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Abstract

Background: Fetal Malnutrition (FM) is caused by inadequate formation of fat, subcutaneous tissues
and muscle mass in the fetus, which is associated with several morbidities. Thus, accurate and timely
diagnosis of FM is crucial in newborns. In this study, we aimed to compare the nutritional status
(Fetal Malnutrition) of a newborn in Ghaem Hospital, Mashhad University of Medical Sciences, Iran,
based on CANSCORE with anthropometric criteria.

Methods: In this cross-sectional descriptive study, 367 neonates who were born from 2020 to 2021 in
the maternity ward of Ghaem Hospital, Mashhad were evaluated in the first 24 to 48 hours of life.
Demographic characteristics, anthropometric criteria and CANSCORE of neonates were recorded and
analyzed using SPSS software (version 16). A p-value <0.05 was considered statistically significant.

Results: 367 neonates (54.8% females), with a mean gestational age of 38.7 £+ 1.4 weeks, were
studied. Mean anthropometric indices, including height, mid-arm circumference and head
circumference were 50.05 £ 2.3 cm, 10.5 + 1.1 ¢cm, and 34.8 + 1.5 cm, respectively. Average
CANSCORE was 25.5 + 1.9. The majority of the neonates were AGA (89.6%), while 6% were SGA.
According to MAC/HC, BMI, and PI, 0%, 14.4% and 12.3% of newborns were malnourished,
respectively. CANSCORE identified FM in 19.1% of neonates. A significant correlation between
neonates’ weight (SGA, AGA, LGA) and CANSCORE was detected (p<0.001). Bivariate analysis
with Pearson’s correlation showed a significant and positive relationship between all anthropometric
indices and CANSCORE (p<0.05).

Conclusion: CANSCORE is an accurate clinical tool for identifying FM in term newborns.
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1- INTRODUCTION

Fetal malnutrition (FM) is a clinical
state in newborns characterized by
inadequate formation of fat, subcutaneous
tissues, and muscle mass in the fetus
during intrauterine growth (1, 2). FM,
which may occur at any birth weight,
manifests itself with diminished and
subcutaneous tissues, and loosening of
skin over various body sites such as arms,
knees and legs. In severe cases, the
neonate might look emaciated and have
recognizable “old man” facies (3, 4). A
number of known risk factors for FM
include low socioeconomic status of
mother, infections, maternal malnutrition,
and maternal diseases such as diabetes
mellitus, hypertension and preeclampsia
(5-7). FM substantially increases the risk
of neonatal morbidities, and many
perinatal adverse events, including
asphyxia, hypoglycemia and meconium
aspiration, are primarily seen in
malnourished newborns (4, 8-10). FM
constitutes one of the main causes of child
mortality, and together with Intrauterine
Growth Restriction (IUGR), are the most
important  contributors to  Disability-
Adjusted Life Years (DALYS) in children
less than 5 years old (9). Moreover,
implications of FM extend well beyond the
neonatal period, as studies have
demonstrated that FM is associated with
sudden infant death syndrome, learning
difficulties, and mental retardation (11,
12).

Various indices can be employed to
diagnose and quantitate malnourishment in
newborns, including birth weight, Ponderal
Index (PI), mid-arm circumference and
mid arm-arm/head circumference ratio
(13-16). However, such methods have
their own limitations. For instance,
although birth weight is commonly used to
assess the condition of a newborn, body
proportions may considerably  differ
between infants with similar weight;
specifically, water content of the infant

body gradually decreases from nearly 80%
in neonates born at 28 weeks, to 65% in
term newborns. In addition, different
adverse events can occur in infants of the
same birth weight, but with different
gestational ages (17, 18). In response to
these shortcomings, Metcoff developed the
Clinical Assessment of Nutrition Score
(CANSCORE) in order to better identify
and differentiate FM (8). CANSCORE is a
quick, easy-to-use clinical tool that does
not require any sophisticated equipment
and provides a reliable method for
assessing the in-utero nutritional status of
the neonate, since its parameters are
independent of weight and can be used in
all  children being small (SGA),
appropriate (AGA) or large (LGA) for
gestational age (7, 19).

So far, the accuracy and utility of
CANSCORE in identifying FM has been
demonstrated by multiple studies from
different countries. In a study on 637
Indian term newborns, 25% of the study
population were SGA according to birth
weight for gestational age, while 40% of
them were suffering from FM according to
CANSCORE (20). A study by Singhal et
al. also reported that more than 8% of
AGA Dbabies suffered from FM, and
CANSCORE was an effective tool for
identifying these cases (21). In another
study in Nigeria by Adebami et al., 12.1%
of the term newborns were SGA, while
CANSCORE identified 18.8% of them as
FM (4). Similarly Kushwaba et al. had
demonstrated an association between
neonatal morbidity and FM, regardless of
weight for gestational age (22). More
recently, in their study on preterm
neonates, Ayse et al. reported a prevalence
of 54.8% for FM based on CANSCORE,
whereas only 19.4% of newborns were
SGA (6). Considering the paucity of
reports that have evaluated FM and the
efficacy of CANSCORE in identifying
malnourished newborns in Iran, we hereby
aimed to compare the nutritional status
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(Fetal Malnutrition) of newborns in
Ghaem Hospital, Mashhad University of
Medical Sciences, based on CANSCORE
with anthropometric criteria.

2- MATERIALS AND METHODS
2-1. Design and sampling

This cross-sectional descriptive study
was conducted from 2020 to 2021 in the
maternity ward of Ghaem Hospital,
Mashhad University of Medical Sciences,
Mashhad, Iran. Based on a study by Mehta
et al. (20), considering oo = 0.05 and B =
0.2, a sample size of 367 people was
calculated (d = 0.05 and p =40%): N =z 2
p(1-p)/d2=367.

2-1-1. Inclusion and exclusion criteria

After obtaining informed written consent
from the mothers, a questionnaire
containing demographic characteristics,
anthropometric criteria and CANSCORE
was prepared and filled. The exclusion
criteria  were as follows: congenital
anomalies, gestational age <37 weeks at
birth, unreliable gestational age, multiple
pregnancies, need for NICU admission,
and history of gestational diabetes in the
mother.

2-2. Data collection

The following parameters were measured
and recorded in all newborns in the first 24
to 48 hours of life:

» Birth weight: Naked birth weight
measured with +/-10 gr accuracy using
electronic scale.

* Height: Crown to heel measured with +/-
0.1 cm accuracy using an infantometer.

* Occipital  frontal circumference:
Determined as the largest circumference of
the skull using an inflexible strip with an
accuracy of +/-0.1 cm.

» Mid-arm circumference: Measured in the
left arm, halfway between the acromion tip
and the olecranon appendage, using an

inflexible band with an accuracy of +/-0.1
cm.

Using birth weight and based on
Alexander nomogram and intrauterine
growth charts, neonates were categorized
as SGA (<2500 g), AGA (2500-4000 g),
and LGA (>4000 g) (20). Other indices
were calculated as follows:

* Ponderal index (PI): PI = weight (g) X
100 / length (cm) 3. Neonates with PI less
than 2.2 g / cm3 were considered
malnourished.

e Mid-arm / head circumference ratio
(MAC / HC): Based on a study by
Mahalingam et al., A cut off point of 0.27
was used to determine malnourishment
(23).

* Body mass index (BMI): BMI = weight
(kg) / height (m) 2. A cut off point of
11.20 kg / m2 was used to identify
malnutrition (21).

Finally, CANSCORE as described by
Metcoff was used to assess FM in study
subjects. CONSCORE consists of nine
clinical parameters: hair, cheeks, neck,
arms, chest, abdomen, back, buttocks, and
legs. A maximum of score 4 is given to
parameters  without any signs of
malnourishment, and a minimum score of
1 is given in case of severe
malnourishment, hence a score range of 9
to 36, in babies with scores below 25 was
considered as having FM (8).

All indices and criteria were assessed by a
trained medical student and supervised by
a neonatal subspecialist.

2-3. Data analysis

The data was analyzed using statistical
software SPSS (Version 16, IBM,
Portsmouth, Hampshire, UK). P < 0.05
was considered statistically significant.

3- RESULTS

A total of 367 neonates, 54.8%
females, with a mean gestational age of
38.7 £ 1.4 weeks, were studied. Mean
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body mass index was 12.7 + 1.5 and
average CANSCORE was 255 = 1.9
(Table 1).

The majority of the subjects were AGA
(89.6%), while 6% were SGA. According
to MAC/HC, BMI, and PI, 0%, 14.4% and
12.3% of newborns were malnourished,
respectively. Finally, CANSCORE
identified FM in 19.1% of neonates (Table
2).

A significant  correlation  between
neonates’ weight (SGA, AGA, LGA) and
CANSCORE was detected (p<0.001,
Table 3).

As shown in Table 4 and Fig. 1, bivariate
analysis with Pearson’s correlation showed
a significant and positive relationship
between all anthropometric indices and
CANSCORE (p<0.05).

Table-1: Quantitative characteristics of the participants

Variable Mean Std. Deviation Minimum Maximum
GA 38.7038 1.45235 37.00 42.00
Weight 3185.9264 442.01722 2070.00 4370.00
Head 34.8373 1.50389 30.00 39.50
Mid-arm 10.5902 1.18827 8.00 14.00
Height 50.0545 2.31349 37.00 58.00
CANSCORE 25.5504 1.91971 18.00 31.00
MAC/HC 3039 .03036 22 40
Pl 2.5477 .36684 1.55 5.67
BMI 12.7108 1.53160 8.06 20.96
Table-2: Qualitative characteristics of the participants
Variable Frequency(Percent)
Male 166(45.2)
Gender Female 201(54.8)
SGA 22(6)
Weight AGA 329(89.6)
LGA 16(4.4)
<25 70(19.1)
CANSCORE >=25 297(80.9)
<27 0(0)
MAC/HC >=27 367(100)
<11.2 53(14.4)
BMI >11.2 314(85.6)
Pl <=2.2 45(12.3)
>2.2 322(87.7)

Table-3: Relationship between CANSCORE and weight among the participants

. Weight Frequency(Percent)
VR SGA AGA LGA Total PUle
<25 | 19(86.4) | 51(155) 0(0) 70(19.1) | <0.001
CANSCORE I 55 13(13.6) | 278(845) | 16(100) | 297(80.9)
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Table-4: Results of bivariate analysis

Variable Canscore Pl BMI GA | Weight | Head | Arm | Height
Canscore Pearson Correlation 1 282" | 515 | 290 | .737"" | .439™ | 707" | 435"
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000
P Pearson Correlation 282" 1 930" | .110" | .425™ | 162" | 4057 | -.496™
Sig. (2-tailed) .000 .000 .034 .000 .002 .000 .000
BMI Pearson Correlation 515" .930™ 1 1917 | 723" | 326" | 6397 | -.166""
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .001
GA Pearson Correlation 290" 110" 191" 1 269 | 205 | 2717 | 1677
Sig. (2-tailed) .000 .034 .000 .000 .000 .000 .001
Weight Pear_son Correlation 737 4257 | 723 | .269™ 1 514™ | .824™ | 551"
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000
Head Pear_son Correlation 439™ 162 | 326" | 2057 | 514" 1 460" | 352"
Sig. (2-tailed) .000 .002 .000 .000 .000 .000 .000
Arm Pear_son Correlation 707 405 | 6397 | 2717 | .824™ | .460™ 1 400™
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000
Height Pear_son Correlation 435" -496™ | -.166™ | 167 | 5517 | .352™" | .400™ 1
Sig. (2-tailed) .000 .000 .001 .001 .000 .000 .000
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Fig. 1: Results of bivariate analysis
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4- DISCUSSION

In the present study, 367 neonates
(54.8% females) born in the maternity
ward of Ghaem Hospital, Mashhad, Iran,
were evaluated. Statistical analysis showed
that most patients (80.9%) had a
CANSCORE > 25. According to this
index, 19.1% of patients  were
malnourished, while only 6% were SGA.
In a study conducted by Ezenwa et al., on
140 preterm neonates (between 28 and 36
completed weeks of  gestation),
CANSCORE was 34.3%. But Ayse et al.,
reported a prevalence of 54.8% for FM
based on CANSCORE, while only 19.4%
of newborns were SGA (6). In our study,
we only focused on term newborns, and
our results showed that CANSCORE was a
more sensitive tool for identifying
malnourishment. Also One study in India
showed that 25% of term newborns were
SGA according to birth weight for
gestational age, while 40% of them had
FM according to CANSCORE (20); and
Kushwaba et al. reached the same
conclusions in their studies (4, 22).

Similarly, in a study by Kashyap et al.,
CANSCORE lower than 25 identified
72.60% of babies as well-nourished and
27.40% as malnourished. In this study a
significant relationship between neonatal
weight and CANSCORE was seen. Also in
study by Ezenwa et al., BMI and PI
identified FM in 40.0% and 30.0% of the
neonates; and they concluded that BMI
was more sensitive for detecting FM in
preterm newborns (25).

Collectively, these results indicate that
CANSCORE is an accurate and sensitive
tool for detecting FM. Moreover, statistical
analysis demonstrated a significant and
positive correlation between all
anthropometric indices and CANSCORE.
But in a study by Adebami et al., in 2008,
18.8% of the study subjects had FM based
on CANSCORE. The mean weight, mid-
arm circumference, and Pl of babies with
FM were significantly lower than healthy

newborns (p<0.001), while mean head
circumference and height did not
considerably differ between the two
groups (p>0.05). However, intrauterine
growth standard and Pl alone missed
49.4% and 61.4% of FM cases (19).
Another research by Singh et al., in India,
concluded that FM occurs both in SGA
and AGA newborns, but was much more
frequent in SGA babies (29).

In line with these results, Sankhyan et al.
stated that when CANSCORE was taken
as standard, weight for gestation and
MAC/HC had the highest sensitivity for
detectingg FM (925% & 90.5%,
respectively) (16). Likewise, in their
research, Lakkappa et al. and Sethi et al.
demonstrated that CANSCORE had
superior accuracy in detecting FM (27,
28).

Interestingly, few studies so far have
investigated  the  shortcomings  of
CANSCORE. One prominent drawback is
that the results of CANSCORE are
subjective, and might vary from one
observer to another (30). Nonetheless, this
obstacle can be overcome by practice. In
this study, in order to increase the
accuracy, CANSCORE parameters were
assessed by a trained medical student who
was supervised by a neonatal specialist. It
has also been noted that evaluating
CANSCORE is more time consuming than
measuring, for example, birth weight.
However, as shown in our study, this
might be justified by the superior
predictive value and accuracy of
CANSCORE in identifying FM. Finally,
CANSCORE does not determine the
severity of malnutrition, and the cut-off
point of 25 has not been universally agreed
upon (30).
5- CONCLUSION

The findings of the current study are
consistent with the aforementioned reports.

In our study, a significant and positive
correlation between all anthropometric
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indices and CANSCORE was seen;
CANSCORE was more accurate in
identifying FM.

Thus, we recommend regular use of
CANSCORE at birth for accurate
identification of fetal malnourishment in
order to take proactive measures to
minimize  morbidity and  mortality
associated with FM. However, in this
study, we only evaluated term newborns.
CANSCORE may also be wuseful in
detecting FM in preterm neonates, but
some modifications might be necessary.
These modification(s) can be the basis for
further studies. Moreover, conducting
research aimed at finding other cut-off
points for CANSCORE that are
standardized for each community can be
beneficial.
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