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BACKGROUND/OBJECTIVES: A few studies reported association between placenta praevia (PP) and placental abruption (PA) with
maternal iron deficiency anaemia (IDA), which is not an established risk factor for these conditions. This retrospective case-control
study was performed to determine the relationship between IDA with PP and PA.
METHODS: Maternal characteristics, risk factors for and incidence of antepartum haemorrhage overall, and PP and PA, were
compared between women with IDA only and controls without IDA or haemoglobinopathies matched for exact age and parity (four
controls to each index case), who carried singleton pregnancy to ≥22 weeks and managed under our care from 1997 to 2019.
RESULTS: There were 1,176 women (0.8% of eligible women in the database) with IDA only, who exhibited slightly but significantly
different maternal characteristics, and increased antepartum haemorrhage overall (3.4% versus 2.2%, p= 0.031, OR 1.522, 95% CI
1.037–2.234) and PP (1.8% versus 0.9%, p= 0.010, OR 1.953, 95% CI 1.164–3.279), but not PA (1.2% versus 1.1%, p= 0.804, OR 1.077,
95% CI 0.599–1.936). When stratified by parity status, increased PP was found in nulliparous women only. On multivariate analysis
adjusting for parity, previous abortion history, overweight and obesity, short stature, other antenatal complications as a composite
factor, preterm (<37) delivery, previous caesarean delivery, and infant gender, IDA was associated with PP (aOR 3.485, 95% CI
1.959–6.200) and PA (aOR 2.181, 95% CI 1.145–4.155).
CONCLUSIONS: Both PP and PA are increased in women with IDA, the prevention of which could be a means to reduce the
occurrence of both PP and PA.

European Journal of Clinical Nutrition (2022) 76:1172–1177; https://doi.org/10.1038/s41430-022-01086-6

INTRODUCTION
Anaemia is probably the commonest pregnancy complication
with global prevalence of 38% [1], and prevalence of 21–35% [2]
and 25.9% [3] in European countries and Canada respectively. The
leading cause of anaemia is iron deficiency, which was found to
increase from 6.9% to 14.3% to 28.4% from the first to the third
trimester in the US [4], and in one of every five women at the
beginning of pregnancy in Australia [5]. Maternal anaemia leads to
compensatory placenta hypertrophy, manifesting by the signifi-
cant correlation between reductions in haemoglobin (Hb) [6–8]
and mean cell volume (MCV) [9] with placental weight. Hence the
placenta becomes larger relative to fetal size, so that the
placental-to-fetal weight ratio (placental ratio) is increased in
both iron deficiency anaemia (IDA) and thalassaemia traits [9–11].
Placental hypertrophy is accomplished through increased villus
proliferation [12] resulting in a significant inverse correlation
between the absolute volume and surface area of the intervillous
space and villi with maternal Hb [13] There is in addition increased
density and reduced apoptotic rate in the extravillous trophoblast,
which invades deeper from the endometrial-myometrial border

into the myometrium [14] and greater invasion into the spiral
arteries increases the lumen of spiral arteries thus increasing
perfusion of the intervillous space [15]. These are seen as
compensatory measures to enhance maternal-fetal gas exchange
in face of maternal anaemia.
Whether these placental adaptive changes could lead to

increased risk of antepartum haemorrhage (APH) is unclear, but
there are occasional reports on an association between IDA with
placenta praevia (PP) [16] and placental abruption (PA) [17, 18].
Yet the literature on risk factors for PP and PA include advancing
maternal age, multiparity, previous caesarean delivery (CD) and
abortion, being Asian or African in a multiracial society, and
carrying a male fetus [19–25], but not anaemia nor IDA.
Nevertheless, placental implantation abnormalities increase both
preterm delivery (PTD) and low birthweight (LBW) infants [26–29]
which are also associated with IDA [30–32]. Therefore placental
compensatory changes could have resulted in implantation
abnormalities which in turn lead to PTD and LBW infants.
In view of the reported increasing incidence of PP [28, 33], and

the revelation of the persistently high prevalence of anaemia and
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iron deficiency globally, even in developed countries [1–5], we
hypothesize that IDA could have been an overlooked factor
contributing to placentation abnormalities manifesting as PP and
PA, and its high prevalence and often overlooked presence [1–5]
could have contributed to the the increasing prevalence of PP
[28, 33]. This retrospective case-control study was therefore
conducted in the obstetric population served by our hospital to
clarify the relationship between IDA with PP and PA.

MATERIALS AND METHODS
This is a single-centre retrospective case-control study on the pregnant
women with singleton pregnancies carried to 22 completed weeks of
gestation and beyond, who were delivered in our hospital between
January 1997 and December 2019. During this period there were a total of
147,473 women registered in our obstetric database. Our hospital is one of
eight public obstetric units operating under the local Hospital Authority to
provide free obstetric care to residents, and serves a population of 1.7
million with an annual delivery rate of 7000. At antenatal booking, a
medical and obstetric history is taken by midwives, and then checked by
the medical staff for referrals where appropriate. Routine measurements of
maternal height and weight are taken at booking to calculate the body
mass index (BMI). Maternal blood is drawn for the routine antenatal tests
which include measurement of Hb and red cell indices using an automated
counter. Antenatal anaemia is defined as a Hb level of <10 g/dL at any time
during pregnancy. If the MCV is <80 fL, further investigations including Hb
pattern and serum ferritin level are arranged. If the MCV is normal, only
iron profile is assessed, and IDA is diagnosed by a serum ferritin level of
<15 μg/L, for which oral ferrous sulphate tablets 300mg daily are
prescribed. Parenteral iron therapy is not given. If the serum ferritin is
between 15 and <30 μg/L, either ferrous sulphate or a proprietary
preparation of minerals and multivitamin supplement (Materna®)
is prescribed. Depending on the initial Hb level, repeat measurement is
arranged at intervals or at the third trimester. Obstetric management is
based on medical indications and protocol-driven. Any finding of low-lying
placenta or placenta praevia by ultrasonography is confirmed at delivery.
The diagnosis of PA is based on the clinical evidence of antepartum
haemorrhage and retroplacental blood collection/clots found at delivery.
The medical and obstetric history, results of antenatal investigations,
current obstetric complications, and pregnancy outcome, are captured in
an electronic record system. The data is then extracted, anonymised and
summarised to generate statistics for regular auditing and submission to
the Hospital Authority. The patients’ electronic records are not accessible
to maintain confidentiality. This study utilised the statistical database, the
accuracy of which was validated before [34]. The study was approved by
the Institutional Review Board (Joint Chinese University of Hong Kong—
New Territories East Cluster Clinical Research Ethics Committee, Reference
Number CRE-2017.442).
The inclusion criteria for the cases were women carrying singleton

pregnancy carried to 22 weeks gestation or more, with a diagnosis of IDA.
Women with haemoglobinopathies were excluded. For each case, four
controls matched for exact age and parity, and similarly carried singleton
pregnancy to 22 weeks gestation and beyond, were selected at random
from the women without IDA or haemoglobinopathies in the database for
comparison. Owing to the lower prevalence of PP in nulliparous women,
and the fact about half of our parturients were nulliparous over some of
these years, for each case we selected four matched controls for
comparison. For cases of higher order of parity (>3), controls with age
varying by ± one year or parity varying by ± 1 would be selected if there
were insufficient fully matched controls for an index case. The following
parameters were compared between women with and without IDA:
demographic and anthropometric parameters including previous abortion
history, overweight (BMI ≥ 25 kg/m2 at booking), and short stature (defined
as height ≤ the 25th percentile value of 154 cm in our population [34])
which increases the risk of CD; overall incidence of antenatal complications
(including pregnancy hypertensive disorders, gestational diabetes mellitus,
APH, and PTD) grouped together as a composite factor, PTD (<37
completed weeks) specifically, previous CD among the multiparous cases
and controls, fetal non-cephalic presentation, incidence of CD, and infant
gender. These factors examined were common risk factors for PP and PA as
described previously [19–25]. The comparison of APH consisted of APH
overall (including women with history of APH the cause of which could not
be clearly defined at delivery) and PP and PA as specific diagnosis of APH.
The data was expressed in mean ± standard deviation (SD) and analysed

with the t test for continuous variables, and in number and / or percentage
and analysed with the chi square test (Fisher’s exact test if the number in
any cell was ≤5), generating the odds ratio (OR) and 95% confidence
intervals (CI), for categorical variables with the data of the controls serving
as the referent. The independent association of IDA and the other
confounding factors with overall APH, PP and PA was finally examined by
multiple logistic regression analysis, adjusting for the parameters which
demonstrated significant differences in the univariate analysis and entered
into the equation. In the analysis, the cases and controls were
amalgamated. The results of the multiple logistic regression analysis were
expressed as adjusted odds ratio (aOR) with 95% CI. Statistical analysis was
performed using a commercially available statistical package (PASW
Statistics 26.0, SPSS Inc., Chicago, Il).

RESULTS
During the period there were 147,473 women in the database,
1176 women (0.8%) were eligible and included in the study. A
total of 4704 controls were selected from the database matched
for exact parity and age for all nulliparous women, exact parity
and age for women with parity= 1, 2, and 3, and parity ±1 or age
±1 year for women at parity >3. The mean age of cases and
controls was 30.2 ± 6.0 years, 25.6% and 3.3% of each group were
at/above age 35 years and <20 years respectively. Nulliparous
women accounted for 44.9% in each group, while among the
multiparous women those with previous CD were found in 21.4%
and 20.4% respectively (Table 1). The cases were slightly but
significantly shorter, heavier, with a higher BMI (p < 0.001), and
they had higher incidence of short stature (31.5% versus 24.7%,
OR 1.273, 95% CI 1.154–1.405) and high BMI (29.1% versus 22.9%,
OR 1.273, 95% CI 1.148–1.412). The cases had a lower incidence of
previous abortion (40.9% versus 45.0%, OR 0.910, 95% CI
0.843–0.981) which was related to a significantly lower incidence
among the multiparas (46.9% versus 52.4%, or 0.895, 95% CI
0.818–0.979). The cases also had a lower overall incidence of
obstetric complications (20.7% versus 32.4%, OR 0.640, 95% CI
0.568–0.721) and PTD at <37 weeks (6.8% versus 9.8%, OR 0.697,
95% CI 0.555–0.876). There was no difference in non-cephalic and
breech presentation, or in the incidence of male infants, but both
the mean gestational age and birthweight were slightly but
significantly greater among the cases.
When the occurrence of APH was analysed, the cases had a

higher incidence of APH overall (3.4% versus 2.2%, OR 1.522, 95%
CI 1.037–2.234) which was due to the higher incidence among
nulliparous women (3.8% versus 1.3%, OR 2.938, 95% CI
1.589–5.433) only (Table 2). For PP, again the overall incidence
was higher among the cases (1.8% versus 0.9%, OR 1.953, 95% CI
1.164–3.279) which was due to the higher incidence among the
nulliparous women (1.7% versus 0.4%, OR 4.500, 95% CI
1.745–11.61). For PA, there was no significant difference between
cases and controls overall or for either nulliparous or multiparous
women.
On multiple logistic regression analysis (Table 3), the significant

independent factors associated with APH overall included PTD
(aOR 1.930, 95% CI 1.305–2.855) and IDA (aOR 2.660, 95% CI
1.726–4.098), whereas high BMI was associated with reduced APH
(aOR 0.498, 95% CI 0.314–0.788). The factors associated with
increased PP were similarly PTD (aOR 2.706, 95% CI 1.564–4.684)
and IDA (aOR 3.485, 95% CI 1.959–6.200). However, for PA, only
IDA was associated with an increase (aOR 2.181, 95% CI
1.145–4.155) whereas high BMI was associated with reduced
(aOR 0.282, 95% CI 0.125–0.634) incidence.

DISCUSSION
This study demonstrated that even when matched for age and
parity, women with IDA still exhibited different characteristics,
with lower incidence of previous abortion and obstetric complica-
tions, but no difference in the incidence of previous CD. Yet, they
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had significantly increased overall APH and PP, which were
confined to nulliparous women. On multivariate analysis, IDA was
found to be associated with not only overall APH and PP, but also
with PA as well, thus confirming the findings in the previous
reports [16–18]. In our model, the only other significant factor
found was PTD, which was more likely consequential to rather
than causative of PA and PP. This would suggest that PTD
attributed to IDA could have PP and PA as one of the underlying
mechanisms.
Limited by the lack of data, we could not correlate the lowest

Hb level or maternal iron status with the position of the placenta
and type of placenta praevia at delivery, and the estimated
amount of blood clots found in the cases of PA. However, as the

timing and duration of both IDA and iron deficiency would have
been variable, any attempts at the correlation between these
continuous parameters with the types of PP and retroplacental
clots in PA may not be meaningful, especially when oral iron
treatment would have been promptly prescribed. Indeed, the
0.8% prevalence of IDA was suggestive of a low prevalence of
underlying iron deficiency, probably related to improvements in
socioeconomic condition and nutritional status in our society over
the past two decades, as well as the liberal intake of antenatal
supplements. By the exclusion of women with haemoglobinopa-
thies, our cases and controls represented a homogenous group.
This factor, together with the relatively large sample size, the
single centre nature with standard protocols and uniform

Table 2. Comparison of antepartum hemorrhage between cases and matched controls by parity status.

Iron deficiency anaemia P OR (95% CI)

Cases Controls

Number 1176 4702

All antepartum hemorrhage (%) 3.4 2.2 0.031 1.522 (1.037–2.234)

Nulliparous (%) 3.8 1.3 <0.001 2.938 (1.589–5.433)

Multiparous (%) 3.1 3.0 0.918 1.027 (0.613–1.721)

Placenta praevia (%) 1.8 0.9 0.010 1.953 (1.164–3.279)

Nulliparous (%) 1.7 0.4 0.001 4.500 (1.745–11.61)

Multiparous (%) 1.9 1.4 0.340 1.371 (0.716–2.627)

Placental abruption (%) 1.2 1,1 0.804 1.077 (0.599–1.936)

Nulliparous (%) 1.5 1.0 0.304 1.524 (0.679–3.421)

Multiparous (%) 0.9 1.2 0.563 0.774 (0.324–1.848)

Results expressed in % and analysed by chi square test.

Table 1. Comparison of maternal characteristics between cases and matched controls.

Anaemia P OR (95% CI)

Present Absent

Number 1176 4704

Age (years) 30.2 ± 6.0 30.2 ± 6.0 1.000 –

Height (cm) 157.6 ± 5.8 158.3 ± 5.7 <0.001 –

Height <154 cm (%) 31.5 24.7 <0.001 1.273 (1.154-1.405)

Weight (kg) 58.1 ± 9.9 56.9 ± 10.5 0.001 –

Body mass index (kg/m2) 23.4 ± 3.9 22.7 ± 3.9 <0.001 –

Body mass index ≥25 kg/m2 (%) 29.1 22.9 <0.001 1.273 (1.148-1.412)

Gravidity= 1 29.8 28.8 0.490 1.035 (0.938-1.143)

Nulliparous women (%) 44.9 44.9 1.000 –

Previous abortion history (%) 40.9 45.0 0.012 0.910 (0.843-0.981)

Among Nulliparas (%) 33.5 35.8 0.329 0.937 (0.820-1.070)

Among Multiparas (%) 46.9 52.4 0.012 0.895 (0.818-0.979)

Previous cesarean delivery (%)* 21.4 20.4 0.606 1.048 (0.878-1.250)

Intrauterine fetal death (%) 0 (n= 0) 0.2 (n= 11) 0.136^ –

Preterm (<37 weeks) delivery (%) 6.8 9.8 0.002 0.697 (0.555-0.876)

Non-cephalic presentation (%) 3.7 4.0 0.569 0.910 (0.658-1.259)

Obstetric complications (%) 20.7 32.4 <0.001 0.640 (0.568-0.721)

Gestational age at delivery (wks) 38.8 ± 1.9 38.4 ± 2.2 <0.001 –

Birthweight (g) 3190 ± 499 3079 ± 537 <0.001 –

Male infants (%) 50.7 51.9 0.441 0.976 (0.917-1.039)

Results expressed in mean ± SD with analysis by t test, or in % and analysed by chi square test as indicated (^ analysis by Fisher’s exact test).
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approach in antenatal care and management, would ensure
consistency and robust results, and indicated that notwithstand-
ing its low prevalence, IDA is still an independent risk factor for
both PP and PA, and the fact that the association with PP was
confined to nulliparous gravidae indicated that the mechanism
most probably involved interference with placental migration in
an unscarred uterus.
The strengths of this study are first, the women were all from

the same population and ethnic background. Second, although
retrospective in nature, this was a single centre study where the
diagnosis and management of APH have remained uniform and
consistent throughout the study period. Third, with a reasonable
sample size of >1100 cases and four matched controls selected for
each index case, our study was estimated to have sufficient power
to discriminate the effects of confounding conditions with even
single-digit incidence which could have served as risk factors or
causes of APH in women with and without IDA. The limitations
include the lack of detailed information regarding the actual
placental location (in terms of distance from or the extent of
covering the internal os) in women with placenta praevia, the size
of the retroplacental clot in women with placental abruption, the
latest and the lowest Hb level, serum parameters of iron deficiency
and ferritin levels, and the gestation at diagnosis of IDA, which
were not captured in the statistics database. Thus we were unable
to examine the relationship between the severity of iron
deficiency and IDA with the extent of placenta praevia and
severity of placental abruption. However, with the relationship
between IDA and placenta praevia and placental abruption
established in this study, prospective observational studies can
now be designed and conducted in the future to address these
questions.
The likelihood of an initially low-lying placenta evolving into PP

at delivery is related to the distance of its lower edge from the
internal os, and the rate of migration towards the upper uterine
segment which, in turn, is influenced by its location relative to the
internal os. For placentas with the edge within 3 cm of the internal
os, migration reduced this incidence from 8.08% at 18–20 weeks
gestation to 2.36% at term [35] and for placentas with the edge at
between -20 to +20mm from the internal os, 88.5% of the cases
migrated without the need for CD [36]. If the placental edge was
within 3 cm of the internal os at ≥26 weeks gestation, those who
required CD had a mean rate of migration of 0.3 mm/week,
whereas those who did not require CD had a migration rate of
5.4 mm/week [36]. Even when the placenta was low-lying at
30–37 weeks, none of those which migrated at >2.0 mm/week
required CD, in contrast to 56.3% in those migrating at <2.0 mm/

week [37]. The final distance of the placental edge from the
internal os correlates with the rate of migration [38] which is
influenced by previous obstetric history, being 78.6%, 62.5%, and
40% for women with previous normal delivery, prior history of
dilatation and curettage or manual removal of placenta, and prior
CD respectively [35]. Indeed, for low-lying placenta at 28 weeks,
women with parity ≥2 or prior CD showed no significant migration
at 28–36 weeks gestation, and the influence of maternal age on
rate of migration was negated by parity or prior CD or placental
location [39]. The effect of multiparity on placental migration
could be related to placental scars and is influenced by the
number of previous pregnancy, as demonstrated in laboratory
animals [40, 41], which probably explains the impact of parity ≥2
on placental migration [39]. On the basis of these reports, the
association between IDA with PP in nulliparous women would
suggest that IDA-induced increased extravillous trophoblast
invasion [14, 15] interferes with placental migration, while the
increased relative placental size has increased the likelihood of its
lower edge extending closer to the internal os from early
pregnancy when the uterus is still small. Thus increased likelihood
of a shorter distance to the internal os and reduced rate of
migration would have rendered the placenta at greater risk of
being praevia at delivery among nulliparas. Whereas in multiparas,
the presence of placental scars and/or scars from previous CD
would be sufficient to interfere with placental migration anyway
so that the effect of IDA becomes negligible.
The demonstration of the association between IDA with PA only

through multivariate analysis indicates that the association is
generally masked by other conditions, and suggests that the
underlying process is most likely mediated through a series of
mechanisms. The increased luminal dilatation of the uterine spiral
arteries induced by greater extravillous trophoblast invasion
[14, 15], concomitant with increased placental production of
vascular endothelial growth factor, placental growth factor,
nitrotyrosine residues, and nitric oxide synthase (NOS) in the
villous trophoblast [42, 43], probably results in sustained maternal
vasodilatation and increased blood flow especially in the last
trimester. As increased blood flow per se could induce oxidative
stress through an endothelium- and nitric oxide-independent
mechanism [44], and as oxidative stress leads to tissue injury,
endothelial dysfunction and inflammation [45], this sequence
could eventually result in acute vasospasm and rupture of the
decidual blood vessels, events found to precede PA [46]. In
addition to PA, the cumulative effects, or a sudden and
exaggerated episode of this process, could lead to release of
decidual-cell expressed tissue factor and thrombin generation,

Table 3. Multiple logistic regression analysis of the independent association between iron deficiency anaemia with antepartum haemorrhage.

Covariates All APH Placenta praevia Placental abruption

Age ≥35 years 1.042 (0.696–1.560) 0.941 (0.529–1.673) 1.018 (0.562–1.843)

BMI ≥ 25 kg/m2 0.498 (0.314-–0.788) 0.619 (0.329–1.163) 0.282 (0.125–0.634)

Height ≤154 cm 0.727 (0.467–1.131) 0.864 (0.471–1.587) 0.523 (0.257–1.062)

Primiparity 0.757 (0.486–1.179) 0.567 (0.297–1.083) 1.166 (0.618–2.197)

Abortion history 1.004 (0.679–1.484) 1.084 (0.621–1.891) 0.983 (0.555–1.741)

Previous caesarean 1.383 (0.817–2.343) 1.082 (0.510–2.297) 1.767 (0.805–3.878)

Birth <37 weeks 1.930 (1.305–2.855) 2.706 (1.564–4.684) 1.233 (0.685–2.218)

Intrauterine fetal death 1.334 (0.157–11.32) – 3.817 (0.435–33.46)

Male infant 0.829 (0.565–1.218) 1.048 (0.603–1.821) 0.750 (0.429–1.312)

Iron deficiency anaemia 2.660 (1.729–4.098) 3.485 (1.959–6.200) 2.181 (1.145–4.155)

Results presented in adjusted odds ratio (aOR) and 95% confidence intervals (CI). Significant results shown in bold.
APH= antepartum haemorrhage All covariates included and analysed in the models are listed in the first column. For outcomes, all APH included both
placenta praevia and placental abruption, while for the specific diagnoses of placenta praevia and placental abruption, each was examined individually and
the conditions were mutually exclusive.
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increased expression of matrix metalloproteinases, and attraction
of neutrophil-chemoattracting and –activating cytokines, which
together induce preterm labour [47]. Although the aforemen-
tioned hypothesis remains to be proven, this could explain the
independent association between IDA with PA after adjustment
for PTD in our model, and the increase in PTD reported before
[30–32].

CONCLUSION
Globally, the prevalence of PP is highest in studies from Asia (12.2/
1000 pregnancies) and lower among studies from Europe (3.6/
1000 pregnancies), North America (2.9/1000 pregnancies) and
Sub-Saharan Africa (2.7/1000 pregnancies) [48]. Similarly the rates
of PA varied across two North American (US and Canada) and five
European (Sweden, Norway, Finland, Denmark, and Spain)
countries (from 3–10 per 1000), exhibiting opposite temporal
trends, and the period effects could only be partially explained by
changes in smoking prevalence in the US and Sweden [49]. The
global prevalence of iron deficiency was highest in Southeast Asia
(49–60%) but only 8% in North America [50], while that of IDA in
pregnant women aged 15–49 years was 23% in high income
regions, 34–53% in Asia, and 34–61% in Africa [1]. The similarities
between the patterns of iron deficiency and IDA with those of PP
and PA, together with the results of this study, would suggest that
IDA has probably played a hitherto overlooked role in the
development of PP and PA. There is consensus on the role of iron
supplementation in optimising the outcome of pregnancy and the
offspring, and the finding of this study has added yet another
reason of why it is so important to prevent the development of
IDA especially in nulliparous women. While our finding needs to
be confirmed in prospective observational studies and rando-
mised controlled trials of sufficient sample size, it is prudent
meanwhile to advise routine maternal iron supplementation
especially in high-risk populations and vulnerable social groups
in order to reduce the incidence and consequences of IDA.
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