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Impact of anaemia in pregnancy
on maternal and fetal wellbeing
in Oman: a retrospective study

Abstract

Background/Aims Anaemia is associated with negative outcomes for
both mothers and infants. Better understanding of its consequences
could lead to improved guidelines for screening and treatment. The
aim of this study was to investigate anaemia in pregnancy and adverse
maternal and fetal outcomes among pregnant women in Oman.
Methods This retrospective study examined the medical records of
women who gave birth at a university hospital in Oman over a 3-year
period. Chi-squared tests were used for data analysis.

Results A total of 723 pregnant women were included, with 62.8%
diagnosed with anaemia. Anaemia was significantly associated with
preterm birth (P=0.037), low birth weight (P=0.009), intrauterine
growth restriction (P=0.002) and postpartum heamorrhage (P=0.019).
Conclusions Anaemia is a significant health concern for pregnant
women in Oman. Further research will provide more data on its
effects, informing targeted interventions and policy enhancements.
Implications for practice Early antenatal screening, targeted iron
supplementation, nutritional education, appropriate treatment and
active management during birth would help address this issue.
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naemia is a significant public health

issue, affecting approximately 37% of

pregnant women worldwide (World

Health Organization (WHO), 2019;

World Bank, 2019). It is classified as
mild, moderate or severe based on specific haemoglobin
thresholds (WHO, 2011). Symptoms include pallor,
exhaustion, palpitations, dizziness and difficulty breathing
(Chaparro and Suchdev, 2019).

Anaemia is influenced by the physiological
changes that take place in the hematologic, renal and
endocrine systems during pregnancy (Horowitz et al,
2013). The two key causes are hemodilution resulting
from increased plasma volume in early pregnancy
and inadequate increase in erythrocytes (Horowitz
et al, 2013). The increased iron requirements during
pregnancy make adequate iron supplementation
an important measure to reduce the likelihood of
developing anaemia. The WHO recommends a daily
dose of 30—60mg of iron for pregnant women (Fisher
and Nemeth, 2017).

Anaemia in pregnancy is more common in the third
trimester and is defined by specific hemoglobin or
hematocrit values for each trimester (Lebso et al, 2017;
Fite et al, 2021; Ngimbudzi et al, 2021; Sun et al, 2021).
If anaemia is present throughout pregnancy, it is termed
‘persistent anaemia’, while anaemia that resolves after
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the first trimester is termed ‘recovered anaemia’ (Sun et
al, 2021).

Globally, anaemia in pregnancy contributes to
maternal and neonatal morbidity and mortality (Shi et
al, 2022). Iron deficiency can lead to restricted blood
circulation, oxidative stress and adverse outcomes for
mother and infant (Garzon et al, 2020). It also impacts
placental development, potentially affecting fetoplacental
vascularisation and nutrient transfer, leading to fetal
growth disorders (Moeller et al,2019). Accurate diagnosis,
timely interventions and monitoring are crucial to
address the impact of anaemia on maternal and fetal
health (Haider et al, 2013).

Research has shown that anaemia in pregnancy can
negatively impact outcomes for both mother and fetus
in low-, middle- and high-income countries (Kadhim
Jasim et al, 2020). For mothers, studies have shown a
significant association between anaemia in pregnancy and
postpartum haemorrhage (Harrison et al, 2021; Omotayo
et al, 2021; Shi et al, 2022), caesarean section (Vural et al,
2016;Tian et al, 2022; Adam et al, 2023) and prolonged
length of hospital stay (Koyuncu et al, 2017; Kumar and
Dhillon, 2020). Adverse fetal outcomes associated with
anaemia in pregnancy include preterm birth (Kumari et
al, 2019; Rahmati et al, 2020), low birth weight (Sukrat
et al, 2013; Rahman et al, 2020; dos Santos et al, 2022)
and intrauterine growth restriction (Surve and Jain, 2019;
Yang et al, 2023).

While the majority of studies have established a
significant association between anaemia in pregnancy
and adverse maternal and fetal outcomes, there is
insufficient literature to support its relationship with
length of hospital stay or intrauterine growth restriction.
Many studies have used retrospective designs, leading to
challenges related to missing data, or have not reported
whether iron supplements were given to participants.
Other challenges include variation in haemoglobin
measurement techniques, timing of anaemia diagnosis,
categorising anaemia, reference groups, inclusion criteria
and sample sizes.

The relationship between anaemia in pregnancy and
adverse maternal and fetal outcomes has not been well
explored in the Gulf Cooperation Council, including in
Oman. Studies that have explored adverse outcomes in this
union primarily focused on conditions other than anaemia
(Al-Rifai et al, 2020). This may be because other conditions
have been prioritised in research agendas, which can create
a significant gap in knowledge and literature (Afifi, 2003;
Seshan et al, 2018; Garzon et al, 2020).

This study’s aims were to investigate the relationship
between anaemia during pregnancy and adverse maternal
and fetal outcomes, focusing specifically on preterm
births, low birth weight, intrauterine growth restriction
and postpartum hemorrhage. These outcomes are crucial

indicators of maternal and fetal health, often associated with
maternal anaemia, and have significant implications for
maternal wellbeing and infant development. Research in
this area may offer insights to guide targeted interventions
and the creation of comprehensive prevention guidelines
in order to enhance maternal and fetal health outcomes in
Oman and the broader Gulf Cooperation Council.

Methods

This retrospective study reviewed pregnant women’s
medical records from the Department of Obstetrics and
Gynaecology, Sultan Qaboos University Hospital, selected
by convenience sampling for its significant intake of
pregnant women from regions across Oman. This ensured
a diverse and representative sample for the study (Talari
and Goyal, 2020). The hospital uses an advanced electronic
medical records system that facilitates efficient storage
and easy retrieval of patient data. The research team
retrospectively examined the records to identify cases of
anaemia and compare these with cases without anaemia.

Sample

The study used non-probability convenience sampling
to select eligible women from the target population
(Stratton, 2021). The sampling frame encompassed all
births between 1 January 2020 to 31 December 2022.
The inclusion criteria were women with singleton
pregnancies and a recorded third-trimester haemoglobin
level. Women classified as anaemic were those with
haemoglobin levels <11.0g/dL, while those with
>11.0g/dL were classified as non-anaemic.

Pregnant women were excluded if they had chronic
or acute illnesses that could affect haemoglobin levels
(such as chronic kidney disease, sickle cell anaemia,
infection, thalassemia and haemoglobinopathies, chronic
inflammatory diseases), or if they had received a blood
transfusion in the 3 months before their haemoglobin
level was measured. Women who first visited the hospital
to give birth were excluded because of an expected lack
of antenatal care and follow-up.

The sample size was calculated using Epi Info statistical
software (version 7.2.5.0), which provides specialised
tools for determining sample size. The calculation used
a 95% confidence interval, 80% statistical power, a ratio
of pregnant women with anaemia to without of 1:2, an
estimated exposure of 43.5% based on a similar study
(Belyhun et al, 2010) and a 10% rate of incomplete data
entry, giving a minimum sample size of 111 women
with anaemia and 222 without. This was a total sample
size of 333 pregnant women (Weldekidan et al, 2018).
The records of 723 women were included in the study,
as using a larger sample size can improve statistical
power, enhancing precision and supporting more
robust conclusions.
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Data collection

The lead researcher contacted the midwife in charge
of the birth ward at the hospital, who was responsible
for the storage of birth registers, to gain access to the
necessary data.To facilitate data collection, a standardised
data collection sheet was devised, which consisted of
three sections: demographics and obstetric history,
maternal outcomes and fetal outcomes. The data sheet
was created following a comprehensive review of
previously published studies (Quezada-Pinedo et al, 2021;
Kharate and Choudhari, 2024) to ensure its accuracy
and relevance. With the assistance of the hospital’s
information technology department, the research team
retrieved the records of all pregnant women who met
the inclusion criteria. These were manually searched for

the relevant study variables, which were documented on
the data collection sheet.

As a result of data that were inaccessible or not
recorded accurately, and some adverse maternal and
fetal outcomes that fell under the exclusion criteria,
not all outcomes were included. The study focused on
postpartum hemorrhage, caesarean section, length of
stay at the hospital, low birth weight, preterm birth and
intrauterine growth restriction.

Data analysis

The data were analysed using the Statistical Package for
Social Sciences (version 23). Data were initially entered
into an Excel spreadsheet and checked for errors or
missing information. In cases where errors or missing

data were identified, the records were consulted again
to ensure complete and accurate data. Cases with
incomplete entries were removed from the sample to
maintain data integrity and reliability.

Chi-square tests were used to test the association

Table 1. Participants’ characteristics

Characteristic Frequency, n=723 (%)

No anaemia Anaemia - - o
(n=269) (n=454) between anaemia and birth outcomes. A significance
level of P<0.05 was set.
Nationality Omani 249 (92.6) 437 (96.3)
Non-Omani 20 (7.4) 17 (3.7) Ethical considerations
Residence Jrsest el 138 (51.3) 213 (46.9) Ethical approval for the study was granted by both the

@ ethics committees of Sultan Qaboos University’s College @

Outside Muscat 131 (48.7) 241 (53.1) of Nursing (approval number: CON/MAS/2022/6) and
Age (years) 19-34 178 (66.2) 321 (70.7) the Medical Research Ethics Committee of the College
of Medicine (approval number: SQU-EC/ 176/2022,
=y S (el e 2.2l MREC #2888). Permission for data collection was
Education School 66 (24.5) 85 (18.7) granted by the hospital’s Director Generals.
e 186 (69.1) 326 (71.8) Informed consent from women whose data were
accessed for the study was deemed unnecessary, as it
Postgraduate 17 (6.3) 43(9.5) was a retrospective review of previously collected data.
Body mass index <18.5 5 (1.9) 19 (4.2) The data were anonymised and handled according to
ethical guidelines, ensuring the protection of participants’
18.5-24.9 91 (33.8) 181 (39.9) : T
privacy and confidentiality.
>24.9 173 (64.3) 254 (55.9)
Gestation <37 9(3.3) 32 (7.0) Results y _
(weeks) A total of 723 eligible pregnant women were included,
>37 260 (96.7) 422 (93.0) 62.8% of whom were anaemic. The majority were Omani
Gravidity <1 54 (20.1) 81 (17.8) citizens (94.5%), aged 19-34 years (68.5%) and had
received university-level education (70.5%).The majority
2-4 157 (58.4) 272 (59.9) gave birth at full term (37-42 weeks’ gestation) (94.9%),
>4 58 (21.6) 101 (22.2) and had had 2—4 pregnancies (59.2%) and 2—4 children
) (64.5%). Almost two-thirds of the sample (63.4%) had
Parity <t 68 (25.3) 100 (22.0) attended 7 or more antenatal care visits, and (60.1% had
2-4 169 (62.8) 300 (66.1) an overweight body mass index. Full demographic and
>4 32 (11.9) 54 (11.9) obstetric details are shown in Table 1. 2
Antenatal visits <4 8 (3.0) 18 (4.0) Adverse maternal outcomes :
4-6 88 (32.7) 149 (32.8) For adverse maternal outcomes, there was a higher E
prevalence of postpartum haemorrhage among anaemic 3
>6 173(64.3) 287 (63.2) women (n=37, 8.1% vs n=10, 3.7%), which was a S
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statistically significant difference (P=0.019). Similarly,
length of stay exceeding 5 days was more common
among women with anaemia (n=18, 4.0% vs n=10,
3.8%), although the difference was not statistically
significant. A similar proportion of women had an
emergency caesarean section in both the anaemic and
non-anaemic groups (n=115, 25.3% vs n=68, 25.3%).
Full details are shown in Table 2.

Adverse fetal outcomes

All three adverse fetal outcomes assessed were significantly
associated with anaemia. Preterm birth was significantly
more common in anaemic women (#=32,7.0% vs n=9,
3.3%; P=0.037), as was low birth weight (n=56, 12.3% vs
n=17,6.3%; P=0.009) and intrauterine growth restriction
(n=69, 15.2% vs n=20, 7.4%; P=0.002). Full details are
shown in Table 3.

Discussion
This study found strong associations between anaemia
in pregnancy and adverse maternal and fetal outcomes,
including postpartum haemorrhage, preterm birth, low
birth weight and intrauterine growth restriction. The
World Bank (2024) reported that 30% of pregnant
Omani women have anaemia. This high prevalence along
with physiological changes leading to haemodilution and
reduced blood supply to the uterus, may contribute to
these associations (Horowitz et al, 2013; Petry et al, 2020).
There was a strong association between anaemia
and increased risk of postpartum hemorrhage. This
relationship has been supported by studies conducted
worldwide, in both high- and low to middle-income
countries (Frass, 2015; Kebede et al, 2019; Randall et
al, 2019; Barut and Mohamud, 2023; Mehrnoush et al,
2023). However, some studies have not supported this
association, possibly as a result of variations in visual
estimation of blood loss, haemoglobin cut-off levels
and sample sizes (Rukuni et al, 2016; Chu et al, 2020).
Opverall, most research supports the link between anaemia
and postpartum haemorrhage, which is attributed to
factors such as haemodilution and reduced uterine
muscle strength (Soltan et al, 2012; Horowitz et al, 2013).
The present study did not find a significant correlation
between anaemia in pregnancy and caesarean section,
possibly because the study excluded high-risk women
and other factors that contribute to caesarean section.
The existing literature shows mixed findings, with
some studies supporting an association, especially in
high-income countries, (Harrison et al, 2021; Shah et
al, 2022; Tian et al, 2024). This link has been attributed
to physiological factors, such as haemodilution and
inadequate blood supply to the uterus, which lead to
the need for caesarean section. Other studies did not
find a significant link (Masukume et al, 2015; Barut and

Research

Table 2. Comparison of adverse maternal outcomes

Chi-squared P value

Variable Frequency, n=732 (%)
No anaemia Anaemia
(n=269) (n=454)
Postpartum No 259 (96.3) 417 (91.9) 5.460
haemorrhage voo  10(3.7) 37 (8.1)
Length of 0-2 190 (70.6) 297 (65.4) 3.031
hospitalstay 5 4 69 (25.7) 139 (30.6)
>4 10 (3.7) 18 (4.0)
Caesarean Yes 68 (25.3) 115 (25.3) 0.000
section No 201 (74.7) 339 (74.7)

0.019

0.082

0.988

Table 3. Comparison of adverse fetal outcomes

Chi-squared P value

Variable Frequency, n=732 (%)
No anaemia  Anaemia
(n=269) (n=454)
Preterm birth  No 260 (96.7) 422 (93.0) 4.329
Yes 9 (3.3) 32 (7.0)
Intrauterine Yes 20 (7.4) 69 (15.2) 9.431
growth N 249 (92.6 385 (84.8
restriction 0 (92.6) (84.8)
Low birth No 252 (93.7) 398 (87.7) 6.733
weight
g Yes 17 (6.3) 56 (12.3)

Mohamud, 2023), potentially as a result of variations in
sample characteristics and diagnostic criteria (Soltan et
al, 2012).

The present study found a higher rate of prolonged
hospital stays among anaemic women, although the
overall association was not statistically significant. The
exclusion of high-risk women and the use of enhanced
recovery strategies, such as fast surgery tracking,
preoperative education, optimised pain management,
and early mobilisation, may have influenced this finding.
Research from other regions has found a positive
association between anaemia and longer hospital stays,
which could be attributed to specific treatments and
sample characteristics (Koyuncu et al, 2017; Kumar and
Dhillon, 2020).

The link found between anaemia and low birth
weight in the present study may be related to
maternal malnutrition, physiological changes, placental
vascularisation and reduced blood supply to the fetus, all
of which will contribute to lower birth weight (Garzon
et al, 2020). Systematic reviews and meta-analyses have
reported similar findings (Young et al, 2019; Shah et al,
2022). However, studies in Europe and East Asia have not

0.037

0.002

0.009
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reported a significant relationship between anaemia and
low birth weight, possibly because of the low prevalence
of anaemia, the inclusion of low-risk samples and more
advanced healthcare systems in these regions (Masukume
et al, 2015; Uzunov et al, 2022). These systems typically
include universal access to care, comprehensive antenatal
programs, heightened public health awareness and
better-equipped facilities, all of which contribute to
more effective anaemia management during pregnancy.
Implementing similar strategies in Oman could help
reduce adverse fetal outcomes related to anaemia.

Anaemia in pregnancy was significantly associated
with preterm birth, a link that has been attributed to
physiological changes during pregnancy, accelerated
placenta maturation and reduced oxygen and nutrient
supply to the fetus (Lelic et al, 2014; Gebremeskel
et al, 2020). Evidence from low- and high-income
countries supports this association (Joshi et al, 2011;
Young et al, 2019; Kumari et al, 2019; Chu et al, 2020;
Uzunov et al, 2022; Khezri et al, 2023). However,
studies from Europe have reported no association, likely
because of the region’s lower anaemia prevalence and
effective healthcare systems (Masukume et al, 2015;
Sun et al, 2021). Enhancing antenatal care programmes,
expanding public health education on nutrition and iron
supplementation, strengthening healthcare infrastructure
and adopting evidence-based practices could significantly
improve the management of anaemia in pregnancy
in Oman, reducing the risk of low birth weight and
other complications.

The present study also found a significant association
between anaemia and intrauterine growth restriction.
Physiological changes during pregnancy, placental
adaptations and maternal undernutrition may contribute
to this association (Roseboom et al, 2011; Horowitz et
al, 2013; Salam et al, 2013; Sharma et al, 2016; American
College of Obstetricians and Gynecologists, 2019;
Gebremeskel et al, 2020; Jain et al, 2022). These findings
align with other studies from low- to middle-income
nations such as India and Pakistan, as well as high-income
countries such as China (Bakhtiar et al, 2007; Joshi
et al, 2011; Surve and Jain, 2019; Shi et al, 2022).
However, studies often did not differentiate between
intrauterine growth restriction and babies born small for
gestational age.

Implications for practice

The discrepancies between studies in approaches to
measuring anaemia and assessing maternal and fetal
outcomes underscore the need for further investigation
and standardised approaches to better understand
and address the implications of anaemia in pregnancy
globally. Early screening, proper treatment, active
management during birth, targeted individualised

iron supplementation and nutritional education are
essential strategies to prevent and mitigate the impact
of anaemia in pregnancy. However, further research is
needed to explore the specific impact of anaemia and
its management in Oman, as well as other regions, to
develop more efficient preventive measures.

The present study findings can be used by
policymakers to review and improve existing policies and
guidelines related to anaemia in pregnancy and nutrition.
Healthcare professionals and managers should explore
how to improve the screening and referral process and
implement effective interventions for addressing anaemia
in pregnancy. Healthcare services in Oman require
increased funding to further develop and enhance care,
ensuring effective management of current challenges and
improving overall patient outcomes (Lai et al, 2024).

Healthcare professionals should be able to offer a
wide range of high-quality services, including targeted
iron supplementation based on individual needs and
nutritional education. Efforts should be made to promote
active management of third-stage labour to reduce the
risk of postpartum hemorrhage for women with anaemia.
It is also essential to provide comprehensive information
and obtain informed consent from women regarding
their choices in managing this stage of labour.

Finally, conducting prospective studies will overcome
the limitations of retrospective methods that have
frequently been used in studies of anaemia in pregnancy;,
and provide more accurate and reliable data.

Limitations

The retrospective nature of the study meant that some
records were missing data.Variables such as socioeconomic
status, income and occupation were not available for
some women, and there was no evidence of targeted
iron supplementation. This meant it was not possible to
identify potential confounding variables, which might
introduce confounding bias. The study also could not
differentiate between asymmetrical or symmetrical
intrauterine growth restriction, as this information was
missing. Efforts were made to compensate for missing
data by cross-referencing the medical database with birth
records and using robust eligibility criteria.

Another limitation was the single-site nature of the
study, although this was partially addressed by having
a large sample size and the hospital’s role as a referral
centre, meaning patients were from across Oman.

Conclusions

Anaemia in pregnancy is a significant global health
concern and is associated with adverse maternal andfetal
outcomes, increasing maternal and neonatal morbidity
and mortality. The study’s findings show a significant
association between anaemia postpartum haemorrhage,
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preterm birth, low birth weight and intrauterine
growth restriction. The impact of these factors may
vary across different populations and settings. To reduce
anaemia-related complications, early screening, proper
treatment, active management during birth, targeted iron
supplementation and nutritional education are essential.
Further research on anaemia’s impact in Oman is needed
to develop more effective preventive strategies. BJM
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