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SUMMARY

Objective: To critically analyze articles on the relation between neck circumference
(NC) in adolescents and: body mass index, fat distribution, metabolic syndrome
and its individual components, and cardiovascular risk.

Method: Systematic review undertaken by two independent researchers using
the Pubmed/Medline, Lilacs/Medline, Scielo and Cochrane databases in English,
Spanish and Portuguese in the period comprising the past 5 years.

Results: Eighteen (18) articles were selected. The articles show an association
between NC in adolescents and body fat (BMI), central fat distribution (WC),
metabolic syndrome and several of its individual components, and cardiovascular
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risk, insulin resistance and metabolic syndrome. We identified a percentile curve
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constructed for Brazilian adolescents.

Conclusion: There is a shortage of studies with representative samples, variety
at the NC measurement sites, and the age of the participants, which makes it
difficult to establish definitive landmarks.
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INTRODUCTION
Obesity among adolescents is becoming increasingly
prevalent and worrying worldwide due to the increased
risk of complications in adulthood or even earlier, during
adolescence itself." Both the amount and the distribution
of body fat are related to insulin resistance (IR), dyslip-
idemia, high blood glucose and cardiovascular diseases.*®
Direct measurements of body fat (densitometry, elec-
trical bioimpedance, computed tomography, magnetic
resonance imaging) are costly and not readily available
in clinical practice. Body mass index (BMI) and waist
circumference (WC) are the most commonly used mea-
surements in medical appointments because they are
uncomplicated and accessible. The former indicates the
amount of body fat and the latter, its location, without

Keywords: Neck. Adolescents. Metabolic Syndrome X. Obesity. Cardiovascular
Diseases. Obesity. Waist Circumference. Anthropometry. Insulin Resistance.
Hypertension. Triglycerides. Cholesterol. Blood Glucose. Review.

however distinguishing between visceral and subcutane-
ous fat types.”®

WC measurement, in turn, may be affected by factors
such as an increase in the postprandial period and varia-
tion with respiratory movements, or cause embarrassment
due to exposure of the abdomen. In addition, this type
of measurement does not yet rely on a standardized meth-
odology or reference values defined for adolescents.

Neck circumference (NC) then appears as a more
consistent alternative for assessing central fat distribution,

originally, in adults®"!

and, more recently, in adolescents.'?
NC correlates with cardiometabolic risk as much as vis-
ceral fat does.!®

This measurement is socially accepted, has intra- and

inter-examiner reproducibility,'® but should be avoided
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in patients with conditions that increase the volume of
the cervical region such as in patients with goiter.

Our systematic review aimed at describing and criti-
cally analyzing articles on the relation between NC in
adolescents and their BMI, fat distribution, metabolic
syndrome (MetS) and its individual components, and
cardiovascular risk (CVR).

MEeTHOD
Our review aims at providing access to and a critical
analysis of the most current information on the subject.
We designed it in accordance with the Prisma guidelines
for systematic reviews: formulation of a problem, biblio-
graphic review, selection of articles, analysis of data and
presentation of the review.'* For this, two independent re-
searchers did a search on January 20, 2016. We used the
following Health Science Descriptors (DeCS, Portuguese
acronym for Descritores em Ciéncias da Saude) to search
the Lilacs/Medline and Scielo databases: neck, adolescent,
obesity, waist circumference, anthropometry, cardiovascu-
lar diseases, metabolic syndrome, insulin resistance, high
blood pressure, triglycerides, cholesterol, blood glucose. The
terms we used for the search in the Cochrane database were
neck and adolescent. In the case of Pubmed/Medline, we
used the following Medical Subject Headings (MeSH):
adolescent, obesity, body mass index, adiposity, anthropom-
etry, cardiovascular diseases, metabolic syndrome, hyperten-
sion, insulin resistance, triglyceride, high blood glucose.
We selected the articles according to their title and
abstract, using the eligibility criteria. The inclusion cri-
teria were: study languages (English, Spanish, and Portu-
guese); and time filter: 5 years; target population: humans,
adolescent as defined by the WHO criteria (10 to 19 years
of age); outcome of interest: relation between NC (depen-
dent variable) in adolescents and overweight/obesity, vis-
ceral fat/WC, MetS and its components, CVD (indepen-
dent variables). The exclusion criteria were based on the
type of study: editorial, case report, expert opinion.
Both researchers read the selected articles in full and
analyzed them. Occasional divergence in selection was resolved
by consensus. Upon reading the articles, we carried out a
secondary search with the selection of articles from the bib-
liography contained in the primary documents of the previ-
ous search, respecting the inclusion criteria. Figure 1 sum-
marizes the steps of article selection we used for our review.

ResuLts

Characterization of studies

We systematized the main features of the selected articles
in one table (Table 1).

Lilacs/PubMed/Medline/

Cochrane/Scielo search

!

805 articles identified

A 4

787 excluded

17 articles read in full l
649 subject

+

22 age

v

116 repeated

v

1 article -

secondary search

18 articles included

for review

FIGURE 1 Article search flow.

We varied the samples from the selected studies (150
to 6,802, median 1,507 subjects), five of which were random.
One of the studies® explained that a sample had been cho-
sen out of convenience because of difficulty in adherence.

Most of the studies selected their patients from the
same schools where they studied,>* with only four of them
involving students coming from public schools,!*1%20:22
whereas other four used data from patients who were already
being followed up in an outpatient clinic.#*+2¢

Two studies evaluated the same population of inpa-

tients awaiting non-cardiac elective surgery**®

and one
study obtained a sample from the general population.?’
Brazil was the country of origin of the largest number of
publications selected (37.5%), but China had the largest

number of subjects studied.

NC and the technical aspects to measuring it
Seventy-two percent (72%) of the studies performed mea-
surements at the level of the thyroid cartilage, an easily
identifiable reference landmark. The other measurement
sites were: just below the thyroid cartilage,* the cricoid
cartilage®*” and at halfway the height of the neck.?"*

In only three studies the measurements had been taken

152325

as duplicates or triplicates, a fact of little relevance due

to the already well-documented reproducibility of this type
of measurement.'® Eleven (11) studies®!¢17:19:2022,23,27:29,31

mentioned the training of examiners. In one study,"” repro-
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ducibility tests of its anthropometric measurements were
run. Only six studies'”'#25273 declared the exclusion of
subjects bearer of cervical lesions that could falsify the mea-
surements, such as masses or deformities. In the other ar-
ticles, exclusion criteria were based on the use of medica-

19,25,26,30

tions? or pathologies that could influence cardio-

metabolic parameters.

NC: age, gender, pubertal stage and nutritional status
Only two studies presented age groups in perfect agreement
with our review objectives.?*?® The remaining studies also
included children®!5171925252730 or young adults'® (Figure 2).
The studies showed homogeneous distribution of the
participants between the genders. NCs tended to be larg-
er in males and to increase with age in all studies suggest-
ing cutoff points by gender and/or age. The difference in
measurements increased from 11'%*3% up to 18 years of’
age, at which age it was found to stabilize. By then, NCs
were 4 cm larger in males than in females.'
Pubertal staging was performed in five studies,?*%¢
two of which were self-assessed.???¢ Three studies used
these data to identify cutoff points along an ROC

curve 222426

one calculated the mean according to the
pubertal stage?? and yet another study adjusted the data
by the degree of pubertal development.**

Considering the participants’ nutritional status is

an extremely important aspect when evaluating NC re-

sults. Obese or overweight participants accounted for
20-40% of the sample in 69% of the studies reporting
such data (Figure 3).

NC as predictor of cardiometabolic risk factors

The most investigated relation of NC was that with BMI,
and it was statistically significant in all articles that evalu-
ated it.16-1921222431 Although this finding was consensual,
the way it was assessed was not. As previously mentioned, the
NC measurement site varied, as did the landmark used for
BMI assessment (CDC,2¢% WHO$#21-233% Group of Chinese
Obesity Task Force 2004, International Obesity Task
Force,'s!?3! unspecified®!524%5).

The second most investigated relation, whose find-
ing was universal, was that between WC and NC.17212431
The most frequent measurement site was the midpoint
between the last rib and the iliac crest,%17182021.2527,30,31
There were also measurements taken at the top of the
iliac crest?**?° at the navel level,'® whereas another two
studies did not explicitly state the measurement site*
of choice.

Other manners of evaluating body fat were used. A
positive association was found between NC and cutane-
ous folds,? electrical bioimpedance,??** densitometry,*
body adiposity index (BAI) (the ratio of WC [waist cir-
cumference] [cm] to height [m] multiplied by the square
root of the height).’!
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FIGURE 2 Age groups by study.
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FIGURE 3 Percentage of obese and overweight.

Some studies assessed the relation between NC and
IR or several parameters used to diagnose MetS. There
was a correlation between NC and IR (HOMA-IR) 12526
fasting insulinemia,?***?¢ but not blood glucose.?**¢

With regard to cardiometabolic parameters, a correla-
tion was found with systolic blood pressure (SBP), dia-
stolic blood pressure (DBP)*#3232¢ and triglycerides;*-*%2628
and a negative correlation was found with HDL choles-
terol.2232526 The correlation with total cholesterol was
less consistent, being either positive® or negative*' depend-
ing on the study.

NC in Brazil

Our review includes 6,036 Brazilian participants, distrib-
uted across six cross-sectional studies. Only one used ran-
dom sampling?! and also suggested cutoff points for NC.

The suggested cutoff points are specific for each
metabolic parameter evaluated (body fat, triglycerides,
HDL cholesterol, blood pressure, fasting blood glucose,
fasting insulinemia).

One of the studies® suggested NC percentile curves
after assessing 2,794 adolescents. Normality was defined
as the values included within + 2 standard deviations of
the mean, by gender and age. However, sampling was not
random, overweight was more frequent in its population
than the national average. Furthermore, pubertal staging
was not performed and NC measurements were taken at

the cricoid cartilage level. The authors’ justification was
that the increase in thyroid cartilage size is not unanimous
in pubescent boys.

Two studies??2°

generated specific cutoff points for
pubertal staging. In one of them,* in which most par-
ticipants were overweight, the measurement was per-
formed at halfway the height of the neck, with the goal
of predicting IR. In yet another group,? in which about
one-third of the participants were overweight, the mea-
surement was made at the level of the laryngeal promi-
nence and the objective was to predict nutritional status.
The findings were close to those obtained by a similar

Turkish study.**

DiscussionN

In 1956, when evaluating the neck fold, Vague et al. were
pioneers in suggesting that fat distribution in the upper
body had clinical implications.** Experimental studies cor-
roborated this suggestion by demonstrating increased li-
polysis in the presence of fat preferentially stored in the
upper body.>** Lipolysis progresses with a release of free
fatty acids in excess, insulin resistance in the muscles, an
increase in the endogenous production of glucose and VLDL
cholesterol by the liver.** Clinically, these changes manifest
as the components of metabolic syndrome. This state is
evident in the presence of excess visceral and adipose tissue,

as is the case with neck circumference measurements.>3%36
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Determining NC reference values for screening over-
weight and CVR factors in adolescents has some particu-
larities. In addition to the effects of growth per se, puber-
tal development causes changes in body fat distribution
and is associated with a projection of the thyroid cartilage
at its midline in males. Thus, setting specific cutoff points
by gender and age may be insufficient.

Only one Brazilian study made NC measurement at
the thyroid cartilage level (the most frequent site in the
selected international literature): it generated cutoff points
by gender, nutritional status and pubertal stage?? (data not
shown). This stratification appears to be more important
among eutrophic adolescents, whose cardiometabolic risk
would not be identified in a BMI assessment.

In both adults and adolescents, the articles selected for
our review were unanimous in attesting the correlation between
NC and the two measurements most frequently used in clin-
ical practice to estimate adiposity, namely BMI and WC. The
correlation still held true, despite the lack of unanimity re-
garding the anatomical parameters for measuring NC, WC
and the reference values for classifying BMI, WC and NC.
However, the studies in adolescents are more heterogeneous.

Like the studies in adults, they do consider the dif-
ference in NC values between genders, which grows more
relevant from puberty on. In addition, since they also
usually include the pediatric age group, they present a
panorama of growth from the point of view of NC.

As expected, as the age group approaches 18 years,
the studies in adolescents suggest that the values for
monitoring overweight status get closer to those proposed
for adults: 33 to 35 cm for females and 37 to 38.5 cm for
males.”¥* This can be better appreciated when compar-
ing the NC percentile scores in Turks between 6 and 18
years of age'® and in a representative sample of the adult
population from the same country.*

Cardiovascular diseases are the leading cause of death
in adults. Studies in adults have explored NC’s ability to
predict the risk thereof either directly or by means of their
risk factors.1037-44

As seen in adolescents, NC values could be correlated
with SBP and DBP,!037394245 triglycerides, #1424 IR, 037
but also blood glucose,'%373%41:4245 total cholesterol, 414
HDL10,37,39,42 and LDL.39,41,45

The proposed values are identical to those indicated
for overweight screening: 33 to 35 cm for females and 37
to 39 cm for males.’”¥

Even after adjustment for adiposity as measured by
BMI or WC, NC remained a good predictor for diabetes,*
insulin resistance'® and metabolic syndrome,* but not
for coronary atherosclerotic load.*®

Obesity in childhood increases morbidity and mortal-
ity in adulthood, a fact corroborated by a study with 23.9
years of follow-up.*” As a matter of fact, there has already
been a downward trend in the increase in life expectancy
over the last 30 years.*® Additionally, even before adult-
hood, obesity can lead to cardiometabolic complications,*
and NC could serve as an instrument for screening.

Our review presents a compilation of the most current
articles on the association of NC to nutritional status
and cardiometabolic risk factors in adolescents. While
searching through the articles, we located a systematic
review from 2014 that included the subject of NC in chil-
dren.!? We had already selected all three articles cited in
this systematic review in our bibliographic review.

The topic is current and relevant and encourages the
introduction of NC measurements in both the clinical
practice and epidemiological studies. Nevertheless, there
are still some gaps to be filled by new studies. To date,
there is still no measurement site defined for taking NC
measurements, which thus hampers comparisons between
studies. Most studies disregard the effects of pubertal
development on NC. Furthermore, there are few studies
with random samples. There may also be variations ac-
cording to ethnicity, similar to WC, which also call fora
larger number of studies. On the other hand, our review
already shows several proposed landmarks for the screen-
ing of overweight/obesity status and cardiovascular risk
factors, separated by gender and age group. We also se-
lected articles suggesting percentile curves. In summary,
our review, in agreement with articles already published
on adults, lists studies demonstrating the association
between NC and body fat (BMI), central fat distribution
(WC), metabolic syndrome and several of its individual
components, and CVR in the adolescent population.

The simple and rapid measurement may be useful for
a secondary prophylaxis, serving as the basis for the con-
tinuation of propedeutics in adolescents. This is an ex-
tremely desirable measure, given its simplicity, low cost
and reproducibility, which should inspire further studies
that can propose more definitive cutoff points.

ConcLusIoN

The studies we found and our systematic review demon-
strate the recent interest in NC in adolescents in several
countries for assessing body fat and CVR factors. Inexpen-
sive, simple and reproducible, not only is it able to predict
general and localized body adiposity, but also the compli-
cations thereof. However, there is a shortage of studies with
representative samples, which makes it difficult to establish
cutoff values by gender and age group. Routine clinical use
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still depends on the standardization of NC measurement
and its interpretation. Furthermore, almost all of the stud-
ies included in our investigation used a cross-sectional
methodology, which limits the determination of cause and
effect due to their undefined temporality.
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Resumo

Circunferéncia do pescoc¢o de adolescentes e risco cardio-
metabdlico: uma revisdo sistematica

Objetivo: Analisar criticamente artigos referentes a rela-
¢do entre a circunferéncia do pescoco (CP) de adolescen-
tes e: indice de massa corporal, distribui¢do de gordura,
sindrome metabdlica e seus componentes individuais e
risco cardiovascular.

Método: Revisdo sistematica realizada por dois pesqui-
sadores independentes nas bases de dados Pubmed/Me-
dline, Lilacs/Medline, Scielo e Cochrane nos idiomas
inglés, espanhol e portugués nos tltimos 5 anos.
Resultados: Foram selecionados 18 artigos. Os artigos
demonstram a associacdo entre CP de adolescentes e
gordura corporal (IMC), distribui¢do central gordura
(CC), sindrome metabdlica e varios de seus componentes
individuais, e risco cardiovascular. Existem propostas de
pontos de corte da CP para o diagndstico do estado nu-
tricional, hipertensdo e pré-hipertensio, risco cardiovas-
cular, resisténcia insulinica e sindrome metabdlica. Foi
identificada ainda uma curva de percentis construida para
adolescentes brasileiros.

Conclusido: Hi escassez de estudos com amostras repre-
sentativas, variedade nos locais de medi¢io da CP e na
idade dos participantes, o que dificulta estabelecimento
de referéncias definitivas.

Palavras-chave: Pescoco. Adolescente. Sindrome X Meta-
bélica. Doencas Cardiovasculares. Obesidade. Circunfe-
réncia da Cintura. Antropometria. Resisténcia a Insulina.
Hipertensao. Triglicérides. Colesterol. Glicemia. Revisio.
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