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ABSTRACT 
 

Aims: To evaluate the impact of the therapeutic foods on the hematological parameters of 
malnourished children below 5 years of age. 
Study Design:  This is a Prospective cross-sectional study. 
Place and Duration of Study: Intensive Nutritional Recovery Center of Tessaoua, Maradi, Niger 
republic, from June 15 to September 10, 2022. 
Methodology: We included 60 malnourished children (36 males, 24 females; age range 6-59 
months) who are severely acutely malnourished. Standard survey forms that were developed for 
the purpose have permitted to obtain sociodemographic and hematological data (hemoglobin level 
and leukocyte count) concerning malnourished children. 
Results: The results showed that among the 60 children that were surveyed, at entry, 50 (83.33%) 
were recorded to have a low hemoglobin level and 36 (60%) with highly elevated leucocyte count. 
At the end of treatment with therapeutic foods, it was observed an overall normalization of these 
parameters during an average duration of hospitalization. 
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Conclusion: Therapeutic foods have shown a significant positive influence on hematological 
parameters of malnourished children. Their use should therefore be encouraged in line with other 
strategies in order to ensure good and rapid recovery in malnourished children under five years of 
age. 
 

 
Keywords: Children; hematological parameters; malnourished; therapeutic foods. 
 

1. INTRODUCTION  
 
Food insufficiency can lead to the onset of 
severe acute malnutrition which is currently one 
of the most concerning public health issues 
worldwide, especially in least developed 
countries [1-3]. For years, sub-Saharan regions 
have faced chronic food insecurity and high 
levels of malnutrition among mothers and 
children [4]. The Niger republic, a Sahelian 
outland country of the west Africa, is subjected to 
frequent climatic chocs, to insecurity and to 
humanitarian emergences [5-7]. The burden of 
acute malnutrition among children is persistent 
and remain one of the highest globally, with a 
prevalence which continues to oscillate in the 
range of 10 to 15% corresponding to a serious 
situation according to the World Health 
Organization (WHO) classification scale [8,9]. As 
part of the follow-up and monitoring of the 
nutritional condition for children under 5 years of 
age, the Ministry of Public Health, in 
collaboration with its technical and financial 
partners, in particular United Nations Children’s 
Fund (UNICEF) and World Food Program 
(WFP), have proposed periodic national surveys 
which is an opportunity for the Niger republic to 
have up-to-date and valid data not only for all 
regions but also for the whole country at the 
same time [10].  
 
Inadequate food intake in a child will lead to an 
immediate effect which could contribute for 
growth to slow or stop. Micronutrient deficiencies 
are a major public health problem. Severe acute 
malnutrition is reported to be due to deficiency of 
type II nutrients (i.e., protein, zinc, magnesium, 
phosphorus and potassium) which in response 
could lead to growth failure [11]. Currently, in 
addition to basic medical care, children with 
severe acute malnutrition are treated with 
specialized foods, most often F75 or F100 milk 
diets and ready-to-use therapeutic foods (RUTF) 
[12-15]. The government of Niger republic 
through the Ministry of Public Health has 
integrated the Community Management of Acute 
Malnutrition (CNAM) approach as part of the 
national nutrition strategy to treating severely 
acutely malnourished children [6]. The national 

protocol was first developed in 2005 [16], 
followed by updates in 2006 and 2009, ultimately 
leading to the final version which was titled as 
“Protocole Nationale de prise en Charge de la 
Malnutrition”. Concerning the geographic 
coverage of CNAM at national level, in each 
district, regional or national hospital, there is a 
specialized unit dedicated for the management of 
severely acutely malnourished hospitalized 
patients with medical complications. A total of 50 
of such units are available across the country. 
Affected children are treated as hospitalized 
patients in these facilities known as Intensive 
Nutritional Recovery Centre (CRENI) [9]. The 
assessment of the nutritional status is based on 
a number of clinical, biochemical, anthropometric 
and biophysical examinations. Nutritional 
recovery of malnourished children is achieved 
through therapeutic management with the aid of 
various foods which would not only have positive 
effects on the growth of children, but also on the 
regulation of biological parameters. The present 
study was proposed with the aim to evaluate the 
impact of therapeutic foods on the hematological 
parameters of malnourished children treated in 
the Intensive Nutritional Recovery Centre of 
Tessaoua. 
 

2. METHODOLOGY 
 

2.1 Study Setting  
  
This study was carried out at the Intensive 
Nutritional Recovery Centre (CRENI), which is a 
specialized unit included in the provincial hospital 
(Hopital de District, HD) of Tessaoua. The HD 
hospital is the main healthcare facility in 
Tessaoua, a city of more than 445 584 
inhabitants with an average density of 81.41 
inhabitants per km

2
, a rate of increase of 3.7% 

and an average number of children per 
housework of 7.56. 
 

The CRENI is specialized in the management of 
patients hospitalized with severe acute 
malnutrition under two phases: (i) initial 
stabilization during which life-threatening 
complications are treated, and (ii) rapid 
nutritional recovery during which catch-up growth 
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occurs. The diet includes the use of therapeutic 
milk formula which consists of F-75 milk (used at 
initial stage of severer acute malnutrition), F-100 
milk (used during rehabilitation stage of severer 
acute malnutrition) and Ready-to-Use 
Therapeutic Foods (RUTF) (associated with F-
100 milk for rapid gain of weight). 
 

2.2 Study Design, Period and Population 
 
This is a prospective cross-sectional study aimed 
at evaluating the impact of therapeutic foods on 
hematological parameters of malnourished 
children experiencing recovery at the Intensive 
Nutritional Recovery Centre. It took place from 
June 15 to September 10, 2022. During this 
period, 60 children from 6 to 59 months of age 
who are severely acutely malnourished were 
admitted at the Centre. 
 

2.3 Inclusion and Exclusion Criteria 
 
They will be included in the study people who 
meet the following criteria: (i) severely acutely 
malnourished child in the age group of 6 to 59 
months and who benefit of therapeutic foods for 
their recovery and (ii) malnourished children 
whose blood has been taken and analyzed in the 
laboratory. Children with age limit not falling 
within the interval of 6 to 59 months.  
 

2.4 Data Collection and Processing 
 
The data were collected using a standard survey 
form during the interviews with the mothers of the 
children, followed by the recording of the 
sociodemographic characteristics and biological 
data of the severely acutely malnourished 
children. The data collected were further entered, 
cleaned and tabulated. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Sociodemographic Characteristics of 
Children and Their Mothers 

 

Of the 60 children enrolled, thirty-six (60%) were 
males. Children with age falling within the range 
of 6 to 11 months were predominant (22; 36.6%), 
followed by those falling within the range of 12 to 
23 months (20; 33.3%). This was in line with 
studies done in Ethiopia [17,18], Niger [19], and 
Ghana [20]. 
 
The majority of mothers were recorded with age 
falling within the range of 30 to 39 years (45%), 
followed by those falling within the range of 20 to 

29 years (36.6%). Amadou et al. (2021) in his 
study which was aimed to evaluate the nutritional 
status of malnourished children in two healthcare 
centers of Tessaoua (Niger) found that the 
majority of the mothers of malnourished children 
were aged between 20 to 30 years (56%) [21].  
 
56(93%) among them are married. Majority of 
them had no formal education (63.3%). Fifty-four 
(90%) mothers are housewife (Table 1). 

 
In term of marital status, almost all the women 
who were the subject of our study are married 
(93.33%), only 6.67% are divorced. About 63% 
of mothers who participated in the interview were 
illiterate and the rest were literate with very low 
level of education. This higher proportion of 
illiterate mothers could be a contributing factor in 
increasing the prevalence of malnourished 
children in this area. In addition, Tessaoua is a 
province where the majority of inhabitants are 
merchants or farmers. This could explain the 
absence or the low level of maternal education. 
Maternal literacy is an essential factor for proper 
infant feeding practices [22-28]. Particularly 
because, mothers who are literate and with 
better education are more likely to be 
empowered financially [29-32]. For instance, 
Noshaba et al (2013) in his study reported a 
maternal literacy of 62.5% and further 
demonstrated the existence of a strong 
association between child’s nutritional status with 
the literacy of mothers [33]. Sphiwe et al (2019) 
in his study found that 41.8% of the underweight 
children and 44.2% of children categorized as 
wasted belonged to mothers with low maternal 
education status [32]. Alderman and Luc (2004) 
in their study reported that mothers with 
secondary education and above had a positively 
significant effect on the anthropometric scores of 
their children when compared with uneducated 
mothers [34]. Menalu et al. (2021) in his study 
formulated a statement on the basis of his 
findings, that children born into families unable to 
read or write and informally educated had a 4.2- 
and 2.5-fold increased risk of stunting and 
malnutrition, respectively, compared to children 
born into university or college-educated families 
[18]. Adeyomu et al (2022) in his study which 
focused on what determines the malnutrition of 
under-five children among rural households in 
the southwest of Nigeria, found that a unit 
increase in the mother’s level of education will 
decrease the probability of the child being 
malnourished by 3.1% [35]. Though, for a good 
fight against malnutrition in most developing 
countries, policy makers, humanitarians and 
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other interested parties should consider among 
other strategies to promote better maternal 
education. 
 

3.2 Magnitude of Hematological 
Abnormalities among Malnourished 
Children 

 
Regarding the hematological parameters and 
before the beginning of treatment of severely 
malnourished children, we found that all the 
recruited children suffered of considerable 
depletions of certain important hematological 
parameters: 50(83.3%) out of 60 were recorded 
with moderate (16.6%) and severe anemia 

(66.6%); 36(60%) with leucocyte count greater 
than the normal.  
 
However, at the end of treatment, it was 
observed a significant normalization of the 
hemoglobin level and leucocyte count among the 
treated children. None of the recovered 
malnourished children was recorded suffering 
from severe anemia. Only 3(5%) out of 60 were 
found with moderate anemia. At discharge, a 
normalization of leucocytes count was observed 
in 53(88.3%) recovered children. Only 7(11.6%) 
were recorded with leucocytes less than the 
normal count (Table 2). 

 
Table 1. Sociodemographic characteristics of malnourished children and their parents 

 

Variables Frequency (n=60)  Percentage  

Age group (in months) of the child   

6 – 11 22 36.6 
12 – 23 20 33.3 
24 – 35 10 16.6 
36 – 59 8 13.3 

Sex of the child   

Female 24 40 
Male 36 60 

Age group (in years) of the mothers   

< 20 6 10 
20 – 29 22 36.6 
30 – 39 27 45 
≥ 40 5 8.3 

Marital status of the mother   

Married 58 93.3 
Divorced 2 6.7 

Educational status of the mother   

No formal education 38 63.3 
Primary education 18 30 
Secondary education 4 6.7 

Occupational status of the mother   

Housewife 54 90 
Petty trader 6 10 

 
Table 2. Magnitude of hematological abnormalities among severely acutely malnourished 

children before and after treatment with therapeutic foods 
 

Hematological parameters Before treatment After treatment 

n (%) n (%) 

Hemoglobin level Normal 10(16.6) 57(95) 
Moderate anemia 10(16.6) 3(5) 
Severe anemia 40(66.6) 0(0) 

Leucocyte count Normal 24(40) 53(88.3) 

Less than normal 0(0) 7(11.6) 

Greater than normal 36(60) 0(0) 
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Hematopoietic tissues which are essential for cell 
renewal and proliferation are extremely 
influenced by the availability of nutrients [36]. 
Thus, a deficiency of nutrients in the system 
could lead to impaired production of cellular 
blood components [37] and further development 
of pathological conditions such as anemia, 
changes in leucocytes count, changes in 
reticulocyte count, and changes in the 
hematopoietic microenvironment of the bone 
marrow [38-41]. In the present study, 83.3% 
children with severe acute malnutrition were 
found to be anemic, out of which 66.6% were 
severely anemic and 16.6% were at moderate 
stage. This study shows increased burden of 
anemia in severely acutely malnourished children 
as compared to other studies done in Ethiopia 
(53.4%) [41], Sri Lanka (55.5%) [42], Bangladesh 
(56.5%) [43], Guinea-Bissau (80.2%) [44]. Arya 
et al (2017) in his study conducted in a tertiary 
care Centre of Kampur in India, found that 95% 
of the children with severe acute malnutrition had 
anemia, out of which 52% were severely anemic 
and 28% were moderately anemic [45]. Thakur et 
al (2014) reported 81.1% of severely 
malnourished children to be anemic, out of which 
67.3% as severely anemic and 13.8% as 
moderately anemic [46]. However, our result 
concerning the prevalence of anemia among the 
studied population was lower than that obtained 
by Gohain et al (2016) (91%) [40]. The 
sociodemographic characteristics of 
malnourished children partly contribute the high 
prevalence of anemia in this study. The other 
common hematological abnormalities found in 
the present study were the elevated leucocyte 
count or leukocytosis, which was observed in 
36(60%) children. Leukocytosis was reported by 
many researchers to be a common feature in 
malnourished children [41,45]. Getawa et al 
(2020) in his study conducted in Ethiopia 
reported a prevalence of leukocytosis of 26.7% 
among malnourished children [41]. Leukocytosis 
in these children may be as a result of 
opportunistic infections which appear due to 
compromised immune system. The association 
of infection with malnutrition has long been 
highlighted in many published studies 
[40,45,47,48]. After the different phases of 
treatments of malnourished children with 
therapeutic foods (F75 and F100 milks, and 
Plumpy nuts), we have constated a significant 
normalization of hemoglobin level and leucocyte 
count in 57(95%) and 53(88.3%) children 
respectively. Though, this study indicates that 
therapeutic foods are effective in improving 
developmental potential among children aged 

under five and also helped in the reduction of the 
anemia burden and other gastrointestinal 
infectious diseases. For instance, the nutrient 
density of most of these therapeutic foods 
ensures rapid recovery among children that were 
supervised [49,50]. In malnourished children, 
deficiencies of essential nutrients are the main 
cause of delayed development. Many studies 
have reported the positive impact of therapeutic 
foods on various parameters or variables            
which characterized normal body development 
[51-55]. 

 
Important limitations of the present study were 
first associated with the sample size and 
secondly the difficulty to establish relationship 
between hematological abnormalities and 
associated factors. 

 
4. CONCLUSION 
 
Globally, we have noticed the positive impact of 
the therapeutic foods on hematological 
parameters of malnourished children. In fact, of 
the 60 children who have experienced treatment 
against malnutrition, only 10(16.6%) did not 
reach normalization of their hemoglobin level 
(5%) or leucocyte count (11.6%). This situation 
should draw the attention of healthcare personals 
to accompany those who have not reach 
normalization through outpatient monitoring 
strategy (such as ambulatory follow up) after 
their discharge. This study encourages 
policymakers, Non-Government Organizations, 
researchers and other interesting parties to 
undergo more frequent studies with the aim to 
best describe the trend of hematological changes 
in severely acutely malnourished children.  

 
ETHICAL APPROVAL 
 
The protocol of this study was approved by the 
department of Nutrition and Diet of the “Institut 
Universitaire de Technologie Agroalimentaire et 
Nutritionnel (IUT)” of the University of Boubakar 
Ba de Tillabéri. All data were fully anonymized 
before we exploited them. 

 
ACKNOWLEDGEMENTS 
 
Authors would like to thank the chief medical 
doctor of the Hopital de District (HD) of Tessaoua 
who gave permission to conduct this study. 
Laboratory officers in charge of hematological 
laboratory diagnosis. 



 
 
 
 

Lawaly et al.; EJNFS, 14(11): 63-71, 2022; Article no.EJNFS.93343 
 
 

 
68 

 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Jackline K, Sarah K, Julius B, Diana M, 
Colleta K. The prevalence and associated 
factors of undernutrition among under-five 
children in South Sudan using the 
Standardized Monitoring and Assessment 
of Relief and Transitions (SMART) 
methodology. BMC Nutrition. 2021;7(25). 
Available:https://doi.org/10.1186/s40795-
021-00425-3. 

2. Global Nutrition Report: Action on equity to 
end malnutrition. Bristol, UK: Development 
Initiatives; 2020. ISBN: 978-1-9164452-7-
7.  
Available:https://globalnutritionreport.org/d
ocuments/352/2018_Global_Nutrition_Rep
ort.pdf. 

3. Black RE, Allen LH, Bhutta ZA, Caulfield 
LE, de Onis M, Ezzati M, et al. Maternal 
and child undernutrition: Global and 
regional exposures and health 
consequences. Lancet. 
2008;371(9608):243–60.  
Available:https://doi.org/10.101 6/S0140-
6736(07)61690-0. 

4. UNICEF, WHO, World Bank Group, United 
Nations. Levels and trends in child 
mortality: Report 2017; 2017. 
Available:https://www.unicef.org/media/488
71/file/Child_Mortality_Report_2017.pdf. 

5. Concern Worldwide. Rapport d'évaluation 
finale, approche surge dans le cadre de                  
la prise en charge communautaire de                   
la malnutrition aig e, Tahoua, Niger;  
2019.  
Available:https://admin.concern.net/sites/d
efault/files/documents/2020-
11/CWW%20Niger%20CMAM%20Surge%
20final%20evaluation%20report_FR_final_
clean.pdf?_gl=1*1svylfv*_ga*NDE5OTE4M
zEyLjE2MTc5NjQ0ODc.*_ga_RLZ9XCKFP
1*MTYxOTM2NzE1My4xMS4xLjE2MTkzNj
cxNjYuNDc.  

6. Plateforme nationale d’information pour la 
nutrition. Nutrition : Approche nexus 
urgence-developpement dans le domaine 
de la nutrition – avancees, defis, nouveaux 
enjeux, perspectives. Rapport d’analyse ; 
2022.  
Available:https://pnin-niger.org/web/wp-
content/uploads/2022/04/Rapport-

16_Analyse-
NEXUS_PNIN_24_01_2022_VF_Avril-
2022.pdf.  

7. Concern Worldwide. Passage à l’échelle 
de la prise en charge de la malnutrition au 
Niger : un cas d’étude. CMAM Virtual 
Conference; 2021.  
01_Niger_CNAM_Fr.pdf. 

8. World Health Organization. WHO child 
growth standards: length/height-for-age, 
weight-for-age, weight-for-length, weight-
for-height and body mass index-for-age: 
methods and development; 2006. 
ISBN: 924154693X.  
Available:https://www.who.int/publications/i
/item/924154693X.  

9. Guero HDM, Yami C, Ategbo EA. Prise en 
charge de la malnutrition aiguë au Niger : 
Un programme national. Field Exchange 
43: Government Experiences of CMAM 
Scale up; 2012.  
Available:www.ennonline.net/fex/43/prise. 

10. Institut National de la Statistique. Rapport 
final de l’Evaluation nationale de la 
situation nutritionnelle par la méthodologie 
SMART-2020, Niger. 
RAPPORT_SMART_Niger_2020_VF 
(1).pdf. 

11. Viswanathan V, Dias B, Sawant VD. A 
study to investigate variations in 
biochemical and nutritional profile among 
severely wasted children on medical 
nutrition therapy: a hospital-based 
study. Bull Natl Res Cent. 2022;46(50).  
Available:https://doi.org/10.1186/s42269-
022-00737-9. 

12. World Health Organization. Essential 
nutrition actions: Improving maternal, 
newborn, infant and young child health and 
nutrition. World Health Organization: 
Geneva, Switzerland; 2013. 
ISBN: 9789241505550.  
Available:file:///C:/Users/DR%20MANZO/D
ownloads/9789241505550_eng.pdf.  

13. Collins S, Sadler K, Dent N, Khara T, 
Guerrero S, Myatt M, et al. Key issues in 
the success of community-based 
management of severe malnutrition. Food 
Nutr. Bull. 2006;27:S49–S82. 

14. Collins S, Dent N, Binns P, Bahwere P, 
Sadler K, Hallam A. Management of 
severe acute malnutrition in children. 
Lancet. 2006;368:1992–2000. 

15. Saleem J, Zakar R, Bukhari GMJ, Naz M, 
Mushtaq F, Fischer F. Effectiveness of 
ready-to-use Therapeutic Food in 
Improving the Developmental Potential and 

https://doi.org/10.1186/s40795-021-00425-3
https://doi.org/10.1186/s40795-021-00425-3
https://admin.concern.net/sites/default/files/documents/2020-11/CWW%20Niger%20CMAM%20Surge%20final%20evaluation%20report_FR_final_clean.pdf?_gl=1*1svylfv*_ga*NDE5OTE4MzEyLjE2MTc5NjQ0ODc.*_ga_RLZ9XCKFP1*MTYxOTM2NzE1My4xMS4xLjE2MTkzNjcxNjYuNDc
https://admin.concern.net/sites/default/files/documents/2020-11/CWW%20Niger%20CMAM%20Surge%20final%20evaluation%20report_FR_final_clean.pdf?_gl=1*1svylfv*_ga*NDE5OTE4MzEyLjE2MTc5NjQ0ODc.*_ga_RLZ9XCKFP1*MTYxOTM2NzE1My4xMS4xLjE2MTkzNjcxNjYuNDc
https://admin.concern.net/sites/default/files/documents/2020-11/CWW%20Niger%20CMAM%20Surge%20final%20evaluation%20report_FR_final_clean.pdf?_gl=1*1svylfv*_ga*NDE5OTE4MzEyLjE2MTc5NjQ0ODc.*_ga_RLZ9XCKFP1*MTYxOTM2NzE1My4xMS4xLjE2MTkzNjcxNjYuNDc
https://admin.concern.net/sites/default/files/documents/2020-11/CWW%20Niger%20CMAM%20Surge%20final%20evaluation%20report_FR_final_clean.pdf?_gl=1*1svylfv*_ga*NDE5OTE4MzEyLjE2MTc5NjQ0ODc.*_ga_RLZ9XCKFP1*MTYxOTM2NzE1My4xMS4xLjE2MTkzNjcxNjYuNDc
https://admin.concern.net/sites/default/files/documents/2020-11/CWW%20Niger%20CMAM%20Surge%20final%20evaluation%20report_FR_final_clean.pdf?_gl=1*1svylfv*_ga*NDE5OTE4MzEyLjE2MTc5NjQ0ODc.*_ga_RLZ9XCKFP1*MTYxOTM2NzE1My4xMS4xLjE2MTkzNjcxNjYuNDc
https://admin.concern.net/sites/default/files/documents/2020-11/CWW%20Niger%20CMAM%20Surge%20final%20evaluation%20report_FR_final_clean.pdf?_gl=1*1svylfv*_ga*NDE5OTE4MzEyLjE2MTc5NjQ0ODc.*_ga_RLZ9XCKFP1*MTYxOTM2NzE1My4xMS4xLjE2MTkzNjcxNjYuNDc
https://admin.concern.net/sites/default/files/documents/2020-11/CWW%20Niger%20CMAM%20Surge%20final%20evaluation%20report_FR_final_clean.pdf?_gl=1*1svylfv*_ga*NDE5OTE4MzEyLjE2MTc5NjQ0ODc.*_ga_RLZ9XCKFP1*MTYxOTM2NzE1My4xMS4xLjE2MTkzNjcxNjYuNDc
https://admin.concern.net/sites/default/files/documents/2020-11/CWW%20Niger%20CMAM%20Surge%20final%20evaluation%20report_FR_final_clean.pdf?_gl=1*1svylfv*_ga*NDE5OTE4MzEyLjE2MTc5NjQ0ODc.*_ga_RLZ9XCKFP1*MTYxOTM2NzE1My4xMS4xLjE2MTkzNjcxNjYuNDc
https://pnin-niger.org/web/wp-content/uploads/2022/04/Rapport-16_Analyse-NEXUS_PNIN_24_01_2022_VF_Avril-2022.pdf
https://pnin-niger.org/web/wp-content/uploads/2022/04/Rapport-16_Analyse-NEXUS_PNIN_24_01_2022_VF_Avril-2022.pdf
https://pnin-niger.org/web/wp-content/uploads/2022/04/Rapport-16_Analyse-NEXUS_PNIN_24_01_2022_VF_Avril-2022.pdf
https://pnin-niger.org/web/wp-content/uploads/2022/04/Rapport-16_Analyse-NEXUS_PNIN_24_01_2022_VF_Avril-2022.pdf
https://pnin-niger.org/web/wp-content/uploads/2022/04/Rapport-16_Analyse-NEXUS_PNIN_24_01_2022_VF_Avril-2022.pdf
file:///D:/UniversitÃ©%20Tillaberi/Review%20article%20in%20progress/article%202_en%20cours/01_Niger_CNAM_Fr.pdf
https://www.who.int/publications/i/item/924154693X
https://www.who.int/publications/i/item/924154693X
http://www.ennonline.net/fex/43/prise
https://doi.org/10.1186/s42269-022-00737-9
https://doi.org/10.1186/s42269-022-00737-9
file:///C:/Users/DR%20MANZO/Downloads/9789241505550_eng.pdf
file:///C:/Users/DR%20MANZO/Downloads/9789241505550_eng.pdf


 
 
 
 

Lawaly et al.; EJNFS, 14(11): 63-71, 2022; Article no.EJNFS.93343 
 
 

 
69 

 

Weight of Children Aged under five                
with severe acute malnourishment in 
Pakistan: A pretest-posttest study. Int. J. 
Environ. Res. Public Health. 2021;18: 
9060.  
Available:https://doi.org/10.3390/ijerph 
18179060. 

16. Gouvernement du Niger. Niger : Protocole 
national de prise en charge de la 
malnutrition; 2005.  
Available:https://reliefweb.int/report/niger/ni
ger-protocole-national-de-prise-en-charge-
de-la-malnutrition. 

17. Ahmed TA, Abdulahi HA, Abdifatah E, 
Abdilahi O. Determinants of severe acute 
malnutrition among children aged 6–36 
months in Kalafo district (riverine context) 
of Ethiopia. Scientifc Reports. 
2022;12:5198.  
Available:https://doi.org/10.1038/s41598-
022-09184-y. 

18. Menalu MM, Bayleyegn AD, Tizazu MA, 
Amare NS. Assessment of prevalence and 
factors associated with malnutrition among 
under-five children in Debre Berhan          
Town, Ethiopia. Int J Gen Med. 2021;14: 
1683-97. 

19. Baoua DB, Garba M, Moussa MM, Moussa 
NN, Kamaye M. Evaluation De La Prise En 
Charge De La Malnutrition Aigüe Sévère 
Dans Le Service De CRENI Du Centre 
Hospitalier Régional (CHR) De 
Niamey. ESJ. 2020;16(24):233.  
Available:https://doi.org/10.19044/esj.2020
.v16n24p233. 

20. Boah M, Azupogo F, Amporfro DA, Abada 
LA. The epidemiology of undernutrition and 
its determinants in children under five 
years in Ghana. Plos One. 
2019;14(7):e0219665. 

21. Amadou I, Ilagouma OAT, Oumarou HD, 
Balla A. Evaluation de l’état nutritionnel 
des enfants malnutris dans deux centres 
de santé de Tessaoua (Niger) ayant 
bénéficié des aliments thérapeutiques. Ann 
Afr Med. 2021;14(2):e4124-e4132. 

22. Cruz LMG, Azpeitia GG, Suarez DR, 
Rodriguez AS, Ferrer JFL, Serra-Majem L. 
Factors associated with stunting among 
children aged 0 to 59 months from the 
Central Region of Mozambique. Nutrients. 
2017;9:491. 

23. Mgongo M, Chotta NAS, Hashim TH, Uriyo 
JG, Damian DJ, Stray-Pedersen B, et al. 
Underweight, stunting and wasting among 
children in Kilimanjaro Region, Tanzania; a 
Population-Based Cross-Sectional Study. 

Int. J. Environ. Res. Public Health. 
2017;14:509. 

24. Hien NN, Kams. Nutritional status and the 
characteristics related to malnutrition in 
children under five years of age in Ngheen, 
Vietnam. J Prev Med. Public Health. 
2008;41:232-240. 

25. Amsalu S, Tigabu Z.. Risk factors for 
severe acute malnutrition in children under 
age of five a case control study. 
Ethiop.J.Health Dev. 2008;22(1):21-5. 

26. Hong R, Mishra V. Effect of wealth 
inequality on chronic under nutrition in 
Cambodian children. J Health Popul Nutr. 
2006;24:89-99. PMID: 16796155. 

27. Abdibari M, Dereje B, Samuel M, Daniel T, 
Yusuf M, Kiros G. Magnitude and factors 
associated with malnutrition in children 6–
59 months of age in Shinille Woreda, 
Ethiopian Somali regional state: A cross-
sectional study. BMC Nutrition. 2016;2:44.  
DOI 10.1186/s40795-016-0079-1. 

28. Scott BI, Taylor EH, Valerie LF. Maternal 
literacy, facility birth, and education are 
positively associated with better infant and 
young child feeding practices and 
nutritional status among Ugandan                
children. J Nutr. 2015;145(11):2578-            
2586.  
PMCID: PMC4620722. PMID: 26377762 

29. Obianuju I, Gilbert A, Anthony I, Ngozi I, 
Agozie U, Christopher E, et al. Socio-
demographic determinants of malnutrition 
among primary school aged children in 
Enugu, Nigeria. Pan Afr Med J. 
2017;28:248  
DOI: 10.11604/pamj.2017.28.248.13171. 

30. UNICEF. Tracking progress on child and 
maternal nutrition: A survival and 
development priority; United                      
Nations children’s fund: New York, NY, 
USA; 2009. 

31. Aliyu AA, Oguntunde OO, Dahiru T, Raji T. 
Prevalence and determinants of 
malnutrition among pre-school children in 
Northern Nigeria. Pak. J. Nutr. 
2012;11:1092–1095.  
DOI: 10.3923/pjn.2012.1092.1095.  

32. Sphiwe M, Paul KC, Mathildah MM. 
Attending informal preschools and daycare 
centers is a risk factor for underweight, 
stunting and wasting in children under the 
age of five years in underprivileged 
communities in South Africa. Int. J. 
Environ. Res. Public Health. 2019;16: 
2589.  
DOI:10.3390/ijerph16142589. 

https://reliefweb.int/report/niger/niger-protocole-national-de-prise-en-charge-de-la-malnutrition
https://reliefweb.int/report/niger/niger-protocole-national-de-prise-en-charge-de-la-malnutrition
https://reliefweb.int/report/niger/niger-protocole-national-de-prise-en-charge-de-la-malnutrition
https://doi.org/10.1038/s41598-022-09184-y
https://doi.org/10.1038/s41598-022-09184-y
https://doi.org/10.19044/esj.2020.v16n24p233
https://doi.org/10.19044/esj.2020.v16n24p233
https://pubmed.ncbi.nlm.nih.gov/?term=Ickes%20SB%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Hurst%20TE%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Flax%20VL%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/26377762
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6011006/
https://doi.org/10.11604%2Fpamj.2017.28.248.13171
https://dx.doi.org/10.3923/pjn.2012.1092.1095


 
 
 
 

Lawaly et al.; EJNFS, 14(11): 63-71, 2022; Article no.EJNFS.93343 
 
 

 
70 

 

33. Noshaba S, Saima M, Shafquat A. 
Relationship of sociodemographic factors 
with malnutrition in preschool children: A 
community based study. Pakistan Journal 
of Medical Research. 2013;52(4). 

34. Alderman H, Luc C. Child malnutrition in 
Ethiopia: Can maternal knowledge 
augment the role of income? Economic 
Development and Cultural Change. 
2004;52(2):287-312. 

35. Adeyonu AG, Obisesan AA, Balogun OL. 
Determinants of malnutrition of under-five 
children among rural households in the 
Southwest, Nigeria. Food Research. 
2022;6(1):215-222.  
Available:https://doi.org/10.26656/fr.2017.6
(1).729. 

36. Bohnsack BL, Hirschi KK. Nutrient 
regulation of cell cycle progression. Annu 
Rev Nutr. 2004;24:433–53.  
DOI: 10.1146/annurev.nutr.23.011702.073
203. 

37. Borelli P, Blatt SL, Rogero MM, Fock RA. 
Haematological alterations in protein 
malnutrition. Rev Bras Hematol Hemoter. 
2004;26(1):49–56.  
DOI:10.1590/S1516-84842004000100010. 

38. Santos EW, Oliveira DC, Silva GB, et al. 
Hematological alterations in protein 
malnutrition. Nutr Rev. 2017;75(11):909–
919.  
DOI:10.1093/nutrit/ nux041. 

39. McKenna SL, Cotter TG. Functional 
aspects of apoptosis in hematopoiesis and 
consequences of failure. Adv Cancer Res. 
1997;71(7):121-164.  
DOI: 10.1016/s0065-230x(08)60098-6. 

40. Gohain EK, Pathak K, Choudhury B. A 
case control study of hematological 
changes in children with protein energy 
malnutrition attending Gauhati Medical 
College and Hospital. J Appl Dent. 
2016;15(10):25-29.  
DOI:10.9790/0853-1510012529 

41. Getawa S, Getaneh Z, Melku M. 
Hematological abnormalities and 
associated factors among undernourished 
under-five children attending University of 
Gondar Specialized Referral Hospital, 
Northwest Ethiopia. J Blood Med. 
2020;11:465-478.  
DOI: 10.2147/JBM.S284572. 

42. Keerthiwansa J, Gajealan S, Sivaraja S, 
Subashini K. Malnutrition and anaemia 
among hospitalised children in          
Vavuniya. Ceylon Med J. 2014;59(4):141-
143.  

DOI:10.4038/cmj.v59i4.7869. 
43. Rahman MS, Mushfiquee M, Masud MS, 

Howlader T. Association between 
malnutrition and anemia in under-five 
children and women of reproductive age: 
evidence from Bangladesh demographic 
and health survey. PLoS One. 
2019;14(7):e0219170.  
DOI:10.1371/ journal.pone.0219170. 

44. Orne CJ, Roberts LM, Edwards DR, Haque 
MS, Cumbassa A, Last AR. “Anaemia and 
malnutrition in children aged 0-59 months 
on the Bijag´os Archipelago, Guinea-
Bissau, West Africa: A cross-sectional, 
population-based study.” Paediatr Int Child 
Health. 2013;33(3):151-160.  
DOI: 10.1179/2046905513Y.0000000060.  

45. Arya AK, Kumar P, Midha T, Singh M. 
Hematological profile of children with 
severe acute malnutrition: A tertiary care 
centre experience. Int J Contemp Pediatr. 
2017;4:1577-80.  
Available:http://dx.doi.org/10.18203/2349-
3291.ijcp20173072.  

46. Thakur N, Chandra J, Pemde H, Singh V. 
Anemia in severe acute malnutrition. 
Nutrition. 2014;30(4):440-2.  
DOI: 10.1016/j.nut.2013.09.011. 

47. Rosen EU, Geefhuysen J, Anderson R, 
Joffe M, Rabson AR. Leucocyte function in 
children with kwashiorkor. Arch Dis Child. 
1975;50(3):220-224.  
DOI: 10.1136/adc.50.3.220.   

48. Nathan DG. Regulation of 
Haematopoiesis. Pediatr Research. 
1990;27(5):423-7.  
Available:https://www.nature.com/articles/p
r199096.pdf?origin=ppub 

49. Patel MP, Sandige HL, Ndekha MJ, Briend 
A, Ashorn P, Manary MJ. Supplemental 

feeding with ready‐to‐use therapeutic food 
in Malawian children at risk of 
malnutrition. J Health Popul 

Nutr. 2005;23(4):351‐7. PMID: 16599106. 
50. Phuka JC, Maleta K, Thakwalakwa C, 

Cheung YB, Briend A, Manary MJ, et 
al. Complementary feeding with fortified 
spread and incidence of severe stunting in 

6‐ to 18‐month‐old rural Malawians. Arch 

Pediatr Adolesc Med. 2008;162(7):619‐       
26.  
DOI: 10.1001/archpedi.162.7.619. 

51. Aguayo VM, Badgaiyan N, Qadir SS, Bugti 
AN, Alam MM, Nishtar N, et al. Community 
Management of Acute Malnutrition 
(CMAM) programme in Pakistan effectively 
treats children with uncomplicated severe 

https://doi.org/10.26656/fr.2017.6(1).729
https://doi.org/10.26656/fr.2017.6(1).729
https://doi.org/10.1146/annurev.nutr.23.011702.073203
https://doi.org/10.1146/annurev.nutr.23.011702.073203
https://doi.org/10.1016/s0065-230x(08)60098-6
https://doi.org/10.9790/0853-1510012529
http://dx.doi.org/10.18203/2349-3291.ijcp20173072
http://dx.doi.org/10.18203/2349-3291.ijcp20173072
https://doi.org/10.1016/j.nut.2013.09.011
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1544509/
https://doi.org/10.1136%2Fadc.50.3.220
https://www.nature.com/articles/pr199096.pdf?origin=ppub
https://www.nature.com/articles/pr199096.pdf?origin=ppub


 
 
 
 

Lawaly et al.; EJNFS, 14(11): 63-71, 2022; Article no.EJNFS.93343 
 
 

 
71 

 

wasting. Matern. Child Nutr. 2018;14: 
e12623. 

52. Bashir A, Zaman S. Effectiveness and 
acceptability of ready-to-use therapuetic 
foods among malnourished children in a 
tertiary care hospital. J Ayub Med Coll 
Abbottabad. 2016;28(3):501-505. 

53. Thakwalakwa C, Ashorn P, Phuka J, 
Cheung YB, Briend A, Puumalainen T, et 

al. A lipid‐based nutrient supplement but 

not corn‐soy blend modestly increases 
weight gain among 6‐ to 18‐month‐old 
moderately underweight children in rural 

Malawi. J Nutr. 2010;140(11):2008‐13.  

DOI: 10.3945/jn.110.122499. 
54. Kaleem R, Aziz N, Zaman S, Salimi 

MA. Nutritional rehabilitation of severely 
malnourished children by high density diet 
in comparison to ready to use therapeutic 

food. Pak Paed J. 2014;38(4): 235‐43. 
55. Balhara KS, Silvestri DM, Winders WT, 

Selvam A, Kivlehan SM, Becker TK, et 
al. Impact of nutrition interventions on 
pediatric mortality and nutrition outcomes 
in humanitarian emergencies: A systematic 
review. Trop Med Int Health. 2017;22(12): 
1464‐92.  
DOI: 10.1111/tmi.12986.

 

© 2022 Lawaly et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.  
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/93343 

https://doi.org/10.3945/jn.110.122499
https://doi.org/10.1111/tmi.12986
http://creativecommons.org/licenses/by/2.0

