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Peter P Moschovis,! Matthew O Wiens,? Lauren Arlington,’ Olga Antsygina,®
Douglas Hayden,! Walter Dzik," Julius P Kiwanuka,* David C Christiani,'

Patricia L Hibberd®

ABSTRACT

Objective Anaemia affects the majority of children in sub-
Saharan Africa (SSA). Previous studies of risk factors for
anaemia have been limited by sample size, geography and
the association of many risk factors with poverty. In order
to measure the relative impact of individual, maternal

and household risk factors for anaemia in young children,
we analysed data from all SSA countries that performed
haemoglobin (Hb) testing in the Demographic and Health
Surveys.

Design and setting This cross-sectional study pooled
household-level data from the most recent Demographic
and Health Surveys conducted in 27 SSA between 2008
and 2014.

Participants 96804 children age 6-59 months.

Results The prevalence of childhood anaemia (defined

as Hb <11 g/dL) across the region was 59.9%, ranging
from 23.7% in Rwanda to 87.9% in Burkina Faso. In
multivariable regression models, older age, female sex,
greater wealth, fewer household members, greater height-
for-age, older maternal age, higher maternal body mass
index, current maternal pregnancy and higher maternal
Hb, and absence of recent fever were associated with
higher Hb in tested children. Demographic, socioeconomic
factors, family structure, water/sanitation, growth,
maternal health and recent illnesses were significantly
associated with the presence of childhood anaemia. These
risk factor groups explain a significant fraction of anaemia
(ranging from 1.0% to 16.7%) at the population level.
Conclusions The findings from our analysis of risk factors
for anaemia in SSA underscore the importance of family
and socioeconomic context in childhood anaemia. These
data highlight the need for integrated programmes that
address the multifactorial nature of childhood anaemia.

INTRODUCTION

Anaemia affects 43% of children under age 5
worldwide, with an even higher prevalence in
sub-Saharan African (SSA) countries.! Despite
implementation of control programmes
including iron supplementation, deworming
and insecticide-treated bednet distribution,
anaemia remains a major global concern

Strengths and limitations of this study

» This analysis of survey data across an entire region
provides a unique perspective on the epidemiology
of anaemia in a high-risk population.

» The size of this dataset provided sufficient power
to estimate the effect size of individual risk factors
in a multivariable model, adjusting for many known
confounders.

» The data based on self-reporting are limited by re-
call and misclassification biases, and only children
living at the time of the survey were included.

» The cross-sectional nature of these survey data
limits our ability to assess temporal or causal
relationships.

in child health, especially in SSA.*> While
it may be difficult to separate the effects of
anaemia (low haemoglobin (Hb)) from
those of its underlying biological mechanisms
(eg, nutritional deficiencies, chronic infec-
tions, haemoglobinopathies), anaemia has
been independently associated with overall
increased mortality in young children,” with
lower cognitive performance,*” and in severe
cases, lower aerobic exercise capacity and
heart failure.”” The higher oxygen demands
of the paediatric brain make it particularly
susceptible to the effects of severe anaemia.®”

Several regional or national studies have
examined the role of demographic, social,
environmental and geographic determinants
of anaemia. These studies have identified
younger age,'** male sex,'’ "' ' maternal age
and education,10 % maternal anaemia,lﬁ_18
malnutrition (especially stunting),'’ '* 1%
insufficient meals per day,* parasitic infec-
tion?' and recent diarlrhoea,12 2 fever® and
absence of deworming'* ** as significant risk
factors for childhood anaemia. An analysis of
the National Family and Health Survey (the

BM)
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local implementation of the Demographic and Health
Surveys (DHS)) in India found that high-polluting
cooking fuel, family structure, building type and toilet
facilities were associated with anaemia,'* but a study in
Cape Verde evaluating the impact of ‘household condi-
tions’ (water/sanitation, cooking facilities, appliances,
building materials) did not find a significant association
with anaemia, though the power to detect an association
may have been limited by the study’s sample size.'” A
2009 country-level analysis of DHS data level found that
per capita Gross National Income predicts rates of severe
anaemia.”

Because of the complex interconnectedness of many
of these risk factors, especially in relation to poverty, it is
important to evaluate potential risk factors for anaemia
in a multivariable model. Each of the aforementioned
studies has evaluated a subset of risk factors separately,
but to our knowledge, there has been no continent-wide
analysis that integrates the wide array of household and
individual risk factors for anaemia among children in
SSA. Building on these prior studies, we analysed data
from all SSA countries that performed Hb testing during
the most recent administration of the DHS. The objec-
tive of this study is to offer a population-level analysis of
anaemia in young children in SSA by measuring the rela-
tive impact of individual, maternal and household risk
factors for anaemia across the region.

SUBJECTS AND METHODS

Population and data source

The DHS provides a unique perspective on child health
in low-and-middle-income countries. These are nationally
representative, probability-weighted, community-based
household surveys, funded by the U.S. Agency for Inter-
national Development with support from donors and
host countries. The DHS programme enables countries
to measure a wide variety of demographic and health
indicators, including fertility, child mortality, nutrition,
growth and access to healthcare. Since 1984, household
surveys have been supported by DHS in >90 countries.?®?’
Participating households are selected using a stratified
two-stage cluster design. First, enumeration areas are
selected using stratified random sampling from national
census regions (strata); within these areas, households are
randomly selected for survey administration. The house-
hold questionnaire is administered to women and men of
reproductive age (typically age 15-49 years); the women’s
questionnaire includes questions about child health.

We included data from children age 6-59 months
in the 27 SSA countries participating in the DHS that
performed anaemia testing (see figures 1 and 2). We
analysed the Children’s Recode using data from the most
recent surveys available (2008-2014). In most cases, we
used data from DHS-VI; for Ghana we used data from
DHS-VII; for Sao Tome and Principe and Swaziland we
used data from DHS-V. Madagascar was excluded from
the analysis because of missing data on children’s weight.

Figure 1
in analysis.

Map of 27 sub-Saharan African countries included

Responses were recoded to harmonise questionnaires
that varied between countries and survey phases.

Survey procedures and anaemia testing

A questionnaire was administered to an eligible adult
respondent, and anthropometry and Hb testing were
conducted on children age 6-59 monthsand their mothers
during the study visit. In all countries but Tanzania and
Zimbabwe, where universal testing was performed, only
a subset of households were selected for anaemia testing.
Capillary Hb testing was performed with the HemoCue

Births reported by mothers in selected
countries (n= 251,928)

[ Children excluded from analysis (n= 154,260) J

|

Not selected for anaemia testing (n=110,177) ]
1

Not alive at time of survey (18,027) ]
|

Age <6 months (n= 26,157) ]
I

—[ Not resident of household being surveyed (n= 4,323) ]

—
—

I
Missing data on haemoglobin (n= 31,163)

Children from age 6 to 59 months included in
the study (n= 97,668)

Figure 2 Selection of study population. Note that some
children were excluded for multiple reasons.
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Photometer, which is commonly used in screening for
anaemia in low-resource settings.”® Children found to
have severe anaemia were referred to local health facil-
ities for treatment.® Anaemia severity was classified
according to the WHO’s ‘Haemoglobin concentrations
for the diagnosis of anaemia and assessment of severity’
as mild, moderate or severe based on blood Hb,?’O and
the relevant thresholds for anaemia severity were used for
children, pregnant and non-pregnant women.

Analytic approach

We performed bivariate analyses and multivariable
logistic and linear regression using survey procedures in
Stata V.14. The svy procedures are a set of commands that
account for sampling weights, clustering and stratification
in complex survey data. For the purposes of this analysis,
the levels of clustering that were considered in the vari-
ance estimates include country-based primary sampling
unit, the household and the mother. The original indi-
vidual sample weight from each dataset was used for each
respondent. We selected variables from the DHS question-
naire based on potential association with risk of anaemia.
We grouped risk factors as follows: demographic (child’s
age, sex), environmental (urban vs rural location, alti-
tude, floor type in home, biomass fuel used for cooking),
socioeconomic (wealth index (a standardised variable
constructed by the DHS using permanent income indi-
cators),” maternal years of education, maternal literacy),
Jfamily structure (number of household members, number
of children, birth order, multiple births), water/sanita-
tion (use of shared toilet facilities, unimproved toilets,
unimproved water source, water source located off prem-
ises, unsafe stool disposal), nutrition and growth (height-
for-age Z score (HAZ), weightfor-age Z score (WAZ),
weightfor-height Z score (WHZ), ever breast fed, meat
consumption in the last 24hours, consumption of high-
iron foods in the last 24 hours), maternal health (maternal
age, height, weight, body mass index (BMI), Hb, current
pregnancy, iron supplementation and deworming during
pregnancy), recent illnesses (diarrhoea or fever in the past
two weeks) and prophylactic measures (iron supplementa-
tion in the last week, deworming in the last six months,
bednet usage last night).

Variable definitions

Following WHO guidelines,” unimproved toilet facilities
were defined as pit latrines without slabs or platforms,
open pit, hanging latrines, bucket latrines or open defe-
cation. Improved toilet facilities were defined as a flush
toilet, ventilated improved pit latrine, pit latrine with a
slab, composting toilet or Ecosan. Unsafe stool disposal
was defined as a child’s stool put or rinsed into drain
or ditch, thrown into garbage, rinsed away or left in the
open/not disposed of. Safe stool disposal was defined as a
child’s use of toilet or latrine, faecal matter put or rinsed
into a toilet or latrine, faecal matter buried, use of dispos-
able diapers or use of washable diapers. An improved
water source was defined as the main source of drinking

water of piped connection to water supply, private and
public tap, borehole, protected/dug well, protected
spring, rainwater or bottled water. All other sources were
considered unimproved. Unimproved floor was defined
as natural, earth, sand, dung or rudimentary floor in the
home. Cooking fuels were classified as biomass/high-pol-
luting (kerosene, coal, lignite, charcoal, wood, straw,
shrub, grass, agricultural crop, animal dung, gasoline or
other) or non-biomass/low-polluting (electricity, lique-
fied petroleum gas, natural gas or biogas). Having a high-
iron diet was defined as reporting one or more iron-rich
foods in the past 24 hours, which includes infant formula,
grains, meat or meat organs, leafy greens or other foods
such as beans, peas, lentils and nuts. For maternal iron
supplementation and maternal deworming during preg-
nancy, in children >12 months these variables were coded
as ‘not applicable’. While the DHS reports altitude-ad-
justed Hb values in its publicly available data, in order
to allow estimation of the effect of altitude on Hb and
because altitude was missing for 26.4% of the sample,
our analyses used unadjusted Hb rather than altitude-ad-
justed Hb values.

A pairwise correlation was performed to determine the
relationship between highly correlated variables. For this
test, anything >0.6 was considered to be highly correlated.
When choosing among highly correlated variables
(eg, HAZ/WAZ/WHZ, maternal height/weight/BMI,
number of household members/number of children,
maternal iron supplementation/deworming during preg-
nancy), we selected the single variable that when added to
the multivariable model improved the predictive value of
the model most (greatest contribution to overall R?). For
the bivariate analysis, we determined significance using
ordered logistic regression to reflect natural ordering in
multilevel categorical variables. All multivariable models
included country as a fixed effect.

Missing data

Because several predictor variables were missing in a
substantial number of respondents (online Supplemen-
tary table Al), we constructed three multivariable linear
regression models: (1) model 1, which included only
variables present in >90% of respondents; (2) model 2,
which included variables present in >80% of respondents;
and (8) model 3, which included all potentially relevant
variables. For the anthropometric variables, which were
missing in 4.7% of respondents, we performed a sensi-
tivity analysis in which we assigned extreme values to all
missing cases (HAZ =+2or HAZ = -2).

Population-attributable fraction

With the risk factors used in model 1, we constructed
a multivariable logistic regression model to measure
the association between the risk factors of interest and
anaemia (as a dichotomous variable). To facilitate ease of
interpretation, we converted continuous variables to cate-
gorical and standardised the reference group to ensure
ORs were >1. We used the OR estimates to calculate
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population-attributable fraction (PAF), the proportion
of anaemia in children age 6-59 months that can be
attributed to the risk factor in question. This was calcu-
lated using the punafcommand in Stata,” which measures
the proportion of respondents who would no longer be
anaemic if the risk factor in question were removed (or
at its lowest risk category) and all other risk factors held
constant. Respondents provided informed consent prior
to participation and provided separate consent for blood
testing.

RESULTS

Data on a total of 251928 children across 27 countries
were reviewed, of which 97668 had valid data for anal-
ysis (residents of households selected for anaemia testing,
alive at the time of the survey and age=6 months; see

figure 2). The mean age of children in the survey was 31.5
months (SD 15.5), with 49.6% of the children female.
The mean Hb among tested children was 10.4g/dL (SD
1.8); 23.6% of children were found to have mild anaemia
(Hb 10.0-10.9g/dL), 34.4% of children had moderate
anaemia (Hb 7.0-9.9g/dL) and 3.39% of children had
severe anaemia (Hb <7g/dL). The prevalence of anaemia
(of any severity) ranged from 23.7% in Rwanda to 87.9%
in Burkina Faso (see table 1).

Bivariate analyses

Bivariate analyses demonstrated a significant association
between many potential predictor variables and level of
anaemia (see tables 2 and 3). For tables 2 and 3, linear
regression was used to show the association between each
predictor on each level of the outcome (no anaemia, mild,
moderate, severe anaemia). On average, children with

Table 1 Prevalence of anaemia in children age 6-59 months in countries included in analysis

Proportion of children

Country Survey year Children (n)* with anaemia (%) 95% Cl
Benin 2011-2012 3249 58.8 (56.9 to 60.7)
Burkina Faso 2010 5998 87.9 (86.9 to 88.8)
Burundi 2010 3164 34.0 (82.1 to 35.9)
Cameroon 2011 4442 59.2 (57.5t0 60.9)
Congo Brazzaville 2011-2012 3215 66.7 (64.3 to 69.1)
Congo Democratic 7085

Republic 2013-2014 57.5 (55.8 t0 59.2)
Cote d’lvoire 2011-2012 2665 75.8 (73.6 to 77.8)
Ethiopia 2011 8812 27.7 (26.3 t0 29.1)
Gabon 2012 2478 60.9 (58.0 to 63.8)
Gambia 2013 2713 73.5 (71.2t0 75.7)
Ghana 2014 2253 66.8 (64.2 to 69.3)
Guinea 2012 2772 77.3 (75.5t0 79.1)
Lesotho 2009-2010 1242 28.3 (25.5t0 31.2)
Malawi 2010 4173 60.7 (58.8 to 62.7)
Mali 2012-2013 4207 81.9 (80.5 to 83.2)
Mozambique 2011 4596 68.7 (67.0to 70.4)
Namibia 2013 1382 441 (41.2 to 47.0)
Niger 2012 4541 73.7 (72.1 to 75.3)
Rwanda 2010 3745 23.7 (22.3t0 25.2)
Sao Tome and Principe  2008-2009 1405 63.7 (60.6 to 66.6)
Senegal 2010-2011 3101 76.8 (74.9 to 78.7)
Sierra Leone 2013 4161 79.9 (78.4 to 81.4)
Swaziland 2006-2007 1768 40.9 (38.4 to 43.4)
Tanzania 2009-2010 5912 53.6 (52.0 to 55.1)
Togo 2013-2014 2716 70.9 (69.0 to 72.7)
Uganda 2011 1786 43.2 (40.4 to 46.2)
Zimbabwe 2010-2011 3223 52.9 (51.0 to 54.8)
Total 96804 59.9 (59.5 to 60.3)

*Counts are weighted to reflect multistage survey sampling weights.
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anaemia were younger, more likely to be male, living at
lower altitude, using high-polluting cooking fuel, living in
a low-income household, be living in a larger household,
be the product of a multiple birth, have unimproved toilet
facilities and have lower anthropometric indices (HAZ/
WAZ/WHZ). Children with anaemia were more likely to
have a mother with the following characteristics: younger
in age, less educated, lower BMI and lower Hb, taking
iron supplementation and having undergone deworming
during pregnancy. Children with anaemia were more
likely to have recent diarrhoea or fever, be taking iron
supplementation and not have undergone deworming
treatment. There was no significant association between
bednet usage, eating meat in the past 24hours, having a
high-iron diet and anaemia.

Multivariable analyses and PAF

Across all three multivariable linear regression models,
eight variables were significantly positively associated
with child Hb levels, including age of child (months),
sex (female children on average had higher levels of
Hb), wealth, HAZ, mother’s age, mother’s BMI, current
maternal pregnancy and mother’s Hb. Additionally, two
variables negatively predicted Hb levels, namely number
of household members (more members in the household
was associated with decreased Hb) and presence of fever
in the past twoweeks. These results are shown in table 4.
Several variables (maternal literacy, birth order, unim-
proved toilet, water source located off premises, maternal
deworming treatment, non-bloody and bloody diarrhoea
in the past two weeks) were only significant in the models
with a larger sample size (model 1 or 2). Of the vari-
ables that were only present in a subset of the countries
(model 2 or 3), altitude (positively associated with Hb)
and unsafe stool disposal (negatively associated with Hb)
were significant. Sensitivity analysis assigning either high
or low values to HAZ did not result in a significant differ-
ence in the parameter estimates of the predictor variables
(see online supplementary table A2.

In linear multivariable models 1 and 2, we found a
significant association between maternal deworming
during pregnancy and higher child Hb. Otherwise, find-
ings from the logistic regression model were similar to the
linear regression models, demonstrating significant asso-
ciations between several risk factor groups and anaemia
(see table 5). Maternal factors were associated with the
greatest PAF (16.8% (95% CI 11.9% to 21.3%)), followed
by socioeconomic factors (PAF 13.0% (95% CI 10.9% to
15.6%)).

DISCUSSION

In a large survey of 96804 children age 6-59 months
across 27 SSA countries, we found a 59.9% prevalence
of anaemia. Further, we found that many individual and
household factors were associated with a child’s risk
for anaemia, especially maternal and socioeconomic
factors. At a population level, these groups of variables

are responsible for 67.8% of the burden of childhood
anaemia.

When treating an individual child with anaemia, a
paediatrician works to identify treatable causes, including
micronutrient deficiencies and treatable infections (eg,
malaria, intestinal parasites). Similarly, at a population
level, reducing the prevalence of anaemia requires identi-
fying and targeting the underlying upstream risk factors.*
In our analysis of DHS data, we found that demographic
factors, environmental factors, socioeconomic factors,
family structure, water/sanitation, nutrition and growth,
maternal factors, recent illnesses and prophylactic
measures all contributed to anaemia among young chil-
dren in SSA. Notably, the individual effect size of several
common public health interventions in our survey—
bednet usage, iron supplementation and deworming—is
substantially smaller than the effect size associated with
maternal and socioeconomic factors.

Our data indicate that child-level interventions may
have some benefit in reducing the risk of anaemia, but
not as much as measures focused on improving the
health of the mother and the community. For example,
we noted that across all models maternal pregnancy was
associated with higher Hb levels in the child; this may
reflect greater exposure to healthcare for the mother and
indirectly better healthcare for the child or the effect of
unmeasured confounding variables. In the linear multi-
variable models, we found that maternal BMI, maternal
deworming and higher maternal Hb were associated
with a higher child Hb. Similarly, reducing household
crowding and improving sanitation (even more than
clean water) were associated with higher child Hb levels.

Our findings are consistent with an analysis of 31815
mother—child pairs in the 25 SSA countries in the DHS by
Wilunda et al, which found that children age 6-23 months
whose mothers who took iron for at least 6 months prena-
tally or those who took both iron and deworming drugs
prenatally had a lower risk of moderate/severe anaemia
compared with those whose mothers did not take iron
and deworming drugs.”® A 2015 systematic review for the
US Preventive Services Task Force of iron supplementa-
tion in developed countries did not find any benefit to
prenatal iron supplementation in infant haematological
indices at 6 months,” though it is unclear how these
findings apply to a low-income, middle-income country
setting with high baseline prevalence of anaemia.

Translating the findings of this analysis into practice
is feasible. Programmes targeting individual risk factors
have been demonstrated to be successful, including iron
supplementation,” ™ deworming™ and malaria control
(including insecticide-treated bednets, antimalarial
chemoprophylaxis and insecticide residual spraying).*'
Implementation of an integrated programme that
combines these individual interventions, however, has
even greater potential. Siekmans et al reported on the
effects of an integrated approach to reducing child
vulnerability to anaemia in Ghana, Malawi and Tanzania.*
They found that a multifaceted intervention including
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Risk factor 95% ClI PAF (%) 95% CI

Age (months)

12-23 212" (2.00 to 2.23)

Male sex 1129 (1.08 to 1.17)

Urban location 1.06* (1.00 to 1.13)

Clean cooking fuel 0.99 (0.90 to 1.10)

Wealth index

Poorer 1.48** (1.35t0 1.63)

Richer 1.25" (1.16 to 1.35)

Maternal illiteracy 1.197 (1.13 to 1.25)

Number of household members

4-6 1.06 (0.98 to 1.13)

10-12 1.20" (1.10t0 1.32)

Product of multiple birth 1.08 (0.95 to 1.24)

1 1.29" (1.16 to 1.43)

3+ -

Unimproved toilet 1.04 (0.98 to 1.09)

Water source located off premises 1127 (1.05to0 1.19)

Stunted 1.32% (1.27 to 1.38)

Maternal factors 16.8 (11.9t0 21.4)

<18 1.30" (1.13 to 1.48)

25-28 1.13"* (1.07 to 1.20)

35+ -

Continued

—h
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Table 5 Continued

Risk factor OR 95% ClI PAF (%) 95% Cl
Mother’s BMI
<18.5 1.20" (1.10 to 1.30)
18.5-24.9 1.13* (1.07 to 1.19)
>24.9 -
Mother not currently pregnant or unsure  1.04 (1.00 to 1.107)
Maternal anaemia 1.85%* (1.76 to 1.95)
No anaemia -
Mild anaemia (Hb<11 g/dL) 1.64™ (1.55t0 1.73)
Moderate anaemia (Hb<10g/dL) 210 (1.98 to 2.22)
Severe anaemia (Hb<7 g/dL) 2.35"* (1.95 to 2.83)
Maternal deworming during pregnancy
Yes -
No, don’t know or NA (age>12months) 1.05 (0.93 to 1.18)
Age>12months (NA) -
Recent illnesses 3.2 (2.8 to 3.6)
Diarrhoea in the past two weeks
No -
Non-bloody diarrhoea 111 (1.04 to 1.18)
Bloody diarrhoea 1.21* (1.07 to 1.36)
Fever in the past two weeks 1.42% (1.35 to 1.49)
Prophylactic measures 1.0 (0.3to0 1.8)
No deworming treatment 1.06™* (1.02 to 1.11)
Overall model PAF 67.8 (61.3 to 73.2)

Model adjusted for country as fixed effect. No OR (-) listed for reference groups included in table.

*p <0.05, **p <0.01, **p <0.001.
BMI, body mass index; NA, not available.

nutrition education, breastfeeding promotion, dietary
diversification, micronutrient supplementation, malaria
and other parasitic disease control, water and sanita-
tion promotion, and community and health facility level
training and advocacy significantly reduced the effect of
malaria on children’s Hb. Similarly, a cluster randomised
controlled trial in Burkina Faso demonstrated that an
integrated agriculture, nutrition and behaviour change
programme targeting mothers improved Hb among
young infants.**

According to the most recent estimates from the
United Nations Population Division, the under 5
population in SSA is 157.4million,” of which approx-
imately 141.1million are age 6-59 months (based on
the age distribution in the DHS sample). Applying the
observed anaemia prevalence of 59.9%, about 85 million
children age 6-59 months in SSA would be anaemic.
Addressing maternal factors would have the potential
to reduce anaemia in 16.8-30.2million children; simi-
larly, improving socioeconomic factors might prevent
anaemia in 15.1-21.6million children. Although these
numbers are an estimate, anaemia itself has a substantial
social and economic cost,** and reducing the prevalence

of anaemia can help break the cycle of poverty in low-in-
come countries.

While WHO recommends daily iron supplementa-
tion for all children 6 months and older living in areas
where anaemia is highly prevalent,” identification of risk
factors might also direct more aggressive promotion of
anaemia testing and prevention programmes to high-risk
groups. For example, we found that children who are
young, stunted and in the lowest socioeconomic group,
and those with mothers who are illiterate, young, anaemic
and underweight are at highest risk of anaemia. These
children might benefit most from programmes focused
on testing, deworming, iron supplementation and bednet
promotion. Since the placenta is a rich source of blood
and iron for the newborn at the time of delivery, it is
important to emphasise the current WHO recommenda-
tions on delayed cord clamping of all deliveries.**™* Inter-
estingly, we also found that male children are at slightly
higher risk of anaemia, perhaps related to X-linked
diseases such as glucose-6 phosphate dehydrogenase (not
tested in this study).

Our findings must be interpreted in the context of the
study’s limitations. As a household survey, responses are
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subject to recall and misclassification bias. These data
only capture events within the time window ascertained
by the survey questions; for example, a history of iron
supplementation (rather than recent supplementation in
the past seven days) would not be captured in these data,
a possible explanation for the apparent lack of association
between iron supplementation and higher Hb. Anaemia
testing was limited to Hb; no further information on types
of anaemia is available in these data. In addition, only a
sample of living children were eligible to have their Hb
measured, and children who died were sicker and more
susceptible to both the risk factors for anaemia and its
deleterious effects. Furthermore, DHS data on risk factors
are limited to household and individual-level questions;
the survey fails to capture school or community-level risk
factors. To permit estimation of the effect of altitude on
Hb, our analyses used measured Hb values unadjusted for
altitude. We would anticipate that use of altitude-adjusted
Hb values as a threshold for defining anaemia would
increase the estimated prevalence of anaemia. Finally,
because DHS anaemia data are only available for 27 of
the 48 SSA countries, this also limits the generalisability
of the findings.*’

A further limitation relates to the challenges in trans-
lating cross-sectional associations into conclusions on
causation. Cross-sectional data make distinguishing cause
from effect difficult; for example, anaemia may be both
a cause and effect of stunting. As such, PAFs must be
interpreted with caution. For some preventive measures
(eg, bednet usage, iron supplementation), there may
be confounding by indication. For example, families
living in areas with high malaria rates may be more likely
to use bednets, and this would to some extent mitigate
the observed benefit of bednets. Similarly, there may be
confounding by indication (eg, iron supplementation
would be more common among children with anaemia).
Many of the characteristics of poverty, including house-
hold crowding, poor water/sanitation, poor nutrition
and access to medical care (including iron treatment),
have complex interrelationships,” and unpacking the
causal relationships among these factors in causing or
preventing anaemia requires further studies.

CONCLUSION

In summary, the findings from our analysis underscore
the importance of family and socioeconomic context in
childhood anaemia. Identifying risk factors for anaemia
highlights potential targets for interventions, and these
findings can guide policymakers wishing to reduce the
prevalence of anaemia. In light of the multidimensional
causes of anaemia, an integrated approach is needed to
address childhood anaemia and its deleterious effects on
neurocognitive development, response to infections and
children’s growth and well-being.
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