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ABSTRACT
Introduction. Neck circumference is a useful anthropometric measure for identifying adiposity in children; 
however, few percentiles are available for school-aged children in northwestern Mexico.
Objectives. To estimate smoothed percentiles of neck circumference by age and sex, and to evaluate 
their association with anthropometric and adiposity indicators in schoolchildren aged 7 to 12 years in 
northwestern Mexico.
Population and methods. We conducted a cross-sectional study among 319 schoolchildren aged 7 to 
12 years from four elementary schools in Ciudad Obregón, Sonora. Weight, height, neck circumference, 
waist circumference, triceps skinfold thickness, and body fat percentage (measured by electrical 
bioimpedance) were measured. We estimated smoothed percentiles using the LMS method.
Results. We included 174 girls and 145 boys. Smoothed percentiles (P10, P25, P50, P75, and P90) 
were estimated by age and sex. Neck circumference was positively correlated with age-adjusted body 
mass index (BMI), waist circumference, body fat percentage, and triceps skinfold thickness.
Conclusion. Neck circumference showed a positive association with anthropometric and adiposity 
indicators, suggesting that it could serve as a complementary anthropometric measure for assessing 
adiposity in this population.
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INTRODUCTION
Childhood obesity is defined as the excessive 

accumulation of adipose tissue; its development 
is mult i factorial, and when excess weight 
persists from childhood into adulthood, the risk of 
metabolic complications increases.1-3 According 
to data from the 2026 Global Obesity Atlas, in 
2025, 25% of children aged 5 to 19 were obese 
in 14 countries, and more than 30% had a high 
body mass index (BMI).4 Furthermore, the World 
Health Organization (WHO) estimated in 2022 
that 390 million children and adolescents were 
overweight, of whom 160 million were obese.5

In Mexico, during 2022–2023, the prevalence 
of overweight and obesity was 36.5% among 
schoolchildren and 40.4% among adolescents.6 In 
the North Pacific region, where Sonora is located, 
the National Health and Nutrition Examination 
Survey 2020-2022 (ENSANUT, by its Spanish 
acronym) reported prevalence rates of 38.3% 
among children and 49.1% among adolescents, 
as well as the highest prevalence of obesity 
(26.2%) among the country’s regions.7 BMI is the 
most commonly used indicator for diagnosing 
overweight and obesity; however, it does not 
distinguish between fat mass and lean mass.8 
Waist circumference is used to assess abdominal 
adiposity, although there is no consensus on the 
anatomical site for measurement. In the pediatric 
population, different reference points have been 
used, such as the minimum waist circumference, 
the midpoint between the last rib and the iliac 
crest, the upper edge of the iliac crest, and 
the level of the umbilical scar. Although the 
measurements obtained show similar associations 
with visceral fat and cardiometabolic risk, their 
absolute values may vary; therefore, it is essential 
to specify the protocol used.9 Furthermore, waist 
circumference is correlated with BMI, which 
limits its usefulness as an independent indicator 
of cardiometabolic risk.10 In this context, neck 
circumference represents a simple, rapid, and 
low-cost alternative for assessing adiposity, 
as i t  has been associated with metabol ic 
abnormalities11 and with the identification of 
overweight and obesity in schoolchildren.12 
Although Valencia-Sosa et al.13 report percentile 
reference values for Mexican children aged 6 to 
11 years, these were obtained from normal-weight 
schoolchildren in the state of Jalisco; therefore, 
their data should be extrapolated with caution 
among schoolchildren in Sonora. Anthropometric 
measurements may vary depending on the 
study population’s characteristics, as well as the 

schoolchildren’s age, sex, and nutritional status. 
Furthermore, regional differences in childhood 
overweight and obesity have been documented 
in Mexico, which could reflect variations in body 
composition and in the sociodemographic and 
environmental contexts of each region.7,13 In 
this regard, developing smoothed percentiles 
specific to schoolchildren in Sonora can support a 
more context-specific and useful assessment for 
identifying adiposity in this population. Therefore, 
the present study focused on elementary 
school students aged 7 to 12 years, a stage 
at which standardized anthropometric and 
body composition assessments using electrical 
bioimpedance are possible, thereby generating 
reference values applicable to this context.

Consequently, the study aimed to estimate 
smoothed percentiles of neck circumference 
by age and sex and evaluate their association 
with anthropometric indicators and adiposity in 
schoolchildren aged 7 to 12 years in northwestern 
Mexico.

POPULATION AND METHODS
We conducted an analytical cross-sectional 

study between September 2025 and April 2026. 
The study population consisted of 319 elementary 
school students in grades 2 through 6, aged 7 to 
12, from four urban public elementary schools in 
Ciudad Obregón, Sonora, Mexico.

We calculated the sample size for a finite 
population, using the total number of students at 
the four participating schools as the population, 
a 95% confidence level, and a 5% margin of 
error, resulting in a minimum sample size of 
239 participants. However, after applying the 
selection criteria, we included 319 students.

The inclusion criteria were schoolchildren 
of both sexes, aged 7 to 12 years, enrolled in 
participating schools, with informed consent 
from parents or guardians and assent from 
the children. We excluded those who did not 
complete the anthropometric or body composition 
measurements, as well as those with any medical 
condition or wearing medical devices that 
prevented evaluation by electrical bioimpedance.

Eighth-semester Bachelor of Science in 
Nutrition students at the University of Sonora 
per formed the anthropometr ic  and body 
composition measurements after training in these 
techniques.

Body weight and body fat percentage were 
determined using an IronKids® BF-2000 electronic 
scale (Tanita, Japan), which employs bioelectrical 
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impedance analysis (BIA), a noninvasive, rapid, 
and easy-to-use method. The device has a 
maximum capacity of 150 kg, an accuracy of 
100 g, and is designed for use with children 
aged 5 to 17 years. The manufacturer’s built-
in algorithm automatically estimated body fat 
percentage, considering variables such as 
the participant’s age, sex, height, and weight. 
Measurements were performed following the 
methodology of the International Society for the 
Advancement of Kinanthropometry (ISAK).14

Height was measured using Avanutri 315 
portable stadiometers, which have a measurement 
range of 20-210 cm. Subjects were asked to 
stand upright and maintain the Frankfurt plane.14 
Using weight and height, age-adjusted BMI was 
calculated using the WHO’s Anthro Plus software, 
and the z-score was obtained.15

Waist circumference was measured using a 
Lufkin metal anthropometric tape (scale from 0 
to 200 cm). The child was asked to stand and 
locate the umbilical scar; the tape was placed 
around the abdomen without compressing the 
tissue to take the measurement. The subject 
was instructed to breathe normally, and the 
measurement was taken at the end of an 
exhalation.16 This anatomical site was chosen 
because it corresponds to the standardized 
protocol established for data collection and 
because it has been previously used in studies of 
the pediatric population.17

The triceps skinfold thickness (TST) was 
measured using the methodology described 
by ISAK.14 The measurement  was taken 
using the Slim Guide®Skinfold Caliper, which 
applies a constant pressure of 10 g/mm², has a 
measurement range of 80 mm, and an accuracy 
of ±1 mm.

Neck circumference was measured with the 
subject standing upright, with the head positioned 
in the Frankfurt horizontal plane and facing 
forward. Using a Lufkin metal anthropometric 
tape measure with a scale ranging from 0 to 
200 cm, we measured along the midline of the 
neck between the cervical spine and the anterior 
neck.18

 
Statistical analysis

We described categorical variables using 
absolute and relative frequencies. We assessed 
the normality of quantitative variables using the 
Shapiro-Wilk test. Because the variables did not 
follow a normal distribution, we described them 
using the median, 25th percentile (P25), 75th 

percentile (P75), and interquartile range (IQR). 
We compared neck circumference between 
sexes using the Mann-Whitney U test. The 
association between neck circumference and 
anthropometric and adiposity indicators was 
assessed using Spearman’s correlation coefficient 
(rho). We interpreted correlation strength as 
follows: negligible (0.00-0.10), weak (0.10-0.39), 
moderate (0.40-0.69), strong (0.70-0.89), and 
very strong (0.90-1.00).

We estimated smoothed neck circumference 
percentiles by age and sex using the LMS method 
with power-normal regression (xriml) in Stata®. 
The parameters M (smoothed median) and 
S (coefficient of variation) were modeled as 
functions of age using fractional polynomials. 
Because of the sample size in each age and sex 
group, we reported the P10, P25, P50, P75, and 
P90 percentiles, since the extreme percentiles 
(P3 and P97) may be less stable and accurate 
in small samples. For presentation, we grouped 
percentiles by full-year age (7, 8, 9, 10, 11, and 
12 years).

Statistical analysis was performed using Stata® 
version 14 (StataCorp, College Station, TX, USA). 
A p-value <0.05 was considered statistically 
significant.

Ethical considerations
The Institutional Ethics Committee of the 

Sonora Institute of Technology approved this 
project on September 22, 2025, under registration 
number 491. All participants were asked in 
advance to provide an informed consent form 
signed by their parent or guardian, in which 
they agreed to their child’s participation in the 
research; we also requested the minor’s informed 
assent.

The study was conducted in accordance with 
the Declaration of Helsinki on Ethical Principles 
for Medical Research Involving Human Subjects19 
and the Nuremberg Code of Medical Ethics.20 
The measurements taken posed no risk to 
schoolchildren. In addition, we considered Articles 
28 through 58 of the Regulations of the General 
Health Law on Health Research21 regarding 
minors.

RESULTS
A total of 319 schoolchildren from the four 

schools were included, with the fol lowing 
distribution: 44.83% from School 1, 16.93% from 
School 2, 15.99% from School 3, and 22.26% 
from School 4; of whom 174 (54.5%) were 
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girls, and 145 (45.5%) were boys, with a median 
age of 9 years (IQR: 2.0). The anthropometric 
characteristics are presented in Table 1 and 
Table 2. A median BMI/E z-score of 0.09 (IQR: 
1.53) was observed, while waist circumference 
and body fat percentage showed median values 
of 63 cm (IQR: 17.5) and 21.5% (IQR: 11-4), 
respectively.

Boys  had  a  s ign i f i can t l y  la rger  neck 
circumference than girls (29.3 cm vs. 27.4 cm, 
p< 0.001). In both sexes, neck circumference 
showed posi t ive,  s tat is t ical ly  s igni f icant 
correlations with all anthropometric indicators 
assessed (Table 3).

The strongest correlation was with waist 
circumference in both girls (ρ = 0.792; p < 0.001) 
and boys (ρ = 0.848; p < 0.001).

Tables 4 and 5 and Figures 1 and 2 present 
the age- and sex-specif ic smoothed neck 
circumference percentiles for both girls and boys. 
For girls, the smoothed median increased from 
25.87 cm at age 7 to 29.66 cm at age 12, while for 
boys it increased from 28.02 cm to 31.21 cm over 
the same age range. Overall, boys had higher 
neck circumference values across all evaluated 
percentiles than girls. Similarly, boys exhibited 
a wider range between the extreme percentiles, 
particularly starting at age 10.

Table 3. Spearman’s correlation between neck circumference and anthropometric indicators by sex (n = 319)

Variable 	 Girls (n = 174)	 p-value	 Boys (n = 145)	 p-value 
	 rho	 	 rho 	

BMI/A (z-score)	 0.653	 <0.001	 0.785	 <0.001
Waist circumference (cm)	 0.792	 <0.001	 0.848	 <0.001
Body fat (%)	 0.655	 <0.001	 0.754	 <0.001
Triceps skinfold thickness (mm)	 0.469	 <0.001	 0.567	 <0.001

BMI/A: body mass index for age.

Table 2. Distribution of schoolchildren by sex, age group, and age-specific body mass index categories 
(z-score) (n = 319)

Variable 	 Frequency 	 Percentage (%)

Gender
   Feminine	 174	 54.55
   Masculine 	 145	 45.45
Age (years)
   7-9	 194	 60.82
   10-12	 125	 39.18

BMI/A (z-score)	 Girls n (%)	 Boys n (%)
   Underweight 	 7 (4.0)	 3 (2.1)	
   Normal weight	 118 (67.8)	 75 (51.7)
   Overweight + obesity	 49 (28.2)	 67 (46.2) 

BMI/A: body mass index for age. 

Table 1. Anthropometric characteristics of the schoolchildren included in the study (n = 319)

Variable 	 Median 	 P25	 P75	 IQR

Age (years)	 9.0	 8.0	 10.0	 2.0
Height/A (score)	 0.09 	 -0.65 	 0.88 	 1.53
BMI/A (score)	 0.43 	 -0.46 	 1.94 	 2.4 
Waist circumference (cm)	 63.0 	 56.7 	 74.2 	 17.5 
Body fat (%)	 21.5  	 17.1	 28.5 	 11.4 
TST (mm)	 12	 9	 16	 7 

P25: 25th percentile; P75: 75th percentile; BMI: body mass index; BMI/A: body mass index for age; height/A: height for age; 
IQR: interquartile range; TST: triceps skinfold thickness.
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DISCUSSION
This study estimated smoothed percentiles 

for neck circumference by age and sex in 
schoolchildren aged 7 to 12 years and evaluated 
their relationship with various anthropometric 
indicators of adiposity. The main findings show 
that neck circumference increases with age in 
girls and boys. It showed a correlation with BMI 
(z-score) that was moderate in girls (ρ = 0.653) 
and strong in boys (ρ = 0.785); the correlation 
with waist circumference was strong in both sexes 
(ρ = 0.792 and ρ = 0.848, respectively); with body 
fat percentage, the correlation was moderate in 
girls (ρ = 0.655) and strong in boys (ρ = 0.754); 
and with triceps skinfold thickness, the correlation 
was moderate in girls (ρ = 0.469) and in boys 
(ρ = 0.567). These results suggest that neck 
circumference is a complementary anthropometric 
indicator for assessing overall and central 
adiposity in schoolchildren. Although it is a simple, 
quick, noninvasive, and low-cost measurement, it 
requires training and standardization to correctly 
identify the anatomical measurement site, 
especially in schoolchildren with excess adiposity.

The smoothed percentiles obtained by age 
and sex showed higher neck circumference 

values in boys than in girls, consistent with the 
findings reported by Valencia-Sosa et al.13 in 
Mexican schoolchildren aged 6 to 11 years. In that 
study, median neck circumference ranged from 
25.75 to 28.76 cm in boys and 24.60 to 28.25 cm 
in girls. In comparison, this study observed 
higher medians, particularly among boys. These 
differences may be because Valencia-Sosa et al. 
included only schoolchildren of normal weight, 
whereas this study evaluated a sample without 
restrictions based on nutritional status.

The larger neck circumference observed in 
boys is consistent with the findings reported by 
Valencia-Sosa et al. in Mexican schoolchildren 
and by Katz et al. in a Canadian pediatric 
population, who have noted that boys tend to 
have higher measurements than girls.13,22 This 
difference may reflect sex differences in physical 
growth, development, and body composition. In 
this regard, some participants (schoolchildren 
aged 10 to 12) are likely in the pubertal stage. 
During this stage, pubertal  changes may 
influence body fat distribution and the progressive 
increase in neck circumference.22 Therefore, it is 
appropriate to present the percentiles stratified 
by age and sex, as this allows for a more precise 

Table 5. Smoothed percentile distribution of neck circumference (cm) in school-aged children aged 
7-12 years (n = 145)

Age (years)	 n	 M	 S	 P10	 P25	 P50	 P75	 P90

7	 35	 28.02	 2.25	 25.14	 26.51	 28.02	 29.54	 30.90
8	 21	 28.66	 2.56	 25.39	 26.94	 28.66	 30.38	 31.93
9	 41	 29.30	 2.88	 25.64	 27.37	 29.30	 31.22	 32.96
10	 22	 29.93	 3.18	 25.88	 27.80	 29.93	 32.06	 33.98
11	 21	 30.57	 3.48	 26.13	 28.24	 30.57	 32.90	 35.01
12	 5	 31.21	 3.79	 26.38	 28.67	 31.21	 33.74	 36.03 

M: smoothed median; S: coefficient of variation; P10: 10th percentile; P25: 25th percentile; P50: 50th percentile;  
P75: 75th percentile; P90: 90th percentile.
Age categories correspond to years lived.

Table 4. Smoothed percentile distribution of neck circumference (cm) in schoolgirls aged 7-12 years (n = 174)

Age (years)	 n	 M	 S	 P10	 P25	 P50	 P75	 P90

7	 29	 25.87	 1.99	 23.31	 24.53	 25.87	 27.21	 28.43
8	 33	 26.63	 2.33	 23.64	 25.06	 26.63	 28.20	 29.62
9	 35	 27.38	 2.67	 23.96	 25.59	 27.38	 29.18	 30.80
10	 33	 28.14	 3.00	 24.29	 26.12	 28.14	 30.17	 31.99
11	 34	 28.90	 3.34	 24.62	 26.65	 28.90	 31.15	 33.18
12	 10	 29.66	 3.68	 24.94	 27.18	 29.66	 32.13	 34.37 

M: smoothed median; S: coefficient of variation; P10: 10th percentile; P25: 25th percentile; P50: 50th percentile;  
P75: 75th percentile; P90: 90th percentile.
Age categories correspond to years lived.



6

Artículo original / Arch Argent Pediatr. 2026;e202611163

Figure 1. Smoothed percentiles of neck circumference in schoolgirls aged 7-12 years (n = 174)

P10: 10th percentile; P25: 25th percentile; P50: 50th percentile; P75: 75th percentile; P90: 90th percentile.
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Figure 2. Smoothed percentiles of neck circumference in schoolboys aged 7-12 years (n = 145)

P10: 10th percentile; P25: 25th percentile; P50: 50th percentile; P75: 75th percentile; P90: 90th percentile.
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and contextualized interpretation. However, the 
present study did not assess sexual maturation; 
therefore, it is not possible to determine the extent 
to which, or at what level, pubertal development 
influences differences in neck circumference.

Regarding indicators of adiposity, neck 
circumference showed the strongest correlations 
with waist circumference and BMI in both girls 
and boys. The positive association between 
neck circumference and waist circumference 
is consistent with previous studies in Mexican 
school populations, which suggest that neck 
circumference may reflect central adiposity or 
adipose tissue accumulation in the abdominal 
region.11,23 Similarly, Turkay and Kabaran 
observed a positive, statistically significant 
relationship between neck circumference, 
BMI, waist circumference, and body fat in 
schoolchildren aged 6 to 10 years.18 It should 
be noted that in the present study, waist 
circumference was measured at the level of 
the umbilical scar, whereas other studies have 
measured it at the narrowest part of the waist. 
Although these measurements have shown 
similar associations with abdominal adiposity and 
metabolic risk, their values may differ. Therefore, 
consider the anatomical site and measurement 
protocol when comparing studies.9,17

The observed correlation between neck 
circumference and body fat percentage also 
reinforces the usefulness of this measurement 
as an adiposity indicator. Romero-Velarde et al. 
reported that neck circumference was directly 
associated with body fat percentage—estimated 
via BIA analysis using a Bodystat 1500MDD II® 
device—and other adiposity indicators, such 
as BMI and waist circumference, in children 
aged 5 to 10 years, particularly those who were 
overweight or obese.23 In the present study, the 
correlation with body fat was higher in boys than 
in girls, suggesting that the relationship between 
neck circumference and adiposity may vary 
by sex. This difference should be interpreted 
with caution, as children’s body composition is 
influenced by various factors: age, fat distribution, 
and biological maturation.24

Among the study’s strengths is the estimation 
of smoothed percentiles for neck circumference 
using the lambda-mu-sigma (LMS) method, 
a methodology widely used to construct 
anthropometric references and growth standards. 
This approach yields more stable and biologically 
plausible curves by age and sex, in addition to 
facilitating methodological comparability with 

studies conducted in other populations.25

In addition, the authors included a sample of 
schoolchildren from Sonora and evaluated the 
relationship between neck circumference and 
various anthropometric indicators, providing 
relevant regional information.

However, the study has some limitations. 
First, its cross-sectional design does not allow 
the establishment of causal relationships; that 
is, it is not possible to determine whether the 
variations result from, or drive, changes in 
adiposity indicators. Second, the sample consists 
of schoolchildren from a specific region of Sonora, 
so the results may not generalize to Mexico’s 
entire child population. Furthermore, the study did 
not include variables related to sexual maturation 
and biochemical or metabolic markers, which 
could help interpret the relationship between 
waist circumference and neck circumference, 
adiposity, and cardiometabolic risk. Furthermore, 
although the evaluators were previously trained 
on anthropometric techniques, the authors did 
not formally assess technical measurement error 
or interobserver agreement. Finally, the sample 
size by sex and for some age groups—particularly 
among 12-year-old schoolchildren—could affect 
the accuracy of the percentile estimates obtained 
using the LMS method. However, we present 
sample sizes by age group, and we estimated 
percentiles using smoothing techniques widely 
used to construct reference curves.

CONCLUSION
Neck circumference showed moderate to 

strong correlations with anthropometric and 
adiposity indicators in schoolchildren aged 7 to 
12 years in northwestern Mexico. In addition, 
we estimated age- and sex-specific smoothed 
percentiles, which may support anthropometric 
assessment in this population. n

REFERENCES 
1. 	 Jebeile H, Kelly AS, O’Malley G, Baur LA. Obesity in children 

and adolescents: epidemiology, causes, assessment, and 
management. Lancet Diabetes Endocrinol. 2022;10(5):351- 
65. doi:10.1016/S2213-8587(22)00047-X. 

2. 	 Petridi E, Karatzi K, Magriplis E, Charidemou E, Philippou 
E, Zampelas A. The impact of ultra-processed foods on 
obesity and cardiometabolic comorbidities in children and 
adolescents: a systematic review. Nutr Rev. 2024;82(7):913- 
28. doi:10.1093/nutrit/nuad095. 

3. 	 Kibret KT, Strugnell C, Backholer K, Peeters A, Tegegne 
TK, Nichols M. Life-course trajectories of body mass index 
and cardiovascular disease risks and health outcomes in 
adulthood: systematic review and meta-analysis. Obes 
Rev. 2024;25(4):e13695. doi:10.1111/obr.13695. 

4. 	 World Obesity Federation. World Obesity Atlas 2026: 



8

Artículo original / Arch Argent Pediatr. 2026;e202611163

childhood obesity. 2nd ed. London: World Obesity 
Federation; 2026. 

5. 	 World Health Organization. Obesity and overweight. 
Geneva: World Health Organization; 2025. 

6. 	 Shamah-Levy T, Gaona-Pineda EB, Cuevas-Nasu L, 
Valenzuela-Bravo DG, Morales-Ruan C, Rodríguez- 
Ramírez S, et al. Sobrepeso y obesidad en población 
escolar y adolescente. Salud Publica Mex. 2024;66(4):404- 
13. doi:10.21149/15842. 

7. 	 Shamah-Levy T, Gaona-Pineda EB, Cuevas-Nasu L, 
Morales-Ruan C, Valenzuela-Bravo DG, Méndez-Gómez 
Humarán I, et al. Prevalencias de sobrepeso y obesidad 
en población escolar y adolescente de México. Ensanut 
Continua 2020-2022. Salud Publica Mex. 2023;65:s218- 
24. doi:10.21149/14762. 

8. 	 Flores Fiallos SL, Flores Jaramillo EO, Flores Fiallos AL. 
Índice de masa corporal como herramienta de evaluación 
nutricional: limitaciones y desafíos en la clasificación 
del estado de salud. RedCiencia 360. 2025;2(2):61-9. 
doi:10.66231/RedCiencia360.v2i2.17. 

9. 	 Harrington DM, Staiano AE, Broyles ST, Gupta AK, 
Katzmarzyk PT. Waist circumference measurement site 
does not affect relationships with visceral adiposity and 
cardiometabolic risk factors in children. Pediatr Obes. 
2013;8(3):199-206. doi:10.1111/j.2047-6310.2012.00106.x. 

10. 	Chen R, Ji L, Chen Y, Meng L. Weight-to-height ratio and 
body roundness index are superior indicators to assess 
cardio-metabolic risks in Chinese children and adolescents: 
compared with body mass index and a body shape index. 
Transl Pediatr. 2022;11(3):318-29. doi:10.21037/tp-21-479. 

11. 	Valencia-Sosa E, González-Pérez GJ, Chávez-Palencia C, 
Vega-López MG, Romero-Velarde E. Neck circumference 
as a valuable tool to identify the risk of metabolic syndrome 
in Mexican children. Children (Basel). 2024;11(8):908. 
doi:10.3390/children11080908. 

12. 	Valbuena Gregorio E, Márquez Ibarra AA, Barrera 
Hernández LF, López Mata MA. Precisión diagnóstica de 
la circunferencia de cuello para la predicción de sobrepeso 
y obesidad en niños mexicanos. Nutr Clin Diet Hosp. 
2025;45(2):488-96. doi:10.12873/452marquez. 

13. 	Valencia-Sosa E, Chávez-Palencia C, Vallarta-Robledo JR, 
Romero-Velarde E, Larrosa-Haro A, Vásquez-Garibay EM, 
et al. Percentile reference values for the neck circumference 
of Mexican children. Children (Basel). 2021;8(5):407. 
doi:10.3390/children8050407. 

14. 	Esparza-Ros F, Vaquero-Cristóbal R, Marfell-Jones M. 
Protocolo internacional para la valoración antropométrica. 
Perfil restringido. Murcia: Sociedad Internacional para el 

Avance de la Cineantropometría; 2019. 
15. 	World Health Organization. WHO AnthroPlus for personal 

computers manual: software for assessing growth of the 
world’s children and adolescents. Geneva: World Health 
Organization; 2009. 

16. 	Ballén-Torres AM, Evia-Viscarra ML, Guardado-Mendoza R, 
Muñoz-López DB, Lozada-Hernández EE, Meneses-Rojas 
LF, et al. Correlación y comparación entre diferentes lugares 
de medición de la circunferencia de la cintura y el riesgo 
cardiovascular en niños: revisión sistemática y metaanálisis. 
Nutr Hosp. 2024;41(5):1105-15. doi:10.20960/nh.05144. 

17. 	Andaki ACR, Tinoco ALA, Mendes EL, Andaki Júnior 
R, Hills AP, Amorim PRS. Different waist circumference 
measurements and prediction of cardiovascular risk factors 
and metabolic syndrome in children. Obes Res Clin Pract. 
2012;6(2):e149-57. doi:10.1016/j.orcp.2011.07.006. 

18. 	Turkay E, Kabaran S. Neck circumference cut-off points 
for detecting overweight and obesity among school 
children in Northern Cyprus. BMC Pediatr. 2022;22(1):594. 
doi:10.1186/s12887-022-03644-0. 

19. 	World Medical Association. World Medical Association 
Declaration of Helsinki: ethical principles for medical research 
involving human participants. JAMA. 2025;333(1):71-4. 
doi:10.1001/jama.2024.21972. 

20. 	Nuremberg Mil i tary Tribunal.  The Nuremberg 
Code. JAMA. 1996;276(20):1691. doi:10.1001/ 
jama.1996.03540200077043. 

21. 	México. Presidencia de la República. Reglamento de la 
Ley General de Salud en Materia de Investigación para la 
Salud. Diario Oficial de la Federación. Ciudad de México, 
6 de enero de 1987; última reforma 2 de abril de 2014. 

22. 	Katz SL, Vaccani JP, Clarke J, Hoey L, Colley RC, 
Barrowman NJ. Creation of a reference dataset of neck 
sizes in children: standardizing a potential new tool for 
prediction of obesity-associated diseases? BMC Pediatr. 
2014;14:159. doi:10.1186/1471-2431-14-159. 

23. 	Romero-Velarde E, Córdova-García KG, Robles-Robles LC, 
Ventura-Gómez IJ, Chávez-Palencia C. Neck circumference 
and its relation with body fat percentage in children 5-10 
years old. Children (Basel). 2024;11(7):868. doi:10.3390/ 
children11070868. 

24. 	Staiano AE, Broyles ST, Gupta AK, Malina RM, Katzmarzyk 
PT. Maturity-associated variation in total and depot-specific 
body fat in children and adolescents. Am J Hum Biol. 
2013;25(4):473-9. doi:10.1002/ajhb.22380. 

25. 	Cole TJ, Green PJ. Smoothing reference centile curves: 
the LMS method and penalized likelihood. Stat Med. 
1992;11(10):1305-19. doi:10.1002/sim.4780111005.


