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Abstract

This study was undertaken to assess the prevalence of anaemia and to investigate various factors associated with
haemoglobin (Hb) prevalence in children aged 6—59 months in Ghana. The data set used was based on a
longitudinal study from the fourth round Multiple Indicator Cluster Survey (MICS). This was a national survey
conducted by Ghana Statistical Service (GSS) to monitor the progress of women and children. A sample of 7,626
children under-five years across the country between 2009 and 2011 were selected for the survey.

Multiple logistic regression and bootstrap technique for parameter estimates were used to determine the
relationship of biological, socio-economic, nutritional and other factors associated with Hb concentration. The
prevalence of anaemia among children between 6 — 59 months in Ghana found in this study was 64.7% which is
quite high even though lower than the 2008 GDHS rate of 78%. This is so because it is still higher than the
WHO cut-off point of 40% making it a serious public health concern. The highest rate of 36.2% occurs within
the 6 — 23 months. The factors observed to be highly significantly associated with anaemia among these children
included malaria prevalence (p-value=0.000), age of the child (p-value=0.000), household economic status
(0.000), region of residence (p-value=0.000), mothers educational level (p-value=0.000) and sex of the child (p-
value=0.000). All other factors considered such as area of residence and ethnicity were not significant (p-values
> 0.05).

In a nutshell, children who are born to more advantaged women who have high educational levels, economically
sound, live in areas that are not infested with malaria, live in the southern part of Ghana and are females have
low probability of becoming anaemic than their counterparts who are disadvantaged and live in malaria prone
environment.
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1. Introduction

More than 100 million African children are thought to be anaemic (DeMaeyer E and Adiels-Tegman M 1985),
and community-based estimates of anaemia prevalence (blood haemoglobin concentration (Hb) <11 g/dl) in
children in settings where malaria is endemic range between 49% and 76% (DeMaeyer E et al 1985; Premji Z et
al 1995; Muhe L et al 1999; McElroy PD et al 2000 and May J et al 2000). The consequences, in terms of years
of life lost, of such a high level of anaemia are hard to quantify, although the burden of malaria-associated
anaemia has been estimated at 190,000-974,000 deaths per year in children-under 5 years of age (Murphy SC
and Breman JG 2000). Certainly, children admitted to hospital with severe anaemia (Hb <8 g/dl) are more likely
to die than children admitted without anaemia, and anaemia is one of the largest killers of children admitted to
hospital in sub-Saharan Africa (Schellenberg D et al 1999; Marsh K et al 1995; Slutsker L et al 1994). Even
where blood transfusions are available there is a significant case fatality rate of 6-18% (Schellenberg D et al
1999; Lackritz EM et al 2003; Bojang KA et al 1997). However, most children at high risk of severe anaemia
live beyond the easy reach of a hospital, the most common type of health facility that can perform blood
transfusions.

The causes of anaemia are often multifactorial and are interrelated in a complex way. First, the relative
importance of each factor — for example, hookworm or malaria — varies in different settings (Rawlins SC et al
1991; Hall A et al 1982). Anaemia may be chronic — for example, secondary to iron deficiency, infection with
human immunodeficiency virus (HIV), or intestinal worms — or it may be acute, owing to a sickle-cell crisis or
Plasmodium falciparum infection, or chronic anaemia may be acutely exacerbated. The situation is complicated
further because anaemia in childhood can result not only from events in childhood but also from maternal iron
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deficiency and anaemia, which are associated with impaired fetal development and iron-deficient and anaemic
babies (Sweet DG et al 2001; Singla PN et al 1996; Jaime-Perez JC et al 2000; Menendez C et al 1997).

Socioeconomic status may also affect the risk of anaemia by affecting nutritional status, family size, and birth
interval, as well as intensifying problems of affordability and accessibility of preventive and curative measures.
Studies in East Africa have shown that P. falciparum malaria and iron deficiency account for much of the
anaemia seen in young children (Menendez C et al 1997; Newton CRJC et al 1997). One randomized study
concluded that approximately 60% of anaemia in infancy could be prevented by antimalarial chemoprophylaxis,
illustrating the importance of malaria as a cause of anaemia in this setting (Menendez C et al 1997).The same
study also found that iron supplementation reduced the incidence of anaemia by about 30%. In the same area, the
prevalence of helminths in children under 5 was only 2% (Gascon J et al 2001), and genetic causes of anaemia,
such as sickle-cell disease, were present, but at relatively low prevalence (Menendez C et al 1997; Clegg JB et al
1999). The public health importance of anaemia resulting from HIV infection is not yet clear and is difficult to
quantify. The control of anaemia depends largely on the diagnosis and treatment of anaemia cases, rather than on
the prevention of anaemia. However, clinical examination for detecting anaemia in young children is only
moderately sensitive (24—74% for an Hb <11 g/dl and 37-81% for an Hb <8 g/dl) (Weber MW et al 1997; Van
den Broek NR et al 1999; Muhe L et al 2000) and may be particularly problematic in very young children
examined by relatively poorly trained staff in the primary care setting (4—20%) (Stoltzfus RJ et al 1999).Various
diagnostic tests exist but all reliable approaches require some equipment that is not readily available in many
settings. In terms of prevention, insecticide-treated mosquito nets (ITNs) have been shown to improve
haemoglobin concentration in children living in malaria endemic areas (Lengeler C et al 2003), but only recently
has a potentially sustainable approach to the distribution of ITNs been shown to have similar effects (Abdulla S
et al 2001). It will take some considerable time before systems for the delivery of ITNs are functional on a large
scale. The WHO/UNICEEF (United Nations Children’s Fund) iron supplementation policy recommends daily iron
supplements starting at age 6 months for most children and continuing up to 2 years (Stoltzfus R et al 1998).
However, this policy is rarely implemented due to the non-availability of a liquid ferrous sulphate preparation
and the absence of a mechanism to deliver supplements to the target group.

Iron deficiency and anaemia continue to be two important public-health problems in developing counties. An
estimated more than two billion people suffer from iron-deficiency anaemia worldwide (UNICEF, 1998). Young
children and pregnant women are most affected around the world (WHO and UNICEF, 2001). Anaemia is
defined as a low haemoglobin (Hb) concentration, and the cut-off value of 11 g/dl for children aged 6-59 months
usually applied (De Pee S et al 2002) in settings where malaria is endemic ranges from 49% to 76% (UNICEF
2001, McElroy PD et al 2000, May J et al 2000). Anaemia has been shown to affect cognitive development,
shorten attention span, and cause irritability, fatigue, difficulty with concentration, lethargy, increased mortality,
and susceptibility to infection. Consequently, anaemic children tend to perform poorly on vocabulary, reading
and other tests (Parker L, 1989). However, with appropriate preventive programmes, many cases of anaemia,
including iron-deficiency anaemia, can be prevented in children.

Associated factors for Hb concentration among children aged 6-59 months in past studies included iron
supplementations, home-prepared vegetable puree meal, intake of iron from meat, sex differences, age of child,
bioavailability of iron in the diet, serum retinol concentration, diarrhoea, supply of clean water, environmental
sanitation, and low birth weight (Aikawa R et al 2006, Osério MM et al 2004, Engelmann MD et al 1998,
Wieringa FT et al 2007, Domellof M et al 2002).

The 2011 Multiple Indicator Cluster Survey (MICS) (GSS, 2011) report indicated that the overall prevalence of
anaemia among Ghanaian children less than five years (adjusted Hb less than 11 g/dl) was 57%, a significant
decline compared to 78% in the 2008 Demographic and Health Survey (DHS) (GSS/MOH, 2008) Children aged
12 — 23 months had much higher levels at 71%, compared to the rest in the group, whilst the prevalence in the 48
— 59 months old group was 48%. It also showed some variations among disadvantaged children and the
privileged ones. Although there has been a notable improvement since 2008, these rates are still above 40%
which is the WHO cut-off point for a severe public health problem. The report further indicates massive regional
variations which call for studies to find out why these differentials exist in order to prefer solutions to them.

Adequate planning of child health and nutrition programmes in Ghana requires the availability of recent data
from population-based surveys, including information on growth and other nutritional deficiencies. Thus,
knowledge about factors associated with Hb. concentration in children is essential for building effective
prevention programmes. Identification of risk factors would assist targeting children who are at a heightened risk
of low Hb concentration. However, very few studies have been reported from Ghana that analysed some factors
associated with Hb concentration among children aged 6—-59 months. Documenting the epidemiology of anaemia
in as African communities a whole and Ghana in particular may offer fresh insights into potential control
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strategies. With this in mind we explore possible reasons for this high prevalence by building a multiple
regression model of biological, socio-economic, nutritional and other factors associated with Hb concentration in
a representative sample of children aged 6 — 59 months in Ghana.

2. Data

The 2011 Multiple Indicator Cluster Survey data was used in this study. This is a fourth round of the survey
which is conducted every five years to monitor the situation of children and women in Ghana. In this survey
about 10,963 women who were within the reproductive age (15 — 49 years) were selected across the ten Regions
of Ghana. The subjects were interviewed reference to two years preceding the survey. The selection procedure
was based on a representative probability sample of households nationwide from a frame of Ghana 2010
Population and Housing Census Enumeration Areas (EA’s). For comparability, the MICS used an internationally
standardized sampling of two-stage stratified sample design. At the first stage, a number of EA’s were selected
from the regions which were considered as clusters. The households in each region were then selected using
systematic sampling with probability proportional to size in the second stage. Of the 12,150 households selected
for the sample, 11, 925 households were contacted and duly interviewed. In the households interviewed, 10,963
women aged 15 — 49 years were identified for interview.

3. Methodology

This paper uses a data set based on the 2011 MICS. The survey was carried out on a sample of 11,925
households from a selected household of 11,970 in all the ten administrative regions of Ghana giving about
100% response rate. The households were selected due to the sizes of the regions. The survey used both
qualitative and quantitative methods of data collection aimed at providing basic data for measuring the progress
of children and women in the country. Data used for analysis in this paper was based on information on the 7626
under-five children who were interviewed in the survey. Out of this number 4609 (60.4%) availed themselves for
the Hb testing and were subsequently drawn into our analysis. However, 4516 (59.2%) of these children
underwent the malaria rapid test. Statistical package for social scientists (SPSS version 20) and SAS system
version 9.2 were used for extraction and the eventual analysis of data. Descriptive statistics and frequencies of
the background characteristics of the mothers and the respective households the children belong to were
generated. The association between the independent and dependent variable was established using chi-square
analysis procedures. The dependent variable selected was the outcome of the results of the haemoglobin (Hb)
test that was carried among the under-five children in the survey whether a child’s Hb level was normal or
otherwise. Our distinction was based on the WHO/UNICEF/INACG 1998 definition of anaemia among 6
months to five years children which is Hb below 11 g/dL or 33% Hematocrit. In our analysis, we used 0 for Hb <
11 g/dL and 1 for Hb > 11 g/dL. The independent variables included sex of the child, rapid malaria test results,
age of the child, region, area of residence, economic status of the child’s household and mothers’ characteristics
including; education, ethnicity and age. A critical level of significance of 5 percent (p<0.05) was used to identify
the most statistically significant determinants of under-five anaemia at the household level

3.1 Model Specification

The following generalized linear logistic model was used
n=log () =B +¢€ M

Where =t links the linear function to log (i). The link is not a linear function, pu is the probability of being

anaemic and y is the model matrix including child’s age, mothers’ educational level, economic status of
household, location of child, malaria prevalence, and sex of baby. The matrix also includes geographical
location, such as region of origin and whether the respondent is from rural or urban environment; B is the vector
of parameters, and € is the vector of residuals. The Fisher scoring method was applied (SAS, 2007) to obtain
Maximum Likelihood estimates of 3. The overall goodness of fit is derived from the Likelihood Ratio Test of the
hypothesis Hy. c() = 0 where a comparison is made between the full model and the model that contains only the
intercept (Hilbe and Greene, 2008). Therefore it is a test for global null hypothesis of the elements of the solution
vector.
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The odd of an event is the probability that it would happen to the probability that it would not occur and the
likely number of times. In this paper it is the probability that a child will be anaemic to the probability that the
child would not be anaemic. This means that the outcome variables in the logistic regression should be discrete
and dichotomous. Logistic regression was found fit to be used because the outcome variable was in binary form
that is a child within 6 — 59 months is anaemic or otherwise non anaemic. In addition, there were no assumptions
to be made about the distributions of the explanatory variables as they did not have to be linear or equal in
variance within the group. The model suggests that the likelihood of a particular household having an anaemic
child varies across all the independent variables to be studied. After fitting the model, the outcomes were used to
interpret the existing relationships between ones’ child being anaemic, household structure and mothers’
characteristics.

2.2 Goodness of fit test

For basic inference about coefficients in the model the standard trinity of Likelihood-based tests, Likelihood
ratio, Wald and Lagrange Multiplier (LM), are easily computed. For testing a hypothesis, linear or nonlinear, of
the form;

Ho. c(B)=0 2)

The likelihood-ratio statistic is the obvious choice. This requires estimation of S subject to the restrictions of the
null hypothesis, for example subject to the exclusions of a null hypothesis that states that certain variables should
have zero coefficients. That is, they should not appear in the model. Then the likelihood-ratio statistic;

X2 [J1 = 2(logL — logLy) 3)

where logL is the log-likelihood computed using the full or unrestricted estimator, logL, is the counterpart
based on the restricted estimator and the degrees of freedom J, the number of restrictions. Each predictor,
including the constant, can have a calculated Wald Statistic defined as

1B/ SEB)I’, @)
which is distributed a X?2. [, B/ SE(B;) ]2 defines both the z or t statistic, respectively distributed as t or normal.
For computation of Wald Statistics, one needs the asymptotic covariance matrix of the coefficients.

4. Results

The anaemia prevalence among under-five children in this study was 64.7% (from our sample of non-missing
weights). This figure is quite staggering and indicates a public health concern as it is way higher than the
minimum threshold of 40%. Table 1 provides a descriptive view of the different categories. Male sex according
to the findings tends to be more anaemic than their female counterparts (about 52% versus 48%). At the regional
levels, the three northern regions have high rates compared to other regions. The highest coming from northern
region with about 26.1% followed Upper West with about 15.2%. Central region follows fourth with a
prevalence of 9.0%. Eastern region has the least prevalence rate of about 4.7% in the country. Children from
rural households, those from the poorest households and those whose mothers have no education or a maximum
of middle/JHS school education are more likely than more advantaged children to become anaemic. For
example, the proportion of anaemic children whose mothers have a maximum of middle/JHS education is
94.5%, compared to 5.5% of children whose mothers have a minimum of secondary school education. Children
from rural households are likely to have anaemia compared to those in urban households (75.6% versus 24.4%).
Children born in wealthiest households are more likely to have normal Hb levels compared to children from
poorest households. The possibility of a child becoming anaemic is higher among children under two years and
reduces as they age to their fifth year. For example more children were found to be more anaemic during their
second year birth than even the first year. The prevalence of anaemia among under-five children is more
pervasive among those who have malaria parasites in their blood stream than those found not to be infected with
any malaria parasites. About 44% of the children who tested Positive for both falciparum and OMV were found
to be anaemic.

Table 2 and table 3 depict the results of multivariate logistic analysis and the bootstrap parameter estimates of
the factors associated with anaemia respectively. The factors observed to be highly significantly associated with
anaemia included malaria prevalence (p-value=0.000), age of the child (p-value=0.000), household economic
status (0.000), region of residence (p-value=0.000), mothers educational level (p-value=0.000) and sex of the
child (p-value=0.000). Table 3 confirms the significance or otherwise of the variables understudied as evidenced
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by the two-tailed test and biases associated with it. Confounder control by multiple logistic regression analysis
revealed that significance factors (in order of odds ratio) were child’s age, malaria prevalence, economic status,
region of residence, mothers’ educational level and child’s sex.

5. Discussion

The 64.7% prevalence of anaemia among children between 6 — 59 months in Ghana found in this study is quite
high even though lower than the 2008 GDHS rate of 78%. This is so because it is still higher than the WHO cut-
off point of 40% making it a serious public health concern. The highest rate of 36.2% occurs within the 6 — 23
months. The descriptive statistics show that children born in rural areas tend to be more anaemic than urban
children. Again, women who have higher education tend to have children with normal Hb levels than women
who are not educated or have low levels of education. Households whose economic status is high also bear
children with normal Hb levels than those who live below the poverty line. Female children stands a chance of
not being anaemic compared with their male counterparts (about 52% versus 48%). The age of a child
determines the Hb concentration among Ghanaian children. Those under two years stand a higher risk of having
anaemia than those close to five years. Malaria prevalence is a major determining factor for anaemia among
under-five children. The association of the variables especially malaria prevalence, economic status and mothers
educational level observed in this study has also been reported from other developed and developing countries.
The anaemia prevalence of 64.7% which is higher than the WHO threshold is a source of worry to the nation as
it indicates a public health problem. The risk of a child becoming anaemic was higher among households with
poor economic status, children born of women with no or low education, born a male child, living in a malaria
endemic environment, living in the northern part of the country or under two years of age.

6. Conclusion

The results of this study suggest that for reducing anaemia, the strategy needs to focus on nutrition education to
facilitate better weight gain during pregnancy focusing more on the girl child education, regular antenatal and
post-natal care visits, sleeping under treated mosquito nets always, exclusive breastfeeding, intake of iron food
supplements during pregnancy and formulating policies that will reduce poverty among rural women. The girl
child education policy, the distribution of free treated insecticide mosquito nets across the country must be
pursued with all the seriousness it deserves. Children between 0 — 59 months must also be given food rich in iron
and vitamin A as well as de-wormers. This is important in order that we can avoid the consequences such as
child mortality, perinatal mortality and impaired neurocognitive function in children among others.

The main limitation that needs to be considered when interpreting the results of this study is that a number of
confounding variables, such as child weight at birth, iron intake by mothers and children, diarrhoea that may
influence Hb concentration in children were not included in our analysis. Within the limits of this study however,
age of the child, malaria prevalence, economic status, region of residence, mothers’ educational level and the sex
of the child contributed significantly in predicting anaemia among children aged 6 — 59 months in Ghana.

Table 1. Descriptive statistics of the study population

Haemoglobin level
Variable <11 g/dL (anaemic) 211 g/dL (non- anaemic) Total

N (%) N (%) N (%)
Hb prevalence 2983 (64.7) | 1626 (35.3) 4609 (100)
Childs’ sex
Male 1541 (51.7) 757  (46.6) 2298 (49.9)
Female 1442 (48.3) 869  (53.4) 2311 (50.1)
Total 2983 (100) 1626  (100) 4609 (100)
Area/Residence
Urban 729  (24.4) 720 (44.3) 1449 (31.4)
Rural 2254  (75.6) 906 (55.7) 3160 (68.6)
Total 2983 (100) 1626 (100) 4609 (100)
Region
Western 204 (6.8) 164 (10.1) 368 (8.0)
Central 267 (9.0) 204 (12.5) 471 (10.2)
Greater Accra 156 (5.2) 199 (12.2) 355 (7.7)
Volta 214 (7.2) 147 (9.0) 361 (7.8)
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Eastern 139 (4.7) 161 (9.9) 300 (6.5)
Ashanti 182 (6.1) 233 (14.3) 415 (9.0)
Brong Ahafo 227 (7.6) 132 (8.1) 359 (7.8)
Northern 778 (26.1) 182 (11.2) 960 (20.8)
Upper East 362 (12.1) 102 (6.3) 464 (10.1)
Upper West 454 (15.2) 102 (6.3) 556 (12.1)
Total 2983  (100) 1626 (100) 4609 (100)
Childs’ age in months
6-11 339 (11.4) 139 (8.5) 478 (10.4)
12-23 741 (24.8) 246 (15.1) 987 (21.4)
24 -35 675 (22.6) 363 (22.3) 1038 (22.5)
36-47 663  (22.2) 447  (27.5) 1110 (24.1)
48 - 59 565 (18.9) 431 (26.5) 996 (21.6)
Total 2983 (100) 1626 (100) 4609 (100)
Wealth index quintiles
Poorest 1464  (49.1) 400 (24.6) 1864 (40.4)
Second 658 (22.1) 324 (19.9) 982 (21.3)
Middle 406 (13.6) 275 (16.9) 681 (14.8)
Fourth 283 (9.5) 307 (18.9) 590 (12.8)
Richest 172 (5.8) 320 (19.7) 492 (10.7)
Total 2983 (100) 1626 (100) 4609 (100)
Mothers’ education
None 1696 (56.9) 546 (33.6) 2242 (48.6)
Primary 545 (18.3) 321 (19.7) 866 (18.8)
Middle/IHS 577 (19.3) 534 (32.8) 1111 (24.1)
Secondary+ 165 (5.5) 225 (13.8) 390 (8.5)
Total 2983 (100) 1626 (100) 4609 (100)
Malaria rapid test results
Positive, falciparum only (PF)

779 (26.1) 295 (19.2) 1074 (23.8)
Positive, Other species (O,M,V)

41 (1.4) 17 (1.1) 58 (1.3)
Positive, both falciparum and OMV

1304 (43.7) 232 (15.1) 1536 (34.0)
Negative 849 (28.5) 986 (64.3) 1835 (40.6)
Other 9 (0.3) 4 (0.3) 13 (0.3)
Total 2982 (100) 1534 (100) 4516 (100)

Table 2. Factors Associated with Anaemia - Multiple logistic regression model

Parameter B [Std. Error 95% Wald Confidence Interval Hypothesis Test
Lower Upper Wald Chi-Square df |Sig.
(Intercept) 3.494| 3211 2.864 4.123 118.351 1 1.000
Childs’ age -306| .0271 -.359 -.253 127.346 1 1.000
Childs’ sex -243 | .0680 -.376 -.110 12.763 1 1.000
Region .083 | .0132 .058 .109 40.036 1 1.000
Wealth index quintiles |-.264 | .0379 -.338 -.189 48.390 1 1.000
Mothers educational level |-.177 | .0411 -.257 -.096 18.430 1 1000
Malaria rapid test -233| .0322 -.297 -.170 52.637 1 1.000
Area/Residence .041 | .0919 -.139 221 197 1 1657

(Scale) 1*
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Table 3 Bootstrap for Parameter Estimates

Parameter B Bootstrap”

Bias [Std. Error [Sig. (2-tailed) (95% Confidence Interval

Lower Upper

(Intercept) 3.4941.002 .326 .001 2.875 4.159
Childs’ age -.306 |-.001 .027 .001 -.356 -.254
Childs’ sex -.243 1.003 .069 .001 -.380 -.109
Region .0831.001 .013 .001 .059 110
Wealth index quintiles -.2641.001 .038 .001 -.335 -.186
Mothers educational level |-.177 1-.001 .042 .001 -.257 -.093
Malaria rapid test -.2331.000 .035 .001 -.303 -.166
|Area/Residence .041].003 .095 .683 -.144 226
(Scale) 1 0 0 1 1

a. Unless otherwise noted, bootstrap results are based on 1000 bootstrap samples
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