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Abstract
Background: Despite consistent efforts to enhance child nutrition, poor nutritional status of children
continues to be a major public health problem in Nepal. This study identi�ed the predictors of severe
acute malnutrition (SAM) among children aged 6-59 months in the two districts of Nepal.

Methods: We used data from a cross-sectional study conducted among 6 to 59 months children admitted
to the Outpatient Therapeutic Care Centres (OTCC). The nutritional status of children was assessed using
mid-upper arm circumference (MUAC) measurement. To determine which variables predict the occurrence
of SAM, adjusted odds ratio was computed using multivariate logistic regression and p-value <0.05 was
considered as signi�cant.  

Results: Out of 398 children, 5.8 percent were severely malnourished and the higher percentage of female
children were malnourished. Multivariate analysis showed that severe acute malnutrition was
signi�cantly associated with family size (�ve or more members) (Adjusted Odds Ratio [AOR]: 3.96; 95%
Con�dence Interval [CI]: 1.23 - 12.71). Children from severely food insecure households (AOR: 4.04; 95%
CI: 1.88-10.53) were four times more likely to be severely malnourished. Higher odds of SAM were found
among younger age-group (AOR: 12.10; 95% CI: 2.06 - 71.09) children (0 - 12 vs. 24 - 59 months). .

Conclusions: The �ndings of this study indicated that household size, household food access, and the
child’s age were the major predictors of severe acute malnutrition. Engaging poor families in kitchen
gardening to ensure household food access and nutritious diet to the children, along with health
education and promotion to the mothers of young children are therefore recommended to reduce child
undernutrition. 

Background
Children’s right to have access to safe diet and adequate nutrition is undeniable, and ful�lment of their
right is essential to attain the highest standard of health [1]. Children’s age under 59 months is the critical
period for rapid physical growth as well as overall child development. Children suffer from various forms
of undernutrition if the nutritional requirement is compromised. Undernutrition among children is a
signi�cant contributor to the global disease burden, and a leading cause of child mortality worldwide [2].
Severe acute malnutrition (SAM) refers to the condition that is identi�ed by Mid-Upper Arm Circumference
(MUAC) measurement of less than 115 mm or weight for height (wasting) less than minus 3SD z-score
below the median in 6 to 59 months children [3].  Classi�cation of mild, moderate, or severe
undernutrition are based on anthropometric, biochemistry measurement, and clinical assessment [4].
Though the risk of death among children in the SAM category (MUAC < 115 mm) is closely associated
with the severity of undernutrition, SAM children usually have an in�rmed immune response that put
them at increased risk of dying [3, 5].

Globally, 7.5 million under-�ve children are wasted and 16.4 million are severely undernourished [6]. SAM
contributes to over one million under-�ve deaths per annum. Survivors of acute malnourished children are
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at increased risk of developing stunting and various diseases, disorders, poor educational performance
and low productive life [7]. Child undernutrition is a critical public health issue ubiquitous in many
developing countries where various infectious diseases are rampant [5, 8]. Several studies have showed
the association between SAM and poverty [9, 10], large family size [11], low dietary diversity and
unimproved sanitation, and hygiene [9, 12], exposure to pathogens and recurrent infections [13, 14]. The
prevalence of stunting wasting and underweight according to the 2016 Nepal Demographic and Health
Survey (NDHS) was 36%, 10%, and 27%, respectively. The rate of stunting and underweight among under
�ve-years children showed a gradual downward trend since 1996, however, the decline in wasting was
minimal. The rate of wasting among under-�ve years children was higher in rural areas and in province 1
and 2 [15]  [16]. Overall health indicators in province 2 are relatively low, especially among poorer
households. The problem of undernutrition in province 2 is still high and poses challenges in the
attainment of goals to improve the nutrition status of children [17].

Children are the most vulnerable population and are more likely to be susceptible to undernourished
during the emergency [18]. Several studies have discussed the possibility of treating SAM children at the
community level in an emergency setting through outpatient therapeutic care centres (OTCC) [19, 20]. As
per the protocol of Nepal Integrated Management of Acute Malnutrition (IMAM), a child with SAM can be
treated in OTCC if no further medical complications are present [21, 22]. The treatment of SAM through
community-level health facilities was possible because of the development of ready-to-use therapeutic
foods (RUTF) and acceptance of MUAC for the screening of SAM [23]. MUAC is a widely used rapid
nutritional assessment measure based on the assumption that it closely related to muscle mass to
identify SAM in children [24].

Besides disruption of food supply chain and socio-demographic stability, natural calamities such as
earthquake and �oor, affect the systematic health services affecting health care utilization of mothers
and children. During the monsoon season, districts in Eastern Terai (low land in province 1 and 2) are
hard hit by �ooding, disturbing infrastructure, and social phenomena. Heavy rainfall in August 2017
triggered �ash �ood and landslide in 32 Terai districts in Nepal including Bara and Jhapa. Food supply,
emergency, and basic medical services were heavily interrupted due to widespread �ooding [25]. In
addition, nutritious food consumption by the children and mothers during this period was well below
minimum standards due to low availability of the ration and other food and non-food items [26].

There is a lack of evidence on the prevalence and determinants of SAM among children aged 6-59
months. To our best knowledge, this study is the �rst of its kind in Nepal to investigate the risk factors of
SAM from the �ood-affected districts that was studied soon after an emergency. Therefore, the objective
of the study was to identify the factors related to severe acute malnutrition and to generate
comprehensive �ndings that could be helpful in planning nutrition programs in emergency settings in
Nepal.

Methods
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Study area

This study was conducted among children in two randomly selected districts from province 1 (Jhapa)
and province 2 (Bara). These are Terai (lower land) districts bordering to India. Jhapa district is better off
than the Bara district in terms of human development index [27].

Study settings and participants

A cross-sectional study was conducted among children 6–59 months in April to June 2018. The sample
size for the study was calculated using the formula, n=Z2p(1 – p)/d2 where n is the number of samples
required, Z is the value associated with the 95% con�dence interval, d is the precision margin of error at
5%, and p is the prevalence of diseases. For this study, we assumed 14.4% prevalence rate of acute
malnutrition, 5% margin of error, and 95% con�dence level [15, 22]. The sample size of 197 plus an
addition 10% non-response rate yielded a total sample size of 217 for each district. The �nal sample size
after data cleaning and excluding incomplete data from the two districts was 398. OTCC in a district were
considered as strata. All OTCs, 16 from Jhapa and 19 from Bara, were included in the sampling frame
and selected using a systematic sampling method. The required number of children was then divided by
the number of OTCs and selected consecutively after a �xed interval. 

Inclusion criteria 

Eligible mothers of 6 to 59 months children attending OTCs were selected and interviewed.

 

 

Exclusion criteria 

Children with known chronic illnesses, and congenital abnormality which affects the feeding pattern of
the children were excluded from the study.

Questionnaire

The structured questionnaire was developed based on the study objectives. Indicators related to
household socio-economic characteristics, education level, toilet facility, and food security [28], nutritional
assessment, breastfeeding status, were validated and adopted from the 2016 NDHS questionnaire [15].
All the questions were pretested during the pilot test in a non-sampled OTC.

Outcome variables

Outcome of interest for this study was severe acute malnutrition among children aged between 6 to 59
months [3]. To identify acute malnutrition in children, measurement of MUAC less than 115 mm was used
as cut-off criteria based on the 2007 WHO child growth standards [29].
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 Independent variables

Independent variables were categorized into three levels; household factors, child factors, and maternal
factors. A robust literature review was done to regroup the potential factors associated with SAM.
Household factors included variables such as place of residence (urban and rural municipality), family
type, family size, ethnicity, household income, availability of toilet facility at the household, possession of
land size, kitchen garden, and household food insecurity. The family type was classi�ed as nuclear and
joint, and the family size was categorized into two categories i) 1 to 5 members, and ii) 5 or more
members. Ethnicity variable was grouped into three categories: relatively advantaged (Brahmin/Chhetri),
relatively disadvantaged (Janajati/Muslims), and Madhesi and other unidenti�ed. Madhesi is a
predominant caste in Nepal who resident in Terai region [30]. The annual income of a household was
asked with the respondent to determine the economic status of household. The household income was
categorized based on annual family income standards as recommended by the National Bank (Nepal
Rastriya Bank) [31]. The possession of land size was grouped into two categories: households having
less than 0.5 hectors of land and the households having 0.5 or more hectors of land. Household Food
Insecurity Access Scale (HFIAS) measurement tool was used to collect information on food insecurity at
household level developed by the Food and Nutrition Technical Assistance Project (FANTA) [28]. Child
factors comprised of gender and age of child, number of children in the household variables. Birth order
was categorized as �rst, second, and third, or more. Likewise, the birth interval of between child was
classi�ed into two categories; i) less than 2 years and ii) more than 2 years. Maternal level factors
included mother’s age, education, occupation (working and employed), breastfeeding practices such as
colostrum feeding and exclusive breastfeeding practice. Maternal age was grouped as 15 to 20 years, 21
to 29 years, and 30 and above years. The mother’s education status was categorized as illiterate, literate,
primary, secondary, and higher education. Early initiation of breastfeeding indicator included two
categories i) within an hour (mother who breastfeed children within an hour of birth) and ii) delayed
(mother who breastfeed children after one hour of birth). 

Data collection and analysis

Face to face interview was conducted with a mother of eligible children by the trained enumerators using
a paper-based structured questionnaire. Legibility and completeness of data were ensured during the
data collection period and any inconsistencies were addressed during the �eldwork. Anthropometric tools,
SECA digital weighing scale for weight and height board (Stadiometer) for height/length measurement of
6 to 59 months children were used. Shakir tape was used to measure MUAC from the child’s left arm to
the nearest 0.1 cm (1 mm) margin. Child’s weight was measured with no or minimum layer of dress and
all the measurement was taken during daytime as recommended by WHO 2006 growth standards [32].
Descriptive statistics of 398 children aged 6 to 59 months were presented as frequencies and
percentages along with the calculation of Pearson’s chi-square test to determine associations between
predictors and outcome variables. Also, we used multivariate logistic regression analysis to report the
association between SAM and its determinants. All characteristics associated (p < 0.05) with each
outcome in chi‐squared tests were included in the multivariable model. Odds ratios (OR) and 95%
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con�dence intervals (CI) were derived and two-sided p-values less than 0.05 were considered as level of
signi�cant. No multicollinearity between independent variables was found. All analysis was performed in
Stata software version 15.0 [33]. 

Ethical considerations and informed consent

The ethical approval for this study was granted by the Nepal Health Research Council, Kathmandu, Nepal.
Eligible mothers of under-�ve years children who were willing to participate in the study were interviewed
after obtaining written consent.

Results
Out of total 398 children of 6 to 59 months, more than half were female, and the average age of children
in the study was 24.3 (±15.4). Almost six percent of children were severely malnourished and the mean
MUAC of children in SAM category was 112.0 mm (±3.19). A higher percentage of children were from
urban municipalities (59.3%), and lived in a joint family (55.3%). The average family size was 5.7 (±2.6)
and the mean number of children in a household was 2.1 (±1.3); averages of family members and
number of children were higher in SAM category. Nearly three-quarters of children belonged to low-income
households. One-fourth of the children was Madhesi and approximately one �fth (18.8%) had no toilet
facility in their household. More than half (56.5%) of the mothers reported to have kitchen garden at their
household. Nearly two-thirds (64.1%) of the households were food secured while 11.8 % of the
households were severely food insecure (Table 1). Approximately half (46.5%) of the children participated
in our study were eldest. More than half (58.3%) of the mothers were between the age group 21-29 years
followed by 30 and above (29.4%) years. Almost one-�fth (18.8 %) of the mothers were illiterate while
nearly one fourth (24.4 %) of mothers had higher-level education. Six out of ten children were breastfed
within one hour of birth and more than half (67.8%) children were exclusively breastfed.

Table 1 Selected sociodemographic characteristics of mothers of 6–59 mothers (n=398) 
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Characteristics Total Child with SAM P value
N (%) No Yes  

398 100 94.2 5.8
Household factors          
Place of residence         0.780
Urban Municipality 236 59.3 94.5 5.5  
Rural Municipality 162 40.7 93.8 6.2  
Family type         0.758
Nuclear 178 44.7 93.8 6.2  
Joint 220 55.3 94.5 5.5  
Family size         0.012
Average family size (±SD) 5.7 (±2.6)   5.7 (±2.7) 6.5 (±2.1)  
1-5 222 55.8 96.8 3.2  
5 or more 222 44.2 90.9 9.1  
Number of children         0.003
Average number of children (±SD) 2.1 (±1.3)   1.2 (±0.4) 1.5 (±0.5)  
1-2 296 74.4 96.3 3.7  
3 or more 102 25.6 88.2 11.8  
Household income         0.050
< average (Rs 30,121) 294 73.9 92.9 7.1  
>average  104 26.1 98.1 1.9  
Ethnicity         0.002
Relatively advantaged (Brahmin/Chhetri) 143 35.9 98.6 1.4  
Relatively disadvantaged (Janajati/Muslims) 155 38.9 94.2 5.8  
Madhesi and other unidentified) 100 25.1 88.0 12.0  
Toilet facility         <0.001
Yes 323 81.2 96.3 3.7  
No 75 18.8 85.3 14.7  
Land size (n=205)         0.227
Less than 0.5 ha 101 50.3 96 4  
0.5 or more ha 100 49.8 92 8  
Kitchen garden         0.009
Yes 225 56.5 96.9 3.1  
No 173 43.5 90.8 9.2  
Food Insecurity         0.008
Food secure 255 64.1 96.9 3.1  
Mildly food insecure 41 10.3 92.7 7.3  
Moderate food insecure 55 13.8 90.9 9.1  
Severely food insecure 47 11.8 85.1 14.9  
Child factors          
Sex of child         0.452
Male  186 46.7 95.2 4.8  
Female 212 53.3 93.4 6.6  
Child age (months)         0.018
6-11 97 24.4 91.8 8.2  
12-23 137 34.4 91.2 8.8  
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24-59 164 41.2 98.2 1.8  
Mean age in month (±SD) 24.3 (±15.4) 24.8 (±15.6) 15.6 (±8.2)  
Mean MUAC (mm) (±SD) 138.14 (±14.6) 139.7 (±13.4) 112.0 (±3.19)  
Birth Order          0.003
1 185 46.5 97.8 2.2  
2 123 30.9 93.5 6.5  
3 or more 90 22.6 87.8 12.2  
Birth interval (n=228)         0.168
Less than 2 years 57 25.3 87.7 12.3  
More than 2 years 168 74.7 93.5 6.5  
Maternal level factors          
Mother’s age at child birth (years)         0.123
15-20 49 12.3 89.8 10.2  
21-29 232 58.3 93.5 6.5  
30 and above 117 29.4 97.4 2.6  
Mother’s education         0.022
No education 75 18.8 90.7 9.3  
Literate 46 11.6 87 13  
Primary 63 15.8 92.1 7.9  
Secondary 117 29.4 97.4 2.6  
Higher 97 24.4 97.9 2.1  
Early initiation of breastfeeding         0.722
Delayed 159 40.0 93.7 6.3  
Within an hour 239 60.1 94.6 5.4  
Exclusive breastfeeding         0.013
Yes 270 67.8 92.2 7.8  
Less than six months 128 32.2 98.4 1.6  

 *p value is based on the Pearson chi-square test

 

In the multivariable logistic regression analysis, households with family size of �ve or more members
was signi�cantly associated with SAM [adjusted odds ratio (AOR): 3.96; 95% CI: 1.23 - 12.71]. Children of
households experiencing severe food insecurity were four times (CI: 1.12 - 14.61) more likely to be
severely malnourished compared to children in the food secured households. Three household indicators;
children from Madhesi ethnicity, family without toilet facility, and no kitchen garden were signi�cant
predictors of SAM as reported in the unadjusted logistics regression model. Relative to 24 to 59 months
children, children 6 to 12 months and 12 to 23 months had 12.1 and 6.6 times higher odds of being
severely malnourished, respectively. However, there was no association with SAM and ethnicity, toilet
facility, having kitchen garden, birth order, mother’s education level, and exclusive breastfeeding practices
in the adjusted multivariate model (Table 2).

Table 2: Predictors of severe acute malnutrition among children 6 to 59 months visiting Outpatient Therapeutic
Centres (n=398)a
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Characteristics Unadjusted
odds ratios

95% CI P
value

Adjusted odds
ratios

95% CI P
value

Family size            

1-5 member/s (Ref) 1     1    

5 or more members 3.07 (1.24 -
7.64)

0.02 3.96 (1.23 -
12.71)

0.02

Number of children            

1-2 (Ref) 1     1    

3 or more 3.46 (1.47 -
8.10)

0.004 4.92 (0.24 -
100.1)

0.30

Ethnicity            

Relatively advantaged
(Brahmin/Chhetri) (Ref)

1     1    

Relatively disadvantaged
(Janajati/Muslims)

4.35 (0.92 -
20.47)

0.06 1.20 (0.12 -
12.23)

0.88

Madhesi and other unidentified 9.61 (2.10 -
43.98)

<0.01 3.18 (0.30 -
33.84)

0.34

Toilet facility            

Yes (Ref) 1     1    

No 4.45 (1.88 -
10.54)

<0.00 1.54 (0.48 -
4.96)

0.47

Kitchen garden            

Yes (Ref) 1     1    

No 3.17 (1.28 -
7.90)

<0.01 2.56 (0.82 -
8.00)

0.11

Food Insecurity            

Food secure (Ref) 1     1    

Mildly food insecure 2.44 (0.62 -
9.59)

0.20 1.30 (0.26 -
6.53)

0.75

Moderate food insecure 3.09 (0.97 -
9.83)

0.06 0.58 (0.13 -
2.52)

0.46

Severely food insecure 5.40 (1.86 -
15.72)

<0.01 4.04 (1.12 -
14.61)

0.03

Child factors            

Child age (months)            

6 - 12 4.82 (1.25 -
18.64)

0.02 12.10 (2.06 -
71.09)

<0.01

12 - 23 5.15 (1.42 -
18.65)

<0.01 6.61 (1.24 -
35.25)

0.03
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24 - 59 (Ref) 1     1    

Birth Order            

1 (Ref) 1     1    

2 3.15 (0.93 -
10.69)

0.066 4.09 (0.99 -
16.87)

0.05

3 or more 6.30 (1.95 -
20.39)

<0.01 0.64 (0.03 -
15.14)

0.78

Maternal factors            

Mother’s education            

No education 4.89 (0.99 -
24.27)

0.05 0.34 (0.026 -
4.59)

0.42

Literate 7.13 (1.38 -
36.82)

0.02 0.57 (0.04 -
7.80)

0.68

Primary 4.10 (0.77 -
21.80)

0.10 0.91 (0.08 -
10.18)

0.94

Secondary 1.25 (0.21 -
7.64)

0.81 0.54 (0.052 -
5.61)

0.61

Higher (Ref) 1     1    

Exclusive breastfeeding            

Yes (Ref) 1     1    

No 0.19 (0.043 -
0.82)

0.03 0.38 (0.070 -
2.03)

0.26

a Estimates are adjusted odds ratios and 95% confidence intervals from logistic regression
Ref. = Reference Category, 
Statistically significant at p<0.05  
 

Discussion
Our study used WHO standards for MUAC cut-off of below 115 mm to identify SAM among children aged
6 to 59 months. The MUAC measurement was used over weight-for height below -3 SD of the WHO
standards because both of these measures give almost similar prevalence of SAM [3]. MUAC is regarded
as a cost-effective and easiest method to early detect SAM in children with minimal risk and many
potential bene�ts [34]. We found that only 5.8 percent of children admitted to the OCTs were severely
malnourished. Signi�cant predictors of SAM among children aged 6 to 59 months included family size,
household access to food, child age and mother’s working status. The study further indicated that the
prevalence of SAM was signi�cant (p>0.05 in chi-square test and in the unadjusted regression model)
among families having three or more children, children belonging to Madhesi ethnicity, households with
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no toilet facilities and no kitchen garden, order of birth greater than two, illiterate mothers and children
with no exclusive breastfeeding practices.

Households with �ve or more members and households with three or more children were statistically
associated with SAM. Higher the number of family members in the household more will be the burden to
household to provide optimum nutritious food to all the family members and children. Higher the number
of children in household, it unlikely that every child gets proper care and time, putting them at higher risk
of being malnourished. This �nding is coherent with a study conducted in India [35], Ethiopia [36, 37], and
Uganda [38]. Our study �nding indicated that SAM among children was signi�cantly associated with
ethnicity. Children belonging to the Madhesi were higher at risk of being malnourished indicating that
disparities in undernutrition in terms of ethnic background exist in Nepal. A study investigated the
inequality in terms of ethnicity in the utilization of health services in Nepal reported a higher prevalence of
childhood malnutrition among Terai ethnicities where mainly Madhesi ethnicity resides [17]. This may be
due to the fact that Madhesi ethnicity is underprivileged group and have socio-cultural practices that
hinder health service utilization and the adoption of health practices. In our study toilet facility at
household showed a signi�cant association with SAM. Availability of toilet facility is directly linked with
child’s hygiene and nutrition. Hygiene and sanitation behaviours, therefore, are essential factors to
improve the nutritional status of children. Similar results were reported in studies done previously [39, 40].
Children in the food insecure households were more likely to be malnourished. Several studies have
found a similar association between household food insecurity and malnutrition among children [41, 42].
This �nding is plausible as the reduced or compromised quality of diet due to lack of food or limited
availability of food, could not meet the dietary requirement in terms of quantity and quality of child’s diet.
This poses children at a greater risk of undernutrition [43]. Notably, among mothers who were illiterate,
the likelihood of children being severely malnourished was higher. The unadjusted model in our study
reported signi�cant association between SAM and mother education. This �nding is consistent with the
studies from Bangladesh [9] Ethiopia [44], and Pakistan [11] which showed that the maternal education is
the key factor by which mother have better understanding of child nutrition and acts as a protective
factor against undernutrition. Exclusive breastfeeding practice in this study was signi�cantly associated
with SAM. This �nding was comparable with the studies from Nepal and Pakistan [11, 45, 46]. The
�nding highlights the importance of exclusive breastfeeding from which children receive nutrition that
have several bene�ts including reduction in gastrointestinal infection [47]. However, the association was
not found between SAM and early initiation of breastfeeding. The possible explanation for this would be
the exclusive breastfeeding rather than early breastfeeding provides protective nutrition to the children for
an extended period of time. This �nding is in agreement with �ndings from Nepal and India [45, 46, 48].

Apart from these �ndings, this study has several limitations. The cross-sectional design of the study
limits to capture the actual prevalence of acute malnutrition among children and the observational study
design restrained us to eliminate associations are due to residual confounding. Since the study was
conducted in two districts of province 1 and province 2 in Nepal, hence the �ndings are not a true
representation of SAM of entire country.
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Conclusions
In this study, notably higher percentages of SAM children were from the households with �ve or more
family members. We found that household food access and child’s age were independently associated
with acute childhood malnutrition. Hence, education and awareness to the mothers could play a vital role
in improving child nutrition status. Our �ndings emphasized the need to strengthen the nutrition status of
children in food-insecure households by promoting access to food and various source of nutrition.
Nutrition programs should be prepared to serve the poorest and disadvantaged mothers and children
during and after emergency. Large-scale epidemiological studies are needed to investigate determinants
of SAM and explore the best approach to deal with SAM during emergencies.

List Of Abbreviations
AOR; Adjusted Odds Ratio, CI; Con�dence Interval, IMAM; Nepal Integrated Management of Acute
Malnutrition, NDHS; Nepal Demographic and Health Survey, MUAC; mid-upper arm circumference, OTCC;
Outpatient Theraputic Centers, MAM; Moderate Acute Malnutrition, OTC; Outpatient Therapeutic Care,
RUFT; ready-to-use therapeutic food, SAM; Severe Acute Malnutrition, SD; Standard Deviation, WHO;
World Health Organization

Declarations
Ethics approval and consent to participate

Ethical approval for this study was granted by the Nepal Health Research Council. A written consent was
taken with the participants before starting the interview.

Consent for publication

Not applicable

Availability of data and materials

The datasets analysed in this study are not publicly available due to ethical concerns.  

Competing interests

The authors declared no competing interest.

Funding

The authors received no �nancial support for the publication of this article.

Authors' contributions



Page 13/17

UG; designed the concept of the study, conducted statistical analysis, interpreted the results, and drafted
the study. BKA, AKG, SS oversaw and supervised data collection, and critically interpreted the �ndings. All
authors approved the �nal version of article.

Acknowledgements

We would like to acknowledge the study participants for their support in this study and the Nepal Health
Research Council for providing grant to conduct the study.

Authors' information

This article is an original work and has not been submitted for publication elsewhere. All authors have
read and approved the content of the submitted manuscript.

References
1. WHO, UNICEF. Global strategy for infant and young child feeding: World Health Organization; 2003.

2. Black RE, Allen LH, Bhutta ZA, Caul�eld LE, De Onis M, Ezzati M, et al. Maternal and child
undernutrition: global and regional exposures and health consequences. The lancet.
2008;371(9608):243-60.

3. World Health Organization, UNICEF. WHO child growth standards and the identi�cation of severe
acute malnutrition in infants and children: joint statement by the World Health Organization and the
United Nations Children's Fund. 2009.

4. Picot J, Hartwell D, Harris P, Mendes D, Clegg A, Takeda A. The effectiveness of interventions to treat
severe acute malnutrition in young children: a systematic review. Health technology assessment
(Winchester, England). 2012;16(19):1.

5. Pelletier DL, Frongillo EA, Jr., Schroeder DG, Habicht JP. The effects of malnutrition on child mortality
in developing countries. Bulletin of the World Health Organization. 1995;73(4):443-8.

�. UNICEF. Levels and trends in child malnutrition UNICEF-WHO-World Bank Group joint child
malnutrition estimates: key �ndings of the 2015 edition. New York: UNICEF, WHO, World Bank Group.
2015.

7. Tang L, Binns CW, Lee AH, Pan X, Chen S, Yu C. Low prevalence of breastfeeding initiation within the
�rst hour of life in a rural area of Sichuan Province, China. Birth. 2013;40(2):134-42.

�. Chisti MJ, Tebruegge M, La Vincente S, Graham SM, Duke T. Pneumonia in severely malnourished
children in developing countries–mortality risk, aetiology and validity of WHO clinical signs: a
systematic review. Tropical medicine & international health. 2009;14(10):1173-89.

9. Islam MM, Alam M, Tariquzaman M, Kabir MA, Pervin R, Begum M, et al. Predictors of the number of
under-�ve malnourished children in Bangladesh: application of the generalized poisson regression
model. BMC public health. 2013;13(1):11.



Page 14/17

10. Meshram II, Arlappa N, Balakrishna N, Rao KM, Laxmaiah A, Brahmam GNV. Trends in the prevalence
of undernutrition, nutrient and food intake and predictors of undernutrition among under �ve year
tribal children in India. Asia Paci�c journal of clinical nutrition. 2012;21(4):568.

11. Jamro B, Junejo AA, Lal S, Bouk GR, Jamro S. Risk factors for severe acute malnutrition in children
under the age of �ve year in Sukkur. Pakistan Journal of Medical Research. 2012;51(4):111.

12. Menon P, Cyriac S, Coates S, Aguayo V. DIET QUALITY, WATER AND TOILETS: WHAT ROLES FOR
CHILD UNDERNUTRITION IN INDIA?: PO1657. Annals of Nutrition and Metabolism. 2013;63.

13. Meshram II, Arlappa N, Balakrishna N, Laxmaiah A, Mallikarjun Rao K, Gal Reddy C, et al. Prevalence
and Determinants of Undernutrition and its Trends among Pre-School Tribal Children of Maharashtra
State, India. Journal of Tropical Pediatrics. 2011;58(2):125-32.

14. Ashworth A. E�cacy and Effectiveness of Community-Based Treatment of Severe Malnutrition. Food
and Nutrition Bulletin. 2006;27(3_suppl3):S24-S48.

15. Ministry of Health, New ERA, ICF. Nepal Demographic and Health Survey 2016. Kathmandu, Nepal:
Ministry of Health, Nepal; 2017.

1�. World Health Organization, UNICEF, World Food Programme. Global Nutrition Targets 2025: Wasting
Policy Brief: World Health Organization; 2014.

17. Ghimire U, Manandhar J, Gautam A, Tuladhar S, Prasai Y, Tesfayi Gebreselassie. Inequalities in
Health Outcomes and Access to Services by Caste/Ethnicity, Province, and Wealth Quintile in Nepal.
Rockville, Maryland, USA: ICF; 2019.

1�. Sheeran J. The challenge of hunger. Lancet (London, England). 2008;371(9608):180-1.

19. Collins S. Community-based therapeutic care: a new paradigm for selective feeding in nutritional
crises. Overseas Development Institute (ODI); 2004.

20. Teferi E, Teklemariam S, Erosie L, Hailu A, Belachew T, Yassin M. Management of severe acute
malnutrition in children using community based therapeutic care approach: a review of three years
data from southern Ethiopia. Ethiopian Journal of Pediatrics and Child Health. 2009;5(5):49-59.

21. Collins S, Yates R. The need to update the classi�cation of acute malnutrition. Lancet (London,
England). 2003;362(9379):249.

22. UNICEF. Nepal Integrated Management of Acute Malnutrition (IMAM) guideline. Kathmandu: Ministry
of Health and Population; 2014.

23. Bahwere P, Binns P, Collins S, Dent N, Guerrero S, Hallam A, et al. Community Based Therapeutic Care.
A Field Manual. Oxford, Valid International; 2006.

24. Briend A, Mwangome MK, Berkley JA. Using Mid-Upper Arm Circumference to Detect High-Risk
Malnourished Patients in Need of Treatment. In: Preedy VR, Patel VB, editors. Handbook of Famine,
Starvation, and Nutrient Deprivation: From Biology to Policy. Cham: Springer International Publishing;
2019. p. 705-21.

25. Government of Nepal, Department for International Development, World Food Programme. Nepal: A
Report on Food Security Impact of 2017 Flood in Terai, August 2017.



Page 15/17

2�. Smith K, Lawrence G. Flooding and food security: A case study of community resilience in
Rockhampton. Rural Society. 2014;23(3):216-28.

27. National Planning Commission. Nepal human development report 2014: Beyond geography,
unlocking human potential. Kathmandu: National Planning Commission, Government of Nepal and
United Nations Development Programme; 2014.

2�. Coates J, Swindale A, Bilinsky P. Household Food Insecurity Access Scale (HFIAS) for measurement
of food access: indicator guide. Washington, DC: food and nutrition technical assistance project,
academy for educational Development. 2007;34.

29. Organization WH. WHO child growth standards and the identi�cation of severe acute malnutrition in
infants and children: joint statement by the World Health Organization and the United Nations
Children's Fund. 2009.

30. Bennett L, Dahal DR, Govindasamy P. Caste ethnic and regional identity in Nepal: Further analysis of
the 2006 Nepal Demographic and Health Survey. 2008.

31. Nepal Rastra Bank. Fifth Household Budget Survey. Kathmandu, Nepal: Nepal Rastra Bank; 2016.

32. Group WMGRS. WHO Child Growth Standards based on length/height, weight and age. Acta
paediatrica (Oslo, Norway: 1992) Supplement. 2006;450:76.

33. StataCorp. Stata Statistical Software: Release 15. College Station, TX: StataCorp LLC2017.

34. Bliss J, Lelijveld N, Briend A, Kerac M, Manary M, McGrath M, et al. Use of Mid-Upper Arm
Circumference by Novel Community Platforms to Detect, Diagnose, and Treat Severe Acute
Malnutrition in Children: A Systematic Review. Global health, science and practice. 2018;6(3):552-64.

35. Kumar D, Goel N, Mittal PC, Misra P. In�uence of infant-feeding practices on nutritional status of
under-�ve children. The Indian Journal of Pediatrics. 2006;73(5):417-21.

3�. Yisak H, Gobena T, Mes�n F. Prevalence and risk factors for under nutrition among children under
�ve at Haramaya district, Eastern Ethiopia. BMC Pediatrics. 2015;15(1):212.

37. Dake SK, Solomon FB, Bobe TM, Tekle HA, Tufa EG. Predictors of stunting among children 6–59 
months of age in Sodo Zuria District, South Ethiopia: a community based cross-sectional study. BMC
Nutrition. 2019;5(1):23.

3�. Olwedo MA, Mworozi E, Bachou H, Orach CG. Factors associated with malnutrition among children in
internally displaced person\'s camps, northern Uganda. African health sciences. 2008;8(4):244-52.

39. Hong R, Banta JE, Betancourt JA. Relationship between household wealth inequality and chronic
childhood under-nutrition in Bangladesh. International Journal for Equity in Health. 2006;5(1):15.

40. Pongou R, Ezzati M, Salomon JA. Household and community socioeconomic and environmental
determinants of child nutritional status in Cameroon. BMC Public Health. 2006;6(1):98.

41. Ajao K, Ojofeitimi E, Adebayo A, Fatusi A, Afolabi O. In�uence of family size, household food security
status, and child care practices on the nutritional status of under-�ve children in Ile-Ife, Nigeria.
African journal of reproductive health. 2010;14(4).



Page 16/17

42. Wong HJ, Moy FM, Nair S. Risk factors of malnutrition among preschool children in Terengganu,
Malaysia: a case control study. BMC public health. 2014;14(1):785.

43. Casey PH, Szeto K, Lensing S, Bogle M, Weber J. Children in food-insu�cient, low-income families:
prevalence, health, and nutrition status. Archives of Pediatrics & Adolescent Medicine.
2001;155(4):508-14.

44. Egata G, Berhane Y, Worku A. Predictors of acute undernutrition among children aged 6 to 36 months
in east rural Ethiopia: a community based nested case-control study. BMC pediatrics. 2014;14(1):91.

45. Bhandari R, Khatri SK, Shrestha KB. Predictors of Severe Acute Malnutrition among Children Aged 6
to 59 Months Attended out Patient Therapeutic Program Center in Kavre District of Nepal-A Case
Control Study. International Journal of Child Health and Nutrition. 2018;7(1):30-8.

4�. Pravana NK, Piryani S, Chaurasiya SP, Kawan R, Thapa RK, Shrestha S. Determinants of severe acute
malnutrition among children under 5 years of age in Nepal: a community-based case–control study.
BMJ open. 2017;7(8):e017084.

47. Kramer MS, Kakuma R. Optimal duration of exclusive breastfeeding. Cochrane database of
systematic reviews. 2012(8).

4�. Prashanth M, Savitha M, Prashantha B. Risk factors for severe acute malnutrition in under-�ve
children attending nutritional rehabilitation centre of tertiary teaching hospital in Karnataka: a case
control study. International Journal of Contemporary Pediatrics. 2017;4(5):1721.

Figures



Page 17/17

Figure 1

Adjusted prediction of SAM according to the age of child


