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ABSTRACT 
 
Anemia remains a serious public health concern, globally, affecting learning ability and 
physical development of children. Anemic children are at a higher risk of diminished 
economic productivity and low earning capacity in adulthood due to impaired school 
performance and reduced work capacity. Anemia contributes to about a quarter of 
Africa’s nutrition-related Disability Adjusted Life Years. The objective of this study 
was to determine the prevalence of anemia and its associated risk factors among 
school-aged children (SAC) between ages 9 and 15 years in urban Ghana. The analysis 
included a randomly selected subsample of 1,634 children from a larger study on 
nutrition of SAC enrolled between 2009 and 2012 in private and public basic schools in 
the Accra and Kumasi Metropolis in Ghana. Socio-demographic and household 
characteristics were collected with questionnaires. Weight and height were taken to the 
nearest 0.1kg and 0.1cm, respectively. Dietary information was collected using a food 
frequency questionnaire. Data were analyzed using IBM SPSS Statistic version 23. The 
relationship between hemoglobin levels and socio-demographic variables, and 
predictors of hemoglobin levels were determined using Chi-square and binary logistic 
regression. The mean hemoglobin concentration of the study participants was 12.9±1.3 
g/dL. In Kumasi, SAC had higher mean hemoglobin concentration (13.1±1.2 g/dL) 
compared to those from Accra (12.6±1.3 g/dL; p=0.001). Mean hemoglobin 
concentration was significantly higher among males than females (13.0±1.4 g/dL vs 
12.8±1.2 g/dL; p=0.002). Prevalence of anemia was 20.4%; mild anemia was most 
common (13.6% of total sample). Anemia cases were higher in public schools (24.6%) 
compared to private (18.2%). Two-thirds of anemia cases (64.0%) were from schools in 
Accra. Males had significantly higher prevalence of anemia (26.5%) than females 
(15.9%; p <0.05). In the adjusted logistic regression model, only city of residence 
(OR+1.65, 95% CI: 1.44–1.83), thinness (OR=2.60, 95% CI: 1.11-5.75), stunting 
(OR=1.85, 95% CI: 1.99-3.10) and overweight (OR=0.60, 95% CI: 0.36-0.94) were 
significantly associated with anemia. In this study, anemia was significantly associated 
with location and nutritional status. 
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INTRODUCTION 
 
Anemia is an important public health problem that affects about 305 million (25%) 
school-aged children (SAC), globally [5]. The estimated prevalence of anemia reaches 
about 50% in low- and middle-income countries [1]. Anemia among children is an 
important concern because it affects both physical and cognitive development. Anemic 
children perform poorly in school and are at higher risk of diminished economic 
productivity and low earning capacity in adulthood, due to sub-optimal physical growth 
and reduced work capacity [2-4, 7]. Iron deficiency anemia has been linked with 
adverse effects on immune capacity, and thus increased risk of infectious morbidity [5]. 
Anemia contributes to a quarter of Africa’s nutrition-related Disability-Adjusted Life 
Years (DALYs) [8].  
 
In Ghana, there is limited evidence on anemia status of SAC [8, 9, 10]. The 
Demographic and Health Survey of 2014 reported that almost half (47.7%) of 
adolescent girls between 15 and 19 years are anemic [9]. One other study reported on 
anemia status of SAC in a rural setting [10]. There is, however, limited evidence on 
anemia among urban-dwelling SAC. The current analysis is on hemoglobin data 
collected as part of a larger study on nutrition of SAC in urban Ghana [11], 12]. The 
analysis describes the prevalence and risk factors of anemia among SAC in urban 
Ghana. The findings will be useful for policy and program planning aimed at 
addressing anemia among SAC. 
 
MATERIALS AND METHODS 
 
Study design, area and population  
This study was part of a larger study of SAC as previously described by Aryeetey et al. 
[11] and Lartey et al. [12]. Using a cross-sectional design, SAC in two urban cities in 
Ghana (Accra and Kumasi) were recruited into the study. A multi-stage sampling 
approach was used, whereby 121 schools were identified through cluster sampling 
stratified by sex in Accra and Kumasi. Within each school, eligible SAC were 
randomly selected by ballot [11, 12]. The previous papers of this study reported 
findings related to prevalence and predictors of overweight, obesity [11], and lipid 
profile and dyslipidemia [12] among SAC in urban Ghana. 
 
Household demographic and socioeconomic data were collected with structured pre-
tested questionnaires. Hemoglobin (Hb) concentrations were measured in the SAC 
sample, and immediately analyzed in the field to the nearest 0.1 g/dL, using HemoCue 
Hb system 301, (Angelhom, Sweden). Weight and height measures of SAC were 
carried out, following standard anthropometric assessment protocols [13]. Participants 
removed all heavy clothing and accessories (where necessary) prior to the 
measurements. Weight was measured to nearest 0.1 kg using the TANITA body 
composition analyzer (model TBF-300A, TANITA, USA). Each child’s height was 
taken to nearest 0.1 cm using the TANITA height rod (model HR-200, TANITA, USA) 
with the child in a standing position.  
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Both parental consent and child assent were obtained prior to interviews and 
assessment of nutritional status (anthropometry and biochemical tests). The study was 
approved by the Institutional Review Boards (IRBs) of McGill University, Canada 
(protocol identification number – A09-B21-09A) and Noguchi Memorial Institute for 
Medical Research (NMIMR), University of Ghana, Legon (protocol identification 
number 004/09-10). 
 

 
 
Figure 1: Participant flow diagram of study 
 
Statistical analyses 
 Body mass index (BMI)-for-age z-score was calculated using the 2007 World Health 
Organization (WHO/MGRS) BMI-for-age standards [14]. Hemoglobin data were used 
to determine anemia levels, based on WHO age- and sex-standardized thresholds for 
children as follows: non-anemic (hemoglobin ≥ 11.5 g/dL for 9-11 years, >12.0 g/dL 
for 12-14 years, ≥ 12.0 g/dL for girls 15 years or older, and ≥ 13.0 g/dL for boys 15 
years or older); mild anemia (hemoglobin 11.0-11.4 g/dL for 9-11 years, 11.0-11.9 
g/dL for 12-14 years, 11.0-11.9 g/dL for girls 15 years or older, and 11.0-12.9 g/dL for 
boys 15 years or older); moderate anemia (hemoglobin 8.0-10.9 g/dL for 9 years or 
older); and severe anemia (hemoglobin <8.0 g/dL for 9 years or older). Data collected 
were analyzed using IBM SPSS Statistic 23.  
 
The relationship between hemoglobin levels and sociodemographic variables as well as 
predictors of hemoglobin levels were determined using the Chi-square test statistic and 
binary logistic regression modelling. Socioeconomic status (SES) was determined as a 
composite wealth index by scoring parental educational level, occupation, possession 
of car(s), vehicle(s), television, electric stove, refrigerator, freezer, and type of 
household income. The index was divided by tertiles and reported as low, middle, or 
high. Statistical significance was set at p-value < 0.05. 
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RESULTS AND DISCUSSION 
 
Sociodemographic characteristics 
A total of 1,634 SAC in Kumasi and Accra were included in this analysis. There were 
significant differences across children from private and public school with respect to 
sex, socioeconomic status, household size, and the marital status of their 
parents/caregiver (Table 1). The public school sample had a slightly higher percentage 
(6%) of female students and a lower percent (8 percentage points) of the highest wealth 
tertile, than the private sector (both p<0.05). 
 
Hemoglobin concentration 
There were significant differences in the mean hemoglobin concentrations of the study 
participants for most of the variables assessed: city of residence, household SES 
indicators, and SAC demographic characteristics and dietary behaviors (Table 2). The 
overall prevalence of anemia among SAC was 20.4% (Table 3). Prevalence of mild, 
moderate and severe anemia cases were 13.6%, 6.6%, and 0.2%, respectively. The 
prevalence of anemia in SAC in public schools was 1.4-fold higher than in private 
schools. About one-quarter (26.3%) of SAC in Accra were anemic; the prevalence in 
Kumasi was far less (15.0%) than that for Accra at p < 0.05. The prevalence of anemia 
among female SAC was 11.0% lower than that of the males (p < 0.05). The level of 
anemia in the 12–15 years old was 11.0% higher than the 9–11 years old SAC (p < 
0.05). Anemia prevalence was highest among the thin SAC (BMI < 18.5 kg/m2). Mild 
anemia was the most prevalent among the three forms of anemia (mild, moderate and 
severe). The prevalence of severe anemia was very low among the study participants.  
 
In the multivariable analysis, several factors were associated with anemia status. Being 
a resident in Accra and being stunted increased the likelihood of anemia by 1.7- and 
1.9-fold (Table 4). While being thin increased the odds by 2.6-fold, being overweight 
decreased it by 40%. Having a large household size (10 or more members) and being 
male did not reach significance with anemia among SAC. 
 
The mean hemoglobin concentration for urban Ghanaian schoolchildren in this study 
was 12.8±1.2 g/dL. This was a little less than the value (13.6 g/dL) reported for 
schoolchildren in similar settings in the Kilimanjaro Region of Tanzania [15]. 
Similarly, the prevalence of anemia (20.4%) observed in the SAC in the current study 
was lower than the prevalence (23.1%) in the Tanzanian study [16]. The prevalence of 
anemia in these Ghanaian SAC was less than half the prevalence of 48% in children 5-
14 years of age reported for schoolchildren in other developing countries [17].  
 
The relatively lower prevalence of anemia among the SAC in the current study, 
compared to the levels reported for other similar countries, may partly be explained by 
the free distribution of treated mosquito nets and education on their usage as part of the 
malaria eradication programs. Evidence exists for the impact of Insecticide Treated 
Nets (ITNs) ownership and usage on prevalence of malaria and anemia in children in 
Hohoe municipality, Ghana [18, 19, 20] and Biako Island, Equatorial Guinea [21]. 
There are other factors beyond the scope of this paper (presence of hookworm, cancers, 
hemoglobinopathies [22, 23], and consumption of anti-nutritional factors (phytate, 
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polyphenols and tannins)) that influence anemia in SAC. However, these were not 
measured in the current study.  
 
Based on WHO classification, anemia prevalence above 5% is a Public Health 
Problem. Anemia prevalence of 5.0% to 19.9% is considered a mild Public Health 
Problem and 20.0% to 39.9% is accepted as moderate Public Health Problem. Anemia 
prevalence at or above 40.0%, is referred to as Severe Public Health Problem [7]. The 
20.4% reported in this study confirms the existence of a moderate public health 
problem of anemia in the study area. Assefa et al. in 2014 [5] found anemia of 
moderate public health concern among Ethiopian schoolchildren in Jimma township. 
Even moderate anemia is associated with depressed mental and motor development in 
children and may not be reversible [24]. Thus, these data on the anemia situation of 
schoolchildren in urban settings in Ghana is critical for any national policy on anemia 
control among schoolchildren.  
 
Our indicators of socioeconomic status were not associated with anemia among the 
study participants. A previous cross-sectional study among SAC in a rural setting in 
Ghana [14] found that low parental monthly income, linked to low socioeconomic 
status, was significantly associated with anemia. The majority of the participants in the 
current study attending public sector schools in both Accra and Kumasi came from 
poor households and presented with higher levels of anemia and lower concentrations 
of mean hemoglobin than those from the private sector schools. Thus, the type of 
school is likely a useful predictor of socioeconomic status in the analysis. 
 
The SAC in Accra were more likely to be anemic compared to those in Kumasi. 
Kumasi is located in a forest belt where meat, fruits and vegetables are readily available 
and affordable compared to Accra, possibly providing a diet higher in iron, vitamin A, 
pro-vitamin A (beta-carotene), folic acid, vitamin C and zinc to minimize the 
prevalence of nutritional anemia. In contrast, Accra is a coastal urban setting where 
meat, fruits and vegetables are more expensive, and not easily affordable to the 
schoolchildren of poor SES households.  
 
In this study, the prevalence of anemia was significantly higher in males than in 
females in only the unadjusted analysis. The findings of systematic review and meta-
analysis of data on school-age children in Ethiopia [14], eight countries of Asia and 
Africa [25] showed a similar trend in prevalence of anemia being higher in males than 
in females. Some other studies in Ghana [10, 26-28], and Egypt [29] reported findings 
on anemia prevalence in male and female SAC, compared to the present study where 
the prevalence of anemia in females were higher compared to the prevalence in males. 
The high prevalence of anemia between male and female SAC in Sub-Saharan Africa 
may be attributable to various nutritional and environmental factors such as inadequate 
nutrition, unhealthy food habits, and parasitic infections as had been reported in a 
previous study in children under five years of age [5].  
 
This is the first study conducted in the two urban settings (Accra and Kumasi) in two 
different regions (geographical locations) in Ghana among schoolchildren 9-15 years to 
compare the prevalence of anemia and determine its associated factors. The study was 
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limited to SAC and the findings do not apply to younger children. The study did not 
cover infections like malaria parasitaemia and helminths known to cause anemia. Since 
the study focused on schoolchildren, findings do not cover urban children older than 
five years who are not attending school. The limitation to the study was that, it was 
cross-sectional in nature and the findings relate to associations rather than causal 
effects. 
 
CONCLUSION  
 
Anemia among the study participants can be classified as a moderate public health 
concern in the two largest cities (Accra and Kumasi) in Ghana. Anemia was more 
prevalent among thinner and stunted adolescents as well as those residing in Accra. 
Policies on strategies to control anemia should take into account factors associated with 
higher anemia prevalence rates. 
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Table 1: Sociodemographic characteristics of study participants by school type 
(N=1634) 

 
Variables Private 

n=1074 
Public 
n=560 

P-
value 

City of residence    
     Accra 524 (49) 286 (51) 0.381 
     Kumasi 550 (51) 274 (49)  
Age (years) 12.0±1.6 12.7±1.7 0.001 
Sex    
     Male 476 (44) 215 (38) 0.021 
     Female 598 (56) 345 (62)  
Household SES¥   
     Low 601 (56) 426 (76) 0.001 
     Middle 363 (34) 123 (22)  
     High 110 (10)   11 (2)  
Marital status of responding caregiver    
     Single 360 (34)  238 (43) 0.001 
     Married/Co-habitating 617 (57) 247 (44)  
     Separated/Divorced   57 (5)  46 (8)  
     Widowed   40 (4)  29 (5)  
Household size (#) 

3-9 956 (89) 462 (82) 0.001 
10-22 118 (11)   98 (18)  

Values are n (%) or mean ± standard deviation. 
SES¥: socioeconomic status. High implies (1) having formal education; (2) office worker; (3) earning monthly salary 
or allowance or both; (4) possession of car(s), television, air-conditioner, fridge or freezer (or both) at home. Middle 
implies at least two of the four categories (1), (2), (3) and (4). Low implies none of the four categories 
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Table 2: Hemoglobin concentration (g/dL) of study participants estimated across 
observed characteristics (N=1630) 

 
Variables (Mean ± SD) P-value 
City of residence   

Accra 12.6 ± 1.2 0.001 
Kumasi 13.1 ± 1.3  

School type   
Private 12.9 ± 1.3 0.052 
Public 12.8 ± 1.3  

Household socioeconomic status 
Electric stove ownership 
Yes 12.9 ± 1.3 0.039 
No 12.7 ± 1.3  

Television ownership 
Yes 12.9 ± 1.3 0.042 
No 12.5 ± 1.2  

Sex   
Male 12.8 ± 1.4 0.002 
Female 13.0 ± 1.2  

Age (years)   
9-11  12.7 ± 1.2 0.001 
12-15  12.9 ± 1.4  

Eating Pattern 
Two meals per day 12.8 ± 1.3 0.039 
Three meals per day 13.0 ± 1.3  

Frequent Meat/fish intake (2-3 times a day) 
Yes 12.9 ± 1.3 0.043 
No 12.7 ± 1.2  

Supplement intake1 
Yes 12.9 ± 1.2 0.001 
No 12.7 ± 1.3  

P < 0.05 is considered statistically significant as determined by independent Student’s t-test. 
1Supplement refers to iron, folic acid, B12, vitamin A or zinc supplements 
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Table 3: Anemia status of school children in Kumasi and Accra (n=1634) 
 

Characteristics 

Anemia Status 
All anemia 
(n=333) n (%) 

Normal 
(n=1301) 

n (%) 

Mild 
(n=222) 

n (%) 

Moderate 
(n=108) 

n (%) 

Severe 
(n=3) 
n (%) 

Level of anemia (%) 968 (74.4) 222 (13.6)a 108 (6.6)b 3 (0.2)c 333 (20.4) 
School type      
     Private  879 (69.0) 129 (12.0)a 65 (6.1) 1 (negl) 195 (18.2)a 

138 (24.6)b      Public  422 (75.4) 93 (16.6)b 43 (7.7) 2 (negl) 
City of residence      
     Accra  597 (73.7) 148 (18.3)a 63 (7.8) 2 (negl) 213 (26.3)a 

120 (14.6)b      Kumasi  704 (85.4) 74 (9.0)b 45 (5.5) 1 (negl) 
Sex      
     Males  508 (73.5) 137 (19.8)a 45 (6.5) 1 (negl) 183 (26.5)a 

     Females  793 (84.1) 85 (9.0)b 63 (6.7)   2 (negl) 150 (15.9)b 

Age (years)      
     9-11  512 (86.5) 44 (7.4)a 36 (6.1) 0(0.0)       80 (13.5)a 

     12-15  789 (75.7) 178 (17.1)b 72 (6.9) 3(negl) 253 (24.3)b 

Nutritional status      
     Normal  905 (78.0) 165(14.2)a 88 (7.6)a 2 (negl) 255 (22.0)a 

     Thinness  22 (64.7)     7 (20.6)b 4 (11.8)b 1 (2.9)   12  (35.3)b 

     Overweight  250 (84.5)   35 (11.8) 11 (3.7)     0 (0.0) 46 (15.5) 
     Obesity  124 (86.1) 15 (10.4) 5 (3.5)    0 (0.0) 20 (13.9) 

Hemoglobin levels used to diagnose anemia among the study children by age or sex are: non-anemic (hemoglobin ≥ 
11.5 g/dL for 9-11 y, > 12.0 g/dL for 12-14 y, ≥ 12.0 g/dL for girls 15 y or older, and ≥ 13.0 g/dL for boys 15 y or 
older); mild anemia (hemoglobin 11.0-11.4 g/dL for 9-11 y, 11.0-11.9 g/dL for 12-14 y, 11.0-11.9 g/dL for girls 15 y 
or older, and 11.0-12.9 g/dL for boys 15 y or older); moderate anemia (hemoglobin 8.0-10.9 g/dL for 9 y or older); 
and severe anemia (hemoglobin <8.0 g/dL for 9 y or older).Values in same column with different superscript are 
significantly different at p<0.05. negl: negligible (<0.5%) 
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Table 4: Multivariable logistic regression analysis for the risk of anemia among 
SAC in Accra and Kumasi 

 
Predictor variable P-value OR 95% CI 
Age (years) 

12–15 (a) - - - 
9–11 0.972 1.01 0.74 - 1.38 

City 
Kumasi(a) - - - 
Accra 0.002 1.65 1.44 – 1.83 

BMI-for-age category 
Normal(a) - - - 
Underweight 0.021 2.60 1.11 – 5.75 
Overweight 0.031 0.60 0.36 – 0.94 
Obesity 0.270 0.70 0.36 – 1.27 

Household size 
3 – 9(a) - - - 
10 – 22 0.055 1.90  0.95 – 3.56 

Stunting status 
Normal(a) - - - 
Stunted 0.045 1.85  1.19 -3.10 

Sex 
Female(a) - - - 
Male 0.072 0.75 0.54 – 1.02 

Father’s employment status 
Employed(a) - - - 
Unemployed 0.960 1.02 0.34 – 2.47 

Mother’s employment status 
Employed(a) - - - 
Unemployed 0.197 0.61 0.25-1.18 

a Reference category 
BMI: body mass index: underweight (≤ -2SD); normal (-2SD ≤ x ≤ +1SD); overweight (+1SD ≤ x ≤ +2SD); obese (≥ 
+2SD); Stunted: Height-for-age ≤ -2 Z score 
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