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Determinants of normal
haemoglobin concentration among
children in Ghana: a positive
deviance analysis of nationally
representative cross-sectional
survey data

Dickson A. Amugsi

Anaemia among children under 5, is a public health problem of serious concern. In Ghana, an estimated
8 out of every 10 children are anaemic. This study employed a novel approach to investigate the
determinants of normal haemoglobin (Hb) concentration among children aged 6 to 59 months, using
data from the Ghana Demographic and Health Surveys. The results showed that maternal schooling
was positively associated with normal Hb concentration among children. Children of non-anaemic
mothers were 1.67 (CI=1.32, 2.10; P < 0.001) times more likely to have normal Hb concentration
relative to children of anaemic mothers. Compared to mothers who had less than 4 antenatal care
(ANC) visits, mothers who had at least 4 ANC visits increased the odds of their children having a normal
Hb concentration by 1.62 (C1=1.09, 2.40; P < 0.018). Children living in middle and rich households

had respectively 1.48 (CI=1.06, 2.07; p < 0.021) and 1.59 (CI =1.08, 2.33; p < 0.018) increased odds

of having a normal Hb concentration relative to those living in poor households. Maternal education,
anaemia, ANC attendance, and household wealth index are strong determinants of normal Hb
concentration among children in Ghana. Strategies aimed at addressing childhood anaemia should take
into account maternal anaemia, education, poverty and ANC attendance.

Anaemia, defined as blood haemoglobin concentration lower than normal? is a pervasive problem among chil-
dren under five years of age. It reflects a state in which the number of red blood cells is low, or their ability to
carry oxygen is poor®. If anaemia is left untreated, it can have significant negative consequences on child health,
some of which can be long lasting* and potentially derail the life-course wellbeing into adulthood. These adverse
health consequences include but are not limited to poor cognitive development, difficulty with concentration,
lethargy, increased mortality, susceptibility to infections and loss of economic productivity in adulthood>°. Given
the consequences, there is an urgent need for effective and efficient public health interventions to address anaemia
in children. To be able to design effective interventions, it is significant to have clear understanding of the factors
that have the potential to prevent children from developing anaemia. The present study is set out to illuminate
these factors by focusing on children who have normal Hb concentration (i.e. children who do not have any form
of anaemia). The study will provide a robust understanding of what promote normal Hb concentration, rather
than the risk factors of low Hb concentration (anaemia). Indeed, knowledge about the determining factors of
normal Hb concentration in children, which is currently lacking in sub-Saharan Africa (SSA), is essential for
developing effective anaemia prevention programmes.

Data from the World Health Organisation (WHO) show that anaemia is one of the ten most serious health
problems in the world. Globally, it is estimated that about 273.2 million children aged from 6 to 59 months suffer
from anaemia, with an overall prevalence of 43%?>. The problem is particularly serious in Africa, where approxi-
mately 60% of preschool children are anaemic’. The prevalence in the SSA region ranges from 42% in Swaziland
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to 91% in Burkina Faso®. In Ghana, the focus of the present study, the overall prevalence of anaemia in children
aged 6 to 59 months stands at 78.4%%°, indicating that less than a third (21.6%) of children in Ghana have normal
Hb concentration or are non-anaemic. The question is, what makes the 21.6% (defined in this study as positive
deviants) to have normal Hb concentration, although they live in the same country as the rest of the children who
are anaemic? What are the possible factors at the individual, household and community levels that influence nor-
mal Hb concentration among these children? Understanding this will help design effective programmes to help
prevent pre-school children in Ghana from developing anaemia.

However, to be able to address the questions outlined above, we needed an approach that will focus on the
positive aspects of health and the associated determinants rather than negative health outcomes. Therefore, this
study utilised positive deviance (PD), a resource oriented approach as the analytical strategy. The concept of PD
is premised on the notion that in “every community there are certain individuals or groups whose uncommon
behaviours and strategies enable them to find better solutions to problems than their peers, while having access to the
same resources and facing similar or worse challenges™12. The PD concept aims to study the behaviours and char-
acteristics of those who achieve better results on a given health outcome than their peers who reside in the same
community". It is a well-established concept and can be explored using a statistical approach, and often quanti-
fied as those who do not experience a negative outcome of interest compared to those around them in the same
settings'®. The PD approach has previously been used to investigate new born care, child nutrition, safe sexual
practices, malaria control, health service delivery and educational outcomes in many settings'*-?2. Indeed, almost
all of these PD studies were conducted outside SSA. In Ghana for example, the application of PD in investigating
child health outcomes is relatively rare. This suggests the need for more research using the PD approach in Ghana.

The novelty of the PD approach is its focus on ‘positive’ aspects of an outcome instead of the ‘negative, and can
identify potential points of intervention. In the present study, positive deviants were children who lived in anae-
mia endemic Ghana and yet have normal Hb concentration (not anaemic) relative to their counterparts who live
in the same country but are anaemic. The main objective of this study is to examine the determinants of normal
Hb concentration among children living in Ghana. Identifying these determinants would provide the basis for
designing programmes, targeting children at risk of low Hb concentration in the country. Ghana already has child
health policies in place, which the findings of the present study could feed into. One of such policies is Under
Five’s Child Health Policy?. This policy provides a framework for planning and implementing programmes to
address child health problems in the country. It is significant to note that the resource focused approach of the
present study moves away from the dominant risk model approach, where the focus is usually on children with
poor health and the associated risk factors.

Methodology

Design and data sources. Data on haemoglobin (Hb) concentration (anaemia) among children aged 6-59
months from the 2014 Ghana Demographic and Health Surveys (GDHS)!*** were used in the analysis. The DHS
surveys are designed to be representative at the national, regional and rural-urban levels'’. The GDHS employed
a two-stage sampling design®*%. The first stage involved selection of clusters from a master sampling frame con-
structed from the 2010 national population and housing census. The clusters are selected using systematic sam-
pling with probability proportional to size!®?. The second stage selection involves the systematic sampling of
the households listed in each cluster, and households to be included in the survey are randomly selected from
the list'*?*. All women aged 15-49 years and their children aged 0-59 months were eligible to participate in the
surveys. The data on children were obtained through face-to-face interviews with their mothers. The detailed
description of the GDHS sampling strategy can be found elsewhere!®?. Our study sample comprised children
aged 6-59 months (n=2451), born to mothers aged 15-49 years.

Ethical considerations. To ensure that the study was conducted in line with the Declaration of Helsinki?®,
data collectors were trained on how to respect the rights of individuals participating in the study. During the data
collection, study participants were informed of their right to determine whether they wanted to participate in the
study or not. They were also informed of their right to abstain or withdraw (e.g. discontinue an interview) at any
time without reprisal. The risks and benefits of the study were adequately explained to study participants, so were
the steps taken to mitigate potential risks. Suitably trained investigators conducted the study, using an approved
protocol. Accordingly, the GDHS protocol, including biomarker collection, was reviewed and approved by the
Ghana Health Service Ethical Review Committee and the Institutional Review Board of ICF International, USA.
Written informed consent was obtained from participants before the survey. For children aged 6-59 months, con-
sent was obtained from their parents or the adults responsible for the children. The GDHS team made sure that
the biomarker results were made available to study participants. For example, the Hb test results for all children
tested in the household were entered into a malaria and anaemia brochure and given to the parent or responsible
adult. Finally, an anaemia referral form was given to facilitate immediate treatment at a nearby health facility of
children with an Hb level less than 7.0 g/d1'°. The DHS Program, USA, granted the author permission to use the
data. The data are completely anonymous; therefore the author did not seek further ethical clearance.

Outcome and explanatory measures. Outcome measure. 'The main outcome measure for this analysis
was Hb concentration. The GDHS collected blood specimens for anaemia testing from all children aged 6-59
months. Blood samples were drawn from a drop of blood taken from a finger prick (or a heel prick in the case
of children age 6-11 months) and collected in a microcuvette'®. The Hb analysis was carried out on-site using
a battery-operated portable HemoCue analyser!®. The Hb data were categorised into; mild anaemia (Hb con-
centration of 10.0-10.9 g/dL), moderate anaemia (Hb concentration of 7.0-9.9 g/dL) and severe anaemia (Hb
concentration of less than 7.0 g/dL)". In this analysis, mild, moderate and severe anaemia were recoded into
“anaemic or low Hb concentration” and given a value of “0” (referenced category), and children who did not
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suffer from any form of anaemia were classified as “non-anaemic or normal Hb concentration” and given a value
of “1” (outcome of interest). In this paper, Hb concentration and anaemia status (anaemic or non-anaemic) might
be used interchangeably in some instances. Since positive deviance® is the analytic lens, children with normal Hb
concentration were classified as positive deviants.

Explanatory measure. 'The explanatory measures were categorized into four levels of determinants: child (sex,
age, birth order, diarrhoea, taking iron pills, drugs for intestinal parasites in the last 6 months), maternal (age,
education, anaemia status, antenatal care), households (household size, number of children under 5, wealth index)
and community (place of residence). In the GDHS'?, the household wealth index was created using assets own-
ership and housing characteristics: type of roofing, and flooring material, source of drinking water, sanitation
facilities, ownership of television, bicycle, motorcycle, automobile among others. A principal component analysis
was utilised to assign weights to each asset in each household. The asset scores were summed up and individuals
ranked according to the household score. The index was then divided into quintiles, namely, poorest, poorer,
middle, richer and richest. To preserve sample size in the present analysis, the index was recoded into poor (ref-
erence category), and middle and richer as categories of interest. Also, antenatal care (ANC) was recoded into
0-3 visits (reference category) and 4 or more visits. The selection of the explanatory variables was guided by the
UNICEF conceptual framework of child care?. The selected variables were further subjected to bivariate analysis
using binary logistic regression. The Bivariate analysis was carried out to examine the associations between the
socio-demographic determinants and children’s normal Hb concentration (Table 1). All statistically significant
variables (p < 0.05) were included in the multivariable logistic regression analysis. Also, variables that were not
statistically significant but considered critical by the researcher were included in the multivariable analysis. Such
variables included child sex, intake of iron pills and mother’s age.

Analytical framework and methods.  The analysis in this paper was framed using the extended UNICEF concep-
tual framework for childcare®>?. The framework posits that child survival, growth and development are influ-
enced by a web of factors, with three underlying determinants being food security, healthcare and a healthy
environment, and care for children and women?®. These underlying determinants are in turn influenced by basic
determinants. These basic determinants may be described as “exogenous” determinants, which influence child
health through their effect on the intervening proximate underlying determinants. Thus, the underlying deter-
minants are endogenously determined by the exogenous determinants®. We utilised logistic regression in the
analysis. We built two empirical regression models of the determinants of normal Hb concentration. In the first
model (Model 1), we included maternal, household and community level determinants. In the second and final
model (Model 2), we adjusted for child level factors. The statistical significant level was set at p < 0.05. Results
were presented as odd ratios (ORs) with 95% confidence intervals (CI). Because the DHS used complex sample
design, we adjusted for survey design effects using parametres such as sample weight, strata and cluster in the
statistical analysis.

Results

Descriptive analysis of the characteristics of the sample. The results in Table 2 show that 30% of
children in Ghana have normal Hb concentration, while 56% of their mothers were non-anaemic or had normal
Hb concentration. Twenty three percent (23%) of the children were reportedly taking iron pills/sprinkles/syrup
at the time of the survey. A little over a third (38%) of the children received drugs for intestinal parasites in the last
6 months preceding the survey. The results also showed that 13% of the children had diarrhoea during the last 2
weeks preceding the survey. An ANC attendance of at least 4 visits was high among mothers in the sample (89%).
Alittle over half (54%) of the study participants were living in rural areas. The mean maternal number of years of
education was 5.2 +4.9, while the average age was 31.0 £ 6.8 years. The mean child age was 31.3 4= 15.4 months.
Household size and child birth order were 5.8 2.7 and 3.4 4-2.1 respectively (Table 3).

Bivariate analysis of the determinants of childhood anaemia. In the bivariate analysis (Table 1),
child’s age, birth order, diarrhoea infection, drugs for intestinal parasites were significantly associated with nor-
mal Hb concentration among children aged 6 to 59 months. Additionally, maternal age, education, anaemia
status, antenatal care attendance, household size, number of children under 5, wealth index and place of residence
were also associated significantly with normal Hb concentration in children. In the contrary, the association
between child sex, intake of iron pills and mother’s age did not reach statistical significance.

Multivariable analysis of the protective factors for childhood anaemia. The results in Table 4 show
that all the maternal and household level factors except household size were significantly associated with normal
Hb concentration in the first model (Model 1) but some of the significant associations disappeared after child
level determinants were included the final empirical model (Model 2). Only maternal education, anaemia, ANC
attendance, household wealth index and child age maintain their statistically significant association with normal
Hb concentration in the final model. A unit change in maternal years of education was associated with 1.05
(CI=1.02,1.08; P <0.001) increased odds of normal Hb concentration. Children of mothers who had no anae-
mia were 1.67 (CI=1.32,2.10; P < 0.001) times more likely to have normal Hb concentration relative to children
of anaemic mothers. Compared to mothers who had less than 4 antenatal care (ANC) visits, mothers who had
at least 4 ANC visits increased the odds of their children having a normal Hb concentration by 1.62 (CI=1.09,
2.40; P <0.018). Additionally, children living in middle and rich households had 1.48 (CI=1.06, 2.07; p < 0.021)
and 1.59 (CI=1.08, 2.33; p < 0.018) increased odds of having a normal Hb concentration respectively, relative to
those living in poor households. A unit change in child’s age was associated with 1.03 (CI=1.02, 1.04; P <0.001)
increased odds of having a normal Hb concentration.
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95% CI for OR

OR Lower |Upper |p
Maternal level variables
Maternal education (in years) 1.090 1.070 1.109 0.001
Maternal age (in years) 1.012 0.999 1.025 0.074
Maternal anaemia
Anaemic (ref)
Not anaemic 0.539 0.449 0.647 0.001
Antenatal attendance
Number of visits, 0-3 (ref)
Number of visits, 4+ 2227 1.538 3.225 0.001

Household level variables
Number of household members | 0.904 0.872 0.938 0.001
Number of children under 5years | 0.743 0.667 0.829 0.001

Household wealth index

Poor (ref)
Middle 1.882 1.488 2.381 0.001
Rich 2.829 2.310 3.469 0.001

Community level variables

Place of residence
Rural (ref)
Urban 1.708 1.432 2.038 0.001
Child level variables
Age of child (in months) 1.025 1.019 1.031 0.001
Sex of child
Female (ref)
Male 1.161 0.975 1.382 0.094

Taking iron pills/syrup
No(ref)
Yes 1.108 0.901 1.362 0.332

Drugs intestinal parasites
No (ref)
Yes 1.567 1.309 1.877 0.001

Had diarrhoea recently
No (ref)

Yes 1.662 1.253 2.205 0.001
Birth order of child 0.899 0.860 0.939 0.001

Table 1. Bivariate analysis of the determinants of normal Hb concentration among children, 6-59 months
(n=2451).

Discussion

This study examined the determinants of normal Hb concentration among children in Ghana, using nationally
representative data. The analysis focused on children who are doing well (positive deviants) rather than the usual
practice of focusing on at risk or children with poor health outcomes. The results showed that maternal education,
anaemia, ANC attendance, household wealth index and child age are strong determinants of normal Hb concen-
tration among children. Mothers who have more years of education are likely to have children with a normal Hb
concentration. This suggests that the more years of education a mother has the likelihood that their children will
have a normal Hb concentration. This could be attributed to positive influence of education on maternal caregiv-
ing practices. There is evidence that mothers with more years of education are likely to be good caregivers, and
sensitive and responsive to their caregiving duties*'*%. They also tend to have disposal income to be able to pro-
vide nutritious, including iron rich food for their children. The evidence to this effect can be found in a study by
Choi and colleagues®, where children of educated mothers were reportedly consuming more iron rich diet such
as meat and poultry than did children of less educated mothers. Educated mothers are also more likely to utilize
child health services, which can have a positive effect on their children health outcomes**. The findings from
the present study are consistent with the literature. Several studies have demonstrated that children with more
educated mothers are less likely to develop anaemia than those with less educated mothers®*-3%,

Maternal anaemia status was also illuminated as an important determinant of normal Hb concentration
among preschool children. There is a strong observed relationship between maternal anaemia status and child Hb
concentration. Mothers who are non-anaemic turn to have children who have normal Hb concentration. Thus,
whether a child will have a normal Hb concentration or not is conditional on the anaemia status of the mother.
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Variables %
Child anaemia

Normal Hb concentration 30.4
Low Hb concentration 69.6
Child sex

Male 53.1
Female 46.9

Maternal anaemia

Non-anaemic 56.0
Anaemic 44.0
Taking iron pills/sprinkles/syrup (yes) 234
Drugs for intestinal parasites (yes) 37.6
Had diarrhoea recently (yes) 12.5
Place of residence

Urban 46.4
Rural 53.6

Number of antenatal attendance
0-3 visits 11.2
4+ visits 88.8

Household wealth index

Poor 429
Middle 19.9
Rich 37.2

Table 2. Characteristics of socio-demographic factors (n=2451), categorical variables.

Variables Mean SD
Maternal education in years 5.24 491
Maternal age in years 30.98 6.84
Age of child in Months 31.26 15.44
Number of household members 5.81 2.722
Number of children under 5 years 1.77 0.874
Birth order of child 3.37 2.09

Table 3. Characteristics of socio-demographic factors (n =2451), continuous variables. SD = Standard
deviation.

This may be the case because poor maternal health has the potential to compromise optimal child caring prac-
tices, which will in turn have a negative impact on their children health and wellbeing*°. Also, mothers who are
non-anaemic are likely to have access to nutritious food. Since there is a strong correlation between maternal and
child dietary intake*"*2, the likelihood that their children will also consume nutritious food is high. The literature
on the effects of maternal anaemia status on childhood anaemia is abound. Studies have shown that mothers Hb
level had significant effect on their children Hb levels**>*, Furthermore, in Mozambique, the odds of having
non-anaemic child was higher in communities with low percentage of anaemic mothers*. Thus, strategies for
minimising childhood anaemia must address maternal anaemia.

This study revealed that mothers who were able to attend at least four ANC visits are likely to have children
with normal Hb concentration. This suggests that higher ANC visits has the potential to promote normal Hb
concentration among children living in highly endemic anaemia settings. Therefore, promoting ANC attendance
among women of reproductive age will have the potential to protect their children from developing anaemia in
the first 5 years of their life. The positive effect of ANC attendance on childhood anaemia status could be attrib-
uted to the health and nutrition education mothers received during ANC visits. This could have positive impact
on their feeding and caring practices, and consequently better health outcomes for their children. Kuhnt and
Vollmer*® found in their study that having at least four ANC visits is associated with reduced odds of malnutri-
tion among children. ANC attendance has also been found to associate directly with improved birth outcomes
and longer-term reductions of child mortality and malnourishment*. There is evidence that women who have
higher ANC visits are also likely to patronise postnatal services*, with the consequential positive effect on their
children health outcomes. Our findings together with literature suggest that interventions to address childhood
anaemia in Ghana should promote ANC use among women of reproductive age, so as to protect their children
from developing anaemia.
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Model 1 Model 2
95% CI for OR 95% CI for OR

Variables OR Lower | Upper |p OR Lower | Upper |p
Maternal level variables
Maternal education (in years) 1.050 1.023 1.078 | 0.001 1.051 1.022 1.080 | 0.001
Maternal age (in years) 1.026 | 1.009 | 1.043 |0.002 1.021 | 0.995 1.047 | 0.110
Maternal anaemia
Anaemic (ref)
Not anaemic 1.581 1.263 1.980 0.001 1.667 1.324 2.101 0.000
Antenatal attendance
Number of visits, 0-3 (ref)
Number of visits, 4+ 1.558 1.058 2.294 0.025 1.616 1.087 2.402 0.018

Household level variables
Number of household members 0.966 0.912 1.022 0.227 0.970 0.915 1.028 0.305
Number of children under 5years 0.747 10.622 |0.898 |0.002 |0.908 |0.752 1.096 | 0.316
Household wealth index

Poor
Middle 1.530 1.109 2.110 0.010 1.482 1.060 2.072 0.021
Rich 1.666 1.149 2.415 0.007 1.591 1.084 2.334 0.018

Community level variables

Place of residence
Rural (ref)

Urban 0.827 0.616 1.110 0.206 0.829 0.611 1.124 0.227
Child level variables
Age of child (in months) — — — — 1.031 1.022 1.040 0.000
Sex of child — — — —
Female (ref) — — — —

Male — — — — 1.191 0.953 1.489 0.124

Taking iron pills/syrup
No(ref)
Yes — — — — 0.929 0.713 1.210 0.584

Drugs intestinal parasites
No (ref)
Yes — — — — 0.995 0.778 1.273 0.968

Had diarrhoea recently
No (ref)

Yes — — — — 1.222 0.877 1.701 0.236
Birth order of child — — — — 0.937 0.853 1.030 0.179

Table 4. Multivariable analysis of the determinants of normal Hb concentration among children, 6-59 months
(n=2451). OR = 0dds ratio; CI = confidence interval; ref = reference category; Hb = Haemoglobin.

Similarly, the analysis show that the level of household wealth is an important determinant of normal Hb
concentration among children in Ghana. Children who live in the middle and rich household are more likely
to have a normal Hb concentration relative to those who live in poor households. The association is stronger in
the rich households than the middle class households. The differential effect can be explained by the fact that
children in rich households are likely have easy access to nutritious food and better caring practices, prerequisites
for optimal child health. The effect of household wealth on normal Hb concentration could be a confirmation of
the widely recognised health benefits of living in better-off households****->°. Conversely, Agho and colleagues®!
observed that children from the richest and middle-class households had a lower Hb concentration than those
from the poorest households®’. This negative relationship notwithstanding, the evidence as highlighted above is
that children in wealthy household tend to have higher Hb concentration or better health outcomes compared to
those living in poor households.

The study is associated with some strengths and limitations. The use of large nationally representative sample
makes the observed associations more robust and enhanced the generalisability of the findings to all children
6-59 months in Ghana. Further, the Hb concentration used in this analysis as an outcome variable was objec-
tively measured—this helps to reduce potential misclassification. The innovation in this study is the focus on
non-anaemic (normal Hb concentration) children and the associated protective factors rather than risks factors
for childhood anaemia. Also, the use of cross-sectional survey data makes it difficult to establish any causal rela-
tionship between the predictor and outcome variables. The interpretations of the findings are, therefore limited to
mere associations between predictor and outcome variables. Finally, the use of PD is somewhat limited as we were
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not able to explore all the potential PD behaviours that may contribute to normal Hb concentration in Ghanaian
children using quantitative data of this nature. Notwithstanding, PD is a well-established concept and hence
makes it possible to explore the approach using statistical methods.

Conclusions

The results of study showed that mothers who have higher years of education are likely to have children with
normal Hb concentration. This suggests that maternal schooling has the potential to protect children against
anaemia. There is a strong relationship between maternal anaemia status and child Hb concentrations. Mothers
who are non-anaemic turn to have children who have normal Hb concentration. Children who live in middle and
rich household are more likely to have a normal Hb concentration relative to those who live in poor households.
Mothers who are able to attend at least four ANC visits are likely to have children with normal Hb concentration.
Thus, higher ANC visits has the potential to protect children living in highly endemic anaemia settings from
developing anaemia. Interventions aimed at addressing childhood anaemia in Ghana should take into account
maternal anaemia, education, poverty and ANC attendance.

Data availability

This study was a re-analysis of existing data that are publicly available from The DHS Program at http://
dhsprogram.com/publications/publication-fr221-dhs-final-reports.cfm. Data are accessible free of charge upon
a registration with the Demographic and Health Survey program (The DHS Program). The registration is done
on the DHS website indicated above.
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