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ABSTRACT 
Background: Under Mission Balam Sukham, children of 6 months to 5 years having severe acute 
malnutrition (SAM) along with complications are managed at Nutrition Rehabilitation Centre (NRC). 

They are admitted for 14 days with the provision of a nutritional diet and medicines. Objectives: To 

explore determinants of nutritional outcome of SAM children admitted at NRC Methods: A 
prospective cohort study was conducted comprising 63 children aged 6 months to 5 years having SAM 

along with complications admitted at NRC of New Civil Hospital, Surat (NCHS) for 10 months. Results: 
The majority of participants were boys (54%), 12-23 months of age (50.8%), and Grade III 
socioeconomic class (39.6%). The duration of stay ranged from 2-36 days. The average duration of stay 
was 12.78 + 6.49 days; 14.26 ± 5.99 days for boys and 11.10 + 6.73 for girls. 18.8% stayed at NRC for 
14 days. The average weight gain was 5.46 g/kg/day. A significant improvement in weight was seen in 
boys (t=2.20, p<0.05), working mothers (t=2.44, p<0.01), exclusively breastfed children (t=3.62, 
p<0.01) of 6-11 months, full-term children of 12-23 months (t=4.0, p<0.05). The children of 12-23 
months (t=2.90, p<0.01) and boys (t=2.15, p<0.05) showed significant improvement in underweight 
(WAZ). Wasting improved significantly in age below 36 months (p<0.05). 20.6% could achieve the 

target weight. Conclusion: NRC is an effective life-saving modality for malnutrition but its outcome 
is associated with factors like boys, exclusive breastfeeding, and full-term. 
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INTRODUCTION 
Malnutrition is a major public health concern 
in developing countries like India, as well as 

globally.  (1–6) Globally, 11 million deaths of 
children under 5 years of age occur annually. 
(6) 
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Approximately 15.95 million which is around 
3.62% are both stunted and wasted. (6,7 ) A 
child suffering from wasting and stunting is at 
12 times higher risk of dying. (6) India is a roof 
to 50% of the world’s undernourished children. 
Though there has been a significant decrease 
in stunting, India still holds the first position in 
loss of human potential because of stunting. 
(8) 
So, to manage severe acute malnutrition (SAM) 
in children through preventive and curative 
aspects, there is one component under a 
three-tier approach of Mission Balam Sukham 
called Nutrition Rehabilitation Centre (NRC) at 
tertiary care level. (9) Here, the SAM children 
with complications are provided with medical 
and therapeutic care along with special 
attention on appropriate and adequate 
feeding habits timely for a period of a 

minimum of 14 days along with the incentives 
which they lose as daily wages. 
The objective of the study is specifically to 
explore determinants of nutritional outcome 
in children admitted to NRC of NCH, Surat. 
 

MATERIAL & METHODS 
A prospective cohort study was conducted on 
all the 63 children aged 6 months to 5 years 
with SAM along with complications admitted in 
NRC at New Civil Hospital of Surat during the 
study period of 10 months between October 
2020 to September 2021 [Figure 1]. The 
written consent was obtained from parents 
before enrolling. The children below 6 months 
and the children between 6 months to 5 years 
of age whose caretakers did not give consent 
were excluded from the study. 

 
Figure 1: Methodology 

 
 
Ethical Concerns Ethical approval was 
obtained from the Human Research and Ethical 
Committee, Government Medical College, 
Surat (No. 
GMCS/STU/ETHICS/Approval/31405/19) dated 
09/12/2019 before the initiation of the study. 
Sample size calculation The number of 
participants to be enrolled was 120 
consecutively. The sample size was calculated 
using G power 3.1.9.2 version (10) through 
priory SS using F-test for multiple regression 
using 10 predictors from the literature cited, 
effect size f2=0.281, α = 0.05,1- β = 0.95 and 10 
predictors and was estimated to be 97.  A final 
sample size of 120 arrived at considering a 20% 
loss to follow-up. But due to COVID 19 
pandemic, all the samples that were admitted 

during 10 months of data collection were 
considered for analysis which was 63.  
After obtaining consent, the participants' 
mothers (preferred) or caregivers (if the 
mother wasn’t available) were interviewed 
using a predesigned and pretested 
questionnaire through ODK application on an 
android device. (11) ODK (Open Data Kit) is an 
open-source mobile data collection platform, 
primarily used for paperless data collection in 
field research or humanitarian aid and global 
development projects. A unique ID was given 
to each participant. The data collected was 
available only to researchers to maintain 
confidentiality. Anthropometric 
measurements like length/ height, weight, 
mid-arm circumference and the status of 
oedema had been recorded at the time of 



Chauhan DN, et al: Determinants of nutritional… 

450 

admission and discharge, except weight which 
was monitored daily. 
Outcome Child is considered as improved if the 
child has achieved target weight as 15% 
increase of initial weight on admission as per 
NRC guidelines. 
Statistics The collected data were analyzed 
using Statistical Package for Social Sciences 
(SPSS) version 25 and MS Excel. All normally 
distributed data were presented as mean 
standard deviation (SD). Categorical data were 
analyzed as proportions. To apply the 
analytical approach to the study cohort we use 
the mother's education, term at delivery, 
status of exclusive breastfeeding, birthweight, 
income, gender, vaccination, and age, to 
classify them among exposed and non-
exposed for the internal comparison. The 
significance of differences in the outcome of 
the mean weight was analysed using student t 
test. The Chi-square (χ2) test was applied to see 
improvement in weight with different factors 
like gender, full term, children with working 
mothers and exclusively breastfed. Weight and 
height of infants was calculated for nutritional 
indicators; [weight-for-height (WFH), weight-
for-age (WFA) and height-for-age (HFA) z-
scores were calculated using WHO Anthro 
(version 3.2.2). Children were classified as 
normal (z-score: −2.0 to 2.0), wasted (WFH z-
score: < −2.0) and stunted (HFA z-score: < 
−2.0).  
It was a hospital-based study, we enrolled all 
the participants to avoid selection bias, but the 
hospital admission rate was changed due to 
the COVID-19 pandemic. In the analysis part, 
we applied logistic regression to check the 
effect of confounders. 
 

RESULTS 
A total of 63 children were included in the 
analysis. Half of the children were from the age 
group of 12-23 months (50.8%) followed by 6-
11 months (25.4%). Boys were more in the 
study group (54.0%). Half of the mothers were 
illiterate (52.5%) followed by 40.7 % and 6.8% 
who had primary education and secondary 
education and above respectively. Only 18.6% 
of the mothers were working while 81.4% were 
housewives. 39.6% of families belonged to 
socioeconomic class III, followed by class IV 

(26.9%) and class V (23.8%) according to 
modified BG Prasad’s classification.  In the 
clinical profile of the patients, 27% exhibited 
oedema and 86.8% patients had anaemia. The 
severity of anaemia varied 20.6% having mild, 
50.7% having moderate and 14.2% having 
severe anaemia. 84.1% were fully immunized 
and 15.9% were partially immunized. 81.5% 
were low birth weight which included 9.2% 
with very low birth weight. 
 
Analysis based on weight & duration of stay  
The average weight gain during the stay at the 
NRC was 5.46 g/kg/day. Table 1 shows the 
average weight gain according to age. It also 
outlines the age and gender wise distribution 
of study participants according to the duration 
of stay. The average duration of stay was 12.78 
+ 6.49 days; 14.26 + 5.99 days for boys and 
11.10 + 6.73 days for girls which are statistically 
significant. The median duration of stay at the 
NRCs was 13 days, (boys-14 and girls- 12.50 
days). Only 18.8% of the children in the study 
group had stayed at the NRC for at least 14 
days. Statistically, a significant difference was 
observed in the duration of stay at the centre 
according to gender (t=1.31, p<0.05). 
 
Table 1: Average weight gain & gender wise 
age distribution of study participants  
Age 
(months) 

Average 
weight gain 
(g/kg/day) 

Duration of stay n (Range) 

Boys’ Girls’ 

6-11 10.74  10 (5-36) 6 (5-13) 
12-23 4.62 18 (3-20) 14 (2-14) 
24-35 1.22 4 (4-22) 4 (12-16) 
36-47 4.72 2 (5-18) 4 (3-33) 
48-59 -0.96 0 1 (7) 

 
A significant improvement of weight was seen 
in 6-11 months of age particularly in boys 
(t=2.20, p<0.05), working mother (t=2.44, 
p<0.01), exclusively breastfed children (t=3.62, 
p<0.05) of 6-11 months age at discharge. Full-
term children of 12-23 months showed 
significant improvement (t=4.0, p<0.05). The 
characteristics in children of more than 24 
months do not show significant association 
[Table 2]. The children of 12-23 months 
(t=2.90, p<0.01) and boys (t=2.15, p<0.05) 
showed significant improvement in 
underweight (WAZ) [Table 4].  
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Table 2: Age wise distribution of mean weight on admission and discharge according to various 
characteristics 
Characteristi
cs 

Categor
y 

Mean weight 

6-11 months 12-23 months 24-35 months 36-47 months 48-59 months 
Admissio
n 

Discharg
e 

Admissio
n 

Discharg
e 

Admissio
n 

Discharg
e 

Admissio
n 

Discharg
e 

Admissio
n 

Discharg
e 

Gender Boy 5.37 *5.78  6.88 7.21 7.63 7.60    7.75 7.82 - - 
Girl 4.45 4.75 6.52 6.73 6.87 7.26 7.12 7.28 7.40 7.35 

Working 
mother 

Yes 5.25 *7.10 6.63 7.08 7.67 8.25 8.95 8.95   
No 5.19 5.46 6.81 7.05 7.18 7.20 7.31 7.15 7.40 7.35 

Full term 
child 

Yes 5.02 5.36 *6.85 7.12 7.25 7.43 7.33 7.46 7.40 7.35 
No 5.10 5.80 5.70 6.10 - - - - - - 

Exclusive 
Breastfeedin
g 

Yes *5.19 *5.57 6.75 7.04 7.32 7.50 7.38 7.55 7.40 7.35 
No 2.50 2.75 7.50 7.60 6.80 6.95 7.10 7.05   

Anaemia Present 5.11 5.44 6.89 7.09 7.40 7.60 7.33 7.46 7.40 7.35 
Absent 4.65 5.18 5.79 6.51 6.20 6.25 - - - - 

Birth weight Low *4.63 4.82 6.68 6.99 7.41 7.72 7.38 7.55 - - 
Normal *5.53 6.12 6.85 7.16 7.40 7.43 7.10 7.05 7.40 7.35 

Oedema Present 5.18 5.47 *7.12 *7.18 7.02 7.47 *7.15 7.12 - - 
Absent 4.97 5.36 6.54 6.91 7.33 7.41 7.42 7.63 7.40 7.35 

Note: * statistically significant 

 
The Chi-square (χ2) test was applied to see 
improvement in weight with different factors. 
Table 3 outlines the association of children’s 
individual characteristics with the 
improvement of weight. Though the severe 
malnourished children improved 20.6% 
following the stay at NRCs, statistically 

significant improvement in weight can be seen 
in full-term children only but not in other 
factors (χ2 =7.63, p<0.01). Full-term children 
show 70-90% effective improvement of 
weight. It might be because of the small 
sample size. 
 

 
Table 3: Association of children’s characteristics on achievement of target weight (15%) 

Factors Group Weight 
Improved n 
(%) 

Weight Not 
improved n 
(%) 

χ2 value p-value RR (95% CI) 

Gender Boy 9 (26.5) 25 (73.5) 1.53 0.21 1.92 (0.62-8.27) 
Girl 4 (13.8) 25(86.2) 

Full term child Yes 11 (18.6) 48 (81.4) 7.63 0.00 0.19 (0.11-0.32) 
No 2 (100.0)       0  

Working 
mother 

Yes    1   (9.1) 10 (90.9) 1.17 0.28 0.38 (0.05-2.64) 
No 11 (23.9) 35 (76.1) 

Place of 
delivery 

Hospital 11 (22.4) 38 (77.6) 0.19 0.66 1.35 (0.34-5.29) 
Home 2 (16.7) 10 (83.3) 

Birthweight Low 8(24.2) 25(75.7) 0.14 0.70 1.28 (0.36-4.52) 
Normal 5(20.0) 20(80.0) 

Anaemia Present 10(18.5) 44(81.4)) 1.03 0.30 0.45(0.97-2.13) 
Absent 3(33.3) 6(66.6) 

Oedema Present 5(27.7) 13(72.2) 0.78 0.37 1.77(0.49-6.42) 
Absent 8(17.7) 37(82.2) 

 
Almost all age groups show improvement in 
weight but the significance is seen in the age 
group of 12-23 months of age. Boys show 
significant improvement in weight. The overall 
underweight (WAZ) and wasting (WHZ) were 

improved [Tables 4]. Wasting improved 
significantly in age below 36 months (p <0.05), 
while there is no change in stunting (HAZ). 
20.63% could achieve the target weight. 
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Table 4: WAZ (Underweight), WHZ (Wasting) and HAZ (Stunting) according to age and gender 
   On admission On discharge t value p-value 

W
A

Z 
(U

n
d

e
rw

e
ig

h
t)

 

Age group in months 6-11 -4.35 + 0.75 -3.86 + 0.96 1.60 0.11 
12-23 -3.98 + 0.81 -3.31 + 1.05 2.90 0.00 
24-35 -4.59 + 0.84 -4.34 + 1.03 0.53 0.60 
36-47 -4.69 + 0.9 -4.67 + 0.65 0.04 0.96 
48-59 -5.42 -5.45 only 1 participant 

Gender Boy  -4.16 + 0.83 -3.63 + 1.17 2.15 0.03 
Girl -4.36 + 0.85 -3.93 + 0.96 1.80 0.07 

W
H

Z 
(W

a
st

in
g)

 

Age group in months 6-11 -3.69 + 0.85 -2.40 + 1.54 2.93 0.00 
12-23 -3.33 + 0.7 -2.69 + 1.19 2.62 0.01 
24-35 -4.02 + 0.34 -2.81 + 1.29 2.56 0.02 
36-47 -3.68 + 0.45 -3.96 + 0.7 0.82 0.42 
48-59 -3.78 -3.85 only 1 participant 

Gender Boy  -3.46 + 0.75 -3.08 + 1.44 1.36 0.17 
Girl -3.70 + 0.65 -3.30 + 1.08 1.70 0.09 

H
A

Z 
(S

tu
n

ti
n

g)
 

Age group in months 6-11 -2.8  + 1.45 -2.77 + 1.45 0.05 0.95 
12-23 -2.65 + 1.56 -2.57 + 1.58 0.20 0.83 
24-35 -2.68 + 0.77 -2.68 + 0.77 0.00 >0.99 
36-47 -4.2  + 0.86 -4.16 + 0.95 0.07 0.94 
48-59 -5.28 -5.28 only 1 participant 

Gender Boy  -2.93 + 1.53 -2.88 + 1.54 0.11 0.91 
Girl -2.84 + 1.43 -2.79 + 1.46 0.13 0.89 

 
Figure 2: Boys & Girls weight- for -
length/height 

 
Figure 2 show z score distribution on admission 
and discharge which represents the majority of 
children in all the indices below 3SD. There is 
an improvement in weight for height but it is 
below the standard reference line as per WHO. 
Therefore, there might be chances of growth 

faltering again or they may remain 
malnourished. Underweight (WAZ) shows 
improvement on discharge compared to 
weight on admission. 
 

DISCUSSION 
Children between 12-23 months of age are 
more likely to develop diseases and need more 
care, and the rate of underweight in this age 
group might be due to faulty feeding practices. 
The majority of study participants were boys 
which is also seen in a study by Meenakshi, et 
al. (12)  This could be coincidental or may be 
due to more care given to the boys than girls 
because of societal tendency and attitude 
toward the male child. Converse results were 
found in studies where more girls were 
majority of study participants which estimates 
to be 59.6% in a study Patel D et al., 52% in a 
study by Jyoti Sanghvi et al and 55.5% in a 
study by Katole, et al. ( 5,13) 
There is a strong evidence that SAM is 
prevalent in many poor socioeconomic classes. 
A key contributing factor to this issue is food 
insecurity, caused largely by poverty. 
Additionally, a lack of maternal knowledge on 
feeding exacerbates the problem of child 
malnutrition in this study area. (14–16) In our 
study too, the results were 50.79% of families 
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belonged to socioeconomic class III, IV and V 
(poor) according to modified BG Prasad’s 
classification. 97.4% belonged to class III, IV 
and V lower socioeconomic class. (17) Lower 
socio-economic classes often struggle with 
food insecurity, which leads to insufficient 
intake of essential nutrients. This lack of 
adequate nutrition can lead to undernutrition. 
Inadequate healthcare services, lack of 
education, poor sanitation and hygiene can 
lead to frequent infections and diseases which 
contribute to malnutrition. (18–21) This study 
shows 27% were presented with oedema. A 
study by Panda M et al presented similar 
results of oedema. (4) Half (50.7%) of the study 
participants presented with moderate 
anaemia. 14.2% presented with severe 
anaemia, 20.6% presented with mild anemia. 
Hence 85.5% were anaemic in our study and 
only 14.2% were normal. It is comparable with 
79.7% anemic children in 6-59 months of age 
in NFHS 5 data of the Gujarat state. (22) 
Mean weight gain: Weight has been 
considered as the potential anthropometric 
measure as its improvement in SAM children 
has the most substantial effect in reducing the 
mortality among them. The average weight 
gain during the stay at the centres was 5.46 
g/kg/day which is less according to the 
guidelines of NRC is >8 g/kg/day. (23) This 
could be because the majority of the patients 
were not willing to stay for the prescribed days 
of 14 days and more, and stayed for the major 
diseases and the stay of the patients for 
surgical intervention. The median duration of 
stay at the NRCs was 13 days, for boys it was 
14 days and for girls, it was 12.50 days. The 
average duration of stay at the NRCs was 12.78 
+ 6.49days, for boys it was 14.26 + 5.99 days 
and for girls, it was 11.10 + 6.73 days. 18.8% of 
the children in the study group had stayed at 
the NRC at the centres for at least 14 days. 
Rinki H. Shah represented weight gain of 5-10 
g/kg/day in 40% of study participants. (24 )The 
average weight gain for 6-11 months was 10.74 
g/kg/day (appropriate according NRC’s 
guidelines) (24); 12-23 months was 4.62 
g/kg/day, 24-35 months was 1.22 g/kg/day and 
36-47 months was 4.72 g/kg/day. A significant 
weight gain of 9.25 + 5.89 g/kg/day is also 
observed in study by G. Taneja et al and 

Colecraft et al. (1,14 ) R. Rawat et al showed an 
average weight gain of 3.2 + 2.3 g/kg/day (23) 
which is lesser compared to the overall 
average weight gain but is found more in the 
age group of 36-47 months in our study. A 
study in Gulbarga by Hashmi G et al observed 
7.9 + 1.6 g/kg/day. (15) 
Only 20.63% were able to achieve the target 
weight at discharge in the present study. 51.2% 
could achieve target weight gain in a study by 
Katole, et al. (25)  The results were comparable 
to improvement in WAZ scores that have been 
exhibited in Forney et al and Joshi et al.6,26 
The mean weight gain was 6.56 + 
3.57g/kg/day. The mean weight at admission 
was 6.42 + 1.21kg and at discharge was 7.28 + 
1.40kg. (6) The mean difference in weight was 
1.08 ± 1.37kg in Forney et al. (23 )The main 
reason behind it was the short stay at NRC in 
our study. The short stay at NRC was due to 
major diseases only. As soon as the symptoms 
subsided, the patient takes discharge against 
medical advice. Also, the catchment area of 
NRC is primarily urban slums and the 
beneficiaries are mostly daily wage earners. As 
soon as they perceive their child to be well and 
recovered, they tend to leave. Additionally, 
many are many were not eligible for incentives 
due to lack of local aadhar card as the 
incentives are provided through direct bank 
transfer system. There were 3.1% patients 
discharged before 7 days, 21.3% were 
discharged between 7-15 days and 75.6% 
patients discharged after 15 days in a study by 
Katole, et al. (25)   
Duration of stay at the NRCs: Our study shows 
a mean duration of stay of 12.78 + 6.49 days 
which is appropriate according to NRC 
guidelines (10-15 days) and more than a study 
by Mulla S et al observed (8.04 + 6.70 days) and 
Hashmi G et al (7.17 + 1.6 days). (2,15,27 )In 
our study, the duration of stay is comparatively 
lesser in girls. In Guatemala and Haiti, the 
predictor of increase in weight-for-age 
percentile during NRC participation was 
effective stay. (1) The duration of stay needs to 
be stabilized between the possibility of cross 
exposure to infection and the preparedness of 
the mothers to cope with their children at 
home which is also seen in a study. (14) 
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Wasting and underweight were significantly 
improved on discharge as observed in other 
studies too. (14) Stunting wasn’t improved 
significantly on discharge. (26) In most of the 
malnourished West Indian children, catch-up 
growth in height didn’t occur until at least 85% 
recovery in their weight-for-length. (1) 20.63% 
could achieve the target weight which is quite 
similar to 18.4% in a study by Aguyo et al. and 
better than 14% of children in a study by 
Hashmi G et al. (15,28) 
 
This study indicates that by following NRC 
guidelines, it has become easier to manage 
SAM in hospital settings with an optimum 
possible stay at the hospital. The stay at NRC is 
only due to illness which once cured (likely to 
be for 5-7 days), the patients take discharge 
against medical advice.   
 

CONCLUSION 
NRC is effective in improving children's weight 
gain and decreasing the prevalence of wasting 
but not effective at achieving gains in height. 
The study concludes the need for adherence to 
NRC guidelines and the importance of 
managing SAM in hospital settings. It also 
emphasizes the need for further research to 
improve weight gain and height catch-up in 
malnourished children. Regrettably, the 
COVID-19 pandemic led to a significant 
increase in COVID workload and the 
implementation of lockdown measures and 
the in-patient bed capacity was reduced from 
10 to 5.  So, the intended sample size couldn’t 
be achieved. The future study can be planned 
with a large sample size and sufficient follow-
up and qualitative components like in-depth 
interviews and FGD to determine factors 
responsible for the growth default. 
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