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The objective of this study was to employ the association rules mining technique to find the frequent co-
occurrences among maternal factors associated with birthweight. Secondary data consisting of 189 records
with predictors that assess the risk factors that influence low neonatal birthweight were employed for association
rules mining. The extracted rules show that the different patterns of co-occurrences among these factors: a
mother’s pre-pregnancy weight, presence/absence of uterine irritability, attendance to antenatal care visits in the

first trimester, hypertension history, maternal age, and a history of premature labor often lead to either a low or
normal neonatal birthweight. The extracted rules could serve as a reference tool in the education, treatment, and
care of pregnant women to ensure positive outcomes related to birthweight. Flowing from these rules, pregnant
mothers should be educated about the relationship between their attributes and the probable birthweight of their

unborn babies.

1. Introduction

One of the most important measurements taken of a newborn is the
birthweight. Other measurements include the head and abdominal cir-
cumferences. Birthweight is a strong indicator of the health status of a
newborn and that of the mother. The goal of neonatal birthweight
measurement is to determine whether there will be a need for emer-
gency interventions (Gladstone et al., 2021). Some emergency in-
terventions include continuous positive airway pressure or positive
end-expiratory pressure, and the administration of oral immunoglob-
ulin to treat necrotizing enterocolitis (Foster et al., 2016). Generally,
newborns with low birthweight require close monitoring, as they are
potentially susceptible to postnatal morbidity and mortality. Morbidity
such as macrocephaly, microcephaly, cardiopathy, chromosomal ab-
normality, pneumonia, anemia, bronchopulmonary dysplasia, and uro-
genital infections have been associated with low birthweight (Groothuis
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and Makari, 2012; Hilaire et al., 2021). Chromosomal abnormality and
cardiopathy in babies with low birthweight have been found responsible
for mortality (Hilaire et al., 2021). The prevalence of issues related to
birthweight varies from one region to another. One of the issues related
to birthweight is pre-eclampsia and eclampsia. According to a study by
Macedo et al. (2020), the worldwide prevalence of
pre-eclampsia/eclampsia is 6.7%. Low- and middle-income countries
have the highest prevalence of pre-eclampsia, at 11.5% and 10.6%
respectively. In Haiti, a high incidence of pre-eclampsia was found to be
responsible for low birthweight (Hilaire et al., 2021). Pre-eclampsia
often leads to preterm labor and delivery. Babies born prematurely
have a high risk of cerebral palsy, breathing and feeding difficulties
because of non-fully developed organs (ACOG, 2020). Pre-eclampsia has
been associated with a reduction in fetal growth and women with
pre-eclampsia are about 4 times more likely to deliver small for gesta-
tional age (SGA) newborns and/or preterm (@degérd et al., 2000; Xiao
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et al., 2003). Hoodbhoy et al. (2021) affirmed that children exposed to
fetal pre-eclampsia suffer cardiovascular dysfunction. There are other
socio-economic issues related to low birthweight such as prenatal
smoking, poor nutrition and ante-natal care. The global prevalence of
smoking in pregnant women is 1.7% and 72.5% of these women are
daily smokers (Lange et al., 2018).

To improve the quality of care received by infants with low birth-
weight, the World Health Organization published guidelines on optimal
feeding of infants with low birthweight in middle-income countries
(WHO, 2011). There are other guidelines for the management of infants
with low birthweight in other regions. For example, the government of
Swaziland through the ministry of health partnered with the United
Nations International Children’s Emergency Fund (UNICEF) and WHO
to develop the national neonatal care clinical guidelines (UNICEF,
2018). The guidelines specify how infants with low birthweight should
be managed (UNICEF, 2018).

According to the World Health Organization (WHO, 2022a), high
birthweight as defined in the 2022 version of the International Classi-
fication of Diseases (ICD-11) mortality and morbidity statistics, is a
birthweight greater than 4000g (4 kg). It is associated with a gestation
period greater than 42 weeks. On the other hand, low birthweight ranges
between 1500 and 2499g (1.5-2.499 kg) and is associated with a short
gestation period (WHO, 2022b). Apart from short gestation, low birth-
weight could be associated independently with Intrauterine Growth
Retardation (IUGR) or a combination of both . Low birthweight resulting
from IUGR could lead to permanent growth and the cognitive deficiency
(Kono, 2021; Zimmerman, 2018).

The effects of low birthweight on the neonate’s health, development,
and the health of the mother are of great importance to public health.
Further, the frequency of occurrence of low birthweight in each society
is very important to public health. In 2015, about 20.5 million babies
suffered from low birthweight globally (UNICEF-WHO, 2020). This
represents about 15% of the total births in 2015. Of the 20.5 million
babies with low birthweight, 1 million (7.2%) were born in more
developed regions such as North America, Europe, Japan, Australia, and
New Zealand. About 12.8 million (17.3%) were born in Asia, 1.4 million
(9.9%) in Oceania, and 5.7 million in Africa (Blencowe et al., 2019;
UNICEF-WHO, 2020). The prevalence of low birthweight in both
developed and developing countries are said to be on the increase. For
instance, the prevalence of low birthweight in southern Europe is 7.6%
and 4.68% in eastern Europe (Erasun et al., 2021). A study by DeMarco
et al. (2021) reported a 53% increase in the prevalence of low birth-
weight among adolescent pregnancies in Canada. In a survey conducted
in 35 sub-Saharan countries in Africa including South Africa, Namibia,
Angola, Cameroun, Ethiopia, Kenya, Nigeria, Senegal, and so on, find-
ings revealed a 9.7% prevalence of low birthweight (Tessema et al.,
2021). This is higher than the prevalence rates in eastern (4.68%) and
southern Europe (7.6%). As of 2016, the prevalence rate of low birth-
weight in Taiwan was 8.4% (Waits et al., 2021). Adverse birthweight has
a debilitating effect on the health and development of the child which
could result in death. A study conducted by Woelile et al. (2021) in
Ethiopia revealed that two out of every seven low birthweight neonates
die during follow-up.

Considering the importance of birthweight, the objective of this
study was to deploy the association rules mining technique on a sec-
ondary birthweight dataset to determine how maternal attributes asso-
ciated with birthweight co-occur. The study extracted association rules
that show the most frequent co-occurrences among the factors associ-
ated with birthweight. Association rules mining is an unsupervised
machine learning activity that is anchored on the theory that if item X
occurs then item Y is very (or less) likely to occur (Atsa’am and Wario,
2022a). The extracted rules provide useful insight on the maternal fac-
tors that frequently occur together to lead to either low or adequate
birthweight. This can be a reference tool for pregnant mothers and
health practitioners on how adverse birthweight outcomes can be
avoided.
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1.1. Related literature

Several studies have been conducted to identify and understand
neonatal birthweight. Some of such studies have focused on the char-
acteristics of pregnant mothers that influence birthweight (Balogun
et al., 2020). Afaya et al. (2021) observed that the phenomenon of low
birthweight (LBW) of neonates over the past decade has not seen any
decline in sub-Saharan Africa. In the same vein, Goldenberg and Cul-
hane (2007) held that studies related to low birthweight are a good
measure to address child mortality or morbidity. Extant literature has
established a relationship between a mother’s socio-demographic
characteristics, lifestyle, and neonatal birthweight (Atsa’am et al.,
2022; Balogun et al., 2020; Singh et al. 2009; Wang et al., 2020). Many
researchers have focused on comparing one or more maternal factors
and their contribution to birthweight. A review of studies focused on
identifying mother’s characteristics, lifestyle, attributes, and their effect
on the weight of the new-born are presented in this section.

1.2. Association between a mother’s age, initial weight, and neonatal
birthweight

Studies indicate that a mother’s age (Balogun et al., 2020) and
weight at their last menstrual period before pregnancy (Shin et al.,
2013) influence the birthweight of their child (Singh et al., 2009).
Metgud et al. (2012) reported that as maternal age increases, the
chances of LBW also increase, at a prevalence rate of 22%. Senthilkumar
and Paulraj (2015) used a dataset collected from a hospital in Massa-
chusetts, USA to predict the risk factors associated with LBW. The study
reported that a mother’s weight before pregnancy and their age are
useful in predicting LBW. Further, in ranking the factors useful in pre-
dicting the likelihood of a LBW, a mother’s last weight before pregnancy
ranked top, with 100.00%, while a mother’s age ranked second, with
98.00%. This implies that a mother’s weight and age are highly influ-
ential to birthweight. Additionally, the weight or body mass index (BMI)
of a mother before pregnancy was observed as a factor that can influence
the weight of their neonate (Goldenberg and Culhane, 2007). Specif-
ically, mothers with a high BMI usually have neonates with a high
birthweight and vice-versa (Goldenberg and Culhane, 2007; Sutan et al.,
2014). Related to this, Mayo Foundation for Medical Education and
Research ([MFMER], 2022) outlined pre-pregnancy BMI in the
following categories: below 18.5 [underweight], 18.5-24.9 [healthy
weight], 25-29.9 [overweight], and 30 or more [obese].

1.3. Association between a mother’s smoking status, history of
hypertension, and neonatal birthweight

Several studies have separately established a strong relationship
between maternal smoking during pregnancy and low birthweight
Bernstein et al. (2005); Cliver et al. (1995); Cnattingius (2004); Xi et al.
(2020). The separate findings from these studies infer that the more the
foetus is exposed to primary or passive smoking by the mother, the
higher the chances of a low birthweight.

Steer et al. (2004) found an association between low birthweight and
maternal hypertension during pregnancy. The researchers argued that
birthweight is optimal when the highest diastolic blood pressure of the
mother is between 70 and 90 mmHg during pregnancy. Thus, mothers
who experience high or low blood pressure during pregnancy are likely
to deliver a baby with LBW. In a related study, Metgud et al. (2012)
observed that neonates delivered by mothers who were exposed to
passive smoking and experienced pregnancy-induced hypertension were
likely to have a LBW. Furthermore, a study conducted to determine the
factors associated with LBW in Malaysia identified young maternal age
and hypertension as having a significant association with LBW (Sutan
et al., 2014). The authors employed a multivariate conditional logistic
regression approach to identify the associated outcomes. When adjusted
with mother’s age, gestational age and history of previous LBW,
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hypertensive mothers were found to be 4.52 times more likely than
non-hypertensive mothers to deliver a baby with LBW (Sutan et al.,
2014). In a related study, Khan and Jamal (2003) reported that young
maternal age and hypertension independently affect birthweight
negatively.

1.4. Association between a mother’s number of premature labors,
physician visits during first trimester, and neonatal birthweight

Preterm birth has been defined as that before 37 weeks of gestation
while early preterm birth takes place before 32 weeks of gestation (Yang
et al., 2016). A study by Yang et al. (2016) found that pregnant women
who experienced either preterm or early preterm delivery were at a high
risk of experiencing a recurrence in subsequent pregnancies. Other
factors such as old age, underweight BMI, smoking, and short intervals
between pregnancies were also associated with recurring preterm de-
liveries and low birthweight (Fuchs et al., 2018; Simonsen et al., 2013;
Spong, 2007). Furthermore, a new guideline for a positive pregnancy
outcome has recommended a total of at least eight ante-natal care visits
(WHO, 2016). According to WHO (2016), the first among these visits
should take place within the first 12 weeks of gestation (first trimester).
At each visit, the pregnant women should be counselled on diet and
nutrition, smoking and substance use, prevention of malaria and HIV,
and so on (WHO, 2016). These have the potential to ensure that a
pregnant woman and her baby stay healthy, ultimately resulting in a
normal birthweight.

The reviewed literature shows that the association between various
maternal attributes and neonatal birthweight have been examined in
previous studies. However, these studies were largely concerned with
how maternal attributes independently affect birthweight. Furthermore,
the most frequent sequential patterns of these factors have not been
reported. Clearly, a study that examines the frequently occurring pat-
terns among maternal attributes and their effect on birthweight was
lacking. Therefore, the present study sought to address this gap by
extracting the association rules that show the maternal attributes that
frequently co-occur and the effect on birthweight.

2. Materials and methods
2.1. Data

The research data originated from a medical facility in Springfield,
Illinois, USA. It consists of 189 records with eight predictors that assess
the risk factors that influence low neonatal birthweight. There is a class
variable that indicates the birthweight of the neonate in grams. The data
is secondary and freely available in one of the packages in R (Venables
and Ripley, 2002). The data variables are given in Table 1.

2.2. Modeling tool: association rules

Association rules mining is a technique that finds interesting re-
lations (e.g., frequent patterns, causal structures) in a dataset (Goh and

Table 1

Research data variables.
Variable  Description Data Type
age Mother’s age (in years) Numeric
Iwt Mother’s weight at the last menstrual period Numeric
race Mother’s race; with 1 = white, 2 = black, 3 = other Categorical
smoke Mother’s smoking status during pregnancy; with 0 = does  Binary

not smoke, 1 = smoke

ptl Number of previous premature labors Numeric
ht Mother’s history of hypertension; with 0 = no, 1 = yes Binary
ui Presence of uterine irritability; with 0 = no, 1 = yes Binary
ftv Number of physician visits during the first trimester Numeric
bwt Birthweight in grams Numeric
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Ang, 2007). The technique was originally developed for finding the most
frequent purchasing patterns of customers from historical transactions
data. Subsequently, studies in other fields such as healthcare (Atsa’am &
Wario, 2022a), security (Atsa’am et al., 2022), and sociology (Olaleye
et al., 2022) have applied association rules to extract the frequently
occurring patterns among domain variables.

Mathematically, a rule is represented as A = B, where A and B are
items that frequently occur together in the dataset, and A N B = &. The
item(s) on left-hand side (LHS) is called the antecedent while the right-
hand side (RHS) is called the consequent (Atsa’am & Wario, 2022b). A
combination of the LHS and the RHS is referred to as an itemset. The
association rule depicted above implies that “if item A occurs in a
transaction, then item B will also likely occur in the same transaction”
(Zhou and Yau, 2007). The strength of a rule is measured by the
following criteria (Atsa’am & Wario, 2022a; Atsa’am & Wario, 2022b;
Goh and Ang, 2007; Zhao and Bhowmick, 2003):

Support: This measures how frequent an itemset appears in the
dataset with respect to the total number of transactions in the dataset. It
is given in Equation (1).

number of transactions containing both A and B P(A N B)
total number of transactions - N

Support = (€8]

Confidence: This measures the likelihood that item B will occur
whenever item A occurs. It is given in Equation (2).

number of transactions containing both A and B P(AN B)
total number of transactions with A = PA)

Confidence =

(2)

It is instructive to note that support and confidence are originally
reported as ratios (Atsa’am & Wario, 2022b); however, these are
interpreted better in percentages by multiplying the values by 100.

Lift: is the ratio of the observed frequency of co-occurrence of the
items and the expected frequency. It is given in Equation (3).

confidence P(ANB)

Lift = =
if expected confidence P(A).P(B)

3)

Lift can take a score between zero and infinity. When comparing two
or more rules, the stronger rule is that which maximizes the values of
support, confidence, and lift (Atsa’am & Wario, 2022a; Olaleye et al.,
2022).

2.3. Data and variables preprocessing

The research data was preprocessed and transformed into a trans-
action format prior to the deployment of association rules mining
technique. For the categorical and binary variables (mother’s race,
smoking status, history of hypertension, presence of uterine irritability),
each category was represented as a separate item (variable) in the new
format. For the numeric variables (mother’s age, weight, number of
previous premature labors, number of physician visits during the first
trimester, birthweight), literature evidence was used to create categories
that represent new items. For example, mother’s age was categorized
into three as < 19, 20-34, and >35. The categorization is supported by
WHO (2020) where pregnancy outcomes have been associated with
these age ranges. Further, the number of physician visits during the first
trimester was categorized into two as “no visit”, and “one or more
visits”. This categorization is supported by a new WHO guideline that
encourages one ante-natal care visit during the first trimester (WHO,
2016). In the new format, data points were represented with the new
category name corresponding to the original value. Blank spaces were
entered where the category did not occur in the original data. The
preprocessed data variables in transaction format are shown in Table 2.

2.4. Rules mining

R programming language version 4.1.3 was utilized for mining the
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Table 2
Preprocessed data items.

Item

Description

teenage-mother
mother-aged-20-to-34-years
mother-aged-35-years-or-above
mother-below-40kg
mother-40kg-or-above
white-race

black-race

Other-race

non-smoker

smokes
no-previous-premature-labor
one-previous-premature-labor
two-or-more-previous-premature-

Pregnant mother aged below 20 years
Pregnant mother aged 20-34 years
Pregnant mother aged 35 or above
Weighs below 40 kg before pregnancy
Weighs 40 kg or above before pregnancy
Mother is white race

Mother is black race

Mother is other race

Mother does not smoke during pregnancy
Mother smokes during pregnancy

No previous premature labor(s)

One previous premature labor(s)

Two or more previous premature labor(s)

labor
no-history-of-hypertension
history-of-hypertension
uterine-irritability-absent
uterine-irritability-present
No-ANC-visit
one-or-more-ANC-visits

No history of hypertension

History of hypertension

No uterine irritability

Uterine irritability present

No physician visit in first trimester
One or more physician visit(s) in first
trimester

Birthweight below 2.5 kg
Birthweight 2.5 kg or more

low-birthweight
normal-birthweight

association rules in this study. The apriori algorithm was invoked on the
preprocessed data, using the minimum thresholds of 0.01 and 0.5 for
support and confidence, respectively. A support threshold of 0.01 means
that any rule extracted had the same pattern of risk factors occurring
together (itemset) in at least 1% of the total records. Similarly, a con-
fidence threshold of 0.5 means that the rules extracted had the same
consequent in at least 50% of the records consisting of the same ante-
cedents. The support and confidence thresholds effectively streamlined
the number of rules returned by the algorithm. More than 200 rules were
generated from the birthweight data. After eliminating the redundant,
weak, and repetitive rules, the four strongest rules presented in Table 3
were retained.

Table 3
Association rules.

Rule LHS RHS Support  Confidence  Lift

1 {mother-below- => {low- 0.01 1.00 6.75
40kg, uterine- birthweight}
irritability-
present, no-
ANC-visit}
2 {no-history-of-
hypertension,
mother-aged-
20-to-34-years,
mother-below- => {low- 0.01 1.00 3.20
40kg, uterine- birthweight}
irritability-
present}
3 {mother-aged-
35-years-or-
above, one-or-
more-ANC-
visits,
mother-40kg- =>
or-above, one-
previous-
premature-
labor}
4 {mother-below-
40kg, no-ANC-
visit,
no-previous- => {low- 0.01 1.00 1.89
premature- birthweight}
labor}

{normal- 0.01 1.00 2.12
birthweight}

Journal of Neonatal Nursing xxx (xxxx) xxx
3. Results

The preprocessed data consisted of 21 new set of variables, each
representing an item in the birthweight data, as shown in Table 2.

Table 3 presents the rules that show the frequent co-occurrences
among the factors associated with birthweight. It is instructive to note
that the factors could be positive or negative. The rules show the
frequent patterns of occurrences of these factors plus the birthweight
outcome.

Rule 1 indicates that the co-occurrence of these maternal factors,
namely, a pre-pregnancy weight below 40 kg, uterine irritability during
pregnancy, and not attending to ANC visit in the first trimester, often
results to a low birthweight.

Rule 2 shows that the pattern of occurrence of the maternal factors
where the pregnant mother has no history of hypertension, aged 20-34
years, has a pre-pregnancy weight below 40 kg, and the presence of
uterine irritability, often results to low neonatal birthweight.

Rule 3 shows that a sequential pattern of these maternal factors,
namely, maternal age of 35 years or above, a pre-pregnancy weight
equal to or above 40 kg, and attendance to one or more ANC visit(s)
during the first trimester, often results to a normal birthweight.

Rule 4 established that a sequential co-occurrence of the following
factors often leads to a low birthweight: low pre-pregnancy weight
(below 40 kg), a lack of ANC visits in the first trimester, and no previous
premature labor.

4. Discussion

The LHS of each rule show the patterns of co-occurrence of certain
maternal factors that often produce a specific birthweight outcome
(shown on the RHS). Each of the four rules has a confidence of 100%.
This indicates that in all the records of the research data where either
low or normal birthweight was the consequent, the exact sequence of
maternal factors could be observed. Furthermore, each rule has a lift
score greater than 1.0. A lift score above 1.0 is an indication that both
the LHS and RHS of the rule often occur together more than expected.
The confidence and lift scores show that each of the four rules is strong
and can be generalized.

It is instructive to note that three out of the four rules have their
consequent as low neonatal birthweight — Rules 1, 2, and 4. It could be
observed that a lack of ANC visits appears in two out of these three rules
—Rules 1 and 4. This underscores the importance of ANC visits in taming
the possibility of a low birthweight. ANC visits to a health facility help to
monitor the health conditions of pregnant mothers and provide them
with the required support and care. However, inability of some mothers
to attend ANC visits has been attributed to their family economic status
and level of education (Ghaemmaghami et al., 2013).

It could be observed that low maternal pre-pregnancy weight (below
40 kg) appears in all the three rules where low birthweight is the
consequent. This agrees with Shin et al. (2013) and Singh et al. (2009)
who averred that a mother’s weight at their last menstrual period before
pregnancy has an influence on the birthweight of their child. ANC visits
are strongly recommended for this category of pregnant mothers where
they could receive counselling, support, and care required for pregnancy
weight-gain. This is in line with Tela et al. (2019) who found that
weight-gain during pregnancy is strongly associated with birthweight.
There are two negative attributes in Rule 3, namely, advanced maternal
age (35 years and above) and a history of premature labor. However, the
rule shows that a co-occurrence of these negative factors with two
positive factors, namely, ANC visit(s) in the first trimester and a good
pre-pregnancy weight, often results to a normal birthweight.

Though the experimental dataset consists of several maternal attri-
butes, it could be deduced that uterine irritability, low pre-pregnancy
weight, and lack of ANC visits are the most frequent negative factors
that often co-occur with other attributes to influence low birthweight.
Pregnant mothers and maternal care givers ought to note the frequently
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occurring negative attributes that often result to an unwanted
birthweight.

4.1. Limitations of the study

The findings of the present study are limited to the eight risk factors
contained in the secondary data at our disposal. Furthermore, the
sample size consists of only 189 observations on some pregnant women
who attended antenatal care at a medical facility in Springfield, Illinois,
USA. It is not clear whether or not the findings could be generalized for
all pregnant mothers from other regions of the world. These limitations
set the pace for future research with data that encompass a larger set of
maternal factors across participants of diverse origins.

5. Conclusion

Association rules mining was deployed on some existing maternity
data to extract rules that show the maternal attributes that frequently co-
occur and influence birthweight. The extracted rules show that a
mother’s pre-pregnancy weight, presence/absence of uterine irritability,
attendance to antenatal care visits in the first trimester, history of hy-
pertension, age, and history of premature labor co-occur in different
patterns that lead to either a low or normal neonatal birthweight. These
rules can be used as a reference tool in the implementation of programs
and interventions for pregnant mothers to ensure positive pregnancy
outcomes related to birthweight. There is the need for medical practi-
tioners to educate pregnant mothers on how their attributes affect
neonatal birthweight. Further, the findings of this study should remind
pregnant mothers that even when there are some positive attributes to
their credit, a co-occurrence with one or more specific negative attri-
butes could negatively influence birthweight. The findings are based on
some secondary data from a medical facility in the USA where the
participants were limited to certain demographics. A similar study is
required on some data with a more representative demographics across
participants.
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