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Abstract

Introduction:Undernutrition remains a major public health challenge among preschool children in low- and middle-income countries. Conventional
anthropometric measures are widely used to assess nutritional status due to simple, non-invasive, and low-cost alternatives. However, population-specific
cut-off values, particularly for chest circumference, are largely unavailable among Indian preschool children.

Aim: The present cross-sectional study assessed the utility of head circumference (HC), chest circumference (CC), and mid-upper arm circumference
(MUAC) for predicting undernutrition and derived optimal cut-off values among 1,240 preschool children (625 boys and 615 girls) aged 2-5 years from ICDS
centres in Jalpaiguri district, West Bengal, India. Anthropometric measurements were recorded following standard protocols, and nutritional status was
evaluated using WHO 2006 Z-score criteria.

Results: Binary logistic regression and receiver operating characteristic analyses were employed to determine predictive accuracy and optimal cut-offs using
the Youden Index. The prevalence of undernutrition ranged between 13.79% for wasting, 24.43% for stunting, 25.00% for underweight, 25.32% for low HC for
age, and 25.40% for low MUAC for age, with higher deficiency observed among girls. All circumference measures increased significantly with age and
exhibited sexual dimorphism. The CC emerged as the strongest predictor of underweight and stunting, while MUAC demonstrated superior accuracy in
identifying wasting. Optimal cut-off values ranged from 45.5-47.9 cm for HC, 48.0-49.3 cm for CC, and 13.4-14.0 cm for MUAC.

Conclusion: These findings highlight the effectiveness of circumference-based anthropometric measures as reliable screening tools for undernutrition. HC,
CC, and MUAC can serve as practical screening measures for childhood undernutrition. CC may complement MUAC, particularly for identifying underweight
and stunting.

Introduction

Undernutrition is the major cause of child morbidity and mortality in lower-middle-income countries as well as India [1]. According to UNICEF [2], the under-
five mortality rate was 25 in 1000 live births in West Bengal and 34 in 1000 live births in India. In Indian preschool children, circumference-based nutritional
assessment was utilized in the last few decades to measure the nutritional condition during childhood. Besides the conversational anthropometric measures
like underweight (WAZ), stunting (HAZ), and wasting (WHZ), recently low head circumference (HCZ) and low mid-upper arm circumference (MUACZ) have
been proposed as proxy measures of child undernutrition.

Head circumference and mid-upper arm circumference are mostly utilized in nutritional surveys and screening programmes to diagnose malnutrition [3].
Head circumference measures cognitive or brain development during childhood [3]. Mid-upper arm circumference is mostly utilized for screening of acute
malnutrition (wasting). Chest circumference measures also assess nutrition but are rarely used due to a lack of standardized cutoffs among preschool
children.

In population-based research, the most popularly used methods were low weight for age, low height for age, and low height for weight. Several studies
reported the head circumference-based nutritional status [4-9] and mid-upper arm circumference-based nutritional status [10-14] in Indian preschool
children. The present study assesses underweight, stunting, and wasting by using age- and sex-specific calculations derived from height and weight. The
present study assesses low head circumference for age and low mid-upper arm circumference for age by the standard cutoff values developed by WHO.
Given their simplicity, ease of measurement, and low cost in nature, HC and MUAC could be effectively utilized as a screening anthropometric indicator in
large-scale population studies, in contrast to traditional anthropometric methods. We cannot assess undernutrition from chest circumference due to lack of
cutoff values. The HC and MUAC are considered better surrogate anthropometric measures of undernutrition.

Several researchers have reported positive associations between conventional anthropometric measures such as WAZ, HAZ, and WHZ with circumference
measures [3, 15-18]. Previous research has reported that MUAC has the potential accuracy for the prediction of child undernutrition (wasting) [19, 20].
Previous studies done to establish the relationship of circumference measures like MUAC with acute malnutrition [21-24].

Population-specific cut-off studies are largely lacking among Indian preschool children. Therefore, the identification of alternative anthropometric
measurements (e.g., HC, CC, and MUAC) for assessing undernutrition in early childhood is critically important for establishing appropriate, population-
specific cut-off values.

Conventional indices such as weight-for-age, height-for-age, and weight-for-height require accurate age determination, standardized equipment, and trained
personnel, in contrast to circumference-based measurements, which offer a practical alternative or proxy measure for rapid screening and early identification
of nutritionally vulnerable children. Although head circumference (HC) and mid-upper arm circumference (MUAC) have been increasingly used as proxy
indicators of undernutrition, chest circumference (CC) remains relatively underutilized due to the absence of standardized, population-specific cut-off values,
particularly among Indian preschool children. Therefore, deriving population-specific cut-off values is essential to improve screening diagnostic accuracy.

In this context, the objectives of the present study were to evaluate the reliability of HC, CC, and MUAC as screening measures and to determine suitable
population-specific cut-offs for identifying undernutrition among preschool children of West Bengal, India. Therefore, the present study aims to attempt the
age- and sex-specific optimal cutoff values for assessment of undernutrition among preschool children.

Material and Methods

The present cross-sectional study was done on 1240 preschool children (625 boys and 615 girls) aged 2-5 years from 48 ICDS centres in Maynaguri Block,
Jalpaiguri, West Bengal, India. All measurements were taken by the first author (A. B.). Anthropometric measurements were recorded following standard
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international protocol [25]. The heights of the subjects were recorded with the help of an anthropometer to the nearest 0.10 cm. The weight of the children
wearing minimal clothing and with bare feet was recorded using a portable digital weighing machine to the nearest 0.1 kg.

A total of five anthropometric measurements, including height, weight, HC, CC, and MUAC by standard procedures, were recorded.
Assessment of Undernutrition

The present study utilized the WHO 2006 guidelines to assess low weight for age, low height for age, low weight for height, low head circumference for age,
and low mid-upper arm circumference for age. Where a Z-score value of less than - 2 SD is defined as undernutrition [26]. WHO Anthro Plus software was
used to calculate the z-score.

Statistical Analysis

Data analysis was done on the Statistical Package for Social Science (SPSS) version 20. Descriptive statistics like mean and standard deviation were
computed to understand the data distribution and variability. The t-test was utilized to analyze the significant sex difference in the mean anthropometric
characteristics. One-way ANOVA was used to assess significant sex-combined-age variation. The Receiver Operating Characteristic (ROC) curve was
constructed by plotting sensitivity (true positive rate) against 1 - specificity (false positive rate). The Youden Index (Y1) was calculated as (sensitivity +
specificity - 1). YI values and their corresponding cut-offs for different circumference measures. Receiver Operating Characteristics (ROC) to predict the
most notable parameters for undernutrition and determine the cutoff values; ROC analysis was done on SPSS and MedCalc software.

Results

Table 1 shows the prevalence of undernutrition, such as underweight, was 22.40% in boys and 27.64% in girls; the prevalence of stunting was 23.20% in boys
and 25.69% in girls; and the prevalence of wasting was 12.36% in boys and 14.4% in girls. Low head circumference for age was 23.36% in boys and 27.32% in
girls, whereas low mid-upper arm circumference for age was 24.16% in boys and 26.67% in girls.

Table 1

Sex-specific frequency and percentage distribution of anthropometric indices
among studied children.

Indices  Nutritional Status  Boys (%) Girls (%) Total (%)
HCZ UN 146 (23.36) 168 (27.32) 314 (25.32)
N 479 (76.64) 447 (72.68) 926 (74.68)
Total 625(100)  615(100) 1240 (100)
MUACZ  UN 151 (24.16) 164 (26.67) 315 (25.40)
N 474(75.84) 451 (73.33) 925 (74.60)
Total 625(100)  615(100) 1240 (100)
WAZ UN 140 (22.40) 170 (27.64) 310 (25.00)
N 485 (77.60) 445 (72.36) 930 (75.00)
Total 625(100)  615(100) 1240 (100)
HAZ UN 145(23.20) 158 (25.69) 303 (24.43)
N 480 (76.80) 457 (74.31) 937 (75.57)
Total 625(100)  615(100) 1240 (100)
WHZ UN 95(15.20)  76(12.36)  171(13.79)
N 530 (84.80) 539 (87.64) 1069 (86.21)
Total 625(100)  615(100) 1240 (100)

Sex-specific descriptive statistics, ranges, and mean anthropometric variables among children are presented in Table 2. The overall mean values of height,
weight, head circumference, chest circumference, and mid-upper arm circumference are significantly higher in boys than girls. Table 2 describes the age- and
sex-specific anthropometric characteristics among the studied children. All parameters increase with the advantage of age. Significant age variation was
observed for all the parameters among both the sexes, where p <0.001.
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Table 2
Age-specific mean and SD of anthropometric measures among studied children.

Variables Boys Girls
Range 24~ 36— 48-59 60-71 24- F-value Range 24— 36— 48- 60-71 24~ F-value
35 47 71 35 47 59 71
N N N
N N (167) (145) N N N N (114) N
(156) (157) (625) (143) (167) (191) (615)
HT 73.00- 86.60 93.84 101.65 108.57 97.54 530.27*** 73.00- 85.09 91.68 99.98 106.73 95.52  438.06***
119.60 (5.36) (4.77) (4.96) (5.26) (9.58) 119.90 (495) (4.86) (5.05) (6.33) (9.28)
WT 7.61- 11.42  13.06 15.24 17.36 1423  156.49***  8.00- 1111 1238 1429 16.78 13.50  139.68***
329 (1.82) (1.66) (2.94) (3.36) (3.36) 28.3 (1.87) (1.80) (2.26) (3.57) (3.08)
HC 41.90- 46.68 47.60 4835 49.32 4797  85.07%** 42.30- 4595 4674 4730 48.07 46.98  45.62%**
54.50 (1.51)  (1.35) (1.38) (1.71) (1.77) 55.9 (1.39) (1.64) (1.37) (1.68) (1.67)
cc 41.20- 47.53 49.40 51.70 53.96 50.61  117.51** 40.70- 4737 48.17 50.13 52.83 49.46  59.40%**
72.00 (2.38) (2.22) (3.94) (3.70) (3.65) 67.5 (2.64) (3.13) (3.02) (4.59) (3.82)
MUAC 10.80- 13.68 14.08 14.80 15.14 14.42  35.22%%* 10.40- 13.61 14.03 1440 15.17 14.26  31.06%**
23.00 (1.16)  (0.92) (1.59) (1.69) (1.68) 22.50 (1.27) (1.24) (1.20) (1.71) (1.43)

*p < 0.05; **p <0.001; ***p < 0.00

Table 3 describes the age-specific anthropometric characteristics among normal and undernourished boys. Significant age variation was observed for all the
parameters among normal and undernourished boys where p < 0.001. Age-specific mean difference was observed between normal and undernourished boys
in all the measures where p < 0.05.

Age-specific mean (SD) anthropometric v;?abtl)fez among undernourished and normal boys.
Variables 24-35 36-47 48-59 60-71 24-71 F
N (UN-71; N-85) N (UN-60; N-97) N (UN-46; N-121) N (UN-53; N-92) N (UN-230; N-395)
HT UN  83.18 (4.63) 90.19 (4.19) 96.87 (4.76) 105.42 (5.79) 92.87 (9.68) 229.61%%
(cm) N 89.45(4.14) 96.10 (3.57) 103.46 (0.94) 110.38 (3.94) 100.25 (8.42) 508.12%**
t -8.837*** -9.064*** -8.469%** -5.529%** -9.623%** 173.44%%%
WT (kg) UN 10.16(0.98) 11.63 (0.99) 13.01 (1.18) 14.93 (1.58) 12.21 (2.15) 106.58***
N  12.47(1.69) 13.94 (1.35) 16.10 (2.97) 18.76 (3.32) 15.41 (3.38) 26.85%k*
t -10.572%** -12.272%** -9.594*x* -9.350%** -14.403*** 60.37***
HC (cm) UN  46.32(1.58) 47.10 (1.23) 47.90 (1.03) 48.41 (1.46) 47.31 (1.59) 70.35%%*
N  46.98(1.38) 47.92 (1.34) 48.52 (1.46) 49.84 (1.63) 48.35(1.76) 78.27%%*
t -2.727** -3.909%** -3.045** -5.435%** -7.488%** 18.08***
CC (cm) UN  46.38(1.72) 47.97 (1.85) 49.14 (2.12) 51.48 (2.28) 48.52 (2.73) 24.72%%%
N 48.49 (2.44) 50.28 (1.97) 52.68 (4.04) 55.38 (3.62) 51.82 (4.05) 78.275%%+
t -6.730*** -7.3971%%* -7.375%%* -7.933%** -12.104%**
MUAC (cm) UN  13.08 (0.83) 13.80 (0.83) 13.85(0.79) 14.07 (0.78) 13.65 (0.90) 18.0871%*
N  14.19(1.16) 14.26 (0.94) 15.16 (1.67) 15.75 (1.77) 14.87 (1.57) 24.7719%%
t -6.926%** -3.252%* -6.826%** -7.802%** -12.300%**

*p<0.05; **p < 0.001; ***p < 0.001

Table 4 describes the age-specific anthropometric characteristics among normal and undernourished girls. Significant age variation was observed for all the
parameters among normal and undernourished girls, where p < 0.001. An age-specific mean difference was observed between normal and undernourished
girls in all the measures where p < 0.001.
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Table 4
Age-specific mean (SD) anthropometric variables among undernourished and normal girls

Variables 24-35 36-47 48-59 60-71 24-71 F
N (UN-52; N-91) N (UN-80; N-87) N (UN-67;N-124) N (UN-41;N-73) N (UN- 240; N-375)

HT (cm) UN  80.50 (3.85) 88.62 (4.24) 96.04 (4.37) 102.44 (6.12) 91.29 (8.71) 210.77%**
N 87.71 (3.34) 94.50 (3.52) 102.11 (4.01) 109.14 (5.07) 98.22 (8.16) 456.49%**
t -11.306%** -9.685%** -9.427%* -5.969%** -9.659%** 138.24%*

WT (kg) UN 9.50(0.82) 11.27 (1.13) 12.48 (1.27) 14.15 (1.34) 11.71 (1.90) 111.00%**
N 12.04 (1.67) 13.41 (1.68) 15.27 (2.07) 18.26 (3.58) 14.64 (3.15) 19.79%**
t -12.137%%* -9.699%** -11.507*** -8.743*** -14.324%%% 33.62%%*

HC (cm) UN 45.17(1.34) 46.47 (1.39) 46.72 (1.23) 47.05(1.38) 46.36 (1.48) 30.87%**
N 46.40 (1.22) 46.98 (1.82) 47.61 (1.35) 48.64 (1.57) 47.37 (1.67) 54.06%**
t -5.436%** -2.023* -4.557%%% -5.67 1% -7.833%** 20.72%%*

cc UN  46.02(1.79) 46.82 (2.33) 48.06 (1.81) 49.77 (2.01) 47.50 (2.38) 20.40%**

(cm) N 48.15(2.73) 49.41 (3.26) 51.26 (2.95) 54.55 (4.67) 50.71 (4.03) 54.059%**
t -5.671%%* -5.918%** -9.245%%% -7.558%** -12.4714%%

MUAC (cm) UN  12.65(0.96) 13.46 (1.06) () 13.63 (0.89) 14.19 (0.87) 13.46 (1.08) 20.727%%*
N  14.16(1.09) 14.54 (1.17) 14.82 (1.14) 15.71 (1.83) 14.77 (1.40) 20.399%**
t -8.528%** -6.242%*% -7.953%** -5.976%** -13.058%***

*p < 0.05; **p < 0.001; ***p < 0.001

Table 5 describes the binary logistic regression (BLR) analysis that was conducted, and the resulting Wald statistics and R? values were examined to identify
the most effective predictor model. The CC appears to be a better predictor in terms of Wald statistics among boys (88.67 vs. 87.50) for WAZ and HAZ, but
MUAC has the highest predictive value (42.73) for WHZ. Whereas among girls, MUAC appears to be a better predictor in terms of Wald statistics (125.36 vs.
37.71) for WAZ and WHZ, but CC has the highest predictive values for HAZ. The values of the coefficient of determination (R?) were observed to be higher in
CC (WAZ 0.30 vs HAZ 0.29) and MUAC for WHZ (0.19) among boys. Whereas among girls, (R?) was observed to be higher in MUAC (WAZ 0.49 vs WHZ 0.19)
and CC for HAZ 0.18.
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Table 5
Binary Logistic Regression analysis to predict the anthropometric indices among studied

children
Boys
Undernutrition ~ Variables  Constant B S.EB  Wald R? p
WAZ HC -21.584 0.479 0.069 48.796 0.139  0.000
cc -20.249 0.440 0.047 88.661 0.302  0.000
MUAC -14.591 1132 0.125 82.329 0.269  0.000
HAZ HC -17.949 0.402 0.064 38.868 0.106  0.000
cc -19.634 0.422 0.045 87.500 0.292  0.000
MUAC -9.080 0.729 0.104 49.512 0.151  0.000
WHZ HC 9.164 0.228 0.068 11.234 0.033  0.001
cC -6.870 0.1772 0.038 20.648 0.068 0.000
MUAC -11.633 0.958 0.130 42.728 0.191  0.000
Girls
Undernutrition ~ Variables  Constant B SEB  Wald R2 p
WAZ HC -20.407 0.457 0.066 48.002 0.128  0.000
ccC -26.031 0.559 0.055 103.060 0.368 0.000
MUAC -24.854 1.872 0.167 125357 0.494 0.000
HAZ HC -19.399 0.438 0.067 43.312 0.117  0.000
cc -14.190 0.314 0.041 57.991 0.184  0.000
MUAC -7.695 0.626 0.092 46.660 0.136  0.000
WHZ HC -8.183 0.217 0.078 7.705 0.025 0.006
cc -11.555 0.279 0.052 29.177 0.115 0.000
MUAC -11.053 0.947 0.134 37.709 0.195 0.000
*p < 0.05; **p < 0.001; ***p < 0.001

The comparison of ROC-AUC to ascertain the dependency and appropriateness of HC, CC, and MUAC as screening measures of underweight, stunting, and
wasting (Table 6). The result shows that ROC-AUC analysis was performed to ascertain the YI, associated criterion, and appropriateness of HC, CC, and
MUAC described against various anthropometric indices. The result shows that for underweight children, the MUAC cut-off was observed to be 13.9 cm, with
the highest Yl being 0.57 among girls. For stunted children, the CC cut-off was observed to be 48.4 cm, with the highest YI being 0.48 among boys, and for
wasted children, the MUAC cut-off was observed to be 13.9 cm, with the highest YI being 0.39 among boys.

ROC curves identify the most effective circumference for the prediction of undernutrition. In the case of underweight (WAZ), CC for boys has the highest AUC
value (0.81), and MUAC for girls has the highest AUC value (0.88). In the case of stunting (HAZ), CC for both sexes has the highest AUC value (0.79 vs. 0.74).
In the case of wasting (WHZ), MUAC of both sexes has the highest AUC value (0.70 vs. 0.75) (Table 6).

For the prediction of underweight children, CC has the highest Y1 values for boys (0.53) and girls (0.51). For the prediction of stunted children, CC has the
highest Y1 values for boys (0.48) and girls (0.41). For the prediction of wasted children, MUAC has the highest YI values for boys (0.39) and girls (0.32) in
Table 6.

Optimal cut-off values derived from the Youden Index suggested HC thresholds ranging from 45.5 cm to 47.9 cm, MUAC thresholds ranging from 13.4 to 14.0
cm, and CC thresholds ranging from 48.0 to 49.3 cm, depending on sex and nutritional index.
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Table 6
ROC analysis by sex groups for prediction of undernutrition among studied children

Variables Sex AUC SE 95% CI Asymptotic Sig  Youden Index Sen (%) Spe (%)
Lower Upper Youden Index J  Associated criterion

WAZ

HC Boys 0.70 0.02 0.65 0.74 0.000 0.32 >47.9 54.46 76.43
Girls 0.68 0.02 0.63 0.72 0.000 0.26 >46.6 62.02 64.12

cc Boys 0.81 0.02 0.77 0.85 0.000 0.53 >48.7 78.76 75.00
Girls 0.83 0.02 0.79 0.86 0.000 0.51 >48.0 72.82 78.24

MUAC Boys 0.79 0.02 0.75 0.83 0.000 0.47 >13.9 73.61 73.57
Girls 0.88 0.01 0.85 0.90 0.000 0.57 >13.9 72.58 84.71

HAZ

HC Boys 0.67 0.02 0.62 0.72 0.000 0.26 >47.4 64.58 61.38
Girls 0.67 0.02 0.62 0.72 0.000 0.24 >46.6 61.05 63.29

CC Boys 0.79 0.02 0.75 0.83 0.000 0.48 >48.4 80.21 67.59
Girls 074 0.02 0.70 0.78 0.000 0.41 >48.7 59.74 81.01

MUAC Boys 0.71 0.02 0.67 0.75 0.000 0.35 >14.0 66.87 68.28
Girls 069 0.02 0.64 0.74 0.000 0.29 >13.4 79.65 49.37

WHZ

HC Boys 0.60 0.03 0.54 0.66 0.002 0.18 >46.7 80.94 35.79
Girls 0.59 0.03 0.52 0.66 0.011 0.15 >45.5 83.67 31.58

CcC Boys 0.65 0.03 0.60 0.71 0.000 0.25 >49.3 63.77 61.05
Girls 071 0.03 0.65 0.76 0.000 0.31 >49.1 49.35 81.58

MUAC Boys 0.75 0.03 0.70 0.81 0.000 0.39 >13.9 69.06 70.53
Girls 0.80 0.02 0.75 0.84 0.000 0.32 >13.6 65.02 63.77

Discussion

The present study observed the distinct sexual dimorphism in anthropometric measures, and circumferences increased with the advantage of age, showing
sexual dimorphism. Mean anthropometric measures were significantly higher among children with normal nutritional status compared to children who were
undernourished. Statistically significant age variations in mean anthropometric parameters were observed between undernourished and normal children
among boys and girls (Tables 3 & 4). In the present study, girls had higher nutritional deficiency and growth failure based on low HC, supporting previous
findings [4, 6-9, 27], and as per MUAC, similar to previous findings [12, 14, 28]. Biologically, girls have different fat distribution patterns, which make
deficiency more visible in terms of circumference-based indices such as HC and MUAC [3].

In the present study an attempt has been made to observe the reliability and acceptability of circumference-based parameters like CC as a valid alternative to
conventionally used measures like MUAC and HC for nutritional assessment and to estimate the sex-specific cutoff among preschool children. The present
investigation provides comprehensive evidence on the utility of circumference-based anthropometric measures HC, CC, and MUAC for screening
undernutrition among children. The BLR analysis showed that CC has relatively better predictive values to determine underweight and stunting, whereas
MUAC has better accuracy to predict wasting among children, as evidenced by higher wald statistics and coefficients of determination (R?) (Table 5). This
finding is noteworthy because CC has traditionally received less attention compared to HC and MUAC. The sex-specific CC cut-off values enhance the
applicability of these measures in community-based settings, allowing for more accurate and context-specific identification of nutritionally vulnerable
children.

Studies have suggested the use of the combination of HC and CC ratios as an index of growth retardation prediction among very low birth weight infants [29]
and to detect foetal growth restriction in term infants [30].

The present study utilized circumference-based measures such as HC, CC, and MUAC for predicting growth faltering and nutritional deficiency, which
demonstrated age-and-sex-combined ROC (Fig. 1), sex-combined age-specific ROC (Fig. 2), age-specific ROC for boys (Fig. 3), and age-specific ROC for girls

(Fig. 4).

The present study demonstrates that circumference-based anthropometric measures are effective screening tools for identifying undernutrition among
Indian preschool children. CC emerged as a robust predictor of chronic undernutrition (underweight and stunting), while MUAC was more sensitive in
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detecting acute undernutrition (wasting).

The present findings further validate MUAC as a reliable indicator and extend existing knowledge by establishing CC as a valuable complementary measure.
The present study underscores the importance of incorporating multiple circumference-based indicators rather than relying on a single anthropometric
measure. The combined use of CC and MUAC can improve early detection of both chronic and acute forms of undernutrition in preschool children.

The result of the ROC AUC analysis for cutoff estimations shows that HC > 47.9 cm for boys vs. >46.6 cm for girls among underweight children, HC > 47.4 cm
for boys vs. >46.6 cm for girls among stunted children, and HC > 46.7 cm for boys vs. >45.5 cm for girls among wasted children.

The ROC AUC analysis for cutoff estimations shows that CC > 48.7 cm for boys vs. >48.0 cm for girls among underweight children, CC > 48.4 cm for boys vs.
>48.7 cm for girls among stunted children, and CC > 49.3 cm for boys vs. >49.1 cm for girls among wasted children.

The ROC AUC analysis for cut-off estimations shows that MUAC is > 13.9 cm for boys vs. >13.9 cm for girls for underweight children, MUAC is > 14.0 cm for
boys vs. >13.4 cm for girls among stunted children, and MUAC is > 13.9 cm for boys vs. >13.6 cm for girls among wasted children.

Zhou et al. [17] reported MUAC of > 14.35 cm in severe wasting, > 14.55 cm in moderate wasting, and > 15.35 cm in mild wasting, whereas > 14.35 cm for
severely underweight and > 15.5 cm for moderate underweight children were reported as the best cut-off values to determine undernutrition among children
having cerebral palsy in China.

A study reported on Indian children reported by Sinha et al. [20] to observe MUAC thresholds for screening wasting and severe wasting. The study reveals
that the MUAC cut-off was 13.8 cm for children 24-59, whereas the appropriate MUAC cut-offs were 13.8 cm for children 6—59 months (sensitivity: 0.82,
specificity: 0.69, AUC: 0.84; 95% Cl: 0.82, 0.86).

A study reveals WHZ and MUAC have a positive linear relationship for the prediction of acute malnutrition among children reported by Jasani et al. [24].
MUAC was a very important tool for screening of undernutrition with specificity and sensitivity (Mahapatra & Bose [3]).

Several researchers reported a similar significant association of MUAC with undernutrition among children of various regions. Assessment of acute
malnutrition comparison through MUAC measures among Bangladeshi children was done by Hossain et al. [21] and Haque et al. [23]. Assessment of WAZ,
HAZ, and WHZ by MUAC among children having cerebral palsy in China done by Zhou et al. [17] and in Turkey done by Topgu et al. [18]; MUAC cut-off
prediction done to identify acute malnutrition defined by WHZ among children of Niger reported by Marshall et al. [22]; and MUAC and WHZ correlation with
ROC curve analysis done among Vietnamese children by Luu et al. [16], where the AUC value indicates the MUAC was a good predictor of malnutrition.
Prediction of malnutrition among under-five children of India reported by Sachdeva et al. [31] and Sri Lankan children by Shinsugi et al. [15] based on MUAC.
ROC curve analysis was also utilised to detect the anthropometric indices from MUAC measures in previous research done among children of other studies
by several scholars such as Shinsugi et al. [15]; Zhou et al. [17]; Hossain et al. [21]; Marshall et al. [22]; Sachdeva et al. [31]. A study reported on children of
Uttar Pradesh; the diagnostic test accuracy of MUAC for severe wasting was excellent, where the optimal MUAC cut-off to detect severe wasting was 135
mm reported by Kapil et al. [19]. Previous findings are compatible with the present results, where MUAC has the highest ability for the prediction of wasting.
Sensitivity and specificity assessment of MUAC for SAM was reported in previous reports on children [32, 33]. Based on the present findings, the AUC of
MUAC for WHZ prediction was 0.75 (CI 0.70-0.81) for boys and AUC 0.80 (CI 0.75-0.84) for girls, supporting the previous research findings [3, 15, 17].

HC has the predictive potential to measure cognitive impairment and undernutrition during the early stage of life. Head circumference had excellent ROC
discrimination for identifying low birth weight among children of Nepal observed by Sreeramareddy et al. [34]. A study reveals it was possible to use head
circumference to identify chronic malnutrition in critically ill children of Wisconsin [35]. The study reported on Hill Korwa children, where ROC curve,
specificity, and sensitivity analyses were done to predict nutritional status from head circumference and chest circumference [36]. A study found HC, CC, and
MUAC as surrogates for the prediction of low birth weight [37].

Study on Tanzanian children reported CC and MUAC correlated significantly with birth weight, and CC was recommended as the first stage screening method
of choice for LBW children [38]. CC and HC were found to be better surrogate measurements to identify low birth weight children of Ethiopia [39]. In the
present study CC has shown a consistent decline among stunted, and underweight children and demonstrates comparable sensitivity to conventional
indicators such as HC and MUAC.

The rationale for using ROC lies in its ability to determine optimal cut-off values by balancing sensitivity and specificity. Evidence regarding the use of HC and
CC for the prediction of undernutrition among Indian children is limited. There is unavailability of universally standardized CC cut-offs for undernutrition
screening in preschool children globally as well as in India.

Hence, although the outcome of any population-specific and clinical studies could be improved by using simple and appropriate anthropometric variables
such as HC, CC, and MUAC, larger studies are needed to validate the results. The present study contributes robust empirical evidence supporting the
inclusion of CC as a complementary anthropometric indicator for nutritional assessment among preschool children.

The present study has its limitation due to cross-sectional in nature, with a small sample size, and the present finding may be generalizable to the regional
studies but not to the state or country level. This study was unable to find the associated socioeconomic and dietary factors with undernutrition.

Conclusion

The present study reported MUAC-based undernutrition slightly higher than the HC-based undernutrition. CC emerged as a suitable predictor of underweight
and stunted children, whereas MUAC emerged as a better predictor of wasting. CC and MUAC are reliable, low-cost screening tools for assessing
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undernutrition among preschool children. The population-specific cut-offs proposed in this study can enhance early detection and facilitate targeted
nutritional interventions in community and programmatic settings. Adoption of HC, MUAC, and CC in community programmes like ICDS could facilitate early
identification of undernutrition and contribute to improved nutrition and optimal growth among children.
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Figures
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Figure 1

Age combined sex specific ROC curves for WAZ, HAZ and WHZ among studied children (Sex 1=boys and Sex 2=girls).
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Figure 2

Sex combined age specific ROC curves for WAZ, HAZ and WHZ among studied children (Sex 1=boys and Sex 2=girls).
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Figure 3

Age Specific ROC curves for WAZ, HAZ and WHZ among studied boys.
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Figure 4

Age Specific ROC curves for WAZ, HAZ and WHZ among studied girls.
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