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Abstract Preterm birth (PB) is a syndrome re-
sulting from a complex relationship between mul-
tiple factors which do not have fully understood
relationships and causality. This article discusses
a hierarchical theoretical model of PB determi-
nants, considering maternal characteristics such
as sociodemographic, psychosocial, nutritional,
behavioral and biological aspects, traditionally
associated with increased risk of PB. The varia-
bles were distributed in six dimensions within
three hierarchical levels (distal, intermediate and
proximal). In this model, the socioeconomic de-
terminants of the mother, family, household and
neighborhood play indirect effects on PB through
variables at the intermediate level, which in turn
affect biological risk factors at the proximal level
that have a direct effect on PB. The study presents
a hierarchical theoretical model of the factors in-
volved in the PB determination chain and their
interrelationships. Understanding these interrela-
tionships is an important step in trying to break
the causal chain that makes some women vulne-
rable to preterm birth.
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Introduction

Preterm birth (PB) is defined as every birth which
takes place before 37 full weeks of pregnancy, or
in less than 259 days since the first day of the last
menstrual period (LMP)'. Global estimates show
an increase in the preterm birth rate over the
years, varying between 9.8% in 2000 and 10.6%
in 2014. This increase is equivalent to an estimat-
ed number of 14.6 million preterm births around
the world® In 2016, the complications of PB were
considered the main cause of death among chil-
dren under the age of five, corresponding to ap-
proximately 16% of all deaths, and 35% of deaths
among newborns’. In addition to its contribu-
tion to mortality, PB has effects throughout the
lives of the survivors, with consequences related
to neurological and cognitive deficits, visual/au-
ditory deficiency, and an increased risk of chron-
ic diseases in their adult lives*’.

PB can be subdivided into categories, based
on the newborn’s gestational age: extremely
(< 28 weeks); very (= 28 and < 32 weeks), and
moderate-to-late preterm (> 32 and < 37 com-
plete weeks of pregnancy)®. These subdivisions
are important, since the reduction in gestational
age is associated with the newborn’s survival and
neonatal complications’. PB may also be clas-
sified into two large subtypes: (i) spontaneous
preterm birth, defined as the spontaneous start
of labour, or following the premature rupture of
membranes (PRM); and (ii) premature labour
started by health professionals (previously called
“iatrogenic”), defined as induction of labour, or
elective caesarean, before 37 full weeks of preg-
nancy, due to maternal or fetal indications, or
other non-medical reasons®.

PB is a syndrome which results from a com-
plex relationship between sociodemographic,
psychosocial, nutritional, behavioural and bi-
ological maternal factors. However, although
these risk factors are well-known in literature,
the cause and relationship between them are
not fully understood’. Therefore, theoretical
models have been proposed, in the attempt to
explain potential interrelationships between the
various risk factors when determining results
in health'*!'. However, the use of a hierarchical
theoretical model to construct reviews on the de-
terminants of PB is a differential and innovative
approach. Thus, this article involving the review
of literature, presents a hierarchical theoretical
model of the determinants of preterm birth,
providing subsidies to further discussion on the
interrelationship of these different determinants.

Determinants of preterm birth

The complexity of a health outcome may be
observed both through the influence that each of
the factors exerts on its occurrence, and the in-
terrelationships and interdependences of these
different factors'?. A preterm birth prediction
at a closer level can be determined by biological
factors, such as a previous preterm labour, mul-
tiple pregnancy, maternal comorbidities, such
as hypertension and diabetes, and other condi-
tions related to the newborn, such as intrauterine
growth restriction (IUGR) and fetal distress>".
Factors which represent the mother’s lifestyle,
psychological health, and healthcare, may pos-
sibly be observed at the intermediate levels of
determination. Lastly, in general, the more distal
factors refer to the mother’s socio-economic and
demographic conditions.

Based on an extensive review of literature, a
hierarchical theoretical model of the determi-
nants of preterm birth was proposed, which de-
scribes the interrelations between the variables
that form each level of its determination (Figure
1). In the model presented, the variables were dis-
tributed into six dimensions, within three hierar-
chical levels (distal, intermediate, and proximal).
The variables of a same dimension are connected
by continuous lines. The direct effects between
the different levels of determination, or different
dimensions at the same level, are represented by
arrows. The double arrows indicate the dimen-
sions which establish bidirectional relationships
between themselves. The indirect effects between
the dimensions of different levels on the outcome
are represented by dashed arrows. Lastly, the di-
rect effects on the outcome, exercised by deter-
minants located at the proximal level, are repre-
sented by arrows.

Distal determinants

Socio-economic determinants have been con-
sistently identified as distal risk factors associated
with preterm birth. Socio-economic status (SES)
is an important predictor of health disparities,
since socio-economically underprivileged groups
tend to have worse health outcomes'. The eco-
nomic dimension, represented in particular by
family income, education and occupation, plays
an important role in the determination, and ad-
verse results of pregnancy®.

Income is highlighted as one of the most im-
portant socio-economic factors related to social
inequality and, consequently, health inequali-
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ties'®. Differences in income determine the na-
ture of people’s working and housing conditions,
access to food, and health services, which are ex-
planatory factors on the paths in which income is
associated with preterm birth". Family income is
equally important as individual socio-economic
factors, to explain the relation between SES and
health. Family income represents a standard of
living, and life opportunities which family mem-
bers experience by sharing goods and services'.

The educational level is a SES proxy which
predicts health conditions with more strength
and consistency, particularly for women and
their children’. Women with a higher level of
education have greater access to better jobs and
income which, in turn, leads to access to essen-
tial goods, such as higher quality food. The lev-
el of education is also an important marker of
access to health services, above all in relation to
aspects such as the decision on the number and
timing of the pregnancy, increased access and use
of medical information, as well as the reduction
of risk behaviour, such as the use of alcohol and
tobacco.

The impact of socio-economic inequalities
also determines the nature of people’s working
conditions. The strenuous work carried out by
women at a lower socio-economic level, often
with a less education, is also associated with
adverse birth results, including preterm birth®.
Occupations characterised as heavy manual la-
bour, under stressful conditions, with exposure
to chemical agents, or a long period of time in
the workplace, are factors which justify this re-
lation?"*2,

In addition to income-related aspects, stud-
ies suggest an association between the maternal
marital situation and results of the pregnancy>*.
Single mothers suffer more from increased ma-
ternal stress related to uncertainty about the fu-
ture, insecurity in the relationship, less emotion-
al/social support, and economic disadvantage,
when compared to mothers with partners*?.

The role of race/ethnicity in preterm birth
has been reported in many studies which demon-
strate variations in the length of the pregnancy
among various ethnic groups**?. For black wom-
en, exposure to stressful psychosocial factors
(poverty, lack of housing, living in dangerous
neighbourhoods, domestic violence, and expe-
rience of discrimination, or racism), and risk
behaviours associated with stress may favour the
increased risk of preterm birth?.

Residential segregation, defined as the ex-
tension to which social groups characterised by

income or race/ethnicity are spatially separated
from each other, may also contribute to preterm
birth disparities®. Residential segregation is a
display of structural racism which affects oppor-
tunities in many dimensions, including econom-
ic well-being, education, and health*. Women
who reside in racially-isolated neighbourhoods
accumulate disadvantages, such as less access to
quality basic education, and higher economic
and residential instability, which limits the op-
portunities associated with health improvements
and increases stress, which may lead to negative
birth outcomes®..

Housing is another social determinant associ-
ated with birth outcomes®™?*. Inadequate housing
conditions (floor and wall coverings, exposure to
mould, or humidity and basic sanitation) and
household crowding are associated with a greater
risk to health, mainly for the occurrence of in-
fectious and respiratory diseases, which consti-
tute important risk factors for preterm birth*>*.
Household crowding is also a marker of poverty
and social deprivation®, which may be associated
with preterm birth, considering that the number
of people in a family may influence access to food
and other essential services. Crowding may also
trigger stress factors in the pregnant woman’s
health and well-being, exposure to risk factors as-
sociated with injuries in the home, social tension,
and exposure to passive smoking®. In addition,
home ownership may attribute feelings of secu-
rity and/or prestige to the individual, especially
when compared to situations of instability such
as rent (social or private) and makeshift homes,
which are susceptible to eviction. This instability
directly affects psychosocial commitment, which
produces impacts during the pregnancy®.

The socio-economic characteristics at the
neighbourhood level are considered important
determinants for adverse birth outcomes'”?, in-
dependent of socio-economic measures at the
individual level"”. Characteristics of the area of
residence may influence preterm birth through
difference in access to health care and other es-
sential goods, maternal psychosocial stress, and
health behaviours".

Studies suggest that violence in the neigh-
bourhood of residence may also lead to an indi-
rect effect on increased risk of preterm birth and
other birth outcomes®*. Exposure to contextual
violence may lead to fear and psychological stress,
mainly in the first trimester of pregnancy, which
could lead to prematurity. In addition, violence
may also lead to additional indirect effects on re-
sults of the delivery, such as interrupted access to



health services, particularly prenatal services, and
risk behaviours such as an increase in smoking
and the consumption of alcohol during pregnan-
cy, in response to stress”.

Intermediate determinants

At the intermediate level of determination,
maternal psychological health, risk behaviours
and access and use of health services are associat-
ed with premature delivery.

High levels of maternal stress, anxiety and
depression during pregnancy may have a nega-
tive impact on the development of the fetus, and
be associated with premature labour®. The vul-
nerability of pregnant women to stress, anxiety,
and depression may be increased by factors such
as a lack of emotional stability, uncertainty about
the future, unstable housing, insecurity in a rela-
tionship, little support from a partner, a violent
partner, financial difficulties, an unplanned or
unwanted pregnancy, and lack of an adequate so-
cial support system**!. In certain circumstances,
pregnancy in itself may become a stressful and
difficult life experience®. These maternal psycho-
social factors can be significant determinants of
birth outcomes, acting through behavioural or
physiological channels*.

In addition, women exposed to anxiety and
stressful conditions during pregnancy have
increased serum concentrations of the corti-
cotropin-releasing hormone (CRH) and pro-in-
flammatory cytokines. These findings suggest
systemic inflammation as a pathophysiological
path through which anxiety and stress could in-
crease the risk of preterm delivery*#¢. Maternal
depression during pregnancy may be the result
of disruption of the hypothalamic-pituitary-ad-
renocortical axis, which encourages the release of
cortisol and catecholamines. These biological al-
terations may result in placental hypoperfusion,
and the consequent restriction of oxygen and nu-
trients to the fetus, which leads to restricted fetal
growth and/or precipitating a preterm birth*>*.
Prenatal depression may be another factor which
affects the functioning of the immunological
system which, in turn, may lead to infection of
the reproductive tract and preterm birth*. An
increase in smoking, the use of drugs and alco-
hol, poor diet, and less frequent use of the health
service among women with depression may
also contribute to worse maternal psychological
health®.

Although the biological effects of the ma-
jority of chemical products present in smoking

cigarettes are unknown®, it is known that nico-
tine and carbon monoxide are potent vasocon-
strictors associated with placental damage, and a
decrease in uteroplacental blood flow. This may
lead to restricted fetal growth, which is one of
the risk factors for preterm birth?*. Smoking is
also associated with a systemic inflammatory re-
sponse, which may increase spontaneous preterm
birth in this way**.

High alcohol consumption is also a be-
havioural factor associated with the risk of
preterm birth®>*?, which may be related to an
increase in the secretion of prostaglandins and
uterine contractions®*®. In addition, alcohol may
increase the risk of hypertensive disorders during
pregnancy, which is one of the risk factors for
preterm birth*. The use of chemical substances
and heroin have also been associated with ad-
verse results of pregnancy, due to recurrent in-
trauterine hypoxic stress™. Maternal exposure
to narcotics may induce fluctuating cycles of
intoxication and abstinence to the fetus, which
may not have its oxygen needs met during absti-
nence®. Simultaneously, other health problems
associated with high risk behaviour among users
of these substances, including insufficient prena-
tal appointments, restricted food intake, and an
increase in maternal infections, may also increase
the risk of preterm birth®”%.

Maternal diet and eating habits may also fa-
vour a preterm birth*®. The experience of food
insecurity, when there is no guarantee of regu-
lar and permanent access to quality food and in
sufficient quantities®', is a prevalent condition
among women with a low-income". In addition,
food insecurity precedes stages of nutritional
shortcomings which may have a negative effect
on fetal growth and birth results®.

Similarly, access and use of health services
are associated with preterm birth®. Studies in-
dicate that the number of prenatal appoint-
ments, late start of prenatal appointments, and
prenatal quality, have a strong influence on the
occurrence, or otherwise, of a preterm birth®®.
Despite the expansion of prenatal assistance cov-
erage in Brazil in recent decades, regional and
social inequalities in access to adequate prenatal
assistance remain®. Therefore, women with a
lower probability of having access, and regularly
attending prenatal appointments during preg-
nancy, are more prone to attaining adverse re-
sults during pregnancy or delivery®. In addition,
prenatal assistance may also be considered a me-
diator of maternal socio-economic conditions®.
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Proximal determinants

Among the proximal determinants of
preterm birth, maternal factors, and those asso-
ciated with the fetus can be highlighted>®. Young
and advanced maternal ages have been associated
with an increased risk of prematurity’. The high
risk of a preterm birth in adolescence occurs due
to biological immaturity, blood supply of the
uterus or cervix®, and competition for nutrients
between the fetus and pregnant adolescent®. This
association may also be related to the psycho-
logical and socio-economic consequences that
a teenage pregnancy may cause®. At advanced
ages, in other words, mothers aged > 35 at the
time of birth, a preterm birth may be associated
with pre-existing maternal conditions, such as
high blood pressure, and other obstetric com-
plications™ which are more frequent in this age
group.

Maternal nutritional status during preg-
nancy, specifically low weight or pre-gestational
obesity, may increase the risk of preterm birth
through different potential mechanisms”’2. For
malnourished women, a preterm birth may be
related to vulnerability to infection, associated
with low concentrations of vitamins and miner-
als, which leads to a decrease in blood flow”74.
On the other hand, excess maternal weight may
also be related to a higher risk of complications
during pregnancy, responsible for a medical-
ly-induced preterm birth, such as pre-eclampsia
and diabetes®”.

A short interval between pregnancies (for ex-
ample, less than 18 months) has also frequently
been associated with an increased risk of preterm
birth®”®. Short intervals between pregnancies
increases the risk of a preterm birth, due to the
time that the uterus takes to return to its normal
state, including resolution of the inflammatory
status associated with a previous pregnancy®”’. A
further association is related to maternal nutri-
tional and folate depletion, since maternal stocks
of essential vitamins, minerals, and amino-acids
may be scarce in a short interval between preg-
nancies®”’. It is important to highlight that in
low- and middle-income countries, a mother’s
socio-economic status, lower level of education,
and younger age, are frequently associated with
short intervals between births™. Similarly, long
intervals (for example, more than 60 months)
between pregnancies are associated with an in-
creased risk of preterm birth”. It is possible that,
physiologically, the mother returns to the physi-
cal state of a woman who has not yet been preg-

nant, which makes her less physically prepared
for becoming pregnant’.

Multiple pregnancies also represent a sub-
stantial risk of a preterm birth®®, since uterine
hyperdistention may cause contractions and pre-
mature rupture of the membrane (PRM), this
being a mechanism which triggers an increased
rate of spontaneous preterm births”. Addition-
ally, the occurrence of pre-eclampsia, or other
maternal or fetal disorders, may result in the
preterm births indicated’. The growing avail-
ability of assisted reproduction in high-income
countries has been put forward as a contributing
factor for the high incidence of multiple births®.

Infection is a frequent condition during
pregnancy, which plays an important role in pre-
maturity>*!. The mechanisms through which
intrauterine infections lead to premature labour
are related to activation of the immune system
and myometrial contractility, which may induce
rupture of the membrane®® Among these, we
highlight intrauterine, genital tract, and systemic
infections® %2, However, it is not clear if infection
is a cause, or consequence, of PRM. Intrauter-
ine infection is recognised as one of the most
important, and potentially avoidable, causes of
preterm birth®.

Chronic maternal diseases, such as diabetes,
hypertension, anaemia, asthma and thyroid dis-
ease, are associated with the increase in prema-
ture birth rates which, in many cases, are indicat-
ed due to maternal complications®®. Bidirectional
relationships between preterm birth, low birth
weight, and chronic non-communicable diseases
(CNCDs), such as diabetes and hypertension, re-
sult in a vicious cycle of intergenerational risk®.
Women with CNCDs have a high risk of having
a premature child. In turn, premature babies run
a greater risk of developing CNCDs in adult life
and, if they are female, of having a premature
baby*#4. Thus, women with chronic conditions
during pregnancy require greater health and
maternal care, including prenatal diagnosis and
managing their CNCDs”.

A history of premature birth is also a risk fac-
tor for a subsequent preterm birth". However,
although preterm birth tends to be repeated, the
mechanism for its recurrence is not always clear.
It is believed that persistent or recurrent intra-
uterine infections probably account for many
spontaneous, repetitive preterm births, and the
continuity of underlying disorders for pregnan-
cies which cause preterm births, such as diabe-
tes, hypertension, or obesity®. Similarly, the risk
factors shared by pregnancies (smoking during



pregnancy, for example) may also contribute to
the recurrence of premature birth®*.

Other adverse events in a previous pregnancy
have also been described in literature, such as the
risk of a preterm birth in a subsequent pregnan-
cy, for example miscarriage, stillbirth, small baby
for the gestational age, placental abruption, and
pre-eclampsia®*. Weakening of the cervix, due
to damage resulting from the surgical handling
of a miscarriage, is a possible condition for these
associations®, as well as other common or shared
conditions among the outcomes, such as abnor-
mality in the placenta, with reduced placental per-
fusion®?'.

Data in literature also demonstrates a genetic
or epigenetic predisposition for preterm birth?>%.
Some of the evidence of genetic contribution
in preterm birth is genetic heritability shown in
studies conducted with twins; increased risk of the
recurrence of premature birth in women with a
previous prematurity; women who were born pre-
mature presenting an increased risk of having a
premature birth; increased risk of premature birth
among sisters and daughters of women who had a
premature birth; and racial disparities in preterm
birth which are independent of socio-economic
factors®. Studies with candidate genes identified
more than 30 single nucleotide polymorphisms
(SNPs) predominant in inflammatory pathways
and tissue remodelling, associated with increased
or decreased risks of preterm birth, or PRM*%.

In addition to maternal factors, risk factors re-
lated to the fetus are also associated with preterm
birth’. A pregnancy with a male fetus has been as-
sociated with an increased risk of complications
in pregnancy and adverse obstetric outcomes, for
example, due to a higher incidence of premature
labour for this sex®. Possible mechanisms have
been proposed to explain this association, such as
the relatively higher weight of male, compared to
female fetuses, and greater susceptibility to com-
plications in pregnancy (hypertension or infec-
tion) in women carrying a male fetus®.

A preterm birth started by health profession-
als or, in other words, induced labour or elective
caesarean, is associated with maternal and fetal
indications, or other non-medical reasons®. The
most important direct causes, recognised as ma-
ternal and fetal complications, are pre-eclampsia,
placental abruption, intrauterine growth restric-
tion (IUGR), and fetal distress. However, these
conditions may also predispose the spontaneous
start of labour in premature gestational ages®.

Pre-eclampsia is the most serious form of hy-
pertensive disorder in pregnancy, and is associ-

ated with the preterm birth indicated®®*. Higher
blood pressure levels are associated with IUGR
and, consequently, preterm birth®*. Obstetric
intervention before term may also explain the
association between pre-eclampsia and prema-
ture birth, considering that when blood pressure
becomes uncontrollable and/or eclampsia oc-
curs, an early intervention to empty the uterus
becomes the option to deal with women with hy-
pertensive complications in pregnancy®.

Placental abruption is characterised by chron-
ic placental dysfunction and separation from the
uterine wall, the progression of which may lead to
a corresponding reduction in the placental sur-
face area available to exchange oxygen and sup-
ply nutrients to the fetus'®. In addition, placental
abruption may progress to a significant loss of
maternal blood, hypoxia and fetal death, as well
as requiring an emergency cesarean'®"'>, These
processes may increase the risk of preterm birth.

IUGR is a common complication of pregnan-
cy, and is associated with fetal (congenital anom-
alies and infections), placental insufficiency, or
maternal factors (poor nutrition, smoking, and
gestational hypertension)'®*1%. Restricted blood
flow to the fetus is a common element in the ma-
jority of pregnancies with IUGR, which results in
a lack of oxygen and supply of nutrients to the
fetus'®.

Fetal distress is the term used to describe fe-
tal asphyxia or, in other words, a fetus with com-
promised gas exchange during the pre-labour or
intrapartum phase. Fetal hypoxia resulting from
this compromise, if it is not reversed, or delivery
is unnecessarily delayed, may lead to permanent
damage, or death of the fetus'®. Fetal distress re-
quires immediate intervention, being in the ur-
gent category for a caesarean and, consequently,
premature birth started by health professionals'®.

The rise in prematurity rates worldwide is
frequently associated with the increase in ob-
stetric interventions, such as induced labour and
caesarean delivery'”. Caesarean rates have risen
in recent decades'®®, with the majority boosted
by an increase in the use of caesareans without
medical indication'®. A number of authors high-
light that elective caesareans are more frequent
among women who receive private health care
during delivery, with higher levels of education,
and a more favourable economic situation'. In
addition, changes in maternal characteristics and
professional practice, as well as economic, organ-
isational, social and cultural factors, have been
described as some of the factors related to the rise

in preterm birth rates'"'.
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In addition, newborns with congenital anom-
alies, including neural tube defects, are more
prone to premature births’. The mechanism
for this association has not been fully clarified,
considering that premature birth and congenital
malformations are conditions which have com-
mon risk factors''?. The prenatal diagnosis of a
fetal malformation may also lead to induced la-
bour or a caesarean delivery, independent of ges-
tational age'".

Lastly, environmental exposure has also been
associated with adverse results of pregnancy in
different studies'*!°. Air pollution [particulate
matter; ozone (O3); sulphur dioxide (SO2); ni-
trogen dioxide (NO2); airborne particles (PM, ,
e PM, ); carbon monoxide (CO) and lead] may
be directly associated with preterm birth through
different biological mechanisms'*''*. PM, . may
induce rupture of the membrane and placental
abruption,'”’
mation". Similarly, ozone exposure may cause

and increase intrauterine inflam-

the release of proinflammatory mediators, which
contribute to preterm birth'"”.

Final considerations

Preterm birth is a complex, multifactorial phe-
nomenon involving a network of causal mech-
anisms which cannot all be covered in a single
model, as proposed in this review. However, the
use of a hierarchical model in an analysis of the
determinant factors of preterm birth is a possi-
ble and always applicable approach, anchored
in a review of pertinent literature on the topic.

Combined with this, considering the complexity
of preterm birth, it is only one of the possible hi-
erarchical approaches, and new models could be
proposed in this segment.

In the model presented, the factors in the
distinct levels of determination interrelate, in-
fluencing the occurrence of preterm birth. The
socio-economic determinants were classified as
distal risk factors which indirectly act on preterm
birth through intermediate variables, for exam-
ple, healthcare, psychosocial and behavioural
factors, which are expressed in food, tobacco and
alcohol consumption patterns, among others.
These variables may be influenced by the moth-
er’s socio-economic condition, family, housing,
and neighbourhood. These intermediate factors
determine the proximal level, which are those
related to the mother, pregnancy, delivery, and
fetus. At the proximal level, biological risk factors
have a direct effect on preterm birth, with these
being influenced by factors situated at higher
(distal variables) and lower levels (intermediate
variables).

We hope that this model can serve as a the-
oretical base for statistical modelling in studies
that evaluate the interrelationships and effects
of mediating the determinants of preterm birth.
The proposal is to test this in a large cohort of
births. We hope that the application of this hier-
archical model may contribute to understanding
the risk factors of preterm birth and its interre-
lationships. In addition, that it may contribute
towards the development of specific strategies to
prevent preterm births, in an attempt to inter-
rupt the chain of determination of this outcome.
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