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Abstract
Background  Malaria and anaemia in pregnancy remain public health problems because they increase the risk of 
adverse pregnancy outcomes. This study assessed malaria and anaemia prevalence and associated risk factors among 
pregnant women initiating antenatal care in selected districts of 2 regions of Ghana.

Methods  An analytical cross-sectional study was conducted using data obtained from 5196 pregnant women 
at their booking antenatal care (ANC) visit. Women of any age, gestational age, parity and at any ANC visit, who 
consented were enrolled consecutively into the study. Data on socio-demographic and obstetric characteristics, bed 
net ownership and use were obtained using structured questionnaires. Haemoglobin concentration and malaria, 
Schistosoma and helminth infections were determined using an automated haematology analyser and microscopy, 
respectively. Summary statistics to describe study variables and chi-square test and logistic regression set at p < 0.05 to 
determine risk factors for anaemia and malaria were conducted using Stata SE14.

Results  Overall malaria prevalence was 5.74% [95% CI: 5.1–6.4] and anaemia prevalence was 55.22% [ 95% CI: 
53.85–56.58]. Living in Volta region (p < 0.001), being secondi- (p = 0.003) or multigravida (p < 0.001) and being of 
lower middle socio-economic status (p = 0.004) reduced the women’s risk of malaria parasite infection. Being anaemic 
(p = 0.001) and reporting a symptom (p < 0.001) increased the odds of Plasmodium infection among the women. 
Residing in Volta region (p < 0.001), having malaria infection (p < 0.001), and booking ANC in the 2nd (p < 0.001) and 
3rd trimesters (p < 0.001) increased the odds of anaemia among the women. Age 25–34 years (p < 0.001) and ≥ 35 
years (p = 0.008) and belonging to middle (p = 0.009), upper middle (p = 0.006) or upper-level (p < 0.001) quintile of 
wealth index reduced the odds of anaemia among the women at their booking ANC visit.
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Background
Malaria and anaemia in pregnancy (Haemoglobin con-
centration (Hb) < 11 g/dl) remain public health problems, 
because they affect significant numbers of populations, 
especially in sub-Saharan Africa [1, 2]. They increase the 
risk of prenatal, perinatal, neonatal and maternal mor-
bidity and mortality [3, 4]. Malaria in pregnancy (MiP) 
increases the risk of maternal anaemia, foetal growth 
restrictions, low birth weight (LBW), preterm deliveries, 
miscarriages, stillbirths and sometimes maternal death 
[3, 5–7]. Likewise, anaemia in pregnancy (AiP) is associ-
ated with LBW, small-for-gestational age babies, preterm 
deliveries, perinatal and neonatal mortality, post-partum 
haemorrhage and maternal death [4, 8–10]. In 2018 
alone, it was estimated that 11 million out of 38 million 
pregnancies in sub-Saharan Africa (sSA) were exposed 
to malaria infection which led to an estimated 872, 000 
(MiP) related LBW babies [1]. Similarly, in 2021 and 2022, 
13.3 million and 12.7 million out of estimates of 40 mil-
lion and 35.4  million pregnancies respectively in the 
WHO African region were exposed to malaria infection 
[11, 12]. These exposures to malaria infection would have 
resulted in an estimated 961, 000 and 914, 000 babies 
born LBW in 2021 and 2022 respectively if no interven-
tion was implemented [11, 12]. The overall prevalence of 
asymptomatic malaria infection among pregnant women 
in sSA between 2002 and 2020 has been estimated to be 
26.1%, with Plasmodium falciparum being the dominant 
species (98.6%) [13]. An estimated 15% of babies were 
born LBW in Africa [14] while a pooled-prevalence of 
9.76% LBW has been estimated in 35 sSA countries using 
demographic health surveys (DHS) conducted between 
2008 and 2018 [15].

Global estimates of AiP prevalence stand at 36.8% [16], 
however, in sSA estimates of 50% have been reported 
from 26 countries using DHS conducted between 2010 
and 2019 [17]. In a systematic review, an estimated 42.7% 
of pregnant women were anaemic in lower- and middle-
income countries between the late 1990’s and 2015 [4] 
compared to only 12.8% between 2004 and 2016 in a 
developed country [10].

Among the complex interplay of multiple known risk 
factors of maternal anaemia, malaria infection seems key 
[18–22]. In a recent systematic review, pregnant women 

with asymptomatic malaria infection had 2.28 times 
higher odds of anaemia compared to pregnant women 
not infected [13]. Other known risk factors for AiP 
include other infections like helminthiasis, schistosomia-
sis, Human Immuno deficiency Virus (HIV) and Tuber-
culosis [23–27]. Additionally, poor maternal nutrition 
including nutritional deficiencies, especially iron defi-
ciency and food insecurity have been reported [28, 29]. 
Sociodemographic and behavioural factors like younger 
age, lower socio-economic status, being single, lower 
educational level, rural residence, primi and multi gravid-
ity and parity, poor antenatal care (ANC) seeking behav-
iour, lack of health insurance and late ANC initiation are 
also known risk factors for AiP [28–30].

World Health Organisation (WHO)-recommended 
control strategies for MiP and AiP in malaria endemic 
countries within the context of ANC include the deliv-
ery and encouraging the use of insecticide treated bed 
nets (ITN), the administration of intermittent preven-
tive treatment of malaria in pregnancy using sulfadox-
ine-pyrimethamine (IPTp-SP), prompt and effective case 
management of malaria, daily iron and folic acid supple-
mentation (IFAS), preventive anti-helminthic treatment, 
prevention of mother-to-child transmission of HIV and 
syphilis and giving of dietary advice [5, 31]. In Ghana, 
these control interventions have been implemented 
through the routine ANC system for over two decades. 
Although implementation challenges have resulted in 
lower-than-expected coverages [32–35], there has been 
gradual improvement in their uptake over the years [36]. 
For example, ITN use among pregnant women increased 
from 3% in 2003 to 49% in 2019 and pregnant women 
receiving 3 or more doses of IPTp-SP increased from 
27% in 2008 to 61% in 2019 [37–39]. There is also evi-
dence of a decline in MiP prevalence across the country 
[40]. In the 1990’s, reports of MiP prevalence as high as 
60% and above were documented in the northern savan-
nah and middle transitional zones of the country [41, 
42]. These reduced by more than 50% between 2014 and 
2017 [43–45]. Similarly, in the coastal savannah zone, a 
decline from almost 20% MiP prevalence in the early 
2000’s to 10.1% in 2018 has been reported [46, 47]. How-
ever, the continued improvement in uptake of ANC con-
trol interventions coupled with decreasing MiP infection 

Conclusions  More than half the women were anaemic signifying a severe public health problem. Malaria prevalence, 
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economic status as an important risk factor for anaemia in pregnancy.
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prevalence, has not resulted in a commensurate decline 
of maternal anaemia [22, 36]. AiP still remains a moder-
ate to severe public health problem across the country. 
National trends using the Ghana’s District Health Infor-
mation Management System (DHIMS) 2 data reported 
increasing AiP prevalence at booking ANC visit from 31 
to 36.7% between 2012 and 2018 [36]. Higher AiP preva-
lence at booking ANC visit between 44.1% and 66.4% 
have also been reported in epidemiological studies con-
ducted between 2012 and 2018 [43, 48–52].

Whilst Ghana seems to be making strides with reduc-
ing the malaria infection burden among pregnant 
women, it cannot boast of reaching the WHO Global 
nutrition targets of 50% reduction of anaemia in women 
of reproductive age over the 2012 figure by 2025 [53]. 
Studies to continuously assess the burden of both malaria 
and anaemia in pregnant women are essential to monitor 
progress of their control. This study aimed at assessing 
the prevalence of malaria parasite infection and anae-
mia and associated factors among pregnant women at 
their first ANC visits in selected districts of 2 regions of 
Ghana. Findings from the study will establish the prevail-
ing burden of MiP and AiP. Risk factors of MiP and AiP 
that need to be emphasised when implementing control 
interventions will also be highlighted. These will inform 
targeted strategies aimed at the control and subsequent 
elimination of malaria and anaemia in pregnancy in the 
country.

Methods
Study design and population
This study was an analytical cross-sectional study using 
data from a cohort of pregnant women at their book-
ing ANC visit, enrolled into a health facility-based non 
interventional study that aimed at determining the pub-
lic health significance of factors contributing to maternal 
anaemia at term pregnancy and LBW. It was conducted 
in the Ashanti and Volta regions of Ghana. Pregnant 
women of any age, parity and gestational age, at any point 
of their ANC and willing to comply with ANC sched-
ules throughout their pregnancy were enrolled into the 
cohort. Women who were ill or needed hospitalization 
were excluded. Pregnant women who were not recruited 
at their first ANC visit had their booking ANC informa-
tion and laboratory investigation results recorded retro-
spectively from their maternal and child health record 
books (MCHRB). The pregnant women were sampled 
consecutively in each of the ANC clinics. Enrolment was 
simultaneously done in all the selected health facilities 
during the same period. The numbers enrolled per each 
facility were pooled together on a weekly basis until the 
estimated number of women for the main study was 
attained.

Study area
The study was conducted in selected districts in the 
Ashanti and Volta Regions of Ghana (Fig. 1). The Ashanti 
region lies in the middle belt of the country character-
ised by transitional savannah and forest vegetation with 
perennial and moderately intense malaria transmission 
while the Volta Region spans across both the transitional 
forest zone and the coastal savannah zone along the coast 
of the Atlantic Ocean with a less intense transmission of 
malaria [54]. The main economic activity carried out in 
both regions is subsistence farming.

Three administrative areas in the Ashanti Region: 
Sekyere-East District (SED), Ejisu-Juaben Municipality 
(EJM) [now separated into the Ejisu Municipality (EM) 
and the Juaben Municipality (JM)] and Kumasi Metropo-
lis (KM) and 2 in the Volta region of Ghana: Agortime-
Ziope District (AZD) and South Tongu District (STD) 
were included (Fig.  1). These areas were purposively 
selected for the study to be easily accessible and include 
urban, semi-urban and rural areas. The SED is mainly 
rural, EJM semi-urban and KM mainly urban while AZD 
is mainly rural and STD is largely urban. The semi-urban 
area in the Volta region (Central Tongu District-CTD) 
was excluded because there was a similar study ongoing 
at the only district hospital and the clinics available had 
very few antenatal care attendances.

In all, 4 health facilities in each region were included 
in the study: 4 hospitals in Ashanti and 2 hospitals and 
2 health centres in Volta. The hospital in KM although 
located in an urban area also receives rural dwellers for 
their ANC services as it is situated close to the central 
market that attracts them for trading of food stuffs. AZD 
has no hospitals and hence the two health centres situ-
ated there were included. All health facilities carry out 
antenatal care and delivery services and attend to at least 
20 ANC registrants (booking attendants) per week. In 
2017, the ANC coverage, proportion of ANC registrants 
receiving an ITN and the prevalence of anaemia at first 
ANC visit were 73.8%, 55.9% and 30.1% respectively in 
the Ashanti region compared to 60.5%, 95.5% and 35.5% 
respectively in the Volta region [55].

Sample size estimation
Malaria infection during pregnancy is key among the 
multiple risk factors associated with maternal anaemia 
and low birth weight. Using a malaria prevalence of 11.0% 
[43, 56] an estimated minimum sample size of 5000 preg-
nant women (for maternal anaemia) and 2500 live births 
(for LBW) were deemed sufficient to give the main study 
at least 80% power to detect a Population Attributable 
Fraction (PAF-the proportion of maternal anaemia and 
LBW in the study population that can be attributed to 
malaria infection in pregnancy) of at least 10% (public 
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health significance) using methods described by Browner 
and Newman [57].

Study procedures at enrolment of study participants
At each of the selected ANC clinics, the pregnant women 
received general information about the study at the 
beginning of each ANC session from a designated ANC 
staff. After screening, eligible women were given fur-
ther information about the study by trained Research 
Assistants regarding the purpose, risks and benefits, 
confidentiality, voluntariness, and compensation for 
their participation. Their written informed consent was 
obtained either by signing or thumbprinting for those 
who could not write when they agreed to participate, 
and they were then enrolled. Pregnant women < 18 years 
were assented while consent for their participation was 
obtained from their legally acceptable representatives 
who were adults accompanying them for their ANC. 
The women were afterwards administered an electronic-
based structured questionnaire by the Research Assis-
tants to collect data on several individual and community 
level variables that have been theoretically or empirically 
linked to pregnancy and birth outcomes. These included 

their socio-demographic and socio-economic charac-
teristics, obstetric history, any presenting complaints/
symptoms and ITN ownership and use. After their initial 
consultations with the ANC staff, additional information 
on any presenting complaints, measurements of height, 
weight, blood pressure and symphysio-fundal height and 
test results for HIV, syphilis and hepatitis B screening 
(which were conducted at the ANC using rapid diagnos-
tic tests) were recorded from their MCHRB. The women 
were then asked to visit the laboratories for their ANC 
laboratory investigations where study samples were also 
taken. After their return from the laboratories to the 
consulting rooms, blood tests results including Glucose-
6-Phosphate Dehydrogenase (G6PD) deficiency - and 
sickle cell statuses were recorded from their MCHRB. 
The study procedures were piloted at each study site on 
three consecutive days before the official start of enrol-
ment of study participants. The results from the pilot 
study were not included in the final analysis.

Study samples collection
Two (2) mls venous blood was obtained by trained 
laboratory staff from each study participant into a 

Fig. 1  Map of Ghana showing the study sites in the Ashanti and Volta Regions
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K2-Ethylenediamine tetra acetic acid tube for full blood 
count (FBC) assessment, and preparation of thick and 
thin blood smears for determination of plasmodium 
parasite using microscopy. Blood samples were stored 
in refrigerators at 2–8 0C at the health facility’s labora-
tories (for a maximum of 7 h) until the end of each ANC 
session when they were transported to central labora-
tories (Juaben Government Hospital in Ashanti and Ho 
Teaching Hospital in the Volta Regions) in cold boxes 
for FBC and malaria microscopy. Study participants 
were also given well-labelled urine and stool containers 
and coached to present early morning mid-stream urine 
catches and thumb-sized stool samples at their next ANC 
visits for urine and stool examinations respectively. Upon 
receiving stool samples from the pregnant women, they 
were initially processed by emulsifying the sample in 
4  ml of 10% formalin in the stool container and stored 
at 2-80 C at the health facilities’ laboratories. Urine sam-
ples were refrigerated immediately without any process-
ing. Both samples were transported in cold boxes to the 
central laboratories at the end of the ANC session for 
analysis.

Measurement of hb
Hb measurement was carried out using SYXMEX KX-21 
haematology analyzer (Sysmex Corporation Kobe, Japan) 
as part of a full blood count. The analysers used under-
went regular routine maintenance and servicing and daily 
quality control using control samples to assure high qual-
ity of the results.

Microscopy for malaria parasite determination
Thick and thin blood smears were air-dried, thin smears 
fixed in absolute methanol and both Giemsa stained for 
evaluation of malaria parasitaemia, asexual forms and 
gametocytes using microscopy. Parasite densities were 
computed from thick films as the number of asexual 
parasites per 200 leukocytes (or per 500 leukocytes, if the 
count was < 10 asexual parasites/200 leukocytes), assum-
ing a leukocyte count of 8,000/µl [58]. A blood smear was 
considered negative when the examination of 100 high 
power fields did not reveal asexual parasites or gameto-
cytes. Thin blood smears were evaluated for parasite spe-
cies. For quality control, all slides were double read by 
two independent microscopists. Both microscopists were 
certified medical laboratory scientists who underwent a 
standardized pre-study training and assessment. If there 
was any discrepancy in the reading of the slides, a third 
certified laboratory scientist was involved in reading the 
slide to resolve the discrepancy. In addition, more than 
10% of all slides from each study site were sent for review 
by a WHO accredited microscopist at the Kumasi Centre 
for Collaborative Research in Ghana.

Urine and stool examination
Urine specimens were examined the same day of collec-
tion to identify ova of Schistosoma haematobium using 
the centrifugation sedimentation technique [59]. After 
5 min of centrifuging the urine sample, and decanting the 
supernatant, a drop of well-mixed sediment was exam-
ined under the microscope to detect any parasitic ova. 
Stools were also examined using the formalin ethyl-ace-
tate concentration technique for microscopic detection 
of ova of intestinal helminths [60].

Data management
Data were collected by trained Research Assistants using 
personal digital assistants. The personal digital assis-
tants were programmed with an electronic data capture 
system developed in xlsform (xlsform.org) for use with 
SurveyCTO (Dobility, Inc; Cambridge, MA, USA). The 
electronic forms were designed from initial paper-based 
questionnaires and piloted in the field prior to use. Com-
pleted forms on personal digital assistants were uploaded 
by the Research Assistants on to the SurveyCTO plat-
form in real time after site supervisors checked for accu-
racy and completeness. Data collected at each ANC 
facility were maintained in a harmonized central data-
base with site specific and central quality control proce-
dures. In addition, data checks for key variables were run 
on data downloaded periodically from the SurveyCTO 
platform by the Data manager. Pooled, de-identified data 
from all sites were maintained on a central, password- 
protected SurveyCTO server accessible to only the Data 
manager and the project PI.

Data analysis
Data were analysed using Stata version 16 (Stata, College 
Station, TX, USA). Data were summarised as proportions 
and frequencies for categorical variables. Means with 
their respective standard deviations were used to sum-
marise data if the variables were continuous and normally 
distributed. Chi-square tests were used to compare pro-
portions while Students’ t-test to were used to compare 
means of covariates. Bivariate analyses were used to test 
the independent associations between each covariate and 
the outcome variables (maternal anaemia and malaria 
parasite infection at booking). Correlations among all 
covariates were tested with the Pearson’s R statistic to 
identify collinear pairs. Only those variables which were 
statistically significant at p < 0.1 and non-collinear (Pear-
son correlation r < 0.5) variables associated with maternal 
anaemia and malaria parasite infection were advanced 
to build backward fitting logistic regression models; first 
removing variables that were least associated with mater-
nal anaemia and malaria parasite infection and retaining 
those variables that were associated with maternal anae-
mia and malaria parasite infection at booking (p < 0.05).
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Description of variables
Principal components analysis was used to derive a 
wealth index variable of the pregnant women, based on 
each woman’s educational level, occupation, marital sta-
tus, housing characteristics and ownership of assets. The 
housing characteristics included the type of floor, roof, 
toilet facility, electricity, water and fuel for cooking. The 
assets included ownership of radio, television, mobile or 
fixed phone, refrigerator, car, bicycle or motorcycle and 
ITN. The wealth index was categorized into five quintiles: 
lower, lower middle, middle, upper middle and upper 
[61].

Based on WHO definitions, anaemia was defined as 
Hb < 11.0 g/dL. Mild, moderate and severe anaemia were 
Hb levels of 10.0-10.9, 7.0-9.9 and < 7.0 g/dL respectively 
[62]. Primigravida, secundigravidae or multigravidae 
referred to women who had been pregnant only once, 
twice or more than twice respectively, including the 
index pregnancy that the woman was reporting to the 
ANC clinic with. The gestational age at recruitment was 
categorized into first (1 to 12 weeks), second (13 to 24 
weeks) and third (25 weeks and above) trimesters.

Ethical considerations
Ethical approval for the study was obtained from the 
University of Health and Allied Sciences Research Eth-
ics Committee (Certificate number: UHAS-REC/A.1 
[l] 17–18). Permission was also sought from the district 
directors of health services and the heads of the health 
facilities and ANC clinics that were included in the 
study. Written informed consent was obtained from all 
pregnant women who participated in the study. Preg-
nant women who were below the age of 18 years were 
assented to participate in the study while consent was 
sought from their guardians who accompanied them to 
the ANC clinic. Coded study identification numbers 
rather than names were used to identify the participants 
during electronic data capture. The risks associated with 
participation were minimal, essentially no greater than 
during routine antenatal care in Ghana which included 
pricks for drawing venous blood and extra time spent 
for data collection. Certified laboratory scientists and 
well-trained Research Assistants were involved with col-
lection of samples and data to minimize any potential 
harm to study participants. The Research Assistants were 
either community health nurses or undergraduates with a 
health background. Participants were compensated with 
bars of soap at recruitment and a delivery package of dis-
infectant, a bar of soap and a face towel at delivery.

Results
Socio-demographic characteristics
Women were enrolled simultaneously at all the ANC 
clinics, in both regions, from May 2018 to March 2020. 

Table  1 below summarises the women’s socio-demo-
graphic characteristics. A total of 5196 pregnant women 
were enrolled: 2333 (44.90%) and 2863 (55.10%) from the 
Ashanti and Volta regions respectively.

The mean (SD) age of the women was 27.30 (6.50) 
years. The mean gestational age at booking was 15.50 
(8.37) weeks. More than half (54.89%) of the women were 
multigravidae and close to half of them (46.60%) had 
their booking ANC visit in the first trimester. More than 
90% (92.61%) of the women have had at least primary 
level education, more than two-thirds (67.38%) were 
married and 84.99.% were employed. An equal number of 
20.00% of the women belonged to each of the quintiles of 
the wealth index. Overall, 80.81% of the women reported 
owning an insecticide treated net but only 59.85% of 
them slept under an ITN the night prior to enrolment.

Headache, lower abdominal pain, loss of appetite and 
dizziness constituted majority (62.40%) of the clinical 
symptoms reported at booking ANC visit (Additional file 
1: Table S1).

Key laboratory investigations at booking ANC visit
Overall, the prevalence of malaria parasite infection at 
booking was 5.74% [95% CI: 5.11–6.44] (Table 2) and the 
geometric mean parasite density (GMPD) was 2609 para-
sites per microlitre. Plasmodium falciparum constituted 
94.30% of the parasites detected, P. malariae 5.20% and 
P.ovale 0.50%. No P. vivax was detected. The prevalence 
of malaria parasite infection in the Ashanti and Volta 
regions was 10.24% [95% CI: 8.92–11.68] and 2.63% [CI: 
2.07–3.29] respectively (Refer to Table 3 for percentages). 
The GMPD in the Ashanti region was 982 parasites per 
microlitre compared to 18,226 parasites per microlitre in 
the Volta region.

More than half (55.22% [ 95% CI: 53.85–56.58]) of the 
women had anaemia (Hb < 11 g/dL); 1.49% being severely 
anaemic (Hb < 7 g/dl). The mean (SD) of the Hb was 10.7 
(1.5) g/dl. Maternal anaemia was more common among 
women enrolled in the Volta region (65.56% [95% CI: 
63.78–67.31]) than among women in the Ashanti region 
(42.56% [95% CI: 40.53–44.60]) (Refer to Table  4 for 
percentages).

Also, 2.74%, 1.45%, 5.58%, 5.05%, and 11.15% of the 
women tested positive for syphilis, HIV, hepatitis B sur-
face antigen, G6PD deficiency and Hb sickling respec-
tively (Table  2). Only 17 out of 4669 (0.36%) urine 
samples examined were positive for Schistosoma hae-
matobium ova; all positive samples belonging to women 
from Volta region, (17/3096). No hookworm, Ascaris 
lumbricoides or Trichuris trichiura ova were detected 
in all stool samples examined (4843) however, other 
pathogens like Entamoeba coli, Entamoeba histolytica 
and Giardia lamblia were detected in only 3.00% of stool 
samples.
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Factors associated with maternal anaemia at booking ANC 
visit
Table 4 presents results of unadjusted and adjusted odds 
ratios obtained from the bivariate and multivariate mod-
els respectively. In the final model, study region, age, 
malaria parasite infection, gestational age at booking and 
wealth status were significantly associated with maternal 
anaemia at booking. The odds of maternal anaemia were 
significantly higher in women enrolled in the Volta region 
(Adjusted Odds Ratio (AOR) = 3.21, p < 0.001) com-
pared to those enrolled in the Ashanti region; women 
with malaria parasite infection (AOR = 2.09, p < 0.001) 

compared to those with no malaria parasite infection and 
women reporting later than the first trimester for ante-
natal booking (AOR = 1.86; p < 0.001 for 2nd trimester 
and AOR = 2.39; p < 0.001 for third trimester) compared 
to those reporting in the first trimester. However, the 
odds of maternal anaemia were significantly reduced in 
older women (AOR = 0.57; p < 0.001 for women 25–34 
years and AOR = 0.66; p = 0.008 for women ≥ 35 years ) 
compared to women < 25 years and women of increasing 
wealth index (AOR = 0.71; p = 0.009, AOR = 0.66; p = 0.006 
and AOR = 0.44; p < 0.001 for middle, upper middle and 
upper quintiles respectively) compared to women in the 

Table 1  Socio-demographic characteristics of study participants
Measured parameters Number of participants Percentage of participants (95%CI)
Region
Ashanti 2333 44.90 (43.55–46.26)
Volta 2863 55.10 (53.74–56.45)
Age (years)
< 25 1839 35.69 (34.39–37.01)
25–34 2510 48.71 (47.35–50.08)
≥ 35 804 15.60 (14.64–16.62)
Gravidity
Primigravidae 1188 23.11 (21.98–24.28)
Secundigravidae 1131 22.00 (20.89–23.15)
Multigravidae 2822 54.89 (53.53–56.25)
Gestational age (weeks)
First trimester 2295 46.60 (45.21–47.99)
Second trimester 2114 40.51 (39.14–41.89)
Third trimester 516 12.89 (11.99–13.86)
Highest educational level
None 380 7.39 (6.71–8.14)
Primary 823 16.01 (15.03–17.04)
Junior High School 2477 48.18 (46.82–49.55)
Senior High School 983 19.12 (18.07–20.22)
Tertiary 478 9.30 (8.53–10.12)
Wealth index
Lower 1029 20.02 (18.94–21.13)
Lower middle 1028 20.00 (18.92–21.11)
Middle 1028 20.00 (18.92–21.11)
Upper middle 1028 20.00 (18.92–21.11)
Upper 1028 20.00 (18.92–21.11)
Marital status
Not married 1677 32.62 (31.35–33.91)
Married 3464 67.38 (66.09–68.65)
Own an ITN
No 721 19.19 (17.96–20.48)
Yes 3037 80.81 (79.52–82.04)
Slept under ITN night prior to enrolment
No 1509 40.15 (38.60–41.73)
Yes 2249 59.85 (58.27–61.40)
Employment status
Unemployed 773 15.00 (14.05–16.01)
Employed 979 19.00 (17.95–20.10)
Self employed 3400 65.99 (64.69–67.28)
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lower quintile. S. haematobium infection, gravidity, edu-
cational level, employment status and having slept under 
an ITN the night before booking had statistically signifi-
cant associations with anaemia at the bivariate analyses 
level, but their significance was lost in the final model. 
ITN ownership and reporting at least one symptom at 
booking had no significant associations with anaemia at 
both the bivariate and multivariate levels of analyses.

Factors associated with malaria parasite infection at 
booking ANC visit
Study region, anaemia, gravidity, reporting a clinical 
symptom, and lower middle wealth status were sig-
nificantly associated with malaria parasite infection at 
booking at the multivariate stage of analyses (Table  3). 
Women in the Volta region had significantly lower odds 
(AOR = 0.14; p < 0.0001) of having malaria parasite infec-
tion at booking compared to those in the Ashanti region. 
Women who were anaemic and who reported clinical 
symptoms had significantly higher odds of malaria par-
asite infection (AOR = 1.83; p = 0.001 and AOR = 1.82; 
p < 0.0001 respectively) compared to non-anaemic 
women and those who did not report any clinical symp-
tom. Although women who booked later than the first 
trimester had two times the odds of having malaria 
parasite infection, compared to those who booked ANC 

in the first trimester, at the bivariate stage of analysis 
(Unadjusted Odds Ratio (UOR) = 1.98, p < 0.0001 and 
UOR = 2.15, p < 0.0001 for 2nd and 3rd trimester respec-
tively), this did not remain significant in the final model. 
Similarly, age ≥ 25–34 years (UOR = 0.45; p < 0.001) 
and age ≥ 35 years (UOR = 0.47; p < 0.001) compared to 
age < 25 years and primary (UOR = 0.57; p = 0.031) and 
tertiary (UOR = 0.25; p < 0.001) educational level com-
pared to no formal education, although significantly 
associated with malaria parasite infection in the bivari-
ate analysis, lost their significance in the final model. The 
odds of malaria parasite infection seemed to be decreas-
ing with increasing wealth status at the unadjusted analy-
ses stage, although not statistically significant, but only 
the lower middle quintile wealth index compared to the 
lower wealth index, showed statistically significant asso-
ciation in the final model (AOR = 0.48; p = 0.04). Owner-
ship and use of ITNs and employment status were not 
significantly associated with malaria parasite infection at 
booking in both the bivariate and multivariate analyses.

Discussion
This study aimed at assessing the prevalence of malaria 
and anaemia and associated factors among pregnant 
women at their first ANC visits in the Ashanti and Volta 
regions of Ghana. The study has shown a low prevalence 

Table 2  Key laboratory investigation results of women at booking ANC visit
Measured parameters Number of participants Percentage of participants (95% CI)
Malaria parasitaemia
No 4432 94.26 (93.56–94.89)
Yes 270 5.74 (5.11–6.44)
Hb category
Severe anaemia (Hb < 7 g/dl) 77 1.49 (1.2–1.86)
Moderate anaemia (Hb = 7.0–9.9 g/dl) 1344 26.07 (24.89–27.28)
Mild Anaemia (Hb = 10.0–10.9 g/dl) 1426 27.66 (26.45–28.89)
No Anaemia (Hb ≥ 11.0 g/dl) 2309 44.78 (43.43–46.14)
HIV status
Negative 4329 98.54 (98.14–98.86)
Positive 64 1.46 (1.14–1.86)
Syphilis status
Negative 2732 97.26 (96.59–97.8)
Positive 77 2.74 (2.20–3.41)
Hepatitis B surface antigen
Negative 3353 94.42 (93.62–95.13)
Positive 198 5.58 (4.87–6.38)
G6PD status
Negative 1598 94.95 (93.79–95.90)
Positive 85 5.05 (4.10–6.21)
Hb sickling status
Negative 2805 88.85 (87.7–89.90)
Positive 352 11.15 (10.10–12.30)
S. haematobium
Negative 4652 99.64 (99.42–99.79)
Positive 17 0.36 (0.21–0.58)
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of malaria but high anaemia prevalence among the 
women at their booking ANC visit. The overall malaria 
parasite infection prevalence was almost 6% while preva-
lence of anaemia was 55%. Living in the Ashanti region, 
being anaemic, being primigravid, and reporting at least 
one clinical symptom increased the odds of malaria para-
site infection among the study women. Living in the Volta 

region, younger maternal age, having malaria parasite 
infection, booking ANC at later gestational age and lower 
wealth index increased the odds of maternal anaemia.

The low overall prevalence of malaria parasite infec-
tion reflects a general decline in the prevalence of malaria 
parasite infection reported previously among pregnant 
women, the general population and children in Ghana 

Table 3  Factors associated with malaria parasite infection at booking
Malaria parasitaemia (%) Unadjusted OR 

(95% CI)
p-value Adjusted OR (95% 

CI)
p-
valueNegative Positive

Region
  Ashanti 1727 (38.97) 197 (72.96) Reference Reference
  Volta 2705 (61.03) 73 (27.04) 0.24 (0.18–0.31) < 0.001 0.14 (0.09–0.21) < 0.001
Anaemia
  No 1980 (44.94) 89 (32.96) Reference Reference
  Yes 2426 (55.06) 181 (67.04) 1.66 (1.28–2.15) < 0.001 1.83 (1.29–2.59) 0.001
Age (years)
  < 25 1548 (35.09) 146 (54.28) Reference Reference
  25–34 2168 (49.15) 92 (34.20) 0.45 (0.34–0.59) < 0.001 0.75 (0.48–1.17) 0.204
  ≥ 35 695 (15.76) 31 (11.52) 0.47 (0.32–0.70) < 0.001 0.93 (0.51–1.71) 0.823
Gravidity
  Primigravidae 969 (22.02) 106 (39.41) Reference Reference
  Secundigravidae 964 (21.91) 61 (22.68) 0.58 (0.42–0.80) 0.001 0.50 (0.32–0.79) 0.003
  Multigravidae 2467 (56.07) 102 (37.92) 0.38 (0.29–0.50) < 0.001 0.31 (0.19–0.50) < 0.001
Trimester at booking
  First 2055 (48.85) 82 (32.16) Reference Reference
  Second 1756 (41.74) 139 (54.51) 1.98 (1.50–2.63) < 0.001 1.10 (0.77–1.58) 0.595
  Third 396 (9.41) 34 (13.33) 2.15 (1.42–3.26) < 0.001 1.22 (0.73–2.05) 0.453
Highest educational level
  None 321 (7.30) 28 (10.41) Reference Reference
  Primary 741 (16.84) 37 (13.75) 0.57 (0.34–0.95) 0.031 0.95 (0.45–2.02) 0.891
  JHS 2134 (48.50) 139 (51.67) 0.75 (0.49–1.14) 0.176 1.19 (0.61–2.34) 0.614
  SHS 785 (17.84) 56 (20.82) 0.82 (0.51–1.31) 0.404 0.90 (0.41–1.96) 0.784
  Tertiary 419 (9.52) 9 (3.35) 0.25 (0.11–0.53) < 0.001 0.37 (0.13–1.06) 0.064
Wealth index
  Lower 925 (21.02) 68 (25.28) Reference Reference
  Lower middle 928 (21.09) 55 (20.45) 0.81 (0.56–1.16) 0.250 0.48 (0.29–0.80) 0.004
  Middle 917 (20.84) 59 (21.93) 0.88 (0.61–1.26) 0.469 0.75 (0.46–1.22) 0.251
  Upper middle 888 (20.18) 49 (18.22) 0.75 (0.51–1.10) 0.138 0.58 (0.33–1.03) 0.062
  Upper 742 (16.86) 38 (14.13) 0.70 (0.46–1.05) 0.083 0.80 (0.41–1.55) 0.500
Own an ITN
  No 612 (18.44) 40 (20.83) Reference Reference
  Yes 2707 (81.56) 152 (79.17) 0.86 (0.6–1.23) 0.407 1.11 (0.79–1.56) 0.556
Slept under ITN night prior to enrol-
ment (ITN use)
  No 1279 (38.54) 79 (41.15) Reference Reference
  Yes 2040 (61.46) 113 (58.85) 0.9 (0.67–1.21) 0.470 1.13 (0.75–1.70) 0.555
Report of symptoms at booking
  No symptom 2307 (52.28) 129 (47.96) Reference Reference
  At least one symptom 2106 (47.72) 140 (52.04) 1.19 (0.93–1.52) 0.169 1.82 (1.31–2.52) < 0.001
Employment status
  Unemployed 705 (15.99) 29 (10.78) Reference Reference
  Employed 889 (20.16) 37 (13.75) 1.01 (0.62–1.66) 0.963 1.68 (0.89–3.16) 0.108
  Self employed 2815 (63.85) 203 (75.46) 1.75 (1.18–2.61) 0.006 1.46 (0.83–2.56) 0.193
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[39, 40, 63] and globally [1]. Declining malaria trans-
mission and improvements in uptake of malaria control 
interventions [36, 40] and improved housing conditions 
over the past two decades [64] may be responsible for 
this. Improvement in the general living environment and 

in housing conditions enhances malaria control efforts by 
reducing transmission levels [65].

There was a marked difference in malaria parasite 
prevalence between the study regions; 10% in Ashanti 
region versus approximately 3% in Volta region. This 

Table 4  Factors associated with maternal anaemia at booking
Maternal Anaemia (%) Unadjusted OR

(95% CI)
p-value Adjusted OR

(95% CI)
p-value

No Yes
Region
  Ashanti 1332 (57.69) 987 (34.67) Reference Reference
  Volta 977 (42.31) 1860 (65.33) 2.57 (2.29–2.88) < 0.001 3.21 (2.59–3.98) < 0.001
Malaria
  No 1980 (95.7) 2426 (93.06) Reference
  Yes 89 (4.30) 181 (6.94) 1.66 (1.28–2.15) < 0.001 2.09 (1.36–3.22) < 0.001
S. Haematobium
  No 1768 (99.83) 2306 (99.4) Reference Reference
  Yes 3 (0.17) 14 (0.60) 3.58 (1.03–12.47) 0.045 2.05 (0.45–9.37) 0.356
Age (years)
  < 25 635 (27.74) 1186 (41.92) Reference Reference
  25–34 1281 (55.96) 1215 (42.95) 0.51 (0.45–0.58) < 0.001 0.57 (0.45–0.72) < 0.001
  ≥ 35 373 (16.30) 428 (15.13) 0.61 (0.52–0.73) < 0.001 0.66 (0.49–0.90) 0.008
Gravidity
  Primigravidae 459 (20.1) 721 (25.54) Reference Reference
  Secundigravidae 515 (22.55) 609 (21.57) 0.75 (0.64–0.89) 0.001 1.13 (0.87–1.47) 0.345
  Multigravidae 1310 (57.36) 1493 (52.89) 0.73 (0.63–0.83) < 0.001 1.29 (0.99–1.68) 0.062
Trimester at booking
  First 1239 (56.14) 1040 (38.72) Reference Reference
  Second 785 (35.57) 1318 (49.07) 2.00 (1.77–2.26) < 0.001 1.86 (1.57–2.21) < 0.001
  Third 183 (8.29) 328 (12.21) 2.14 (1.75–2.60) < 0.001 2.39 (1.68–3.40) < 0.001
Highest educational level
  None 157 (6.87) 217 (7.69) Reference Reference
  Primary 272 (11.91) 545 (19.31) 1.45 (1.13–1.86) 0.004 1.22 (0.86–1.73) 0.273
  JHS 1075 (47.07) 1389 (49.20) 0.93 (0.75–1.17) 0.549 1.11 (0.80–1.55) 0.522
  SHS 495 (21.67) 482 (17.07) 0.70 (0.55–0.90) 0.004 1.00 (0.67–1.48) 0.999
  Tertiary 285 (12.48) 190 (6.73) 0.48 (0.37–0.64) < 0.001 1.42 (0.86–2.35) 0.167
Wealth index
  Lower 305 (13.35) 718 (25.43) Reference Reference
  Lower middle 358 (15.67) 662 (23.45) 0.79 (0.65–0.95) 0.011 0.84 (0.66–1.07) 0.159
  Middle 446 (19.53) 576 (20.40) 0.55 (0.46–0.66) < 0.001 0.71 (0.55–0.92) 0.009
  Upper middle 543 (23.77) 476 (16.86) 0.37 (0.31–0.45) < 0.001 0.66 (0.50–0.89) 0.006
  Upper 632 (27.67) 391 (13.85) 0.26 (0.22–0.32) < 0.001 0.44 (0.29–0.65) < 0.001
Own an ITN
  No 296 (18.78) 419 (19.43) Reference Reference
  Yes 1280 (81.22) 1738 (80.57) 0.96 (0.81–1.13) 0.622 0.87 (0.70–1.08) 0.202
Slept under ITN night prior to enrolment (ITN use)
  No 717 (45.49) 784 (36.35) Reference Reference
  Yes 859 (54.51) 1373 (63.65) 1.46 (1.28–1.67) < 0.001 1.1 (0.92–1.31) 0.314
Report of symptoms at booking
  No symptom 1282 (55.96) 1509 (53.34) Reference Reference
  At least one symptom 1009 (44.04) 1320 (46.66) 1.11 (0.99–1.24) 0.061 1.02 (0.86–1.20) 0.841
Employment status
  Unemployed 220 (9.61) 541 (19.13) Reference Reference
  Employed 431 (18.83) 546 (19.31) 0.52 (0.42–0.63) < 0.001 0.94 (0.70–1.27) 0.698
  Self employed 1638 (71.56) 1741 (61.56) 0.43 (0.36–0.51) < 0.001 1.05 (0.79–1.38) 0.753
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marked difference may be due to differences in the veg-
etation and malaria transmission patterns and ITN 
use. Some parts of the Volta region are coastal savan-
nah areas where transmission is lower compared to the 
Ashanti region which is predominantly forest vegetation 
with perennial and moderately intense malaria trans-
mission [54]. The Ghana Demographic and Health sur-
vey (GDHS) repeatedly reports higher ITN use in Volta 
region compared to Ashanti region [66, 67] and in this 
study too, more women (74%) in the Volta region used 
ITN compared with those in the Ashanti region (26%). 
Reversely however, Volta region had GMPD seven times 
that of the Ashanti region (18226 parasites per microli-
tre in Volta region versus 982 parasites per microlitre in 
Ashanti region). Higher parasite densities in the presence 
of lower prevalence of malaria infection among pregnant 
women have been reported in previous studies [68, 69] 
and reasons given for this observed phenomenon include 
increased ITN coverage [69] and reduced antimalarial 
antibodies [68]. The higher ITN use in the Volta region 
may have translated into less exposure to mosquito bites 
and parasites that, over time, may have led to less per-
sistent naturally acquired immunity among the pregnant 
women. Similarly, greater exposure to mosquito bites and 
parasites from lesser ITN use in the Ashanti region may 
imply a more persistent naturally acquired immunity that 
will subsequently limit parasite density. Further research 
into the immune response of pregnant women, especially 
among those living in areas of low malaria infection prev-
alence, are highly indicated to understand its implication 
for severity of malaria disease and associated complica-
tions. The relatively much higher malaria parasite den-
sities observed in the pregnant women from the Volta 
region may be calling for greater attention to be paid in 
diagnosing and treating malaria infection among these 
women to avoid complications and eventual death.

Women who reported at least one clinical symptom 
had about 80% increased odds of malaria parasite infec-
tion (Table 3), corroborating study findings from Ghana, 
Burkina Faso, Asia and South America [70–72]. The 
symptoms reported in this study by most of the women, 
including headache, lower abdominal pain, loss of appe-
tite and dizziness, were similar to those reported in ear-
lier studies [70–72]. Although MiP in stable transmission 
settings has typically been described as asymptomatic [6, 
7], paying attention to common complaints by pregnant 
women during their ANC may assist in identifying those 
infected by the malaria parasite, especially now that MiP 
prevalence is reducing [40].

Increasing wealth status seemed to be associated with 
decreased odds of malaria parasite infection as has been 
reported elsewhere [51, 73] although only increasing 
wealth index from lower to middle lower status showed 
significant protection. Improving wealth index, especially 

among the lowest quintile of women, may mean that 
more women are economically empowered to make deci-
sions about their own health and improve health behav-
iours. This may translate into an increased likelihood 
of ITN use [74] and living in improved housing condi-
tions and environment with minimal breeding sites for 
mosquitoes. In Uganda, women living in traditionally 
constructed houses had a 41% increased risk of malaria 
parasite infection compared to those in modern houses 
[75].

Participants’ age did not influence malaria para-
site infection among the women in this current study 
although there is evidence in a recent review that younger 
aged pregnant women < 30 years were more likely to have 
malaria parasite infection in Africa [72]. Increasing gra-
vidity however was protective of malaria parasite infec-
tion as has been previously reported [40, 51, 72, 76]. This 
observation may be explained by the suggestion that 
antimalarial antibodies acquired in a previous pregnancy 
are most likely maintained to protect subsequent preg-
nancies [76]. This may also be related to higher ITN use 
among pregnant women with higher gravidity [77]. How-
ever, some studies have reported variable associations 
between gravidity and ITN use [32, 78]. Surprisingly, ITN 
use was not related to malaria parasite infection in this 
study, contrary to earlier studies that showed that ITN 
use in pregnancy was protective of malaria parasite infec-
tion [69, 79, 80]. It is possible that such a relationship was 
not observed because of the lower prevalence of malaria 
reported here, a phenomenon that has been observed in 
a low-prevalent area in Ibadan, Nigeria [81].

Pregnant women with primary and tertiary levels of 
education had significantly reduced odds of malaria para-
site infection compared to women with no formal edu-
cation, although this effect was lost in the final model. 
Studies elsewhere have reported similar findings of sig-
nificantly reduced odds of malaria parasite infection with 
increasing educational level among pregnant women [22, 
44, 51]. Increasing levels of education may translate into 
better knowledge about malaria prevention among the 
women which may mean better adoption of malaria pre-
vention methods during pregnancy [74].

More than half of the pregnant women, 55%, were 
anaemic at booking ANC visit, similar to the national 
prevalence of 51% reported in the 2022 GDHS. It is most 
likely the women carried a pre-existing anaemia status 
which was worsened by the pregnancy state. The GDHS 
reports that in 2014 and 2022, 42% and 40% of women 
in reproductive age respectively, were anaemic [66, 67] 
signifying the existence of pre-pregnancy anaemia states 
amongst the women. More than half of the women, 53%, 
reported later than the first trimester for their book-
ing ANC visit. These women would have suffered the 
increasing demand of iron and folate by the growing 
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foetus culminating in the reported anaemia prevalence. 
Hence the recommendation for pregnant women to start 
ANC early by the 12th week [31] to enable early com-
mencement of ANC interventions including IFAS is justi-
fied. It is not surprising then that increasing gestational 
age at ANC booking increased the odds of maternal 
anaemia, similarly reported in a review [82].

Formal education seems to play a role in pregnant 
women’s anaemic status. Generally, as the level of educa-
tion increases, the level of anaemia decreases significantly 
as reported in a review of studies in sSA and in Tanzania 
[17, 29]. Similarly in this study (Table 4), and in a study by 
Dosoo et al., [51] as the level of education of the pregnant 
women increased, the odds of anaemia amongst them 
decreased although not statistically significant. Higher 
levels of education may facilitate better knowledge of the 
causes and prevention of anaemia among the women and 
thus influence positive behaviours towards anaemia pre-
vention during pregnancy.

Having malaria parasite infection at booking ANC 
increased a woman’s odds of being anaemic, similarly 
reported in other regions of Ghana [47, 51, 83]. Malaria 
infection causes breakdown of both infected and unin-
fected red blood cells leading to reduced Hb levels [84] 
and remains an important determinant of anaemia even 
among pregnant women with low malaria prevalence as 
shown in this study. Younger age, less than 25 years, was 
found to increase the odds of anaemia among the study 
women similar to observations made in other studies [51, 
85]. Nevertheless, the effect of age on maternal anaemia 
prevalence may be variable [16].

As the women’s wealth index increased, their odds of 
having anaemia reduced significantly (Table 4), similar to 
reports that economic status influences maternal anaemia 
[16, 86]. Economic power may translate into more nutri-
tionally adequate diets, less exposure to mosquito bites 
through improved housing [73] and better health care 
seeking behaviour, all of which may contribute to reduc-
ing anaemia. The influence of wealth could be considered 
a more significant risk factor for maternal anaemia and 
may explain the higher prevalence of maternal anaemia 
among the study women in the Volta Region regardless 
of the lower malaria parasite prevalence. As of 2020, 
Volta Region was the fourth poorest region in the coun-
try while Ashanti Region had one of the lowest poverty 
rates [87]. Also, sub-microscopic malaria parasitaemia 
is found to be predominant in low malaria transmission 
areas [88] and is associated with maternal anaemia, LBW 
and other adverse pregnancy outcomes [68]. This could 
also help explain the higher anaemia prevalence in the 
Volta region, but sub-microscopic malaria parasitaemia 
was not studied in this research. There is evidence of 
higher malaria parasite infection prevalence in the Volta, 
Greater Accra and Central regions of the country using 

the polymerase chain reaction (PCR) techniques for diag-
nosis [22, 85, 89]. In the Central Tongu district of Volta 
region, Frempong et al. reported a prevalence of 24% as 
against 8% by microscopy in pregnant women at booking 
ANC [85]. Quakyi et al. reported an average prevalence 
43% using ultrasensitive PCR techniques as against an 
average prevalence of 4% using microscopy among preg-
nant women at booking ANC in the Greater Accra region 
[89]. Similarly, a prevalence of 44% in the dry season and 
47% in the rainy season has been reported by Anabire et 
al. in the Central region using PCR techniques [22]. PCR 
techniques are more expensive and laborious to conduct, 
and are not usually employed at the clinic level, but their 
results give indication of the existence of high levels of 
sub-microscopic malaria parasite infections in pregnant 
women which may be contributing to the persistence of 
anaemia in pregnancy. Thus, studies to understand the 
role of sub-microscopic malaria parasite infections on 
anaemia in pregnancy are recommended.

Urinary schistosomiasis, known to be associated with 
maternal anaemia [25] seemed to be so but only at the 
bivariate analyses stage of this study (p = 0.045). This 
observed association, despite the overall very low infec-
tion prevalence of < 1% may signal some importance of 
urinary schistosomiasis to maternal anaemia, especially 
among women living along the Volta Lake. Only study 
participants enrolled from Volta region had urinary 
schistosomiasis, possibly hailing from the South Tongu 
district which is found along the Volta Lake. Frempong 
et al. reported relatively higher prevalence of 3% and 
4% among pregnant women attending ANC in 2 health 
facilities closer to the Volta Lake in CTD [85] but again, 
no association with anaemia was found. Further stud-
ies using more sensitive tests including serological and 
immunological tests may be needed to better estimate 
urinary schistosomiasis prevalence and their effect on 
maternal anaemia in the Volta Region especially.

Strengths and limitations
The selection of the study sites was purposefully done 
and thus the sites may not be representative of the two 
regions studied which is a limitation to this study. How-
ever, the districts selected in the two regions span across 
rural, semi-urban to urban areas ensuring a fair repre-
sentation of women across all socio-demographic and 
economic divides in the study population. This reflected 
in the results of the study where 20% of the women 
belonged to each quintile of the wealth index (Table  1). 
Again, although the study participants were consecutively 
sampled at the selected ANC clinics with the potential 
for selection bias, the large number of study participants 
recruited reduces the likelihood of this sampling error 
that could have been introduced into the study.
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The nutritional status of the pregnant women was not 
assessed in this study and is a limitation as nutrition is 
a well-known risk factor for anaemia [28, 29]. However, 
anthropometric measurements, dietary assessments, 
haematological indices and biochemical tests for key 
micronutrient deficiencies related to anaemia among a 
cross-section of women in this study will be reported in 
another study later.

This study’s strength lies in reporting on a large number 
of pregnant women that contributes to increased validity 
of the study findings. Studying women in multiple dis-
tricts across two regions also significantly improves the 
external validity of findings.

Conclusions
The overall malaria parasitaemia prevalence was low, 
supporting Ghana’s move towards malaria elimination. 
However, malaria infection remains an important deter-
minant of maternal anaemia despite its reported low 
prevalence. Conversely, maternal anaemia prevalence 
was high and of serious public health importance with 
more than half the study participants being anaemic.

Efforts aimed at eliminating malaria and controlling 
anaemia in pregnancy should be strengthened especially 
among young, first-time pregnant women and should 
be targeted sub-nationally at the regional and prefer-
ably, district levels to improve upon the overall health of 
pregnant women. Early ANC visits in the first trimester 
of pregnancy need to be highly encouraged. This study 
also highlights the importance of socio-economic status 
of pregnant women as a critical risk factor of anaemia in 
pregnancy. Particular attention needs to be paid to it in 
efforts to control anaemia in pregnancy.
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