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ABSTRACT
The long-term impact of maternal anaemia on cognitive performance remains unknown. 
Indonesian longitudinal cohort data of 363 paired pregnant mothers and their 10–14-year-
old offspring were used to investigate the association between maternal haemoglobin 
(Hb) concentration and their offspring’s cognitive function (assessed by Raven’s Progressive 
Matrices test) during adolescence. The weighted anaemia prevalence was 49.3% in 
pregnant mothers and 22.2% in adolescents. Adolescents who were stunted, anaemic, or 
living in a rural area had significantly lower cognitive scores than their counterparts. 
Maternal Hb was not associated with adolescent cognitive function (β: 0.14; 95%CI: 
−0.052–0.340). However, the effect of maternal Hb concentration on offspring’s cognitive 
function was modified by stunting status (β, stunted: 0.44; 95%CI: 0.05–0.82; non-stunted: 
0.01; 95%CI: −0.02–0.24). This study shows adverse cognitive outcomes at adolescent age 
are likely multi-causal and can be partially explained by intra-uterine exposure to low 
maternal Hb concentrations.

Introduction

About one-third of the world’s population, especially 
in Low-and Middle-Income Countries (LMICs), is 
suffering from iron deficiency anaemia, a condition 
with abnormally small-sized red blood cells and 
reduced haemoglobin (Hb) concentration (Chaparro 
and Suchdev 2019). Anaemia affects around 800 mil-
lion children and women in the world, with almost 
half of all pregnant women being affected (World 
Health Organization 2011). In Indonesia, anaemia is 
considered a moderate public health problem with a 
prevalence among pregnant women of 37.1% in 2013, 
which increased to 48.9% in 2018 based on the 
Indonesian National Basic Health Survey (Kementerian 
Kesehatan Republik Indonesia 2018).

Pregnancy is a vital stage in human development, 
and maternal anaemia during the intra-uterine period 

can affect growth and development of the offspring. 
A meta-analysis of 26 cohort studies (both with pro-
spective and retrospective study designs) conducted in 
LMICs confirmed that anaemia during pregnancy is 
associated with low birth weight, preterm birth, and 
perinatal mortality (Rahman et  al. 2016). A cohort 
study in India among 1,007 pregnant women found 
that women who were anaemic in the second trimes-
ter of gestation gave birth to infants with lower birth 
weight (Nair et  al. 2016). Low birth weight is an 
important determinant of stunting later in life, as also 
shown for children aged 0–23 months in Indonesia 
based on three waves of data (2000, 2007, and 2014) 
from the Indonesian Family Life Survey (IFLS) 
(Hanifah et  al. 2018). Previous studies also found that 
maternal anaemia is associated with anaemia in the 
offspring. For instance, a study in China found that 
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infants at the age of 5–7 months and 11–13 months 
had a higher risk of anaemia when their mothers had 
been anaemic during mid-pregnancy (Chang et  al. 
2013). An intervention study among 359 Filipino 
pregnant women found that maternal iron deficiency 
anaemia is linked to an increased risk of iron defi-
ciency during infancy (Mendez and Adair 1999).

More importantly, children tend to have delayed 
neurocognitive development, including mental and 
motor development, at young age if their mothers had 
been anaemic during pregnancy (Tran et  al. 2014). 
This may be due to the non-reversible nature of neu-
rodevelopmental damage incurred during early stages 
of life (Beard 2008). Also, anaemia during infancy, 
which is predominantly caused by iron deficiency 
worldwide (De Benoist et  al. 2008), is associated with 
poorer cognitive and motor development 
(Grantham-McGregor and Ani 2001; Sania et  al. 2019). 
The effect of low haemoglobin on cognitive function 
may occur in intra-uterine of the mother during preg-
nancy. The Intra-uterine maternal anaemia can be a 
predisposing risk factor for intra-uterine infant growth 
such as brain development and cognitive function. It is 
because insufficient levels of haemoglobin hinder the 
proper circulation of oxygen within the body and leads 
to a state of oxidative stress or persistent hypoxia, cre-
ating conditions that may contribute to limitations in 
foetal growth (Kozuki et  al. 2012). The potential mech-
anism underlying an iron deficiency-related cognitive 
deficit is not yet well studied in humans (Veena et  al. 
2016), but animal studies showed that iron deficiency 
may interfere with neurogenesis, myelination, dendrite 
growth, and protein expression during neurodevelop-
ment (Beard et  al. 2006; Lozoff et  al. 2006; Fretham 
et  al. 2011). A study in India showed that 3-week old 
infants whose mothers had not been anaemic during 
pregnancy scored 3.9 times higher on behavioural out-
comes such as attention and interactive abilities (Menon 
et  al. 2016). A nationwide prospective cohort study 
over 30 years conducted among 11,656 Finnish women 
found that low maternal Hb, especially during late ges-
tation, was associated with lower educational perfor-
mance of their offspring at the ages of 14 and 16 years 
(Fararouei et  al. 2010).

Adolescence is a period of distinctive neurocogni-
tive growth in which a basic reorganisation of the 
brain occurs (Giedd et  al. 1999). Evidence on the per-
sistent impact of early-life anaemia on cognitive per-
formance in later life has been summarised in a 
systematic review including 27 observational and ran-
domised controlled trials (RCT), but it was concluded 
that there is a scarcity of studies with long-term 
follow-up into adolescence and adulthood (Alwan and 

Hamamy 2015; Janbek et  al. 2019). This piece of 
information can help to even better understand the 
long-term intergenerational consequences of maternal 
anaemia. We therefore aimed to evaluate the relation-
ship between intra-uterine maternal Hb concentration 
and cognitive function of their offspring at adolescent 
age (10–14 years), using longitudinal data from the 
Indonesian Family Life Survey (IFLS).

Methods

Indonesian Family Life Survey (IFLS)

IFLS is a longitudinal survey in Indonesia that started in 
1993/1994 (IFLS 1). The IFLS used a multistage strati-
fied sampling design and collected data at individual and 
household level (Strauss et  al. 2016). The total sample of 
IFLS comprises >30,000 individuals from 13 out of 27 
provinces in Indonesia and represents about 83% of the 
Indonesian population. IFLS 2 was performed in 
1997/1998, IFLS 3 in 2000, IFLS 4 in 2007/2008, and 
IFLS 5 in 2014/2015. For the current analysis, we only 
used data from IFLS waves 2 to 5, since maternal Hb 
concentration was not assessed in the first wave.

Participants

Subjects were adolescents aged 10–14 years from IFLS 
waves 4 and 5, who had a complete cognitive score 
record (n = 8,109). Participants without weight and 
height measurements (n = 22) and Hb data (n = 349) 
were excluded, yielding 7,712 adolescents. A total of 
867 pregnant women >15 years with complete Hb data 
from waves 2 and 3 were then paired with their chil-
dren at adolescent age (n = 363; Figure 1).

Assessment of cognitive function

Cognitive function was measured using an 
age-appropriate subset of questions from Raven’s 
Progressive Matrices (RPM). RPM is the most com-
monly used nonverbal test to measure general intel-
lectual ability, or cognitive function (Sandjaja et  al. 
2013). It relates to several abilities such as analysing, 
reasoning, and understanding of unconcreted con-
cepts (Prabhakaran et  al. 1997). This intelligence test 
has been validated for use in different socio-economic 
groups, ethnicities, and cultures (Raven 2000). Two 
members of the testing division of the Indonesian 
Ministry of Education adapted the test for the 
Indonesian setting by drawing items from the National 
Achievement Test (Frankenberg and Thomas 2000). 
In IFLS, an RPM module (EK1) was developed for 
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participants aged 7–14 years while a larger module 
including EK1 items was developed for participants 
aged 15 years or older. The subset EK1, as used for 
the present study, consists of 17 questions; 12 ques-
tions to test cognitive abilities, such as general intelli-
gence and non-concrete reasoning, and 5 questions to 
test mathematic skills. Correct answers were scored as 
“1” and incorrect answers as “0”, so that the maxi-
mum total score was 17 (Supplementary Table 1).

Assessment of maternal and adolescent anaemia

Hb concentrations were determined from finger prick 
blood by trained health workers using a point-of-care 
Hb test (HemoCue Hb201+, Ängelholm, Sweden), as 
described before for IFLS (Strauss et  al. 2016). For 
adolescents, Hb was measured when they were 
10–14 years old. Based on WHO guidance, anaemia 
status was defined as Hb <11.5 g/dl for adolescents 
aged 10–11 years, < 12.0 g/dL for adolescents aged 
12–14 years, and <11 g/dL for pregnant women (World 
Health Organization 2013). In the present study, Hb 
concentrations were not adjusted for altitude or smok-
ing due to the unavailability of such data.

Assessment of other variables

Body Mass Index (BMI)-for-age and height-for-age 
z-scores were calculated using the WHO growth 

standard for children aged 5–19 years, with a BMI-for-
age z-score <-2 SD classified as thin, ≥-2 SD to ≤1 
SD as normal body weight, >1 SD as overweight, and 
>2SD as obese. Height-for-age z score (HAZ) <-2 SD 
defined stunting (World Health Organization 2007). 
Per capita expenditure (PCE) was used to indicate 
socioeconomic status (SES) (Preedy 2012). The PCE 
was formulated based on all household expenditures 
(either for food and non-food items, education and 
housing) over a month, divided by the number of 
household members (Witoelar 2009). To correct for 
inflation rate and to standardise the value, PCE of 
waves 2 and 3 were converted to Jakarta’s price level 
in December 2000 (Witoelar 2009). PCE missing val-
ues (n = 2) were imputed with the median value of 
PCE in the sub-district where they lived. PCE is pre-
sented as tertiles, with the first tertiles representing 
the lowest per capita expenditure class (Vaezghasemi 
et  al. 2016).

Ethical approval

The IFLS and the survey protocol were reviewed and 
approved by Institutional Review Boards (IRB) in 
the USA and the Ethics committee of Universitas 
Indonesia based in Jakarta for the first wave of IFLS, 
and by Universitas Gadjah Mada in Yogyakarta for 
IFLS waves two to five. The ethical clearance num-
ber from RAND’s Human Subjects Protection 
Committee (RAND’s IRB) was s0064-06-01-CR01. 

Figure 1. F lowchart of participant selection based on data availability.
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All methods were performed in accordance with the 
relevant guidelines and regulations by including a 
statement in the Ethics approval and informed con-
sent paper. Informed consent was obtained from all 
participants to participate after explanation of 
the study.

Statistical analysis

The statistical analysis was performed using STATA 
version 16 (StataCorp. 2019). Data analysis was 
done based on complete cases (Figure 1). A com-
parison was made between included (n = 363) and 
excluded cases (n = 9) to verify that this approach 
did not lead to selection bias (Supplementary Table 
2). Subjects’ characteristics such as age, sex, living 
area, BMI z-score, and HAZ were first analysed 
descriptively. Before regression analysis, the assump-
tion of normal value distribution was checked for 
continuous data by inspecting the Q-Q plot of 
regression standardised residuals, and multicol-
linearity was checked by variance inflation factor 
(VIF < 10), with VIF < 10 reflecting no collinearity. 
A one-way ANOVA was performed to analyse dif-
ferences in mean total cognitive scores between 
groups based on household variables (SES and liv-
ing area), maternal variables (age and anaemia sta-
tus), and adolescent characteristics (sex and 
BMI-for-age z-score).

Multiple linear regression was used to relate mater-
nal Hb concentration during pregnancy to adoles-
cents’ total cognitive score before and after adjusting 
for maternal age, maternal height, and SES. The 
adjustment was based on a Directed Acyclic Graph 
(DAG) in which maternal age, maternal height, and 
SES were found to be confounders of the direct effect 
of maternal anaemia on adolescent cognitive function 
(Supplementary Figure 1).

Adolescent characteristics, such as Hb concentra-
tion, HAZ, and BMI-for-age-z-score were tested to be 
effect modifiers or mediating factors, since these fac-
tors may either be more proximate predictors in the 
pathway between maternal Hb and cognitive out-
comes, or they may amplify or downplay any effects. 
This was done by including interaction terms between 
maternal Hb concentration and children’s Hb concen-
tration, HAZ, and BMI-for-age-z-scores to identify 
the effect modifiers, and a mediation analysis 
(Mehmetoglu 2018) to identify the mediating factors. 
Variables with a p-value <0.05 in the interaction 
model were used for stratification to estimate the 
group-specific regression coefficients with their 95% 
confidence intervals.

Results

In Table 1, the characteristics of the 363 paired 
mothers-adolescents are summarised. Almost half of 
the pregnant women (49.3%) were anaemic. Anaemia 
prevalence among adolescents was 22.2%, and 32.3% 
of the adolescents were stunted.

The mean cognitive score of the adolescents was 
12.35 out of 17 (SD: 2.95). Adolescents who were 
stunted, anaemic or lived in a rural area had lower 
cognitive test scores than their counterparts who were 
non-stunted (11.68 ± 3.01 vs 12.66 ± 2.86, p = 0.003), 
non-anaemic (11.33 ± 3.28 vs 12.66 ± 2.74, p < 0.001), 
or lived in an urban area (11.92 ± 3.27 vs 12.68 ± 2.62, 
p = 0.015). Cognitive score did not differ between ado-
lescents whose mothers had been anaemic or 
non-anaemic during pregnancy, nor for any of the 
other characteristics (Table 2).

No association was found between maternal Hb 
and adolescent’s cognitive score in unadjusted and 
adjusted models (Table 3). We did not find any medi-
ation of adolescent Hb, BMI-Z score, and HAZ in the 
association between maternal Hb and adolescent cog-
nitive scores (Supplementary Table 3). However, we 
observed an interaction between maternal haemoglo-
bin concentration and stunting (p = 0.039), as well as 
a difference in cognitive scores between stunted and 
non-stunted adolescents among the group of anaemic 

Table 1. C haracteristics of pregnant women and their 10–14 y 
old adolescents (n = 363) from IFLS waves 2–5 who were 
included in the data analysis.

Characteristics Valuesa

Household Per capita expenditure, IDR
 L ow 91 (25.07)
  Medium 182 (50.14)
  High 90 (24.79)
Living area
 U rban 214 (58.63)
 R ural 148 (40.55)

Pregnant women Age, y
  <20 y 1.  (13.77)
  20–35 y 279 (76.86)
  >35y 33 (9.09)
Haemoglobin concentration, 

g/dL
11.06 ± 1.55

 A naemic 179 (49.31)
Adolescents Age, y 13.17 ± 1.24

Sex (boys/girls) 179 (49.31)/184 (50.69)
BMI-for-age z-score 0.002 ± 1.00
 T hin 0 (0)
 N ormal weight 316 (87.05)
 O verweight 28 (7.71)
 O bese 19 (5.23)
Height-for-age z-score −1.52 ± 1.02
  Stunted 117 (32.23)
Haemoglobin concentration, 

g/dL
12.90 ± 1.47

 A naemic 81 (22.19)
aValues are means ± SD for continuous variables, and n (%) for categorical 
data; IFLS: Indonesian Family Life Survey; IDR: Indonesian Rupiah based 
on December 2000 Jakarta baseline.

https://doi.org/10.1080/09637486.2023.2267792
https://doi.org/10.1080/09637486.2023.2267792
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mothers (Supplementary Table 4). Therefore, we con-
tinued with stratifying the analysis for stunted and 
non-stunted adolescents separately. In contrast to the 
non-stunted population, we found a positive associa-
tion between maternal haemoglobin concentration 
and cognitive score in stunted adolescents both in the 
unadjusted model (β = 0.46, 95%CI 0.08–0.84) as well 
as in the model adjusted for maternal age, maternal 
height, and socioeconomic status (β = 0.44, 95%CI 
0.05–0.82) (Table 3). No interaction was observed for 
maternal Hb and adolescent BMI (p = 0.830), and 
maternal Hb and adolescent Hb (p = 0.844).

Discussion

In this study, we examined the association between 
maternal Hb concentration and her offspring’s cogni-
tive function presented as RPM total scores at adoles-
cent age (10–14 years). We found that adolescents 
who suffered from anaemia were stunted or lived in 
a rural area had lower total cognitive scores. Maternal 
Hb was not associated with adolescent cognitive func-
tion. However, the association between maternal Hb 
concentration and cognitive function of their offspring 
was modified by stunting status of the adolescents 
and showed a positive association in stunted adoles-
cents indicating synergy.

Our study showed that almost half of the pregnant 
women were anaemic (49.3%), and the overall anae-
mia prevalence in adolescents was 22.9%. This shows 
that, based on WHO classification, anaemia was a 
moderate (adolescents) to severe (pregnant women) 
public health problem in the population under study 
(De Benoist et  al. 2008). It should be noted that the 
data from pregnant women in this study originated 
from IFLS waves 2 and 3, conducted in 1997 and 
2000. Another study also reported that the prevalence 
of anaemia during pregnancy in this period was high 
(45.1–46.5%) (Barkley et  al. 2015). An explanation for 
the high prevalence of maternal anaemia during this 
time period could be the Indonesian economic crisis, 
in which the poverty increased from 17% to 24% 
from 1996 to 1999 (Rizky et  al. 2019). Although there 
has been a dip in the prevalence of maternal anaemia 
recorded by the national basic health survey 
(Riskesdas; Riset Kesehatan Dasar) in 2013, i.e. 37.1%, 
data from the most recent Riskesdas conducted in 
2018, shows a similarly high prevalence of maternal 
anaemia, i.e. 48.9%, despite the fact that a nationwide 
iron-folic acid (IFA) supplementation program has 
been implemented since 1990 (Kementerian Kesehatan 
Republik Indonesia 2018). Incomplete coverage of the 
IFA supplementation program, with a national cover-
age of ∼78% from 2002 to 2007, might be a reason 
for the lack of decline in the prevalence of maternal 
anaemia. It should also be noted that IFA 

Table 2.  Mean (± SD) total cognitive score on the Raven’s 
Progressive Matrices (RPM) test of adolescents (n = 363) from 
IFLS in relation to household, maternal and individual 
characteristics.

Characteristics
Cognitive score 

(mean ± SD) p Value

Household Per capita expenditure, 
IDR

 L ow 12.07 ± 2.89 0.581
  Medium 12.43 ± 3.01
  High 12.46 ± 2.89
Living area 0.015
 U rban 12.68 ± 2.62
 R ural 11.92 ± 3.27

Pregnant women Age, y
  11.71 ± 2.84 0.171

  20–35 y 12.50 ± 2.92
  12.03 ± 3.26
Haemoglobin 

concentration
 A naemic 12.15 ± 2.88 0.204
 N on-anaemic 12.66 ± 2.74

Adolescents Sex
  Boys 12.47 ± 2.93 0.426
  Girls 12.22 ± 2.97
BMI-for-age z-score
 T hin – 0.212
 N ormal weight 12.26 ± 2.99
 O verweight 13.28 ± 2.62
 O bese 12.31 ± 2.45
Height-for-age z-score
  Stunted 11.68 ± 3.01 0.003
 N on-stunted 12.66 ± 2.86
Haemoglobin 

concentration, g/dL
 A naemic 11.33 ± 3.28 0.000
 N on-anaemic 12.66 ± 2.74

IFLS: Indonesian Family Life Survey; IDR: Indonesian Rupiah currency 
based on December 2000 Jakarta baseline.

Table 3.  Multiple linear regression of the association between maternal haemoglobin concentration (g/L) during pregnancy and 
cognitive score of her adolescent child aged 10–14 years from IFLS waves 2–5.

Cognitive scorea

Unadjusted Adjustedb

β (95% CI) p-Value β (95% CI) p-Value

Total study population (n = 363) 0.14 −0.06, 0.34 0.165 0.14 −0.05, 0.34 0.160
Stunted adolescents (n = 117) 0.46 0.08, 0.84 0.018 0.44 0.05, 0.82 0.026
Non-stunted adolescents (n = 246) 0.01 −0.22, 0.23 0.960 0.01 −0.22, 0.24 0.922
aCognitive score was assessed using the EK1 module from the Raven’s Progressive Matrices test in IFLS. bModel was adjusted for maternal age, maternal 
height, and socioeconomic status.

https://doi.org/10.1080/09637486.2023.2267792
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supplementation has not been distributed equally over 
the population, i.e. pregnant women who were higher 
educated and those who lived in urban areas took 
IFA supplementation more often than pregnant 
women with a lower educational level and who lived 
in rural areas (Fiedler et  al. 2014). Populations living 
in rural areas often experience more health disparities 
(Irianti and Prasetyoputra 2021). This may be related 
to geographic isolation, lower SES, limited access to 
medical and preventive care, and less job opportuni-
ties. A previous study confirmed that low SES was 
associated with anaemia during pregnancy in 
Indonesia (Chandra et  al. 2018).

Our finding on the prevalence of anaemia among 
adolescents is largely in line with the most recent 
Riskesdas (2018), showing that the prevalence of anae-
mia was 26.8% among those aged 5–14 years and 
32.4% among those aged 15–24 years (Kementerian 
Kesehatan Republik Indonesia 2018). Anaemia among 
adolescents can be due to the increased need for iron 
and other micronutrients in support of their physical 
growth and, for girls, to compensate for menstrual loss 
of iron (de Benoist et  al. 2008) and the adoption of 
unhealthy eating habits in a time period of physical, 
mental, and emotional change (Agustina et  al. 2020).

We did not find an overall association between 
maternal Hb concentration and total cognitive scores 
among adolescents either in unadjusted or adjusted 
models. The limited number of studies on this topic 
performed to date have shown inconsistent findings 
(Alwan and Hamamy 2015; Janbek et  al. 2019). Some 
observational studies found a negative/inverse associ-
ation (Hernández-Martínez et  al. 2011; Tran et  al. 
2014; Aranda et  al. 2017), or an inverted U-shaped 
association (Mireku et  al. 2015) when developmental 
outcomes were measured in infancy. The largest 
30-year prospective cohort study to date, including 
11,656 Finnish women, showed that low maternal 
haemoglobin, especially during late pregnancy, was 
linked to lower educational achievement of their off-
spring at the age of 14 and 16 years (Fararouei et  al. 
2010). This is in line with study findings from 850 
women and their children in China, showing that 
maternal anaemia, especially in the third trimester, 
was associated with worse neurodevelopment in their 
children (Chang et  al. 2013). We could not differenti-
ate between anaemia across trimesters of pregnancy 
since data on gestational age at the time point of Hb 
testing were not collected. Discrepancies between 
study findings may also be explained by certain con-
textual differences, such as differences in SES, preva-
lence of malnutrition, health status, and health 
care access.

It should be emphasised that Hb cannot be inter-
preted as a direct measure of iron deficiency, and 
therefore it is also worthwhile to take a look at stud-
ies that used indicators of iron status. Iron plays an 
important role during foetal development in cell mat-
uration and myelination of the frontal lobes (Todorich 
et  al. 2009). Iron-containing enzymes are crucial espe-
cially in the development of the striatum and hippo-
campus, (Alwan and Hamamy 2015) which are 
important for memory, optimal learning, processing 
speed, and decision making (O’Shea et  al. 2016). Iron 
deficiency during specific time windows of pregnancy 
may importantly modify in utero neurodevelopment 
(Alwan and Hamamy 2015). A rapid growth of the 
hippocampus in humans starts in late pregnancy 
throughout the first year of life (Alwan and Hamamy 
2015). There is some evidence that low maternal iron 
status especially in the late gestational period is 
adversely associated with offspring’s neurodevelop-
ment from infancy (<1 year) till adulthood (>18 years) 
(Menon et  al. 2016). Furthermore, iron deficiency 
together with low haemoglobin concentration is more 
clearly associated with long-term deficits in cognitive 
and motor function of children than low iron status 
only. Children with iron deficiency and haemoglobin 
concentration ≤ 105 g/L had consistently lower cogni-
tive abilities as compared to non-anaemic iron defi-
cient children (Carter et  al. 2010). Moreover, in 
children with iron deficiency and low haemoglobin 
concentration (Hb < 115 g/L for 5–11 years old; Hb < 
120 g/L for 12–13 years old), still a positive association 
between haemoglobin concentration and cognitive 
performance was shown, although no such association 
existed in non-anaemic iron-deficient children 
(Sungthong et  al. 2002). An RCT found a beneficial 
effect of correction of iron status during late preg-
nancy on developmental child outcomes (Chang et  al. 
2013). In the present study, we did not have informa-
tion on iron metabolism indicators and therefore 
could not assess the association between maternal 
iron status and cognitive outcomes.

The present study only showed a significant asso-
ciation between maternal Hb and cognitive function 
for adolescents who were stunted. Collective data 
from 137 countries found that maternal anaemia is 
one of the key factors of child stunting (Danaei et  al. 
2016). About one-third of adolescents in our study 
were stunted, and it has been shown before that 
stunted children also have a higher risk of being 
anaemic (Rahman et  al. 2019; Wang et  al. 2020). 
Moreover, stunting has been associated with a lower 
cognitive functioning at school age and adulthood, 
along with other risk factors, such as poverty and 
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poor home environment (Black et  al. 2017). A pro-
spective birth cohort study among 1,291 children con-
ducted in eight countries in Asia, America, and Africa 
showed that early-onset persistent stunting was asso-
ciated with lower cognitive development scores at 
5 years of age (Alam et  al. 2020). The effects might 
persist to adolescent age since a study from the 
Philippines showed lower cognition scores at early 
adolescent age (8 and 11 years) after recovering from 
stunting (Mendez and Adair 1999). Another study 
found that stunted Jamaican children still had lower 
cognitive scores at adolescent age (17–18 years) despite 
nutritional supplementation and stimulation at the age 
of 9–24 months (Walker et  al. 2005). Thus, stunting 
may be an important explanatory factor in the path-
way between maternal anaemia and cognitive func-
tion. Nevertheless, our analysis revealed that stunting 
was rather an effect modifier than a mediating factor 
between maternal Hb and cognitive outcomes at ado-
lescent age. The results suggested that stunting exac-
erbates the effect of maternal anaemia on adolescent 
cognitive function.

Since adolescents in the present study were born 
during the economic crisis, their parents’ economic 
status may have been affected. The Young Lives 
study, an observational cohort study among 3000 
children in four developing countries (Ethiopia, 
Peru, India, and Vietnam), found that three factors 
were strongly associated with cognitive function at 
adolescent age: child growth (including stunting sta-
tus), parental education and socioeconomic status 
(Crookston et al. 2014). Previous studies in Indonesia 
found a stronger and more consistent association of 
adolescents’ cognitive scores with socioenvironmen-
tal risk factors including stunting than with biomed-
ical factors (Prado et  al. 2017). Previous IFLS studies 
found only a weak association of household expen-
diture with children’s cognitive function (Maika et  al. 
2015; Sartika et  al. 2019). It should be noted that 
stunting in adolescents is multi-causal and can be 
the result of infection, poor nutrition, and environ-
mental stress starting from the foetal period to later 
in life (Christian and Smith 2018). Furthermore, 
inequalities in education and learning outcomes 
exist, with rural areas lagging behind compared to 
urban areas in Indonesia (The World Bank 2017). 
Thus, the lower cognitive function of adolescents 
who were both exposed to maternal anaemia and 
were stunted in this study may be attributable to the 
same root causes of long-term poverty.

To our knowledge, this is one of few studies 
which evaluated the long-term effects of maternal 
anaemia on cognitive function in adolescence, using 

a prospective longitudinal study design. However, 
gestational age at the time point of Hb testing was 
not assessed, and no indicators of iron status were 
measured in this study. Furthermore, this study also 
did not take into account the altitude and smoking 
status to correct Hb concentrations as suggested by 
the WHO (World Health Organization 2013) due to 
unavailability of such data. There may also be 
unmeasured confounding, e.g. by other maternal 
exposures and variables that impact both maternal 
nutritional status and child development. In that 
case, there is a possibility that maternal anaemia 
may not be causal to poor cognitive development of 
her stunted adolescent child, but rather is a result of 
the same cause, i.e. poverty. The RPM is a stan-
dardised method to measure non-verbal cognitive 
ability that has previously been used in Indonesia 
(Sandjaja et  al. 2013) and is not biased by educa-
tional background or by cultural or linguistic defi-
ciencies (Motta and Joseph 2000), but we acknowledge 
that we cannot compare cognitive function measured 
by RPM with other tools.

In conclusion, maternal Hb concentration was, 
overall, not associated with cognitive function in ado-
lescents aged 10–14 years, but it was associated in 
those who were stunted. For each 1 g/dL increase in 
Hb, cognitive scores increased by 0.44 in stunted ado-
lescents, but not in non-stunted ones. This study 
reveals that adverse cognitive outcomes at adolescent 
age is likely to be multi-causal.
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