
Dorsamy et al. Systematic Reviews           (2022) 11:16  
https://doi.org/10.1186/s13643-022-01884-w

SYSTEMATIC REVIEW UPDATE

The prevalence, risk factors and outcomes 
of anaemia in South African pregnant women: 
a systematic review and meta-analysis
Vinogrin Dorsamy1* , Chauntelle Bagwandeen2 and Jagidesa Moodley3 

Abstract 

Background
Anaemia is associated with maternal and perinatal morbidity and mortality. The pooled prevalence of anaemia in 
the South African (SA) pregnant population was ascertained by systematically reviewing available literature. Severity, 
risk factors (HIV, tuberculosis, race, province, year of study), maternal morbidity and mortality (hypertensive disor-
ders of pregnancy), birth outcomes (including low birth weight) and supplementation during pregnancy were also 
described.

Methods
Eligible studies reported on haemoglobin concentration or prevalence of anaemia in a SA pregnant population and 
were available in full text. Case-control and estimation studies were excluded with no restriction on the date of pub-
lication. PubMed, CINAHL, EMBASE, EBSCO, Ovid maternity and infant care databases, Cochrane Database of System-
atic Reviews, Web of Science and SCOPUS were searched, using the keywords ‘anaemia’, ’haemoglobin’, ‘pregnancy’, 
‘South Africa’. Risk of bias was conducted using the Hoy tool and the Doi plot and LFK ratio. Overall study quality was 
assessed using the GRADE tool. Due to heterogeneity amongst studies subgroup analyses were performed (random 
effects and quality effects model) using MetaXL addon tool for Microsoft Excel.

Results
The initial search yielded 7010 articles and 26 were selected for inclusion. Twenty studies were cross-sectional, three 
were longitudinal and one a randomised control trial. Studies ranged in publication year from 1969 to 2020. The 
pooled prevalence of anaemia in pregnant women in SA was determined to be 31% (95% CI, 23–40%). Hypertensive 
disorders of pregnancy and low birth weight were associated with anaemia. While iron deficiency was reported as the 
main cause, other risk factors included HIV and other infections.

Discussion
Limitations

There was limited data reporting on prevalence of anaemia and direct maternal and foetal outcomes. Heterogeneity 
amongst studies was not explained by subgroup analysis. Majority of cross-sectional study designs reduced the ability 
to infer causality.
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Background
Anaemia is a multifactorial disorder, defined as a reduced 
oxygen-carrying capacity of the blood or a decrease in 
red blood cells or haemoglobin. Its aetiology is affected 
by socioeconomic disparity, environmental threats 
and genetic propensity [1]. A condition of global pub-
lic health concern [2], it affects around a quarter of the 
world’s population, especially those in low- and middle-
income countries (LMICs). Iron deficiency anaemia is the 
commonest type. Vulnerable population groups such as 
pre-school children and women of reproductive age are 
most affected [3]. Pregnant women who need to accom-
modate the haemodynamic demands of pregnancy may 
be at higher risk for anaemia, which is increased by expo-
sure to synergistic inflammatory and infective condi-
tions. This can lead to complications for both mother and 
baby, such as spontaneous abortion, preterm delivery, 
low birth weight and/or developmental delay in infants, 
with increased mortality in severe cases [4, 5]. If not con-
trolled, future pregnancies are worse affected [6, 7].

The World Health Organisation (WHO) recommends 
universal iron prophylaxis to reduce the impact of anae-
mia during pregnancy [8]. It is important to understand 
both the prevalence and causative factors of anaemia in 
pregnancy as iron supplementation may only treat iron 
deficiency anaemia. Without establishing the cause of 
anaemia, particularly in areas where parasites or commu-
nicable diseases are endemic, such measures are not only 
ineffective but possibly dangerous [9–11]. Supplying iron 
to pregnant women who may be iron replete may risk a 
transitory iron overload which has also been found to be 
associated with adverse obstetric outcomes, as the foetus 
restricts hepcidin production to cater for its iron need 
[5, 12, 13]. While indiscriminate iron supplementation 
may be of benefit in a population where malnutrition is 
a problem [14], it is imperative to establish the nature of 
the anaemia where differential aetiologies may be appar-
ent [13, 15].

By systematically reviewing the literature of studies 
conducted in this population, we may better understand 
the type and associated outcomes of anaemia in this pop-
ulation and modify the strategy to combat it, rather than 

relying on routine treatment protocols which are geared 
at addressing nutritional insufficiency. As far as we are 
aware, a systematic review of the prevalence of anaemia 
has not been conducted in the country. The main aim of 
this study was to establish the pooled prevalence of anae-
mia in SA pregnant women. The specific objectives and 
outcomes were to describe prevalence, severity, risk fac-
tors (HIV, tuberculosis, race group, year in which study 
published), maternal morbidity and mortality (hyper-
tensive disorders of pregnancy (HDP)), birth outcomes 
(including low birth weight) and supplementation during 
pregnancy associated with anaemia.

Methodology
This study was performed according to the published 
protocol [16] registered in the International Prospec-
tive Register of Systematic Reviews (PROSPERO 
2020: CRD42020157191). The Preferred Reporting 
Items for Systematic Reviews and Meta-analysis 2020 
(PRISMA2022) guidelines [17] were used to inform the 
structure of this review.

Search strategy
Search terms used and their synonyms were identi-
fied using the Medical Subject Headings (MeSH). The 
uniterms and Boolean operators in English used in the 
search strategies were (anemia OR anaemia OR haemo-
globin OR hemoglobin OR haematocrit OR hematocrit) 
AND (Pregnancy OR Pregnant women OR Gravidity OR 
Maternal exposure OR Mother OR Pregnant OR Gravid 
OR Obstetric OR Antenatal OR Antepartum OR Gesta-
tion) AND (South Africa OR Southern Africa or South 
African or Sub-Saharan Africa). The search strategy 
included all electronic databases as listed in the protocol 
complemented by a manual search of the reference list of 
primary articles (Additional file 2).

Study selection
The eligibility of retrieved studies was assessed using 
the criteria listed in the protocol [16]. Full-text articles 
focussing on anaemia (< 11mg/dL of Hb) in pregnancy 
without restrictions on study design, setting or date of 

Interpretation

While the prevalence of anaemia remains high and of concern, risk factors are varied. Iron deficiency is still common 
but the presence of comorbidities also contributes to anaemia and should not be ignored. More longitudinal research 
into associations between anaemia and birth outcomes is needed due to a lack of available evidence.

Systematic review registration
PROSPERO 2020: CRD42 02015 7191.
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publication were included. Studies were excluded if they 
did not report on haemoglobin concentrations or any 
other accepted method of anaemia determination, were 
not available in full text, were case-control studies which 
did not report baseline prevalence or estimation studies 
which did not determine anaemia prevalence as a param-
eter within the study itself. We contacted the authors of 
three studies [18–20] that sampled the same population 
but reported on different outcome measures to deter-
mine the severity of anaemia in the overall sample. We 
included the population sample size from only one of 
these studies in our calculation of pooled prevalence.

Data extraction and quality assessment
An abstract screening tool [16], using Google Forms was 
developed, piloted and distributed to the two reviewers. 
Abstract screening, followed by full article screening was 
conducted manually, including those articles for which an 
abstract was not available. Screening, data extraction and 
quality appraisal were conducted independently by two 
reviewers (VD and CB), and disagreement was resolved 
by independent assessment by a third reviewer (JM). The 
screening results were reported using a PRISMA flow-
chart [17].

Risk of bias and quality assessment
The quality and risk of bias of selected studies were per-
formed by both reviewers using a modification of the 
Hoy tool [21] (Additional file 3) which is a risk of bias tool 
similar to the Cochrane and GRADE tools, advocated for 
prevalence studies and [22, 23]. Briefly, the original tool 
consists of 10 binary items (low risk/high risk) addressing 
four domains of bias plus a summary risk of bias. Items 
1 to 4 assess the external validity of the study (selection 
and nonresponse bias domains), items 5 to 9 assess the 
internal validity (measurement bias domain) and item 
10 assesses bias related to the analysis [21]. We modified 
the tool to include an assessment of sample size with any 
study reporting prevalence of anaemia in under 200 preg-
nant women as high risk and excluded item 9 (‘Was the 
length of the shortest prevalence period for the param-
eter of interest appropriate?’) as our focus was anaemia 
in pregnant women with a finite term (Additional file 3). 
Studies were scored as low quality (1–3), moderate (4–6) 
and high quality (7–9). This overall quality score was 
converted to a fraction (/10) and then used in subgroup 
analyses as discussed elsewhere [24]. A test of interrater 
reliability using Cohen’s Kappa was performed with a 
cut point of 0.80 (indicating substantial agreement) and 
consensus was reached by both reviewers. Overall study 
quality was established using the Grading of Recom-
mendations Assessment, Development and Evaluation 
(GRADE) tool [25].

Data synthesis and analysis
All data abstracted was translated to a Microsoft 
Excel® (Microsoft Corporation, 2019) spreadsheet and 
reported prevalence data and means for outcomes of 
interest were calculated and analysed using the MetaXL 
addon [26] in Microsoft Excel® for generation of sum-
mary tables, forest plots of proportions and subgroup 
analysis. Heterogeneity amongst studies was checked 
using I2 to determine the heterogeneity of the studies. 
A value of over 50% was indicative of greater heteroge-
neity amongst included studies. In order to address the 
heterogeneity of the pooled prevalence, we performed 
subgroup analysis and multicategory inverse vari-
ance analysis using the IVHet function and the quality 
effects function on MetaXL [24]. Where it became evi-
dent that there was a duplication of study populations, 
only one study was used in the calculation of pooled 
prevalence to limit the threat to the validity of results 
[27]. We used the Doi plot and LFK ratio to visualise 
publication bias and asymmetry respectively [28]. A 
sensitivity analysis for overall pooled prevalence of 
anaemia was conducted in order to assess the impact of 
individual studies on the pooled prevalence.

Results
Deviation from protocol
As possible risk factors and variation in geographic, tem-
poral and socio-economic status became evident, we 
deviated from the protocol to include these factors in the 
sub-group analysis in an attempt to explain the hetero-
geneity due to these differences. We included subgroup 
analyses of the year of study as some studies were con-
ducted prior to the country transitioning to democracy 
(1994) when there was disparate access to healthcare 
amongst race groups. For this reason, subgroup analy-
sis by race was also conducted rather than for genetic 
propensity. As some studies were conducted before the 
advent of the HIV pandemic, and HIV is associated with 
anaemia, it was important to understand the temporal 
variation before and after the advent of antiretroviral 
treatment. We used the MetaXL [24] software to calcu-
late pooled prevalence as it provided an opportunity to 
factor in the study quality into the heterogeneity model, 
thereby increasing the precision and a suitable alterna-
tive to the random effects model for this meta-analysis 
[24]. A sensitivity analysis of all included studies used in 
the pooled prevalence calculation was also conducted 
to evaluate the impact removal of individual studies had 
on the overall pooled prevalence. The software also pro-
vided the use of the Doi plot and LFK ratio that was used 
instead of the funnel plot to address publication bias [28]. 
The plot is included in Additional file 4.
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Study selection
A total of 7010 articles were elicited on the initial search, 
and 553 were selected. After removing duplicates and 
closely similar articles, a total of 408 remained. A total of 
50 full-text articles were screened for eligibility, and 26 
were selected for inclusion in this study (Fig. 1).

Characteristics of studies
A final selection of 26 studies (Characteristics of Studies, 
Additional file 5) that reported on the prevalence of anae-
mia in pregnancy in SA were included in this meta-anal-
ysis [5, 18–20, 29–51]. Of the studies selected, 20 were 
cross-sectional, three studies had a longitudinal study 
design and one was a randomised control trial (RCT). 
The majority of the studies were conducted in Kwa-
Zulu-Natal province (13 studies) while in the provinces 
of Gauteng, Western Cape, Limpopo and the Free State 
there were 7, 3, 2 and 1 studies conducted respectively.

The studies ranged in publication year from 1969 to 
2020. Most studies used haemoglobin (Hb) concentra-
tion alone (15 studies) as a marker of the disorder, while 
10 studies used multiple methods including iron stud-
ies or a combination of Hb with ferritin and mean cell 

volume (MCV) to establish anaemia. One study reported 
a combination of Hb and B12 and one study retrospec-
tively reviewed medical chart data where the method of 
determination was unclear. Iron deficiency was reported 
as either the cause, or most likely cause, in the majority 
of the studies (n = 17) while 9 studies did not report a 
cause. The total number of participants was 59235, and 
the mean age of participants was 24.28 years (from the 16 
studies that reported on age). Only 8 studies reported on 
the severity of the anaemia.

Prevalence of anaemia
The pooled prevalence of anaemia derived from the 
selection of studies was 31% (95% CI, 23–39%) based 
on 24 studies depicted in the forest plot (Fig. 2) using a 
quality effects model [52]. The I2 was 98% suggestive of 
significant heterogeneity, reflective of differences in sam-
pled populations in SA. Subgroup analysis by province 
(Additional file 1) revealed that KZN has a prevalence of 
38% (95%CI, 24–53%), Gauteng 22% (95%CI, 16–29%) 
and other provinces were grouped together due to fewer 
studies conducted in these provinces (prevalence 41% 
(95%CI, 24–58%).

Fig. 1 PRISMA flow diagram of the present review. Adopted from PRISMA 2020 statement [17]



Page 5 of 16Dorsamy et al. Systematic Reviews           (2022) 11:16  

A Doi plot with an LFK ratio was generated to assess 
the risk of bias and revealed minor asymmetry (Addi-
tional file 4). A sensitivity analysis was conducted to eval-
uate the impact a single study had on the prevalence data 
(Table  1) which showed little variation apart from the 
removal of the van Bogaert study [48] which increased 
the prevalence by 2%.

Severity of anaemia
Severity of anaemia was reported in 12 studies. As 
depicted in the forest plots (Fig. 3a–c) the majority of the 
participants had a pooled prevalence of mild anaemia 
(59%). Moderate to severe anaemia, as reported in the 
different studies, was 38% and 2% respectively. heteroge-
neity was high (I2 100%) even when separating for catego-
ries of severity.

Subgroup analysis
In order to investigate the heterogeneity, sub-group 
analyses using study-level parameters (year of study, 
race, study quality, HIV) were conducted using a qual-
ity effects model. In terms of year of publication, studies 
were separated into three groups: pre-1994, post-1994 as 

that signified a change of regime (‘apartheid’ to demo-
cratic South Africa) and allowed access to all healthcare 
facilities by any race group, and year 2002 as this was 
when treatment for prevention of mother to child trans-
mission (PMTCT) was implemented.

The subgroup analysis (Fig. 4) showed heterogeneity in 
all groups but a reduction in the 2 studies in the 1995–
2002 group.

As depicted in Fig. 5, a subgroup analysis of race differ-
ence between studies showed heterogeneity within sub-
groups apart from the Indian subgroup represented by 
two studies.

There was still significant heterogeneity amongst stud-
ies even when separated by study quality into low, mod-
erate and high quality, and with each group showing a 
similar heterogeneity (I2 = 98%) within subgroups as that 
of the pooled result (Fig.  6). However, the poor quality 
group showed a higher prevalence of anaemia 40% 95%CI 
(24–56%) compared to the overall pooled prevalence 
estimate of 33% 95%CI (26–40%).

A visual inspection of the overall pooled prevalence 
showed that anaemia was significantly higher in studies 
that reported on HIV as a parameter within the study. 

Fig. 2 Forest plot listing proportions and the overall pooled proportion as well as I2 and Cochrane’s Q indicative of complete heterogeneity of 
studies
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However, the forest plot (Fig. 7) showed that studies that 
reported on HIV did not contribute to the heterogeneity.

Eleven of the studies looked at the prevalence of HIV as 
a comorbidity. However, 3 of these were conducted in a 
cohort of positive women. Only one study looked at other 
common comorbidities, namely Mycobacterium tubercu-
losis (TB) [37], although others alluded to the importance 
of infective causes of anaemia [15, 37, 43]. In a total of 
485 HIV-positive patients, Kerkhoff [51] reported that 
the prevalence of anaemia and TB was 55% and 16.7%, 
respectively, and that the prevalence of anaemia was 70% 
in the 20 pregnant women in the study. The prevalence of 
TB in this group was not reported at this level. Nandlal 
[51] reported that anaemic women presented more com-
monly with vaginal discharge or infection and urinary 
tract infections.

Anaemia and birth outcomes
Nine studies reported on birth outcomes (Fig.  8). As 
there was a variety of birth outcomes discussed in the 
respective studies, it was not possible to further inter-
rogate the data and individual study conclusions are thus 
summarised in Table  2. Tunkyi and Moodley [19] dem-
onstrated a statistically significant association between 
anaemic mothers and an increase in low birth weight 
infants or preterm labour. In the others, relationships 
were either not observed, not significant, in an HIV pop-
ulation, or associated with late booking. However, Sym-
ington et al. [5] showed an inverse relationship between 
anaemic mothers and birthweight. The potential for 
long-term effects on delayed cognitive development of 
children, particularly boys born to anaemic mothers was 
reported by Donald [34].

Table 1 Summary and sensitivity analysis of prevalence across selected studies with column values of prevalence and low (LCI) and 
high (HCI) confidence intervals showing proportions. The value of the pooled prevalence change is depicted in the second column 
(‘Pooled prevalence proportion’) if the study to the left (‘Included study’) is removed from the calculation

Included study Pooled prevalence 
proportion

LCI 95% HCI 95% Cochrane’s Q P I2 I2 LCI 95% I2 HCI 95%

Akinsooto 2020 [30] 0.33 0.26 0.40 1526.19 0.00 98.43 98.14 98.67

Becker 1970 [32] 0.34 0.26 0.41 1507.74 0.00 98.41 98.12 98.66

Bloch 2020 [31] 0.33 0.26 0.41 1533.65 0.00 98.44 98.15 98.68

Bopape 2008 [33] 0.33 0.26 0.40 1538.45 0.00 98.44 98.16 98.68

Donald 2019 [34] 0.33 0.26 0.41 1521.18 0.00 98.42 98.13 98.67

Govender 2018 [35] 0.33 0.26 0.41 1538.07 0.00 98.44 98.15 98.68

Hoque 2007 [36] 0.31 0.24 0.38 1284.27 0.00 98.13 97.77 98.44

Kerkhoff 2014 [37] 0.33 0.26 0.40 1528.12 0.00 98.43 98.14 98.67

Kesho Bora 2013 [47] 0.32 0.25 0.40 1471.21 0.00 98.37 98.07 98.62

Lamparelli 1988 [38] 0.34 0.27 0.41 1471.28 0.00 98.37 98.07 98.62

Lamparelli 1988b [39, 53] 0.34 0.26 0.41 1495.27 0.00 98.39 98.10 98.64

Levy 2018 [40] 0.33 0.26 0.40 1527.69 0.00 98.43 98.14 98.67

Macaulay 2018 [41] 0.34 0.26 0.42 1505.33 0.00 98.41 98.11 98.65

Mathee 2014 [42] 0.33 0.26 0.41 1490.16 0.00 98.39 98.09 98.64

Mayet 1985 [43, 54] 0.33 0.26 0.41 1492.08 0.00 98.39 98.09 98.64

Mkhize 2019 [44] 0.33 0.26 0.40 1529.13 0.00 98.43 98.14 98.67

Nandlal 2014 [51] 0.33 0.26 0.40 1380.84 0.00 98.26 97.93 98.54

Notelovitz 1972 [45] 0.33 0.26 0.41 1508.80 0.00 98.41 98.12 98.66

Ross 1981 [46] 0.33 0.25 0.41 1537.91 0.00 98.44 98.15 98.68

Symington 2019 [5] 0.33 0.26 0.41 1535.92 0.00 98.44 98.15 98.68

Tunkyi 2015 [18] 0.32 0.25 0.40 1464.87 0.00 98.36 98.06 98.62

Tunkyi 2017 [20] 0.32 0.25 0.40 1464.87 0.00 98.36 98.06 98.62

Tunkyi 2018 [19] 0.32 0.25 0.40 1464.87 0.00 98.36 98.06 98.62

van Bogaert 2006 [48] 0.35 0.28 0.42 1122.85 0.00 97.86 97.43 98.23

Weyers 2016 [49] 0.33 0.26 0.40 1538.68 0.00 98.44 98.16 98.68

Wilkinson 1997 [50] 0.33 0.27 0.41 1349.66 0.00 98.22 97.88 98.51
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Anaemia and hypertensive disorders of pregnancy
Although four studies reported on HDP, none showed 
a statistically significant relationship between anaemic 
mothers and the development of this condition (Table 3).

Anaemia and supplementation
As summarised in Table 4, eleven of the studies reported 
on either type of supplementation provided, or the 
effects thereof. Iron and folate were the most common 
supplements, with one study also providing calcium as 
prophylaxis against HDP. The Kesho Bora Study Group 
[47] noted that some improvement in anaemia may 
have been due to routine supplementation, as did Mkh-
ize et al. [39]. In general, however, there appeared to be 
little effect on the overall iron status of the population, 

despite supplementation, while Lamparelli [44] noted an 
exacerbation despite supplementation as the pregnancy 
progressed. Non-adherence to supplementation and 
poor records of supplementation being provided and or 
ingested were also observed.

Discussion
This study is a comprehensive evaluation of the available 
literature that assessed the prevalence, risk factors and 
outcomes associated with anaemia in pregnant women in 
SA. All efforts were made to find and analyse the avail-
able data in terms of these parameters, so as to provide a 
unique perspective on this issue, with the aim of inform-
ing policy makers, and improve on the present basic 
antenatal package of care.

a

b

c

Fig. 3 a-c Forest plots showing pooled prevalence according to the severity of anaemia grouped into a mild (Hb 9.0–11.0 g/dL), b moderate (Hb 
7.0–8.9 g/dL) and c severe (Hb < 7.0 g/dL)



Page 8 of 16Dorsamy et al. Systematic Reviews           (2022) 11:16 

Outcome: pooled prevalence of anaemia in South African 
pregnant women
The overall result of the meta-analysis of 26 studies gave 
a pooled prevalence of anaemia of 31% (95% CI, 23–39%), 
with an I2 of 98% indicative of the extreme heterogene-
ity amongst the studies. While the pooled prevalence 
reported in this study is in keeping with both local and 
regional studies and surveys, most notably the SAN-
HANES study [56], the estimate is lower than other 
sub-Saharan countries where overall prevalence (57%) is 
even higher [57–59]. However, we are able to report this 
result with greater confidence given our quality assess-
ment of the studies using the GRADE tool, which allowed 
us to evaluate our result as important (Additional file 
57). While anaemia plays a major role in contributing to 
global disease burden, the brunt is felt in lower income 
to middle-income countries (LMIC), particularly Africa 
and Asia, where the prevalence of anaemia in pregnant 
women can range between 46.3 and 60%. Our study 
showed that the prevalence in SA is in the range of 20 

to 40% and so the country appears to be relatively less 
affected as compared to much of Africa. This is due in 
part to the slightly improved socio-economic status of 
South Africa as compared to other African countries. 
However, when compared to high-income settings such 
as Europe and the Americas, where the prevalence of 
anaemia is approximately 25% [59], this effect of eco-
nomic disparity on health outcomes is made even clearer.

Outcome: severity of anaemia
Nine studies reported on the severity or the grade of 
anaemia—either mild, moderate or severe, although they 
were not consistent in the manner of reporting. Although 
the heterogeneity was high (I2 100%), the prevalence per 
grade (mild 59%, moderate 38% and severe 3%) were in 
keeping with the general findings in the literature.

The majority of patients presented with mild anaemia 
that progressed during the pregnancy [15, 18–20,  48, 
49, 51, 60], with the apparent cause being attributed 
to iron deficiency or infection. While a bone marrow 

Fig. 4 Subgroup analysis by year of study with 3 groups: pre-1994, post-1994 (abolishment of apartheid) and post-2002 (PMTCT was introduced)
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aspirate is the most definitive diagnosis of iron defi-
ciency anaemia [61], this test is invasive and expen-
sive. Hb concentration is used as a proxy measurement 
instead, given its low cost and ease of use. Without con-
firmatory iron studies, iron deficiency is often assumed 
to be the cause. While such deficiency may be attrib-
uted to the development of the placenta and growing 
demands of the foetus, it may also be due to the modu-
lation of the maternal immune system [61] due to infec-
tive or inflammatory conditions [51, 62, 63].

Study-level subgroup analyses based on year of pub-
lication, race, quality of study and HIV indicate that the 
heterogeneity was pervasive.

The pooled prevalence of anaemia of 26% (I2 96%) cal-
culated for studies between 1970 and 1994 was lower 
than that of studies from 2003 to date (33%, I2 98%), while 
the lowest prevalence was observed between 1995 and 
2002 (7%). However, there were only two studies in this 
intermediate grouping, and although the heterogeneity 
was low (I2 22%), we discounted any observed effect due 

Fig. 5 Subgroup analysis by race with 4 subgroups. Where race was not specified within studies, all races were assumed to be included within that 
study



Page 10 of 16Dorsamy et al. Systematic Reviews           (2022) 11:16 

to the year of study publication. This increase in preva-
lence could be indicative of an absolute increase because 
of the rising epidemics of HIV and Tb during this period, 
or worsening disparities in socio-economic status. It 
could also be due to better evaluation of anaemia using 
more sensitive tests or an increase in access to healthcare 
services post advent of democracy.

With regard to race, a pooled prevalence of 28% was 
noted in 13 studies that either included all race groups 
or did not differentiate the study population into race 
groups (I2 100%), as compared to the prevalence of 33% 
for Black women, 17% for Coloured and White women 
(9 and 3 studies) and 49% for Indian women (Additional 
file  1). Again, significant heterogeneity was demon-
strated amongst the first two groups (I2 99% and 84%), 
with a moderate level of heterogeneity in the study that 
focussed on Indian women (I2 48%). However, as with the 
subgroup analysis by year, this latter group only consisted 
of two studies, and the absolute effect was not further 
considered. Earlier studies which attempted to assign a 

racial association for anaemia based on diet or cooking 
practices were disproved, given that anaemia is more 
prevalent in Black pregnant women (33%). These results 
highlight the association between health status and the 
social determinants of health, in particular the impact 
that inequities in socio-economic status, access to safe 
water, adequate sanitation good nutrition and health care 
of an acceptable standard, or ethnic differences can have 
on a population [64]. The present estimate may be more 
reflective of the effects of lack of sanitation and safe water 
that could predispose to infective causes of anaemia, 
rather than ethnic differences alone.

Outcome: risk factors for anaemia—HIV, TB and other 
co‑morbidities
Risk factors for anaemia included HIV, TB, and parasitic 
infections in particular, and then any other comorbidi-
ties in general. Subgroup analyses of prevalence of anae-
mia in pregnant women in those papers that reported on 
HIV (n = 13) were compared to the 13 that did not. The 

Fig. 6 Subgroup analysis by study quality separated into low quality (1–3), moderate (4–6) and high quality (7–9) according to the Hoy tool [21] 
used to assess study quality
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pooled prevalence of anaemia (28%) in the latter group 
was understandably lower, than the 38% in the former, 
since this group included papers published prior to the 
first reported cases of HIV between 1982 and 1985. Het-
erogeneity was high in both groups—I2 99% and 98% 
respectively.

Risk factors for anaemia other than iron deficiency 
should be considered, including the social determinants 
of health which predispose to common infections such 
as HIV and AIDS, TB and parasitic infestations, as well 
as obesity [3]. In the studies conducted in HIV positive 
cohorts, a positive association between anaemia and 
the condition was seen [5, 18–20, 31, 18, 34, 35, 37, 41, 
44,  47, 51]. Globally, there is an increase in the preva-
lence of anaemia in HIV-positive patients and those with 
AIDS, possibly due to increased blood loss from con-
comitant neoplasia or gastrointestinal lesions, or due to 
decreased red blood cell (RBC) production, RBC destruc-
tion or inefficient RBC production. These findings were 
supported by this review. The Kesho Bora Study Group 
[47] showed that South African pregnant women who 
were HIV positive had, like their African counterparts, 

an increased prevalence of anaemia related to socio-eco-
nomic status, advanced disease, and prolonged duration 
of disease, although this risk was decreased compared to 
Kenya, given that malaria is not endemic in this setting. 
Nandlal [49] showed a similar finding in relation to lower 
CD4 counts in a cohort of pregnant South African HIV 
women, as did Tunkyi and Moodley [51], and further 
demonstrated that the severity increased with gestational 
age. These factors had a significant negative impact on 
both maternal and foetal outcomes.

South Africa has a high burden of TB infection, with 
an estimate of 301,000 active cases in 2018 [65]. The 
association of anaemia in patients with TB [66, 67]: we 
found only one study that reported on TB as a mediator 
of anaemia status, with a high prevalence of 70% in the 
pregnant population [61]. This is a considerable deficit in 
the body of knowledge, especially since South Africa is a 
LMIC and lower socio-economic status is associated with 
increased TB risk, as also shown in similar settings [68].

While the earlier studies in this review [38, 53–55] 
advocate routine supplementation, later work from 
Hoque [36], Tunkyi and Moodley [20] and Symington 

Fig. 7 Subgroup analysis by whether studies reported on HIV as an outcome or co-factor in anaemia
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et al. [5] all argue that other risk factors need to be ascer-
tained given the high infective burden of schistosomiasis, 
helminths and other parasitic infections. These infections 

lead to the sequestration of circulating iron to protect the 
host from fulminant infection, but may result in anaemia 
[15]. Indeed, Hoque [69] demonstrated a 12-fold increase 

Fig. 8 Subgroup analysis by whether studies reported on birth weight as an outcome or co-factor in anaemia

Table 2 Maternal anaemia and birth outcomes

Author, year Description of birth outcomes

Donald 2019 [34] Decrease in cognitive development in children, especially boys in presence of maternal anaemia.

Govender 2018 [35] LBW and low Apgar scores reported associated with late booking of ANC. No association deter-
mined for anaemia and birth outcome parameters.

Mkhize 2019 [44] LBW associated with the 34-week group only.

Nandlal 2014 [51] No difference in birth weight between groups. Infants born to mothers who presented with 
anaemia in pregnancy were twice more likely to be anaemic.

Nojilana 2007 [72] IDA associated with 37% perinatal mortality and mild mental disability.

Symington 2019 [5] Inverse relationship between birthweight and maternal anaemia.

Tunkyi 2017 [20] Increase in placenta abruptio in patients on ARV’s.

Tunkyi 2018 [19] LBW, preterm delivery associated with anaemia.

van Bogaert 2006 [48] Anaemia present at early booking may predispose to caesarean section.
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in the risk of anaemia in the presence of schistosomiasis 
infection.

Outcome: hypertensive disorders of pregnancy
Anaemia has been shown to be associated with HDP, 
adversely affecting both maternal and perinatal outcomes 
[4, 14]. The greater the severity and duration of anaemia, 
the higher the risk for HDP as well as resultant mater-
nal and foetal morbidity and mortality [20]. While only 
four studies reported on hypertension and anaemia, none 
showed a statistically increased risk for HDP. However, 
Nandlal [51] and Tunkyi and Moodley [47] showed that 
HIV-positive women—already at risk for anaemia asso-
ciated with the infection—were more likely to develop 
HDP, as well as a nonsignificant increase in abruptio pla-
centae when on antiretrovirals needed to treat the condi-
tion. The severity of anaemia increased with the duration 
of anti-retroviral treatment [70]. Thus, it is important to 
manage anaemia both in the non-pregnant population, as 
well as make an early comprehensive diagnosis of anae-
mia and manage appropriately in early pregnancy so as to 

limit the effects and unwanted sequelae to both mother 
and baby.

Outcome: low birth weight
Of the nine studies that reported on birth outcomes, 
eight were also associated with HIV-positive mothers [5, 
18, 19, 34, 4, 35, 41, 44, 48]. Low birth weight and pre-
term labour were the most common adverse events, but 
it was difficult to ascertain whether this was directly due 
to the anaemia, the infection or both, as well as in which 
direction the association might be. Our finding is thus in 
keeping with the general body of evidence, which at pre-
sent remains inconclusive [51].

Outcome: anaemia and supplementation
Although a Cochrane review [71] reported that there was 
no reduction in risk following prenatal supplementation, 
Haider et al. [14] report significant evidence to the con-
trary. They go on to postulate a biological model for plau-
sible support for the theory, both in terms of maternal 
gut absorption of dietary iron in the face of depleted iron 
stores as well as placental transfer to the foetus, showing 

Table 3 Anaemia associated with hypertensive disorders of pregnancy

Author, year N cases Which HDP Comments HDP

Macaulay 2018 [41] 505 Just hypertension per se Overall prevalence 3.4%, no significant difference between diabetics and non-diabetics

Mkhize 2019 [44] 89 Pre-eclampsia 4% in > 34 weeks and 4% in < 34 weeks HIV uninfected

Nandlal 2014 [51] 262 Pre-eclampsia 5.5% in anaemia 5.4% in no anaemia RR 0.98 (0.42–2.28) p = 1.00

Tunkyi 2017 [20] 854 PIH Significant difference in HIV-infected women on treatment greater than a year

Tunkyi 2018 [19] 854 PIH Not significant

Table 4 Anaemia and supplementation

Author, year Supplements Key findings

Becker 1970 [32] Iron and folate No difference observed in untreated subjects, and those 
treated with iron, and iron and folate

Bopape 2008 [33] Iron and folate No difference in iron, serum ferritin and  B12 while folate 
higher in supplemented groups

Dommisse 1969 [55] Oral iron (Gradumet) and injection (Imferon) Participants responded better to injection than oral in subset 
of patients with severe anaemia with poor response to folate

Kesho Bora 2013 [47] Iron, folate and multivitamins Routine supplementation presumed to have contributed to 
rise in HB

Lamparelli 1988 [38, 39, 53] Indicated iron and folate supplementation during preg-
nancy in affluent population

Iron stores still depleted as pregnancy progressed

Mkhize 2019 [44] Pregamel for all and ferrous sulphate for anaemia 20.8% non-adherence overall but adherence was higher 
in HIV+ group. Improvement noted with adherence to 
haematinics

Ross 1981 [46] Haematinics mentioned in a subgroup for longitudinal 
study

No difference in dietary supplementation and ferritin levels 
or Vit C was found between groups

Symington 2019 [5] Ferrous sulphate, calcium and folate 100% compliance and additional supplementation in some

Tunkyi 2017 [20] Iron and folate 200 μg

van Bogaert 2006 [48] Haematinics Only 112 records indicated iron supplementation



Page 14 of 16Dorsamy et al. Systematic Reviews           (2022) 11:16 

a linear dose response between dose and resultant birth 
weight. Our findings would seem to indicate that it is 
anaemia per se, and not necessarily iron deficiency anae-
mia that has negative impacts on birth outcomes. How-
ever, in the presence of other comorbidities, it is difficult 
to ascertain cause and effect, as well as impact.

Anaemia in pregnancy can result in immediate, 
medium and long-term adverse effects on maternal and 
foetal wellbeing and obstetric outcomes [34]. Multisec-
toral interventions implemented at a sociodemographic 
level can result in a reduction in the burden of disease 
of anaemia and its long-term and widespread sequelae 
in the population as a whole. Health promotion strate-
gies together with routine screening and mass treatment 
of populations for common infections need to be con-
sidered interventions to be implemented at the primary 
health care (PHC) level, particularly as part of the ante-
natal package of care.

Limitations
This is the first study to systematically review the availa-
ble literature on the prevalence of anaemia in South Afri-
can pregnant women; nonetheless, several limitations 
exist. Firstly, there is a variation in the period of gesta-
tion at which anaemia was assessed (first antenatal visit 
or subsequently) and the type of diagnostic test used. 
Although anaemia progresses with pregnancy, many in 
this population seek antenatal care late in the pregnancy, 
and the overall severity reported might actually be under-
estimated due to the physiological changes of pregnancy 
itself.

There was a paucity of data reporting on prevalence of 
anaemia and direct maternal and foetal outcomes. The 
cross-sectional study design of the majority of studies 
selected meant causal associations with maternal and 
foetal outcomes could not be ascertained. Demographic 
data of interest was not available for most study popula-
tions and as such could not be reported on. This would 
have contributed to the heterogeneity amongst studies in 
the subgroup analyses.

Generalisability may be limited, since all studies were 
conducted in women attending public health sector set-
tings, and not the private sector. Anaemia may be due 
to other causes in this more affluent population, which 
warrants further investigation. Furthermore, most stud-
ies were set in two of the 11 provinces namely KwaZulu-
Natal and Gauteng; therefore, the pooled prevalence may 
be skewed towards these provinces.

Conclusions and recommendations
From the pooled prevalence reported in this study, we 
estimate anaemia in the pregnant population to be 31% 
(95% CI, 23–39%). This can be extrapolated to the general 

population. While the prevalence of anaemia remains 
high, risk factors are varied. Iron deficiency is still com-
mon but the presence of comorbidities in South Africa 
also contributes to anaemia and should not be ignored. 
Pregnant women should be assessed for causes of anae-
mia other than iron deficiency. Further longitudinal 
studies at the local level need to be undertaken to more 
carefully unpack these associations and should include 
data on appropriate tests used to determine anaemia 
and establish iron status, supplementation regimens and 
compliance by the patient and the period of gestation as 
well as evaluate maternal comorbidities and adverse birth 
outcomes.

Evidence exists that there may be other reasons for 
anaemia, including infection and infestation. Simple 
screening for parasites should be done at the PHC level, 
incorporated into antenatal care. Thus, guided interven-
tions can be implemented so as to effect the best out-
come, rather than ubiquitous supplementation with iron.

Abbreviations
ANC: Ante natal care/clinic; GRADE: Grading of Recommendations Assess-
ment, Development and Evaluation; RCT : Randomised control trial; Hb: 
Haemoglobin; HDP: Hypertensive disorders of pregnancy; LBW: Low birth 
weight; LMIC: Low- to middle-income country; MCV: Mean cell volume; MeSH: 
Medical Subject Headings; TB: Mycobacterium tuberculosis; PRISMA: Preferred 
Reporting Items for Systematic Reviews and Meta-analysis; PIH: Pregnancy-
induced hypertension/gestational hypertension; PROSPERO: Prospective Reg-
ister of Systematic Reviews; SARS-CoV-2: Severe acute respiratory syndrome 
coronavirus 2; SA: South Africa/n; SDGs: Sustainable development goals; WHO: 
World Health Organisation.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13643- 022- 01884-w.

Additional file 1. Sub group analysis by province.

Additional file 2. Search strategy.

Additional file 3. Modification of the Hoy Tool* for risk of bias in preva-
lence studies.

Additional file 4. DOI plot and LFK ratio for publication bias and asym-
metry of overall pooled prevalence.

Additional file 5. Characteristic of studies included in this meta-analysis.

Additional file 6. 

Acknowledgements
The authors would like to thank Dr. Tivani Mashamba-Thomson and Prof 
Bongani Nkambule for their guidance through the process.

Authors’ contributions
VD and CB conceptualised the study and undertook the review under the 
guidance and supervision of JM. The author(s) read and approved the final 
manuscript.

Funding
This systematic review forms part of a larger study investigating anaemia and 
hypertensive disorders of pregnancy in South African women, which is funded 
by the National Research Foundation Thuthuka Grant (TTK170508230162) 

https://doi.org/10.1186/s13643-022-01884-w
https://doi.org/10.1186/s13643-022-01884-w


Page 15 of 16Dorsamy et al. Systematic Reviews           (2022) 11:16  

in collaboration with the University of KwaZulu-Natal and Medical Research 
Council of South Africa (SIR Grant UNS14197). The institutions listed have no 
vested interest in the study. Further, there was no input from these organisa-
tions in the interpretation of the results.

Availability of data and materials
All data generated or analysed during this study is included in the systematic 
review article and will also be available upon request

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Laboratory Medicine and Medical Sciences, College of Health Sciences, 
University of KwaZulu-Natal, Durban, South Africa. 2 Department of Public 
Health Medicine, School of Nursing and Public Health, University of KwaZulu-
Natal, Durban, South Africa. 3 Women’s Health and HIV Research Group, School 
of Clinical Medicine, University of KwaZulu-Natal, Durban, South Africa. 

Received: 21 January 2021   Accepted: 9 January 2022

References
 1. Kassebaum NJ, Jasrasaria R, Naghavi M, Wulf SK, Johns N, Lozano R, et al. 

A systematic analysis of global anemia burden from 1990 to 2010. Blood. 
2014;123:615–24 United States: American Society of Hematology.

 2. De Benoist B, World Health Organization, Centers for Disease Control and 
Prevention (U.S.). Worldwide prevalence of anaemia 1993-2005 of: WHO 
Global Database of anaemia. Geneva: World Health Organization; 2008. 
Available from: http:// whqli bdoc. who. int/ publi catio ns/ 2008/ 97892 41596 
657_ eng. pdf. Cited 2020 Oct 29

 3. WHO. WHO | The global prevalence of anaemia in 2011. 2011. Avail-
able from: https:// www. who. int/ nutri tion/ publi catio ns/ micro nutri ents/ 
global_ preva lence_ anaem ia_ 2011/ en/. Cited 2020 Dec 1.

 4. Jung J, Rahman MM, Rahman MS, Swe KT, Islam MR, Rahman MO, et al. 
Effects of hemoglobin levels during pregnancy on adverse maternal and 
infant outcomes: a systematic review and meta-analysis. Ann N Y Acad 
Sci. 2019;1450:69–82.

 5. Symington EA, Baumgartner J, Malan L, Wise AJ, Ricci C, Zandberg L, et al. 
Maternal iron-deficiency is associated with premature birth and higher 
birth weight despite routine antenatal iron supplementation in an urban 
South African setting: the NuPED prospective study. Shekhawat PS, edi-
tor. PLoS One. 2019;14:e0221299.

 6. Mkhize BT, Mabaso M, Mamba T, Napier CE, Mkhize-Kwitshana ZL. The 
interaction between HIV and intestinal helminth parasites coinfection 
with nutrition among adults in KwaZulu-Natal, South Africa. BioMed Res 
Int. 2017;2017:e9059523.

 7. Neiger R. Long-term effects of pregnancy complications on maternal 
health: a review. J Clin Med. 2017;6:76.

 8. McLean E, Cogswell M, Egli I, Wojdyla D, de Benoist B. Worldwide 
prevalence of anaemia, WHO Vitamin and Mineral Nutrition Informa-
tion System, 1993–2005. Public Health Nutr. 2009;12:444–54 Cambridge 
University Press.

 9. Giorlandino C, Cignini P. Iron supplementation in non-anaemic women 
did not improve pregnancy outcomes and may be harmful to both 
mother and baby. Evid Based Med. 2008;13:15.

 10. Casanueva E, Viteri FE. Iron and oxidative stress in pregnancy. J Nutr. 
2003;133:1700S–8S.

 11. Jirakittidul P, Sirichotiyakul S, Ruengorn C, Techatraisak K, Wiriyasirivaj 
B. Effect of iron supplementation during early pregnancy on the 

development of gestational hypertension and pre-eclampsia. Arch 
Gynecol Obstet. 2018;298:545–50.

 12. Ng S-W, Norwitz SG, Norwitz ER. The impact of iron overload and ferrop-
tosis on reproductive disorders in humans: implications for preeclampsia. 
Int J Mol Sci. 2019;20(13):3283.

 13. Dewey KG, Oaks BM. U-shaped curve for risk associated with mater-
nal hemoglobin, iron status, or iron supplementation. Am J Clin Nutr. 
2017;106:1694S–702S.

 14. Haider BA, Olofin I, Wang M, Spiegelman D, Ezzati M, Fawzi WW, et al. 
Anaemia, prenatal iron use, and risk of adverse pregnancy outcomes: 
systematic review and meta-analysis. BMJ. 2013;346:f3443.

 15. Hoque M, Hoque E, Kader S. Risk factors for anaemia in pregnancy in rural 
KwaZulu-Natal, South Africa: implication for health education and health 
promotion. S Afr Fam Pract. 2009;51:68–72.

 16. Dorsamy V, Bagwandeen C, Moodley J. The prevalence, risk factors and 
outcomes of anaemia in South African pregnant women: a protocol for a 
systematic review and meta-analysis. Syst Rev. 2020;9:209.

 17. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, 
et al. The PRISMA 2020 statement: an updated guideline for reporting 
systematic reviews. Syst Rev. 2021;10:89.

 18. Tunkyi K, Moodley J. Prevalence of anaemia in pregnancy in a regional 
health facility in South Africa. S Afr Med J. 2015;106:101–4.

 19. Tunkyi K, Moodley J. Anemia and pregnancy outcomes: a longitudinal 
study. J Matern Fetal Neonatal Med. 2018;31:2594–8 Philadelphia, Penn-
sylvania: Taylor & Francis Ltd.

 20. Tunkyi K, Moodley J. Anaemia in pregnancy in a setting of high HIV preva-
lence rates. S Afr J Infect Dis. 2017;32:138–41.

 21. Hoy D, Brooks P, Woolf A, Blyth F, March L, Bain C, et al. Assessing risk of 
bias in prevalence studies: modification of an existing tool and evidence 
of interrater agreement. J Clin Epidemiol. 2012;65:934–9.

 22. Schünemann H, Brożek J, Guyatt G, Oxman A, editors. GRADE handbook 
for grading quality of evidence and strength of recommendations. The 
GRADE Working Group; 2013. Available from: https:// gdt. grade pro. org/ 
app/ handb ook/ handb ook. html.

 23. Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al., edi-
tors. Cochrane handbook for systematic reviews of interventions version 
6.2 (updated February 2021). Cochrane; 2021. Available from: https:// train 
ing. cochr ane. org/ handb ook/ curre nt.

 24. Barendregt JJ, Doi SA, Lee YY, Norman RE, Vos T. Meta-analysis of preva-
lence. J Epidemiol Community Health. 2013;67:974–8 BMJ Publishing 
Group Ltd.

 25. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, 
et al. GRADE: an emerging consensus on rating quality of evidence and 
strength of recommendations. BMJ. 2008;336:924–6.

 26. MetaXL. 2020. Available from: https:// www. epige ar. com/ index_ files/ 
metaxl. html. Cited 2020 Nov 13.

 27. Wood JA. Methodology for dealing with duplicate study effects in a 
meta-analysis. Organ Res Methods. 2008;11:79–95.

 28. Furuya-Kanamori L, Barendregt JJ, Doi SAR. A new improved graphical 
and quantitative method for detecting bias in meta-analysis. JBI Evid 
Implement. 2018;16:195–203.

 29. Adams EB, Hift W. Nutritional and other megaloblastic anaemias 
among Africans and Indians in Durban. Trans R Soc Trop Med Hyg. 
1961;55:374–82.

 30. Akinsooto V, Ojwang PJ, Govender T. Soluble transferrin receptors in anae-
mia of pregnancy. J Obstet Gynaecol. 2001;21:250–2.

 31. Bloch EM, Hull J, Green-Thompson R, Ingram C, Crookes RL, Fawcus S, 
et al. Antenatal blood transfusion in South Africa: indications and practice 
in a high-HIV-prevalence setting. Transfusion (Paris). 2020;60:479–87.

 32. Becker D, Charlton RW, Bothwell TH, Edelstein T, Baumslag N, Metz J. Iron 
nutrition in pregnant Bantu females. South Afr Med J Suid-Afr Tydskr Vir 
Geneeskd. 1970;44:414–7.

 33. Bopape M, Mbhenyane X, Alberts M. The prevalence of anaemia and 
selected micronutrient status in pregnant teenagers of Polokwane 
Municipality in the Limpopo Province. S Afr J Clin Nutr. 2008;21:332–6.

 34. Donald KA, Wedderburn CJ, Barnett W, Nhapi RT, Rehman AM, Stadler 
JAM, et al. Risk and protective factors for child development: an observa-
tional South African birth cohort. PLoS Med. 2019;16:1–20 Public Library 
of Science.

http://whqlibdoc.who.int/publications/2008/9789241596657_eng.pdf
http://whqlibdoc.who.int/publications/2008/9789241596657_eng.pdf
https://www.who.int/nutrition/publications/micronutrients/global_prevalence_anaemia_2011/en/
https://www.who.int/nutrition/publications/micronutrients/global_prevalence_anaemia_2011/en/
https://gdt.gradepro.org/app/handbook/handbook.html
https://gdt.gradepro.org/app/handbook/handbook.html
https://training.cochrane.org/handbook/current
https://training.cochrane.org/handbook/current
https://www.epigear.com/index_files/metaxl.html
https://www.epigear.com/index_files/metaxl.html


Page 16 of 16Dorsamy et al. Systematic Reviews           (2022) 11:16 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 35. Govender T, Reddy P, Ghuman S. Obstetric outcomes and antenatal 
access among adolescent pregnancies in KwaZulu-Natal, South Africa. S 
Afr Fam Pract. 2018;60:1–7.

 36. Hoque M, Kader S, Hoque E. Prevalence of anaemia in pregnancy in the 
Uthungulu health district of KwaZulu-Natal, South Africa. S Afr Fam Pract. 
2007;49:16–16d.

 37. Kerkhoff AD, Wood R, Vogt M, Lawn SD. Predictive value of anemia for 
tuberculosis in HIV-infected patients in Sub-Saharan Africa: an indication 
for routine microbiological investigation using new rapid assays. J Acquir 
Immune Defic Syndr. 2014;66:8.

 38. Lamparelli DV, Pienaar L, Baynes D. Anaemia in pregnant Indian women 
in Johannesburg. S Afr Med J. 1988;74:4.

 39. Lamparelli RDV, Bothwell H, Macphail AP. Nutritional anaemia in pregnant 
coloured women in Johannesburg. S Afr Med J. 1988;73:5.

 40. Levy S, Schapkaitz E. The clinical utility of new reticulocyte and erythro-
cyte parameters on the Sysmex XN 9000 for iron deficiency in pregnant 
patients. Int J Lab Hematol. 2018;40:683–90.

 41. Macaulay S, Ngobeni M, Dunger DB, Norris SA. The prevalence of gesta-
tional diabetes mellitus amongst black South African women is a public 
health concern. Diabetes Res Clin Pract. 2018;139:278–87.

 42. Mathee A, Naicker N, Kootbodien T, Mahuma T, Nkomo P, Naik I, et al. A 
cross-sectional analytical study of geophagia practices and blood metal 
concentrations in pregnant women in Johannesburg, South Africa. S Afr 
Med J. 2014;104:568.

 43. Mayet FGH. Anaemia of pregnancy. S Afr Med J. 1985;67:804–9.
 44. Mkhize PZ, Naicker T, Onyangunga O, Moodley J. Adherence to iron 

prophylactic therapy during pregnancy in an urban regional hospital in 
South Africa. S Afr Fam Pract. 2019;61:203–8.

 45. Notelovitz M, Nel M. Latent iron deficiency anaemia in pregnancy. S Afr 
Med J. 1972;46:5.

 46. Ross SM, Read MD, Dhupelia I. Iron prophylaxis in pregnancy - is it useful? 
S Afr Med J. 1981;4:698-701.

 47. The Kesho Bora Study Group, Sartorius BK, Chersich MF, Mwaura M, Meda 
N, Temmerman M, et al. Maternal anaemia and duration of zidovudine 
in antiretroviral regimens for preventing mother-to-child transmission: a 
randomized trial in three African countries. BMC Infect Dis. 2013;13:522.

 48. Van Bogaert L-J. Anaemia and pregnancy outcomes in a South African 
rural population. J Obstet Gynaecol. 2006;26:617–9 England: Informa 
Healthcare.

 49. Weyers R, Coetzee MJ, Nel M. Iron status determination in pregnancy 
using the Thomas plot. Int J Lab Hematol. 2016;38:119–24.

 50. Wilkinson D, Sach ME. Cost-effective on-site screening for anaemia in 
pregnancy in primary care clinics. S Afr Med J. 1997;3.

 51. Nandlal V, Moodley D, Grobler A, Bagratee J, Maharaj NR, Richardson P. 
Anaemia in pregnancy is associated with advanced HIV disease. PLoS 
One. 2014;9:e106103 United States: Public Library of Science.

 52. Doi SAR, Thalib L. A quality-effects model for meta-analysis. Epidemiol-
ogy. 2008;19:94–100 Lippincott Williams & Wilkins.

 53. Lamparelli RD, Bothwell TH, MacPhail AP, van der Westhuyzen J, Baynes 
RD, MacFarlane BJ. Nutritional anaemia in pregnant coloured women in 
Johannesburg. S Afr Med J. 1988;73:477–81 South Africa: South African 
Medical Association.

 54. Mayet FGH. Anaemia among the inhabitants of a rural area in northern 
Natal. S Afr Med J. 1985;67:5.

 55. Dommisse J, Du Toit ED. The incidence and treatment of severe preg-
nancy anaemia in the Cape Town area. S Afr Med J. 1969;43:244–7.

 56. Shisana O, South Africa, Department of Health, Human Sciences Research 
Council, South African Medical Research Council. The South African 
National Health and Nutrition Examination Survey: SANHANES-1. Cape 
Town: HSRC Press; 2013.

 57. Adam I, Ibrahim Y, Elhardello O. Prevalence, types and determinants of 
anemia among pregnant women in Sudan: a systematic review and 
meta-analysis. BMC Hematol. 2018;18:1–8 BioMed Central.

 58. Nonterah EA, Adomolga E, Yidana A, Kagura J, Agorinya I, Ayamba EY, 
et al. Descriptive epidemiology of anaemia among pregnant women 
initiating antenatal care in rural Northern Ghana. Afr J Prim Health Care 
Fam Med. 2019;11:7.

 59. Stevens GA, Finucane MM, De-Regil LM, Paciorek CJ, Flaxman SR, Branca F, 
et al. Global, regional, and national trends in haemoglobin concentration 
and prevalence of total and severe anaemia in children and pregnant and 

non-pregnant women for 1995-2011: a systematic analysis of population-
representative data. Lancet Glob Health. 2013;1:e16–25.

 60. Mayet FG. The prevalence of anaemia and iron deficiency in the Indian 
community in Natal. S Afr Med J. 1976;50:1889–92.

 61. Kerkhoff AD, Meintjes G, Opie J, Vogt M, Jhilmeet N, Wood R, et al. Anae-
mia in patients with HIV-associated TB: relative contributions of anaemia 
of chronic disease and iron deficiency. Int J Tuberc Lung Dis Off J Int 
Union Tuberc Lung Dis. 2016;20:193–201 France: The Union.

 62. Metz J, Turchetti L, Combrink B, Krawitz S. Significance of tests of iron 
nutrition in pregnancy. J Clin Pathol. 1966;19:173–6.

 63. Mor G, Cardenas I. The immune system in pregnancy: a unique complex-
ity. Am J Reprod Immunol. 2010;63:425–33.

 64. Marmot M. Social determinants of health inequalities. Lancet Lond Engl. 
2005;365:1099–104.

 65. Organisation mondiale de la santé. Global tuberculosis report 2019. 
Geneva: World Health Organization; 2019.

 66. Gil-Santana L, Cruz LAB, Arriaga MB, Miranda PFC, Fukutani KF, Silveira-
Mattos PS, et al. Tuberculosis-associated anemia is linked to a distinct 
inflammatory profile that persists after initiation of antitubercular therapy. 
Sci Rep. 2019;9:1381 Nature Publishing Group.

 67. Lee SW, Kang YA, Yoon YS, Um S-W, Lee SM, Yoo C-G, et al. The prevalence 
and evolution of anemia associated with tuberculosis. J Korean Med Sci. 
2006;21:1028.

 68. Jiamsakul A, Lee M-P, Nguyen K, Merati T, Cuong D, Ditangco R, et al. 
Socio-economic status and risk of tuberculosis: a case-control study of 
HIV-infected patients in Asia. Int J Tuberc Lung Dis Off J Int Union Tuberc 
Lung Dis. 2018;22:179–86.

 69. Nairz M, Schroll A, Sonnweber T, Weiss G. The struggle for iron – a metal 
at the host–pathogen interface. Cell Microbiol. 2010;12:1691–702.

 70. Ali AA, Rayis DA, Abdallah TM, Elbashir MI, Adam I. Severe anaemia is 
associated with a higher risk for preeclampsia and poor perinatal out-
comes in Kassala hospital, eastern Sudan. BMC Res Notes. 2011;4:311.

 71. Peña-Rosas JP, Viteri FE. Effects and safety of preventive oral iron or 
iron+folic acid supplementation for women during pregnancy. In: The 
Cochrane Collaboration, editor. Cochrane Database Syst Rev. Chichester: 
Wiley; 2009. p. CD004736.pub3. Available from: http:// doi. wiley. com/ 10. 
1002/ 14651 858. CD004 736. pub3. Cited 2020 Dec 19.

 72. Nojilana B, Norman R, Dhansay MA, Labadarios D, van Stuijvenberg 
ME, Bradshaw D. Estimating the burden of disease attributable to iron 
deficiency anaemia in South Africa in 2000. South Afr Med J Suid-Afr 
Tydskr Vir Geneeskd. South Africa: South African Medical Association; 
2007;97:741–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

http://doi.wiley.com/10.1002/14651858.CD004736.pub3
http://doi.wiley.com/10.1002/14651858.CD004736.pub3

	The prevalence, risk factors and outcomes of anaemia in South African pregnant women: a systematic review and meta-analysis
	Abstract 
	Background
	Methodology
	Search strategy
	Study selection
	Data extraction and quality assessment
	Risk of bias and quality assessment
	Data synthesis and analysis

	Results
	Deviation from protocol
	Study selection
	Characteristics of studies
	Prevalence of anaemia
	Severity of anaemia
	Subgroup analysis
	Anaemia and birth outcomes
	Anaemia and hypertensive disorders of pregnancy
	Anaemia and supplementation

	Discussion
	Outcome: pooled prevalence of anaemia in South African pregnant women
	Outcome: severity of anaemia
	Outcome: risk factors for anaemia—HIV, TB and other co-morbidities
	Outcome: hypertensive disorders of pregnancy
	Outcome: low birth weight
	Outcome: anaemia and supplementation

	Limitations
	Conclusions and recommendations
	Acknowledgements
	References


