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Abstract: Neck circumference (NC) and wrist circumference (WrC) have been proposed as practical
and inexpensive tools with the capacity to indicate metabolic alterations to some extent. Nevertheless,
their application in the pediatric population is relatively recent. Thus, the aim of this scoping
review was to review and analyze the reported evidence regarding the correlation of NC and WrC
with metabolic alterations in the pediatric stage. The literature search was performed in January
2021 in seven indexes and databases. A total of 26 articles published between 2011 and 2020 were
included. Most significant results were grouped into three categories: serum lipid profile, glucose
homeostasis, and blood pressure. The parameter that showed the most significant results regardless
of the anthropometric indicator analyzed for association was blood pressure. In contrast, total
cholesterol and LDL-cholesterol showed non-significant associations along with conflicting results.
We conclude that the use of NC and WrC, in addition to other well-established indicators, could
facilitate the identification of metabolic alterations, specifically in plasma insulin and blood pressure.
In fact, further studies are required to address the potential use of NC and WrC as predictors of early
metabolic alterations, especially in countries with a fast-growing prevalence in obesity.
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1. Introduction

Anthropometric measurements are practical tools applied in the clinical nutrition area.
One of the main objectives is to estimate body composition. In the pediatric population,
these tools are particularly convenient to assess growth and development [1]. Remarkably,
body mass index (BMI) remains as the most widely used indicator by health care practition-
ers despite the limited information it provides about body fat proportion and distribution.
In this regard, a large number of reports over the last two decades have pointed out that
body fat is a major factor for the development of chronic diseases [2—4]. In fact, central
adiposity appears to have a more detrimental impact on metabolic homeostasis when
compared to general adiposity [5].

Currently, there exist several advanced methodologies to assess body fat distribution,
such as computed axial tomography (CAT) and magnetic resonance imaging (MRI). Never-
theless, these techniques are unaffordable for most of the population due to the high cost
they represent; consequently, they remain to be widely used for research purposes [6]. For
this reason, it is important to study and propose novel, reliable, low-cost, and less invasive
anthropometric measurements to be applied as indicators in both clinical practice and large
epidemiological due to the fast-growing prevalence of child obesity worldwide [7].
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During the last decade, neck circumference (NC) and wrist circumference (WrC) have
been recently proposed as practical and inexpensive tools with the capacity to indicate
elevated central adiposity and insulin resistance in children and adolescents [8-14]. Fur-
thermore, there exists evidence of anatomical and physiological explanations why these
measurements might be strongly associated with metabolic alterations. In the case of NC, it
mainly illustrates the accumulation of fat depots in the cervical area as a result of significant
weight gain overtime. As has been widely acknowledged, an excessive upper body fat
accumulation holds a strong relationship with metabolic alterations [4,15]. As for WrC, this
measurement targets bone width that is expected to increase during childhood and puberty.
In fact, bone mass can be regulated by the actions of insulin during growth. In this regard,
it is believed that, under insulin resistance conditions, when insulin-targeted tissues do not
response properly to this hormone, bone formation might be promoted instead [16,17]. By
contrast, some controversial data have been reported in the sense that metabolic syndrome
might be associated with an increased risk for diminished bone density in adolescents and
adults. [18,19].

Noteworthy, the application of NC and WrC in the pediatric population is relatively
recent, especially WrC. Additionally, it is important to remark that, since different mea-
suring techniques have been used, the evidence for the usefulness and value of these
measurements in clinical and epidemiological scenarios appear to be insufficient. In this
regard, a scoping review on the literature might bring some clarity on the relevance of
these measurements. Thus, the aim of this study is to review and analyze the reported evi-
dence regarding the correlation of NC and WrC with metabolic alterations in the pediatric
population.

2. Materials and Methods

This scoping review was conducted in accordance with the Arksey and O'Malley [20]
framework. This scoping review addressed the following question: What biomarkers for
assessing metabolic alterations have been significantly associated with NC and WrC? To
answer this question, only obesity-associated metabolic disorders were considered (serum
lipid profile, glucose homeostasis, and blood pressure).

2.1. Literature Search Strategy

The literature search was performed in January 2021 in the following indexes and
databases: PubMed, ScienceDirect, Wiley Online Library, Scopus, Springer Link, Web
of Science, and Scielo. The following word combinations were used: (“neck circumfer-
ence” OR “wrist circumference”) AND (“metabolic risk” OR “metabolic alterations” OR
“blood pressure” OR “lipid profile” OR “blood sugar”) AND (“children” OR “pediatric
population”). The search was first conducted in the indexes and then in the databases.
Keywords, boolean operators, and the use of special characters were adapted accordingly
(Supplementary Materials Table S1).

2.2. Selection Criteria and Data Extraction

Studies were screened and evaluated by two reviewers. In order to evaluate the
relevance of the articles retrieved, specific selection criteria were applied for each section
(Table 1).

Generally, the title was first evaluated, followed by the abstract. Both sections had
to meet the established criteria. If this was the case, the full-text was downloaded and
saved in Mendeley-Reference Management Software. If an abstract did not show enough
criteria to be immediately selected, then the full-text file was downloaded or requested by
e-mail from the corresponding author of the article for further evaluation. Importantly, no
restriction for year publication was applied.
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Table 1. Selection criteria.

General
Original articles
No restriction for study design
No restriction for year of publication
Title
Contains at least one of the keywords
Published in English
Abstract
Subjects belong to the pediatric stage (3 to 18 years of age)
Metabolic disorder indicators were assessed
Full text
Correlation coefficients, bivariate or multivariate regression models were used within the
statistical analysis

The selected storage tool for the retrieved material was Microsoft OneDrive. Three
additional backup files were created on Google Drive, Dropbox, and regular e-mail inbox.
Then, a file on Microsoft Excel was created containing several named sheets according
to the specific searches and retrievals (indexes and databases). Within every Excel sheet,
information such as total results, selected items, date, and time of retrieval was registered
along with the entered keywords (Supplementary Materials Table S1). Finally, all full-
text articles were stored in an electronic folder tagged by author’s last name and year
of publication.

2.3. Study Selection and Data Analyisis

A total of 187 articles were retrieved in the first search. From these, 149 duplicated texts
were eliminated. Additionally, five articles were excluded because their analyses did not
use either correlation coefficients, bivariate regression models, or multivariate regression
models for variable evaluation. Furthermore, four articles were excluded due to the age
range of the enrolled participants, two articles were not included due to merging data
analyses based on metabolic syndrome classification, and one more article was excluded
due to the use of sophisticated tools for assessing body composition (3D scanner). In
summary, 26 articles were included for this scoping review (Figure 1) that were published
between 2011 and 2020.

For data synthesis, a literature review matrix was created. The most relevant compo-
nents for classification were first author’s last name and first name, year of publication,
country, anthropometric measurement, methodology, sample size, age of participants,
statistical analysis, and significant outcomes. Data were independently compiled by two
reviewers and results were approved by a third researcher.

2.4. Methological Quality Assessment

To assess the methodological quality of the studies, we used the Newcastle-Ottawa
quality assessment scale based on a star-rating system [21,22]. This was performed inde-
pendently by two authors. This scale, when applied to cross-sectional studies, includes
three main sections: selection, comparability, and outcome, where the maximum score
was ten stars. Furthermore, we included one case-control and one cohort study, which
were evaluated based on selection, comparability, and exposure/outcome. In this case, the
maximum score was nine stars. Rates were classified as 10-9: very good, 8-7: good, 6-5:
satisfactory, and <5: unsatisfactory (Table 2).
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Table 2. Quality assessment of the studies.

Selection Comparability Outcome/Exposure *
Study Representativeness Sample Size Non- Ascertainmf:nt of the Confounding Factors Assessment of Statistical Score Quality
of the Sample Respondents Exposure (Risk Factor) are Controlled the Outcome Test

Katamba et al. [23] * * * * % * *k * 9 Very good
Luordi et al. [24] - - - * * * % * 5 Satisfactory
Pefia-Vélez et al. [25] - - - * * b @ ¢ * 5 Satisfactory
Gonzalez-Cortés et al. [26] * * - * - * % * 6 Satisfactory

Zampetti et al. [27] * * - * * b @ ¢ * 7 Good

Hanieh-Sadat et al. [28] * * - * * Yk Y 7 Good

Castro-Pinero et al. [29] * * - * * * % * 7 Good
Rajagopalan et al. [30] * - - * - ook * 5 Satisfactory

Kelishadi et al. [31] * * * * * * * 8 Good

Formisano et al. [32] * * * * - b @ ¢ * 7 Good

Gomez-Arbelaez et al. [33] * * - * * 'S ¢ * 7 Good
Hatipoglu et al. [34] - - - * * *k * 5 Satisfactory
Faria et al. [35] - - - * * ** * 5 Satisfactory

Abeer et al. [36] - - - * - b @ ¢ * 4 Unsatisfactory
Hassan et al. [37] - - - * - Y% * 4 Unsatisfactory

Kajale et al. [38] * * - ** * % * * * 9 Very good

Da Silva et al. [39] * - - * * % Yk * 7 Good

Gongalves et al. [40] * * - * * * % * 7 Good

Nafiu et al. [41] * * - * * % *k * 8 Good
Oliveira et al. [42] * - - * * b 'S ¢ * 6 Satisfactory

Androutsos et al. [7] * - - * * % * ok * 7 Good
Kurtoglu et al. [43] - - - * ) 8. ¢ Yk * 6 Satisfactory

Guo et al. [44] * * * * * b @ ¢ * 8 Good

Capizzi et al. [14] * - - * * % Yk * 7 Good
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Table 2. Cont.

Selection of

Ascertainment and Method of

Study Representativeness  Case Definition Controls Definition of Controls Comparability Ascertainment for Cases Score Quality
and Controls
Kuciene et al. t [45] * - * * * % * % 7 Good
Representativeness Selection of Ascertainment of Demonstration that Comparability of Assessment of outcome/Length .
Study of the exposed non-exposed outcome was not Score Quality
exposure cohorts and adequacy of follow-up
cohort cohort present at start
Kalantari et al. T [46] * * * * * Yokok 8 Good

* “Outcome” was evaluated in the case of cross-sectional and cohort studies, whereas “Exposure” corresponds to case-control studies. ¥ These are studies with a maximum score of 9 stars according to the
Newcastle-Ottawa quality assessment form for case-control and cohort studies. % Equal to one point granted in the corresponding category.
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Search results
- PubMed (71) - Wiley Online Library (12)
Science Direct (4) - Springer Link - (19) Scielo (4)
Web of Science (42) - Scopus (35)
Total= 187

> 149 duplicated articles were
removed

y

A total of 38 articles were
selected for full text review

2 articles were excluded due 5 articles were excluded
to integrative metabolic  |-— »|  due to the statistical
syndrome analyses analysis

1 article was excluded due to

the use of sophisticated |

measuring tools (3D body
scanner)

4 articles were excluded
»| due to the age range of
participants

A

26 articles were considered
for scoping review

Figure 1. Flow chart of the literature search process.

3. Results
3.1. General Characteristics

Most of the included articles carried out a cross-sectional design, except for one
case-control [45] and one prospective study [46]. According to the geographical re-
gion, seven of the studies were set out in Europe [7,14,24,27,29,32,45], eight in Amer-
ica [25,26,33,35,39-42], eight in Asia [28,30,31,34,38,43,44,46], and three in Africa [23,36,37].
Based on the anthropometric indicator, 19 articles approached NC, seven articles WrC,
and two studied both anthropometric indicators [28,31]. Furthermore, 14 articles recruited
subjects at public schools [7,23,26,28-33,38,40,42,44,45] and 12 articles at outpatient clin-
ics [14,24,25,27,34-37,39,41,43,46]. Most studies included schoolchildren and adolescents
with age ranges between 5 and 18 years, except for one study that included 3-year-old
preschool children [32].

Regarding the methodological quality of the included studies, we assigned the fol-
lowing classification: two studies as “very good”, 14 studies as “good”, eight studies
as “satisfactory”, and two studies as “unsatisfactory” (Table 2). Furthermore, data are
presented as the magnitude and direction of the associations along with their statistical
significance. A summary of the data extracted from all articles is shown in Table 3.
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Table 3. Characteristics of included studies.

Author Country Anthrop ometric Measurement Site Su!)] ects (Age Statistical Analysis Significant Outcomes
Indicator in Years)
Katamba et al. . At the level of the Linear regression SBP 3 = 0.61 (CI 0.54-0.68), DBP 3 = 1.25
[23] Uganda Neck circumference thyroid cartilage 616 (12-19) analysis (CI10.96-1.54)
Luordi et al Over the Lister tubercle Spearman correlation HOMA—IR (r = 0.28), INS (0.27), ADIPOQ/LP
[24] ’ Italy Wrist circumference of the distal radius and 280 (7-18) P coefficient ratio (r = —0.37), HDL (r = —0.25), TG (r = 0.20),
over the distal ulna FPG (r = 0.16), SBP (r = 0.40), DBP (r = 0.16)
Pefia-Vélez . : Around the inferior Pearson’s correlation  SBP (r = 0.54), ALT (0.25), HOMA—IR (r = 0.42),
Mexico Neck circumference margin of the 112 (6-18) ..
et al. [25] . coefficient INS (r = 0.44)
laryngeal prominence
Girls: HDL (r = —0.31), TG (r = 0.31), SBP
Gonzalez-Cortés . . At the level of the Pearson’s correlation (r=0.33), DBP = (r = 0.13)
et al. [26] Mexico Neck circumference thyroid cartilage 548 (6-18) coefficient Boys: HDL (r = —0.28), TG (r = 0.25), SBP
(r=0.27), FPG = (r = 0.12)
. Over the Lister tubercle . . .
Zampetti Italy Wrist circumference of the distal radius and 1133 (5-16) Multivariate regression Girls: SBP 3 =2.90 (C11.44-4.37)
etal. [27] . analysis Boys: SBP 3 =2.60 (CI 1.35-3.85)
over the distal ulna
In the midway of the
Neck circumference . neck,' betwgen No significant correlations
Hanieh-Sadat mid-cervical spine and P , lati
anieh-Sada : . earson’s correlation
mid anterior neck 14,138 (7-18
et al. [28] Iran ( ) coefficient
Over the Lister tubercle
Wrist circumference of the distal radius and No significant correlations
over the distal ulna
Kalantari Distal to the Pearson’s correlation
Iran Wrist circumference prominences of radial 1579 (10-19) . SBP (r = 0.38), DBP (r = 0.18)
et al. [46] coefficient
and ulnar bones.
Girls: SBP (r = 0.42), DBP (r = 0.30), TG
(r = 0.28), HOMA-IR (r = 0.27), LEP (r = 0.43),
Castro-Pifiero . . Below the laryngeal Pearson’s correlation ADIPOQ (r = —0.20)
etal. [29] Spain Neck circumference prominence 2198 (6-18) coefficient Boys: SBP (r = 0.51), DBP (r = 0.34), TG

(r = 0.37), HOMA-IR (r = 0.26), LEP (r = 0.30),
ADIPOQ (r = —0.23), LDL (r = 0.24)
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Table 3. Cont.

Author Country Anthrop ometric Measurement Site SuP] ects (Age Statistical Analysis Significant Outcomes
Indicator in Years)
Just below the laryngeal
prominence and Normal NC
Rajagopalan . . positioned perpendicular B Pearson’s correlation SBP (r = 0.93), DBP (r = 0.84)
et al. [30] India Neck circumference to the long axis of the 500 (13-17) coefficient High NC
neck at the level of the SBP (r = 0.77), DBP (r = 0.54)
thyroid cartilage
Girls: SBP (r = 0.32), DBP (r = 0.26), FPG
With the most prominent (r =0.05)
Neck circumferen portion of the thyroid Boys: SBP (r = 0.40), DBP (r = 0.31), HDL
eckare erence cartilage taken as (r=-0.08), LDL (r = —0.07), TC (r = —0.08)
Kelishadi I a landmark 3843 (7-18) Pearson’s correlation Total: SBP (r = 0.36), DBP (r = 0.29), TC
etal. [31] ran coefficient (r = —0.04), HDL (r = —0.06), LDL (r = —0.03)
Girls: SBP (r = 0.33), DBP (r = 0.25)
Distal to the Boys: SBP (r = 0.40), DBP (r = 0.31), FPG
Wrist circumference prominences of radial (r=—0.01), HDL (r = —0.1)
and ulnar bones. Total: SBP (r = 0.37), DBP (r = 0.28), HDL
(r=—0.06)
Italy
Belgium
Cyprus Girls: HOMA-IR (r = 0.11), TG (r = 0.06), HDL
Formisano Estonia . At the level of the B Partial correlation (r = —0.06), SBP (r = 0.05)
etal. [32] Germany Neck circumference thyroid cartilage 15,673 (3-10) coefficient Boys: HOMA-IR (r = 0.07), TG (r = 0.06), HDL
Hungary (r=—0.06)
Spain
Sweden
Girls: FPG (r = 0.19), SBP (r = 0.34), DBP
(r=0.29), INS (r = 0.22), HOMA-IR (r = 0.23),
HDL (r = —0.12)
Gomez-Arbelaez ]:Zﬁigrﬁg};ifgyn%ieeaé Pearson’s correlation Boys: FPG (r =0.19), SBP (r = 0.42), DBP
Colombia Neck circumference T pp 669 (8-14) (r = 0.31), INS (r = 0.25), TG (0.18), HOMA-IR

etal. [33]

perpendicular to long

axis of the neck.

coefficient

(r=0.27), HDL (r = —0.29)
Total: FPG (r = 0.20), HDL (r = —0.19), TG
(0.11), SBP (r = 0.39), DBP (r = 0.29), INS
(r = 0.19), HOMA-IR (r = 0.21)
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Table 3. Cont.

Author Country Anthrop ometric Measurement Site SuP] ects (Age Statistical Analysis Significant Outcomes
Indicator in Years)
Girls: INS (r = 0.48), HOMA-IR (r = 0.52), SBP
Hatiposlu At the level of the most Spearman correlation (r=0.34), DBP (r = 0.46), FPG (r = 0.32), HDL
ot alp [3g4] Turkey Neck circumference prominent portion of the 248 (10-18) P coefficient (r=—0.38)
' thyroid cartilage Boys: INS (r = 0.32), HOMA-IR (r = 0.33), ALT
(r=10.30), GGT (r = 0.43), AST (r = 0.32)
At the level of the Linear regression Obese adolescents: SBP (r* = 0.34), DBP
Faria et al. [35] Brazil Neck circumference thvroid cartilace 82 (10-17) analgsis (2 =0.19), HDL (r?> = 0.14), INS (% = 0.15),
y & Y HOMA-IR (2 = 0.13)
Abeer et al. . At the level of the 50 obese Pearson’s correlation
[36] Egypt Neck circumference thyroid cartilage children (7-12) coefficient Obese: DBP (r = 0.28)
In the midway of
the neck 50 obese and , . . . . _
Hassan et al. [37] Egypt Neck circumference (between midcervical 50 healthy Pearson’s Fgrrelatlon Obese sub]ec't s WIth.O ut MS: LDL (7= —0.44)
. . coefficient Obese subjects with MS: DBP (r = 0.45)
spine and children (7-12)
midanterior neck)
, . Girls: SBP (r = 0.36), DBP (r = 0.15)
Kuciene et al. [45] Lithuania Neck circumference ‘?ﬁ t}r‘;(lf‘c’i t‘i’lfaﬂf 1974 (12-15) Pearsg;‘e?ffgiftla“o“ Boys: SBP (r = 0.55), DBP (r = 0.17)
y & Total: SBP (r = 0.52), DBP (r = 0.12)
Girls: 6-9 yr: SBP (r = 0.42), DBP (r = 0.31);
The most prominent 10-14 yr: SBP (r = 0.41), DBP (r = 0.32);
Kajale et al. [38] India Wrist circumference aspect of the radial 6380 (6-18) Correlation (not 15-18 yr: SBP (r =0.25), DBP (r = 0.24)

styloid process

specified)

Boys: 6-12 yr: SBP (r = 0.52), DBP (0.37);
13-15 yr: SBP (r = 0.46), DBP (r = 0.35);
16-18 yr: SBP (r = 0.28), DBP (r = 0.24)
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Table 3. Cont.

Author

Country

Anthropometric
Indicator

Subjects (Age

Measurement Site .
in Years)

Statistical Analysis

Significant Outcomes

Da Silva
etal. [39]

Brazil

Neck circumference

At the midpoint of Partial correlation
the neck 388 (10-19) coefficient

Girls
Prepubertal: INS (r = 0.30), HOMA-IR (r = 0.31)
Pubertal: SBP (r = 0.27), DBP (r = 0.16), INS
(r=0.49), HOMA-IR (r = 0.46), TG (r = 0.30),
AU (r=0.43), GGT (r = 0.27), HDL (r = — 0.26),
ALT (r=0.19)

Total: SBP (r = 0.28), DBP (r = 0.18), INS
(r=0.43), HOMA-IR (r = 0.41), TG (r = 0.25),
AU (r =0.35), GGT (r = 0.20), HDL (r = —0.24),
ALT (r=0.17)

Boys
Prepubertal: SBP (r = 0.49), DBP (r = 0.43), AU
(r=0.54), GGT (r = 0.31)

Pubertal: SBP (r = 0.45), DBP (r = 0.34), INS
(r =0.31), HOMA-IR (r = 0.30), LDL (r = 0.25),
TG (r = 0.26), UA (r = 0.50), GGT (r = 0.36),
HDL (r = —0.40)

Total: SBP (r = 0.47), DBP (r = 0.37), INS
(r=10.29), HOMA-IR (r = 0.29), TG (r = 0.23),
UA (r=0.52), GGT (r = 0.34), HDL (r = —0.34),
HbAlc (r=—-0.17)

Gongalves
et al. [40]

Brazil

Neck circumference

At its midpoint, except
when the individual had
a pronounced Adam’s
apple, in which case the
neck circumference was
measured right below it

Spearman correlation

260 (10-14) coefficient

Girls: HOMA-IR (r = 0.33), INS (r = 0.36), DBP
(r = 0.43), SBP (r = 0.65), TC (—0.19), HDL
(r = —0.26)
Boys: HOMA-IR (r = 0.50), INS (r = 0.49), DBP
(r = 0.33), SBP (r = 0.63), TC (—0.29), LDL
(r = —0.26), TG (r = 0.20), HDL (r = —0.26)
Total: HOMA-IR (r = 0.35), INS (r = 0.36), DBP
(r = 0.29), SBP (r = 0.62), HDL (r = —0.27), TC
(r=—0.27), LDL (r = —0.18),

Nafiu et al.
[41]

USA

Neck circumference

At the level of the Pearson’s correlation
thyroid cartilage 1058 (6-18) coefficient

Girls: DBP (r = 0.28), SBP (r = 0.41)
Boys: DBP (r = 0.23), SBP (r = 0.44)
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Table 3. Cont.

Author

Country

Anthropometric
Indicator

Measurement Site

Subjects (Age

in Years) Statistical Analysis

Significant Outcomes

Oliveira et al.
[42]

Brazil

Neck circumference

At the level of the
thyroid cartilage

Spearman correlation

218 (16-18) coefficient

Girls: DBP (r = 0.04)
Boys: DBP (r = 0.31), SBP (r = 0.41)

Androutsos
etal. [7]

Greece

Neck circumference

Just below the thyroid
cartilage

Pearson’s and Spearman

324 (5-13) correlation coefficient

Girls: DBP (r = 0.20), TG (r = 0.22), INS
(r = 0.35), HOMA-IR (r = 0.36), SBP (r = 0.43),
HDL (r = —0.23)
Boys: INS (r = 0.23), HOMA-IR (r = 0.23), SBP
(r = 0.43), HDL (r = —0.32)
Total: HDL (r = —0.27), SBP (r = 0.43), TG
(r = 0.15), INS (r = 0.26), HOMA-IR (r = 0.26),

Kurtoglu
etal. [43]

Turkey

Neck circumference

At the level of the most
prominent portion of the
thyroid cartilage

Spearman correlation

581 (5-18) coefficient

Prepubertal stage
Girls: SBP (r = 0.40), DBP (r = 0.32), FPG
(r=0.21), INS (r = 0.42), TC (r = 0.27), TG (r =
0.21), HOMA-IR (r = 0.41), HDL (r = —0.35)
Boys: SBP (r = 0.50), DBP (r = 0.34), FPG
(r=0.17), INS (r = 0.61), TC (r = 0.30), TG (r =
0.41), HOMA-IR (r = 0.62)
Pubertal stage
Girls: SBP (r = 0.27), DBP (r = 0.19), INS
(r=0.46), TG (r = 0.20), HOMA-IR (r = 0.45),
HDL (r = —0.19)
Boys: SBP (r = 0.45), DBP (r = 0.47), INS
(r=10.33), TC (r = 0.47), TG (r = 0.38),
HOMA-IR (r = 0.34), HDL (r = —0.30)

Guo et al. [44]

China

Neck circumference

At the level of the
thyroid cartilage

Pearson’s correlation

6802 (5-18) coefficient

Normal weight
SBP (r = 0.45), DBP (r = 0.33)
Overweight
SBP (r = 0.46), DBP (r = 0.34)
Obesity
SBP (r = 0.48), DBP (r = 0.33)

Capizzi et al.
[14]

Italy

Wrist circumference

Over the Lister tubercle
of the distal radius and
over the distal ulna

Multiple regression

477 (mean 10.3) analysis

HOMA B = 0.35,INS = 0.34, TG f = 0.22
(CI not reported)

FPG: Fasting plasma glucose, TG: triglycerides, LDL: low density lipoprotein, TC: total cholesterol, LEP: leptin, HDL: high density lipoprotein, INS: insulin, HOMA-IR: Homeostatic model assessment of insulin
resistance, SBP: Systolic blood pressure, DBP: diastolic blood pressure, ADIPOQ: adiponectin, HbAlc: glycated hemoglobin, ALT: alanine aminotransferase GGT: gamma glutamyl transferase, AST: aspartate
aminotransferase, UA: uric acid, MS: metabolic syndrome, NC: neck circumference, yr: years old.
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3.2. Neck Circumference

A total of 21 articles studying NC were examined. The most common anatomical site of
measurement was “at the level of the thyroid cartilage” (n = 15) [23,26,28,31,32,34-36,39-45],
whereas the second approach was “below the thyroid cartilage” (n = 6) [7,25,29,30,33,37].
Furthermore, the most investigated variables to be correlated with NC were as follows:
systolic blood pressure (SBP), diastolic blood pressure (DBP), fasting plasma glucose (FPG),
high-density lipoprotein (HDL), and triglycerides (TG). Among these variables, serum
lipid profile and glucose were measured using enzymatic colorimetric assays in most of
the studies (n = 15), whereas the rest stated using “standard laboratory procedures” or
simply no specification in this regard (n = 3). Also, plasma insulin (n = 12) was measured
through ELISA kit (n = 4), chemiluminescence (1 = 2), and electrochemiluminescence (1 = 3),
whereas three studies did not specify the methodology used. Finally, blood pressure was
the only variable studied across all articles. The most important data extracted from
this parameter were: the use of manual sphygmomanometer (1 = 7), automatic digital
monitor (n = 7), unspecified (n = 7), from which only seven articles reported performing
the measurement more than once (in duplicates or triplicates).

3.2.1. Serum Lipid Profile

Four studies found a positive correlation between total cholesterol (TC) and NC
(r = 0.04 to 0.47 and R? = 0.01) [35,37,39,43], however, only one study reported statistically
significant results (r = 0.27 to 0.47, p < 0.05) [43]. In contrast, five articles reported negative
associations between these two variables (r = —0.04 to —0.27) [7,31,36,37,40], but only
two were statistically significant (r = —0.04 and —0.27, p < 0.05) [31,40]. Similarly, four
studies found positive associations with low-density lipoprotein (LDL) (r = 0.01 to 0.24
and R? = 0.01) [7,29,35,39]; from these, one report showed significant results (r = 0.24,
p < 0.05) [29]. On the other hand, four studies found negative associations (r = —0.03 to
—0.44) [31,36,37,40], only two of them being statistically significant (r = —0.03 and —0.18,
p < 0.05) [37,40].

Regarding triglycerides (TG), 14 studies reported a positive association with NC
(r = 0.01 to 0.41 and R? = 0.02) [7,25,26,28,29,31-35,37,39,40,43], in which case half of
these were statistically significant (r = 0.6 to 0.41 and p < 0.05) [7,26,29,32,33,39,43]. Also,
negative associations were found in one study (r = —0.05) [36], but it was non-significant.
Inversely, 12 studies found negative associations with HDL (r = —0.01 to —0.38 and
R? = 0.14) [7,25,26,31,32,34,36,37,39,40,43]; from these, nine were statistically significant
(r = —0.06 to —0.38 and R? = 0.14, p < 0.05) [7,26,31-34,39,40,43].

3.2.2. Fasting Plasma Glucose, Plasma Insulin, and Homeostatic Model Assessment of
Insulin Resistance (HOMA-IR)

Positive associations between total fasting plasma glucose FPG and NC were found
in 11 studies (r = 0.01 to 0.32 and R2 =0.04) [7,25,26,28,31,33-35,37,39,43], from which four
studies reported statistical significance (r = 0.12 to 0.32 p < 0.05) [26,33,34,43]. In contrast,
one article reported a non-significant and negative association between these two variables
(r = —0.28) [36]. Regarding plasma insulin, 10 studies found positive associations (r = 0.12
to 0.61 and R? = 0.15 [7,25,33-37,39,40,43], and eight of them were statistically significant
(r=0.19 to 0.61 and R? = 0.15, p < 0.05) [7,25,33-35,39,40,43]. Similarly, 12 studies found
positive associations with HOMA-IR (r = 0.07 to 0.62 and R? =0.13) [7,25,29,32-37,39,40,43],
from which ten articles showed statistical significance (r = 0.07 to 0.62 and R? = 0.13,
p <0.05) [7,25,29,32-35,39,40,43].

3.2.3. Blood Pressure

Blood pressure was approached across all the included articles studying NC
(n =18). Only positive associations were found in the case of SBP (r = 0.03 to 0.93 and
R? = 0.34), where 17 of them were statistically significant (r = 0.05 to 0.93 and R? = 0.34,
p < 0.05) [7,25,26,29-35,39-45]. Interestingly, DBP was found to be positively associated
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with NC in 17 studies (r = 0.04 to 0.84 and R? = 0.19), showing significant results in 16 of
them (r = 0.04 to 0.84 and R? = 0.19, p <0.05) [26,29-31,33-37,39-45]. Finally, one study
found a non-significant and negative association with DBP (r = —0.02) [32]. Noteworthy,
one study carried out a linear regression analysis showing statistically significant results for
both SBP (p = 0.61 CI10.54 to 0.68, p < 0.05) and DBP (3 = 1.25 C1 0.96 to 1.54, p < 0.05) [23].

3.2.4. Liver Enzymes and Adipokines

Some articles explored the correlations between NC and liver enzymes. In this regard,
alanine aminotransferase (ALT), aspartate aminotransferase (AST), and gamma-glutamyl
transpeptidase (GGT) were positively associated in three articles (ALT r = 0.14 to 0.30; AST
r=0.07 to 0.32; GGT 0.2 to 0.43) [25,34,39]. However, these results were not consistent since
one article reported these outcomes as significant only in boys but not in girls [34] and
another one showed statistical significance in ALT (r = 0.25, p < 0.05) but not in AST or
GGT [25].

Moreover, one study determined serum leptin and adiponectin levels and found
statistically significant associations, positive for the former (girls r = 0.43 and boys r = 0.30,
p < 0.05) and negative for the latter (girls r = —0.20 and boys r = —0.23, p < 0.05).

3.3. Wrist Circumference

Regarding WrC, seven articles were reviewed, in which three different anatomical
sites were identified: site 1: “over the Lister tubercle of the distal radius and over the distal
ulna” (n = 4) [14,24,27,28], site 2: “distal to the prominences of the radial and ulnar bones”
(n = 2) [31,46], and site 3:, “at the most prominent aspect of the radial styloid process”
(n =1) [38]. Moreover, the most investigated variables to be correlated with WrC were SBP,
DBP, FPG, HDL-C and TG. Specifically, serum lipid profile and glucose were measured
using enzymatic colorimetric assays in most of the studies (n = 6), and one study did
not report this information. In addition, plasma insulin (n = 3) was measured through
radioimmunoassay (1 = 2), and one article did not specify the methodology used. Finally,
blood pressure was approached in six articles. The most relevant information in this regard
was the use of automatic digital monitors in all studies, from which only two articles
reported performing the measurement in duplicates.

3.3.1. Serum Lipid Profile

One study found negative associations between WrC and serum cholesterol (TC
r = —0.03 and LDL-C r = —0.02) [28]. However, these findings were non-significant.
Noteworthy, no positive associations were reported between these variables. Regarding
HDL-C, two articles showed significant and negative associations (r = —0.06 and r = —0-25,
p < 0.05) [24,31], and one study found a non-significant positive association (r = 0.02) [28].
Furthermore, three studies reported positive associations between triglycerides (TG) and
WrC (r = 0.01 to 0.2) [24,28,31], but only one study showed statistical significance (r = 0.2,
p < 0.05) [24]. Finally, another study approached TG using a multiple regression analysis,
showing a significant result (3 = 0.22, p < 0.05) [14].

3.3.2. Fasting Plasma Glucose, Plasma Insulin, and HOMA-IR

Three studies found positive correlations between WrC and FPG (r = 0.01 to 0.16) [24,28,31],
but only one reported a statistical significance (r = 0.16, p < 0.05) [24]. Regarding plasma
insulin and HOMA-IR, one study showed significant and positive correlations with this
circumference (insulin 7 = 0.27 and HOMA-IR r = 0.28, p < 0.05) [24]. Finally, another study
approached insulin and HOMA-IR by using a multiple regression analysis, which showed
statistically significant results (3 = 0.34 and (3 = 0.35 respectively, p < 0.05) [14].

3.3.3. Blood Pressure

Blood pressure was approached in five articles studying WrC. In this regard, significa-
tive positive correlations were found for SBP (r = 0.25 to 0.52, p < 0.05) [24,31,38,46]. Also,
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one study carried out a multivariate regression analysis showing statistically significant
results for SBP (girls 3 =2.9 CI 1.44 to 4.37 and boys 3 =2.6 CI 1.35 to 2.85, p < 0.05) [27].
As for DBP, significant positive correlations were shown in those four reports as well
(r=0.16 t0 0.37, p < 0.05) [24,31,38,46]. Notwithstanding, one study showed non-significant
outcomes for DBP in a multivariate regression analysis [27].

3.3.4. Adipokines

One article reported a significant negative correlation between WrC and the serum
adiponectin/leptin ratio (r = —0.37) [24].

4. Discussion

In this scoping review, we provide a comprehensive analysis about two anthropomet-
ric measurements, NC and WrC, as indicators for metabolic alterations in the pediatric
population. The key points that we focused on for the data analysis were country, location
of recruitment, measurement technique, determination of biomarkers, and significance
of outcomes. Overall, most of the articles analyzed herein shared one common aim: to
investigate the potential of NC and WrC as alternative anthropometric tools for identifying
metabolic alterations in children and adolescents. In fact, over a half of the included studies
were carried out in Europe and in the Americas. This is worth mentioning because both ge-
ographical regions encompass countries with a high prevalence of overweight and obesity
in pediatric population such as Italy, Greece, USA, and Mexico [47]. Thus, research on the
predictive potential of rapid, low-cost tools might be of service for population screening
and for the creation of public health strategies, especially in developing countries without
access to more sophisticated tools for body composition.

Methodologically, NC measurement involves a few elements that need to be consid-
ered. First, this measurement was taken at two anatomical sites. Lack of standardization
across all the studies represents a factor that could deviate from objective conclusions.
Remarkably, correlations were consistently significant for HDL, plasma insulin, HOMA-IR,
SBP, and DBP regardless of the site of measurement. In this regard, one point to consider
for further research on NC is the pubertal stage classification of the participants since this
was not evaluated in all the included articles. The main reason for this is the fact that
pubertal development is not only related to body fat distribution and metabolism, but
also for the projection of the thyroid cartilage in males, which alters the measurement
itself. In fact, only 10 of the included studies [7,14,25,27,29,33,34,39,43,48] stated using
the Tanner classification in their methodology and data analyses. Furthermore, one study
performed the measurement of NC “below Adam’s apple” only when this anatomical
site was prominent; in other words, this study conducted both techniques and reported
significant correlations for HDL, plasma insulin, HOMA-IR, SBP, and DBP [40].

On the other hand, WrC measurement was conducted differently in three sites of
across the studies. Indeed, this might lead to different outcomes due to the involvement
of two bones when conducting the measurement. It is noteworthy that for WrC, being a
perimeter considerably shorter than NC, it would be reasonable to think that differences at a
millimetric scale as a result of a different techniques could have a greater impact. However,
it is important to mention that, because of the limited number of studies approaching WrC
(n =7), it is a difficult task to draw solid conclusions based on the site of measurement.
Furthermore, some studies appeared to focus on blood pressure rather than glucose or
lipid homeostasis. In this regard, consistent results were found in SBP and DBP, as well as
in plasma insulin and HOMA-IR to some extent.

As for NC and its correlations with TC and LDL, the evidence seems to be non-
conclusive for two reasons. First, these parameters were measured in less than 10 studies,
and second, they were non-significant and consistently opposite in most cases since the
direction of their magnitude were positive as well as negative (both significant and non-
significant). As a matter of fact, the explanation for these negative associations were
undiscussed in these articles.
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By contrast, TG and HDL showed a different panorama in the articles studying NC.
Remarkably, most articles studying these two parameters together [7,26,32,33,39,43] demon-
strated significant correlations. Importantly, these findings are of great interest given that
elevated TG and low HDL levels hold a strong clinical relevance as they have been acknowl-
edged as risk factors for the development of cardiovascular disease in adulthood [49]. As
for WrC, two studies showed significant associations in both TG and HDL together [14,24].

The analysis of glucose homeostasis comprised three components: fasting plasma glu-
cose, insulin, and HOMA-IR. Noteworthy, about one third of the articles studying NC (four
out of eleven) and one third of those studying WrC (one out of three) reported a significant
and positive correlation with fasting glucose. Notably, although hyperglycemia reflects
glucose intolerance, it does not provide a full dynamic perspective of insulin resistance. In
this regard, plasma insulin is usually elevated (due to compensatory hyperinsulinemia)
under low-grade chronic inflammation conditions [50]. As hypothesized, insulin showed a
positive significant correlation with NC in most articles approaching these variables (eight
out of ten). Consequently, HOMA-IR presented similar correlation results with NC given
that it includes blood insulin concentration in its equation. As for WrC, the only two articles
studying these correlations presented significant results. Thus, this evidence suggests the
close relationship between the expansion of specific anatomical sites and adipose tissue
dysfunction in the pediatric population.

Blood pressure was evidently the most studied biomarker. In fact, both SBP and DBP
were statistically significant in nearly all articles studying NC [7,25,26,29-34,37,39,40,43-45]
and WrC [24,27,31,38]. Interestingly, one of the included articles was a case-control study
performed in Lithuanian adolescents. They found that subjects with an NC above the
90th percentile had greater risk for hypertension (OR = 4.05 (3.03-5.41)) in presence of
overweight/obesity and central adiposity [45]. A plausible explanation for this could be the
pathophysiological link between hyperinsulinemia and hypertension, which is believed to
be related to the prolonged actions of insulin on the sympathetic nervous system, although
the mechanistic process has not been fully elucidated [51]. However, it is widely acknowl-
edged that insulin resistance and hypertension frequently coexist [52]. Interestingly, other
hypotheses have pointed out that hypertension derives from multiple simultaneous alter-
ations, namely, low-grade chronic inflammation, unpaired adipokine secretion, or oxidative
stress, all promoting endothelial dysfunction and vascular damage [53]. These findings
support the importance of developing novel and complementary tools for chronic disease
prevention. Nevertheless, we believe that the high correlations found in some studies (NC:
SBP r = 0.93, DBP r = 0.84 and WrC SBP r = 0.52, DBP r = 0.37) [30,38] with blood pressure
require a cautious interpretation, considering that the aim of most correlation studies is
to eventually determine a predictive potential. This is mainly because blood pressure is a
highly dynamic parameter orchestrated by complex and strictly regulated physiological
processes. Thus, it is unlikely to predict its value using solely a body circumference. Hence,
the optimal approach for the interpretation of these results could be to guide clinicians
into a practical methodology for blood pressure monitoring and early identification of
obesity-related hypertension.

Furthermore, the location of recruitment for all the studied subjects was considered
worth discussing. Briefly, most studies could be classified into two categories: Schools
(private and public) and outpatient clinics (specialized in obesity or endocrinology). Un-
doubtedly, these two approaches delivered an important selection bias. On the one hand,
schools appeared to be the most convenient site for recruitment, either for research pur-
poses or as part of a larger public health program. It allows researchers to massively screen
a cohort at strategic points within a country or a region; notwithstanding, in such cases,
it is difficult to control the optimal conditions for measuring biochemical variables in all
subjects. Also, in countries with a certain degree of ethnic diversity, the outcome may be
influenced by genetic-related differences unless these aspects are considered for the statis-
tical analysis; however, this was not the case in the included studies. On the other hand,
since prevalence of obesity in all the involved countries is unequal, recruiting at obesity
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clinics might impact the achievable sample size. This is important to consider because the
correlation strength could be sensitive to sample size in certain cases. This situation can
be illustrated by comparing two of the articles we discuss here. For instance, we could ex-
amine a large cohort comprising over 15,000 subjects recruited at schools that showed low
correlation values (HOMA-IR r = 0.11 and SBP r = 0.05, p < 0.05) [32], as opposed to other
study that recruited just above 100 subjects at outpatient clinics (HOMA-IR r = 0.44 and SBP
r=0.54, p < 0.05) [25], yet there is a plausible physiological explanation for the relationship
between insulin resistance and blood pressure as we have previously mentioned.

Finally, it is important to discuss the relevance of these results in comparison to
waist circumference (WC), as it has been the most widely studied measurement regarding
metabolic alterations due to its relationship with central adiposity. WC is still used by
health care practitioners, especially in activities such as population screening and clinical
assessment. Notwithstanding, WC has some methodological issues, namely: the lack of
international standardization due to ethnic-related differences and some practical obstacles,
such as the need to remove clothing, which might be complicated for some individuals, es-
pecially during the winter season. WC is also significantly altered by the postprandial state
and respiratory movements. Thus, it would be preferable to use alternative measurements
in some cases. In fact, eleven of the included studies assessed either NC or WrC along with
WC [7,26,28,29,33-35,41,45,46]. For instance, NC correlation values were similar in the
study conducted by Hatipoglu et al. [34] in plasma insulin (NC r = 0.52, p < 0.05 versus WC
r=0.49, p <0.05), HDL (NC r = —0.38, p < 0.05 versus WC r = 0.41, p < 0.05), and SBP (NC
r=0.34, p <0.05 versus WC r = 0.32, p < 0.05). A similar situation can be illustrated in the
article of Kalantari et al. [46] where SBP (WrC r = 0.38, p < 0.05 versus WC r = 0.37, p < 0.05)
and DBP (WrC r = 0.18, p < 0.05 versus WC r = 0.22, p < 0.05) showed similar values when
compared to WC. The evidence they present suggests that these two measurements can
similarly identify metabolic alterations, but NC and WrC have the advantage of being more
practical and less invasive than WC.

4.1. Strengths and Limitations

This scoping review reflects a comprehensive literature search, quality assessment,
data extraction, and analysis of the differences and similarities among 26 articles conducting
research on NC and WrC and their correlation with metabolic alteration parameters. We
have also pointed out several areas of opportunity that should be taken into consideration
for future studies.

As for the limitations of this study, we did not perform an in-depth comparison of
their statistical analyses, nor have we delved into the factors involved in the possible
lack of statistical power of the included studies. Furthermore, results from studies using
different sites of measurement were not compared, mainly because the number of the
included reports is limited, especially in the case of WrC. Finally, this work admitted only
peer-reviewed articles; consequently, “grey” literature studies were omitted as a result of
our design.

4.2. Future Directions

The most investigated biochemical markers in these studies were HDL-C, TG, and
insulin. However, two studies [24,29] determined serum adiponectin and leptin levels,
showing significant correlations. Remarkably, since these molecules are found at lower
concentrations compared to other chronic diseases with a more robust inflammatory
component, we would recommend that future studies approach adipokines using high-
sensitivity methods.

Apparently, the potential of WrC has not been sufficiently explored despite showing
some interesting results. Thus, more studies approaching WrC in countries with a high
prevalence of childhood obesity could bring more evidence for future meta-analyses.
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5. Conclusions

Although the information presented here does not lead to solid conclusions to be
drawn regarding the single use of NC or WrC for assessing metabolic alterations in the
pediatric population, the reported evidence suggests that using these tools in addition
to other well-established indicators could facilitate the identification of altered insulin
sensitivity and blood pressure, especially in the case of NC. Remarkably, further studies are
required to address the potential use of WrC in countries with a fast-growing prevalence
in obesity.
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