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Objective: To determine associations between maternal anaemia and child neurodevelopment and anaemia among 18- 
month-old children exposed to maternal HIV infection and placental insufficiency.
Design: A cross-sectional study was conducted. Placental insufficiency was detected by an abnormal umbilical artery resistance 
index (UmA-RI) on Doppler ultrasound during gestation.
Setting: Kalafong Provincial Tertiary Hospital.
Subjects: In total, 260 mother–child pairs grouped into HIV-unexposed-uninfected children (CHUU): n = 198 vs. HIV-exposed- 
uninfected children (CHEU): n = 62, and normal UmA-RI (N-RI): n = 225 vs. abnormal UmA-RI (AbN-RI): n = 35 were investigated. 
Also, CHUU/N-RI (control): n = 178 was compared with CHEU/AbN-RI (dual exposure): n = 15.
Outcome measures: Haemoglobin concentrations were tested using the HemoCue® Hb 201+. Bayley-III assessed children’s 
cognitive, motor, and language development at the corrected age.
Results: More than one-third of children across the groups were mildly anaemic. Some 25.7% of mothers in AbN-RI group were 
mildly anaemic, significantly more than the N-RI mothers (9.8%); p = 0.027. In the CHEU group, maternal haemoglobin 
concentrations were associated with child haemoglobin concentrations: β = 0.19, 95% confidence interval (CI) (0.02,0.36); 
p = 0.028. The AbN-RI group had significantly lower mean cognitive composite scores compared with the N-RI group: 
96.4 ± 12.2 vs. 100.0 ± 10.5; p = 0.017. Significantly lower mean cognitive scores were observed in CHEU/AbN-RI compared 
with CHUU/N-RI: 93.9 ± 12.9 vs. 100.0 ± 10.6; p < 0.001. There was no evidence to suggest an association between 
haemoglobin concentration and child neurodevelopment; however, in CHEU, cognitive development was associated with 
LAZ: β = 3.34, 95% CI (1.13,5.54), p = 0.004.
Conclusions: Child health and nutrition-sensitive programmes need to prioritize CHEU and children with placental insufficiency 
as at-risk groups for cognitive delays.
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Introduction
Anaemia is a primary global health concern, particularly affect
ing women and young children. Globally, it affects 30.0% of 
women of childbearing age, 37.0% of pregnant women, and 
40.0% of young children.1,2 Low- and middle-income countries 
(LMICs) are heavily affected, with 106 million women and 103 
million children being anaemic in Africa.2 In South Africa, the 
prevalence of anaemia in women and children has been 
reported as 28.1% and 61.3%, respectively.3,4 It has been associ
ated with impaired physical health, stunting, and delayed neu
rodevelopment in 6- to 24-month-old children.1,4,5

Nutrient deficiencies including vitamin A, B12, C, iron, 
and folate, resulting from inadequate diet, are causes of 
nutritional anaemia. In South Africa, iron deficiency is a 
common nutritional cause of anaemia.3,6 Other risk factors 
of anaemia include infections such as HIV and tuberculosis, 

which cause anaemia of chronic diseases, as well as side 
effects of therapy.7

Nutrient deficiencies are most common in people living with 
HIV as they are prone to food and nutrition insecurity. South 
Africa is a country highly burdened by HIV infection, particularly 
among women and girls (53.0%).4 Estimates showed that 30.0% 
of South African pregnant women are living with HIV, with an 
anaemia prevalence of 60.6% to 71.3%.4,8 Nonetheless, these 
women give birth to HIV-free infants due to the successes of 
the prevention of vertical transmission of HIV programmes.9,10

Notwithstanding the fact that the population of HIV-free chil
dren born to women living with HIV, referred to as children 
who are HIV-exposed-uninfected (CHEU), are classified as at- 
risk for inadequate nutrition, poor growth, and neurodevelop
ment. Delicio et al.11 reported a significant prevalence of 
anaemia (25.7%) in CHEU in Brazil.
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Another factor affecting child neurodevelopment and growth is 
placental insufficiency. Placental insufficiency is one of the 
immediate causes of intrauterine growth restriction (IUGR) 
and can be detected by an abnormal umbilical artery resistance 
index (UmA-RI) on Doppler ultrasound during pregnancy.12

Lower neurodevelopmental scores have previously been 
described in children with a history of IUGR.13,14 Child neurode
velopment is a public health concern; estimates are that over 
one-third of children aged under five years are at risk of not 
attaining their full developmental potential, particularly in 
LMICs.15 Placental insufficiency may additionally expose chil
dren to anaemia.

It is of great importance to better understand the associations 
between maternal and child anaemia and neurodevelopmen
tal outcomes of children who had placental insufficiency in 
the context of high maternal HIV prevalence in the LMIC 
setting.

Materials and methods

Study setting, design, and population
The study is a follow-up to the South African arm of the Umbi
flow International study that determined the prevalence of 
abnormal UmA-RIs as a marker for placental insufficiency in 
unselected, low-risk obstetric populations at 28–34 weeks’ ges
tation in Ghana, India, Kenya, Rwanda, and South Africa.16

Abnormal UmA-RIs were defined as resistance indices ≥ 75th 
centile-for-gestational age, previously described to indicate a 
high risk of suboptimal clinical outcomes, including stillbirths 
and lower birthweights-for-gestational age, linked to placental 
insufficiency.17 To expand the study population of children 
with both placental insufficiency and maternal HIV exposure, 
the present study also enrolled participants from the Siyakhula 
study, which longitudinally investigated growth and neurode
velopment in CHEU from birth to two years, in the same geo
graphical area, population, and with similar procedures.18

The cross-sectional UmbiGodisa study was conducted in 2021 
among 18-month-old CHEU and HIV-unexposed-uninfected 
children (CHUU) with normal or abnormal UmA-RI, with available 
pregnancy and birth data, at the University of Pretoria’s Research 
Centre for Maternal, Fetal, Newborn and Child Health Care Strat
egies at Kalafong Provincial Tertiary Hospital. Children with chro
mosomal or structural abnormalities or other severe medical 
conditions known to impact child neurodevelopment were 
excluded. The anticipated sample was 311 from the Umbiflow 
International study. However, 46 participants did not attend 
the planned study visit, two participants subsequently with
drew, and two children had severe medical conditions. A total 
of 271 participants were recruited, including 10 participants 
from the Siyakhula study. Eleven participants were excluded 
from the current analysis, as they had incomplete questionnaires 
(n = 4), had an obvious developmental disability (n = 1), had 
acute medical conditions resulting in an inadequately alert 
state (n = 2), or had missing haemoglobin concentrations as 
they were not tested due to the temporary malfunctioning of 
the instrument on the day of their study visit (n = 4). We there
fore investigated 260 mother–child pairs, grouped based on 
HIV-exposure status (CHUU: n = 198; CHEU: n = 62) and normal 
(n = 225) or abnormal UmA-RI (n = 35) during pregnancy. In 
further analysis, the grouping was as follows: CHUU with 
normal UmA-RI (CHUU/N-RI; control group; n = 178), CHEU 
with normal UmA-RI (CHEU/N-RI; single exposure; n = 47), 
CHUU with abnormal UmA-RI (CHUU/AbN-RI; single exposure; 

n = 20) and CHEU with abnormal UmA-RI (CHEU/AbN-RI; dual 
exposure; n = 15).

Questionnaires
The face-to-face maternal interviews were conducted by trained 
study staff in either English or local languages, using structured 
and previously used questionnaires to collect maternal and 
child sociodemographic data and medical history, as well as 
descriptive quantitative breastfeeding data over the first 18 
months of life, which was based on maternal recall.

Measurements
The haemoglobin concentration is used as an indicator of 
anaemia and by proxy for iron deficiency, with anaemia 
defined by the World Health Organization (WHO) as a haemo
globin concentration of <11 g/dL in children aged 6–59 
months and <12 g/dL in non-pregnant women.19 Maternal 
and child haemoglobin concentrations were measured using 
the HemoCue® Hb 201+ System Analyzer (https://hemocue. 
com/en/products/hematology/hemocue-hb-201plus-system/). 
About 10 µL of blood was drawn using a HemoCue sterile 
safety lancet (2.25 mm depth) and Hb 201 micro cuvettes. 
This system has been reported to be the standard haemo
globin point-of-care test, which provides laboratory accuracy 
for determining haemoglobin in whole blood with a measuring 
range of 0–25.6 g/dL and delivers results within 1 minute.20

Further, the system is easy to use and has outstanding lot-to- 
lot reproducibility. The International Council for Standardiz
ation in Hematology (ICSH) calibrates it from the factory for 
determining haemoglobin.18,20

Child neurodevelopment outcomes were measured using the 
Bayley Scales of Infant and Toddler Development™ third 
edition (Bayley-III), which is a standardized and well-accepted 
tool for developmental assessment of children aged 1–42 
months and assesses children in terms of cognitive, motor, 
and language domains.21 The Bayley-III assessment was con
ducted at the corrected age, with the motor domain including 
the fine and gross motor domains and expressive and receptive 
language included in the language domain.

The anthropometric measurements of the mother–child pairs 
were performed following standardized WHO procedures.22

Two trained assessors carried out measurements two consecu
tive times, and if the measurements were similar the mean value 
was recorded.23 A third measurement was done if two measure
ments differed by 0.5 cm or 0.05 kg. There were missing anthro
pometric measurements for seven mothers because of repeat 
pregnancies (n = 5) or because children were brought by the 
caregivers (n = 2).

Data processing and statistical analyses
Data were managed and independently double-entered on the 
online electronic platform, Research Electronic Data Capture 
(REDCap) v9.3.5 (https://project-redcap.org/). Missing or inac
curate data were dealt with immediately upon completing the 
interviews. The study classified the haemoglobin concentration 
into the following categories for children: severe anaemia 
(< 7.0 g/dL); moderate anaemia (7.0–9.9 g/dL); mild anaemia 
(10.0–10.9 g/dL) and normal (≥ 11.0 g/dL). Haemoglobin con
centration classification for non-pregnant women was as 
follows: severe anaemia (< 8.0 g/dL); moderate anaemia (8.0– 
10.9 g/dL); mild anaemia (11.0–11.9 g/dL) and normal 
(≥ 12.0 g/dL).7
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Bayley-III composite scores were defined as 100 for mid-average 
functioning, < 85 for mild impairment, < 70 for moderate 
impairment and < 55 for severe impairment. Maternal body 
mass index (BMI) was computed, with subsequent classification 
as follows: underweight: < 18.5 kg/m2; normal: 18.5–24.9 kg/m2; 
overweight: 25–29.9 kg/m2; obese: ≥ 30 kg/m2. The child birth 
anthropometric z-scores were computed using the INTER
GROWTH-21st Newborn Size tool (International Fetal and 
Newborn Growth Consortium for the 21st Century, Oxford, 
UK), and the WHO Anthro Survey Analyzer (https://www.who. 
int/tools/child-growth-standards/software ) was used to 
compute childhood z-scores: weight-for-age (WAZ), length- 
for-age (LAZ), weight-for-length (WLZ), head circumference- 
for-age (HCZ), and mid-upper arm circumference-for-age 
(MUACZ). Premature births were corrected for age. The study 
utilized WHO guidelines to define stunting, underweight, 
wasting, and moderate acute malnutrition as LAZ, WAZ, WLZ, 
and MUACZ < −2 SD. The z-scores < −3 were classified as a 
severe condition. The anthropometrical z-scores outside the 
range of the reference population (<−3 and >+3) were 
reviewed and corrected in the event of an error in data 
capturing.

R statistical software (version 4.3.0; R Foundation for Statistical 
Computing, Vienna, Austria) was used for descriptive statistical 
analysis. The variables were assessed for normality using the 
Shapiro–Wilk test. Frequencies and percentages were reported 
for categorical data and significances were determined using 
the chi-square test, and Fisher’s exact test as an alternative 
where group counts were less than five. For continuous data, 
means and standard deviations were reported and significances 
were determined using the independent t-test. Associations 
were determined using univariable and multivariable linear 
regression models. Multivariable models were adjusted for 
UmA-RI status, maternal HIV status, sex, LAZ, and WLZ. The 
p-values < 0.05 were considered to be statistically significant.

Ethical considerations
Ethical approvals were obtained from the Faculty of Natural and 
Agricultural Sciences and Faculty of Health Sciences Ethics Com
mittees with ethics reference numbers NAS259/2021 and 283/ 
2019, respectively, in accordance with Declaration of Helsinki 
guidelines. Participants were given relevant information con
cerning the follow-up study, and participation was voluntary. 
Mothers provided consent on behalf of themselves and their 
infants. There were minimal risks for participation in the 
study. Mothers were reimbursed for transport costs and given 
light refreshments.

Results

Baseline characteristics
A total of 260 mother/caregiver–child pairs participated in this 
study, and their baseline characteristics are presented in Table 
1. In terms of the birth outcomes, we observed that the percen
tage of premature births was significantly higher among chil
dren who had abnormal UmA-RI (AbN-RI), as a marker for 
placental insufficiency (22.9%), in comparison with their 
normal UmA-RI (N-RI) counterparts (7.1%); p = 0.007. Also, chil
dren who had AbN-RI had significantly lower mean length 
(p = 0.049) and mean head circumference (HC) at birth (p =  
0.034) than N-RI children. Furthermore, CHEU had a lower 
mean birth length (p = 0.037) and birthweight z-score (p =  
0.031) than CHUU.

For the feeding practices during the first six months, percen
tages of exclusive breastfeeding were significantly higher in 
CHEU than in CHUU (43.5% vs. 34.3%; p = 0.004) and in chil
dren who had AbN-RI than in N-RI children (42.9% vs. 
36.0%; p = 0.015). More than 50% of CHUU and N-RI children 
were mixed-fed. Current or continued breastfeeding was 
found in 26.8% of CHUU and 11.3% in CHEU; p = 0.038. 
When comparing maternal factors between the groups, it 
was observed that mothers of CHEU (p = 0.004) and children 
who had AbN-RI (p = 0.015) were significantly older than 
their counterparts.

Haemoglobin concentrations and Bayley-III 
developmental composite scores
Table 2 presents the findings on child anthropometric out
comes, maternal and child haemoglobin, and Bayley-III findings 
between the CHUU vs. CHEU as well as the N-RI vs. AbN-RI 
groups. The comparisons between groups indicated signifi
cantly lower LAZ among CHEU vs. CHUU (−0.7 ± 1.2 vs. −0.1 ±  
1.3; p = 0.014) and in children who had AbN-RI vs. N-RI children 
(−0.7 ± 1.5 vs. −0.1 ± 1.3; p = 0.020). Significantly lower cogni
tive composite scores were observed among children who 
had AbN-RI when compared with their N-RI counterparts: 
96.4 ± 12.2 vs. 100.0 ± 10.5; p = 0.017. More than a third of chil
dren across the compared groups presented with mild anaemia, 
while around one-quarter (25.7%) of mothers of AbN-RI children 
were mildly anaemic when compared with mothers of N-RI chil
dren (9.8%); p = 0.027.

Further analysis included participants grouped into CHUU/N-RI, 
CHEU/N-RI, CHUU/AbN-RI,and CHEU/AbN-RI. Table 3 presents 
child anthropometric outcomes, indices, haemoglobin, and neu
rodevelopmental findings among CHUU/N-RI (control) vs. CHEU/ 
AbN-RI (dual exposure) groups. Results on anthropometric 
measurements and indices showed that the CHEU/AbN-RI (dual 
exposure) group had lower anthropometric measurements and 
z-scores than the control group. Findings of the Bayley-III test 
demonstrated that CHEU/AbN-RI had a significantly lower 
mean cognitive composite score than the control group 
(93.9 ± 12.9 vs. 100.0 ± 10.6; p < 0.001). About 44.7% of CHEU/ 
N-RI and 40.0% of CHUU/AbN-RI were mildly anaemic.

No statistically significant differences existed between the mean 
child haemoglobin values and haemoglobin classifications 
when comparing the exposure groups with the control group. 
However, CHUU/AbN-RI had a mean haemoglobin value of 
10.9 ± 1.4 g/dL, indicating mild anaemia in these children. 
Mothers of CHEU/AbN-RI had significantly lower mean haemo
globin concentrations than mothers of CHUU/N-RI (12.0 ± 1.3 vs. 
12.8 ± 1.5; p = 0.024). The findings on the maternal haemo
globin classification differences between the control and dual 
exposure groups were not statistically significant.

However, it was observed that more mothers of CHEU/AbN-RI 
were mildly (20.0%) or moderately anaemic (20.0%), compared 
with mothers of the control group (9.6% and 12.4%, respect
ively). Further comparative analysis showed that a significantly 
higher percentage (30.0%) of mothers of CHUU/AbN-RI were 
mildly anaemic compared with control group mothers (9.1%); 
p = 0.020. Also, mothers of CHEU/N-RI had significantly lower 
mean haemoglobin values than their counterparts in the 
control group: 12.4 ± 1.7 g/dL vs. 12.8 ± 1.5 g/dL; p = 0.022, 
and more (21.7%) of these mothers were moderately anaemic 
compared with mothers in the control group (12.0%), although 
this was not statistically significant.
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Table 1: Participants’ baseline characteristics and birth information based on HIV exposure and normal or abnormal umbilical artery resistance index

Variables CHUU CHEU p-value N-RI AbN-RI p-value

Sample size (n) 198 62 225 35

Child factors:

Child age (months), mean ± SD 18.5 ± 0.8 18.6 ± 0.8 0.180 18.6 ± 0.9 18.5 ± 0.7 0.930

Child sex: Female, n (%) 101 (51.0) 33 (53.2) 0.770 114 (50.7) 20 (57.1) 0.590

Premature birth, n (%) 20 (10.1) 4 (6.5) 0.460 16 (7.1) 8 (22.9) 0.007

GA at birth (weeks), mean ± SD 39.0 ± 2.0 39.2 ± 1.7 0.720 39.2 ± 1.8 38.3 ± 2.5 0.045

Birthweight (g), mean ± SD 3073 ± 482 3183 ± 558 0.090 3107 ± 469 3048 ± 682 0.860

Birth length (cm), mean ± SD 50.4 ± 3.1 49.6 ± 2.3 0.037 50.4 ± 2.9 49.2 ± 3.1 0.049

Birth HC (cm), mean ± SD 34.3 ± 1.7 34.3 ± 1.5 0.780 34.4 ± 1.6 33.5 ± 2.2 0.034

Birthweight z-score, mean ± SD −0.4 ± 1.1 −0.7 ± 1.0 0.031 −0.4 ± 1.1 −0.7 ± 1.0 0.420

Birth length z-score, mean ± SD 0.6 ± 1.6 0.2 ± 1.3 0.058 0.5 ± 1.6 0.5 ± 1.2 0.150

Birth HC z-score, mean ± SD 0.4 ± 1.3 0.3 ± 1.2 0.440 0.4 ± 1.3 0.4 ± 1.0 0.240

Child received multivitamins or supplements, n (%) 42 (21.2) 9 (14.5) 0.350 47 (20.9) 4 (11.4) 0.300

The child was ever breastfed, n (%) 190 (96.0) 59 (95.2) 0.730 214 (95.1) 35 (100.0) 0.370

Infant feeding from birth to 6 months, n (%) 0.004 0.015

EBF 68 (34.3) 27 (43.5) 81 (36.0) 15 (42.9)

Formula feeding 10 (5.1) 4 (6.6) 14 (6.2) 0 (0.0)

Mixed feeding 112 (56.6) 20 (32.3) 118 (52.4) 14 (40.0)

Formula feeding but previously EBF 8 (4.0) 11 (17.7) 12 (5.3) 6 (17.1)

Continued breastfeeding 53 (26.8) 7 (11.3) 0.038 53 (23.6) 7 (20.0) 0.900

Maternal factors at 18 months postpartum:

Age (years), mean ± SD 30.0 ± 5.1 32.5 ± 5.8 0.004 30.3 ± 5.2 32.1 ± 6.5 0.015

UmA-RI z-score, mean ± SD 0.2 ± 0.9 0.3 ± 1.0 0.320 0.0 ± 0.6 1.7 ± 0.8 0.012

Gravidity, median [IQR] 2 [2, 3] 3 [2, 3] 0.054 2 [2, 3] 2 [2, 3] 0.770

Parity, median [IQR] 2 [1, 3] 2 [2, 3] 0.040 2 [2, 3] 2 [2, 3] 0.830

Previous pregnancy losses, n (%) 40 (20.2) 19 (30.6) 0.110 54 (24.0) 5 (14.3) 0.440

Weight (kg), mean ± SD a 76.9 ± 19.8 75.6 ± 23.9 0.430 78.1 ± 20.8 67.1 ± 18.1 0.002

Height (cm), mean ± SD a 159.9 ± 6.1 161.3 ± 8.1 0.200 160.6 ± 6.8 158.0 ± 5.2 0.090

BMI (kg/m²), mean ± SD a 30.1 ± 7.7 28.8 ± 8.1 0.470 30.3 ± 7.9 26.8 ± 6.5 0.009

MUAC (cm), mean ± SD a 32.0 ± 5.0 31.1 ± 5.7 0.530 32.1 ± 5.2 29.6 ± 4.6 0.009

Iron supplementation b, n (%) 24 (12.1) 24 (38.7) < 0.001 34 (15.1) 10 (28.6) 0.096

Folic acid supplementation c, n (%) 18 (9.1) 19 (30.6) < 0.001 27 (12.0) 10 (28.6) 0.022

Maternal TB status, n (%): 0.410 0.580

Previously had TB 2 (1.0) 2 (3.2) 4 (1.8) 0 (0.0)

Never had TB 187 (94.4) 53 (85.5) 208 (92.4) 32 (91.4)

Unknown 9 (4.6) 7 (11.3) 13 (5.8) 3 (8.6)

Latest CD4 count (cells/mm³), mean ± SD n/a 429 ± 294 n/a 455 ± 311 336 ± 232 0.510

Latest viral load (copies/mL),median [IQR] n/a 0 [0, 0] n/a 0 [0, 0] 0 [0, 0] 0.540

Drinks alcohol d, n (%) 51 (25.8) 16 (25.8) > 0.999 65 (28.9) 2 (5.7) 0.008

Smokes cigarettese, n (%) 4 (2.0) 2 (3.2) 0.950 6 (2.7) 0 (0.0) 0.720

Marital status, n (%) 0.490 0.260

Single 82 (41.4) 23 (37.1) 95 (42.2) 10 (28.6)

Married/cohabiting 116 (58.6) 39 (62.9) 130 (57.8) 25 (71.4)

Education level, n (%) 0.570 0.310

Any primary level 19 (9.6) 5 (8.1) 22 (9.8) 2 (5.7)

Any secondary level 133 (67.2) 46 (74.2) 151 (67.1) 28 (80.0)

Any tertiary level 46 (23.2) 11 (17.7) 52 (23.1) 5 (14.3)

Employment status, n (%) 0.880 > 0.999

Any employment 79 (39.9) 24 (38.7) 89 (39.6) 14 (40.0)

Unemployed 119 (60.1) 38 (61.3) 136 (60.4) 21 (60.0)

Abbreviations: AbN-RI: abnormal umbilical artery resistance index; BMI: body mass index; CHUU: HIV-unexposed-uninfected children; CHEU: HIV-exposed-uninfected chil
dren; cm: centimetre; EBF: exclusive breastfeeding; HC: head circumference; IQR: interquartile range; GA: gestational age; kg: kilogram; n/a: not applicable; N-RI: normal 
umbilical artery resistance index; MUAC: mid-upper arm circumference; SD: standard deviation; TB: tuberculosis. 

Notes: A p-value less than 0.05 indicates that the results were statistically significant, and such p-values are in bold. 
aAnthropometry measurements were carried out on 253 mothers: CHUU: n = 192; CHEU: n = 61; N-RI: n = 219; and AbN-RI: n = 34. bAntenatal supplementation of iron sup

plements. cAntenatal supplementation of folic acid. dQuestion asked: Since your baby was born, did you drink alcohol? eQuestion asked: Since your baby was born, did 
you smoke cigarettes?
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Association between maternal and child 
haemoglobin concentration and child 
neurodevelopment
In univariable regression analysis of the total population, 
maternal haemoglobin was not significantly associated with 
child haemoglobin (β = 0.08 [95% confidence interval (CI): 
−0.02,0.17]; p = 0.113), but further analysis showed that in the 
CHEU group, a significant association was found (β = 0.19 
[0.02,0.36]; p = 0.028). This significant association remained on 
multivariable regression analysis, adjusted for umbilical artery 
resistance index status, maternal HIV status, sex, LAZ, and 
WLZ (β = 0.19 [0.01,0.37]; p = 0.035).

In univariable and multivariable regression analysis, we found 
no indications to suggest an association between the child 
or maternal haemoglobin and child neurodevelopment. In 
particular, we observed no evidence of the association 
between haemoglobin concentration and cognitive develop
ment in the AbN-RI and CHEU/AbN-RI groups. As a result, 
we further determined the association between child neuro
development, LAZ, and stunting. In the CHEU group, the uni
variable and multivariable regression analysis indicated a 
significant positive association between cognitive and motor 
development and increasing LAZ, and a significant negative 
association between cognitive development and stunting 
(Table 4 and Table 5).

Discussion
Our study aimed to determine an association between maternal/ 
child haemoglobin levels, exposure to maternal HIV infection, and 
placental insufficiency in utero and child neurodevelopment. 
Findings indicated lower cognitive scores among children with 
a history of placental insufficiency, a leading cause of IUGR, and 
even lower cognitive scores in the dual exposure group (CHEU/ 
AbN-RI). However, there was no evidence that lower cognitive 
scores were associated with either child or maternal haemoglobin.

Nearly a quarter of children who had AbN-RI were born prema
turely; a similar finding has previously been reported.24 The 
high number of premature births may be attributed to the 
fact that, once the clinicians had identified the abnormal 
Doppler, the mothers were referred for obstetric management, 
and if the risk of stillbirth was deemed to be too high then the 
pregnancy was delivered. Many of these premature births were 
therefore iatrogenic.

Regarding breastfeeding practices, a high percentage of CHEU 
and children who had AbN-RI were reported to be exclusively 
breastfed during the first six months of life. In children who 
had AbN-RI, a high percentage of exclusive breastfeeding may 
be due to the fact that many of these children were born prema
turely, and their mothers were counselled and supported on 
breastfeeding through the Kangaroo Mother Care programme 

Table 2: Comparisons of gestational age-corrected anthropometry and Bayley-III mean composite scores as well as haemoglobin concentrations in 
HIV-exposed vs. HIV-unexposed children and children with normal vs. abnormal umbilical artery resistance index in utero, and their mothers

Measures, mean ± SD CHUU CHEU p-value N-RI AbN-RI p-value

Sample size (n) 198 62 225 35

Children’s anthropometric measurements and indices

Weight (kg) 10.9 ± 1.6 10.5 ± 1.7 0.130 10.8 ± 1.6 10.4 ± 1.7 0.045

Length (cm) 81.8 ± 3.8 80.2 ± 3.4 0.023 81.7 ± 3.7 79.8 ± 4.1 0.006

MUAC (cm) 16.1 ± 1.5 16.2 ± 1.6 0.900 16.1 ± 1.5 16.2 ± 1.6 0.740

HC (cm) 48.1 ± 1.6 47.9 ± 1.8 0.240 48.1 ± 1.7 47.9 ± 1.7 0.460

Weight-for-age z-score 0.0 ± 1.2 −0.2 ± 1.3 0.170 0.0 ± 1.2 −0.3 ± 1.3 0.110

Length-for-age z-score −0.1 ± 1.3 −0.7 ± 1.2 0.014 −0.1 ± 1.3 −0.7 ± 1.5 0.020

Weight-for-length z-score 0.1 ± 1.2 0.1 ± 1.3 0.950 0.1 ± 1.3 0.0 ± 1.1 0.770

MUAC-for-age z-score 1.1 ± 1.1 1.1 ± 1.2 0.790 1.1 ± 1.1 1.2 ± 1.2 0.570

HC-for-age z-score 0.9 ± 1.2 0.7 ± 1.2 0.230 0.9 ± 1.2 0.8 ± 1.3 0.700

Children’s Bayley composite scores, mean ± SD

Cognitive development 99.8 ± 10.7 98.5 ± 11.1 0.910 100.0 ± 10.5 96.4 ± 12.2 0.017

Language development 89.5 ± 12.2 88.8 ± 12.4 0.120 89.1 ± 12.2 90.7 ± 12.8 0.660

Motor development 99.7 ± 11.7 98.4 ± 13.5 0.180 99.7 ± 12.0 96.9 ± 12.6 0.530

Children’s haemoglobin concentration and classification

Haemoglobin value (g/dL) 11.0 ± 1.2 11.0 ± 1.1 0.800 11.0 ± 1.2 11.0 ± 1.3 0.170

Haemoglobin level classification, n (%)

Normal haemoglobin concentration (≥ 11.0 g/dL) 100 (50.5) 33 (53.2) 0.920 115 (51.1) 18 (51.4) 0.210

Mild anaemia (10.0–10.9 g/dL) 87 (43.9) 26 (41.9) 100 (44.4) 13 (37.1)

Moderate anaemia (7.0–9.9 g/dL) 11 (5.6) 3 (4.8) 10 (4.4) 4 (11.4)

Maternal haemoglobin concentration and classification

Haemoglobin value (g/dL) 12.8 ± 1.5 12.3 ± 1.6 0.081 12.7 ± 1.5 12.4 ± 1.4 0.430

Haemoglobin level classification, n (%)

Normal haemoglobin concentration (≥ 12.0 g/dL) 152 (76.8) 40 (64.5) 0.100 171 (76.0) 21 (60.0) 0.027

Mild anaemia (11.0–11.9 g/dL) 22 (11.1) 9 (14.5) 22 (9.8) 9 (25.7)

Moderate anaemia (8.0–10.9 g/dL) 24 (12.1) 13 (21.0) 32 (14.2) 5 (14.3)

Abbreviations: AbN-RI: abnormal umbilical artery resistance index; CHUU: HIV-unexposed-uninfected children; CHEU: HIV-exposed-uninfected children; g/dL: grams per 
decilitre; HC: head circumference; MUAC: mid-upper arm circumference; N-RI: normal umbilical artery resistance index; SD: standard deviation. 

Note: A p-value less than 0.05 indicates that results were statistically significant, and such p-values are in bold.
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in the local geographic area. The high percentage of exclusive 
breastfeeding in CHEU on the other hand may be attributed 
to the success in the promotion of breastfeeding in the 
context of HIV.25,26 Furthermore, a similar high percentage of 
exclusive breastfeeding has recently been reported in South 
African CHEU.27 On the other hand, current or continued breast
feeding percentages were low in all groups, despite the known 
importance of promoting growth and development during the 
critical period of transitioning from exclusive breastfeeding to 
complementary feeding.27

Across all the groups, the reported percentage of mothers who 
received antenatal iron and folic acid supplementation was very 
low. Nonetheless, a significant percentage of mothers of CHEU 
had antenatal iron and folic acid supplementation. Micronutri
ent deficiencies, including iron deficiency, are known to be 
common in pregnant women living with HIV due to increased 

requirements as a result of pregnancy and HIV infection. Still, 
irrespective of maternal HIV status, all pregnant women 
should be given nutrient supplementations as a standard of 
care for prevention and treatment.28

The study found that there were no statistical significances in 
terms of haemoglobin levels (except for mothers of CHEU/ 
AbN-RI vs. CHUU/N-RI) and classification between groups for 
mothers (except for mothers in N-RI vs. AbN-RI groups) and 
their children. Observations were that, across the groups, 
mothers and children had mean haemoglobin values on or 
above the standard cut-off values except for CHUU/AbN-RI chil
dren, who were mildly anaemic. Also, above a quarter of 
mothers of AbN-RI were mildly anaemic. These findings of 
mild anaemia in children who had AbN-RI and their mothers 
were in line with the literature that maternal anaemia is 
related to the occurrence of childhood anaemia.29 Another 

Table 3: Gestational age-corrected anthropometry and Bayley-III composite scores as well as haemoglobin concentrations and classifications at the 
18-month study visit: control vs. dual exposure infant groups, as well as their mothers

Measures, mean ± SD CHUU/N-RI CHEU/AbN- RI p-value
(control) (dual exposure)

Sample size (n) 178 15

Children’s anthropometric measurements and indices

Weight (kg) 10.9 ± 1.6 9.9 ± 1.0 0.009

Length (cm) 81.9 ± 3.8 78.2 ± 3.5 0.017

MUAC (cm) 16.1 ± 1.4 16.0 ± 1.4 0.540

HC (cm) 48.1 ± 1.6 47.1 ± 1.2 0.011

Weight-for-age z-score 0.0 ± 1.2 −0.6 ± 0.9 0.019

Length-for-age z-score −0.1 ± 1.3 −1.3 ± 1.3 0.001

Weight-for-length z-score 0.1 ± 1.2 0.0 ± 0.8 0.800

MUAC-for-age z-score 1.1 ± 1.1 1.0 ± 1.0 0.330

HC-for-age z-score 0.9 ± 1.2 0.3 ± 0.7 0.020

Maternal anthropometric measurements

Age (years) 30.1 ± 5.1 36.6 ± 6.1 <0.001

Weight (kg) 77.5 ± 19.7 63.1 ± 15.4 0.004

Height (cm) 160.1 ± 6.2 158.3 ± 5.3 0.490

BMI (kg/m²) 30.3 ± 7.7 25.1 ± 5.2 0.009

MUAC (cm) 32.0 ± 5.1 28.0 ± 4.0 0.003

Children’s Bayley composite scores

Cognitive development 100.0 ± 10.6 93.9 ± 12.9 <0.001

Language development 89.4 ± 12.4 90.9 ± 15.8 0.250

Motor development 99.9 ± 11.7 95.6 ± 14.2 0.230

Children’s haemoglobin concentration and classification

Haemoglobin value (g/dL) 11.0 ± 1.2 11.1 ± 1.1 0.350

Haemoglobin level classification, n (%) 0.690

Normal haemoglobin concentration (≥ 11.0 g/ dL) 91 (51.1) 9 (60.0)

Mild anaemia (10.0–10.9 g/dL) 79 (44.4) 5 (33.3)

Moderate anaemia (7.0–9.9 g/dL) 8 (4.5) 1 (6.7)

Maternal haemoglobin concentration and classification

Haemoglobin value (g/dL) 12.8 ± 1.5 12.0 ± 1.3 0.024

Haemoglobin level classification, n (%) 0.230

Normal haemoglobin concentration (≥ 12.0 g/dL) 139 (78.0) 9 (60.0)

Mild anaemia (11.0–11.9 g/dL) 17 (9.6) 3 (20.0)

Moderate anaemia (8.0–10.9 g/dL) 22 (12.4) 3 (20.0)

Abbreviations: AbN-RI: abnormal umbilical artery resistance index; BMI: body mass index; CHEU: HIV-exposed-uninfected children; CHUU: HIV-unexposed-uninfected 
children; cm: centimetre; HC: head circumference; kg: kilogram; MUAC: mid-upper arm circumference; N-RI: normal umbilical artery resistance index; g/dL: gramd 
per decilitre; SD: standard deviation. 

Note: A p-value less than 0.05 indicates that results were statistically significant, and such p-values are in bold.
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possible risk factor for mild anaemia in children with previous in 
utero growth restriction may be a high percentage of prema
ture birth in this group, with prematurity known to be a risk 
factor for childhood anaemia.29 Further, more than a quarter 
of children across all the groups were mildly anaemic. 
However, the reported percentages were lower than the 
61.3% prevalence of childhood anaemia previously reported 
in a South African systematic review by Turawa et al.4

CHEU who had AbN-RI had low anthropometric measurements 
and indices, particularly mean LAZ, indicating a risk of stunting. 
Similar poorer growth parameters have been reported in South 
African CHEU compared with CHUU.27 Other researchers have 
shown that IUGR does not impact anthropometric measure
ments;30 these may, perhaps, depend on the type of anthropo
metric measurement used.

Furthermore, children who had AbN-RI and CHEU/AbN-RI had 
significantly lower Bayley-III mean cognitive composite scores. 
Lower cognitive scores were reported among children who had 
IUGR by Sacchi et al.13 in their systematic review and meta-analy
sis involving 60 studies that included 52 822 children, as well as 
by von Beckerath et al.24 There was no significant difference in 
mean cognitive scores between CHEU vs. CHUU, similar to pre
vious studies in South Africa and Botswana, in which similar cog
nitive development was described in CHEU and CHUU.31,32

Our univariable and multivariable regression analyses indicated 
that no associations existed between maternal or child haemo
globin and child neurodevelopment. These findings align with 

many reports in the literature.33 However, the findings differed 
from those of Olney et al.34 and a systematic review and meta- 
analysis by Larson et al.35, which showed an association 
between child haemoglobin and motor development. Nonethe
less, studies in the literature did not focus on the dual exposures 
of HIV and placental insufficiency.

The lower cognitive scores among children who had AbN-RI and 
CHEU/AbN-RI were not associated with child or maternal hae
moglobin concentrations, and the findings differed from 
another report, although HIV exposure and UmA-RI were not 
investigated.36 Observations were that these children who 
were HIV-exposed and had AbN-RI also had lower LAZ; 
however, further investigations showed a significant association 
between cognitive and motor development and LAZ among 
CHEU only. This may suggest that poor linear growth is not a 
risk factor for cognitive deficit in children who had UmA-RI. 
We assume the cognitive domain was mainly affected due to 
its reliance on brain structures highly sensitive to prenatal dis
ruptions like oxygen and nutrient deprivation.

Limitations of the study include the lack of a full blood count for 
assessing anaemia. Also, the maternal haemoglobin at 18 
months postpartum may not fully indicate the maternal haemo
globin during pregnancy/early postpartum, which is likely more 
important in terms of its impact on child neurodevelopment. 
Another limitation was that we had a small dual-exposure 
group sample size. Nonetheless, this study investigated the 
overlooked population of children exposed to HIV and placental 
insufficiency.

Table 4: Univariable linear regression findings for the association between child LAZ and stunting and Bayley-III composite scores at 18 months

LAZ Stunting

Item Univariable model β (95% CI) p-value Univariable model β (95% CI) p-value

Total population:

Cognitive domain 0.67 (−0.33,1.67) 0.190 −6.15 (−10.75,−1.55) 0.009

Language domain 0.30 (−0.84,1.44) 0.608 −2.83 (−8.10,2.43) 0.290

Motor domain 0.57 (−0.09,2.16) 0.072 −7.26 (−12.43,−2.10) 0.006

CHUU:

Cognitive domain −0.13 (−1.29,1.03) 0.830 −1.92 (−8.83,4.99) 0.585

Language domain 0.13 (−1.18,1.44) 0.840 −0.34 (−8.16,7.48) 0.931

Motor domain 0.21 (−1.05,1.47) 0.739 −2.23 (−9.74,5.28) 0.559

CHEU:

Cognitive domain 3.34 (1.13,5.54) 0.004 −9.10 (−16.78,−3.20) 0.005

Language domain 0.82 (−1.84,3.47) 0.541 −4.87 (−12.95,3.20) 0.232

Motor domain 3.53 (0.80,6.26) 0.012 −10.64 (−19.04,−2.23) 0.014

N-RI:

Cognitive domain 0.32 (−0.77,1.42) 0.560 −6.05 (−11.55,−0.55) 0.031

Language domain 0.40 (−0.86,1.66) 0.531 −2.51 (−8.92,3.91) 0.442

Motor domain 0.68 (−0.57,1.93) 0.284 −6.74 (−13.05,−0.44) 0.036

AbN-RI:

Cognitive domain 1.60 (−1.19,4.40) 0.252 −4.28 (−14.42,5.87) 0.397

Language domain 0.16 (−2.85,3.16) 0.916 −5.25 (−15.88,5.38) 0.321

Motor domain 2.20 (−0.66,5.04) 0.126 −7.18 (−17.49,3.13) 0.166

CHEU/AbN-RI:

Cognitive domain 1.44 (−4.48,7.36) 0.605 −1.04 (−16.81,14.73) 0.888

Language domain −2.49 ( −9.65,4.68) 0.464 −1.63 (−20.93,17.68) 0.858

Motor domain 1.34 (−5.23,7.90) 0.665 −6.08 (−23.10,10.93) 0.451

Abbreviations: AbN-RI: abnormal umbilical artery resistance index; CHUU: HIV-unexposed-uninfected children; CHEU: HIV-exposed-uninfected children; n/a: not applicable; 
CI: confidence interval; LAZ: length-for-age z-score; N-RI: normal umbilical artery resistance index. 

Note: A p-value less than 0.05 indicates that results were statistically significant, and such p-values are in bold.

Associations of maternal HIV infection, anaemia and placental insufficiency with neurodevelopment and anaemia in South African children            179



Conclusions
The prevalence of anaemia remains alarmingly high among 
South African children irrespective of their medical back
grounds. This study’s findings add to the existing knowledge 
that children who had placental insufficiency, as measured by 
Doppler ultrasound in pregnancy in otherwise low-risk preg
nancies, have lower cognitive scores, with the dual-exposure 
group with added in utero HIV exposure having the lowest cog
nitive scores. The findings indicate that maternal HIV exposure 
and placental insufficiency are risk factors for impaired cogni
tive neurodevelopment. However, there was no evidence to 
suggest that child neurodevelopment was associated with 
maternal haemoglobin concentration in HIV- and placental 
insufficiency-exposed groups. Child health and nutrition-sensi
tive programmes should prioritize CHEU and children with pla
cental insufficiency as at-risk groups for cognitive delays.
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