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Abstract

Background: The judicious use of the world health organization (WHO) guidelines in the management of severe acute malnutri-
tion (SAM) is very crucial in avoiding complications. We investigated the incidence of refeeding syndrome and its associated factors
in children under 5 years with SAM receiving treatment as inpatients.

Methods: A prospective study of 104 children with SAM admitted to the paediatric unit of Dr George Mukhari Academic Hospital
(a teaching hospital in Pretoria, South Africa) since March 2014 to March 2015 was conducted. On admission, history on socioeco-
nomic status and co-morbidities, a comprehensive clinical examination, and anthropometric measurements were obtained. All the
patients were managed using the 10 steps of management of malnutrition with cautious feeding and broad spectrum antibiotics
being instituted. Bloods were taken for calcium, magnesium, phosphorous, urea, and electrolytes on admission and compared to
repeat bloods done on day 5 post admission.

Results: There were a total of 46 (44%) females. The mean age was 16 months with a mean weight-for-height Z-score of -2.15 + 1.87.
The majority 63% (63/104) of the children had oedematous SAM. There was an HIV infection rate of 33% (35/104). The incidence of
refeeding syndrome was 16/104 (15%). Refeeding syndrome was strongly associated with the following medical complications: di-
arrhoea 81% (13/16), shock 25% (4/16), and hypokalaemia 81% (13/16) (P value < 0.01). Admission potassium and phosphorus were
strongly associated with refeeding syndrome with a mean of 3.04 = 1.16 for potassium and 1.14 + 0.39 for phosphate (P value <
0.05). Refeeding syndrome was also strongly associated with hypophosphataemia (0.65 = 0.28), hypocalcaemia (2.34 & 0.24), and
hypomagnesaemia (0.91+ 0.52) on day 5 repeat bloods (P value < 0.0001).

Conclusions: The complication of refeeding syndrome is a major problem that occurs with the reintroduction of feeding in chil-
dren with severe acute malnutrition. This detrimental complication can be avoided by practices that promote cautious feeding, and
as well, clinicians being vigilant in detecting the complication in all children with severe acute malnutrition.
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1. Background

The term severe acute malnutrition replaces the old
terminology of marasmus and kwashiorkor. Severe acute
malnutrition (SAM) should be diagnosed if a child has one
of the following features: weight-for-height Z-score below
-3, visible wasting, a mid-upper-arm-circumference < 11.5
cm (at 6 months to 5 years of age), and nutritional oedema
(1). It is estimated that 20 million children around the
world have SAM and it contributes to approximately 1.5
million preventable deaths each year (2, 3). SAM was es-
timated to occur in 13 million (9% of all children under 5
years of age) children in Sub-Saharan Africain 2012 (4). The
incidence of SAM in South Africa was 5% in 2010 (5, 6), and
the mortality rate amongst the hospitalized South African
children with SAM was 20% to 30% in 2012 (7).

The medical complications of SAM include the follow-

ing: diarrhoea with poor capillary refill, lethargy, hypogly-
caemia, hypokalaemia, pneumonia, sepsis or bacteraemia,
obvious anaemia, weeping dermatoses, and hepatomegaly
> 4 cm (8). In the management of SAM, children are given
food that contains both protein and energy. One would in-
tuitively want to start on a high protein and high energy
diet due to the deficit that these children have, but this is
detrimental and may result in the development of refeed-
ing syndrome (9).

Refeeding syndrome is a potentially fatal complica-
tion of the nutritional management of children with
SAM which is partly related to the type of formula used
(10). Refeeding syndrome culminates in shifts in fluids
and electrolytes resulting from humoral and metabolic
changes; these shifts in fluids and electrolytes may cause
serious clinical complications. The hallmark biochemical
change of the refeeding syndrome is hypophosphataemia,
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but there can be accompanying hypokalaemia, hypocal-
caemia, and changes in fat and protein metabolism (11).

The true incidence of refeeding syndrome in children
with SAM is unknown as there is a paucity of studies in
this population. Refeeding syndrome has been observed
in adults who have had long periods of starvation (eg,
anorexia nervosa and malabsorptive syndromes) with an
incidence rate of 10% (12). In a study in which adolescents
with anorexia nervosa were evaluated, the incidence of
refeeding syndrome was noted to be 6% (13). In a study con-
ducted in 2012 that assessed refeeding syndrome in Indian
children with coeliac disease, an incidence of 14% was ob-
served (14).

Patients at an increased risk of developing the refeed-
ing syndrome include those with kwashiorkor, marasmus,
and acute weight loss of > 10% in the previous two months
and chronic conditions causing malnutrition and malab-
sorptive syndromes (15, 16). Since there is a paucity of stud-
ies that have assessed refeeding syndrome in children, the
authors designed a study to assess the incidence of refeed-
ing syndrome in children with SAM and the risk factors as-
sociated with the syndrome.

2. Methods

In an observational study, children who had been hos-
pitalized at Dr George Mukhari Academic Hospital with
SAM (as per diagnostic criteria) were sequentially enrolled
by the principal researcher within 24 hours of admission.
This hospital is the teaching hospital for the Sefako Mak-
gatho Health Sciences University,and is located in Pretoria,
the administrative capital of the republic of South Africa.

Inclusion criteria: all children with SAM whose par-
ents/guardians had provided written informed consent.

Exclusion criteria: children with a chronic illness that
might have predisposed them to the development of the
refeeding syndrome.

The principal researcher obtained history from the
children’s primary caregivers and, also, conducted a com-
prehensive clinical examination. The information that was
obtained from history included the following: maternal
age, the level of education and employment status of the
mother, the type of housing and sanitation, and a history
of TB contact. In addition to these, each patient’s date of
birth and date of hospitalization was noted and these were
used to calculate the age of each child.

The children’s weights and heights were measured by
the principal researcher, while length was measured by the
principal researcher with the help of an assistant. Each
child’s weight was measured using a single calibrated scale
with the child only wearing a clean nappy or underwear
approximated to the nearest 0.1 kilogram (kg) (17). Length

was measured in all children younger than 2 years using
a measuring board with a fixed upper part and a mov-
able lower part. The child was placed in the supine po-
sition with the head against the fixed upper part of the
board. The principal researcher ensured that the knees
were straight and the arms were next to the torso, while
the assistant placed the bottom movable part against the
child’s flat feet as per validated procedures (17). Height was
measured in all children over 2 years with the child stand-
ing upright against a stadiometer according to standard-
ized procedures (17). Both height and length were approx-
imated to the nearest 0.1 centimetre (cm).

The mid-upper-arm-circumference (MUAC) was, also,
measured by the principal researcher using the WHO
colour-coded measuring bands (17).

All the enrolled children were assessed for oedema
and medical complications of SAM which included diar-
rhoea, hypothermia, obvious anaemia, hypokalaemia, and
hypoglycaemia. Children with a glucose value below 2.6
mmol/L were assessed as being hypoglycaemic (7). Addi-
tionally, blood samples were obtained (within 24 hours of
hospitalization) for sodium, potassium, urea, creatinine,
full blood count, C-reactive protein, and blood culture. As
the culminant feature of refeeding syndrome is hypophos-
phatemia, blood levels for calcium, magnesium, and phos-
phate (CMP) were, also, sampled within 24 hours of hospi-
talization.

All the children were treated according to the 10 steps
of malnutrition including feeding with F75 (9, 18). A de-
tailed description of the management of the children in
the studyis shown in Appendix1in the Supplementary File.
All the children were, also, investigated for tuberculosis.

All the children were reviewed by the attending physi-
cian and by the principal researcher at least once a day.
On the fifth day of hospitalization, blood samples for urea,
sodium, and potassium, and for calcium, magnesium, and
phosphate were obtained. The results of these were then
compared with the results of the samples obtained on ad-
mission. The progress of all the children was monitored
until their discharge from hospital or their demise.

Ethical clearance was obtained from the Institutional
Review Board prior to the commencement of data collec-
tion.

2.1. Statistical Analysis

It was intended to enrol 138 patients based on sample
size calculations (80% power and 5% significance level) us-
ing the formula n = Z> X P (1-P)/e?, where z = 1.96 for 95%
confidence interval and P=0.1(assuming an incidence rate
of 10%) and e = 0.05 significance level. However, after 104
children had been enrolled, there were no hospitalized
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children with SAM for several weeks. The researchers then
decided to analyse the available data.

Data were assessed for normality by visual examina-
tion of distribution plots followed by normality tests. Sta-
tistical analysis was done using the IBM SPSS Statistics 23.
Descriptive statistics including frequencies and mean and
standard deviation were used for anthropometric data, in-
cidence, and complications, respectively.

Anthropometric measurements, serum sodium, potas-
sium, calcium, magnesium, and phosphate levels were
compared between the two groups (those who developed
refeeding syndrome and those who did not) using the in-
dependent t-test. The chi-square test was used to compare
the frequency of medical complications and other categor-
ical variables between the two groups. Within group com-
parison of biochemical indices on admission and on the
fifth day of hospitalization was conducted by means of the
paired t-test.

3. Results

A total of 104 children were enrolled over a 1 year pe-
riod, since March 2014 to March 2015. The mean age of the
104 children was 16 months with the youngest being 4.4
months and the oldest 49.5 months. Refeeding syndrome
developed in 16 of the 104 enrolled children, thus giving an
incidence of 15%. There were 58 (56%) males and there was
no difference in the proportion of males between children
who developed refeeding syndrome and those who did not
develop the syndrome. Children who developed refeeding
had similar means for weight and height compared with
the ones who did not develop the syndrome. Among all the
enrolled children, 69 (67%) of them were HIV negative. The
age, gender, and anthropometric indices of the enrolled
children are shown in Table 1and are compared by the pres-
ence or absence of refeeding syndrome.

There was no difference in the weight-for-age, and
weight-for-height Z-scores between children who devel-
oped refeeding syndrome and those who did not. Mean
weight-for-age Z-scores were below -3 in both groups of
children (those who developed refeeding and those who
did not develop it). The mean height-for-age Z-score was
slightly lower in the non-refeeding group than that in the
group of children who acquired the refeeding syndrome.
The weight-for-height Z-scores were between -2 and -3 in
both groups of children. The mortality rate for all enrolled
children was 9.5% and the majority of the children who
died had develop refeeding syndrome.

In Table 2, children who developed refeeding syn-
drome are compared with those who did not, using the di-
agnostic criteria for SAM.
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Table 1. Age, Gender, and Anthropometric Indices of All the Children®®

Refeeding Syndrome Non-Refeeding  All Children
Total 16 (15) 88(85) 104
Female 9(56) 37(42) 46 (44)
Age, mo 15.02 £ 6.51 16.28 = 8.14 16.04 £ 7.86
Weight, kg 6.47 £1.53 6.93 £1.67 6.87 +1.65
Height, cm 70.81 % 6.56 70.38 = 8.99 70.49 =+ 8.60
WAZ 3.48 £ 1.51 3.42 +1.48 3.43 +1.48
HAZ 2,52 +315 3.05 4 2.53 2.97+262
WHZ 2.65 £ 235 2.06 £1.78 215 +1.87
MUAC, cm 12.22 154 11.78 & 2.05 12.02 +1.45
HIV positive 7(43.8)° 28(32) 35(33.3)
Mortality 1(6) 9(10) 10 (9.5)

Abbreviations: HAZ, height-for-age Z-score; HIV, Human immunodeficiency
virus; MUAC, mid-upper-arm-circumference; N, number; WAZ, weight-for-age
Z-score; WHZ, weight-for-height Z-score.

*Values are expressed as mean ==SD or No. (%).

blndependent t-test used to compare the two groups except female, HIV posi-
tive and mortality (where the chi-square was used).

“Significantly different from the non-refeeding group (P < 0.01).

Table 2. WHO Diagnostic Criteria for SAM?

Refeeding Non-Refeeding  All Children
Syndrome
N 16 88 104
Oedema 10 (63)° 56 (64) 66 (63)
MUAG, <11.5 cm 8(50) 43(49) 51(49)
Visible wasting 11(69) 66 (75) 77(74)
WHZ< 3 5(31) 29(33) 34(33)

Abbreviations: MUAC, mid-upper-arm-circumference; WHZ, weight for height
Z-score.

*Values are expressed as No. (%) with chi-square test used for comparison.
bSigniﬁcantly different from the non-refeeding group (P < 0.05).

The majority of the children enrolled (63%) had oede-
matous SAM, and this was true for children who acquired
refeeding syndrome and those who did not. The major-
ity of children, 46 of 66 (70%) with oedematous SAM were
HIV negative. Muscle wasting was visible in more than two-
thirds of all the children. Less than half of the children had
a mid-upper-arm circumference of < 11.50 cm. The mean
mid-upper-arm-circumference was 12.02 cm.

In relation to the medical complication of SAM, there
were 90 (86%) children in the study who developed one
or more of the medical complications of SAM. Diarrhoea
was observed in a significantly higher proportion (more
than two-thirds) of children in the refeeding syndrome
group compared with those in the group that did not de-
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velop refeeding syndrome. The incidence of hypokalaemia
was significantly higher in the refeeding group in compar-
ison to the non-refeeding group. Anaemia was noted in
less than half of both the children enrolled in the study
and in those who developed refeeding syndrome. How-
ever, the proportion of children with anaemia was consid-
erably lower in the refeeding group than that in the group
that did not develop refeeding syndrome. Shock affected
a quarter (25%) of children in the refeeding group and this
proportion was significantly higher than that in the non-
refeeding group. Septicaemia occurred in less than a fifth
of the children with refeeding syndrome. Weeping der-
matosis was observed in 10 children, however this com-
plication was shown to occur more frequently in children
with refeeding syndrome than in those who did not de-
velop refeeding syndrome. The medical complications of
SAM among the enrolled children are summarized in Table
3.

Table 3. Medical Complications of SAM?

Medical Refeeding Non-Refeeding All Enrolled
Complication Syndrome Children
N 16 88 104
Diarrhoea 13 (81)° 37(42) 50 (48)
Shock 4(25)° 6(7) 10(9.6)
Hypoglycaemia, 0 2(2) 2(2)
glucose < 2.6

mmol/L

Hypokalaemia, 13 (81)° 26 (30) 39(38)
potassium < 3

mmol/L

Anaemia 5(31)° 42(48) 47(45)
Hypothermia 1(6) 12 (14) 13(13)
Hepatomegaly 5(31) 25(28) 30(29)
> 4 cm

Weeping 2(12.5)° 8(9) 10(9.6)
dermatoses

Septicaemia 2(12.5)° 2(2) 4(4)
Mortality 1(6) 9(10) 10(9.5)

*Values are expressed as No. (%).
bSigniﬂcantly different from the non-refeeding group (Pvalue < 0.01) when us-
ing chi-square

The mean level of sodium among all enrolled children
was similar to that observed in children who developed
refeeding syndrome and those who did not develop it.
Potassium and phosphate levels were significantly lower
on admission in children with refeeding syndrome com-
pared with those without the syndrome. Haemoglobin lev-
els were comparable between the group of children with
refeeding syndrome and the group that did not have the

syndrome. Likewise, platelet counts were similar between
the two groups of children.

The biochemical indices including electrolyte levels
are summarized and compared by the development of
refeeding syndrome among enrolled children in Table 4.

Blood samples for electrolytes were repeated on the
5th day of hospitalization, the mean sodium levels on
day 5 were similar to those measured on admission. On
the other hand, serum phosphate levels were significantly
lower on day 5, compared with the levels on admission
among children with refeeding syndrome.

4. Discussion

The objective of this study was to assess the incidence
of refeeding syndrome in children less than 5 years of age
with SAM and to assess the factors associated with the syn-
drome. The incidence of refeeding syndrome was found to
be 15%.

In terms of demographic characteristics, the youngest
child in this study was approximately 5 months and the
oldest was 50 months. This is in keeping with the well-
known fact that SAM is common in children in the age
group of 6 months to 59 months (9, 19). In a study con-
ducted in Kenya, the mean age was 20 months (range of 3
to 60 months) which is similar to the findings of this study
(20). Among Brazilian children with SAM, a mean age of 20
months (range of 5 months to 7 years) was observed (21). In
the current study, we noted that 58 (56%) of the children
were male. This slight male preponderance (not signifi-
cant) among children with SAM was also noted by the au-
thors of the Kenyan and Brazilian studies (20, 21).

The majority (63%) of the children had oedematous
SAM. This is in keeping with the fact that the oedema-
tous SAM is much more prevalent in Central and South-
ern Africa compared with West Africa (22). Two studies
conducted in Ghana noted a higher incidence of non-
oedematous SAM (89% and 81% respectively) (23, 24). The
difference could be as a result of the observation that non-
oedematous SAM is more prevalent in Northern Ghana
which is in West Africa (25). Another study performed in
Uganda (26) had a similar incidence (64%) of oedematous
SAM as our study. Another South African study found a 62%
incidence of oedematous SAM (27).

HIV infection occurred in 35 (33%) of the children. In
a study performed in Ghana the incidence of HIV among
children with SAM was found to be 27% (4). In the study
that we conducted, we noted that the majority of chil-
dren with oedematous SAM were HIV negative. In contrast,
the Ghanaian researchers observed that children with non-
oedematous SAM were more likely to be HIV negative. The
most plausible explanation for this difference is that the
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Table 4. Biochemical Indices of the Children in the Study on Admission and After 5
Days of Hospitalization

Refeeding All Children

Syndrome

Non-Refeeding
Syndrome

Admission 135.88 - 11.60 134.82 +5.24 135 + 6.55

Sodium,

mmol/L
137.5 £ 5.75 137.13 £ 5.53

Repeat Sodium, 136.75 1 4.29

mmol/L
Admission 3.04 +116% 3.96 £1.19 3.81+ 123
Potassium,
mmol/L
Repeat 4.69 £ 0.99 471+ 0.81 4724 0.83
Potassium,
mmol/L
Admission 114 £ 0.39° 1.42 £ 0.69 138 4 0.66
Phosphate,
mmol/L
Repeat 0.65 + 0.28*° 1.63 £ 0.53 1.48 %+ 0.61
Phosphate,
mmol/L
Admission 2374 0.22 2.41£0.21 2.40 +0.21
Calcium,
mmol/L
Repeat 234+ 0.24° 2474022 245+ 0.23
Calcium,
mmol/L
Admission 107+ 034 0.99 + 039 1.011 034
Magnesium,
mmol/L
Repeat 0.91+ 0.52* 0.95+ 0.21 0.95+ 0.27
Magnesium,

mmol/L

2.95 +£3.93 2.90 £3.67

Admission 2.67 192

Urea, mmol/L

Repeat Urea, 177 £113? 3.07 +3.53 2.61+1.92

mmol/L

Admission
Creatinine,
pmol/L

44.81+13.92 38.95 4 28.34 39.84 %+ 26.67

Repeat 33.56 £ 8.12 39.10 £ 39.95 44.81439.95
Creatinine,
pmol/L
Haemoglobin 10.05 +117 9.2140.69 9354177
on admission,
g/dL
C-Reactive 57.12 1+ 98.69 43.85 £ 77.71 45.9 =+ 80.89
Protein on

admission,

mg/L

“Significantly different from non-refeeding group, P < 0.05 when using the in-
dependent t-test.

l’Signiﬁcantlylower than admission values in refeeding group, P< 0.05 (paired
t-test used for within group comparison).

prevalence of non-oedematous SAM has been noted to be
higher in West Africa (which includes Ghana) compared
with the prevalence in Southern Africa (22-24).
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In the present study, only 33% of the children had a
weight-for-height Z-score below -3 with a mean of less than
-2.15. Thisagain could be attributed to oedematous SAM be-
ing more prevalent in Central and South Africa (22). Astudy
performed in Dhaka, Bangladesh in 2015 reported a mean
weight-for-height Z-score of < -3.9 (28). The mean weight-
for-height Z-score was -2.15 among the children that we en-
rolled. The proportion of children with MUAC < 11.5 cm
was 40% in our study with the mean MUAC being 12 cm.
Children from Ghana and Bangladesh have been reported
to have lower MUAC measurements. Saaka et al. revealed
that 67% of Ghanaian children with SAM had a MUAC below
11.5 cm; there was a high prevalence of non-oedematous
SAM among these children (23). In a study conducted in
Dhaka, Bangladesh, children with SAM had a mean MUAC
of 10.5 cm (28). This discrepancy in MUAC measurements
may, partly, be a consequence of fact that the majority of
children in the present study had oedematous SAM which
is found more frequently in Central and Southern Africa.

The most commonly noted medical complications of
SAM in our study were diarrhoea, shock, hypokalaemia,
anaemia and hypothermia, hepatomegaly, and weeping
dermatosis. This is in line with what was noted in a re-
view article that summarized the medical complications
of SAM where it was noted that approximately half of chil-
dren with SAM had diarrhoea, with shock being present in
about 10% of these children. A study conducted in Kenya
among children with SAM reported that the incidence of
diarrhoea was 49% (29). Hypokalaemia occurred in 38% of
the total children in our study and a similar incidence was
shown in the Kenyan study. Hypoglycaemia manifested
in 2% of children in our study, while among the Kenyan
children it was noted in 13% of them (29). Our study was
conducted in a tertiary hospital and it is probable that the
treatment for hypoglycaemia may have been initiated in
the referring district hospital prior to hospitalization in
the tertiary hospital. On the other hand the Kenyan study
was conducted in a district hospital (29).

The incidence of refeeding syndrome was found to be
15%.The main electrolyte that was used for diagnosis was a
phosphate level of < 1 mmol/L on day 5 of hospitalization.
A study performed in Nairobi, Kenya assessed hypophos-
phatemia in malnourished children and recorded an in-
cidence of refeeding syndrome of 90% on the fourth day
of hospitalization (20). Maneses et al. evaluated refeeding
syndrome in critically ill children who were in an intensive
care unit and found an incidence of 61% (21). All the chil-
dren that we enrolled were on cautious feeds with a low
energy and low protein diet as per WHO guidelines (30, 31).
The Kenyan study appears to have been using F100 as the
form of initial feeding which could have predisposed to the
higher incidence of refeeding syndrome. Indeed, cautious
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feeding (starting with F75) has been recommended for re-
ducing refeeding syndrome (9).

Oedema was significantly associated with the refeed-
ing syndrome, with 63% of children with refeeding syn-
drome having oedema. In a study conducted in Malawi,
there was also a significant association between refeeding
syndrome and oedema (32).

Refeeding syndrome in our study was associated with
the following medical complications and electrolyte dis-
turbances: diarrhoea, shock, hypokalaemia, anaemia, hep-
atomegaly above 4 cm, weeping dermatosis, septicaemia,
hypomagnesaemia, and hypocalcaemia. The above find-
ings correlate with studies that assessed medical com-
plications and electrolyte changes in both children and
adults with refeeding syndrome (16, 32). A case series
that reported on three malnourished Japanese children
with sepsis revealed that all of them developed hypophos-
phataemia and hypocalcaemia on commencing nutri-
tional support (33). A shortfall of our study was that a rou-
tine electrocardiogram was not performed on the children
with refeeding syndrome due to limited resources.

The mortality among children with refeeding syn-
drome in our study was 6%. This was slightly lower than
that observed among adults who developed refeeding syn-
drome after experiencing prolonged starvation where the
mortality rate was noted to be 10% (12). A mortality rate
of 10% was observed in Malawian with SAM who developed
refeeding syndrome (32).

This study revealed an incidence of refeeding syn-
drome of 15% in children younger than 5 years with SAM.
Refeeding syndrome was significantly associated with cer-
tain medical complications and electrolyte abnormalities.
These included diarrhoea, hypokalaemia, shock and weep-
ing dermatosis, hypocalcaemia, and hypomagnesaemia.
The mortality rate observed in children with refeeding syn-
drome was 6%.

4.1. Conclusions

The complication of refeeding syndrome is a major
problem that occurs with the reintroduction of feeding
in children with severe acute malnutrition. This detri-
mental complication can be avoided by practices that pro-
mote cautious feeding, and as well, clinicians being vigi-
lant in detecting the complication in all children with se-
vere acute malnutrition.

Supplementary Material

Supplementary material(s) is available here.
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