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Abstract 

Background: Undernutrition and malaria are major public health challenges and are the main causes of 
morbidity and mortality in low and/or middle income settings. To fulfil a research need, this study was 
conducted to determine the association between nutritional status including anaemia and 
asymptomatic malaria parasitaemia in children under five years old. Methods: This was a community-
based cross-sectional study, conducted in four communities from randomly selected regions in Ghana. 
Blood samples and anthropometric measures of 250 children were collected for analyses. Parents of 
children involved in the study, also completed a questionnaire. Results: The prevalence of 
asymptomatic malaria parasitaemia was 14.8% and anaemia (Hb < 11.0 g/dl) was 58.8%. Binomial 
logistic regression analysis predicted no significant association between asymptomatic malaria 
parasitaemia and weight-for-height z-scores (p = 0.592; OR = 1.234; 95% CI: 0.573-2.658), height-for-age 
z-scores (p = 0.169; OR = 0.651; 95% CI:  0.353-1.200) and weight-for-age z-scores (p = 0.832; OR = 
1.094; 95% CI: 0.478- 2.504). However, asymptomatic malaria parasitaemia was a significant predictor of 
anaemia (p = 0.04; OR = 2.419; 95% CI: 1.041-5.622) and ages beyond two years were risk factors for 
anaemia. Stunting however was associated with a significant lower odds of being anaemic (p = 0.003; 
OR = 0.484; 95% CI: 0.301- 0.778). Conclusions:  Asymptomatic malaria parasitaemia may have no effect 
on anthropometric measurements of young children or asymptomatic malaria parasitaemia have no 
significant influence on anthropometric measures of young children in the short or long term. However, 
children with asymptomatic malaria parasitaemia are more likely to be anaemic especially after two 
years.  Stunting however may reduce the risk of anaemia in children. This suggests that, asymptomatic 
malaria parasitaemia may be a contributory factor to the existing burden of anaemia in children from 
developing countries. Efforts should therefore be made to screen for asymptomatic malaria 
parasitaemia during routine growth monitoring sessions. 
 
Keywords: Asymptomatic Malaria Parasitaemia, Nutritional Status, Anaemia, Anthropometric Measures. 

 
 
INTRODUCTION 
 
Undernutrition and malaria are the main causes of child  
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death in sub-Saharan Africa (Caulfield et al., 2004) and 
mortality due to malaria increases with increasing 
incidence of undernutrition in children younger than five 
years (Black et al., 2008). According to the World Health  
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Organization, approximately one-half of the 10.6 million 
children under five years who die in low- and middle-
income countries are malnourished (WHO, 2005). 
Malaria, predominantly caused by Plasmodium 
falciparum in sub-Saharan Africa, is estimated to cause 
880,000 deaths each year, with majority of deaths 
occurring in children under 5 years of age (WHO, 2009). 
In Ghana, malaria is a prime cause of death, accounting 
for 35 percent of all hospital admissions and 34 percent 
of all deaths of children less than five years (NMCP, 
2010). This implies that children at the early stages of life 
may be more vulnerable to malaria and its 
consequences, due to absence of immunity against 
malaria parasites (Laishram et al., 2012). 

Asymptomatic malaria refers to symptomless malaria 
due to lack of clinical manifestation of the malaria 
parasite at this stage. There is no benchmark definition 
for asymptomatic malaria and previous studies relied on 
diagnostic criteria (Lindblade et al., 2013). Commonly 
used criteria for diagnosis of asymptomatic malaria is the 
presence of malaria parasite in thick blood smear of 
carriers, with axillary temperature less than 37.5 

O
C and 

absence of severe and mild (uncomplicated) malaria 
related symptoms (Laishram et al., 2012). 

Other criteria include follow-up of persons with the 
parasites for specified time (Cucunuba et al., 2008; Harris 
et al., 2010) and quantification of parasite load (Dalla et 
al., 2007). Asymptomatic malaria infection is an 
obstruction to the complete eradication of malaria 
(Lindblade et al., 2013; Ganguly et al., 2013). This is 
because asymptomatic malaria carriers usually do not 
show symptoms of malaria infection, and hence do not 
seek treatment constituting a reservoir of the parasite and 
transmitting it to other uninfected persons. Asymptomatic 
malaria therefore remains a challenge for malaria control 
measures as it significantly influences malaria 
transmission dynamics.  

This suggests significant reduction in asymptomatic 
malaria could results in a corresponding reduction in 
malaria transmission. Case identification and 
management of asymptomatic malaria parasitaemia is 
therefore the new approach towards malaria eradication 
(Laishram et al., 2012).Hence there is the need for 
frequent asymptomatic malaria case identification and 
treatment of infectious persons to significantly reduce the 
parasite reservoir and greatly reduce malaria 
transmission. Although several research works have 
been conducted in an attempt to establish association 
between nutritional status; particularly undernutrition 
(wasting, stunting and underweight) and the 
incidence/prevalence of malaria in children, Olney et al, 
2009; Ehrhardt et al, 2006; Friedman et al, 2005;  
Crookston et al, 2010;  Ong’echa et al, 2006; Fillol 

a
et al, 

2009; Deribew et al, 2010;  Genton et al, 1998; Fillol 
b
et 

al, 2009 Arinaitwe et al, 2012), there is limited research 
on   asymptomatic   malaria,   especially   in   relation   to  

 
 
 
 
undernutrition in children. This research investigated the 
associations between undernutrition (including anaemia) 
and asymptomatic malaria parasitaemia in children from 
four rural communities in Ghana.    
 
 
METHODS  
 
This was a community-based cross-sectional study, 
conducted in four communities from randomly selected 
regions in Ghana. Multistage random sampling 
techniques were used in selecting the regions, 
communities and individual children from households for 
the study. Children who met the inclusion criteria (aged 1-
5 years in the specified communities, with axillary 
temperature less than 37.5°C and without malaria related 
symptoms) were enrolled in each community for the 
study. Where more than one child in the same household 
met the inclusion criteria of the research, only one of 
them was randomly selected for the study. Data collected 
included anthropometric data, blood samples of children 
and a questionnaire completed by parents of the 
participating children. Children whose blood samples 
could not be obtained for any reason were excluded from 
the study.                                            

On anthropometry, the weight, height or length and 
Mid-Upper Arm Circumference (MUAC) of the children 
were measured. The height and weight of their mothers 
were also measured. Two people were involved in 
measuring both height and weight. Weights were 
measured using an electronic scale. Microtoise was used 
to measure the height of mothers. UNICEF designed 
infantometer was used in measuring the height or length 
of all children. MUAC was measured using the MUAC 
tape. In taking weight, the child’s shoes, clothing or hairs 
that may interfere with the reading were removed before 
weighing. Children who could stand stood on the scale 
and their weights were taken when the reading on the 
scale had finished.  For children who could not stand on 
the scale alone, their mothers stood on the scale first, 
then it was zeroed, and they were reweighed with their 
children and the new reading was taken as the weight of 
the child.  

In measuring height, the children stood or lay straight 
on the infantometer, shoulders level and arms by their 
sides, with their feet flat and together and their heels or 
head touching the feet or head board. The head or feet 
board was lowered onto their heads or feet and the 
reading taken at observer eye level. For children who 
could not stand or were less than two years, recumbent 
length was taken as they lay on their backs. The height of 
those who could stand was measured. In measuring mid-
upper arm circumference, a child’s left hand was bent at 
the elbow at a 90 degree angle, with the upper arm held 
parallel to the side of the body and the midpoint between 
the   tips   of   the   shoulder to the end of the elbow was  



 
 

 
 
 

determined. The circumference of the child’s left arm was 
measured at the midpoint with the arm hanging relaxed. 
About 5ml of each participating child’s venous blood was 
drawn for full blood count and malaria parasite tests. 
About 2ml was collected into a vacutainer, containing 
ethylenediaminetetra - acetic acid for determination of 
haematological parameters and 3ml was used for 
parasitological tests for malaria.  

The blood samples were transferred in a cold box to 
the haematology and biochemistry laboratories of the 
Bolgatanga regional hospital for analysis. Blood samples 
collected were properly sealed to prevent spillage during 
transportation. Full Blood Count was performed using the 
Sysmex KX-21N Automated Haematology Analyzer 
(Sysmex Corporation Kobe, Japan). The parameter of 
interest from the full blood count was Haemoglobin (Hb) 
concentration. Anaemia was defined as haemoglobin 
(Hb) concentration < 11.0 g/dl (Cheesbrough et al., 
2005). 

On Parasitological tests for malaria, Blood film was 
prepared for each blood sample collected to determine 
the presence and load of malaria parasites. The Giemsa 
staining technique was used to determine malaria 
parasitaemia in a thick blood film. Thick blood films were 
obtained by smearing a drop of participant’s blood on a 
microscope slide. The films were allowed to air-dry and 
afterwards stained with the Giemsa stain for 10 minutes. 
After the 10 minutes, the slides were washed and air-
dried.  The slides were then examined with the oil 
immersion lens and any parasitaemia determined was 
quantified by counting parasites against leukocytes (200), 
and then multiplied by a standard count of 8000 
leukocytes per μl (Trape et al, 2002).Two biomedical 
scientists independently examined each slice and agreed 
on the presence or absence of malaria parasitaemia. The 
IBM SPSS software version 20 was used to do all 
statistical analysis. Parameters for demographic 
characteristics, nutritional assessment, test results for 
malaria and full blood count, among others were coded 
and entered into the software for analysis. However Z-
scores for anthropometric measures were generated 
using the WHO Anthro. Software and then exported into 
SPSS for statistical analysis. Mild, moderate and severe 
undernutrition were defined by Z-scores of; -2 < Z-scores 
< -1, -3 < Z-scores < -2 and Z-scores < -3, respectively. 
Associations were tested using Pearson’s chi-square test 
of significance and correlations. Furthermore, test of 
associations between asymptomatic malaria and 
anaemia, and other parameters or variables such as 
nutritional status were done using binomial logistic 
regression analysis to generate odds ratios at 95% 
confidence interval and test for statistical significance.  
 
 
RESULTS AND DISCUSSION 

 
A prevalence of 14.8% of asymptomatic malaria 
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parasitaemia was recorded (Table 1). However, a 
prevalence of 31.8% of asymptomatic malaria was 
recorded in southern Ghana (Crookston et al., 2010). 
This is about double of what was recorded in this study 
and this could be attributed to the fact that this study was 
conducted in the dry season where there is reduced 
malaria transmission due to decreased mosquito 
population and breeding sites (Orogade et al, 2002). The 
microscopy technique employed in this study could have 
also underestimated the asymptomatic malaria parasite 
burden, since PCR malaria detection technique is the 
gold standard (Mahajan et al., 2012; Johnston et al., 
2006) However, 13.6% of asymptomatic malaria 
parasitaemia was recorded in newborns in southern 
Ghana using the PCR malaria detection technique 
(Wagner et al., 1998). This is about the same prevalence 
as recorded in this study. Hence the prevalence of 14.8% 
asymptomatic malaria parasitaemia recorded in this study 
is in line with literature.   

Regarding nutritional status, 19.4%, 16.5% and 12.0% 
were stunted, underweight and wasted respectively 
(Table 4). This research established no statistically 
significant association between undernutrition and 
malaria at the asymptomatic state, in children. Binomial 
logistic regression analysispredicted no significant 
association between asymptomatic malaria parasitaemia 
and weight-for-height z-scores (p = 0.592; OR = 1.234; 
95% CI: 0.573-2.658), height-for-age z-scores (p = 0.169; 
OR = 0.651; 95% CI:  0.353-1.200) and weight-for-age z-
scores (p = 0.832; OR = 1.094; 95% CI: 0.478- 2.504) 
(Table 2). It is however worth noting that, there were 
increased odds of asymptomatic malaria associated with 
weight-for-height and weight-for-age z scores; suggesting 
that these indicators may be associated with 
asymptomatic malaria. These associations were however 
not statistically significant, hence the conclusion that no 
association exist between them. Consistent with this 
finding, Crookston also found no association between 
chronic undernutrition (stunting) and asymptomatic 
malaria (Crookston et al., 2010).  

On the subject of anaemia, 58.8% of the children 
involved in this study were anaemic (Hb < 11.0 g/dl). The 
mean haemoglobin (Hb) level was 10.6 g/dl (SD = ±1.23) 
and the minimum and maximum Hb levels were 5.3 g/dl 
and 16.6 g/dl respectively. This implies that on the 
average, all children were mildly anaemic (Hb 7.0 - 10.9 
g/dl) but none was severely anaemic (Hb < 5.0 g/dl). This 
research discovered that anaemia was significantly 
associated with asymptomatic malaria. Using binomial 
logistic regression analysis, asymptomatic malaria was a 
significant predictor of anaemia (p = 0.04; OR = 2.419; 
95% CI: 1.041-5.622). (Table 3). This finding confirms 
that of Crookston (2010), that asymptomatic malaria 
parasitaemia may be a risk factor for anaemia in children 
(Crookston et al., 2010). All other related researches 
considered anaemia and symptomatic malaria has also 
established that malaria was a risk factor for anaemia 
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Table 1: Distribution of Asymptomatic Malaria Parasitaemia and Statistical Test of Significance and Correlations   
 

 
 

Characteristic 

Asymptomatic Malaria 
Parasitaemia Test 

 
 
 

Total 

 
Statistical Test 

Positive (+) Negative (-)  
P - value 

Pearson 
correlation (R) Num. (%) Num. (%) 

Overall 
37 

(14.8%) 
213 

(85.2%) 
250 

(100%) 
_ _ 

Gender:          Male 
                       Female               

18(14.0) 
19(15.7) 

111(86.0) 
102 (84.3) 

129 
121 

 
  0.697 

 
 -0.025  

Age (years)    1 
                       2 
                       3 
                       4 
                       5 

9(11.7) 
15(22.4) 
6(10.2) 
4(13.8) 
3(16.7) 

68(88.3) 
52(77.6) 
53(89.8) 
25(86.2) 
15(83.3) 

77 
67 
59 
29 
18 

 
 

  0.316 
 

 
 

 -0.001 
 

Community:  Kejetia 
Pomaa Krom 
Tamale Metro 
Nyariga   

8(12.9) 
6(9.7) 

11(17.7) 
12(18.8) 

54(87.1) 
56(90.3) 
51(82.3) 
52(81.2) 

62 
62 
62 
64 

 
  0.443 

 

 
  -0.081 

 

Hb:                Anaemic 
                      Non anaemic 

25(17.0) 
12(11.7) 

122(83.0) 
91(88.3) 

147 
103 

0.240 
 

0.074 
 

Completed vitamin A       Yes 
supplementation for age:  No 
                                   No idea               
 

18(12.5) 
15(16.5) 
4(26.7) 

126(87.5) 
76(83.6) 
11(73.3) 

144 
91 
15 

 
  0.289 

 

 
  -0.094 

Took anti-malaria             
medication  2 or                Yes                 
more weeks ago:               No              

 
3(5.1) 

34(17.8) 
 

 
56(94.9) 

157(82.2) 
 

 
59 
191 

 

 
0.016 

 
 

 
-0.152 

 
 

Regular intake of anti-malaria 
herbal medications:         Yes 
                                         No    

 
4(18.2) 
33(14.5) 

 
18(81.8) 

195(85.5) 

 
22 
228 

 
  0.640 

 

 
  0.030 

 
On vitamin or/and mineral 
supplementation:              Yes                                        
                                          No 

 
20(15.0) 
17(14.5) 

 
113(85.0) 
100(85.5) 

 
133 
117 

 
  0.910 

 

 
  0.007 

 
Use mosquito net:           Yes 
                                         No 
                              Sometimes                                            

36(15.2) 
1(8.3) 
0(0.0) 

201(84.8) 
11(91.7) 
1(100) 

237 
12 
1 

 
  0.741 

 

 
  0.049 

 
 

p-values < 0.05 means  significant association 

 
 
 
(Tine et al., 2012; Manning et al, 2012; Magalhaes et al., 
2011; Verhoef et al., 2002). The finding of this research 
therefore agrees with literature. However, other related 
researches on iron status (a predictor of iron deficiency 
anaemia) and malaria had varied findings. For example, 
Researchers found that iron deficiency had a protective 
effect on malaria (Jonker et al., 2012). However, others 
found no correlation between iron deficiency and malaria 
(Snow et al., 1991). Furthermore, Stunting however was 
associated with a significant lower odds of being anaemic 
(p = 0.003; OR = 0.484; 95% CI: 0.301- 0.778).  This 
means that, children suffering from chronic nutritional 
deficits or are shorter for their age maybe less 

predisposed to anaemia.  This finding contradicts most 
literature. For instance, it has been established that 
stunted children suffer more from anaemia (Tine et al., 
2012; Verhoef et al., 2002). Although undernutrition is the 
primary cause of anaemia, (Osazuwa et al., 2010; 
George et al., 2000), this research howeverdid not find an 
association between anaemia and all indicators of 
undernutrition, except for stunting. Other researchers 
however found wasting as a risk factor for anaemia 
(Sumbele et al., 2013) and established a correlation 
between underweight and anaemia (Biemba et al., 2000). 
Asymptomatic malaria parasitaemia therefore persist in 
young   children   during the dry season but malaria at the 
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Table 2.Binomial Logistic Regression analysis to predict association between nutritional status indicators and 
asymptomatic malaria 
 

 
 

Predictor variables 

 
Variable coefficient 

 
p - value 

 
Odds Ratio 

(OR) 

 
95% C.I for OR 
Lower Upper 

Weight-for-height z-score 0.210 0.592 1.234 0.573 2.658 
Height-for- age z-score -0.429 0.169 0.651 0.353 1.200 
Weight-for-age z-score 0.090 0.832 1.094 0.478 2.504 

Constant 2.132 0.001 8.436 - - 
 

P-values statistically significant at p < 0.05 

 
Table: 3: Binomial logistic regression analysis for predictor variables of anaemia and their statistical significance 
 

 
 

Predictor variables 
a
 

 
Variable coefficient 

 
 p – value* 

 
Odds Ratio 

(OR) 

 
95% C.I for OR 

Lower Upper 

Weight-for-height z-score -0.384 0.145 0.681 0.406 1.142 
Height-for- age z-score -0.726 0.003 0.484 0.301 0.778 
Weight-for-age z-score 0.567 0.071 1.763 0.952 3.265 

1  
2  

Age group (years)     3  
4  
5 

reference  0.0001  - - - 
0.533 0.147 1.704 0.830 3.499 
1.150 0.002 3.158 1.526 6.535 
1.324 0.004 3.757 1.533 9.210 
2.369 0.0001 10.684 3.135 36.409 

Asymptomatic malaria 0.883 0.040 2.419 1.041 5.622 

 
a. Variable(s) entered: Step 1; WHZ, HAZ and WAZ. Step 2; Age groups. Step 3; Asymptomatic malaria 

* P-values < 0.05 mean significant 
 

Figure1.  Participant Recruitment Flow Chart 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 

Northern Region 

(Tamale)        

Number recruited           

(N=69) 

 

Upper East 

Region (Nyariga)        

Number recruited               

(N=73) 

 

Brong Ahafo Region         

(Pomaa Krom)        

Number recruited   

(N=71) 

 

Ashanti Region 
(Kejetia)   

Number recruited      
(N=78) 

Number removed    

1. Could not take 

blood samples = 

15.                        

2. Over age = 1                 

Number removed   

1. Could not take 

blood samples = 6.                  

2. Sick = 1 

 

Number removed             

1. Could not take 

blood samples = 7.                  

2. Temperature > 

37.5°C = 2 

 

Number removed       

1. Temperature  > 

37.5° = 2.               

2. Could not take 

blood samples = 7 

 
Number enrolled    

(N = 62) 

 

Number enrolled    

(N = 64) 

 

Number enrolled    

(N = 62) 

 

Number enrolled    

(N = 62) 

Sample size           

(N = 250) 
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asymptomatic state has no significant correlation with 
chronic and/or acute undernutrition. However, 
asymptomatic malaria parasitaemia, chronic 
undernutrition (stunting) and age beyond two years were 
significant predictors of anaemia in children under five 
years.   
 
 
CONCLUSIONS 
 
There was no significant association between 
asymptomatic malaria parasitaemia and chronic and/or 
acute undernutrition as defined by stunting, wasting and 
underweight in children, in this study. This implies that, 
asymptomatic malaria parasitaemia have no significant 
influence on anthropometric measures of young children 
in the short or long term. However, children with 
asymptomatic malaria parasitaemia are more likely to be 
anaemic and stunting has a protective effect on anaemia 
in young children. This suggests that, asymptomatic 
malaria parasitaemia may be a contributory factor to the 
existing burden of anaemia in children. Asymptomatic 
malaria screening should therefore be made part of 
malaria and anaemia control programmes or routine 
growth monitoring programmes for children, especially in 
communities with high rates of malaria transmission and 
malnutrition.   
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Table 4. Distributions of Undernutrition 
 

Nutritional Status Assessment Of Children 
 

Distributions of Undernutrition according to Weight-for-Height (W/H), Height-for-Age (H/A) and Weight-
for-Age (W/A) 

 
 
 

Background 
Characterist

ic 

 
WASTING 

 
STUNTING 

 
UNDERWEIGHT  

W/H W/H W/H H/A H/A H/A W/A W/A W/A 

% below 
< -2 SD 

% below 
< -3 SD 

Mean 
z 

score 

% below  
< -2 SD 

% below 
< -3 SD 

Mean 
z 

score 

% below  
< -2 SD 

% below 
< -3 SD 

Mean 
z 

score 

 
Overall (%) 

 
8.3 

 
3.7 

 
-0.73 

 

 
14.9 

 
4.5 

 
-1.15 

 

 
12.0 

 
4.5 

 
-1.13 

Gender  

Male 
 

10(8.1%) 
 

6(4.8%) 
-0.68 

 
19(15.3%

) 

 
5(4.0%) 

-1.11 
13(10.5%

) 
5(4.0%

) 
-1.03 

Female 
 

10(8.5%) 
 

3(2.5%) 
-0.79 

 
17(14.4%

) 

 
6(5.1%) 

-1.20 6(5.1%) 
6(5.1%

) 
-1.22 

Age (year group) 

1 – 1.9 7(9.1%) 4(5.5%) -0.81 
14(18.2%

) 
3(3.9%) -1.18 

12(15.6%
) 

3(3.9%) -1.16 

2 – 2.9 7(10.4%) 2(3.0%) -0.71 
10(14.9%

) 
6(9.0%) -1.19 

11(16.4%
) 

3(4.5%) -1.12 

3 – 3.9 6(10.2%) 1(1.7%) -0.70 8(13.6%) 1(1.7%) -1.17 3(5.1%) 4(4.5%) -1.15 
4 – 4.9 0(0.0%) 0(0.0%) -0.41 4(14.3%) 1(3.6%) -1.10 1(3.6%) 1(3.6%) -0.94 

5 – 5.9 0(0.0%) 
2(18.2%

) 
-1.35 0(0.0%) 0(0.0%) -0.75 2(18.2%) 0(0.0%) -1.30 

Community 

(Kejetia) 4(6.5%) 1(1.6%) -0.57 
10(16.1%

) 
3(4.8%) -1.13 4(6.5%) 2(3.2%) -1.01 

(Pomaa 
Krom) 

4(6.9%) 3(5.2%) -0.95 
10(17.2%

) 
0(0.0%) -1.21 

10(17.2%
) 

2(3.4%) -1.31 

          
(Tamale 
Metro) 

7(11.7%) 3(5.0%) -0.85 7(11.7%) 2(3.3%) -1.00 4(6.7%) 3(5.0%) -1.10 

Nyariga 5(8.1%) 2(3.2%) -0.58 9(14.5%) 6(9.7%) -1.27 
11(17.7%

) 
4(6.5%) -1.10 

Household Income (Gh¢) 

< 100 9(6.6%) 
4(2.9%

) 
-0.67 

28(20.4
%) 

5(3.6%
) 

-1.29 
14(10.2

%) 
7(5.1%

) 
-1.15 

100-300 
9(11.4%

) 
5(6.3%

) 
-0.86 6(7.6%) 

5(6.3%
) 

-0.96 
13(16.5

%) 
2(2.5%

) 
-1.10 

400-600 
2(14.7%

) 
0(0.0%

) 
-1.06 

2(14.3%
) 

1(7.1%
) 

-1.36 1(7.1%) 
2(14.3
%) 

-1.52 

700-900 0(0.0%) 
0(0.0%

) 
-0.21 0(0.0%) 

0(0.0%
) 

-0.69 0(0.0%) 
0(0.0%

) 
-0.49 

3000-
4000 

0(0.0%) 
0(0.0%

) 
-0.70 0(0.0%) 

0(0.0%
) 

-0.24 
1(50.0%

) 
0(0.0%

) 
-0.60 

Asymptomatic Malaria  Parasitaemia Test 
Positive 

(+) 
1(2.9%) 

2(5.7%
) 

-0.46 
5(14.3%

) 
5(14.3

%) 
-1.38 

5(14.3%
) 

2(5.7%
) 

-1.07 

Negative (-
) 

19(9.2%
) 

7(3.4%
) 

-0.78 
31(15.0

%) 
6(2.9%

) 
-1.11 

24(11.6
%) 

9(4.3%
) 

-1.14 
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AVAILABILITY OF DATA AND MATERIAL 
 
Data on ASMP assessment, Anaemia Test results (Hb) and Z-scores of Anthropometric                                        
measures 
 

 
CHILD I.D 

 
MPs 

 
HB (g/dl) 

 
Weight for 

Height ZScores 

 
Height for Age 

Z Scores 

 
Weight for Age 

ZScores 

 Ashanti Region (Kejetia Community) 

1 No MPs seen 10.70 -0.73 -0.49 -0.78 

2 No MPs seen 9.00 -0.66 -2.15 -1.63 

3 No MPs seen 9.10 -2.06 -1.00 -1.94 

4 No MPs seen 11.30 -1.86 -0.75 -1.65 

5 No MPs seen 10.20 -1.09 -5.15 -4.02 

6 No MPs seen 11.40 0.36 -0.82 -0.17 

7 No MPs seen 11.80 -1.03 0.34 -0.60 

8 No MPs seen 10.20 -0.85 1.21 -0.09 

9 No MPs seen 11.70 0.09 -0.84 -0.36 

10 No MPs seen 10.80 -2.10 0.15 -1.34 

11 No MPs seen 9.40 1.19 1.73 1.62 

12 No MPs seen 10.30 -2.53 -1.07 -2.31 

13 No MPs seen 10.50 0.28 -0.20 0.10 

14 P. f.  342 (+) 10.80 1.34 0.12 1.00 

15 No MPs seen 10.60 -1.95 -1.25 -1.99 

16 No MPs seen 10.40 -1.84 -1.08 -1.86 

17 P. f.  108 (+) 8.20 -1.79 1.29 -0.72 

18 No MPs seen 10.80 0.32 -1.71 -0.72 

http://www.who.int/whr/2005/whr2005_en%20.pdf
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19 No MPs seen 11.00 1.18 -3.29 -1.07 

20 No MPs seen 10.40 -0.63 -0.99 -1.01 

21 No MPs seen 11.20 -0.39 -0.49 -0.57 

22 No MPs seen 11.00 0.55 -1.06 -0.08 

23 No MPs seen 10.00 -4.25 -1.95 -4.07 

24 No MPs seen 11.30 0.60 -1.98 -0.72 

25 P. f.  119 (+) 8.70 -0.92 -3.26 -2.51 

26 No MPs seen 9.70 -0.32 -0.95 -0.69 

27 P. f.  347 (+) 10.30 -0.11 -1.51 -0.90 

28 No MPs seen 10.90 -0.17 -0.93 -0.67 

29 No MPs seen 10.30 -0.38 -2.62 -1.52 

30 No MPs seen 9.70 -1.20 -2.13 -1.92 

31 P. f.  518 (+) 10.20 -0.56 -1.19 -1.03 

32 No MPs seen 11.30 -1.83 -2.53 -2.62 

33 No MPs seen 10.40 -0.31 -0.88 -0.65 

34 No MPs seen 12.40 0.42 -1.21 -0.40 

35 No MPs seen 11.10 -0.40 -2.23 -1.65 

36 No MPs seen 10.70 -0.76 -1.59 -1.29 

37 No MPs seen 10.30 -0.79 0.37 -0.32 

38 No MPs seen 10.60 0.07 -0.44 -0.20 

39 No MPs seen 10.50 -1.94 -0.81 -1.77 

40 No MPs seen 11.40 -0.43 -0.85 -0.71 

41 P. f.  168 (+) 11.00 0.83 -1.18 -0.02 

42 No MPs seen 11.70 -0.89 -1.54 -1.36 

43 No MPs seen 11.30 -0.01 0.39 0.30 

44 No MPs seen 11.70 -1.61 -0.27 -1.24 

45 No MPs seen 10.60 -1.67 -1.52 -1.91 

46 No MPs seen 11.20 -2.80 -0.42 -2.20 

47 No MPs seen 10.00 0.93 -0.55 0.43 

48 No MPs seen 9.80 0.16 -1.35 -0.69 

49 No MPs seen 10.50 1.34 -1.99 -0.25 

50 No MPs seen 10.10 0.24 -1.84 -0.66 

51 No MPs seen 9.40 0.92 -2.73 -0.66 

52 No MPs seen 10.10 -0.44 -1.39 -1.15 

53 No MPs seen 10.90 -0.72 -2.04 -1.50 

54 No MPs seen 10.30 -0.21 -0.33 -0.28 

55 No MPs seen 9.90 0.27 -0.87 -0.36 

56 No MPs seen 10.90 -1.66 0.27 -1.03 

57 P. f.  452 (+) 10.70 -0.65 -2.06 -1.72 

58 No MPs seen 10.30 0.51 -1.52 -0.41 

59 No MPs seen 11.80 -0.21 0.01 -0.09 

60 No MPs seen 10.00 -1.05 -2.15 -1.95 

61 No MPs seen 10.70 -0.73 -.73 -0.73 

62 P. f.  104 (+) 9.50 -0.89 -2.14 -1.65 

 Brong Ahafo Region (Pomaa Krom Community) 

63 No MPs seen 9.40 -1.09 -1.08 -1.29 

64 P. f.  127 (+) 9.40 -0.56 -0.54 -0.64 

65 No MPs seen 10.40 -3.88 0.83 -2.48 

66 No MPs seen 8.60 -3.29 0.03 -2.24 

67 No MPs seen 12.50 -2.09 -2.95 -3.07 

68 No MPs seen 10.60 -1.72 -1.54 -2.02 

69 No MPs seen 10.60 -0.54 -1.36 -1.18 

70 No MPs seen 10.90 -2.45 -.82 -2.03 
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71 No MPs seen 10.40 -0.38 -2.76 -1.82 

72 No MPs seen 8.80 -0.89 -1.49 -1.33 

73 P. f.  138 (+) 10.30 -1.66 -1.65 -2.05 

74 No MPs seen 10.20 -0.89 -0.80 -1.03 

75 No MPs seen 11.40 -0.10 -0.94 -0.65 

76 No MPs seen 10.80 1.64 -1.58 0.49 

77 No MPs seen 9.00 -0.70 -1.15 -1.09 

78 No MPs seen 11.40 -0.29 -2.07 -1.33 

79 No MPs seen 10.00 -0.31 -0.30 -0.31 

80 No MPs seen 10.60 -0.66 -2.26 -1.75 

81 P. f.  158 (+) 11.30 0.44 -2.75 -1.32 

82 No MPs seen 5.30 -0.83 -1.79 -1.61 

83 No MPs seen 10.10 0.19 0.96 0.65 

84 No MPs seen 9.90 -0.20 -1.02 -0.65 

85 No MPs seen 9.90 -0.11 -1.43 -0.85 

86 No MPs seen 9.90 -0.09 -1.75 -1.00 

87 No MPs seen 9.30 -0.12 -1.76 -0.89 

88 No MPs seen 10.40 0.74 -0.61 0.19 

89 No MPs seen 11.30 0.66 -0.66 0.17 

90 No MPs seen 10.10 -2.03 -2.27 -2.65 

91 No MPs seen 9.70 -1.16 -0.82 -1.27 

92 No MPs seen 10.00 -1.44 -1.77 -1.91 

93 P. f.  185 (+) 11.60 -1.25 -.91 -1.34 

94 No MPs seen 12.00 -0.59 -1.19 -1.03 

95 No MPs seen 11.10 -1.64 -0.94 -1.67 

96 No MPs seen 9.30 -1.58 -3.00 -2.58 

97 No MPs seen 11.20 -0.70 -1.65 -1.42 

98 No MPs seen 9.50 -1.68 -2.05 -2.22 

99 No MPs seen 16.60 -5.98 -2.53 -5.29 

100 No MPs seen 7.50 -1.27 -1.21 -1.49 

101 No MPs seen 12.20 0.45 -1.06 -0.36 

102 P. f.  127 (+) 7.90 -0.12 -1.76 -0.89 

103 No MPs seen 10.30 -0.75 -1.31 -1.25 

104 No MPs seen 10.50 - - - 

105 No MPs seen 9.10 0.05 -1.75 -0.98 

106 No MPs seen 10.80 -1.15 -1.54 -1.67 

107 No MPs seen 11.30 -1.96 -1.51 -2.21 

108 No MPs seen 11.70 -1.59 -1.53 -1.91 

109 P. f.  134 (+) 11.30 - - - 

110 No MPs seen 10.10 -1.92 -2.43 -2.83 

111 No MPs seen 10.90 0.29 -0.46 -0.08 

112 No MPs seen 8.80 -0.32 -0.21 -0.30 

113 No MPs seen 11.20 - - - 

114 No MPs seen 10.70 -1.07 -0.70 -1.09 

115 No MPs seen 11.20 -1.39 -0.74 -1.32 

116 No MPs seen 10.70 -2.59 3.69 0.15 

117 No MPs seen 10.30 -0.77 -1.44 -1.40 

118 No MPs seen 12.40 - - - 

119 No MPs seen 11.20 -0.56 -0.63 -0.71 

120 No MPs seen 11.40 -0.11 -1.40 -0.82 

121 No MPs seen 9.20 -0.22 -0.57 -0.42 

122 No MPs seen 11.10 -0.68 -0.91 -0.98 

123 No MPs seen 13.30 -1.65 -0.99 -1.68 
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124 No MPs seen 11.00 -0.70 -1.44 -1.30 

 Northern Region (Tamale Metro Community) 

125 No MPs seen 10.20 -0.97 -2.13 -1.86 

126 No MPs seen 11.00 -1.57 -2.21 -2.42 

127 No MPs seen 13.20 -1.23 -1.36 -1.56 

128 No MPs seen 10.70 1.13 -1.22 0.09 

129 No MPs seen 10.90 1.13 -1.63 0.13 

130 No MPs seen 11.60 -0.85 -0.40 -0.74 

131 No MPs seen 13.00 - - - 

132 No MPs seen 11.70 -3.52 1.40 -1.32 

133 P. f. 107 (+) 10.80 -0.73 -1.66 -1.45 

134 No MPs seen 10.90 -1.17 -0.95 -1.27 

135 No MPs seen 8.70 -0.64 -2.00 -1.41 

136 No MPs seen 9.50 -0.48 -1.19 -0.90 

137 P. f.  208 (+) 11.20 -0.83 -1.83 -1.56 

138 No MPs seen 11.30 -0.65 -1.05 -1.07 

139 No MPs seen 11.10 -1.04 -.85 -1.21 

140 No MPs seen 12.00 -0.63 0.57 -0.20 

141 No MPs seen 12.10 - - - 

142 P. f.  228 (+) 9.70 -3.01 -0.35 -2.06 

143 No MPs seen 11.50 -0.64 -1.06 -1.06 

144 No MPs seen 12.70 -0.20 -1.55 -1.10 

145 P. f.  214 (+) 11.00 -0.73 -0.95 -1.06 

146 No MPs seen 11.90 -0.62 -1.15 -1.09 

147 P. f.  118 (+) 12.10 -1.46 -1.05 -1.62 

148 No MPs seen 11.50 -2.35 -3.51 -3.38 

149 No MPs seen 12.50 -2.52 -2.29 -3.11 

150 P. f.  136 (+) 12.40 -0.28 -2.42 -1.61 

151 No MPs seen 10.30 -0.56 -2.28 -1.47 

152 No MPs seen 10.60 -1.70 -1.45 -1.94 

153 No MPs seen 12.10 -2.08 0.17 -1.29 

154 No MPs seen 12.70 -2.29 1.02 -1.03 

155 No MPs seen 10.00 -0.62 -1.72 -1.28 

156 P. f.  162 (+) 9.60 -1.15 -0.27 -0.89 

157 No MPs seen 9.20 0.75 -1.43 -0.17 

158 P. f. 193 (+) 12.70 -0.34 -0.21 -0.29 

159 No MPs seen 12.50 -0.11 -0.13 -0.15 

160 No MPs seen 7.60 -1.35 -1.69 -1.77 

161 No MPs seen 11.50 -0.74 -1.00 -1.10 

162 No MPs seen 11.70 -0.71 -0.64 -0.86 

163 No MPs seen 9.50 -4.28 2.21 -1.69 

164 No MPs seen 11.40 -0.99 -0.25 -0.78 

165 P. f.  224 (+) 9.40 2.64 -1.31 1.46 

166 No MPs seen 11.40 -0.41 0.54 -0.05 

167 No MPs seen 11.20 -1.05 0.43 -0.45 

168 No MPs seen 10.30 -2.03 -1.35 -2.06 

169 No MPs seen 11.10 -1.52 -1.73 -1.98 

170 No MPs seen 9.90 1.03 0.54 1.03 

171 No MPs seen 12.50 0.47 -0.49 0.07 

172 No MPs seen 12.20 -0.77 -0.83 -0.98 

173 No MPs seen 13.20 0.53 0.01 0.46 

174 No MPs seen 13.00 0.40 -1.75 -0.63 

175 No MPs seen 14.30 -0.97 -0.98 -1.23 
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176 No MPs seen 7.50 0.01 -0.56 -0.24 

177 No MPs seen 7.60 -1.07 -1.28 -1.44 

178 No MPs seen 7.30 -2.15 -1.28 -2.22 

179 No MPs seen 11.20 0.18 -1.08 -0.43 

180 No MPs seen 10.30 -1.78 -1.21 -1.85 

181 No MPs seen 9.00 0.88 -1.51 -0.01 

182 No MPs seen 11.60 -0.19 -0.37 -0.36 

183 No MPs seen 11.30 -0.42 -1.33 -0.98 

184 P f : 191 (+) 11.00 -0.74 -0.58 -0.85 

185 No MPs seen 9.20 -1.18 -2.16 -2.00 

186 P f. 1090 (++) 9.90 -2.89 -3.79 -3.99 

 Upper East Region (Nyariga Community) 

187 P f. 233 (+) 11.40 3.26 0.68 2.70 

188 No MPs seen 11.30 -0.55 -1.79 -1.33 

189 P. f. 183 (+) 9.80 0.72 0.18 0.60 

190 No MPs seen 11.20 -1.06 -1.10 -1.35 

191 No MPs seen 12.30 0.26 -0.89 -0.38 

192 No MPs seen 11.30 -1.07 -1.17 -1.36 

193 No MPs seen 11.50 -0.74 -1.46 -1.37 

194 P f. 10970 (++) 10.90 -0.79 -5.77 -4.24 

195 No MPs seen 10.40 -1.32 -0.21 -0.97 

196 P. f.  183 (+) 10.80 -0.04 -1.14 -0.62 

197 No MPs seen 9.50 -0.53 -0.70 -0.70 

198 No MPs seen 10.50 -0.49 -2.69 -1.95 

199 No MPs seen 11.30 -1.04 -1.38 -1.49 

200 No MPs seen 10.90 -1.24 -3.12 -2.75 

201 P f.  8313 (++) 11.20 -4.03 1.64 -1.55 

202 No MPs seen 10.60 -1.15 -2.23 -2.02 

203 P f. 783 (++) 9.70 0.48 -1.16 -0.26 

204 P f.  661 (+) 9.10 0.05 -2.21 -1.32 

205 No MPs seen 11.00 -0.06 -1.77 -0.97 

206 P. f. 320 (+) 10.60 1.46 -1.22 0.24 

207 No MPs seen 11.20 0.25 -0.48 -0.10 

208 No MPs seen 9.10 2.10 -2.72 0.34 

209 No MPs seen 10.50 1.98 -1.08 0.63 

210 No MPs seen 9.50 -0.65 -3.98 -2.64 

211 No MPs seen 11.60 0.55 -0.23 0.24 

212 No MPs seen 10.10 -2.03 -1.20 -2.03 

213 P. f. 120 (+) 9.00 -0.66 -3.61 -2.31 

214 No MPs seen 11.50 -0.12 0.64 0.35 

215 No MPs seen 10.50 -1.35 -2.39 -2.39 

216 No MPs seen 10.70 -1.11 -1.39 -1.50 

217 No MPs seen 8.70 -1.53 -0.40 -1.22 

218 No MPs seen 11.30 - - - 

219 P.v.  112 (+) 10.00 -1.81 0.44 -0.96 

220 No MPs seen 10.50 -0.98 0.15 -0.70 

221 No MPs seen 11.30 -0.10 -0.55 -0.41 

222 No MPs seen 11.20 0.52 -0.94 -0.10 

223 P. f. 309 (+) 10.50 - - - 

224 P. f. 244 (+) 10.60 0.38 -4.51 -2.17 

225 No MPs seen 11.60 -0.99 -0.28 -0.83 

226 No MPs seen 10.50 -2.29 -1.49 -2.30 

227 No MPs seen 11.90 -2.29 -2.37 -3.05 
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228 No MPs seen 9.20 0.09 0.49 0.28 

229 No MPs seen 11.50 -0.40 -1.53 -1.20 

230 No MPs seen 9.50 -1.00 -1.04 -1.26 

231 No MPs seen 10.70 0.17 -1.62 -0.73 

232 No MPs seen 11.70 0.98 -0.82 0.38 

233 No MPs seen 11.00 0.99 -0.69 0.31 

234 No MPs seen 10.50 -0.85 -2.29 -1.72 

235 No MPs seen 10.70 -0.70 -1.18 -1.17 

236 No MPs seen 10.00 -1.79 -0.94 -1.75 

237 No MPs seen 13.40 -3.24 -0.49 -2.55 

238 No MPs seen 10.60 0.32 1.06 0.81 

239 No MPs seen 10.00 -0.75 -1.32 -1.24 

240 No MPs seen 11.30 -1.68 -1.88 -2.09 

241 No MPs seen 8.10 -1.88 1.25 -0.80 

242 No MPs seen 11.90 -0.23 0.44 0.18 

243 No MPs seen 10.70 -0.32 -1.13 -0.87 

244 No MPs seen 10.80 -2.75 -2.85 -3.64 

245 No MPs seen 11.20 -1.71 -3.10 -2.94 

246 No MPs seen 10.40 -0.24 -1.79 -1.00 

247 No MPs seen 12.00 0.21 -1.43 -0.67 

248 No MPs seen 10.90 -0.38 0.56 0.06 

249 No MPs seen 11.90 -2.86 -2.78 -3.46 

250 No MPs seen 8.90 -0.50 -1.91 -1.28 

 
 
 
 
 
 

 


