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Introduction
As the leading cause of prenatal morbidity and mortality, preterm 

birth had been a public health concern and the focus of World Health 
Organization (WHO) since 2010 under the Millenium Development 
Goal (MDG) and Sustainable Development Goal (SDG) indicators. 
Globally, it is the second cause of death for children under five, after 
pneumonia.1–4 The Global Action Report reported an increasing trend 
with Malaysia at the 47th place in 2010.2 Its multifactorial causes 
include social factors such as racial disparity among the blacks and 
hispanics,5 tobacco and alcohol use and nature of job,6 maternal height,7 
maternal weight,8 maternal age9,10 and infant gender.9–11 Increasing 
subfertility among women of reproductive age in developed and 
developing countries (5% - 26%) and men (14-22%)12 led to usage of 
reproductive technology which was linked to multiple gestation and 
preterm birth.12,13

Maternity care is provided through both public and private sectors 
in Malaysia. In the public sector, community health centres at the 
primary care level provide the preconceptional and antenatal maternity 
care services according to specific guidelines. Indicated high risk 
mothers are referred to district or state hospitals (secondary or tertiary 
levels as referral centres). Preterm birth prevention starts here with 
preconceptional advice and thorough exploration into a couple’s risk 

factors. Antenatally, using proper maternal risk level coding, mothers 
are screened and those with red code are given antenatal steroid 
treatment before being referred to secondary or tertiary care.14 The 
incidence of preterm birth is captured through hospitals and reported 
annually. The third National Obsterics Registry report in 2013,15 

showed increasing preterm birth incidence over the three years period 
from 2010 to 2012 (8.1%, 10.4% and 11.3% respectively). In the 
report, preterm birth rates were high among the indigenous population 
in Peninsular Malaysia, mothers at the extremes of age, parity >6, and 
mothers with preeclampsia, eclampsia and underlying heart disease.15

Preterm birth is not only related to adverse health outcome 
involving behaviour, neurodevelopment, psychosocial factors and 
growth,2,6,16 but also poses financial and societal burden to the health 
systems and country. The WHO has recommended that antenatal 
corticosteroids be given to women at risk from 24 to 34 weeks 
following certain criteria.17 An analysis across 39 countries estimated 
that countries with very high human development index will be able to 
reduce 5% of their preterm birth rate if the selected interventions are 
applied locall. The research question here is, is there any other factors 
that need intervention? This study aimed at describing the incidence 
trend of preterm births over a five year period and its predictors in 
a tertiary centre based on conceptual framework derived (Figure 1). 
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Abstract

Objective: To determine the trend in incidence of preterm birth over five years and its 
predictors in a single centre.

Design: A cross sectional study using electronic data from a Total Hospital Information 
System (THIS) and computerized birth registry system. 

Setting: A single teaching and referral hospital in the Greater Kuala Lumpur, Malaysia.

Population or Sample: All livebirths delivered in the centre from January 2011 to 
December 2015 weighing ≥500g.

Methods: Logistic regressions with backward likelihood ratio were used.

Main outcome measures: Preterm live birth and live term babies. 

Results: 31,405 live births were included. There was almost 20% increment in the 
incidence of preterm births between 2011 and 2012 which then gradually decreased 
until 2015. Maternal age of 20-34 years (OR 0.7, 95% CI 0.7-0.8) was noted as a 
protective factor. The highest risk level of the pregnancy (OR 2.83, 95% CI 2.3-3.4), 
multiple pregnancy (OR 2.2, 95% CI 1.8-2.6), low birth weight (OR 18.7, 95% CI 
17.1–20.4) and male infant (OR 1.3, 95% CI 1.2-1.5) were noted as risk factors. 

Conclusions: The incidence showed an upward trend between 2011 and 2012 then 
a gradual decrease until 2015 with a similar pattern reported by national data. The 
predictors of preterm birth in the study centre were birth weight, risk level of the 
pregnancy, multiplicity of pregnancy, maternal age and infant gender. Continuum of 
care using the risk level coding assessment must be enhanced at the primary care level 
especially for appropriate referral and co-management at a referral centre (secondary 
or tertiary hospital).
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Figure 1 Conceptual framework of the study

Methodology
This was a cross sectional study done using data obtained from the 

Total Hospital Information System (THIS), an electronic data system 
of a teaching hospital labour room. Universiti Kebangsaan Malaysia 
Medical Centre (UKMMC) is one of the main referral centres in the 
country. Birth data were recorded in both manual case records and an 
electronic data system. Data captured by the system were maternal 
demographic and obstetric information, newborn profiles and birth 
outcomes. The birth outcomes reported were neonatal fitness for 
discharge to mother, NICU admission and stillbirth. Details of newborn 
profiles such as genetic and chromosomal abnormalities, growth 
restriction and physical abnormalities were not recorded in the birth 
census. Information such as maternal medical history, comorbidity 
and previous obstetric history were also not recorded in the electronic 
data system, but documented in the antenatal record books or hospital 
medical records. Data were entered into the electronic system by 
nurses based on the admission sheet and information in the medical 
records. 

The study population covered all births delivered in the centre from 
January 2011 to December 2015. The sampled population included all 
livebirths born in the centre during the same period with birth weight 
more than 500g. The outcome measures in this study were preterm 
and term live births. Preterm births were defined as live births before 
37 completed weeks of pregnancy based on the WHO classification.18 
Cases with incomplete birth and maternal parameters were excluded 
from analysis. Incidence of preterm birth was calculated as the 
number of preterm live births within a year divided by the number of 
live births calculated annually between 2011 and 2015. Table 1 shows 
the prevalence of preterm birth in UKMMC from 2011-2015.

The independent variables extracted from this database were 
the socio-maternal factors and birth outcome details as outlined in 

Figure 2. All variables were categorised based on literature. All were 
dichotomised except the risk level and maternal age. Age was divided 
into three groups where extremes of age were defined as <20 and ≥35 
years old.19 Age was cross checked with the National Registration 
Identification Number. Religion-wise, the women were divided into 
Muslims and Non-muslims as data for non-muslims were small. Risk 
level was based on the risk approach colour coding system devised 
by the Ministry of Health. It is used in antenatal care to differentiate 
between high risk and low risk pregnant mothers. The coding starts 
from white followed by traffic light colours with red indicating 
mother with highest pregnancy risk and need to be referred to hospital 
for shared care between the obstetrician and family health specialist. 
Maternal height was divided into below 145cm and 145cm and above, 
based on the risk factor identified in the same guideline which states 
that mothers with height of 145cm or less should be tagged with the 
green risk level code and managed at least by medical officers with 
subsequent follow-up co-managed with community/clinical nurse.20 
This study was funded under the University Research Grant (GUP-
2014-089). It is a sub-study under maternal and neonatal disease 
burden in UKMMC, a record-linkage study project. 

Data was analysed using the Statistical Package for Social Sciences 
(Version 21). Pregnancy outcomes were compared using univariate 
and multivariate statistical analyses. Simple logistic regression was 
used to determine the initial association of the bivariates followed 
by binary logistics regression for multivariate analysis. Backward 
likelihood ratio logistic regression method was used to enter the 
predictive determinants in the logistic regression model with level 
of significance set at 95%. Crude and adjusted odds ratios with 95% 
confidence interval (CI) were calculated. Statistical significance was 
set at a P value of 0.05. All odds ratios calculated were adjusted for 
age, religion, maternal height, parity, pregnancy risk level, type of 
pregnancy, infant gender and infant weight. 
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Figure 2 Preterm birth incidence in 1000 live births over a 5 years period 
in UKMMC

Source of data: preterm, singleton and multiple data trends were calculated 
from UKMMC deliveries and the NOR (15) was obtained from the published 
national report using a similar incidence ratio calculation.

Table 1 Preterm birth rate by factors in UKMMC

 Number of 
live birth

Number of preterm 
birth

Preterm birth 
rate in 1000

No of births 31405 3130 99.7

Maternal age (years)

<20 366 53 144.8

20-34 26027 2442 93.8

≥35 5012 635 126.7

Religion

Muslim 23281 2292 98.4

Non-muslim 8124 838 103.2

Mother’s height (cm)

<145 430 59 137.2

≥145 30975 3071 99.1

Parity

Primid 12548 1350 107.6

≥1 18857 1780 94.4

Risk Level

White 28577 2645 92.6

Green 1410 176 124.8

Yellow 545 73 133.9

Red 873 236 270.3

Single birth

Yes 30613 2748 89.8

No 792 382 482.3

Infant sex

Boy 16253 1719 105.8

Girl 15140 1406 92.9

Infant weight

<2.5kg 3813 1885 494.4

≥2.5kg 27592 1245 45.1

Missing data: Data on religion were missing in 40.9% and further 
reduced to 12.5% by imputing those of Malay and Indian Muslim 
ethnicity as Muslims. Missing data on height were imputed with 
average height of the relevant country or ethnicity found in literature.21

Result
From 33,292 births captured in the UKMMC database, only 

31,405 live births were included for the analysis. The overall preterm 
birth incidence compared with singleton and multiple preterm 
incidences over the five years’ duration are as in Figure 2 where it 
showed a variable trend with 20% increment between 2011 and 2012 
and 9.5% decrement the following year as tabulated in Table 1. In the 
multiple logistic regression analyses (Table 2), birth weight was the 
most significant predictor. The odds of a mother whose baby weighed 
<2.5kg at birth delivering preterm is 19 times compared to those 
whose babies weighed 2.5kg or more. On the other hand, mothers aged 
20-34 years were 26% less likely to have preterm birth compared to 
mothers aged 35 years and beyond. Mothers with red code risk levels 
were almost three times more likely to delivery preterm compared to 
code white. The odds of a boy being delivered preterm is 1.3 times 
compared to a girl. Multiple pregnancy increases the risk of preterm 
birth by more than twice compared to singleton.

Four pairs of independent variables were noted to have interaction, 
i.e. risk level and singleton status, infant gender and birth weight, 
infant gender and singleton status, and singleton status and birth 
weight. There was no multicolinearity among these independent 
variables. Hosmer and Lemeshow goodness-of-fit test showed that the 
dataset fits well to the logistic model. The model was able to predict 
91.1% of mothers at risk of preterm birth. Further analyses were 
done on the pair with interaction with highest odds; singleton status 
and birth weight. Among babies weighing <2.5kg at birth, mothers 
with multiple pregnancy have nearly twice the odds of preterm birth, 
whilst among babies weighing 2.5kg or more, the odds were three. 
On the other hand, singleton pregnancies were 95% less likely to be 
born preterm even when birth weight was <2.5kg. The interaction 
difference was small, thus the interaction term can be dropped.

Discussion
The incidence of preterm birth in the study centre showed about 

20% increment between 2011 and 2012 then decreased gradually until 
2015. Our National Obstetric Registries reported similar preterm birth 
rates that was increasing between 2010 and 2012 (8% to 11.3%).15 
The decreasing pattern of preterm birth between 2012 and 2013 might 
be due to a 6.2% decrease in the national birth rate of that year.22 
However, the drastic increment of 20% in the previous year differs 
from the crude birth rate increment of about 1.1%.23 The trend in this 
study was better than the hospital-based prevalence rate reported in 
a cohort study in a tertiary teaching hospital in Nigeria which was 
120 in 1000 population in 200919 as opposed to the incidence in this 
study centre which never exceeded 115 in 1000 population across 
the five years. The difference, however, may be due to the policy 
of the Nigerian teaching hospital which only accepted complicated 
pregnancy referrals as opposed to our centre which also accepts 
normal deliveries for undergraduate teaching purposes. 

Birth weight was the most significant predictor of preterm birth 
followed by maternal factors, which were risk level and multiplicity 
of pregnancy. A study in a province in China did not find any 
association between birth weight and preterm birth.9 Yet, National 
Obstetrics Registry reported that in 2011 and 2012, almost 60% of 
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our preterm babies weighed 2.5kg or less.15 However, the birth weight 
captured in our centre was the delivered weight which has little use as 
a predictor in preterm birth; a better predictor is sonographic weight 
taken at 24 and 34 weeks and its centile at that time.15 However, in 
our study, red code pregnancy risk level is a reliable proxy to birth 
weight. Our results showed that mothers tagged with red code were 
almost 3 times more likely to deliver preterm. In the guideline by 
MOH, mothers who are tagged red can have any of these problems 
– eclampsia, pre-eclampsia, hypertension with blood pressure 
>170/110mmHg, symptomatic hypertension with blood pressure 
>140/90mmHG, symptomatic cardiovasular disease, shortness of 
breath on minimal exertion, uncontrolled diabetes with ketone in 
urine, antepartum hemorrhage, symptomatic anemia or HB ≤7g %, 
premature contraction, leaking liquor with no contraction, severe 
asthmatic attack, seizure or prolonged fever (≥5 days) abnormal fetal 
heart rate)20 These are preterm-prone signs and symtoms which can 
also lead to poorly thriving fetuses.24–27

In our study the majority of mothers delivered well within 
child bearing age (20-34 years old). This is obstetrically healthy 
as the analysis significantly showed that being pregnant at this 
age is protective against preterm birth. In USA, the Child Trends 
Organisation’s analysis showed that the proportion of preterm births 
was increasing for older mothers ranging from 1 to 9 percentage 
points when moving from mothers of 20-39 years of age to those 
beyond 45 years old. Early antenatal care was recommended for 
the high risk group for screening and detection of risk factors, 
which would then enable preventive measures. This is echoed in the 
Malaysian guideline as mentioned in our antenatal care manual.5,14 
The relationship between advanced maternal age and higher risk for 
preterm birth was also reported in studies in China and Bangladesh9,28 
while a case-control study in Malaysia showed that younger mothers 
(< 20 years old) were also at risk, with 4.89 times likelihood of 
delivering preterm.29 Surprisingly, the study in Nigeria showed no 
significant relationship between age and preterm birth.23

Table 2 Determinants of preterm births in UKMMC using logistic regression analysis

Variable Crude OR 95% CI OR X2a P valuea Adj OR Adj 95% CI OR X2a P valuea

Age 55.4 0 32.3 0

<20 1.2 (0.9, 1.6) 1.0b 0.317 1.1 (0.8, 1.6) 0.4 b 0.508

20-34 0.7 (0.7, 0.8) 50.4b 0 0.7 (0.7, 0.8) 29.0b 0

≥35 1 1

Religion

Non-muslim 1.05 (1.0, 1.2) 1.5 0.225 1 (0.9, 1.1) 0.1 0.82

Muslim 1 1

Maternal height

<145 1.5 (1.1, 1.9) 6.2 0.013 0.1 (0.7, 1.4) 0 0.99

≥145 1 1

Parity

Primid 1.1 (1.1, 1.2) 14.5 0 0.9 (0.9, 1.0) 1.9 0.17

≥1 1 1

Risk level 235.5 0 106.2 0

White 1 1

Green 1.4 (1.2, 1.6) 16.3b 0 1.1 (0.9, 1.3) 0.3b 0.614

Yellow 1.5 (1.2, 1.9) 10.7b 0.001 1.4 (1.0, 1.8) 4.0b 0.045

Red 3.6 (3.1, 4.2) 267.3b 0 2.8 (2.3, 3.4) 112.6b 0

Single birth

No 9.5 (8.2, 10.9) 785.3 0 2.2 (1.8, 2.6) 75.7 0,000

Yes 1 1

Infant sex

Boy 1.2 (1.1, 1.2) 14.6 0 1.3 (1.2, 1.5) 45.4 0

Girl 1 1

Baby weight

<2.5kg 20.7 (19.0, 22.5) 4938.9 0 18.7 (17.1, 20.4) 4124.1 0

≥2.5kg 1    1    
aLikelihood Ratio test
bWald test; p<0.05
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We also found that the male infant was more likely to be delivered 
prematurely. This was consistent with a few other studies and 
reports.2,9,28 A review showed that even throughout life, the female 
always has a better health outcome; female babies were mostly 
delivered between 38 and 40 weeks whilst males showed a higher 
trend to be delivered before 37 and post term up to 42 week.30 Another 
study reported a significant difference in survivorship of male 
neonates with birth weights ranging from 501g to 1500g, with boys 
facing a higher risk (OR > 1.00) for most types of adverse outcomes.31 
This gender difference can possibly be explained by the possibility 
of influence of sex-linked biochemical processes, including estrogen 
production from androgen precursors or by interleukin-1.9

Subfertility leads to increased usage of technology which in turn 
increases the susceptibility to multiple pregnancies that runs a higher 
risk of preterm birth.2,12 Our study centre is an assisted fertility centre 
which explains the high multiple pregnancy rate of almost 500% 
compared to global statistics.4Other factors such as parity, maternal 
height and religion did not appear to be predictors in the final model 
even though both interval between pregnancy and maternal height 
were common determinants in preterm births.2,32 The study in China 
also did not find any link between parity and preterm birth in the 
region.9

Limitations

One of the possible limitation is the accuracy of the information on 
gestational age that is registered in our THIS. In one study involving 
inter-hospital data in the United Kingdom, 13% to 26.8% of best 
estimate of gestational age at delivery based on ultrasound scan alone 
had to be recalculated.20 Similarly, gestational age calculation seemed 
to be a concern in a study in Brazil.33 In this study, period of amenorrhoea 
data was used and cross validation with the diagnosis variable was 
done. The diagnosis upon discharge after delivery invariably states 
the gestational age of the pregnancy following ultrasound scan. The 
ultrasound scan accuracy is influenced by the skill of the operator. 
Even though the study uses big data for analysis, there is missing and 
incomplete data per variable, including important variables such as 
obstetric and antenatal history and maternal marital status. This is 
consistent with other studies using electronic documentation systems 
such as in Palestine where completed data ranged between 72.1% and 
95.2%.34 Other challenges related to usage of big data in analysis is 
the existence of correlation merely as a result of the sensitivity and 
high volume of data.35 The 2.0% missing height data might influence 
the overall data due to the volume. The result is not generalisable as 
the study centre is also a fertility centre, and a teaching and referral 
hospital in the country. The cases accepted might not be similar even 
with other teaching hospitals in the country.

Conclusion
The incidence trend of preterm birth in UKMMC showed almost 

20% increment between 2011 and 2012 followed by a gradual decrease 
until 2015. The predictors of preterm birth in this centre were birth 
weight, risk level of the pregnancy, multiplicity of pregnancy, age of 
mother and male infant gender. Usage of the risk level coding must be 
emphasized and enhanced at the primary care level so that high risk 
mothers are referred and co-managed appropriately at secondary and 
tertiary hospitals such as our study centre until delivery. 
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