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Spatial heterogeneity of haemoglobin concentration in
preschool-age children in sub-Saharan Africa

Ricardo J Soares Magalhaes? & Archie CA Clements?

Objective To determine whether blood haemoglobin concentration in preschool-age children (<5 years of age) is geographically
heterogeneous in sub-Saharan Africa and describe its association with environmental variables that drive anaemia of different etiologies.
Methods Data were obtained on 24 277 preschool-age children in western Africa (2862 cluster sites) and 25343 in eastern Africa
(2999 cluster sites) from the 2001-2007 Demographic and Health Surveys (DHS) for sub-Saharan Africa. Cluster sites were linked
to environmental information on distance to perennial water body, elevation, land surface temperature and normalized difference
vegetation index (NDVI; a proxy for rainfall) in a geographical information system. Statistical associations with environmental variables
were determined using multivariate regression models, and the spatial dependence of haemoglobin concentration unexplained by these
factors was quantified using semivariograms.

Findings In eastern Africa, the lowest haemoglobin concentrations (<70 g/l) occurred in small clusters throughout the region; in
western Africa, they occurred in a large cluster straddling the border between Burkina Faso and Mali. Our results show significant
continent-wide associations between haemoglobin concentration and environmental variables, particularly in western Africa for land
surface temperature and NDVI, and in eastern Africa for elevation. Residual spatial dependence was significant, and the magnitude
was greater in western than in eastern Africa.

Conclusion The distribution of anaemia is driven by large-scale environmental factors, and the epidemiological drivers differ in western
and eastern Africa. Strategies for anaemia control in preschool-age children in sub-Saharan Africa should be tailored to local conditions,
taking into account the specific etiology and prevalence of anaemia.

Abstracts in @S 32, Frangais, Pyccxmit and Espaiiol at the end of each article.

Introduction

Over the past five decades many attempts have been made to
reduce the burden of anaemia in vulnerable groups, particu-
larly children less than S years of age and pregnant women.'™
Based on recent estimates from the World Health Organization
(WHO),’ the prevalence of anacmia is 24.8% globally and the
highest rates are found in preschool-age children (67.6%) and
pregnant women (57.1%) in sub-Saharan Africa. Anacmia is a
major public health problem in preschool-age children because it
is associated with an increased risk of death and impaired cogni-
tive development,*’ growth® and immune function.”

About 50% of all anaemia cases are due to iron deficiency.®
Other major contributors include malaria; infection with human
immunodeficiency virus (HIV) and with bacteraemia-causing
organisms (e.g. Steptococcus pneumoniae, non-typhi Salmonella
species and Haemophilus influenzae type b); neglected tropical
diseases (especially those caused by Schistosoma haematobium
- the cause of urinary schistosomiasis — hookworm and, to a
lesser extent, Trichuris trichiura and Schistosoma mansoni), and
inherited haecmoglobinopathies and thalassemias."”'*

Currently, the planning of resources required for anaemia
control is based on prevalence data from field surveys within a
country, which are then extrapolated to the country as a whole.”
However, efficient allocation of health interventions to control
anaemia may require more targeted approaches based on infor-
mation on the geographical distribution of high-risk commu-
nities and on an understanding of the relative contribution of
major causes of anaemia.® Geographical differences in the causes
of anaemia can be partially explained by large-scale variability

in environmental drivers, particularly nutritional and infectious
causes. The risk of malaria is known to be associated with eleva-
tion and land surface temperature.”” Similarly, nutritional iron
deficiency®
known to be associated with the distance to a perennial water
body, land surface temperature and the normalized difference
vegetation index (NDVI) — a number derived by remote sensing
that indicates the amount of land vegetation and that stands asa
proxy for rainfall. Environmental drivers of anaemia tend to show
a high degree of spatial dependence (i.e. geographical cluster-
ing).”~** We therefore hypothesized that the burden of anaemia
and perhaps major contributors to anaemia vary geographically,
even within high-burden African regions.

and anaemia-causing helminthic infections®' are
g

In anaemia control, the use of national prevalence estimates
of anaemia in the presence of subnational variability is likely to
hamper the efficient delivery of control programmes. For con-
trol policies to be cost-effective, the geographical variability of
anaemia must be quantified. Maps showing geographical varia-
tion in anaemia would also be useful in the control of parasitic
infections that are highly endemic in sub-Saharan Africa. The
prevalence of anaemia has been used as a measurable indicator
for evaluating control programmes for malaria, schistosomiasis
and soil-transmitted helminthiasis because interventions for
these infections aim at controlling morbidity. In highly endemic
populations, micronutrients are being distributed as part of para-
site control programmes to reduce the burden of anaemia.>”~!

We have used data collected and georeferenced by the
Demographic and Health Surveys (DHS), together with high-

resolution continental maps of selected environmental variables,
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to demonstrate geographical clustering in
mean blood haemoglobin concentration
(a measure of anaemia) in sub-Saharan
Africa. Our aim was to quantify the spa-
tial dependence of blood haemoglobin
concentration over and above what is
accounted for by environmental variables
known to contribute to nutritional iron
deficiency and infectious causes of anae-
mia. We also sought to determine the
extent to which haemoglobin concentra-
tion is associated with these drivers (and
whether this differs in different regions of
Africa) and to build the foundations of a
spatial decision-support tool to inform
decision-makers about the most efficient
approaches to geographical targeting
of interventions for the prevention and
control of anaemia.

Methods
Data sources

We searched data from nationally rep-
resentative houschold-level DHS pro-
grammes for all countries in sub-Saharan
Africa.’” Data for the countries included
in the study include remotely-sensed
environmental data on distance to peren-
nial water body, elevation, land surface
temperature and NDVI (all data available
from corresponding author).”

Measuring anaemia

The MEASURE DHS Project™ tests
women (15-49 years of age) and children
(usually 6 months to 5 years of age) for
anaemia. It involves obtaining a capillary
blood sample using finger prick or, in the
case of young children, a heel prick, and
then using the HemoCue (HemoCue AB,
Angelholm, Sweden) blood haemoglobin
testing system.” Testing is voluntary and
respondents receive the results of their test
immediately, along with information about
how to prevent anaemia. To determine the
level of geographical clustering of blood
haemoglobin concentration, we used
altitude-adjusted haemoglobin concentra-
tion values in children < 5 years of age (data
available from corresponding author).

Geopositioning

The geopositioning methods used by
MEASURE DHS?? include the identifi-
cation of all households in enumeration
areas or clusters.”® The information as-
sembled in the current database provides
geographical coverage of 35% of admin-
istrative areas in sub-Saharan Africa. Cov-
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erage was good in western Africa (45%
of administrative areas, corresponding
to 65% of total area) and eastern Africa
(45% of administrative areas, correspond-
ingto 81% of total area). For large areas of
central and southern Africa, the only data
were from Cameroon and the Democratic
Republic of the Congo in central Africa,
and Lesotho and Swaziland in southern
Africa (data available from corresponding
author). Therefore, for analysis, the survey
results from Cameroon were included
in the western African region and the
results from the Democratic Republic of
the Congo, Lesotho and Swaziland were
included in the eastern African region.

Environmental properties

Relationships between haemoglobin
concentration and the environmental
variables at each cluster site were investi-
gated usinglocally-weighted least squares
smoothing curves with the gplot package
of the R software (R Foundation for Statis-
tical Computing, Vienna, Austria) (data
available from corresponding author).”
Statistical associations between haemo-
globin concentration measurements at
each cluster site and the environmental
variables distance to a perennial water
body, elevation, land surface temperature
and NDVIwere tested using fixed-effects
multivariable linear regression models in
Stata version 11 (StataCorp. LP, College
Station, United States of America).

Analysis of clustering

The extent of geographical clustering in
haemoglobin data can be quantified using
a semivariogram.” This is a plot of the
semivariance of all pairs of locations at a
series of defined separating distances. It
can be characterized by the semivariance
due to spatial structure (sill or spatially
structured variance, which represents the
tendency for geographical clustering),
the spatially unstructured semivariance
(nugget, which represents natural ran-
dom variation, very small-scale spatial
variability or measurement error) and
the distance at which locations can be
considered independent (range, which
represents the size of geographical clus-
ters).”® Semivariograms are particularly
important in the assessment of spatial
variation of spatial point data because
they allow for the quantification of the
cluster size, the tendency for geographical
clustering within a region and the relative
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contribution for clustering that is ex-
plained by a particular modifiable factor.

To investigate geographical cluster-
ing in blood haemoglobin concentra-
tion measurements, we used empirical
semivariograms of the raw haemoglobin
data and the residuals of multivariable
models, using the geoR package of the
R software.”” The proportion of spatially
structured variance in the raw haemoglo-
bin concentration data that is accounted
for by environmental covariates was
estimated by dividing the partial sill of
multivariable models by the partial sill of
the raw data; this estimate indicates how
well geographical clustering of anaemia
is explained by environmental covariates.
The proportion of variance that is spatially
structured was estimated by dividing the
partial sill by the sum of the partial sill
and nugget; this measure indicates the
role of location in explaining variation in
haemoglobin concentration in regions of

sub-Saharan Africa.

Results

Haemoglobin concentrations

We included data from 2862 cluster sites
in western Africa and 2999 cluster sites
in eastern Africa. This included 24277
children <5 years of age in western Africa
and 25343 in eastern Africa. Most chil-
dren (76%) were residing in rural areas
and both sexes were equally represented.
In both regions, haemoglobin declined
towards the end of the first year of life
and then increased towards 5 years of
age (data available from corresponding
author). The mean haemoglobin concen-
tration was significantly lower in western
than in eastern Africa (Table 1) and the
geographical distribution varied between
regions (Fig. 1 and Fig. 2). In western Af-
rica, the geographical distribution of se-
vere anaemia (haemoglobin < 70 g/1) was
heterogencous and was present in a large
cluster straddling the border between
Burkina Faso and Mali. In eastern Africa,
haemoglobin was homogenously low
(100-110 g/1) to moderate (70-100 g/1)
across the region, and haemoglobin
concentrations < 70 g/l were localized in
small clusters. The proportion of children
with haemoglobin <110 g/I was highest
in western Africa (‘Table 1). All countries
in sub-Saharan Africa had a prevalence of
anaemia >40% (data available from cor-
respondingauthor); the lowest prevalence
was in Swaziland (42%) and the highest
was in Burkina Faso (91%).
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Table 1. Blood haemoglobin concentration in 49620 preschool-age children less than5 years of age in sub-Saharan Africa, stratified
by gender, severity of anaemia and region

Anaemia severity by region Males?® Females? Total®
Western Africa® 12382 (51) 11895 (49) 24277
Severe (Hb <70 g/l) 962 (8) 813 (7) 1775 (7)
Moderate (Hb 70-99 g/l) 6202 (50) 5719 (48) 11921 (49
Mild (Hb 100—109 g/l) 2603 (21) 2579 (22) 5182 (21)
No anaemia (Hb >110 g/I) 2615 (21) 2784 (23) 5399 (22)
Mean haemoglobin, g/l (95% Cl) 95.60 (94.47 t0 97.12) 96.93 (95.14 to 97.84) -
Eastern Africa® 12687 (50) 12656 (50) 25343
Severe (Hb <70 g/l) 436 (4) 440 (4) 926 (4)
Moderate (Hb >70-99 g/l) 4574 (36) 4228 (33) 8802 (34)
Mild (Hb >100-109 g/I) 3046 (24) 3091 (24) 6137 (24)
No anaemia (Hb > 110 g/l) 4581 (36) 4897 (39) 9478 (37)
Mean haemoglobin, g/l (95% Cl) 102.76 (101.13 to 104.21) 103.84 (101.86 to 104.94) -

Cl, confidence interval; Hb, haemoglobin.

2 Unless otherwise indicated, values represent the absolute number followed by the percentage within parentheses.
®Includes Cameroon.

¢ Includes the Democratic Republic of the Congo, Lesotho and Swaziland.

Fig. 1. The spatial distribution of haemoglobin concentration for cluster sites included for western Africa?
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2 Includes Cameroon.
Map produced using ArcGIS version 10 (ESRI, Redlands, CA, United States of America).
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Fig. 2. Spatial distribution of haemoglobin concentration for cluster sites included for eastern Africa®

2 Includes the Democratic Republic of the Congo, Lesotho and Swaziland.
Map produced using ArcGIS version 10 (ESRI, Redlands, CA, United States of America).

Environmental properties

Mean haemoglobin concentration in
preschool-age children in both regions
was negatively associated with land
surface temperature and NDVI and
positively associated with elevation
(Table 2). However, the effect of dis-
tance to a perennial water body differed
between western and eastern Africa, with
mean haemoglobin concentration being
negatively associated with it in western

Africa and positively associated with it
in eastern Africa.

Analysis of clustering

In the raw data on haemoglobin con-
centration, western Africa showed a
greater tendency for geographical clus-
tering (partial sill =16.33) than castern
Africa (partial sill = 8.42). After taking
into account the effect of environmental
variables (residual variance), the tendency

Haemoglobin concentration
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® 110
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for clustering of mean haemoglobin values
was more pronounced in western Africa
than in castern Africa (Fig. 3 and Fig. 4).
Also, clusters of mean haemoglobin con-
centration were larger in western Africa
than in castern Africa (Fig. 3 and Fig. 4).
Our results indicate that environmental
variables could account for 13% and 27%
of geographical clustering in western and
castern Africa, respectively. In eastern
Africa, 100% of the residual variance

Table 2. Association of environmental variables with blood haemoglobin concentration in children aged less than5 years in western

and eastern Africa

Environmental variable Western Africa? Eastern Africa”

Coefficient (95%Cl) P Coefficient (95%Cl) P
DPWB —0.90 (-1.28 to —0.52) <0.001 0.56 (0.19 t0 0.93) 0.003
Elevation 0.88 (0.50 to 1.27) <0.001 1.58 (1.10 t0 2.07) <0.001
LST —4.49 (-5.19 10 -3.79) <0.001 —1.68 (-2.18 to —1.18) <0.001
NDVI —2.43 (-3.12t0 —1.75) <0.001 —0.74 (-1.22 to —0.26) 0.002
Intercept 96.90 (96.54 to 97.27) < 0.001 103.99 (103.63 to 104.35) < 0.001

Cl, confidence interval; DPWB, distance to perennial water body; LST, land surface temperature; NDVI, normalized difference vegetation index.

2 Includes Cameroon.

® Includes the Democratic Republic of the Congo, Lesotho and Swaziland.
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in haemoglobin concentration can be
explained by location (i.c. the separating
distance between cluster sites); in western
Africa, only 91% of residual variance
in haemoglobin concentration can be °
explained by location. 25—

Fig. 3. Residual geographical clustering of haemoglobin concentration in western
Africa,? based on a multivariable linear regression model

= = © Spatially unstructured variance: 1.30
Discussion

— — Spatially structured variance: 14.27
The raw DHS data indicate that anaemia 20 Range of spatial autocorrelation: 21.26
in preschool-age children is a severe pub-

lic health problem in sub-Saharan Africa

countries, with most national prevalence 15 ° oo e ==
estimates exceeding 40% (data available o 2 ° ° °

from corresponding author). These sta-
tistics underline the failure of national
programmes and interventions to reduce
the burden of anaemia in young children.
One reason for the lack of success is that /o
anaemia-control interventions are de- 5 Vo
signed on the assumption that nutritional Pe
iron deficiency is the major cause of anae- o
mia." In targeting communities with the

highest prevalence of childhood anaemia 0
within sub-Saharan Africa, it is useful
to identify and geographically position
anaemia-control resources, based on the
relative importance of different anacmia
contributors. Our approach addresses
important operational constraints for
anaemia control in the African continent
by shedding new light on the distribution Fig. 4. Residual geographical clustering of haemoglobin concentration in eastern
of anaemia severity within the countries Africa,” based on a multivariable linear regression model

studied. It also highlights the role of

known environmental drivers of anaemia

related to nutrition and infection, thus 10
adding value to national-level summary °
statistics of the DHS data. We found ° o
considerable geographical variation
in haecmoglobin concentration in sub-
Saharan Africa. Western Africa should ° o

receive priority, particularly those areas oo
straddling the border between Burkina
Faso and Mali, where most anaemia cases
are moderate to severe.

Most DHS surveys include the
collection of empirical information on /o °
factors that may contribute to childhood /oo
nutritional anaemia (e.g. micronutrient
measurements, maternal haemoglobin 2 4
concentration and place of residence). ,
However, information on infectious 7
causes of anaemia is not routinely col-
lected. The collection of stool, urine and , , , , , ,
blood samples in the design of DHS 0 2 4 6 8 10
surveys would make it possible to gather
important epidemiological information Distance in decimal degrees”
on infectious and hereditary causes of = |ncludes the Demacratic Republic of the Congo, Lesotho and Swaziland.
anaemia. In the absence of comparable b One decimal degree at the equator is approximately 111 km.
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individual-level clinical data on these
contributors, we adopted an ecological
approach, using existing remotely-sensed
environmental data as proxies of anacmia
contributors. Nevertheless, we found that
haemoglobin concentration is significant-
ly associated with known environmental
drivers of anaemia-causing parasitic in-
fections and nutritional iron deficiency,
such as distance to a perennial water
body, elevation, land surface temperature
and NDVI (Table 2). These effects were
estimated to be greater in western Africa
for NDVIand land surface temperature,
and in eastern Africa for elevation. The
results suggest that different environ-
mental factors play varying roles in the
anaemia burden in different geographi-
cal regions. This situation is exemplified
by the different relationships between
haemoglobin concentrations and the
environmental variables distance to a
perennial water body and elevation in
western and eastern Africa (data avail-
able from corresponding author). These
findings suggest that strategies for anae-
mia control should be tailored to local
conditions while taking into account
the specific etiology in a given location.

Previous approaches to describ-
ing the anaemia burden in Africa have
typically been made at the national
level with haemoglobin data from the
field surveys available within a country,
which are then extrapolated to the
country as a whole. While such estimates
are useful for advocacy and resource
estimation at the national level, they
are of limited practical relevance to the
targeting of control efforts. Our results
demonstrate that haemoglobin concen-
tration is highly clustered geographi-
cally in both western and castern Africa
(Fig. 3 and Fig. 4). The size of the clus-
ters and the tendency to cluster differ
considerably between western (Fig. 3)
and eastern Africa (Fig. 4), after taking
into account the effect of environmen-
tal covariates. These findings highlight
the non-stationary nature (i.c. spatial
variation in spatial dependence) of the
spatial processes leading to anaemia in
preschool-age children throughout sub-
Saharan Africa. Non-stationary spatial
variation may occur because of human-
induced environmental transformations,
geographical variation of climate or
topography, implementation of discase
control, or the presence of different spe-
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cies or strains of parasites, intermediate
hosts and vectors. Our results suggest
that environmental drivers of anaemia-
causing factors play differing roles in
different regions of Africa.

The environmental variables in the
haemoglobin concentration model ac-
count for only 13% of the geographical
clustering in western Africa, but for 27%
in eastern Africa. This result supports the
suggestion that drivers of anaemia differ
in these regions and that haemoglobin
concentration, particularly in western
Africa, is being driven by factors not ac-
counted for in our models. Our results
also indicate that, in western Africa, 9%
of haemoglobin variance unexplained by
environmental covariates is not related
to location. Haemoglobinopathies and
thalassemias are important inherited
haematological conditions, particularly
in western Africa,”” and could, in part,
account for the remainder of haemoglo-
bin variability. In addition, the difference
in spatial effects presented in this study
potentially reflects differences in food
systems or possibly deterioration in food
production driven by socioeconomic
factors at smaller spatial scales. Overall,
our findings reinforce the need for fur-
ther studies to understand how different
factors (hereditary, nutritional or infec-
tious) affect anaemia burden at smaller
spatial scales.

Our approach generated new knowl-
edge of use for the design and imple-
mentation of more cost-effective control
programmes for childhood anaemia,
including nutrient supplementation and
infectious disease control. First, we identi-
fied significant geographical variability in
the severity of anaemia. This information
will inform resource allocation for control
of severe forms of anaemia, which requires
strategies different from those needed
for milder cases.”**! Second, we found
that the effect of environmental drivers
(e.g. anacmia-causing parasite infections
and nutritional iron deficiency) on the
burden of anaemia varies by region. This
information will allow the identification
of areas where micronutrient supplemcn—
tation is likely to have side-effects.”*
An example is the increased severity of
infectious disease linked to the delivery
of iron supplementation in areas where
parasitic infection is highly endemic.
Third, we quantified geographical cluster-
ing within regions of sub-Saharan Africa;
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this is paramount for the development of
modern cartographic resources that could
be used as operational tools for targeting
anaemia control. This information could
be incorporated into anaemia risk maps
that control for the major contributors
to anaemia, to predict haemoglobin con-
centration (and possibly the prevalence of
anaemia) in unsurveyed areas, potentially
across the continent. To date, such maps
have been created at subnational, national,
regional and continental scales for malar-
ia;”* at subnational, national and regional
scales for neglected tropical diseases;™ at
national level for malnutrition;* and at
continental level for thalassemias,”* but
have yet to be produced for anaemia.
Our findings should be viewed in
the light of the study’s assumptions and
limitations. Environmental covariates
were used as proxies for contributors
to anaemia in preschool-age children.
This approach provides a somewhat
imprecise measurement of exposure to
possible anaemia contributors and may
therefore result in regression dilution
bias, which can lead to underestimation
of the observed effects.” Although the
observed relationships are biologically
plausible, in the absence of individually
collected data it is not possible to know
to what extent the magnitude of the rela-
tionships represent an artefact introduced
by ecological fallacy. Next, although
the collated information on anaemia in
preschool-age children is extensive in
western (65% coverage) and eastern Africa
(80% coverage), our maps suggest that for
many areas of the continentlittle or no geo-
referenced data are available via the DHS.
This is particularly the case in the central
and southern African regions, including
S countries (Kenya, Mozambique, Nige—
ria, South Africa and the Sudan) that are
among the 10 most populated countries in
sub-Saharan Africa (Fig. 1 and Fig. 2). As
a way to provide meaningful estimates of
geographical clusteringacross sub-Saharan
Africa, we allocated available DHS data
for central and southern Africa into the
western and eastern African regions. This
means that the estimates of geographical
clustering are not necessarily representa-
tive of administrative divisions within
the central and southern African regions.
Nevertheless, those countries for which
DHS data are currently unavailable con-
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stitute priority countries for obtaining
more haemoglobin concentration data
in future iterations of our approach,
which could include literature searches.
To facilitate studies such as this one, all
future DHS should include georefer-
encing of communities.

The quantification of geographi-
cal variation in anaemia burden and
in region-specific relationships with
known drivers of major contributors
to anaemia has allowed us to review
the rationale underpinning the design
and implementation of programmes
for reducing anaemia in preschool-age

children. Knowledge about the relative
contribution of nutritional, infectious
and hereditary causes of anaemia in
different regions can help in the de-
sign of more cost-effective delivery of
programmes that target these causes.
Such programmes might include mi-
cronutrient supplcmcntation, provision
of fortified food, infectious disease
control and transfusion services in

sub-Saharan Africa. W
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Résumé

Hétérogénéité spatiale de la concentration en hémoglobine chez les enfants d’age préscolaire en Afrique

subsaharienne

Objectif Déterminer si la concentration sanguine en hémoglobine chez
les enfants d’age préscolaire (moins de 5 ans) est géographiquement
hétérogene en Afrique subsaharienne et décrire son association avec
les variables environnementales a la base de I'anémie de différentes
étiologies.

Méthodes Les données, recueillies auprés de 24 277 enfants d'age
préscolaire en Afrique occidentale (2862 emplacements de grappes)
et 25 243 en Afrique orientale (2999 emplacements de grappes),
proviennent de I'étude 2001-2007 Demographic and Health Surveys
(DHS) pour I'Afrique subsaharienne. Les emplacements des grappes ont
été reliés dans un systeme d'informations géographiques aux informations
environnementales relatives a la distance de points d’eau pérennes, a
I'altitude, a la température a la surface du sol et a I'indice de végétation par
différence normalisée (IVDN, un indicateur de pluviosité). Des associations
statistiques avec des variables environnementales ont été établies a I'aide
de modeles de régression multidimensionnelle, et la dépendance spatiale
de la concentration en hémoglobine inexpliquée par ces facteurs a été
quantifiée a I'aide de semi-variogrammes.

Résultats En Afrique orientale, les plus faibles concentrations en
hémoglobine (<70 g/l) ont été trouvées dans des petites grappes
disséminées ; en Afrique occidentale, elles ont été trouvées dans une
grappe importante a cheval sur la frontiere entre le Burkina Faso et le
Mali. Nos résultats montrent des associations significatives a I'échelon
du continent entre la concentration en hémoglobine et les variables
environnementales, en particulier en Afrique occidentale, pour la
température de la surface du sol et I'VDN, et, en Afrique orientale, pour
I'altitude. La dépendance résiduelle spatiale était significative, et son
importance était plus forte en Afrique occidentale qu’en Afrique orientale.
Conclusion La répartition de I'anémie est déterminée par des facteurs
environnementaux a grande échelle, et les agents épidémiologiques
different en Afrique occidentale et orientale. Les stratégies pour controler
I'anémie chez les enfants en age préscolaire en Afrique subsaharienne
devraient étre adaptées aux conditions locales, pour prendre en compte
I'étiologie et la prévalence spécifiques de I'anémie.

Pe3rome

ITpocTpaHCTBEHHas reTePOreHHOCTD COfleP>KAaHIA IeMOITI00MHA B KPOBM fieTell JOUIKOTbHOTO BO3pacTa

B cTpaHax A¢puku K 1ory ot Caxapsl

ITenp Onpenenntp, sBIAETCA MU COREP>KaHUe TeMOro0Ha
B KPOBMU [ieTell JOIIKOTIBHOTO Bo3pacTa (B BO3pacTe 0 IISATU
JIeT) TeTEPOTeHHBIM B reorpadyecKoM OTHOLIEHNN B CTPaHaX
Adpuxu k tory or Caxapbl, ¥ OINCATh KOPPEALUIO 3TOTO
IIOKa3aTesIs 110 OTHOLIEHMIO K 9KOTOTMYECKVM IIepeMeHHbIM,
CIOCOOCTBYIOLIMM PA3BUTHUIO aHEMIN C Pa3TNIHOI STHOIOTHETL.
Metopmpl VIcrionmb30BaHbI TaHHBIE 10 24 277 NeTsAM JOIIKOIBHOTO
Bo3pacra u3 cTpaH 3amagHoit Appuxn (2 862 KracTepHBIX
y4actka) u 25 343 mersim n3 crpan Bocrounoit Appuxn (2999
K/TACTEPHBIX YYaCTKOB), B3siThle 3 «O6CmeoBanmit B 06mactu
HapoJlOHaceNeHns U 3paBooxpaHeHua» 3a 2001-2007 ropmsr
o crpaHaM Adpukn x iory or Caxapsl. s KIacTepHBIX
y4acTKOB Obl/Ia ONpefe/neHa CBA3b C 9KOMOTUIECKUMU
IDAHHBIMM O PAcCTOSHMM JIO BOJOEMaA, He NepechIXaloliero B
JIETHUII TIepMOf], BbICOTE HAJ YPOBHEM MOps, TeMIleparype
3eMHOJl IIOBEPXHOCTY ¥ 3HAYEHUM HOPMAJIN30BAHHOTO
PasHOCTHOTO BeTeTaloOHHOro MHAeKca (NDVI; samenarommit
IIOKa3aTesIb [/Is YPOBHsI OCA/IKOB) B CHCTeMe reorpadmieckoit
napopmanyy. CraTncTidecKyie KOpPesiy C SKOIOTIeCKVIMI
TepeMEHHBIMU OIIPefie/IsA/INCh C MCIO/NIb30BAHMEM MOJeneit
MY/IbTUBApMAHTHON perpeccun, a IpoCTpaHCTBEHHAA
3aBUCUMOCTDb COJEP)KAHVSI TeMOITIOONHA, He 0ObsICHsIeMas
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aTuUMHU paKTOpaMu, OIpefensnach B KOTUIECTBEHHOM
BbIpa)KEHMM C JICIIO/Ib30BaHMEM CEMMBapMOTPaMM.
PesynbraTel B BocTounoit Appuke caMmble HI3KIe TOKa3aTe/N
copiep>kanust remorno6una (Menee 70 r/1) HabIIO[aNUCh B
MEJIKIX KJIacTepax II0 BCeMY PerMoHy; B 3amamHou Adpuke
OHM HaOJTIONA/IVCh B KPYITHOM K/TacTepe, IIPOTSHYBIIEMCS BO/Ib
rpanunbl Mexay bypkuna-®aco u Mamu. Hamm pesynbrarst
HEeMOHCTPUPYIOT 10 BCEMY KOHTMHEHTY CTaTUCTUYECKN
3HAYMMBbIe KOPPE/LLINI MEXAY COfepPXKaHMEeM IeMOIIoOnHa
U 9KOJIOTMYECKVMI [IePEeMEHHBIMN, OCOOEHHO B 3amajgHoil
Adpuke 1151 IOKa3aTeseNt TEMIIEPATY PbI 3eMHOIT TOBEPXHOCTHU
u NDVI, n B BocrouHoit Adpuke i1 BHICOTBI HaJj YPOBHEM
Mops. OcraToyHas IPOCTPAHCTBEHHAsA 3aBUCHMOCTD Obla
CTAaTUCTUYECKYU 3HAYMMOI, a ee MacmTabbl ObIM H6omee
3HAYUTE/IbHBI B 3ama{Hoil, yeM B BoctouHoit Adpuke.

BriBop Pacnipenienenvie aHeMun onpefensaeTca BO3fieliCTBIEM
MacIITaOHBIX 9KOIOTMYECKMX (PAKTOPOB, a INIEMIOIOTYECKIe
IpaiiBepbl B 3amagHoi n BoctouHoit Adpuke pasmmyaroTcs.
Crpaternu 60pbbBI C aHEMMENl Cpefy AeTell JOUIKOIBHOIO
Bo3pacTa B cTpaHax A¢puku K rory ot Caxapsl JO/DKHBI
OIIpeNeNATbCA MECTHBIMU YC/IOBUAMH, C Y4€TOM KOHKPETHON
9TUOIOTMN Y PACTIPOCTPAHEHHOCTY aHEMUL.

Bull World Health Organ 2011;89:459-468 | doi:10.2471/BL7.10.083568
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Resumen

Heterogeneidad espacial de la concentracion de hemoglobina en nifios de edad preescolar en el Africa

Subsahariana

Objetivo Determinar si la concentracion de hemoglobina en sangre
en nifios de edad preescolar (<5 afios de edad) es geograficamente
heterogénea en Africa Subsahariana y describir su relacién con variables
ambientales que causen anemia de diferentes etiologias.

Métodos Se obtuvieron datos en 24 277 nifios de edad preescolar en
Africa Occidental (2862 sitios agrupados) y 25 343 en Africa Oriental
(2999 sitios agrupados) de las Encuestas Demogrdficas y de Salud
(DHS) de 2001-2007 para el Africa Subsahariana. Los sitios agrupados
fueron vinculados a informacion medioambiental sobre la distancia a
una masa acuifera perenne, la cota, la temperatura de la superficie de
la tierra y el indice de vegetacion de diferencia normalizada (NDVI, una
representacion de las precipitaciones) en un sistema de informacion
geografica. Las asociaciones estadisticas con variables medioambientales
fueron determinadas utilizando modelos de regresion multivariados, y la
dependencia espacial de la concentracion de hemoglobina no explicada
por estos factores fue cuantificada utilizando semivariogramas.

Resultados En Africa Oriental, las concentraciones més bajas de
hemoglobina (< 70 g/l) se dieron en pequefas agrupaciones por toda la
regién; en Africa Occidental, se dieron en una gran agrupacion ubicada
sobre la frontera entre Burkina Faso y Mali. Nuestros resultados muestran
asociaciones significativas en todo el continente entre la concentracion
de hemoglobina y las variables medioambientales, especialmente en
Africa Occidental, para la temperatura de la superficie de Ia tierra'y NDVI,
y en Africa Oriental para la cota. La dependencia espacial residual fue
significativa, y la magnitud fue mayor en Africa Occidental que Oriental.
Conclusion La distribucion de la anemia es causada por factores
medioambientales a gran escala, y 1os causantes epidemioldgicos difieren
entre Africa Occidental y Oriental. Las estrategias para el control de la
anemia en nifios de edad preescolar en el Africa Subsahariana han de
ser adaptadas a las condiciones locales, teniendo en cuenta la etiologia
y la prevalencia especificas de la anemia.
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