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Background: Preeclampsia is associated with an increased risk of adverse
maternal and perinatal outcomes. This study aimed to assess preeclampsia
prevalence in a Malaysian referral maternity hospital and the association
between preeclampsia and maternal characteristics and outcomes.

Methods: A cross-sectional study was conducted between January 2010 and
December 2020 using secondary data from a single tertiary healthcare center
in Greater Kuala Lumpur, Malaysia. A total of 40,212 deliveries were included
for analysis to investigate the association between conditions (maternal
characteristics and adverse birth outcomes) and preeclampsia. Multivariable
logistic regression was conducted to assess the association between multiple
independent variables and the outcome variable (preeclampsia).

Results: The reported prevalence of preeclampsia was 1.6%. Pregnant
women with preeclampsia had a higher risk of preterm delivery (67.7%),
instrumental and cesarean delivery (74.7%), neonatal low birth weight (48.5%),
neonatal 5-min Apgar score <7 (18.1%), and neonatal intensive care unit
(NICU) admission (19.8%). There were significantly higher odds of developing
preeclampsia among nullipara [adjusted odd ratio (adjOR) 1.792, 95% ClI:
1.518-2.115], women with a previous history of preeclampsia (adjOR 5.345,
95% Cl: 2.670-10.698) and women with multiple pregnancies (adjOR 1.658,
95% Cl: 1.071-2.566). However, there is a significant association between
maternal characteristic variables. There was a significant association when
a combination of variables for risk assessment: the presence of anemia
and gestational hypertension effect on preeclampsia (OR 26.344, 95% ClI:
9.775-70.993, p < 0.002) and gestational hypertension without anemia on
preeclampsia (OR 3.084, 95% Cl: 2.240-4.245, p < 0.001). Similarly, an
association was seen between chronic hypertension and younger age (<35
years old) on preeclampsia (OR 14.490, 95% Cl: 9.988-21.021, p < 0.001), and
having chronic hypertension with advanced maternal age (>35 years old) on
preeclampsia (OR 5.174, 95% Cl: 3.267-8.195, p < 0.001). Both conditions had
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increased odds of preeclampsia, in varying magnitudes. Overall, the significant
interaction effects suggest that a history of chronic or gestational hypertension
has a different relationship to the incidence of preeclampsia depending on
the maternal age and anemia status. Pregnant women with preeclampsia had
significantly higher odds for preterm delivery (adjOR 6.214, 95% Cl: 5.244—
7.364), instrumental and cesarean delivery (adjOR 4.320, 95% ClI: 3.587-5.202),
neonatal low birth weight (adjOR 7.873, 95% CI: 6.687-9.271), 5-min Apgar
score <7 (adjOR 3.158, 95% Cl: 2.130-4.683), and NICU admission (adjOR
8.778,95% ClI: 7.115-10.830).

Conclusions: Nulliparity, previous history of preeclampsia, and multiple
pregnancies were associated with an increased risk of preeclampsia. The
presence of different underlying conditions, such as chronic hypertension,
anemia, and extremes of maternal age played an important role in increasing
preeclampsia risk in the considered study. Larger samples are needed to
validate such findings.

preeclampsia, maternal characteristics, Malaysian, gestational hypertension, birth

outcome

Introduction

Preeclampsia occurs in 1-5% of all pregnancies and is
responsible for significant maternal and perinatal morbidity
and mortality (1-5). Approximately 8.5 million women are
diagnosed with preeclampsia every year (6). Worldwide,
preeclampsia is responsible for >500,000 fetal and neonatal
deaths and >70,000 maternal deaths annually (5, 7). Thus,
preeclampsia represents a significant threat to women’s health.

Early recognition and early intervention in women with
high-risk factors for preeclampsia are critical for preventing
preeclampsia and its related complications (8, 9). Primary health
clinics provide antenatal care, playing an important role in early
detection and prevention strategies for managing preeclampsia
and its complications (8). Furthermore, in Malaysia, we provide
pre-pregnancy care, including preconception counseling,
effective contraception, underlying comorbid disease control,
and treatment adjustment prior to conception, which are
important measures for women at risk of preeclampsia (10).

The Malaysian Clinical Practice Guidelines for managing
hypertensive disorder in pregnancy recommend screening and
identifying women at risk of preeclampsia for close surveillance
and commencement of prophylaxis during antenatal visits (10,
11). In Malaysia, the current routine preeclampsia screening
classifies pregnant women as a moderate risk if they are
primigravid, aged >35 years, carrying multiple pregnancies,
have a pregnancy interval of >10 years, have a body mass index
(BMI) >35 kg/m?, or have a family history of preeclampsia
(10, 11). Pregnant women are classified as high risk if they have
at least one high-risk factor, such as hypertensive diseases during
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a previous pregnancy, chronic kidney disease, autoimmune
disease [systemic lupus erythematosus or antiphospholipid
syndrome, type 1 or type 2 diabetes mellitus (DM), or chronic
hypertension] (10). This risk stratification is adapted from
internationally recognized guidelines (10, 12, 13).

Despite abundant research on preeclampsia (14-16),
the multiple ethnicities and diverse regional cultures,
rapid socioeconomic and demographic transition, and a
higher prevalence of obesity, unhealthy lifestyles, and non-
communicable diseases (NCDs) in Malaysia may contribute
to significant differences in the maternal risk factors for
preeclampsia among Malaysian women (17-19). The incidence
of preeclampsia varies by type of healthcare facility as almost
all preeclampsia cases were managed at the tertiary care level
and remain a major contributor to maternal deaths (10, 11, 20).
Hence, the present study aimed to identify preeclampsia
prevalence and the association between maternal characteristics
and preeclampsia and assess preeclampsia birth outcomes in an
urban tertiary healthcare center.

Materials and methods

Study design and setting

This study was conducted using secondary data from the
Hospital Chancellor Tunku Muhriz (HCTM) in Greater Kuala
Lumpur, Malaysia. The database was collected from year 2010
until 2020 involving pregnant women who delivered at HCTM.
The hospital receives referral cases from district hospitals and
both public and private clinics from nearby coverage areas.
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HCTM has 88 beds distributed in 4 obstetrics and gynecology
wards and 9 obstetrics beds in a labor room with an average
of 5,573 births per year that cater for Malaysian and non-
Malaysian citizen. The maternal health records of all delivered
mothers were entered in ObsCentral software maintained by the
MedicLink Systems (M) Pvt Ltd (20).

Samples

Birth data were recorded in both manual and electronic
data records system (ObsCentral). The data captured by the
electronic system (ObsCentral) was entered after patient has
delivered. Our study used retrospective secondary data from
the ObsCentral dataset which covered variables on maternal
demographics, obstetric information, neonatal profiles,
and birth outcomes. Birth outcomes that were reported as
compulsory items were birth weight, Apgar score, neonatal
intensive care unit (NICU) admission, and stillbirth. Neonatal
profiling of genetic and chromosomal abnormalities, growth
restriction and physical abnormalities were not routinely
recorded in the electronic data system. Maternal medical
history, comorbidity, and previous obstetric history were also
not recorded in the electronic system but were documented in
the manual case records (maternal handheld antenatal record
books and hospital medical records). Data were entered into
the electronic system by nurses, based on the admission sheet
during patient admission to the HCTM labor room. All data
were verified by senior medical officers.

The study received ethics approval from the Ministry
of Health Malaysia (NMRR-19-1104-46049) (IIR) and the
UKM Ethics Committee (FF-2019-371). The target population
comprised pregnant women who delivered at HCTM in the
period 2010-2020. We included pregnancies of 20 weeks’
gestation, livebirths, and newborns with birth weights >500g.
We excluded non-citizens and women with incomplete data.
A total of 40,212 deliveries were included for secondary

data analysis.

Outcome measure

The outcome measure was preeclampsia as defined by
the International Society for the Study of Hypertension
in Pregnancy (7): gestational hypertension accompanied
by at least one of the following new-onset conditions
at or after 20 weeks gestation: proteinuria or maternal
organ dysfunction (including acute kidney injury, altered
liver function, neurological complications, hematological

complications or uteroplacental dysfunction).
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Definition of variables

The dependent variables were classified as preeclampsia
when cases retrieved from ObsCentral dataset were recorded as
preeclampsia in the diagnosis section. We cross checked other
information available for the case in the records to confirm
the diagnosis: blood pressure of 140 mmHg systolic and/or
90 mmHg diastolic after 20 weeks of gestation, and presence
of proteinuria or any other maternal organ dysfunction or
fetal growth restriction. Cases without preeclampsia were cross
checked for blood pressure of <140 mmHg systolic and/or <90
mmHg diastolic.

The independent variables included were maternal age
group (teenager <19 years, advanced maternal age >35
years, 20-34 years), ethnicity (Malay, Chinese, Indian, other),
antenatal risk level as classified according to the Malaysian
color coding system (21) based on the Ministry of Health
Malaysia risk assessment checklist (red color indicates very
high risk; yellow for high risk; green for medium risk; white
II for low risk; white I for very low risk), gravidity (gravida
>6, gravida 1, gravida 2-5), parity (para >5, nulliparity, para
1-4), anemia (hemoglobin <11 g/dl) (Yes or No), multiple
pregnancy (Yes or No), DM (Yes or No), gestational DM (GDM,
Yes or No), heart disease (Yes or No), kidney disease (Yes or
No), autoimmune disease (Yes or No), history of preeclampsia
(Yes or No), history of gestational hypertension (Yes or No),
gestational hypertension (Yes or No), chronic hypertension (Yes
or No), and family history of hypertension (Yes or No). The
fetal and maternal outcome variables were route of delivery
[No: spontaneous vaginal delivery (including instrumental) or
Yes: cesarean section], low birth weight (Yes: <2.5kg or No:
>2.5kg), preterm delivery (<37weeks) or term), 5-min Apgar
score (<7 or >7), and NICU admission (Yes or No).

Data analysis

The data were analyzed using the IBM Statistical Package
for the Social Sciences (SPSS) 22 as descriptive, and bivariate
analysis was followed by multivariable logistic analysis. Data
exploration during descriptive analysis was performed to
assess data distribution, missing data distribution, and outliers.
Missing value analysis was done using the SPSS Little MCAR
(missing completely at random) test with the Expectation-
Maximization function that revealed data missing completely
at random. Missing data and outlier data were excluded
from the data analysis. The assumptions to use binary
logistic regression including independent observations, no
perfect multicollinearity and linearity were assessed. The model
produces ORs, which suggest increased, decreased or no change
in odds of being preeclampsia as the outcome. Further analysis
involved complete case analysis.
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For categorical data, the sample characteristics are presented
as the frequency and percentage. Simple logistic regression and
the Pearson chi-square were used for bivariate analysis. Further
analyses were conducted using multivariable logistic regression
using steps as follows:

Step 1: Data exploration (Descriptive Statistics).

Step 2: Simple Logistic Regression.

Step 3: Variable selection & checking “linearity in the logit”
(Preliminary main-effect model).

Step 4: Checking
(Preliminary final model). Checking Interactions process

interaction &  multicollinearity
was performed: checking all possible 2-ways interactions,
create interaction terms, add into the preliminary main effect
model as additional independent variable before running the
model using “enter.” If an interaction term is significant (P
< 0.05), the appropriate model is the main effect variables
plus the significant interaction term. Bonferroni’s correction
is performed for the multiple testing issue adjustment. We
checked one interaction term at a time for all significant
variable in final model and found that maternal age and chronic
hypertension, anemia and gestational hypertension have a
significant interaction. Therefore, the final model includes
maternal age (>35), parity, anemia, multiple pregnancy,
history of preeclampsia, gestational hypertension and chronic
hypertension with significant interaction variables. All these
variables are known risk factors for preeclampsia (22) and were
all adjusted for in the multivariable regression models.
Variables with a P-value of <0.2 were included for
multivariable logistic regression. Presence of the interaction
with large main effects (p < 0.01) were reported. Missing data
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and outlier data were excluded from data analysis. All p-values
resulted from two-sided statistical tests. P < 0.05 was considered
statistically significant. The Bonferroni correction was calculated
for adjustment made to P-value by dividing critical P-value
(p = 0.05) by four comparisons done, in order to reduce
chances of false-positive results when multiple pair wise tests
performed (23).

Results

Maternal characteristics

Preeclampsia was present in 641 of 40,212 total deliveries
(1.6%). The annual prevalence for year 2010 to 2020, were
1.55, 1.6, 1.8, 1.5, 1.7, 1.6, 1.9, 1.7, and 1.8% respectively
(Figure 1). Table 1 shows the descriptive statistics of the
maternal characteristics. Most patients were aged between 20
and 34 years, with 0.7% teenage pregnancy and 19.5% advanced
maternal age. Around one-third who developed preeclampsia
were of advanced maternal age (30.3%) compared to those who
did not (19.4%). Most patients were Malay (68.6%). A total
of 89.7% of the patients were tagged as white considering the
Malaysian Color-Coding System for antenatal risk assessment
(21), indicating a very low risk pregnancy. Preeclamptic women
were noted among primigravidae (1.6%), women with multiple
pregnancy (3.4%), anemia (3.7%), DM (1.9%), Gestational
DM (12.8%), history of preeclampsia (1.7%), gestational
hypertension (7.8%), and chronic hypertension (9.7%).
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TABLE 1 Maternal sociodemographic, obstetrics and clinical characteristics.
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Variables Preeclampsia P-value
Yes n (%) No 1 (%) Total n (%)
641 (1.6) 39.571 (98.4) 40.212 (100)
Age groups <0.001
<19 years old (Teenage pregnancy) 1(0.1) 280 (0.7) 281(0.7)
20-34 years 01d 446 (69.6) 31,632 (79.9) 32,078 (79.8)
More than 35 years old (advance 194 (30.3) 7,659 (19.4) 7,853 (19.5)
maternal age)
Ethnicity 0.921
Malay 435 (67.9) 27,142 (68.6) 27,577 (68.6)
Chinese 91 (14.2) 5,438 (13.7) 5,529 (13.7)
India 16 (2.5) 852 (2.2) 868 (2.2)
Others 99 (15.4) 6,139 (15.5) 6,238 (15.5)
Antenatal risk# 0.952
White 1 187 (29.2) 11.621 (29.4) 11.808 (29.4)
White IT 391 (61.0) 23.860 (60.3) 24,251 (60.3)
Green 32 (5.0) 2.237 (5.7) 2,269.0 (5.6)
Yellow 10 (1.6) 651 (1.6) 661 (1.6)
Red 21 (3.3) 1,202 (3.0) 1,223 (3.0)
Gravida classification <0.001
Gravida 2-5 256 (39.9) 12.679 (32.0) 12,935 (32.2)
Gravida 6 and more 349 (54.4) 25.236 (63.8) 25,585 (63.6)
Gravida 1 36 (5.6) 1,656 (4.2) 1,692 (4.2)
Parity classification <0.001
1-4 301 (47.0) 14,701 (37.2) 15,002 (37.3)
Para 5 and more 330 (51.5) 24,275 (61.3) 24,605 (61.2)
Nulliparous 10 (1.6) 595 (1.5) 605 (1.5)
Anemia <0.001
Yes 24 (3.7) 5.137 (13.0) 5,161 (12.8)
No 617 (96.3) 34.434 (87.0) 35,051 (87.2)
Multiple pregnancy 0.011
Yes 22(3.4) 795 (2.0) 817 (2.0)
No 619 (96.6) 38.776 (98.0) 39,395 (98.0)
Diabetes mellitus <0.001
Yes 12 (1.9) 213 (0.5) 225 (0.6)
No 629 (98.1) 39.358 (99.5) 39,987 (99.4)
Gestational DM 0.262
Yes 82 (12.8) 5,681 (14.4) 5,763 (14.3)
No 559 (87.2) 33.890 (85.6) 34,449 (85.7)
Heart disease 0.930
Yes 1(0.2) 100 (0.3) 101 (0.3)
No 640 (99.8) 39.471 (99.7) 40,111 (99.7)
Kidney disease 0.910
Yes 1(0.2) 55 (0.1) 56 (0.1)
No 640 (99.8) 39.516 (99.9) 40,156 (99.9)
Autoimmune disease 0.302
Yes 3(0.5) 80(0.2) 83(0.2)
No 638 (99.5) 39.491 (99.8) 40,129 (99.8)
History of preeclampsia <0.001
(Continued)
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Sutan et al.

TABLE 1 (Continued)

Variables

Yes n (%)
Yes 11 (1.7)
No 630 (98.3)
History of gestational
hypertension
Yes 2(0.3)
No 639 (99.7)
Gestational hypertension
Yes 50 (7.8)
No 591 (92.2)
Chronic hypertension
Yes 62 (9.7)
No 579 (90.3)

10.3389/fpubh.2022.973271

Preeclampsia P-value
No 7 (%) Total n (%)
81(0.2) 92(0.2)
39.490 (99.8) 40,120 (99.8)
51(0.1) 53 (0.1) 0.472
39.520 (99.9) 40,159 (99.9)
<0.001
850 (2.1) 900 (2.2)
38.721 (97.9) 39,312 (97.8)
<0.001
384 (1.0) 446 (1.1)
39,187 (99.0) 39.766 (98.9)

#antenatal risk level is classified according to the Malaysian Color-Coding System (Ministry of Health antenatal risk assessment system: red, very high risk; yellow, high risk; green, medium

risk; white IT, low risk; white I: very low risk) (21).

Factors associated with preeclampsia

Table 2 presents a simple logistic regression analysis,
which indicated that pregnant mothers who were aged >35
years, nulliparous, had multiple pregnancy, DM, history
of preeclampsia, gestational hypertension, or chronic
hypertension, had significantly higher crude odd ratios
(OR >1.00) for developing preeclampsia. However, anemic
pregnant women had significantly lower crude ORs for
developing preeclampsia (crude OR = 0.26; 95% CI: 0.173;
0.392).

Binary logistic regression examined whether the
independent variables helped to explain occurrence of
preeclampsia in a sample of 40,212 women. The sample
included 641 women with preeclampsia and 39,371 women
without preeclampsia. The data met the binary logistic
regression assumptions of independent observations and no
perfect multicollinearity. The multivariable logistic regression
model analysis determined that maternal age >35 years,
nulliparity, multiple pregnancy, history of preeclampsia,
gestational hypertension and chronic hypertension were

significantly associated with preeclampsia.

Combination of variables for risk
assessment

Table 3 depicts the results of selected analysis models for

variables with significant interaction. The interactions between
gestational age with chronic hypertension, and anemia with

Frontiersin Public Health

gestational hypertension, were significant factors associated with
preeclampsia based on two dummy variables. Pregnant women
with advanced maternal age (>35 years old) without chronic
hypertension, showed double the odds (odds 2.023; 95% CI:
1.673-2.477, p < 0.001) of developing preeclampsia compared
to maternal age <35 years. Among the pregnant women with
chronic hypertension, maternal age did not significantly increase
the odds of developing preeclampsia. However, among maternal
age <35 years with chronic hypertension showed an increased
their odds of developing preeclampsia 14-fold (odds 14.490;
95% CI: 9.988-21.021, p < 0.001) compared to maternal age
<35 years without chronic hypertension. In addition, among
advanced maternal age (>35 vyears), chronic hypertension
increased their odds of developing preeclampsia 5-fold (odds
5.174; 95% CI: 3.267-8.195, p < 0.001) compared to maternal
age >35 years without chronic hypertension.

Pregnant women without gestational hypertension and with
anemia have less chance (odds 0.234; 95% CI: 0.146-0.374) of
developing preeclampsia compared to non-anemic gestational
hypertensive pregnant women. However, among pregnant
women with gestational hypertension, anemia did not increase
their likelihood (not significant) of developing preeclampsia.

The frequency of cases that were initially admitted as
gestational hypertension and progressed to preeclampsia among
pregnant women with anemia, showed an increase odd of
developing preeclampsia by 26-fold (odds 26.344; 95% CI:
9.775-70.993, p < 0.001) compared to those not as an underlying
condition. While among pregnant women without anemia,
gestational hypertension led to only three times (odds 3.084;
95% CI: 2.240-4.245, p < 0.001) of developing preeclampsia
compared to those without gestational hypertension.
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TABLE 2 Factors associated with preeclampsia.
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Variable Crude OR 95% CI p Adj. OR 95% CI P
Age groups <0.001 <0.001
>35 years old (Advance maternal age) 1.796 (1.515; 2.130) <0.001° 2.075 (1.715; 2.511) <0.001
<19 years old (Teenage pregnancy) 0.253 (0.035; 1.809) 0.171° 0.214 (0.030; 1.527) 0.114
20-34 years Old 1.000 1.000

Gravida classification <0.001

Gravida 6 and more 1.572 (1.111; 2.223) 0.011

Gravida 1 1.460 (1.241; 1.718) <0.001

Gravida 2-5 1.000

Parity classification <0.001 0.001
Para 5 and more 1.236 (0.656; 2.331) 0.512 0.876 (0.458; 1.674) 0.479
Nulliparous 1.506 (1.287; 1.763) <0.001 1.792 (1.518; 2.115) <0.001
1-4 1.000 1.000

Anemia

Yes 0.261 (0.173; 0.392) <0.001 0.299 (0.198; 0.450) <0.001
No 1.000 1.000

Multiple pregnancy

Yes 1.734 (1.127; 2.667) 0.021 1.658 (1.071; 2.566) 0.034
No 1.000 1.000

Diabetes mellitus

Yes 3.525 (1.960; 6.339) <0.001

No 1.000

History of preeclampsia

Yes 8.512 (4.512; 16.058) <0.001 5.345 (2.670; 10.698) <0.001
No 1.000 1.000

Gestational hypertension

Yes 3.854 (2.865; 5.184) <0.001 3.482 (2.575; 4.709) <0.001
No 1.000 1.000

Chronic hypertension

Yes 10.928 (8.255; 14.46) <0.001 8.999 (6.719; 12.053) <0.001
No 1.000 1.000

Age*chronic hypertension 0.002
>35 years old* chronic hypertension 0.390 (0.217; 0.702) 0.002
Anemia*gestational hypertension 7.716 (2.764; 21.544) 0.001

Final model using Forward Stepwise (Likelihood Ratio); Hosmer and Lemeshow Test 0.292; Nagelkerke R Square 6.4%; Classification table 98.4%. *Interaction between variables.

bWald test. The bold value means significant (p < 0.05).
Preeclampsia birth outcomes

Table 4 demonstrates variables on birth outcomes that were
significantly associated to preeclampsia. There was a higher
prevalence of premature delivery (67.7%), cesarean delivery
(70.7%), low birth weight (48.5%), 5-min Apgar score <7
(18.1%), and NICU admission (19.8%) among pregnant women
who developed preeclampsia compared to those who did not.
Preeclampsia complicated pregnancies had an ~6 times higher
likelihood of preterm delivery (adjOR 6.21; 95% CI: 5.24, 7.36),
seven times higher likelihood of low-birth weight babies (adjOR
7.87; 95% CI: 6.69, 9.27), eight times greater risk of NICU
admission (adjOR 8.78; 95% CI: 7.12, 10.83) and three times
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greater odds of low 5-min Apgar scores (adjOR 3.16; 95% CI:
2.13, 4.68). Preeclamptic pregnant women were also four times
more likely to undergo cesarean delivery (adjOR 3.99; 95% CI:
3.35,4.75).

Discussion

We found that the prevalence of preeclampsia (1.6%) was
consistent with that of a previously reported study at a tertiary
academic center in the East Coast of Peninsular Malaysia
(1.4%) (4). The prevalence in our center was slightly lower
than the global incidence of preeclampsia (2.16%) (24). These
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TABLE 3 Selected model analysis for preeclampsia factors with interaction.

Variable N Odds ratio
Without chronic hypertension

>35 years 7,644 2.023
<35years 3,2122 1.000
Chronic hypertension

>35 years 209 0.663
<35 years 237 1.000
Maternal aged <35 years

Chronic hypertension 237 14.490
Without chronic hypertension 31.841 1.000
Maternal aged >35 years

Chronic hypertension 209 5.174
Without chronic hypertension 7,644 1.000
Without gestational hypertension

Anemia 5,095 0.234
Without anemia 34,217 1.000
Gestational hypertension

Anemia 66 1.879
Without anemia 834 1.000
Anemia

Gestational hypertension 66 26.344
Without gestational hypertension 5,095 1.000
Without anemia

Gestational hypertension 834 3.084
Without gestational hypertension 34,217 1.000

Bonferroni-adjusted significance level (a/4): 0.0125.

differences might be due to variation in maternal age of
our cases, socioeconomic background (living in urban setting
area), ethnicity (majority were Malay), and enhancement of
the Malaysian health care delivery system (25). Preeclampsia
prevalence is diverse due to differences in sociodemographic
profiles, genetic composition, and geographical areas, as
evidenced by previous studies (24, 26, 27).

Malaysia has implemented several maternal health programs
in promoting and preventing risk of maternal morbidity and
mortality. The Ministry of Health Malaysia introduced an
excellent maternal and child health service in the 1950s
and a safe motherhood approach in the 1980s (28-30). The
continuum of care includes pre-pregnancy care, which provides
early screening and interventions to minimize preeclampsia
risk, such as provision of family planning services for
high-risk groups, and preventive public health screening
programs in primary health centers for early identification
and management of preeclampsia (29). Early diagnosis of
hypertension among women followed by pre-conceptional
counseling helps mitigate risk of development of complications.
Preeclampsia screening and prophylaxis through essential
obstetric care are clearly described in the guidelines for
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95% CI Wald (df) P-value
(1.673; 2.447) 52.702 (1) <0.001
(0.376; 1.168) 2.024 (1) 0.155
(9.988;21.021) 198.369 (1) <0.001
(3.267; 8.195) 49.084 (1) <0.001
(0.146; 0.374) 36537 (1) <0.001
(0.750; 4.705) 1.813 (1) 0.178
(9.775; 70.993) 41.827 (1) <0.001
(2.240; 4.245) 47.728 (1) <0.001

healthcare providers (10, 11). Most women in Malaysia depend
on free, publicly funded maternal health care (29). Furthermore,
improved provision of quality services and access with removal
of barriers to health care usage have resulted in better
maternal and child health surveillance (25, 29, 31, 32). The
surveillance information is beneficially used for formulating
intervention strategies to reduce maternal and child deaths,
address critical gaps in the health system, and eliminate
disparities between different groups through providing special
attention to poor and disadvantaged populations, such as
people living in rural areas who face logistic barriers (29-
31, 33). The maternal mortality ratio in the last 10 years
(2010-2020) shows a plateau with ranges from 21 to 24
maternal deaths per one hundred thousand live births
(34). Postpartum hemorrhage (17.5%) was recorded as the
principal causes of maternal death in 2019 in Malaysia
followed by obstetric embolism (12.6%), eclampsia (9.7%),
ectopic pregnancy (5.8%) and puerperal sepsis (5.8%). While
in 2020, the main cause of maternal death was obstetric
embolism (18.8%) followed by postpartum hemorrhage (16.2%),
gestational hypertension with significant proteinuria (6.8%),
ectopic pregnancy (6.0%) and eclampsia (6.0%). Our center
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TABLE 4 Association of preeclampsia and adverse birth outcomes.

Variable Preeclampsia n (%) No 1 (%)
Premature delivery

Yes 434 (67.7) 207 (32.3)
No 9,474 (23.9) 30,097 (76.1)
Route of delivery

LSCS 453 (3.43) 12,761 (96.57)
Vaginal (including instrumental) 188 (0.70) 26,810 (99.30)
Low birth weight

Yes 311 (48.5) 330 (51.5)
No 4,117 (10.4) 35,454 (89.6)
Mean (Kg) (Standard deviation) 2.465 (SD 0.470) 3.017 (SD 0.755)
Apgar score at 5 min <7

Yes 116 (18.1) 207 (32.3)
No 5,565 (14.1) 30,097 (76.1)
NICU admission

Yes 127 (19.8%) 514 (80.2)
No 1,066 (2.7) 38,505 (97.3)

LSCS, Lower segment Cesarean section.

recorded similar pattern which mainly due to direct cause of
maternal death (35).

In this study, nulliparity, previous history of preeclampsia,
multiple  pregnancy, advanced maternal age—chronic
hypertension interaction, and anemia-gestational hypertension
interaction, were significant factors associated with increased
risks of preeclampsia, which are consistent with previous
findings (16, 36, 37). Preeclampsia is a common syndrome
with uncertain roots that are linked to multiple factors, making
public health prevention strategies thereof an endless challenge.

Advanced maternal age, i.e., age >35 years at the time
of delivery, is a risk factor for preeclampsia and other severe
maternal and perinatal adverse pregnancy outcomes resulting
in higher morbidity and healthcare costs (38, 39). In our
study, 19.5% of the patients were of advanced maternal age,
higher than the prevalence estimated by the World Health
Organization Multi-Country Survey on Maternal and Newborn
Health (12.3%) (40) but lower than that of Norway (33.4%) and
Japan (31.1%) (37, 38), and comparable with that of Taiwan
(19.1%) (41) and the United Kingdom (18.2%) (42).

In many countries, including Malaysia, maternal age at
first delivery has been steadily increasing (39, 43-45). Pregnant
women with advanced maternal age were more likely to
have a higher incidence of pre-existing diabetes and chronic
hypertension, higher BMI, and more assisted conception or
fertility treatment (39). Most patients in the sample were
Malay (68.6%), who typically start families after marriage as
influenced by the Malay culture and Islamic beliefs (46). A recent
phenomenon is that an increasing number of Malaysian women
delay marriage and motherhood into their late 30s as they
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Adjusted OR  (95% CI) X2 STAT (df)2  P-value?
6.214 (5.244;7.364) 477.430 (1) <0.001
1.000
3.987 (3.348; 4.748) 276.634 (1) <0.001
1.000
7.873 (6.687;9.271) 527.289 (1) <0.001
1.000
0.363 (0.319; 0.312) <0.001
3.158 (2.130; 4.683) 28.247 (1) <0.001
1.000
8.778 (7.115; 10.830) 283.577 (1) <0.001
1.000

invest time pursuing education and career goals before starting
a family (46, 47). This social trend is a result of better gender
equality and expanded opportunities for women, increased
women’s education and labor market participation, changes in
life values, partnership, behavior, culture and beliefs, economic
insecurity, the availability of effective contraception and assisted
reproductive technologies, and the absence of supportive family
units (46, 47).

Evidence indicates that some social policies can be effective
for counter balancing delayed parenthood (47). Massive
postponement is attributable to the conflict between optimal
biological period for motherhood and obtaining additional
education and building a career. A growing amount of literature
demonstrates that female employment and parenting can be
combined when policy intervention facilitates the reduction of
work-family conflict (47). Women should be well-informed of
the risks of advanced maternal age and individual solutions
should be complemented by a public health approach, including
promoting women to start family when reaching the middle
reproductive age (25-29 years) (47). However, our study has
limited information on the proportion of ethnicity, educational
level and employment status for us to assess the relationship
between these factors and preeclampsia. A multi-site study may
help in determining the socio demographic association better
and be better generalizable to the population of interest.

Multiple pregnancy increases the likelihood of preeclampsia.
Our findings support the different pathophysiological pathways
of preeclampsia among women with multiple pregnancies
as compared to singleton pregnancies (48). The pathway
observed in multiple pregnancies is secondary to intraplacental
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malperfusion and mechanical restrictions. Malperfusion and
hypoxia occur when the growing placenta reaches its functional
limit (48). Instead of the woman’s underlying cardiovascular
phenotype, preeclampsia in multiple pregnancy may occur due
to the higher demands of a larger placenta on the maternal
cardiovascular system, higher levels of circulating placental
markers, and excessive placenta-shed inflammatory factors (49,
50). A large cohort study in a Swedish population observed a
significantly higher risk of future cardiovascular diseases among
preeclampsia-complicated singleton pregnancies compared with
singleton pregnancies without preeclampsia and multiple
pregnancy with or without preeclampsia (49).

The present study revealed that early-onset chronic
hypertension (age <35 years) amplified the odds of developing
preeclampsia 15-fold in contrast to that among advanced-
maternal age women (age >35 vyears), where chronic
hypertension increased the odds of developing preeclampsia
by only 5-fold as compared to advanced-maternal age women
without chronic hypertension. In the present study, 1.1% of
patients had chronic hypertension. The National Health and
Morbidity Survey (NHMS) 2019 reported a high prevalence of
hypertension (30%) in the Malaysian population that increased
with age: 0.4% among women aged 20-24 years and 19.9%
among women aged 40-44 years (51). The NHMS 2019
reported that nearly half of the patients were unaware that
they had hypertension (51). Therefore, it is expected that many
Malaysian women will become pregnant without knowing that
they have hypertension, which would hinder pre-pregnancy
care intervention for controlling high blood pressure, as well as
prophylactic mitigation of risk of development of preeclampsia.
Therefore, we suggest that pre-pregnancy care screening for
hypertension should be strengthened among women planning
to conceive. The major risk factors for hypertension and obesity,
for which prevalence is also increasing, complicate preeclampsia
intervention in Malaysia (51). Non-Communicable Diseases
(NCD) control requires integrated action through all major
parts of society that impact health. Nonetheless, many countries
have not established system-wide efforts to improve the social
determinants of health, e.g., early childhood education and
parenting skills, education and lifelong learning, working and
employment conditions, poverty reduction and ensuring a
healthy standard of living, housing and the environment, and
prevention of ill health (52).

In 2016, the Ministry of Health Malaysia developed the
National Strategic Plan on NCD to tackle the growing burden
of NCDs in Malaysia. The key focus of the Strategic Plan
included cardiovascular disease, diabetes, and NCD risk factors,
i.e., tobacco use, unhealthy diet, physical inactivity, and harmful
use of alcohol. One of the main objectives of this strategy
was to strengthen national capacity, leadership, governance,
multisectoral action, and partnerships to hasten the Malaysian
response for preventing and controlling NCDs (53). There is
a crucial need to involve the whole-of-government approach.
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Nevertheless, the persisting challenge is that agencies outside
of healthcare view NCDs as a “health issue.” As such,
efficient handover of obligations and accountability for policy
movements in addressing the wider elements of NCDs in
Malaysia is poor (51).

In the present study, anemia was detected in 12.8% of
patients, which is lower than that reported by national study
NHMS 2019 (29.9%) (51). A recent systematic review based on
published research in Malaysia found that the overall prevalence
of anemia in pregnancy ranged from 19.3 to 57.4%, while
the prevalence of iron deficiency in pregnancy ranged from
31.6 to 34.6% (54). Lower prevalence of anemia in our center
may be due to selecting only single tertiary center where most
patients were Malay and of high socioeconomic status living
in urban setting of greater Kuala Lumpur. The NHMS 2019
detected higher prevalence of anemia especially among Indians
and people of low socioeconomic status (51). Our study found
low prevalence of anemia present in preeclampsia cases (3.7%).
Many studies have reported that woman with anemia is less
likely to develop preeclampsia (55-57).

In the absence of gestational hypertension, anemia reduced
the probability of developing preeclampsia, which is in
accordance with previous findings (22, 56-59). However,
another study reported the significant finding of severe anemia,
but not mild/moderate anemia, being a preeclampsia risk factor
(60). The increased occurrence of preeclampsia in pregnant
women with high hemoglobin levels are the toxic effects of
heme sedimentation on the vascular endothelium (61). Iron
plays a catalyzing function in the production of reactive oxygen
species that leads to oxidative stress, a recognized component
of the preeclampsia pathogenesis (62, 63). This supports the
premise that raised iron and ferritin levels are associated with
greater preeclampsia risk (64, 65). We suspect the possibility of
excess iron supplementation among anemic pregnant women
in the present study (64, 66). However, we did not examine
the iron and ferritin levels to support this statement; we merely
discovered an association between anemia and preeclampsia. A
cross-sectional design using retrospective data in the study led
to the lack of a cause-effect relationship.

We did not show a predicted model for preeclampsia as we
identified the interaction between the independent variables
(gestational age™chronic hypertension and anemia*gestational
hypertension) on preeclampsia. As we are aware, both
conditions produced the same effect with different intensities
between subgroups of the variables that has influence
on preeclampsia.

Anemic pregnant women initially diagnosed with
gestational hypertension showed a 25 times risk for preeclampsia
than non-anemic pregnant women. A younger pregnant woman
(<35 years) with a history of chronic hypertension has a
14 times higher risk for preeclampsia compared to an older
pregnant woman (>35 years). Hypertension in pregnancy is
thought to be composed of various diseases that occur through
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the confluence of both genetic and acquired factors. The
prevalence of hypertension is increasing among the younger
age group, possibly linked to genetic factors and lifestyle
changes (14, 15, 22). Previous studies highlighted that chronic
hypertension and high maternal age increased the risk of
preeclampsia (48-51). A higher risk for preeclampsia in a young
adult borne by a mother with hypertension in pregnancy may
be attributed to a shared environment or to shared genetic
factors with the mother (67). A bigger sample size assessing
the presence of multiple co-morbidities using multi-study sites
may help to determine the association better and generalization
to the population of interest. However, in a preventive care
plan, it is necessary to ensure mothers with pre-existing chronic
hypertension and anemia to come to the pre-pregnancy clinic
for appropriate management of their hypertension and to
educate them on the possibility of preeclampsia. Early detection
and early management of anemia, especially when co-existing
with hypertension, will help prevent the development of
preeclampsia (60).

Our study found that the preeclampsia was significantly
associated with a higher prevalence of poor pregnancy
outcomes, including preterm delivery [adjusted OR (adjOR)
6.214], low birth weight (adjOR 6.687), NICU admission
(adjOR 8.778), cesarean delivery (adjOR 3.987), and 5-min
Apgar score <7 (adjOR 3.158). Our findings similar with
previous studies, where a higher incidence of adverse pregnancy
outcomes was reported among women with preeclampsia (2,
68, 69). Therefore, preeclamptic women occupy greater levels
of healthcare services and hence consume significantly higher
healthcare costs (68, 69). In the USA, the 2012 preeclampsia
healthcare cost estimates within the first 12 months of
delivery for mothers and infants was US$2.18 billion (70)
and the mean maternal and infant medical care costs of
preeclampsia (US$41,790) were significantly higher compared
to that of non-preeclampsia (US$13,187) (71). The economic
burden of preeclampsia healthcare is high, the leading cost
drivers being infant healthcare costs associated with preterm
delivery and greater adverse outcomes (69-72). A recent meta-
analysis suggested that an effective intervention for preventing
preeclampsia and preterm delivery is early (<16 weeks
of gestation) introduction of prophylactic low-dose aspirin
(>100mg) for high-risk groups (73). This strategy is well-
practiced in our Malaysian antenatal care using hypertension
management guideline (10).

The retrospective nature of our study led to some
limitations. We could not investigate several important
risk factors for preeclampsia, including infertility treatment,
pregnancy interval, change of sexual partner, alcohol intake,
and smoking behavior (74). We used secondary administrative
data that were not originally collected for research purposes;
thus, the data may have been exposed to bias such as
data inaccuracy, missing and incomplete data per variable,
and inadequate details in the electronic database. There is
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a possibility that cases were not always reported adequately.
This is consistent with other studies that used electronic
database information (75, 76). Our study was conducted
at a single tertiary healthcare center; hence the data may
not be representative of outcomes in smaller facilities or in
other communities outside the research setting, i.e., there
is a lack of external validity. Therefore, future study may
need to consider having a bigger sample size by using multi
centers study to validate and predict better model that able to
generalized to the national population with more information
added such as attended pre-pregnancy care, socio-economic
status, lifestyles and further validate clinical risk factors in the
considered population.

Conclusions

Preeclampsia was significantly associated with the maternal
characteristics of nulliparity, history of preeclampsia, multiple
pregnancy, and advanced maternal age. A significant interaction
was found between chronic hypertension and anemia, as
well as between gestational hypertension and maternal age
in predicting the incidence of preeclampsia. Although the
prevalence of preeclampsia is relatively low, it imposes a higher
burden on the healthcare system in managing preeclampsia-
related adverse birth outcomes, such as preterm delivery,
cesarean delivery, low birth weight, and the increased need
for NICU admission. Therefore, it is important to identify
women at risk of developing preeclampsia in the effort
to prevent adverse birth outcomes through pre-pregnancy
counseling for those with chronic hypertension, and anemia,
and to promote logical family planning for women at
advanced maternal age. Enhancing awareness and healthcare
education on safe motherhood should be an ongoing agenda
targeting both mothers and their community. Future studies
should utilize multi-center data bases for generalization to a
diverse population with inclusion of several important social
behavioral factors.
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