortality in First
Nations and non-Indigenous populations in Quebec, Canada: population-based linked birth
cohort study. BMJ Open. 9(4), €025084. https://dx.doi.org/10.1136/bmjopen-2018-025084

24



Cnattingius, S., Villamor, E., Johansson, S., Bonamy, A.K.E., Persson, M., Wikstrom, A.K.,
Granath, F., 2013. Maternal obesity and risk of preterm delivery. JAMA. 309(22), 2362-
2370.

Cook, R., Lyon-Maris, J., Davidson, P., 2020. NIHR Dissemination Centre. Planned earlier
delivery for late pre-eclampsia may be better for mothers. BMJ. 368, 16779. https://doi:
10.1136/bm;.16779.

Coton, S. J., Nazareth, I, Petersen, L., 2016. A cohort study of trends in the prevalence of
pregestational diabetes in pregnancy recorded in UK general practice between 1995 and
2012. BMJ Open. 6, €009494. https://doi: 10.1136/bmjopen-2015-009494

Cullen, P., 2020. Positive lockdown influence credited with fall in pre-term births. Irish
Times. June 11.
https://www.irishtimes.com/news/health/positive-lockdown-influence-credited-with-fall-in-
pre-term-births-1.4275968 (accessed 17 June 2020)

de Attayde, M.J.P.M., Floréncio, G.L.D., Gabiatti, J.R.E., do Amaral, R.L., Janior, J.E., da
Silveira Goncalves, A.K., 2011. Perinatal morbidity and mortality associated with chlamydial

infection: a meta-analysis study. The Brazilian Journal of Infectious Diseases. 15(6), 533-
539.

Donovan, B.M., Spracklen, C.N., Schweizer, M.L., Ryckman, K.K., Saftlas, A.F., 2016.
Intimate partner violence during pregnancy and the risk for adverse infant outcomes: a
systematic review and meta-analysis. BIOG: An International Journal of Obstetrics &
Gynaecology. 123(8), 1289-1299.

Dubey, P., Reddy, S. Y., Manuel, S., Dwivedi, A. K., 2020. Maternal and neonatal
characteristics and outcomes among COVID-19 infected women: An updated systematic

review and meta-analysis. European Journal of Obstetrics & Gynecology and Reproductive
Biology. 252, 490-501. https://doi:10.1016/j.ejogrb.2020.07.034

Elias, J., Bozzo, P., Einarson, A., 2011. Are probiotics safe for use during pregnancy and
lactation? Canadian Family Physician, 57(3), 299-301.

Fell, D.B., Savitz, D.A., Kramer, M.S., Gessner, B.D., Katz, M.A., Knight, M., Luteijn, J.M.,
Marshall, H., Bhat, N., Gravett, M.G., Skidmore, B., 2017. Maternal influenza and birth

outcomes: systematic review of comparative studies. BIOG: An International Journal of
Obstetrics & Gynaecology. 124(1), 48-59.

Fowler, C., Green, J., Whiting, L., Petty, J., Elliott, D., 2019. The forgotten mothers of
extremely preterm babies: a qualitative study. Journal of Clinical Nursing. 28, 11-12, 2124-
2134. https:// doi: 10.1111/jocn.14820

Frey, H., Kiebanoff, M., 2016. The epidemiology, etiology, and costs of preterm birth.
Seminars in Fetal and Neonatal Medicine. 21(2), 68-73

25



Green, J., Petty, J., Bromley, P., Walker, K., Jones, L., 2020a. COVID 19 in babies:
Knowledge for neonatal care.Journal of Neonatal Nursing. 26(5), 239-246.
https://doi.org/10.1016/;.jnn.2020.06.005

Green, J., Fowler, C., Petty, J., Whiting, L., 2020b. The transition home of extremely
premature babies: An integrative review. Journal of Neonatal Nursing. (in press)
https://doi.org/10.1016/;.jnn.2020.09.011

Green, J., Darbyshire, P., Adams, A., Jackson, D., 2015. Looking like a proper baby: Nurses'
experiences of caring for extremely premature infants. Journal of Clinical Nursing. 24(1-2),
81-89.

Habak PJ, Griggs, Jr RP. Urinary Tract Infection In Pregnancy. [Updated 2020 Jul 10]. In:
StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2020 Jan-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK 537047/

Hadley, E.E., Discacciati, A., Costantine, M.M., Munn, M.B., Pacheco, L.D., Saade, G.R.,
Chiossi, G., 2019. Maternal obesity is associated with chorioamnionitis and earlier indicated
preterm delivery among expectantly managed women with preterm premature rupture of
membranes. The Journal of Maternal-Fetal & Neonatal Medicine. 32(2), 271-278.

Hiartel, C., Humberg, A., Viemann, D., Stein, A., Orlikowsky, T., Rupp, J., Kopp, M.V.,
Herting, E., Gopel, W., 2016. Preterm birth during influenza season is associated with
adverse outcome in very low birth weight infants. Frontiers in Pediatrics. 4, 130.

He, G., Pan, Y., Tanaka, T., 2020. The short-term impacts of COVID-19 lockdown on urban
air pollution in China. Nature Sustainability. 1-7. https://doi.org/10.1038/s41893-020-0581-y

Hedderson, M. M., Ferrara, A., Sacks, D. A., 2003. Gestational diabetes mellitus and lesser
degrees of pregnancy hyperglycemia: association with increased risk of spontaneous preterm
birth. Obstetrics and Gynecology. 102(4)850-856.

Hedermann, G., Hedley, P.L., Backvad-Hansen, M., Hjalgrim, H., Rostgaard, K., Poorisrisak,
P., Breindahl, M., Melbye, M., Hougaard, D., Christiansen, M., Lausten-Thomsen, U., 2020a.
Changes in premature birth rates during the Danish nationwide COVID-19 lockdown: a
nationwide register-based prevalence proportion study, Archives of Disease in Childhood.
doi: https://doi.org/10.1101/2020.05.22.20109793

Hedermann, G., Hedley, P. L., Bekvad-Hansen, M., Hjalgrim, H., Rostgaard, K., Poorisrisak,
P., Lausten-Thomsen, U., 2020b. Danish premature birth rates during the COVID-19
lockdown. Archives of Disease in  Childhood-Fetal and Neonatal Edition.
https://dx.doi.org/10.1136/archdischild-2020-319990

Huck, O., Tenenbaum, H., Davideau, J.L., 2011. Relationship between periodontal diseases
and preterm birth: recent epidemiological and biological data. Journal of Pregnancy. 5(1):2-6.

Janisse, J.J., Bailey, B.A., Ager, J., Sokol, R.J., 2014. Alcohol, tobacco, cocaine, and

marijuana use: relative contributions to preterm delivery and fetal growth
restriction. Substance Abuse. 35(1), 60-67.

26



Johnson, S., Marlow, N., 2014. Growing up after extremely preterm birth: lifespan mental
health outcomes. Seminars in Fetal and Neonatal Medicine. 19(2), 97-104.

KC, A., Gurung, R., Kinney, M., Sunny, A., Moinuddin, M., Basnet, O., Paudel, P.,
Bhattaroi, P., Subedi, K., Shrestha, M., Lawn, J., Malqvist, M., 2020. Effect of the COVID-
19 pandemic response on intrapartum care, stillbirth, and neonatal mortality outcomes in
Nepal: a prospective observational study. Lancet Global Health. 8(10), E1273-E128]1.
https://doi.org/10.1016/S2214-109X(20)30345-4

Kearney, L., George, K., 2020. It’s tempting to believe good news. But are there really fewer
premature babies in lockdown? We’re likely clutching at straws. The Conversation. July 30.
https://theconversation.com/its-tempting-to-believe-good-news-but-are-there-really-fewer-
premature-babies-in-lockdown-were-likely-clutching-at-straws-143353 (accessed 19 October
2020)

Kong, L., Nilsson, I. A. K., Gissler, M., Lavebratt, C., 2019. Associations of maternal
diabetes and body mass index with offspring birth weight and prematurity. JAMA Pediatrics.
173(4), 371-378.

Lawrence, J. M., Contreras, R., Chen, W., Sacks, D. A., 2008. Trends in the prevalence of
preexisting diabetes and gestational diabetes mellitus among a racially/ethnically diverse
population of pregnant women, 1999-2005. Diabetes Care. 31(5), 899-904.

Lilliecreutz, C., Larén, J., Sydsjo, G. et al., 2016. Effect of maternal stress during pregnancy
on the risk for preterm birth. BMC Pregnancy Childbirth 16, 5.
https://doi.org/10.1186/s12884-015-0775-x

Lin, S-F., Kuo, C-F., Chiou, M-J., Chang, S-H., 2017. Maternal and fetal outcomes of
pregnant women with type 1 diabetes, a national population study. Oncotarget. 8(46), 80679-
80687. doi:10.18632/oncotarget.20952

Liu, Y., Xu, J., Chen, D., Sun, P., Ma, X., 2019. The association between air pollution and
preterm birth and low birth weight in Guangdong, China. BMC Public Health. 19(1), 3.
https://doi.org/10.1186/s12889-018-6307-7

Madan, J., Chen, M., Goodman, E., Davis, J., Allan, W., Dammann, O., 2010. Maternal
obesity, gestational hypertension, and preterm delivery. The Journal of Maternal-Fetal &
Neonatal Medicine. 23(1), 82-88.

Manns-James, L., 2011. Bacterial Vaginosis and Preterm Birth. Journal of Midwifery &
Women’s Health. 56(6), 575-583. https://doi.org/10.1111/5.1542-2011.2011.00086.x

Mei-Dan, E., Walfisch, A., Weisz, B., Hallak, M., Brown, R., Shrim, A., 2015. The unborn
smoker: association between smoking during pregnancy and adverse perinatal
outcomes. Journal of Perinatal Medicine. 43(5), 553-558.

Ng, M., Fleming, T., Robinson, M., Gakidou, E., 2014. Global, regional, and national

prevalence of overweight and obesity in children and adults during 1980-2013: a systematic
analysis for the Global Burden of Disease Study 2013. Lancet. 384(9945), 766-781.

27



National Institutes for Health (NIH) 2017. — Eunice Kennedy Shriver National Institute of
Child Health and Human Development. 2017. What are the risk factors for preterm labor and
birth? https://www.nichd.nih.gov/health/topics/preterm/conditioninfo/who_risk (accessed 9
September 2020)

Nordqvist, M., Jacobsson, B., Brantsater, A.L., Myhre, R., Nilsson, S., Sengpiel, V., 2018.
Timing of probiotic milk consumption during pregnancy and effects on the incidence of
preeclampsia and preterm delivery: a prospective observational cohort study in Norway. BMJ
Open. 8(1), e018021. https://doi:10.1136/bmjopen-2017-018021

O’Leary, C.M., Nassar, N., Kurinczuk, J.J., Bower, C., 2009. The effect of maternal alcohol
consumption on fetal growth and preterm birth. BJOG: An International Journal of Obstetrics
& Gynaecology, 116(3), 390-400.

Opara, C. N., Akintorin, M., Byrd, A., Cirignani, N., Akintorin, S., Soyemi, K., 2020.
Maternal diabetes mellitus as an independent risk factor for clinically significant retinopathy
of prematurity severity in neonates less than 1500g. PLoS ONE. 15(8): ¢0236639.
https://doi:10.1371/journal.pone.0236639

Othman, M., Alfirevic, Z., Neilson, J.P., 2007. Probiotics for preventing preterm
labour. Cochrane =~ Database = of  Systematic =~ Reviews.  Jan24(1), CD005941.
https://doi:10.1002/14651858.CD005941.pub2.

Owens, D.K., Davidson, K.W., Krist, A.H., Barry, M.J., Cabana, M., Caughey, A.B.,
Donahue, K., Doubeni, C.A., Epling, J.W., Kubik, M., Ogedegbe, G., 2020. Screening for
Bacterial Vaginosis in Pregnant Persons to Prevent Preterm Delivery: US Preventive Services
Task Force Recommendation Statement. JAMA. 323(13), 1286-1292.

Patra, J., Bakker, R., Irving, H., Jaddoe, V.W., Malini, S., Rehm, J., 2011. Dose-response
relationship between alcohol consumption before and during pregnancy and the risks of low
birthweight, preterm birth and small for gestational age (SGA)—a systematic review and
meta-analyses. BJOG: An International Journal of Obstetrics & Gynaecology. 118(12), 1411-
1421.

Petty, J., Whiting, L., Green, J., Fowler, C., 2018. Parents’ views on preparation to care for
extremely premature infants at home. Nursing Children and Young People. 30(4), 22-27.

Petty, J., Whiting, L., Mosenthal, A., Fowler, C., Elliott, D., Green, J., 2019. The

knowledge and learning needs of health professionals in providing support for parents of
premature babies at home: A mixed-methods study. Journal of Neonatal Nursing. 25(6), 277-
284.

Persson, M., Shah, P. S., Rusconi, F., Reichman, B., Modi, N., Kusuda, S., Lehtonen, L.,
Hékansson, S., Yang, J., Isayama, T., Beltempo, M., Lee, S., Norman, M., 2018. Association

of maternal diabetes with neonatal outcomes of very preterm and very low-birth-weight
infants. JAMA Paediatrics. 172(9) 867-875.

Philip, R. K., Purtill, H., Reidy, E., Daly, M., Imcha, M., McGrath, D., ... Dunne, C. P,
2020. Reduction in preterm births during the COVID-19 lockdown in Ireland: a natural

28



experiment allowing analysis of data from the prior two decades. medRxiv.
https://d0i:10.1101/2020.06.03.20121442.

Polyzos, N.P., Polyzos, I.P., Zavos, A., Valachis, A., Mauri, D., Papanikolaou, E.G., Tzioras,
S., Weber, D., Messinis, I.LE., 2010. Obstetric outcomes after treatment of periodontal disease
during pregnancy: systematic review and meta-analysis. BMJ. 341, c7017.
https://doi.org/10.1136/bmj.c7017

Quigley, E.M., 2010. Prebiotics and probiotics; modifying and mining the
microbiota. Pharmacological Research. 61(3), 213-218.

Requejo, J., Merialdi, M., Althabe, F., Keller, M., Katz, J. and Menon, R., 2013. Born too
Soon: Care during pregnancy and childbirth to reduce preterm deliveries and improve health
outcomes of the preterm baby. Reproductive Health. 10(Suppl 1), S4.

Riley, T., Sully, E., Ahmed, Z., Biddlecom, A., 2020. Estimates if potential impact of the
COVID-19 pandemic on sexual and reproductive health in low- and middle-income
countries, International Perspectives on Sexual and Reproductive Health. 46, 73-76.

Roberfroid, M.B., 2000. Prebiotics and probiotics: are they functional foods? The American
Journal of Clinical Nutrition. 71(6), 1682S-1687S.

Roberts, G., Cheong, J.L., 2014. Long-term growth and general health for the tiniest or most
immature infants. Seminars in Fetal and Neonatal Medicine. 19(2), 118-124.

Royal College of Paediatrics and Child Health (RCPCH), 2020. COVID-19: Research
Evidence Summaries. https://www.rcpch.ac.uk/resources/covid-19-research-evidence-
summaries (accessed 19 October 2020)

Saini, R., Saini, S., Saini, S.R., 2010. Periodontitis: A risk for delivery of premature labor and
low-birth-weight infants. Journal of Natural Science, Biology, and Medicine. 1(1), 40.

Sanchez, S.E., Alva, A.V., Chang, G.D., Qiu, C., Yanez, D., Gelaye, B., Williams, M.A.,
2013. Risk of spontaneous preterm birth in relation to maternal exposure to intimate partner
violence during pregnancy in Peru. Maternal and Child Health Journal. 17(3), 485-492.

Semaan, A., Audet, C., Huysmans, E., Afolabi, B., Assarag, B., Banke-Thomas, A., Benova,
L., 2020. Voices from the frontline: findings from a thematic analysis of a rapid online global
survey of maternal and newborn health professionals the COVID-19 pandemic. BMJ Global Health.
5, e002967. https://doi:10.1136/bmjgh-2020- facing 002967

Stothard, K.J., Tennant, P.W., Bell, R., Rankin J. 2009. Maternal overweight and obesity and
the risk of congenital anomalies: a systematic review and meta-
analysis. JAMA. 301(6), 636- 650.

Stuebe A., 2020. Should Infants Be Separated from Mothers with COVID-19? First, Do No Harm.

Breastfeeding Medicine: The Official Journal of the Academy of Breastfeeding Medicine. 15(5),
351-352. https://doi.org/10.1089/bfm.2020.29153.ams

29



Su, X.J., Huang, S.J., Li, X., Du, Q.L., 2020. Prepregnancy Overweight and Obesity Are
Associated with an Increased Risk of Preterm Birth in Chinese Women. Obesity Facts. 13(2)
237-244. https://doi: 10.1159/000506688.

Takahata, H., Shiraishi, M., 2020. Association of occupational stress during pregnancy with
premature birth and small for gestational age: A systematic review of observational studies.
Journal of Japan Academy of Midwifery. 34(1) 25-37.

Tency, 1., 2014. Inflammatory response in maternal serum during preterm
labour. Facts, Views and Vision in Obstetrics and Gynaecology. 6(1), 19.

Tavoli, Z., Tavoli, A., Amirpour, R. et al., 2016. Quality of life in women who were exposed
to domestic violence during pregnancy. BMC Pregnancy Childbirth 16, 19.
https://doi.org/10.1186/512884-016-0810-6

Turienzo, C.F., Sandall, J., Peacock, J.L., 2016. Models of antenatal care to reduce and
prevent preterm birth: a systematic review and meta-analysis. BMJ Open. 6, ¢009044.
https://doi:10.1136/bmjopen-2015-009044

Verma, 1., Avasthi, K., Berry, V., 2014. Urogenital infections as a risk factor for preterm
labor: a hospital-based case—control study. The Journal of Obstetrics and Gynecology of
India. 64(4), 274-278

Wadhwa, P. D., Entringer, S., Buss, C., & Lu, M. C., 2011. The contribution of maternal
stress to preterm birth: issues and considerations. Clinics in Perinatology, 38(3), 351-384.
https://doi.org/10.1016/j.clp.2011.06.007

World Health Organisation (WHO). 2017. Preterm Birth.
http://www.who.int/mediacentre/factsheets/fs363/en/ (accessed 19 October 2020)

World Health Organisation (WHO). 2018. Preterm birth Key facts. http://www.who.int/news-
room/fact-sheets/detail/preterm-birth (accessed 19 October 2020)

Wynn, A., Bristow, C.C., Cristillo, A.D., Murphy, S.M., van den Broek, N., Muzny, C.,
Litch, J.A., 2020. Sexually transmitted infections in pregnancy and reproductive health:
Proceedings of the STAR sexually transmitted infection clinical trial group programmatic
meeting. Sexually Transmitted Diseases. 47(1), 5-11.

30



