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INTRODUCTION

ABSTRACT

Background: Fetal malnutrition (FM) which describes the underweight/wasting seen in
newborns is a significant contributor to perinatal morbidity and mortality and requires proper
documentation. The objective of this study was to assess the nutritional status of term newborns at
birth using Clinical Assessment of Nutritional (CAN) status score and four otheranthropometric
indicesand to compare the efficiency of CAN score and the anthropometric indices in identifying
FM in term newborns. Materials and Methods: The study was conducted on live singleton babies
delivered =37-42 completed weeks of gestation at the inborn unit of Lagos University Teaching
Hospital without major congenital abnormalities or severe perinatal illness. Birth weights and
lengths were recorded at birth. Ponderal index (PI), body mass index (BMI), and mid-arm/head
circumference (MAC/HC) ratio were calculated and the values were compared with standard
curves. The CAN score consisted of inspection and estimation of loss of subcutaneous tissues and
muscles. FM was defined as CAN score <25. Data were analyzed using the Statistical Package for
Social Sciences statistics software version 17.0. Results: Two hundred and eighty-two newborns
were analyzed. FM was identified in 14.5%, 10.3%, 13.1%, and 2.8% of newborns using CAN score,
PI, BMI, and MAC/HC ratio, respectively. Out of the FM babies identified by CAN score, PI,
MAC/HC, and BMI identified 19.5%, 12.3%, and 53.7% of them as FM also. BMI was the most
sensitive anthropometric index for detecting FM. Conclusion: CAN score is a simple clinical
tool for identifying FM and when used in conjunction with BMI will enhance FM detection.

Keywords: Clinical Assessment of Nutritional statusscore, fetal malnutrition, proportionality
indices, term newborns

conducted in Ile-Ife, Nigeria, reported an incidence of
18.8% for FM in term newborns.?

Fetal malnutrition (FM) is a significant contributor to
perinatal morbidity and mortality.} It is a state of poor
nutrition in-utero resulting from inadequate supply
and/or utilization of nutrients! leading to the fetus
failing to acquire adequate amount of fat, subcutaneous
tissues, and muscle mass during intrauterine growth.! FM
describes the underweight/wasting aspect of the clinical
syndrome seen in malnourished newborns. This clinical
state may be present at almost any birth weight.? Globally,
the incidence of FM is between 2% and 10% of total births
with highest incidence in developing countries.? A study
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The assessment of the nutritional status of the fetus has
been of considerable interest to clinicians because of its
potential serious sequelae on multiple organ systems
manifesting as perinatal problems and/or long-term
central nervous system sequelae.>* Recent studies have also
demonstrated the evidence that FM may have a far-reaching
effect on adult life such as susceptibility to cardiovascular
disease and non-insulin dependent diabetes mellitus.>”
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Various anthropometric indices have been used to identify
babies that suffered suboptimal fetal growth (weight,
length, mid-arm circumference (MAC) and head
circumference (HC),%° proportionality indices (ponderal
index [PI],%1* MAC/HC ratio, body mass index [BMI]), and
Clinical Assessment of Nutritional (CAN) status and its
score.> 1112

CAN score - which contains nine clinical signs, namely,
hair, cheeks, neck, arms, chest, abdomen, back, buttocks,
and legs, as developed by Metcoff!! to differentiate
malnourished from appropriately nourished babies* - has
also been used widely by researchers to determine FM
in the newborn period. There is a dearth of research
in the combined use of CAN score, BMI, and the other
anthropometric indices as a means of assessing FM in
newborns in the West African subregion.

The aims of the present study are to assess the nutritional
status of term newborns at birth using CAN score, BM],
PI, MAC/HC, and birth weight and to compare the relative
efficiency of CAN score and the anthropometric indices in
the identification of FM in term newborns. The findings
from this study will provide renewed insight into the easier
and better methods of determining FM in term newborns.

MATERIALS AND METHODS

The study was carried out on consecutive, singleton, live
born babies of 237 completed weeks through 41 weeks of
gestation at the inborn unit of LUTH between May 1, 2010,
and November 30, 2010.

Exclusion criteria include any obvious major congenital
abnormalities or severe perinatal illness. Ethical clearance
was obtained from the Research and Ethics Committee of
the Hospital. Informed parental consent was obtained for
each newborn recruited.

Two hundred and eighty-two newborns were studied.
Each infant was examined by the investigator within 48 h
of birth. All the anthropometric measurements, except
birth weight, were carried out by the investigator with
trained assistance where needed, within 48 h of baby’s
birth. All the neonates were weighed completely nude at
birth by the delivery room staff using the infant weighing
scale (Weighmaster model®, USA) which records the
weight to the nearest 10 g. Using the Olowe intrauterine
growth chart,'® birth weights for gestational age below the
3 percentile and above the 97" percentile on the chart
were taken as small for gestational age (SGA) and large
for gestational age (LGA), respectively. The infant’s length
was measured using an Infalength®. It was measured to
the nearest 2 mm. The HC was measured using a flexible
nonstretchable tape measure with due attention to the
appropriate prominences.!* The measurement was to the
nearest 0.1 cm. The MAC was measured using the same tape

at the midpoint between the acromion and the olecranon
process with the forearm flexed at 90° at the elbow.'* In
the abducted arm with the elbow flexed (in almost all the
term babies), a skin crease appears which corresponds
approximately with the midpoint of the arm.'*!¢ The
readings obtained were recorded to the nearest 0.1 cm.

Plwascomputed fromtheformula: PI=weight(g)/length?® (cm)
x 100 and PI <2.2 was considered as malnutrition. The
MAC/HC ratio was calculated for each infant and the
value plotted on a standard curve designed for Nigerian
newborn.'®'® BMI was calculated for each baby and the
value was plotted on the BMI curve designed by Brock et al.
for newborn babies.®

CAN status was done within 48 h of life on the basis of the
superficial readily detectable signs of malnutrition in the
newborn as described by Metcoff [Table 1].* This consisted
of inspection and estimation of loss of subcutaneous
tissues and muscles in the designated areas. Hair, cheeks,
neck and chin, arms, back, buttocks, legs, chest, and
abdomen were examined and then scored. The range of
scores for each varied between 1 and 4. A maximum score
of 4 was awarded to each parameter with no evidence of
malnutrition, and the lowest score of 1 was awarded to
parameter with the worst evidence of malnutrition. The
total rating of the 9 CAN score signs was the CAN score for
the subject. FM was defined as CAN score <25.41920

Statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS)for windows, version 17.0
(SPSS Inc®, Chicago released 2008, IBM Corp, New York).
The variables were presented by frequency tables and
cross-tabulations. Student’s t-test was used to compare
the mean anthropometry between males and females.
Nonparametric data were analyzed using Mann-Whitney
U-test. Chi-squared analysis was used to assess association
between categorical variables. Fisher’s exact test was
used for variables <5. P < 0.05 was considered statistically
significant at 95% confidence level.

RESULTS

Two hundred and eighty-two term newborns were studied.
One hundred and thirty-seven were male while 145 were
female, with amale: female ratio of 1:1.07. Eight babies (2.8%)
were of low birth weightand SGA while 15 (5.3%) were LGA.
The anthropometric characteristics of the study population
showed that the mean birth weight was 3260 + 460 g and
mean length of 49.37 + 2.26 cm while the MAC and HC were
34.63 £ 1.19 cm and 10.83 + 1.01, respectively.

Selected maternal characteristics of the study
population

The mean age of the mothers was 30.4 + 4.6 years. Sixty-two
percent of the mothers had tertiary level of education.
Only 4.2% had primary level of education or below. About
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Table 1: The nine signs for clinical assessment of nutritional status in the newborn

Parameter CAN score
4 3 1

Hair Thick, dense, smooth, Thick, less dense, with little hair Less abundant, coarse, straight, and Less abundant or thin, flag sign
easy to comb straight does not respond to brushing

Cheek Round, large, fat pad Slightly reduced fat pad Significantly reduced Reduced buccal fat with narrow flat

Chin and neck Double or triple neck fat  Full, submandibular fat,
rolls, neck not visible moderate neck fat with no rolls

Arm Upper and lower arm Moderate subcutaneous tissue
skin thick, subcutaneous present on upper and lower
tissue taught, cannot arms, slight pleating of skin,
pick up over elbow or cannot pick up over elbow
triceps area and back of hand

Back Upper and lower back Moderate subcutaneous tissue,
subcutaneous tissue thick. skin loose over scapular
Inter-scapular area of skin
cannot be picked

Buttock Fat pad thickness Round, less full, less firm
Round, full and firm

Leg Thick subcutaneous Some subcutaneous tissue, can
tissue that cannot be pick up easily but good turgor
picked up

Chest Round, ribs not seen Intercostal spaces less

prominent, ribs less obvious
Abdomen Full, round, no loose skin Round with loose skin, not

easily lifted, with no wrinkle

Flat but definite fat present

Scaphoid but not very loose, skin
easily lifted and with some wrinkles

face

No double chin, some submandibular No submandibular fat, thin chin, neck
fat, minimal neck fat

Some subcutaneous tissue present
on upper and lower arms, skin loose, like folds significantly
pleats easily, can pick up over elbow
but not on back of the hand and
forearm

Some subcutaneous tissue present,
skin loose over scapular and lower
back over scapula, spine, and lower back

with loose, wrinkled skin very evident
Very little fat, loose skin, accordion-

Subcutaneous tissue minimal, skin
very loose in appearance, easily tents

Flat, appear wasted, little or no fat

Skin upper medial thigh loose, easily Thighs appear wasted, obvious loose
picked up over anterior thigh but not skin, easily picked and pleats, very
over tibia

Intercostal space revealed

poor turgor

Intercostal space very clear, obvious
loss of subcutaneous tissue
Distended or scaphoid; but with very
loose skin, easily lifted and wrinkled

CAN —Clinical assessment of nutritional

53.2% of the babies were born to multiparous mothers
and 39% of the mothers had various illnesses during
pregnancy (high blood pressure [30%], malaria [15.9%],
and retroviral disease [37.8%]).

The nutritional assessments

The prevalence of FM as detected by CAN score was 14.5%
while BMI detected 13.1% of the study participants as
malnourished. Pl and MAC/HC detected FM in 10.3% and
2.8% of the study population, respectively. The relationship
between sex and FM is as shown in Table 2. The incidence
of FM is slightly more in male babies, but it was not
statistically significant except with MAC/HC ratio which
detected no female newborn with FM.

Two hundred and fifty-nine babies (91.8%) were
appropriate for gestational age (AGA), 15 (5.3%) were
LGA, and 8 (2.8%) were classified as SGA using Olowe’s
intrauterine growth chart. CAN score identified 15.4% of
the AGA babies as FM and only one of the SGA babies as FM.
None of the LGA was malnourished by CAN score.

Tables 3 and 4 show the comparison of CAN score with
anthropometry in detection of FM. BMI showed the highest
sensitivity (53.7%) in detecting FM. It detected 22 out of
the 41 babies that CAN score classified as malnourished.
BMI also showed a high specificity of 93.7%. PI, MAC/HC,
and birth weight showed very low sensitivity of 19.5%,
12.3%, and 2.4%, respectively, in detecting FM; however,
all showed very high specificity (90.9%, 98.6%, and 97.1%,
respectively) in detecting FM.

DISCUSSION

FM is prevalent in the developing countries.*?! Studies have
documented that the nutritional status of the newborn
is important for identifying perinatal risks*?*?® as any
deviation from the normal is associated with an increased
risk of morbidity and mortality.?*

In the present study, we evaluated 282 babies for FM. The
mean birth weight of the babies was 3260 + 460 g which
was higher than 3067 g recorded in Ile-Ife* and 3080 g in
Jos,* both in Nigeria, and 2600 g reported in India.?® It
was however comparable with the 3290 g documented by
Metcoftf* in the USA.

The prevalence of SGA in term babies in the present study
is low (2.8%) compared to the prevalence reported by
Adebami et al? in Ile-Ife (12.1%) and Mehta et al®® in
India (25%) while Metcoff* documented SGA prevalence
of 11% in term newborns in Oklahoma, USA. The low
prevalence of SGA in the present study may be due to the
different intrauterine growth curves used. The Olowe
intrauterine growth chart®® used in this study classified
babies <2 standard deviations below the mean or below
the 3 percentile as SGA, whereas the Brenner intrauterine
growth chart which uses the 10" percentile as the cutoff
for SGA was used in the study by Metcoff* and Adebami
et al® A similar study in India by Sankhyan et al.® had also
reported a lower prevalence of SGA when local Indian
intrauterine growth chart was used (9.1%) compared to
when international growth charts which had higher cutoff
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Table 2: Relationship between sex and fetal

malnutrition

Assessment Total Males Female Ve P
tool (n=282) n (%) (n=136) n (%) (n=146) n (%)

CAN score <25 41 (14.5) 23 (16.9) 18 (12.3) 1.2 0.27
Pl<2.2 29 (10.3) 13(9.6) 16 (11.0) 0.04 0.85
BMI 37(13.2) 19 (14) 18 (12.3) 0.73
SGA 8(2.8) 1(0.7) 7 (4.8) 0.20%*
MAC/HC low 8(2.8) 8(5.9) 0 (0.00) 0.01%%

Figures in brackets are percentages of n. CAN —Clinical assessment of nutritional
status; BMI — Body mass index; SGA — Small for gestational age; Pl - Ponderal index;
MAC/HC — Mid-arm circumference/head circumference; **Fisher exact

Table 3: Comparison between clinical assessment
of nutritional score and anthropometric indices in
detection of fetal malnutrition in term newborns

Anthropometric CAN score (%) P
variable Malnourished Not malnourished Total
(n=41) (n=241) (n=282)
Pl
Malnourished 7 (29.5) 22(9.1) 29 (10.3) 0.08
Not malnourished 34 (82.9) 219 (90.9) 253(89.7)
MAC/HC ratio
Malnourished 5(12.3) 3(2.3) 8(2.8) o0.00
Not malnourished 36 (87.8) 238(98.6) 274 (97.2)
BMI
Malnourished 22 (53.7) 15 (6.2) 37(23.1) 0.04
Not malnourished 19 (46.3) 226 (93.7) 245 (86.9)
Birth weight
Malnourished (SGA) 1(2.4) 7(2.9) 8(2.8) o0.30
Not malnourished 40 (97.6) 234 (97.1) 274 (97.2)

(AGA +LGA)

CAN-Clinical assessment of nutritional status; BMI—Body mass index; SGA —Small for
gestational age; AGA —Appropriate for gestational age; PI—Ponderal index; LGA—Large
for gestational age; MAC/HC — Mid-arm circumference/head circumference

Table 4: The sensitivity, specificity and predictive
value of anthropometric indices in determining
fetal malnutrition

Value Pl BMI MAC/HC Birth weight (SGA)
Sensitivity 19.5 53.7 12.3 2.4
Specificity 90.9 93.7 98.6 97.1
PPV 24.1 59.5 62.5 12.5
NPV 86.6 92.2 86.9 85.4

PPV — Positive predictive value; NPV — Negative predictive value; CAN —Clinical
assessment of nutritional; BMI - Body mass index; SGA — Small for gestational age;
Pl —Ponderal index; MAC/HC — Mid-arm circumference/head circumference

weights at each gestational age was used (45.4%) resulting
in higher sensitivity but low specificity.

The prevalence of FM in the present study using CAN
score (14.5%) is slightly lower than 18.8% documented
in Ile-Ife by Adebami et al.® and is 2-3-fold lower than that
documented in India by Sankhyan et al.® and Mehta et al.?
The reason for the lower prevalence in our study may be
related to the demographics and socioeconomic status of the
population studied. A well-nourished and healthy mother
is more likely to deliver a healthy and well-nourished baby:.

The prevalence of FM using CAN score and anthropometry
in various gestational age groups of infants had been
reported by different researchers. Ithas been demonstrated
that birth weight alone may not reflect the fetal state of
nutrition of a newborn adequately. Previous researchers
had demonstrated that not all SGA babies had FM and that
some AGA babies may have features of FM. In the study by
Metcoff,* the prevalence of FM was reported to be 5.5%
in AGA infants and 54.0% in SGA infants. Sankhyan et al.’
documented features of FM in 57.1% of SGA and 3.8% of
AGA newborns. Adebami et al.?® detected FM in 11.5% of
term AGA babies using CAN score. In the present study,
CAN score identified FM in 15.4% of term AGA babies
indicating that these babies suffered from FM in spite of
having normal birth weight. Among SGA babies, only one
baby (2.4%) was malnourished using CAN score; thus, the
term FM and SGA are not synonymous. This finding is also
similar to that of other researchers such as Metcoff that not
all SGA babies were FM.

The anthropometric parameters are important to reflect
intrauterine growth and to define a baseline to follow-up
the nutritional progress of the infant. Many authors have
proposed that the assessment of body proportions may be
more useful than single measurements for age alone for
assessing newborn nutrition.#*?¢?” BMI provides a high
estimate of body fat mass as it has a positive correlation
with skinfold thickness and other methods of estimating
the percentage of body fat,'® and it takes advantage of
the physiologic principle regarding sparing length at the
expense of weight during mild to moderate malnutrition.?
In our study, BMI detected FM in 13.1% of the babies and on
comparing with CAN score, it was noted that the sensitivity of
BMI in detecting FM was the highest among anthropometric
parameters, suggesting BMI may be a sensitive indicator
of FM. Soundarya et al?’ also found BMI to be a sensitive
indicator of FM in their study and proposed a combination
of BMI and PI in the screening of babies for FM.

Pl has been used by various authors to classify intrauterine
growth and FM infants. The present study recorded FM
prevalence of 10.3% in term babies using PI. This is lower
than the prevalence recorded by Mehta et al.** (29.19%) and
Kayshap et al.?” (27.8%) in India. It is, however, comparable
with the lower prevalence of 8.1% documented by Adebami
et al® Both Mehta et al.?® and Kashyap et al.?” combined the
late gestational preterm babies of = 35 weeks to the analysis
of their results and thus may have contributed to their
higher prevalence. Some babies with normal Pl were found
to be malnourished using CAN score in the present study.
CAN score identified 34 (13.4%) of the babies with normal
Pl as malnourished. This underscores the limitations of PI
in identifying FM.

The prevalence of FM in the present study using MAC/HC
ratio was very low (2.8%). This is lower than the 49.76%
recorded in term babies in India by Mehta et al.?® although
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both studies used different cutoff values in determining
FM.25,27,30

It is interesting to note that not all babies classified as
malnourished by anthropometry were found malnourished
by CAN score and vice versa. The present study, like others
in the literature, had also shown that CAN score identified
more babies with FM compared to anthropometry making
itareliable tool in the detection of FM.

CONCLUSION

We concluded that the newborn baby with FM is a high-risk
newborn and his postnatal survival greatly depends on
careful observation and documentation of the evidence of
his adverse intrauterine life and a proactive management
of his anticipated complications. A simple and easy way of
identifying FM at birth is ideal and will make for judicious
use of scarce resources in developing countries. The
different anthropometric indices measure different aspects
of the well-being of a newborn while CAN score measures
the visible wasting observed in malnourished newborn.
All the parameters, in one-way or the other, reflect the
adverse intrauterine nutrition these newborns suffered.
Therefore, the use of multiple methods of determining
FM will increase the likelihood of identification of most
babies with FM. The combination of CAN score and BMI to
the routine assessment of newborns at birth may further
improve newborn care and buttress the need to look out for
these high-risk babies for anticipatory care and follow-up.
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