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Abstract

Background Despite routine iron supplementation for pregnant women in South Africa, anaemia and iron
deficiency (ID) in pregnancy remain a public health concern.

Objective To determine the associations between iron status and birth outcomes of pregnant women attending
antenatal clinic at a regional hospital in Bloemfontein.

Methods In this cross-sectional study of 427 pregnant women, blood was taken to analyze biomarkers of anaemia
(haemoglobin), iron status (ferritin and soluble transferrin receptor) and inflammation (C-reactive protein and a-1-acid
glycoprotein). A questionnaire was used to collect information about birth outcomes (birth weight and gestational
age at birth), HIV exposure, sociodemographics, iron supplement intake, and maternal dietary iron intake using a
validated quantified food frequency questionnaire.

Results The median (Q,, Q;) weeks of gestation of participants was 32 (26, 36) at enrolment. Anaemia, iron deficiency
(ID), ID anaemia (IDA) and ID erythropoiesis (IDE) were present in 42%, 31%, 19% and 9.8% of participants, respectively.
Median (Q,, Q;) dietary and supplemental iron intake during pregnancy was 16.8 (12.7, 20.5) mg/d and 65 (65, 65)
mg/d, respectively. The median (max-min) total iron intake (diet and supplements) was 81 (8.8-101.8) mg/d, with 88%
of participants having a daily intake above the tolerable upper intake level of 45 mg/d. No significant associations of
anaemia and iron status with low birth weight and prematurity were observed. However, infants born to participants
in the third hemoglobin (Hb) quartile (Hb>11.3-12.2 g/dL) had a shorter gestation by 1 week than those in the fourth
Hb quartile (Hb>12.2 g/dL) (p=0.009). Compared to pregnant women without HIV, women with HIV had increased
odds of being anaemic (OR:2.14, 95%Cl: 1.41, 3.247), having ID (OR:2.19, 95%Cl: 1.42, 3.37), IDA (OR:2.23, 95%Cl: 1.36,
3.67), IDE (OR:2.22,95%Cl: 1.16,4.22) and delivering prematurely (OR:2.39, 95%Cl: 1.01, 5.64).

Conclusion In conclusion, anaemia, ID, and IDA were prevalent in this sample of pregnant women, despite the
reported intake of prescribed iron supplements, with HIV-infected participants more likely to be iron deficient and
anaemic. Research focusing on the best formulation and dosage of iron supplementation to enhance iron absorption
and status, and compliance to supplementation is recommended, especially for those living with HIV infection.
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Highlights

- Only 19% of the pregnant women met the daily estimated average requirement for iron through dietary intake,
highlighting the need for iron supplementation.

- Despite the intake of routine 65 mg of elemental iron as a single micronutrient, anaemia and iron deficiency was
prevalent in 42% and 31% of pregnant women respectively.

«In the total sample, anaemia, iron deficiency, iron deficiency anaemia (IDA), and iron deficiency erythropoiesis (IDE)
were not associated with low birth weight and premature birth.

- Women living with HIV had over two times increased odds of being anaemic, iron deficient, having IDA and IDE,
and delivering prematurely compared to those without HIV.

erythropoiesis, Iron supplementation
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Introduction

Iron is an essential element responsible for oxygen trans-
port, energy production, DNA synthesis and muscle
metabolism [1, 2]. Iron deficiency (ID) is the leading
cause of anaemia, which is the most common nutritional
deficiency in the world, affecting one-third of all women
of reproductive age, 37% of pregnant women, and 40%
of children [3]. During pregnancy, there is an increased
physiological requirement for iron due to the transfer of
iron to both the growing fetus and placental structures,
and the expansion of the red blood cell mass [4]. How-
ever, iron requirements vary with each trimester. Dur-
ing the first trimester, iron requirement is lower due to
the cessation of blood loss from menstruation, while
in the second trimester, it starts to steadily increase
through to the third trimester [4]. Anaemia in pregnancy,

especially in the second trimester has been associated
with increased prematurity, low birth weight (LBW),
fetal death, and impaired cognitive and neuro-behavioral
development [5]. Additionally, ID can adversely affect the
general well-being of pregnant women by causing breath-
ing difficulties, fainting, tiredness, palpitations, and sleep
difficulties as well as increased risk of perinatal infection,
pre-eclampsia, and bleeding [5].

It is estimated that 31% of pregnant women and 30.5%
of non-pregnant women of reproductive age (i.e., 15-49
years) in South Africa are anaemic [3]. Similarly, data
from a prospective cohort of pregnant women in Johan-
nesburg showed that at 18 weeks of gestation, 29%, 15%
and 15% of participants had anaemia, ID and ID eryth-
ropoiesis (IDE), respectively, and the prevalence of ID
and IDE increased significantly through pregnancy week
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22 and 36 [6]. Considering the high iron requirement
in pregnancy, dietary intake alone may not be adequate
to meet requirements, especially during the second
and third trimesters. In developing countries where the
staple food is predominantly cereal, with limited meat,
vegetable and fruit intake, the amount of iron obtained
from dietary sources is much lower [4]. In South Africa,
the Government has implemented a number of policies
to curb ID. One such policy is the mandatory fortifica-
tion of maize meal and wheat flour with micronutrients
including iron [7] to improve iron status of the entire
population. Additionally, in South Africa, all pregnant
women in the public health sector are routinely supple-
mented with single micronutrients in the form of 60 to
65 mg of ferrous iron and 5 mg of folic acid [8], begin-
ning as early as possible after conception throughout
pregnancy, irrespective of iron status, to prevent and/
or treat iron deficiency anaemia and ID. Nonetheless,
anaemia remains persistent, and is associated with nearly
half of South African maternal deaths [9]. Factors such
as poor dietary iron intake, poor compliance to prenatal
iron supplementation, Human Immunodeficiency Virus
(HIV) infection, obesity, and infection-induced inflam-
mation (which impedes iron absorption) increase the
risk of anaemia [10, 11]. Despite the importance of iron
supplementation in preventing the detrimental effects
of anaemia and ID in pregnancy, it should also be noted
that routine iron supplementation in replete individuals
can be harmful. Unabsorbed iron in the intestines favor
the growth of iron-dependent enteropathogens, causing
alterations in the gut microbiome, resulting in gut irrita-
tion and inflammation [12, 13]. These complications lead
to non-compliance to the iron supplementation regimen
and thus, persistence of anaemia and ID [10].

Although daily iron supplements are prescribed for
pregnant women in the South African public health
sector to prevent anaemia and ID, only haemoglobin is
routinely assessed as part of the supplementation moni-
toring plan, while iron status is not. Therefore, data on
the iron status of pregnant women and associations with
birth outcomes in South Africa are limited. Considering
this background, we hypothesized that the iron status of
pregnant women in Bloemfontein is poor and is associ-
ated with adverse birth outcomes. Thus, the current
study aimed to assess iron status, and associations with
birth weight and prematurity among pregnant women in
Bloemfontein, Free State Province.

Methods

Study design and participants

This was designed as a quantitative analytical cross-sec-
tional study and was nested within the larger Nutritional
status of Expectant Mothers and their newborn Infants
(NuEMI) study. Pregnant women attending their routine
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antenatal visits at a Regional Hospital in Bloemfontein,
South Africa were conveniently recruited between May
2018 and April 2019. About 700 women visit the ante-
natal clinic at this regional hospital monthly. To be
included, pregnant women of any gestational age, had
to provide informed consent and be older than 18 years
and understand either English, Afrikaans, or SeSotho.
Women expecting multiple babies were excluded in this
sub-study.

Data collection

Sociodemographic and health data

At enrolment, sociodemographic data such as employ-
ment status, level of education, and marital status were
collected from participants during a structured inter-
view conducted by trained fieldworkers using a ques-
tionnaire adapted from the “Assuring Health in the Free
State” (AHA-FS) study [14]. Health data such as smok-
ing/tobacco use, previous pregnancies, HIV status, and
medication use were also collected. HIV exposure status
of babies was determined based on the details on HIV
exposure noted in the Road to Health booklet of the baby.

Anthropometry

Weight and height of participants were measured using
standard anthropometric techniques to determine gesta-
tional body mass index (GBMI), as described elsewhere
[15]. To calculate GBMI, an algorithm developed by the
Argentinian Ministry of Health [16], and used by Davies
et al. [17] and Cruz et al. [18] in the EpiNut program was
applied. The algorithm modified BMI to adjust for gesta-
tional age [17]. GBMI was categorized as: underweight
(GBMI>10 to <19.8 kg/m?), normal weight (GBMI>19.8
to <26.1 kg/m?), overweight (GBMI>26.1 to <29 kg/m?),
and obese (GBMI>29 kg/m?) [18].

Dietary and supplemental iron intake

A validated quantified food frequency questionnaire
(QFEQ) [19] was used to obtain data on maternal dietary
iron intake during pregnancy. The QFFQ has proven
reproducibility in similar study populations in South
Africa [20-22]. For the current study, minor adaptions
were made to the QFFQ to ensure participants under-
stood the terminology used as described by Robb et al.
[23]. The QFFQ was administered by trained fieldworkers
in the form of structured interviews, in the preferred lan-
guage of the participant.

Calculation of total daily dietary iron intake was per-
formed by the South African Medical Research Council
(SAMRC). This was done by combining dietary intake
data with the most recent food composition database,
which contains the iron content values of fortified foods
as per the national food fortification program. The pro-
portion of participants with consumption below the
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Estimated Average Requirement (EAR) of the Institute
of Medicine was classified as having inadequate iron
intake in this cohort [24]. To determine supplemental
iron intake, participants had to indicate if they were tak-
ing any supplements, where they received them, and how
often they took them. This information was used to cal-
culate the daily average intake of iron from the supple-
ments. The vast majority of women reported only taking
the supplements provided at the antenatal clinic (iron,
folic acid and calcium). The routinely provided iron sup-
plement contains 65 mg elemental iron per day in the
form of 200 mg dried ferrous sulphate [8].

Household food security

The household food security of participants was assessed
using the Household Food Insecurity Access Scale
(HFIAS), which included nine questions that ascertained
whether members of the household have access to suffi-
cient food or have had to alter their food due to resource
limitation during the past four-week period. Household
food security was interpreted as ‘secure; ‘mildly insecure;
‘moderately insecure; and ‘severely insecure’ [25].

Hematological biomarkers and laboratory analysis

Capillary blood (approximately 70-100 pL) was col-
lected from the pregnant women using a finger prick into
labelled heparin tubes. Immediately after pricking the
finger, haemoglobin (Hb) concentrations were measured
in the blood sample using the HemoCue Hb 201 + System.
Hb concentrations were adjusted for altitude (Bloem-
fontein is 1300 m above sea level) [26, 27], and anaemia
was defined as Hb<11 g/dL based on the WHO Hb cut-
off for pregnancy [27]. Severe anaemia was defined as
Hb<7 g/dL [28], and in such cases, the participants were
referred to the nurses at the antenatal clinic for appropri-
ate treatment. Within 30 min of capillary blood collec-
tion, plasma aliquots were prepared and stored at 4 °C.
The samples were transported daily from the study site
in cooler bags with refrigerant gel ice packs to be stored
at The University of the Free State, firstly at -20 °C for at
most 4 days and then transferred to the —80 °C freezer at
the end of the week for storage until analysis.

The iron status indicators, ferritin and soluble trans-
ferrin receptor (sTfR) were analyzed using the Q-Plex™
Human Micronutrient Array (Quansys Bioscience,
Utah, USA) at the micronutrient laboratory of the Cen-
tre of Excellence for Nutrition at the North-West Uni-
versity [29]. The Q-Plex™ Human Micronutrient Array
(7-plex) as previously described by Ngounda et al. is
a fully quantitative chemiluminescent assay allowing
concurrent measurement of biomarkers used in nutri-
tional assessment [15]. Markers of inflammation, i.e.,
C-reactive protein (CRP) and alpha-1-acid glycoprotein
(AGP) were also analysed. CRP and AGP are acute-phase
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proteins that act as markers of inflammation, with AGP
being a more reliable indicator of chronic inflammation
[30]. Inflammatory status was grouped as; (1) healthy
(both CRP concentration<5 mg/L and AGP concentra-
tion<1 g/L); (2) incubation (CRP concentration>5 mg/L
and AGP concentration<1 g/L); (3) early convalescence
(both CRP concentration>5 mg/L and AGP concentra-
tion>1 g/L); and (4) late convalescence (CRP concentra-
tion<5 mg/L and AGP concentration>1 g/L) [30, 31].
Elevated inflammation was defined as CRP concentra-
tion>5 mg/L and AGP concentration>1 g/L [30].

ID was defined as adjusted ferritin concentra-
tion<15 pg/L [32]. Ferritin is an intracellular protein that
stores iron, and is influenced by inflammation. Therefore,
ferritin concentration was adjusted for inflammation
using the correction factors recommended by Thurnham,
Northrop-Clewes [30], taking into account CRP>5 mg/L
and AGP>1 g/L. sTfR is a carrier protein for transfer-
rin, which facilitates the uptake of iron into cells. sTfR
increases in ID and indicates the demand for iron and the
intensity of erythropoiesis [33]. Iron-deficiency eryth-
ropoiesis (IDE) was defined as sTfR>8.3 pg mg/L [6,
34]. Iron deficiency anaemia (IDA) was defined as ferri-
tin<15 pg/L and Hb<11 g/dL [35].

Birth outcomes

Participants were requested to present the Road to
Health booklet of the baby to the dietitians at the hospi-
tal after delivery for assessment of birth outcomes. Birth
outcome information such as gestational age and birth
weight were obtained from the booklet. Exposure to HIV
at birth was also recorded. Babies born at 37 weeks of
gestation or later were classified as term, and those born
at <37+0 weeks of gestation (259 days) were classified as
premature [36]. Birth weight was classified according to
the WHO criteria. Newborns with birth weights <2500 g
were defined LBW [37]. The neonates were further classi-
fied according to small, adequate and large for gestational
age according to their gestational age and birth weight
using the INTERGROWTH 21st programme. Moth-
ers who failed to provide the birth outcome information
after delivery were followed up via short message service
to remind them of the birth outcome assessment.

Statistical analyses

All data processing and statistical analyses were per-
formed using Statistical Package for Social Sciences
software, Version 27. Data were tested for outliers and
normality using Q-Q plots, histograms, and the Shap-
iro-Wilk test. Descriptive statistics, namely frequencies
and percentages for categorical data, and medians and
25th (Q,) and 75th (Q,) percentiles for numerical data,
were calculated and reported by groups (i.e., preterm
vs. term or LBW vs. healthy birth weight or anaemic vs.
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non-anaemic). Associations were determined by using
the Chi-square or Fisher’s exact test for categorical data,
and the Mann-Whitney U test and Kruskal-Wallis test for
numerical data. P-values of <0.05 were considered signif-
icant. Logistic and linear regression models were used to
determine the association of anaemia and iron status and
other exposure variables with preterm birth and LBW.

Ethical statement

This study was approved by the Health Sciences Research
Ethics Committee of the University of the Free State (Eth-
ics No. UFS-HSD2017/0969) and the Free State Depart-
ment of Health. All study procedures were in accordance
with the guidelines of the Declaration of Helsinki. Par-
ticipation in the research was voluntary and written
informed consent was obtained from all participants.

Results

Characteristics of study participants and birth outcomes

A total of 618 eligible pregnant women were recruited
and enrolled for baseline assessment, of which 427 had
blood samples available for iron status assessment. Of
these, only 205 and 197 participants provided the birth
weight and gestational age of their newborn infants.
Hence, 53.8% of participants were lost to follow up with
missing birth outcome data. The women who had the
weight and length outcome data for their babies were sig-
nificantly older (i.e. 32 (Q;, Qj): 28, 37) years) than those
without (i.e. 31 (Q;, Q3): 26, 36) years, p<0.050. There
was no significant difference in anaemia and iron status
between the women who had birth outcome data and
those who did not.

The characteristics of the study participants by birth
outcomes are described in (Table 1). The median (Q;,
Q) age of the pregnant women was 32 (27, 37) years.
The median (Q;, Q;) weeks of gestation at enrolment
was 32 (26, 36) weeks. At enrolment, pregnant women
in their first, second, and third trimesters constituted 3
(0.7%), 114 (26.7%), and 310 (72.6%), respectively. Addi-
tionally, 56% of the pregnant women had completed high
school and about 62% were unmarried. The median (Q;,
Q;) GBMI of the women was 31.3 (24.6, 37.7) kg/m2 and
about 55% and 11% of them were obese and overweight,
respectively. Meanwhile, over 70% of the pregnant
women were food insecure, out of which about 29% were
severely food insecure. Over 30% of participants were liv-
ing with HIV and were taking anti-retroviral treatment.

Out of the neonates with birth outcome data, 22
(10.7%) had LBW (<2.5 kg) and 27 (13.7%) were born pre-
term (<37 weeks of gestation). Additionally, 26 (13.3%)
were born small for gestational age, 145 (74.0%) were
born appropriate for gestational age, while 25 (12.8%)
were born large for gestational age (Table 2). The median
(Q; Q) birth weight was 3000 g (2720, 3400), and the
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median (Q;, Q) gestational age at birth was 39 (38, 40)
weeks. No babies were born before 28 weeks of gestation.
Neonates born with LBW were born significantly earlier
than those born with healthy birth weight i.e., 36 (Q,
Q,): 34, 37) vs. 39 (Q,, Q3): 38, 40) weeks; p<0.001. There
were no statistical differences in the demographic char-
acteristics between women who delivered preterm and
term babies or LBW and healthy birth weight. Nonethe-
less, mothers of babies born with LBW had a significantly
lower GBMI of 25 (Q;, Q3): 22, 32) kg/m? compared to
those who had babies with healthy birth weight i.e., 32
(Qy, Qq): 25.0, 38.2); p=0.005. There was no difference
in the inflammatory, anaemia, and iron status between
mothers who delivered preterm or term, or LBW or
healthy birth weight. Moreover, no significant differences
in anaemia and iron status were found between mothers
who delivered neonates born small, appropriate, or large
for gestational age (Supplementary table). A significantly
higher proportion of babies who were HIV exposed were
born preterm (48.2%) than those born at term (25.4%),
»=0.020.

Maternal anaemia, iron and inflammatory status
Approximately 42% of participants were anaemic, 19%
had IDA, and 31% were iron deficient (Table 1). Addi-
tionally, the median Hb (Q;, Q3) concentration of the
mothers was 11.3 (10.2, 12.2) g/dL, and the median (Q;,
Q,) ferritin concentration was 22.4 (13.1, 39.5) ug/L
(Table 3). As expected, mothers in their first trimester
had significantly higher iron stores compared to those
in their second and third trimester (p=0.020). Similarly,
mothers in their second trimester recorded significantly
higher iron stores than those in their third (p=0.010)
(Table 3). In effect, mothers in their third trimester had
a significantly higher plasma sTfR concentration com-
pared to those in their second trimester (p=0.043). A
large proportion of participants (68.6%) presented with
elevated CRP (>5 mg/L). The median (Q;, Q;) plasma
CRP concentration was 8.8 (4.0, 18.2) mg/L, with those
in the second trimester having a significantly higher CRP
concentration compared to those in the third trimester
(p<0.001). Nonetheless, only 2.3% of participants had
elevated chronic inflammation (AGP>1 g/L). Pregnant
women living with HIV had increased odds of being
anaemic (OR: 2.14; 95%CI: 1.41, 3.247, p<0.001), iron
deficient (OR: 2.19; 95%CI: 1.42, 3.37, p<0.001) and hav-
ing IDA (OR: 2.23; 95%CL: 1.36, 3.67, p=0.002) and IDE
(OR: 2.22; 95%CI: 1.16, 4.22; p=0.015) compared to those
living without HIV.

Maternal dietary and supplemental iron intake and
anaemia and iron status

Table 4 shows the reported dietary and supplemental
intake of iron of the mothers. Majority of participants
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Table 1 Characteristics of pregnant women attending antenatal care at a regional hospital in Bloemfontein by birth outcome

Characteristics Total Birth Outcomes
maternal Preterm Term P-value LBW Non- LBW P-
group (n=27) (n=170) (n=22) (healthy birth value
(n=427) weight)
(n=183)
Median (25th, 75th percentile)
Age (years) 32 (27-37) 34 (27-36) 32 (27-37) 0410 34 (30-36)  32(28-37) 0.840
Gestational age at enrolment (weeks) 32 (26, 36) 27 (22-33) 33 (27-36) 0.002 31(23-33)  32(26-36) 0.320
Gestational age at birth (weeks) 36 (34, 36) 39 (38, 40) <0.001 36(34,37)  39(38,40) <0.001
Gestational BMI (kg/m?) 313 29.0 325 0.100 25(22-32)  326(25.0-382) 0.005
(24.6-37.7) (22.1-34.4) (24.8-37.7)
Gestational BMI categories? n (%) n (%) n (%) n (%) n (%)
Underweight 28 (6.5) 5(18.5) 9(5.3) 0.070 4(182) 11 (6.0) 0.070
Normal 106 (24.8) 6(22.2) 43(253) 8(36.4) 43 (23.5)
weight
Overweight 46 (10.7) 2(74) 17 (10.0) 3(13.6) 17 (9.3)
Obese 242 (54.5) 13 (48.1) 100 (58.8) 7(31.8) 110 (60.1)
Smoking
History of Smoking prior to pregnancy 83 (194) 4(14.8) 28 (16.5)) 1.000 3(13.6) 31(16.9) 0.776
Smoking during pregnancy 30(7.0) 3(11.1) 13(7.6) 0.285 2(9.1) 15(8.2) 0.545
History of Snuffing tobacco prior to 90 (21.2) 4(14.8) 35(20.6) 0484 4(18.2) 38(20.8) 0.777
pregnancy
Snuffed tobacco during pregnancy 33(7.7) 2(74) 12(7.0) 0.564 3(13.6) 13(7.1) 0.120
Highest level of education
Primary school 31(7.3) 2(74) 10 (5.9) 0.720 1(4.5) 12 (6.6) 0.220
Grade 8-10 111 (26.0) 8(29.6) 35(20.6) 6(27.3) 40(21.9)
Grade 11-12 238 (55.7) 15 (55.6) 108 (63.5) 12 (54.5) 115 (62.8)
Tertiary 46 (10.8) 2(74) 16 (9.4) 2(9.1) 16 (8.7)
Don't know 1(0.2) 0(0.0) 1(0.6) 1(45) 0(0.0)
Marital status
Married 155 (36) 11(40.7) 69 (40.6) 1.000 7(31.8) 76 (41.5) 0.330
Not married, but in a relationship 242 (56.7) 15 (55.6) 89 (52.3) 12 (54.5) 97 (53.0)
Not married, and not in a relationship 21(49) 13.7) 10 (5.9) 3(13.6) 8 (4.4)
Divorced/Separated 4(0.9) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Widowed 2(0.5) 0(0.0) 1(0.6) 0(0.0) 1(0.5)
Other (It's complicated) 3(0.7) 0(0.0) 1(0.6) 0(0.0) 1(0.5)
Monthly household income (ZAR)
None 1(0.2) 0(0.0) 0(0.0) 0311 0(0.0) 0(0.0) 0.550
100-500 22(5.2) 2(74) 4(24) 29.7) 4(2.2)
501-1000 34 (8.0) 1(3.7) 15 (8.8) 2(9.1) 15 (8.3)
1001-3000 126 (29.6) 7(25.9) 58 (34.1) 7(31.8) 60 (33.1)
3001-5000 65 (22.4) 6(22.2) 40 (23.5) 5(55.7) 43(23.8)
>5000 127 (29.9) 11 (40.7) 45 (26.8) 6(27.3) 52(28.7)
Don't know 20(4.7) 0(0.0) 6(3.6) 0.(0.0) 7(3.9)
Food security
Secure 114 (26.6) 7(25.9) 52 (30.6) 0.540 7(31.8) 52 (284) 0.238
Mildly insecure 49 (11.4) 5(185) 16 (9.4) 4(18.2) 18 (9.8)
Moderately insecure 137 (32.0) 7 (25.9) 54(31.8) 3(13.6) 61(33.3)
Severely insecure 126 (29.4) 8(29.6) 48 (28.2) 8 (36.4) 52 (284)
HIV status
Positive 132 (30.9) 13 (48.2) 43 (254) 0.020 8(36.4) 50 (27.6) 0.390
Negative 295 (69.1) 14 (51.8) 126 (74.6) 14 (63.6) 131 (724)

Inflammatory status
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Table 1 (continued)
Characteristics Total Birth Outcomes
maternal Preterm Term P-value LBW Non- LBW P-
group (n=27) (n=170) (n=22) (healthy birth value
(n=427) weight)
(n=183)
Healthy 134 (314) 5(185) 56 (33.0) 0.250 5(22.7) 59(32.2) 0.690
Incubation 283 (66.3) 22 (81.5) 110 (64.7) 17(77.3) 119 (65.0)
Early convalescence 10(2.3) 0 (0.0) 4(23) 0(0.0) 52.7)
Late convalescence 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Elevated CRP (>5 mg/L) 293 (68.6) 22 (81.5) 114 (67.1) 0.130 17 (77.3) 124 (67.8) 0.360
Elevated AGP (> 1 g/L) 10 (2.3) 0(0.0) 4(24) 1.000 0(0.0) 5(2.7) 1.000
Anaemia and iron status
Anaemic 178 (41.7) 9(33.3) 69 (40.6) 0.531 9(40.9) 75 (41.0) 1.000
Non-anaemic 249 (58.3) 18 (66.7) 101 (594) 13 (59.1) 108 (59.0)
D 133 (31.1) 7(25.9) 56 (32.9) 0515 7(31.8) 58(31.7) 1.000
Non-ID 294 (68.9) 20 (74.1) 114 (67.1) 15 (68.2) 125 (68.3)
IDA 81(18.9) 3(11.1) 33(194) 0424 5(227) 33(18.0) 0.772
Non-IDA 347 (81.1) 24 (88.9) 137 (80.6) 17 (77.3) 150 (82.0)
IDE 42 (9.8) 3(11.1) 12(7.1) 0.698 2(9.1) 13(7.1) 0.735
Non- IDE 385 (90) 24 (88.9) 158(92.9) 20(90.9) 170 (92.9)

BMI: Body mass index; 2 Gestational BMI categories- Underweight, > 10 to <19.8 kg/m? normal weight, > 19.8 to <26.1 kg/m?; overweight, > 26.1 to <29 kg/m 2;
obese, > 29 kg/m?2 LBW: Low birth weight (birth weight <2500 g); ID: Iron deficiency (ferritin< 15 pg/L); IDA: Iron deficiency anaemia (ferritin< 15 ug/L and Hb< 11 g/
dL); IDE: Iron deficiency erythropoiesis (sTfR>8.3 ug mg/L). Only 205 and 197 participants provided the birth weight and gestational age of their neonates. Mann-
Whitney U test was used to compare age, gestational age at enrolment and birth and GBMI between the groups. Chi-square test was used to compare the difference
between the categorical variables between the groups. P-value <0.05 was considered statistically significant

Table 2 Characteristics of neonates

Characteristics Median (25th,
75th percentile)
Gestational age at birth (weeks) 39 (38,40)

Birth weight (g)
Birth length (cm)
Head circumference (cm)

3000 (2720, 3400)
49.00 (47.00, 51.00)
34.00 (33.00, 35.00)

n (%)
Sex
Male 115 (56.4)
Female 89 (43.6)
Gestational age classification
Term (=37 weeks) 170 (86.3)
Preterm (< 37 weeks) 27 (13.7)
Birth weight classification
LBW (<2500 g) 22(10.7)
Healthy weight (> 2500 g) 183 (89.3)
Small for gestational age (< 10th percentile) 26 (13.3)
Adequate for gestational age (10th — 90th 145 (74.0)
percentile)
Large for gestational age (> 90th percentile) 25(12.8)

only consumed the supplements that were routinely pro-
vided by the clinic as part of the general antenatal care.
In the less than 3% of participants that did report using
additional supplements, the iron content of these was
added to total intake. The median (minimum-maximum)
intake of dietary iron was 16.8 (12.7-20.5) mg/d, which
is below the estimated average requirement (EAR) of
22 mg/d [24]. Only 19% of the mothers met the daily EAR

for iron through dietary intake. There was no signifi-
cant difference in the dietary intake of iron between the
mothers who were anaemic and non-anaemic, and those
who were iron deficient versus those who were not. The
median (min-max) daily intake of iron from supplements
was 65 (0-65) mg/d, and this was similar across the
anaemic, non-anaemic, iron deficient and iron sufficient
mothers. On average, the total median (min-max) daily
iron intake from both diet and supplements was 81 (8.8-
101.8) mg, and the majority (88%) of participants had a
total daily iron intake above the Tolerable Upper Intake
Level of 45 mg/d for pregnant and lactating women [24].
The proportion who consumed iron above the daily tol-
erable upper intake was similar across the anaemic, non-
anaemic, iron-deficient and iron sufficient groups. A
significantly higher proportion of participants who had a
history of snuffing, were anaemic (p=0.006) (Table 4).

Association of maternal anaemia and iron status and other
exposure factors with birth outcomes

Table 5 shows the results of the logistic regression analy-
sis of the associations of maternal iron and anaemia sta-
tus with preterm delivery and LBW. In this sample, no
significant association of anaemia and iron status with
preterm birth as well as LBW was observed. Further-
more, anaemia, ID and IDE in the second or third tri-
mesters were not associated with preterm delivery or
LBW. After adjusting for maternal age, HIV exposure and
GBMI, we observed that mothers in the third Hb quartile
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Table 3 Hematological biomarkers of iron status in pregnant women attending antenatal care at a regional hospital in Bloemfontein
per trimester

Biomarker All women 1st Trimester 2nd Trimester 3rd Trimester P-value# P-value*
(n=3) (n=114) (n=310)

Median (25th, 75th Median (25th, 75th  Median (25th, Median (25th,

percentile) percentile) 75th percentile) 75th percentile)
Haemoglobin (g/dL) 11.3(10.2,12.2) 9.0(88,11.1) 11.3(103,123) 11.3(10.2.12.2) 0.180 0.906
Plasma ferritin (ug/L) 224(13.1,39.5) 105.5(94,151.5) 253 (15.5,49.6) 21.9(126,34.9) 0.020 0.010
Plasma sTfR (mg/L) 47(3.6,6.3) 38(3.6,7.2) 45 (3.6,5.5) 4.8 (3.6, 14.8) 0.130 0.043
Plasma CRP (mg/L) 8.8(4.0,18.2) 9.2 (45,46.7) 11.3(6.1,23.9) 79(35,14.8) 0.003 <0.001
Plasma AGP (g/L) 0.6(0.5,0.7) 0.7 (0.7,0.8) 0.6 (0.5,0.7) 0.5(0.5,0.7) 0.007 0.011

sTfR: soluble transferrin receptor; CRP: C-reactive protein; AGP: al-acid glycoprotein
$P-value for difference between trimesters using Kruskal-Wallis test for comparing continuous variables
*P-value for difference between second and third trimester using Mann-Whitney U test. P-value <0.05 was considered statistically significant

Table 4 Dietary and supplemental iron intake, food security data and cigarette/tobacco use of pregnant women attending antenatal
care at a regional hospital in Bloemfontein by anaemia and iron status

Allwomen Anaemic  Non-anae- P-value Iron-deficient Iron P-
n=427 (n=178) mic (n=133) sufficient val-
(n=249) (n=294) ue
Median (min-max)
Reported dietary iron intake (mg/day) 16.8(12.7, 169 (125, 166(128, 0.763 17.1(55,369) 164 (36, 0.223
20.5) 20.9) 20.4) 34.6)
Plant protein (g) 319 320 31.7 0.933 329(11.5-73. 31268, 0.138
(6.8-75.2) (8.5-73.7) (6.8-75.2) 7) 75.2)
Animal protein (g) 313 308 316 0.240 309 31.5(06, 0.601
(0.34-103.9) (0.34-101.1) (5.7-103.2) (0.34-103.2) 101.4)
Reported dietary iron intake n (%) n (%) n (%) n (%) n (%)
Less than the EAR (<22 mg/d) 345 (80.8) 140 (78.7)  205(823) 0383 105 (78.9) 240 (81.6) 0.596
Above the EAR (>22 mg/d) 82(19.2) 38(21.3) 44 (17.7) 28(21.1) 54 (18.4)
Median (min-max)
Reported supplemental iron intake (mg/day) 65 (0.0-65) 65 (0.0-65) 65(0.0-65) 0.500 65.0 (0.0-65.0) 65.0(0.0-65) 0.500
Reported dietary iron intake with supplement (mg/ 80.5 81.1 799 0.480 81.6(88-101.8) 79.6 0.400
day) (88-101.8) (8.8-101.8) (9.6-100.7) (9.6-99.6)
Reported dietary iron with supplemental iron n (%) n (%) n (%) n (%) n (%)
intake
Less than the EAR (<22 mg/d) 35(8.2) 14 (8) 21 (8) 0.861 13(9.8) 22 (7.5) 0.449
Above the EAR (>22 mg/d) 391(91.8) 163 (92) 228 (92) 120 (90.2) 272 (92.5)
> UL (>45 mg/d) 376 (88.3) 157(88.7)  219(88.0) 0.879 115 (86.5) 261 (89.1) 0516
Food security
Secure 114 (26.6) 41 (23.0) 73(29.3) 0116 39(293) 75(25.5) 0.617
Mildly insecure 49 (11.4) 16 (9.0) 33(13.3) 17 (12.8) 32(10.9)
Moderately insecure 137 (32.0) 59 (33.1) 78 (31.3) 36 (27.1) 101 (34.4)
Severely insecure 126 (294) 62 (34.8) 64 (25.7) 41 (30.8) 5 (28.9)
History of Smoking prior to pregnancy 83 (194) 37 (20.8) 46 (18.5) 0.620 19 (14.3) 4 (21.8) 0.086
Smoking during pregnancy 30(7.0) 4(37.8) 16 (35.6) 1.000 5(26.3) 25(39.7) 0416
History of Snuffing tobacco prior to pregnancy 90 (21.2) 49 (27.8) 41 (16.5) 0.006 28 (21.1) 2 (21.3) 1.000
Snuffed tobacco during pregnancy 33(7.7) 19 (39.6) 14 (35.0) 0.825 10 (37.0) 3(37.7) 1.000

EAR: Estimated average requirement; UL: Upper limit. Mann-Whitney U test was used to compare the continuous variables between the groups. Chi-square was used
to compare the categorical variables between the groups. P-value < 0.05 was considered statistically significant

(Hb between 11.3 and 12.2 g/dL) had a significantly In the adjusted model, there was a trend for women pre-
shorter gestation by one week (B-coefficient = -1.15 (95%  senting with inflammation (i.e., CRP>5 mg/L) to have
CI: -2.01, -0.29, p=0.009), compared to mothers in the increased odds for preterm delivery (OR: 2.64 (95%CI:
highest Hb quartile (Table 6). Additionally, HIV exposure  0.91, 7.62), p=0.073).

was associated with over two times increased odds for

preterm birth (OR: 2.39 (95% CL: 1.01, 5.64), p=0.047).
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Table 5 Association of maternal anaemia and iron status and other exposure factors with birth outcomes

Logistic regression Adjusted logistic regression  Logistic regression Adjusted logistic regression
Preterm Preterm LBW LBW
OR (95% ClI) P-value OR (95% CI) P-value OR (95% CI) P-value  OR (95% ClI) P-value

Anaemia and iron

status

Anaemic 0.732(031,1.72) 0475 0.635(0.261,1.545) 0316 0.997 (0.406, 0.995 0.826(0.325,2.098) 0.687

2451)
Non-anaemic 1 1 1 1
D 0.713(0.28,1.79) 0.469 0.613(0.237,1.588) 0.314 1.006 (0.389, 0.991 1.019(0.381,2.730)  0.969
2.600)

Non-ID 1 1 1 1

IDA 0.519(0.147, 0.307 0405 (0.110,1.490) 0.174 1.337 (0,460, 0.593 1.182(0.391,3.569)  0.767
1.828) 3.882)

Non-IDA 1 1 1 1

IDE 1.646 (0433, 0.465 1.635(0.430,6.221) 0471 1.038 (0.275, 0.736 1.126 (0.223,5.676)  0.886
6.261) 6.218)

Non-IDE 1 1 1 1

Inflammatory

status

CRP>5mg/L 2.161(0.778, 0.140 2.638(0913,7.621) 0.073 1.618 (0.569, 0.367 2.195(0.743,6.480) 0.155
6.008) 4.596)

CRP<5mg/L 1 1 1 1

AGP>1g/L 0.00 (0.00,0.00)  0.999 0.00 (0.00, 0.00) 0.999 0.00 (0.00,0.00)  0.999 0.00 (0.00, 0.00) 0.999

AGP<1g/L 1 1 1 1

Food security

status

Food insecure 1.259 (0.502, 0.624 0.984 (0.375,2.580) 0.974 0.851(0.328, 0.739 0.714(0.257,1.986) 0.519
3.161) 2.206)

Food secure 1 1 1 1

History of smoking 0.882 (0.283, 0.829 0.791 (0.245,2.555) 0.696 0.774 (0.216, 0.695 0.703(0.189,2.620) 0.599
2.748) 2.777)

No history of 1 1 1 1

smoking

Smoking during 3462 (0.320, 0.307 5.125(0.198, 0.325 2.133(0.175, 0.553 2.340(0.100, 54.846) 0.597

pregnancy 37.473) 132.344) 26.033)

History of sniffing 0.671(0.218, 0487 0.505 (0.153,1.663)  0.261 0.8484 (0.271, 0.777 0.667 (0.199,2.232) 0511

tobacco 2.066) 2.653)

No history of sniffing 1 1 1 1

tobacco

Sniff tobacco during  1.833 (0.229, 0.568 1.937 (0.205, 0.564 5.538(0.522, 0.155 4469 (0367,54.390) 0.240

pregnancy 14.709) 18.315) 58.756)

No snuff to- 1 1 1 1

bacco use during

pregnancy

HIV positive* 2.721(1.186, 0.018 2.389(1.012,5.641) 0.047 1497 (0.592, 0.394 1.196 (0.449,3.186)  0.720
6.243) 3.786)

HIV negative 1 1 1 1

ID: Iron deficiency; IDA: Iron deficiency anaemia; IDE: Iron deficiency erythropoiesis; CRP: C-reactive protein; AGP: al-acid glycoprotein; logistic regression analysis
adjusted for maternal age, Gestational BMI, HIV in adjusted model *Adjusted for maternal age, Gestational BMI, anaemia status in adjusted model. P-value was
considered statistically significant

Discussion demonstrating our initial hypothesis that the iron status
In this cross-sectional study of the iron status of preg-  of pregnant women in Bloemfontein is poor. However,
nant women in Bloemfontein, South Africa, a high preva-  no associations between iron status and preterm delivery
lence of anaemia and ID of severe and moderate public ~ or LBW were found, which rejects our initial hypothesis
health significance, respectively, were identified [28, 38],  that iron status is linked with poor birth outcomes.
despite the reported intake of iron supplements, thus
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Table 6 Multiple linear regression analysis showing the association between haemoglobin, ferritin and soluble transferrin receptor

concentration and birth weight and gestation age

n  Median birth weight (g)

Gestational age at birth (week)

Median (25th, P-value* B (95% Cl) P Me- n P-value* B (95% Cl) P-
75th) value+ dian (25th, val-
75th) ue+

Hb (g/dL)

Quartile 1 (<10.2) 44 2990 (2668, 3400) 0.770 25.33(-206.53,257.19)  0.830 39(38,39) 42 0.038 -0.13 (-1.05, 0.784
0.79)

Quartile 2 62 3000 (2700, 3413) 66.20 (-15047,282.87) 0.547 38(37,40) 57 -0.13 (-0.99, 0.767

(>10.2-11.3) 0.73)

Quartile 3 53 3000 (2705, 3415) 138.10 (-82.65,358.85)  0.694 39(37,39n 52 -1.15 (-2.01, 0.009

(>11.3-12.2) -0.29)

Quartile 4 (>12.2) 46 3075 (2860, 3340) 1 39 (38,40)A 46 1

Ferritin (ug/L)

Quartile 1 (<13.1) 52 3000 (2733, 3380) 0.168 2336(-197.17,243.88) 0.835 39 (38, 40) 51 0.969 -0.12 (-1.02, 0.791
0.78)

Quartile 2 53 3100 (2865, 3510) 154.79 (-59.57,369.15)  0.156 39(37,40) 50 -0.16 (-1.03, 0.727

(13.1-22.4) 0.72)

Quartile 3 44 3100 (2820, 3545) 192.00 (-30.64,414.63)  0.091 39 (38,39 43 0.42 (-0.49, 0.363

(>224-395 132)

Quiartile 4 (39.5) 55 2840 (2600, 3200) 1 39 (37,40) 53 1

sTfR

Quartile 1(>6.3) 44 3100 (2878, 3600) 0.464 22062 (-11.27,452.51)  0.062 38 (37,40) 41 0877 0.24 (-0.70, 0613
1.19)

Quartile 2 53 3000 (2730, 3420) 63.99 (-148.17,276.15)  0.553 39(38,39) 52 -0.17 (-1.04, 0.694

(4.7-6.3) 0.69)

Quartile 3 (3.6 53 3000 (2615, 3235) -25.29 (-237.77,187.18) 0.815 39 (37,40) 52 -0.18 (-1.05, 0.686

-<47) 0.69)

Quartile 4 (<3.6) 55 2900 (2700, 3330) 1 39 (37,39 52 1

Hb: Hemoglobin; sTfR: soluble transferrin receptor; *Comparison of median birth weights and gestational age at birth across Hb, ferritin and sTfR quartiles using
Independent-Samples Median Test; + Multiple linear regression analysis adjusted for maternal age, Gestational BMI, HIV exposure; APost-hoc analysis (Bonferroni

correction, p=0.047A). P-value was considered statistically significant

In the current study, which involved pregnant women
predominantly in their second and third trimesters, the
42% anaemia prevalence observed was similar to the 44%
and 45% anaemia prevalence observed among generally
healthy (women living with HIV were excluded), non-
smoking pregnant women in their second and third tri-
mesters, respectively, in a study by Symington et al. [6]
in Johannesburg, South Africa. Moreover, the median
Hb concentration of 11.3 g/dL observed in our study
was similar to that of 11.2 g/dL reported in the second
and third trimesters in the Johannesburg study [6]. In a
systematic review involving 26 studies that investigated
the prevalence and risk factors of anaemia in pregnant
women in South Africa, a pooled anaemia prevalence of
31% was identified, and ID was reported as the primary
risk factor for anaemia, despite the routine intake of iron
and folate supplements [11]. In the current study, at an
average of 32 weeks of gestation, more than 31% of par-
ticipants were iron deficient, while 19% had IDA, even
though a high intake of iron from supplementation was
reported. The Johannesburg study by Symington et al.
found a comparable ID prevalence of 19% at 22 weeks of

gestation, which increased to 33% by 36 weeks of preg-
nancy amidst iron supplementation [6].

According to the WHO, daily supplementation of
30 mg to 60 mg of elemental iron is recommended for
pregnant women, with the higher dose preferred in set-
tings with anaemia prevalence above 40% to prevent
anaemia and the risk of LBW and ID [39]. In accordance
with this recommendation, all pregnant women in South
Africa are required to receive daily supplementation of
oral 200 mg of ferrous sulphate (65 mg of elemental iron)
together with 5 mg of folic acid throughout pregnancy
for the prevention of anaemia as stipulated in the Basic
Antenatal Care Guidelines [8].

During pregnancy, serum ferritin declines, reaching its
lowest in the third trimester. This decline in serum ferri-
tin leads to a suppression in hepcidin production for effi-
cient mobilization of maternal iron stores for placental
transfer [40]. However, supplementation of iron should
attenuate the decline in maternal iron stores in the third
trimester [40]. Despite the reportedly high intake of iron
from supplements observed in the current study (88%
of participants exceeding the Tolerable Upper Intake
Level), a high prevalence of anaemia and ID persisted,
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with participants in their third trimester having a sig-
nificantly lower plasma ferritin concentration compared
to those in their second trimester. Similarly, Symington
et al. [6] found that even though there was a 100% com-
pliance (self-reported) to the routine supplementation of
55 mg of iron in their setting, anaemia and ID prevalence
doubled over the course of pregnancy. A Ghanaian study
observed a similar decline in iron status during preg-
nancy, despite 82—90% of their participants taking rou-
tine iron supplements [41]. This observation of persistent
anaemia and ID amidst high iron intake raises concerns
about the effectiveness of routine iron supplementation.
Several factors such as heightened inflammation and
infection which are common in developing countries can
lead to poor iron absorption; poor dietary bioavailabil-
ity, as well as non-compliance to supplementation due
to commonly experienced gastrointestinal side effects or
stigma associated with taking tablets may contribute to
the ineffectiveness of the iron supplementation regime
[42, 43]. A high proportion (68.9%) of our participants
had elevated acute inflammation (CRP>5 m/L), which
could be evidence of sub-clinical or active infection or
obesity-related inflammation. Elevated inflammation
caused by infection or obesity increases the production
of hepcidin, which causes a restriction in iron absorption
and a block of iron release into circulation, resulting in
a higher risk of developing anaemia [44]. In the current
study, almost 31% of participants were living with HIV,
which concurs with the national antenatal HIV preva-
lence of 30% in South Africa [45]. As observed in this
study, the pregnant women who were living with HIV
were at more than two times increased odds of having
anaemia, ID, IDA and IDE. Several studies have reported
a high prevalence of anaemia and ID prevalence in HIV-
positive pregnant women [46—48]. Aside from inflam-
mation, the absorption of iron can also be inhibited
by calcium. In addition to iron and folic acid, 1000 mg
of calcium is provided as part of the routine prenatal
supplementation, and if taken together with iron, can
impede iron absorption [49]. Hence, it is recommended
that calcium supplements be taken four hours before or
after iron supplements [8], but the possibility of non-
adherence to this recommendation is high.

In the present study, anaemia, ID, IDA, IDE were not
associated with LBW or preterm birth, although, Hb con-
centration between 11.3 and 12.2 mg/L was associated
with a significantly shorter gestation by one week. Quite
similar to our findings, the Johannesburg study reported
that anaemia, ID and IDA were not associated with LBW
or preterm delivery [6]. However, anaemia and ID at mid-
pregnancy were associated with a 207 g and 205 g higher
birth weight, while infants born to mothers who had IDE
in late pregnancy had a higher birth weight by 178 g [6].
IDE in mid-pregnancy was associated with a higher risk
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for prematurity (OR: 3.57, 95% CI: 1.24, 10.34) [6]. Fur-
thermore, a study conducted in Moshi Municipality in
Tanzania showed no association between maternal anae-
mia and LBW, preterm birth, and still birth [50]. Addi-
tionally, according to a multinational RCT conducted
in Benin, Gabon, Mozambique, and Tanzania, mater-
nal anaemia did not appear to be associated with LBW.
However, maternal age of less than 19 years and malnu-
trition were both associated with LBW [51]. In contrast,
multiple studies have associated maternal anaemia with
LBW and preterm delivery [52-55]. The inconsistent
observations made from various studies could be due to
the fact that some studies only supplement iron deficient
pregnant women, while others provide supplements to all
pregnant women, including those that are iron replete.

There are a number of plausible biological mechanisms
that have linked maternal anaemia with LBW. Anaemia
(low Hb concentration) during pregnancy restricts oxy-
gen circulation in the body, creating an environment of
oxidative stress or chronic hypoxia which may predispose
the foetus to intrauterine growth restriction, and conse-
quently LBW [56]. Additionally, ID triggers an increase in
the production of norepinephrine, which induces mater-
nal and foetal stress, which in turn activates the release
of corticotropin-releasing hormone (CRH), which could
increase foetal cortisol production, limiting the growth
and length of the foetus [56]. High CRH concentration
is a significant risk factor for preterm birth, pregnancy-
induced hypertension and eclampsia, and premature
rupture of the membranes [56].

The predominant risk factor of LBW is preterm deliv-
ery [57, 58]. It is widely known that preterm delivery
may be caused by medical conditions such as hyperten-
sion, as well as infections including malaria, and HIV [55,
59, 60]. In the current study, HIV infection was associ-
ated with an increased risk of preterm birth, similar to
the findings of a systematic review and meta-analysis,
which showed a significant association between mater-
nal HIV infection, prematurity and LBW, irrespective of
antiretroviral drug usage [61]. It is known that HIV infec-
tion causes severe immune dysregulation, characterised
by altered CD4:CD8 T cell ratios, chronic inflammation
and eventually, failure of the immune system [62-64].
The human placenta is made up of several immune cells
including decidual natural killer cells, CD4+T, CD8+T
cells, regulatory T cells, and macrophages, some of which
play an important role in the inflammatory processes that
accompany labour [65]. It is therefore likely that HIV-
associated immune dysregulation, co-infections, acute
and chronic inflammation, and vascular malperfusion
within the placenta and poor placental development and
function are reasons for the increased risk of preterm
birth and poor intrauterine fetal growth resulting in LBW
in pregnant women with HIV [66—68]. As observed in
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this study, elevated inflammation (CRP>5 mg/L) showed
a trend of increased odds of preterm birth. A study con-
ducted in China reported that elevated CRP concentra-
tion (>16 mg/L) in the first trimester was associated with
increased odds of preterm birth in their participants
(OR=2.53,95% CI: 1.14—5.64, p=0.023) [69].

Our study was limited by the cross-sectional design;
hence, we could not investigate the effect of iron status at
different time points during the course of pregnancy on
birth outcomes. Nonetheless, the current study has some
strengths. The findings of this study provide insights into
the factors associated with the understudied birth out-
comes in the study population, and highlights direction
for future research. Another limitation of the study was
the high proportion of mothers lost to follow up, and
the relatively high percentage of missing birth outcome
data. Furthermore, the study was conducted at a special-
ized antenatal clinic which may not be representative of
the general population. Information on the intake of iron
supplements was self-reported and could be subject to
over-reporting.

Conclusion

In conclusion, anaemia, ID, and IDA prevalence were
high in our sample of pregnant women, despite the high
intake of supplemental iron. Anaemia and iron status at a
median gestational age of 32 weeks were not associated
with LBW or preterm birth. However, HIV infection was
significantly associated with increased risk of anaemia,
ID and IDA, and two times increased odds of preterm
birth. The results highlight the need for an evaluation of
the current prenatal iron supplementation program, sug-
gesting that research focused on strategies to augment
iron absorption and compliance would be important
in improving the effectiveness of the supplementation
regimen.
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