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What is already known on this topic?

Neck circumference (NC) has been shown to be one of the reliable and practical additional measurements to define obesity in school
children and adolescents. Limited information is available about the use of NC in preschool children.

What this study adds?

NC may be useful to define obesity as an additional measurement in preschool children as well.

Abstract

Objective: Limited information is available about the use of neck circumference (NC) to assess obesity in preschool children. This study
aims to provide NC percentiles and determine the cut-off levels of NC as a measure to assess obesity in preschool children.

Methods: The data were obtained from the Anthropometry of Turkish Children aged 0-6 years (ATCA-06) study database. A total of 21
family health centers were chosen and children aged 2-6 years old from all socioeconomic levels were randomly selected from the lists
of district midwives; 1766 children (874 male and 892 female; 88.3 % of sample size) were included in the study. The smoothed centile
curves of NC were constructed by the LMS method. Receiver operating characteristic (ROC) analysis was performed to calculate cut-off
points for NC using body mass index >95" percentile.

Results: Mean NC was greater in males than females. Cut-off values for obesity were found to be statistically significant in both genders
other than 3 years old boys. The NC percentiles of Turkish preschool children were slightly greater than those of other European
preschool children in both genders. This difference disappeared around the adiposity rebound period. The 97th percentile values for
Turkish preschool children continue to be greater in both genders.

Conclusion: NC may be useful to define obesity in preschool children. Since ethnic and various other factors may have a role in
incidence of obesity, local reference data are important in assessment of obesity.
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Introduction

Obesity in early childhood is on the increase and this
is of great concern because of the relationship between
childhood obesity and metabolic complications and other
clinical comorbidities encountered in adult life (1). In the
United States, obesity prevalence was reported to be 12.4%
for boys and 10 % for girls in a recent study in children aged
3 to 5 years (2). In our data set, obesity prevalence was

identical in both genders as 5% in Turkish children aged
0-84 months (3). It was reported that children at the 50"
percentile of body-mass index (BMI) at the age of 5 years
had a 6% probability of being obese at the age of 14 years
and that this probability increased to 25% among 5-year-
olds at the 85™ percentile and to 47 % among those at the
95" percentile (1). Since early childhood adiposity may lead
to cardiometabolic health effects in later years, it should be
closely monitored to prevent these complications (4,5,6,7,8).
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Children have a rapid increase in adiposity during the first
year of life. After infancy, adiposity declines and reaches a
minimum and rebound at around 5 to 6 years. Subsequently,
adiposity shows a steady increase throughout childhood and
adolescence (6). In monitoring for obesity, it is important to
follow the course of adiposity and identify the age at which
excess weight gain occurs. Although BMI is a frequently
used measurement to asses total body fat content, it
fails to provide sufficient information regarding body fat
distribution. Since upper body adiposity is considered to be
a significant determinant of cardiometabolic risk factors, it
should be monitored rather than assessing total body fat
content. Recent studies have shown that neck circumference
(NC) is one of the reliable and practical anthropometric
measurements to assess upper body adiposity and
consequently to assess cardiometabolic risk as a result of
irregular fat distribution (9,10,11,12,13,14,15,16,17,18,19).

There are only a few studies that provide reference data
on NC measurements for school children and adolescents
(20,21). NC reference values for preschool children are
especially limited (21).

This present study aims to 1) provide NC percentiles and
determine cut-off levels of NC for obesity in preschool
children; 2) to explore the importance of NC measurements
as an additional tool for assessment of obesity in preschool
children.

Methods

The data were obtained from the Anthropometry of Turkish
Children aged 0-6 years (ATCA-06) study database. The
data were collected between September 2009 to May 2010
in a large city in Central Turkey with a population of over
1,200,000. A two-stage probability sampling was used to select
children from each socioeconomic level. In the first stage,
Family Medicine Centers (FMCs) located in the city center and
suburbs were selected randomly. These Centers address a
population of all socioeconomic levels (low, medium, high). In
determining socioeconomic levels, we used the evaluation of
local health authorities. A total of 21 FMCs were chosen, and
children of ages 2-6 years from these centers were randomly
selected from the district midwives’ lists according to their
families’ income. Parents along with their children were
invited to the FMC. Children whose parents did not consent
to participate were excluded from the study.

A total of 2000 children (975 male and 1025 female) were
recruited for the study. Children with chronic medical
disorders, cervical lymphadenomegaly, neck deformity,
and those whose NC measurements were out of range for
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each gender and age (3'%-97" percentiles) were excluded to
obtain normally distributed data. Upon exclusion of those
participants who did not match the selection criteria, a total
number of 1766 children (874 male and 892 female; 88.3 %
of sample size) were included in the study.

Chronological age which was calculated by subtracting date
of birth from date of observation was used to determine cut-
offs. Each quarter year elapsed from their birthday was used
to obtain percentiles in short periods. The Ethics Committee
of Erciyes University approved this study (2008/28). Written
parental consent was obtained prior to the study.

All measurements were performed by well-trained health
technicians. NC was measured using a plastic tape measure
while the child’s head was held erect with eyes facing forward
and the neck in a horizontal plane at the level of the most
prominent portion, the thyroid cartilage. All measurements
were taken with the subjects standing upright, with the face
directed forward and shoulders relaxed. BMI was calculated
according to the formula: weight (kg)/height (m)?. Children
whose BMI was >95" percentile curve according to local
references were identified as obese (3).

Construction of the percentile curves was performed with
the LMS Chart Maker Pro version 2.3 software program
(The Institute of Child Health, London) which fits smooth
percentile curves to reference data. The smoothed percentile
curves of NC were constructed by the LMS method. This
method summarizes percentiles at each age based on the
power of age-specific Box-Cox power transformations that
are used to normalize data (22). These three quantities
depend on age. The final curves of percentiles are produced
by three smooth curves representing L (Lambda; skewness),
M (M; median), and S (Sigma, coefficient of variation). With
estimates of L, M, and S, values of X are connected to the
values of z through the above equation. The percentile
is obtained from a normal distribution table, where the
z-score corresponds to the percentile of interest. In boys,
the effective degrees of freedom (edf) for NC were equal to
3 (M curve), 4 (S curve), and 3 (L curve). In girls, edf for NC
were equal to 3, 4, and 2, respectively. The median curves
of boys and girls were compared to show gender-specific
trends through 3-6 years.

Statistical Analysis

Construction of the centile curves was performed with the
LMS Chart Maker Pro version 2.3 software program (The
Institute of Child Health, London) which fits smooth centile
curves to reference data (22). Gender difference in NC was
compared with student’s t-test. NC cutt-off values were
calculated for 3-6-year-old children with receiver operating
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characteristics (ROC) analysis according to dependent
variable obesity defined by BMI =95 percentile (23). The
ROC curves demonstrated the overall discriminatory power
of a diagnostic test: NC. Sensitivity and specificity were
calculated to identify the optimal cut-off values. Calculated
cut-offs were checked with Youden index as (J) >0.6 good
and (J) 20.4 moderate. Descriptive statistics for each quarter
year (e.g., 3-8 m, etc.) within sex were calculated by SPSS
version 15.0 (Chicago, Illinois, USA).

Results

(standard deviation) and median (minimum-
maximum) values for NC in Turkish children age of 2-6
years in both genders and comparisons of the means are
shown in Table 1. Mean NC values were greater in males
than females, and the difference was significant at age
groups 30-32, 42-44, 48-50, 57-68, and 72-83 months. The
mean increment from 24 to 83 months period was 1.4 cm

for males and 0.5 cm for females (Table 1).

Mean

The calculated age-specific (at 3-month intervals) 3", 5,
10", 151, 251, 501, 751, 851 90", 95M and 97" percntiles
for NC in each gender are given in Tables 2 and 3. The
increase in NC for 50™ percentile values through the 24 to
83 months period was 1.2 cm in boys and 0.6 in girls. The
increase in NC through the 3™ to 97" percentiles for 24-26
months was 5.48 cm in boys. This value was 5.05 cm for
81-83 months (Table 2). The increases in NC through 3™ to
97" percentiles for 24-26 months and for 81-83 months in
girls were 5.69 cm and 4.80 cm (Table 3).

ROC analysis was performed to calculate cut-off points for
NC using BMI 295" percentile (for obesity) as a dependent
variables. The results for boys and girls are shown in Tables
4 and 5. Youden index was also calculated for cut-off values
and it was found to be statistically significant in both genders
except 3 years old group of boys (Tables 4, 5). In case of
obesity (BMI 295", we found that cut-off points for NC were
25.9 and 27.0 cm for males who were 4 and 5 years old,
respectively (a cut-off point calculated by ROC analysis and
confirmed by Youden index >0.4) and that these values were

Table 1. Mean (standard deviation), median (minimum-maximum) neck circumference values for Turkish children aged

2-6 years and comparisons of the means

Boys Girls
Age groups* . Mean Median . Mean Median t p
(SD) (min-max) (SD) (min-max)

24-26 months 37 25.2 (1.5) 25.0 (22.5-28.0) 54 24.7 (1.6) 24.1 (22.0-28.0) 1.352 0.180
27-29 months 55 253 (1.6) 25.1 (22.5-29.0) 48 25.1 (1.3) 25.0 (23.0-28.0) 0.590 0.556
30-32 months 55 254 (1.4) 25.0 (22.9-29.0) 46 24.6 (1.3) 24.9 (22.0-28.0) 2.914 0.004
33-35 months 55 25.1 (1.3) 25.0 (22.5-28.1) 47 24.6 (1.4) 24.7 (22.0-27.5) 1.783 0.078
36-38 months 49 25.0 (1.2) 25.0 (23.0-28.3) 51 24.6 (1.5) 24.2 (22.5-28.1) 1.507 0.135
39-41 months 35 25.2 (1.3) 25.0 (23.0-28.0) 53 24.6 (1.6) 24.0 (22.3-29.0) 1.820  0.072
42-44 months 42 25.3(1.2) 25.5(22.6-28.0) 41 24.8 (1.2) 24.5(23.0-27.1) 2.243 0.028
45-47 months 53 254 (1.2) 25.0 (22.9-28.0) 42 25.1 (1.5) 25.0 (22.8-29.0) 1.218 0.226
48-50 months 40 25.8 (1.5) 25.5(23.0-29.0) 48 25.0 (1.3) 25.0 (23.0-27.5) 2.836  0.006
51-53 months 41 25.6 (1.4) 25.0 (23.5-29.10) 49 25.4 (1.3) 25.5(23.0-27.7) 0.901 0.370
54-56 months 46 25.8 (1.5) 26.0 (23.0-29.0) 57 25.1 (1.3) 25.0 (22.6-28.0) 2.411 0.180
57-59 months 43 25.8 (1.4) 25.5(23.0-29.0) 38 24.9 (1.3) 25.0 (22.7-28.0) 2.903 0.005
60-62 months 52 26.0 (1.3) 26.0 (24.0-29.0) 41 25.1 (1.4) 25.0 (23.0-29.0) 3.282 0.001
63-65 months 50 26.2 (1.3) 26.0 (24.0-29.0) 46 25.5(1.4) 25.0 (23.2-28.0) 2.308  0.023
66-68 months 48 26.4 (1.5) 26.0 (24.0-29.0) 56 25.5(1.3) 25.5(23.0-29.0) 2.929  0.004
69-71 months 46 26.0 (1.3) 26.0 (24.0-29.0) 57 25.4 (1.6) 25.0 (23.0-29.0) 1.985  0.050
72-74 months 42 26.2 (1.2) 26.0 (24.0-29.0) 44 25.1 (1.2) 25.0 (23.0-28.0) 3.964 <0.001
75-77 months 32 26.2 (1.3) 26.0 (24.0-29.5) 33 25.4 (1.1) 25.5 (24.0-28.2) 2.797  0.007
78-80 months 30 26.4 (1.4) 26.1 (24.0-30.0) 22 25.4 (1.3) 25.0 (23.0-28.2) 2.706 0.009
81-83 months 23 26.6 (1.6) 26.5 (24.9-30.0) 19 25.2 (1.3) 25.5 (23.0-28.0) 3.053 0.004

#Age groups represent completed months.
*The total group includes 1766 children (874 boys, 892 girls)

SD: standard deviation, min-max: minimum-maximum
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Table 2. The neck circumference percentile values (3" to 97™ percentiles) for 2-6 years old boys

Age groups Percentiles*
3 5t 10t 15™ 25T 50™ 75t 85™ 90™ 95™ 97™

24-26 months 22.75 23.01 23.44 23.73 24.19 25.10 26.12 2670  27.12 27.78  28.23
27-29 months 22.81 23.07 23.48 23.77 24.22 25.12 26.11 26.68  27.09 27.74  28.17
30-32 months 22.87 2312 23.53 23.81 24.25 25.13 26.11 26.67  27.08 27.71 28.14
33-35 months 22.93 23.18  23.57 23.86 24.29 25.15 26.11 26.67  27.07 27.69  28.12
36-38 months 22.99 23.24  23.63 23.91 24.33 25.19 26.14  26.69  27.09 27.70  28.13
39-41 months 23.07 23.31 23.70 23.97 24.39 25.24 26.18 2673  27.12 27.74  28.16
42-44 months 23.15 23.39  23.78 24.05 24.47 25.31 2624 2679  27.18 27.79  28.21
45-47 months 23.24 23.48  23.86 24.13 24.55 25.38 26.31 26.86  27.25 27.86  28.29
48-50 months 23.34 23.57  23.95 24.22 24.63 25.46 2639 2694  27.33 2795  28.37
51-53 months 23.44 23.67  24.04 24.31 24.72 25.55 26.48  27.02  27.42 28.04  28.46
54-56 months 23.53 23.77  24.14 24.40 24.81 25.63 2656 27.11 27.50 28.13  28.56
57-59 months 23.63 23.86  24.23 24.49 24.90 25.72 26.65  27.20  27.59 28.22  28.66
60-62 months 23.73 2396  24.33 24.58 24.99 25.81 26.73  27.29  27.68 28.32  28.76
63-65 months 23.83 24.05 2441 24.67 25.07 25.89 26.82 2737  27.77 28.41 28.85
66-68 months 23.92 24.14 2450 24.76 25.15 25.97 26.89 2745  27.85 28.50  28.95
69-71 months 24.00 24.22 2458 24.84 25.23 26.04 2697 2753 2793 28.58  29.04
72-74 months 24.09 24.31 24.66 24.91 25.31 26.12 27.04  27.60  28.01 28.66  29.12
75-77 months 24.17 2439 2474 24.99 25.38 26.19 27.12  27.68  28.09 28.75  29.21
78-80 months 24.25 24.47 2482 25.07 25.46 26.26 27.19 2775  28.16 28.83  29.30
81-83 months 24.33 24.55 2490 25.14 25.53 26.33 27.26  27.82 2824 28.91 29.38

*Percentiles are given for each 3-month period. The age groups represent completed months.

27.5 cm for males who were 6 years old (Youden index >0.6)
(Table 4). Cut-off points for NC were 25.8 (Youden index
>0.6), 25.8 (Youden index =0.6), 25.7 (Youden index >0.4),
and 25.5 cm (Youden index >0.4) for females who were 3, 4,
5, and 6 years old, respectively (Table 5).

Figures 1 and 2 show comparisons of the 3, 50", 97" NC
percentiles of our data with the IDEFICS (Identification and
prevention of Dietary- and lifestyle-induced health EFfects
in Children and infantS) study (conducted on European
children) in boys and girls, respectively. The data indicate
that NC values of Turkish preschool children were slightly
greater than those of other European preschool children
in both genders. This difference disappears around the
adiposity rebound period, and NC values of Turkish
preschool children become slightly lower after this period
except for the 97™ percentile. This value continues to be
greater in the Turkish preschool children in both genders as
compared to the European data.

Discussion

BMI is obviously the most commonly used anthropometric
measure to assess obesity. However, BMI may fail to
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describe body fat distribution. Since upper body fat
deposition is associated with an increased metabolic and
cardiovascular risk (24,25,26), it is absolutely essential to
determine fat accumulation in the upper body. Various
anthropometric measures and indices may be used to
determine upper body fat content and distribution such as
waist circumference (WC), mid-upper arm circumference,
skinfold thickness, waist/hip ratio, and waist/height ratio.
WC is the most frequently used measure, which may have
some measuring limitations such as its relationship with
mid expiratory movement and consumption of excess food
(9,15,27,28,29). Recently, NC has been shown as a reliable
and easy alternative tool to WC for determining upper body
fat accumulation and distribution (11,12,13,17,18,19). The
advantages of measuring NC compared with WC are better
inter- and intra-observer reliability, relative stability which is
less affected by respiration and clothing (11,30).

In addition, it has been reported that NC may be used to
assess both obesity and metabolic disorders (12,13). NC
percentiles were also produced for school children and
adolescents (20,21). However, information on preschool
children is limited. Cunningham et al (1) have emphasized
the importance of screening predominantly in preschool
children. These authors have shown that the incidence of
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Table 3. The neck circumference percentile values (3™to 97" percentiles) for 2-6 years old girls

Age groups Percentiles*
3rd 5th 10 15t 25t 50t 75t 85t 90t 95t 97t

24-26 months 22.26 22.53 22.96 23.26 23.73 24.67 25.72 26.34 26.78 27.47 27.95
27-29 months 22.34 22.60 23.02 23.32 23.77 24.70 25.73 26.34 26.78 27.46 27.93
30-32 months 22.40 22.66 23.07 23.36 23.81 24.72 25.74 26.34 26.77 27.45 27.92
33-35 months 22.46 22.71 23.12 23.40 23.85 24.74 25.75 26.34 26.77 27.44 27.90
36-38 months 22.51 22.76 23.16 23.45 23.88 24.77 25.76 26.35 26.77 27.44 27.90
39-41 months 22.57 22.82 23.21 23.49 23.92 24.80 25.78 26.37 26.78 27.44 27.90
42-44 months 22.64 22.88 23.27 23.54 23.97 24.84 25.81 26.39 26.80 27.46 27.91
45-47 months 22.70 22.94 23.32 23.60 24.02 24.87 25.84 26.41 26.82 27.47 27.93
48-50 months 22.77 23.00 23.38 23.65 24.07 24 .91 25.87 26.44 26.85 27.50 27.95
51-53 months 22.83 23.06 23.44 23.70 24.12 24.96 25.91 26.47 26.88 27.52 27.97
54-56 months 22.89 23.12 23.49 23.76 24.16 25.00 25.94 26.50 26.91 27.55 28.00
57-59 months 22.95 23.18 23.55 23.81 24.21 25.04 25.97 26.53 26.93 27.57 28.02
60-62 months 23.01 23.23 23.60 23.86 24.26 25.07 26.00 26.56 26.96 27.60 28.05
63-65 months 23.06 23.29 23.65 23.90 24.30 25.11 26.04 26.59 26.99 27.62 28.07
66-68 months 23.12 23.34 23.70 23.95 24.34 25.15 26.07 26.61 27.01 27.65 28.09
69-71 months 23.17 23.39 23.74 23.99 24.38 25.18 26.09 26.64 27.03 27.67 28.11
72-74 months 23.22 23.43 23.79 24.03 24.42 25.21 26.12 26.66 27.05 27.68 28.12
75-77 months 23.27 23.48 23.83 24.07 24.46 25.24 26.14 26.68 27.07 27.70 28.14
78-80 months 23.31 23.52 23.87 24.11 24.49 25.27 26.17 26.70 27.09 27.71 28.15
81-83 months 23.36 23.57 23.91 24.15 24.53 25.30 26.19 26.72 27.1 27.73 28.16

*Percentiles are given for each 3-month period. The age groups represent completed months.

Table 4. Receiver operating curve analysis for neck circumference to determine cut-off points for obesity for 3-6-year-old boys

f‘ygejfsf)gup n(%)*  ROC (95% CI) Cut-off Sensitivity (95% CI) Specificity (95% CI) +LR -LR  +PV -PV
3.0 179 (5.1)  0.667 (0.593-0.736) 25.3 77.8 (40.1-96.5) 57.4 (49.6-65.0) 1.83 039 89 980
4.0 170 (4.1)  0.743 (0.670-0.807) 25.9%*  85.7 (42.2-97.6) 56.8 (48.8-64.5) 1.98 025 7.9 989
5.0 196 (4.1)  0.745 (0.677-0.804) 27.0%*  75.0 (35.0-96.1) 81.2 (74.8-86.5) 3.99 031 146 98.7
6.0 127 (3.9)  0.917 (0.855-0.959) 27.5%*  80.0 (28.8-96.7) 88.5 (81.5-93.6) 6.97 023 222 99.1

“Completed ages

“n (%): Total number of children in that age group (prevalence of obesity)
*Youden index (J) 20.6

**Youden index (J) 20.4

ROC: receiver operating curve, CI: confidence interval, LR: likelihood ratio, PV: predictive value

obesity between the ages of 5 and 14 years was 4 times
higher in children who had been overweight at the age of
5 years compared with those of normal weight at that age.
Therefore, it is essential to assess adiposity and unstable fat
distribution before and during the adiposity rebound period
(4,6,7,8). Since it was shown that early childhood adiposity
has certain cardiologic and metabolic health consequences
in later life, we need a reliable and easy-to-use measure for
preschool children.

The available data about NC percentiles of preschool children
was from a multicenter study (Sweden, Germany, Hungary,

Italy, Cyprus, Spain, Belgium, Estonia) that included normal-
weight 2.0-10.9-year-old European children (21). Formisano
et al (18) later worked on these data and showed that
cardiometabolic risk was associated with increased NC.
We believe that this current study will be contributory to
the importance of the role of NC measurements in young
children by providing local reference data as well as by
comparing these references with the most recent and
reliable studies in Europe.

In our study, similar to data reported by Nagy et al (21) for
children in the multicenter study, we found that NC values
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Table 5. Receiver operating curve analysis for neck circumference to determine cut-off points for obesity for 3-6-year-

old girls
@%‘:rgsr)‘?&“p n (%)  ROC (95% CI) Cut-off Sensitivity (95% CI) Specificity (95% CI) +LR -LR  +PV -PV
3.0 187 (3.3) 0.773 (0.706-0.832) 25.8* 83.3 (36.1-97.2) 78.1 (71.3-83.9) 380 021 11.4 993
4.0 192 (4.7) 0.771 (0.705-0.828) 25.8* 77.8 (40.1-96.5) 72.7 (65.6-79.0) 285 031 123 985
5.0 200 (4.0) 0.805(0.743-0.858) 25.7**  87.5(47.4-97.9) 62.3 (565.0-69.2) 232 020 89 99.2
6.0 118 (5.1) 0.715(0.625-0.794) 25.5**  83.3(36.1-97.2) 65.2 (65.6-753.9) 239 026 11.4 986
“Completed ages
#n (%): Total number of children in that age group (prevalence of obesity)
*Youden index (J) 0.6
**Youden index (J) 20.4
J=maxc [Se(c) + Sp(c) — 1]
ROC: receiver operating curve, CI: confidence interval, LR: likelihood ratio, PV: predictive value
increase with age and that they are slightly higher in males.
This gender difference becomes significant in children older ZZ = Eg::;;s
than 5 years. However, the increase in NC through 24 to 83 28 — _a=m==T =
months is relatively smaller than that reported by Nagy et al ~27 _,__——-"'“_ i —L— tursop
(21). The increase in 50" percentile NC values was 1.2 cm S26 B e eeee—— o R
and 0.6 cm in our study, while the above authors reported an EZ ,;-_—'—"’—_—- ' ' B3R
increase of 2.4 cm and 2.1 cm for boys and girls, respectively. gzs _________,__g..-_f.—.-ﬂ"""_-—-’
Furthermore, NC percentile values in Turkish preschool gzz ——
children were slightly greater than those of the European g2
preschool children in both genders (Figures 1, 2). This =20 24-29 30-35 36-41 42-47 48-53 54-59 60-65 66-71 72-77 78~.83
Age (months)

difference disappears around the rebound adiposity period
and then NC values of Turkish preschool children decrease
slightly. However, the 97" percentile NC values of Turkish
preschool children continue to be greater than those of
their European counterparts in both genders. These findings
may be related to several factors such as sample selection,
ethnic or geographical differences. The study cited above (21)
included data from eight European countries. However, we do
not know whether similar differences would exist if our data
could have been compared with findings from each individual
country separately. We must also note that the similarity
of NC values during the rebound adiposity period found in
our study slightly differs from those cited in the above study
(Figures 1, 2).

We consider that this difference may be explained by
environmental and other unknown factors that could
have more predominant effects than genetic factors at
the adiposity rebound period and later. This should be
investigated in further studies.

This study provides NC cut-off values for obesity in Turkish
preschool children. Additionally, it is the first study that
reports NC percentiles and cut-offs in Turkish preschool
children. The power of this study may be the stratification
for socioeconomic level in a relatively big sample size which
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Figure 1. The comparison of 3, 50", and 97" percentiles
of neck circumference in boys with European children
(Identification and prevention of Dietary- and lifestyle-
induced health EFfects in Children and infantS study)
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Figure 2. Comparison of 3™, 50", and 97" percentiles of
neck circumference in the girls with European children
(Identification and prevention of Dietary- and lifestyle-
induced health EFfects in Children and infantS study)

may represent Turkish population. Our findings show that
NC may also be a useful tool to assess obesity in preschool
children in addition to BMI, since it represents upper body
fat distribution. However, the cut-off values of NC established

in our study should be confirmed in subsequent studies.
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In conclusion, this study provides reference and cut-off values
for preschool Turkish children. Since NC findings may indicate
future cardiometabolic risk, both our reference and cut-off
values for NC may be useful for screening and follow-up.
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