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Abstract

Background: Conventional indicators like weight-for-
age, height-for-age, and weight-for-height indicate different
facets of nutritional status. The most common indicator is
Weight-for-age. Weight-for-age as an indicator can be used
independently, or in combination. Conventional indices fall
short of portraying the full consequence of undernutrition in
the population. Composite Index of Anthropometric Failure
(CIAF) is another nutritional assessment tool which was
created to solve this dilemma.

Aimof Sudy: This study was performed to compare the
prevalence of undernutrition using CIAF and conventional
indices.

Patients and Methods: 264 children were included with
an age range of 1 to 193 months. They were recruited from
inpatient service in the Children’s Hospital. Ain Shams Uni-
versity, Cairo, Egypt. Weight and height measurements were
obtained. Z-scores were calcul ated for weight-for-age (WAZ),
height-for-age (HAZ) and weight-for-height (WHZ) using the
anthropometric standards which are the ones recommended
by the Centers for Disease Control and Prevention (CDC).
Children were classified according to conventional indices
aswell as CIAF.

Results: The prevalence of moderate underweight, stunting
and wasting was 9.85%, 10.89%, and 10.98% respectively
and the prevalence of severe underweight, stunting and wasting
was 25.76%, 20.45%, and 18.56% respectively. As per CIAF,
50.76% of children were malnourished. According to CIAF,
approximately 33.3% of the undernourished children had a
single anthropometric failure while less than 50% of them
had dual failure and quarter of the malnourished had multiple
failures. CIAF could recognise 15.15%, 19.32%, and 21.21%
more undernourished children than those detected bel ow -2
WAZ, HAZ, and WHZ respectively and 25%, 30.31%, and
32.2% more undernourished children than those detected
below -3 WAZ, HAZ and WHZ correspondingly in contrast
to conventional indices.

Conclusion: CIAF is seen to be superior over other con-
ventional indices. CIAF isauseful index to assess the real
magnitude of undernutrition and recognise children with
multiple anthropometric failures. Since CIAF can recognise
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more undernourished children than conventional indices, it
can be used as a handy tool for the detection of malnutrition
especially in developing nations that suffer from a high
prevalence of malnutrition.

Key Words: Composite index — Anthropometric failure —
Children.

Introduction

IN developing countries, millions of children are
at risk of death due to severe acute malnutrition
especially low and middle-income countries [1].
Malnutrition in Egypt imposes as a serious concern
among the pediatric population. Thisis represented

as 5.5% of children younger than five years old
are underweight, 8.4% are wasted, and 21.4% are
stunted. Malnutrition has avery high prevalence
amidst ill children younger than five years of age.

Therefore, it is anecessity to provide hospital-
based and community based interventional nutrition

programs for children to prevent the progression

of the consequences of malnutrition [2].

Establishing a baseline nutritional status at
hospital admission for pediatric patients can sig-
nificantly reduce hospital stay and expenses. In
the underdevel oped countries, primary malnutrition
isdirectly related to the low quality and quantity
of diet and socioeconomic level. However, malnu-
trition is mainly due to chronic illnessin more
developed countries [3].

Despite the lack of any actual numbers to indi-
cate the prevalence of malnutrition among the
hospitalised pediatric population; it is scientifically
proven that malnutrition isintensely existent among
them. Internationally, research shows that the
incidence of malnutrition can be as high as 19%
to 45.6% among hospitalised pediatric patients [4].
However, a cross-sectional study, was conducted
on 500 under-three children who were admitted to


http://www.medicaljournalofcairouniversity.net

410 Composite Index of Anthropometric Failure Burden Among Hospitalized Pediatric Patients

the Children's Hospital Ain Shams University
wards, illustrated that 62.4%, 58.4%, and 57.8%
of the enrolled cases were underweight, stunted,
and wasted, respectively [5].

The full burden of malnutrition cannot be ex-
plained by using each of the traditional indices of
undernourishment independently like underweight,
stunting and wasting. The reason behind that is
that each one of these indices reflects a particular
type of malnourishment. For example, stunting
reveal s chronic malnourishment; conversely, wast-
ing designates acute mal nourishment; however,
underweight addresses both acute and chronic
mal nourishment, but fails to recognise stunted or
wasted children who have proper weight regarding
their age. From the tools used to estimate the real
problem of malnutrition in children younger than
five years old is the Composite Index of Anthro-
pometric Failure (CIAF) which is gaining tremen-
dous international popularity among nutrition ex-
perts. All three indices of malnutrition are
assimilated in CIAF which provides a precise
indication of the prevalence of malnutrition [6].

Peter Svedberg, a Swedish development econ-
omist, devised the first CIAF model in the year
2000. He integrated the three indices of malnour-
ishment; stunting, wasting and underweight. He
claimed that the use of a single traditional index
of malnutrition does not adequately reflect the
compl ete prevalence of malnutrition in paediatrics.
That is because underweight (having low weight
for age) is aproduct of stunting and wasting and
not the sum. Consequently, he created CIAF [7].

Later on, a modification was brought on CIAF
by Nandy et al., when CIAF was used on Indian
statistics. It was assumed that this modified version
was more effective than the traditional anthropo-
metric indices for malnutrition; underweight, stunt-
ing, and wasting (Table 1). A study was later piloted
to evaluate the superiority of CIAF in determining
the true prevalence of malnutrition over the tradi-
tional anthropometric indices for malnutrition [8,9].

Table (1): Groups of anthropometric failure by CIAF.

Group Description Wasting  Stunting :‘,"ngsrr]t
A No failure No No No
B Wasting only Yes No No
C Wasting and underweight Yes No Yes
D Weasting + stunting + Yes Yes Yes

underweight
E Stunting and underweight No Yes Yes
F Stunting only No Yes No
Y Underweight only No No Yes

CIAF = (1-3) / (a+b+c+d+e+f) (Nady and Svedberg, [11]).

Patients and M ethods

Patients:

This was a prospective, interventional study
conducted in the inpatient wards, Pediatrics hospi-
tal, Ain Shams University from May 2018 until
September 2018.

The study included two hundred and sixty-four
Egyptian children, screened at admission to the
inpatient ward for undernourishment using CIAF.

Inclusion criteria:
* The child's age from birth to sixteen years old.
* Patients were not critically ill.

* Patients were admitted to the inpatient ward of
the Children’s Hospital, Ain Shams University.

Exclusion criteria;

* Patients who cannot be weighed or plotted on
percentiles.

* Patients admitted for less than 24 hours.

* Patients with conditions that markedly affected
hydration or are clinically unstable.

Methods:

The sampling method used was a systematic
random sampling of a specified sample size of a
minimum number of 237 children was calculated
based on malnutrition rates between 19% and
45.6% in hospitalised children [10].

Ethical considerations were addressed by ob-
taining verbal informed consent from caregivers
before enrollment in the study according to the
Faculty of Medicine, Ain Shams University Re-
search Ethical committee.

All patients were subjected to the following:

1- Full medical history including current complaints
and chronic diseases, allergies and/or genetic
disorders.

2- Thorough clinical examination to ensure clinical
stability of the patient.

3- Full anthropometric measures including weight
and height. BMI and Z-scores were cal culated
aswell (Weight for age Z-score, Height for age
Z-score, Weight for height Z-score, and BMI Z-
SCore).

Weight in Kg for children younger than two
years. Weight was measured by digital baby and
infant scale with the infants wearing the |l east
possible clothes, reading was taken to the nearest
(0.1) kg. The values were plotted on growth curves
according to official 2010 centers for disease and
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control (CDC) growth charts, created by the Na-
tional Center for Health Statistics (NCHS) Z score.

Weight in Kg for children older than two years:
The child was weighed in light clothing without
footwear. The values were plotted on growth curves
according to official 2010 CDC growth charts,
created by NCHS Z score.

Length in cm for children younger than two
years. The child's length was measured lying down
(recumbent) using a length board which was placed
on aflat, stable surface such as atable. If achild
would not lie down for measurement of length,
standing height was measured, and 0.7cm was
added to convert it to length. Percentages of medi-
ans were plotted on growth curves according to
official 2010 CDC growth charts, created by NCHS
and Z-scores.

Height in cmfor children older than two years:
Measured using a height board mounted at aright
angle between alevel floor and against a straight,
vertical surface such asawall or pillar, standing
height was measured unless the child was unable
to stand. Shoes and socks were removed before-
hand. Percentages of medians were plotted on
growth curves according to official 2010 CDC
growth charts, created by NCHS and Z-scores.

Body massindex (BMI): |sthe simplest param-
eters to assess nutritional status; BMI values were
calculated using measured height and weight values
asfollows:

BMI (Kg/m?) = Weight + (Height)?

The anthropometric evaluation was done using
methods adopted by the World Health Organization
(WHO), anthropometric standards recommended
by the Centers for Disease Control and Prevention
(CDC), and using the Composite Index of Anthro-
pometric failure (CIAF).
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4- Laboratory investigations were done at admission
and follow-up regularly including a complete blood
count, serum albumin, total protein, total serum
calcium, serum phosphate, alkaline phosphatase,
alanine transaminase, blood urea nitrogen, and
serum creatinine.

Results

264 patients were selected from the children
admitted to the inpatient ward of the Pediatric
Hospital, Ain Shams University. The samplein-
cluded 165 male children (62.5%) and 99 female
children (37.5%). The number of childrenin every
age group was; 181 children less than 60 months
in age (68.56%), 53 children between 60 and 120
months old (20.08%), and 30 children older than
120 months (11.36%). They were all screened using
CIAF. Table (2) describes the prevalence of under-
weight, stunting and wasting among different age
groups and gender. The study sample showed a
35.61% underweight, 31.34% stunting and 29.54%
wasting.

Table (3) describes the distribution of different
CIAF groups among the sample according to gender
and age groups. CIAF was highest among children
younger than 60 months (53.59%) and females
(51.52%).

Fig. (1) describe the distribution of the 134
children who showed undernourishment among
different CIAF categories; 14 children showed
wasting only (5.3%), 32 children showed under-
weight and wasting (12.12%), 31 children showed
underweight, stunting and wasting (11.74%), 24
children showed underweight and stunting (9.09%),
27 children showed stunting only (10.23%) and
finally 6 children showed underweight only
(2.27%).

Table (2): The distribution of WAZ, HAZ, and WHZ among different age groups and gender (N=264).

Agein months Gender Total
Indicator Classification <60 60-120 >120 Male Femae N (%)
0
N (%) N (%) N (%) N (%) N (%)
WAZ (Underweight) Normal 109 (60.22 39 (73.58) 22 (73.33) 107 (64.85) 63 (63.64) 170 (64.39)
Moderate 23(12.71) 2(3.77) 1(3.33) 12 (7.27) 14 (14.14) 26 (9.85)
Severe 49 (27.07) 12 (22.64) 7(23.33) 46 (27.88) 22 (22.22) 68 (25.76)
X2 6.728 3.747
p 0.151 0.154
HAZ (Stunting) Normal 120 (66.30) 37 (69.81) 24 (80.00) 112 (67.88) 69 (69.70) 181 (68.56)
Moderate 19 (10.50) 6 (11.32) 4(13.33) 19 (11.52) 10 (10.10) 29 (10.89)
Severe 42 (23.20) 10 (18.87) 2 (6.67) 34 (20.61) 20 (20.20) 54 (20.45)
X2 4.438 0.147
p 0.350 0.929
WHZ (wasting) Normal 124 (68.51) 43(81.13) 19 (63.33) 114 (69.09) 72 (72.73) 186 (70.45)
Moderate 19 (10.50) 5(9.43) 5(16.67) 19 (11.52) 10 (10.10) 29 (10.98)
Severe 38(20.99) 5(9.43) 6 (20.00) 32(19.39) 17 (17.17) 49 (18.56)
X2 5.197 0.393
p 0.268 0.821
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Table (3): Prevalence of CIAF groups among the sample according to age groups and gender (N=264).

Agein months Gender Total
Group  Description of the group <60 60-120 >120 Male Female )
N (%
N (%) N (%) N (%) N (%) N (%)
A No failure 84 (46.41) 30 (56.60) 16 (53.330 82 (49.70) 48 (48.48) 130 (49.24)
B Wasting only 7(3.87) 3(5.66) 4(13.33) 9(5.45) 5(5.05) 14 (5.30)
C Wasting and underweight 25(13.81) 3 (5.66) 4(13.33) 19 (11.52) 13 (13.13) 32(12.12)
D Wasting + stunting + underweight 25(13.81) 3(5.66) 3(10.00) 22(13.33) 9(9.09) 31(11.74)
E Stunting and underweight 17 (9.39) 6(11.32) 1(3.33) 15 (9.09) 9(9.09) 24 (9.09)
F Stunting only 18 (9.94) 7(13.21) 2(6.67) 16 (9.70) 11 (11.11) 27(10.23)
Y Underweight only 5(2.76) 1(1.89) 0(0.00) 2(1.21) 4 (4.04) 6(2.27)
Total (B+C+D+E+F+Y) 97 (53.59) 23 (43.40) 14 (46.67) 83 (50.30) 51 (51.52) 134 (50.76)
X2 13.196 3.418
p 0.355 0.755

Undeereweight

Stunting

E
N=24
(9.09%)

Y
N=6
(2.27%)

F
N=27
(10.23%)

(5.3%)

Wasting

Screening (N=264)
Fig. (1): Prevalence of CIAF groups.

Discussion

Mal nutrition continues to pose a significant
problem in Egypt despite the immense efforts to
provide nutritional support to deal with malnutrition
in the last years. Many studies recently tackled the
numerous issues of malnutrition in young children
from Egypt [2]. This attention to malnutrition
developed after recognizing that almost 50% of
the mortality in young children is attributable to
malnutrition which is nearly 3 million children per
year [12].

Moreover, malnutrition among hospitalized
children poses a great impediment to clinical im-
provement and causes a significant delay in physical
and mental development. The prevalence of mal-
nutrition is as high as 12-24% among hospitalized
children [13].

Malnutrition is portrayed through three tradi-
tional indices. Stunting is defined as having low
height for age Z-score, wasting is having low
weight for height Z-score and underweight is having
low weight for age Z-score. Peter Svedberg created
ascreening tool that combined the three traditional
indicesto form six new groups and later a seventh
group was added by Nandy et al., This new tool
was called CIAF and was able to detect the overall
burden of malnutrition better than the individual
traditional indices [9].

Therefore, it was found essential to study the
prevalence of malnutrition among clinically stable
hospitalized pediatric patients to address the
mal nourishment issue. In this study, 264 patients
were selected from the children admitted to the
inpatient ward of the Pediatric Hospital, Ain
Shams University.

At screening, males showed a significantly
lower mean WAZ-score (—2.340+3.549) than that
infemales (—1.411 +2.281). Similarly, a study con-
ducted in west Bengal, India reported that males
had alower mean WAZ (-1.80+0.85) than females
(-1.78+0.95) [14]. On the contrary, a study conduct-
ed in Fayoum, Egypt reported that males had a
higher mean WAZ (-0.35+ 1.55) than females (-0.72
11.64) [2].

Also, mean HAZ-score among males (—1.636+
2.719) was lower than that in females (—0.991 +
2.203). Likewise, in west Bengal mean HAZ-score
among males (-1.54+ 1.03) was lower than that in
females (—1.42+ 1.13) (Acharyaet al., 2013). How-
ever, in Fayoum, Egypt, males had a higher mean
HAZ (-0.63+1.19) than females (-1.20+1.37) [2].

The lower mean WAZ and HAZ in males can
be attributable to the increased activity level in
boys compared to girls that eventually leadsto a
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higher energy shortfall. This explains the higher
energy and caloric requirementsin males. Besides,
the lack of gender biasin urban cities leadsto the
former results [14]. While the higher mean WAZ
and HAZ in malesin the study conducted in Fay-
oum can be due to gender bias practiced in rural
regions and giving more care and better nutrition
to males than females.

By using the conventional indices of malnutri-
tion, the sample showed 29.54% wasting, similarly
according to Rasheed and Jeyakumar the prevalence
of wasting was 29% [15] . Likewise, in a study
conducted in the urban slums of Bandra, India, the
prevalence of wasting was 24.7% [16] and in Pu-
ducherry, the prevalence of wasting was 37.9%
[17]. Also, in Y emen, wasting was as high as 39.9%
[12] . However, other studiesin Egypt showed dif-
ferent results,the prevalence of wasting in Alexan-
dria, was only 3.6% [18], in Beni-Suef, was 17%
[19] and in Fayoum was 19.3% [2].

Asfor stunting, the sample showed a 31.34%
stunting. Similar results were documented in India,
with a 36.4% in the urban slums of Bandra [16],
30.7% stunting in west Bengal results [14]. Also,
in Yemen, the prevalence of stunting was 38.5%
[12]. Nevertheless, in Egypt contrasting prevalence
of stunting was documented. In Fayoum, the prev-
alence of stunting was 18.5% [2], whilein Alexan-
dria, only 15% suffered from stunting [18], and
finally in Beni-suef, only 16.6% suffered from
stunting [19] .

Concerning underweight, it was present in
35.61% of the study sample. Similarly, in India, a
34% were underweight in Pune district [15], 39.7%
were recorded in the urban slums of Bandra [16]
and 37.9% in Puducherry [17] . On the contrary, in
Fayoum, underweight showed alower prevalence
of 23.2% [2] aswell asin Beni-suef, underweight
was recorded as 17.9% [19] and in Alexandria,
underweight was found to be 7.3% [189].

The lower prevalence of the three indices of
malnutrition among studies conducted in Egypt
can be attributable to the difference in the nature
of the sample, as these study samples did not
contain children suffering from chronic disease
states or conditions that required hospitalization
unlike our study. Also, the studies conducted in
Fayoum, Alexandria and Beni-Suef contained chil-
dren from a homogenous demographic and socio-
economic standard in contrast to our study sample
that contained children from various places from
all over Egypt.
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When considering different CIAF groups among
the sample, group A (no failure) included 49.24%.
Similarly, in India, group A included 42.7% in west
Bengal [14], 42% in the urban slums of Bandra [16],
41.41% in Nagpur [20] and 51.3% in Puducherry
[17] . On the other hand, in Y emen, group A included
only 29.9% [12].

Asfor group B, which portrayed wasting only
included 5.3%. Correspondingly, Indian studies
showed similar prevalence of group B. In west
Bengal, the prevalence of group B was 0.9% (Ach-
aryaet al., 2013), 3% in Bandra [16], 2.73% in
Nagpur [20], and 6.4% in Puducherry [17]. Yet, in
Y emen a higher percentage was reported for group
B (10.4%) [12].

Furthermore, group C which represents wasting
and underweight included 12.12%. Likewise, a
percentage of 15% was reported in Bandra [16],
18.7% in Puducherry [17], and 15.3% in Y emen
[12] . On the other hand, in west Bengal, a percent-
age of 5.8% was recorded [14], and 8.2% in Nagpur
[20].

Group D, represents wasting, stunting and un-
derweight altogether. It represented 11.74% of the
sample. Similar prevalence was documented only
in'Yemen (14.3%) [12]. Other studies showed lower
prevalence of group D, asin west Bengal (5.3%)
[14], Bandra (6%) [16], Nagpur (4.3%) [20], and
Puducherry (8.6%) Puducherry [17].

Moreover, group E denotes stunting and under-
weight, it included 9.09%. In a study conducted
in Puducherry, there was a comparable prevalence
of group E (6.1 %) [17] aswell asastudy in Malawi
which reported 2 9.6% [21]. Yet, al older studies
showed a higher prevalence of group E, in west
Bengal it was reported as 18.7% [14], in Bandra
group E was 15% [16], in Nagpur it was 19.92%
[20], and in Yemen it was 19.6% [12].

When taking alook to group F which reflects
stunting, it is found to represent 10.23% of the
sample. A close prevalence was reported in Nagpur
(10.55%) [20] and Bandra (15%) [16], while lower
prevalence was reported in west Bengal (6.7%)
[14] , Puducherry (4.4%) [17] and Y emen (4.6%)
[12].

Finaly, group Y which represents underweight
showed a prevalence of 2.27%. Other studies
showed similar prevalence of group Y, 3% in Ban-
dra [16] , 4.5% in Puducherry [17] and 5.9% in
Yemen [12] . However, a higher prevalence was
reported in west Bengal (12.9%) (Acharyaet al.,
2013), and Nagpur (33%) [20].
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The difference in distribution between CIAF
groups among the former studies is the aftermath
of the demographic differences, political disputes
that may affect the availability of food and water,
and differences in dietary habits between countries.

Anthropometric failure among the sample was
recorded as 50.76 % using CIAF. Similar CIAF
percentages were reported in a multitude of studies
asfollows; 49% [17], 50.2% [14] , 58.59% (Dhok
and Thakre, 2016). On other hand, it was reported
higher values in other studies as follow; 70% (Al-
Sadeeq et al., 2018), 75% [15] . The higher values
can be attributed to war condition in Y emen and
poverty at certain districtsin India

Furthermore, CIAF among girls (51.52%) was
higher than boys (50.3%) which was consistent
with the study conducted in Y emen that showed a
CIAF percentage among girls of 70% while among
boys was 69.8% [12] . The higher prevalence of
CIAF among girls can be aresult of gender bias
and giving more attention and nurturing to male
kids.

In addition, CIAF prevalence among different
age groups showed a higher percentage (53.59%)
among children younger than 60 months when
compared to those aged 60 to 120 months (43.4%)
and those older than 120 months (46.67%). How-
ever, Ramkumar et al., reported that the prevalence
of undernutrition increased with age among this
study sample, with the highest prevalence among
children older than 132 months and younger than
158 months (98.4%) [17].

Conclusion:

CIAF was able to detect a 50.76% mal nourish-
ment among the sample which was higher than
any of the conventional indices.

Prevalence of malnutrition, according to CIAF,
was 50.3% among boys and 51.5% among girls
who were hospitalized in Ain Shams University
Children’s Hospital. Additionally, it was most
pronounced in the under 60 months of age.

The economic burden of pediatric malnutrition
was described by the World Food Program (WFP)
in 2009 as an estimate of 20.3 billion Egyptian
pounds or a 1.9% of Gross Domestic Product
(GDP). Also, the compromised nutritional status
of pediatric patients leads to alonger hospital stay
and inferior clinical outcomes. This economic
burden highlighted the importance of nutritional
screening of hospitalized infants and childrenfor
prompt nutritional rehabilitation therapy with spe-
cial emphasis on girls below 60 months of age.
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