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Abstract 

Background: Recently, neck circumference (NC) has been used to predict the risk of cardiometabolic factors. This 
study aimed to perform a systematic review and meta‑analysis to examine: (i) the sensitivity (SE) and specificity (SP) 
of NC to predict cardiometabolic risk factors and (ii) the association between NC and the risk of cardiometabolic 
parameters.

Methods: A systematic search was conducted through PubMed/Medline, Institute of Scientific Information, and Sco‑
pus, until 2017 based on the search terms of metabolic syndrome (MetS) and cardio metabolic risk factors. Random‑
effect model was used to perform a meta‑analysis and estimate the pooled SE, SP and correlation coefficient (CC).

Results: A total of 41 full texts were selected for systematic review. The pooled SE of greater NC to predict MetS was 
65% (95% CI 58, 72) and 77% (95% CI 55, 99) in adult and children, respectively. Additionally, the pooled SP was 66% 
(95% CI 60, 72) and 66% (95% CI 48, 84) in adult and children, respectively. According to the results of meta‑analysis in 
adults, NC had a positive and significant correlation with fasting blood sugar (FBS) (CC: 0.16, 95% CI 0.13, 0.20), HOMA‑
IR (0.38, 95% CI 0.25, 0.50), total cholesterol (TC) (0.07 95% CI 0.02, 0.12), triglyceride (TG) concentrations (0.23, 95% CI 
0.19, 0.28) and low density lipoprotein cholesterol (LDL‑C) (0.14, 95% CI 0.07, 0.22). Among children, NC was positively 
associated with FBS (CC: 0.12, 95% CI 0.07, 0.16), TG (CC: 0.21, 95% CI 0.17, 0.25), and TC concentrations (CC: 0.07, 95% 
CI 0.02, 0.12). However, it was not significant for LDL‑C.

Conclusion: NC has a good predictive value to identify some cardiometabolic risk factors. There was a positive asso‑
ciation between high NC and most cardiometabolic risk factors. However due to high heterogeneity, findings should 
be declared with caution.
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Background
Cardiovascular diseases are dominant cause of death 
across the world [1]. Obesity is an important risk factor 
for these threats and other cardiometabolic diseases such 
as diabetes [2].

The association between body mass index (BMI), waist 
circumference (WC), and waist-to-hip ratio (WHR), 
indices of general or central obesity, with increased cardi-
ometabolic risk has been proved in numerous studies [2, 
3]. However, these measures need calibrated tools such as 
scale, or vary throughout a day. In contrast, neck circum-
ference (NC) is easy to measure, constant, and time-sav-
ing measure to identify overweight and obese individuals 
[4, 5]. It has also been shown as a tool associated with 
central obesity [6], hypertension and other components 
of metabolic syndrome (MetS) [7]. A recent meta-anal-
ysis from six studies in children and adolescents showed 
that NC was moderately associated with BMI [8]. To our 
knowledge, there has been no meta-analysis on sensi-
tivity (SE) and specificity (SP) of NC to identify cardio-
metabolic risk factors, so far. Moreover, the association 
between NC and cardiometabolic risk factors has not 
been examined in child population. Accordingly, we per-
formed a systematic review on studies which assessed 
NC in association with cardiometabolic risk factors, and 
studies which reported SE and SP of NC to identify car-
diometabolic risk factors.

Methods
This study was designed as a systematic review on the 
association of NC and cardio metabolic risk factors. The 
main related international electronic data sources of Pub-
Med and the NLM Gateway (for MEDLINE), Institute of 
Scientific Information (ISI), and Scopus searched system-
atically. For each, strategies were run separately regard-
ing the detailed practical instruction including filters and 
refining processes. The medical subject headings, Entry 
Terms and Emtree options were used to reach the most 
sensitive search.

The strategy developed based on the search terms of 
MetS, cardio metabolic risk that included all of related 
components such as glycemic indices including diabe-
tes mellitus, blood glucose, hemoglobin A1c (HbA1c), 
homeostatic model assessment (HOMA), insulin resist-
ance (IR), lipid profiles including triglycerides (TG), low 
density lipoprotein (LDL), high density lipoprotein cho-
lesterol (HDL-C), total cholesterol (TC), anthropomet-
ric measures including body mass index (BMI), waist 
circumference (WC), NC, overweight, generalized and 
abdominal obesity, and blood pressure (BP) including 
systolic blood pressure (SBP), diastolic blood pressure 
(DBP), mean arterial pressure (MAP), and their sub-com-
ponents. At next stage these queries added to results for 

NC. Data refined for human subject without restriction 
on language.

We excluded papers of non-population-based studies 
or those with duplicate citation. For multiple publications 
of the same population, only the article with largest sam-
ple size was included.

The bibliographic information of searched studies 
saved using Endnote software and four independent 
reviewers completed all three steps of data refinement, 
including titles, abstracts and full texts review. Possible 
disagreements were resolved by third reviewer (M.Qh).

Using Cohen’s kappa statistic, agreement between the 
results of data extraction of two experts (Sh.D, P.Ch) was 
0.94. Data were collected through standard forms which 
contained author᾽ name, publication year, location, and 
type of study, sample size, age range, sex, measurements 
details, and interested outcomes.

Risk of bias assessment
Risk of bias for studies which reported diagnostic accu-
racy of NC for predicting cardiometabolic risk factors 
was assessed using “quality assessment of diagnostic 
accuracy studies 2” (QUADAS2) checklist. This check-
list includes four main methodological domains of study 
(sample selection, index test, gold standard, process and 
timing). According to this checklist studies were catego-
rized as “low risk of bias”, “high risk of bias” and “unclear”. 
The quality assessment of observational studies which 
assessed association between NC and cardiometabolic 
risk factors was assessed using the Newcastle–Ottawa 
checklist which is adapted for types of study (cross sec-
tional, case–control, cohort). In this checklist, each study 
can attain 9 scores for its quality. Four scores for the 
selection of study groups, two scores for the comparabil-
ity of the groups, and three scores for the assessment of 
outcomes. A study with a Newcastle–Ottawa scale score 
of ≥ 6 was considered as high quality study. Three authors 
(H.A, M.Z, A.M) independently evaluated the included 
studies. A third author (M.M) resolved any disagree-
ments between them.

Ethical considerations
The protocol of study was approved by the ethical com-
mittee of Alborz University of Medical Science. All 
reviewed studies were properly cited. For more informa-
tion about a certain study, we contacted the correspond-
ing authors.

Statistical analysis
The results of diagnostic accuracy of NC to identify 
MetS was presented as SE, SP and the area under the 
curve (AUC). The overall (pooled) SE and of SP of 
NC to identify MetS according to sex and age groups 
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(pediatric and adult) was estimated using random effect 
meta-analysis method (using the Der-Simonian and 
Laird method). Forest plot also was used to present 
result of meta-analysis schematically.

To examine the overall correlation between NC 
and cardiometabolic risk factors, when r Pearson was 
reported a mean transformed correlation using r-to-z 
transformation procedure was used to obtain Fisher’s 
Z. The standard error was also calculated based on the 
variance of Fisher’s Z. Spearman was also converted 
Pearson correlation coefficients, using the following 
formula:

We used Der Simonian and Laird method to pool the 
correlation coefficients (CC). Between-study hetero-
geneity was assessed using the  I2 statistic and  I2 more 
than 50% considered as high heterogeneity. Findings 
were reported separately for adults and children. When 
the heterogeneity was high, we stratified the studies 
according to mean age (more or less than 48 years), sex 
(men, women, both) and continent (Asian, non-Asian) 
in adult populations. As the range of age in children 
was similar among the included studies, only sex and 
continent was considered for subgroup analysis. Strati-
fication was performed when at least two studies were 
in each sub group. To assess publication bias when 
there were more than 10 effect sizes, funnel plots and 
Begg test was used. However, publication bias for vari-
ables with less than 10 effect sizes was examined using 
Egger test. P-value < 0.05 value was considered statisti-
cally significant. All statistical analyses were performed 
with Stata version 12.0 (STATA Corp, College Station, 
TX, USA).

Results
Figure 1 shows the selection process of articles. In total, 
657 records were obtained using searching through Pub-
Med and the NLM Gateway (for MEDLINE), ISI, and 
Scopus. Subsequently, 325 duplicates were removed. 
Articles were screened by title and abstract. In addition, 
4 articles were identified through reference checking. 
A total of 80 full texts were assessed for eligibility and 
finally, 41 articles were selected. The topic of target stud-
ies were categorized as follow:

i) Studying diagnostic accuracy of high NC for predic-
tion cardiometabolic risk factors (n = 21).

ii) Studying association between NC and cardiometa-
bolic risk factors (n = 33).

Some studies addressed both of these topics.

r(Pearson) = 2 ∗ sin
(

r(Spearman) ∗ π/6
)

Results of qualitative synthesis
A‑1: The diagnostic accuracy of high NC to predict 
cardiometabolic risk factors
A total of 21 articles (including 18 cross-sectional and 3 
case–control studies) had reported SE and SP of NC for 
prediction of cardiometabolic risk factors. They were 
published between 2010 and 2016 in different countries: 
China (n = 4), Brazil (n = 3), USA (n = 3), India (n = 3), 
and 1 article in Colombia, Ukraine, Europe, Turkey, Can-
ada, and Egypt. Eleven studies included children and ado-
lescents and the other 10 ones assessed adults (Table 1).

The highest SE values of NC for prediction of MetS 
was 100 in children and 80 in adults. The maximum SP 
was 89.5 in children and 91 in adults. The SE values to 
predict overweight/obesity ranged from 34 to 97 in chil-
dren, and the SP was between 50 and 94. Only 2 studies 
included adults [9, 10] wherein SE was between 62 and 
87 in men, and 68 and 80 in women. SP was between 62 
and 74 in men, and between 65 and 74 in women. In 2 
studies which reported SE and SP of NC in the predic-
tion of abdominal obesity [10, 11], SE ranged from 56.1 to 

Iden�fied papers in electronic 
database (n=657)

Removed duplicate 
papers (n=325)

Ar�cles screened by �tle 
(n=332)

Excluded non-relevant 
ar�cles (n=123)

Ar�cles screened by 
abstract (n= 209)

Excluded non-relevant 
ar�cles (n=133)

Retrieved Full text
(n=76)

Ar�cles iden�fied through 
reference checking (n=4)

Full text ar�cles assessed 
for eligibility (n= 80)

Excluded full texts (n=39)

Studies included in the 
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Diagnos�c accuracy

full texts (n=21)
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full texts (n=33)

Full text included in 
qualita�ve synthesis (n=12)

Fig. 1 Flowchart of study selection
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68.8 and SP ranged from 65.4 to 83.5. In 2 studies which 
reported SE and SP of NC for prediction of hypertension 
among children and adolescents, maximum SE and SP 
were 85 and 71 in boys and 100 and 69 in girls [12]. Only 
3 studies assessed SE and SP of NC for the prediction of 
high TG and low HDL-C [11–13] wherein the highest 
values of SE and SP were 62 and 71, respectively.

Among 4 studies which assessed SE and SP of NC for 
prediction of type 2 diabetes [11–14], the maximum 
values of SE and SP was 80 and 67 in children [12], and 
100 and 72 in adults. In studies which assessed insulin 
resistance [12, 15, 16], two studies reported a SE of 100 
in boys, and 50 to 95 in girls. The SP was 42 to 74 in boys, 
and 36 to 84 in girls.

According to QUADAS-2 checklist, the study meth-
ods of all diagnostic accuracy studies met all QUADAS-2 
items. However, three studies were classified as “unclear 
risk” in the domain of “patient selection” (third question 
of the first domain) [11, 15, 16]. One studies were classi-
fied as “high risk” in the first question of the first domain 
(random sampling method) [9]. Totally, 83.33% of the 
studies were considered as high quality (low risk of bias) 
and 91.66% were classified as low concern according to 
the QUADAS-2 checklist.

A‑2: Association between NC and cardiometabolic risk factors
Articles which assessed association between NC and car-
diometabolic risk factors were categorized into two sec-
tions: articles which assessed cardiometabolic risk factors 
as binary variables and reported odds ratio (OR) or rela-
tive risk (RR) in logistic regression analysis (Table 2), or 
articles which assessed cardiometabolic risk factors as 
continuous variables and reported correlation coefficient 
or Beta coefficient in correlation or linear regression 
analysis (Table 3).

Table  2 lists characteristics of studies reporting OR/
RR of high NC and the risk of cardiometabolic risk fac-
tors (n = 13). Most of them were designed as cross-sec-
tional (n = 10) and the rest as case–control (n = 2) or 
cohort (n = 1). The studies were carried out in different 
countries including China (n = 3), Brazil (n = 3), Greece 
(n = 2), and one study in Ukraine, USA, Iran, Lithuania, 
and South Korea. In 6 studies, children and adolescents 
were included, and 7 reports were on adult populations. 
The articles have been published between 2012 and 2017.

Three studies in adults assessed the OR of high NC in 
prediction of MetS presence [9, 17, 18]. Among them, 
Yan et  al. found the strongest association between high 
NC and MetS in both elderly men and women, with 
ORs of 11.53 and 7.69, respectively [9]. The association 
between high NC and DM was reported in few studies 
[9, 14, 18, 19] where in ORs or RRs varied between 1.26 
(1.06–1.50) and 2.07 (1.06–4.03).

Three studied reported the association between high 
NC and obesity. Among children and adolescents, ORs 
was between 1.07 and 1.70 for the prediction of over-
weight, and 1.10 to 3.25 for prediction of obesity [20, 21].
Yan et al. found again a strong association between high 
NC and obesity among elderly men and women, with 
ORs of 26.26 and 17.16, respectively [9].

In two studies which assessed the association between 
high NC and high TG [9, 18], the ORs were between 1.16 
and 3.06. In regard to high BP, Kuciene et al. [22] found 
that greater NC was associated with 4 times risk for 
hypertension. Among adults, Yan et al. [9] found OR of 
2.41 and 4.37 in elderly men and women, respectively.

Table 3 shows association studies where both NC and 
cardiometabolic risk factors were reported continuous 
variables. A total of 27 studies were found (14 publica-
tions included children and adolescents, and 13 studies in 
adults). Most of them used correlation coefficients, and 
few ones used beta regression coefficients for statistical 
analyses. The articles were published between 2010 and 
2017. The studies were carried out in different countries 
including China (n = 6), India (n = 4), USA (n = 3), Tur-
key (n = 3), Brazil (n = 2), Egypt (n = 2), Greece (n = 2), 
and one study in Iran, Canada, Europe, Colombia, and 
South Korea.

Out of 18 studies which assessed the correlation 
between NC and BMI, 11 articles included children and 
adolescents. Significant correlations were found between 
NC and BMI. The r ranged from 0.38 [21] to 0.88 [12] in 
adolescents. In adults, r ranged from 0.41 to 0.84 in men 
and women together.

There was a significant association between WC and 
NC in all 20 studies (13 reports in children and adoles-
cents, and 8 studies in adults). The r ranged from 0.318 
[23] to 0.85 [24, 25] among children and adolescents. In 
adults, r-values was between 0.45 [26] and 0.75 [27].

Out of 18 studies which reported the correlation 
between NC and blood pressure, 9 publications were on 
children and adolescents. A wide range of r was found; 
from 0.02 [28] to 0.62 [12]. In some studies, the correla-
tion was not significant [13, 28, 29].

Weak correlations was observed between NC and FBS 
in 12 relevant studies, (r ranged from − 0.377 to 0.27 [29, 
30]). Eleven studies also reported correlation between 
fasting insulin, HOMA-IR or both with NC. The r-values 
for these two variables were very close, ranging from 0.21 
to 0.61 [24, 30].

Fourteen studies reported correlation coefficients of 
blood TC, TG, HDL-C, or LDL-C with NC. Findings 
of correlation between TC and NC was not conclusive; 
r-values ranged from − 0.27 [12] to 0.302 [24]. Blood 
TG was positively correlated with NC in all reports [r 
ranged from 0.06 [12] to 0.409 [24]. There was negative 
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correlation between HDL-C and NC in all relevant pub-
lications, with r ranging from − 0.120 [29] to − 0.35 [30]. 
Weak and mostly not significant correlations between 
LDL-C and NC were observed.

According to the Newcastle–Ottawa checklist, all 
selected studies were categorized as high quality study 
and attained score ≥ 6 according to this scale. Overall, 
20% of studies attained 6 scores, 38% of studies attained 
7 scores and the rest got the score of 8 (Tables 2 and 3).

Results of quantitative synthesis
B‑1: The diagnostic accuracy of high NC to predict MetS
The results of heterogeneity statistics about the SE of 
high NC to predict MetS according to sex and age groups 
showed sever heterogeneity in SE existed between stud-
ies in male  (I2: 97.9%; Q test: 335.85, p < 0.001), female 
 (I2: 91.1%; Q test: 112.26, p < 0.001), pediatric  (I2: 91.1%; 
Q test: 33.75, p < 0.001), adult  (I2: 96.2%; Q test: 391.78, 
p < 0.001), and overall population  (I2: 96%; Q test: 479.02, 
p < 0.001). Due to sever heterogeneity between studies, 
the random effect meta-analysis was used and the pooled 
SE in male, female, pediatric, adult and overall popula-
tion was estimated 69% (95% CI 56–83), 67% (95% CI 
60–74), 77% (95% CI 55–99), 65% (95% CI 58–72) and 
67% (95% CI 61–74), respectively (Additional file 1: Fig-
ure S1:A–D). The results of heterogeneity statistics for SP 
of high NC to predict MetS indicated sever heterogeneity 
among studies in both sexes and age groups. The random 
effect meta-analysis showed that the pooled SP in male, 
female, adult, pediatric and overall population was 64% 
(95% CI 52, 75), 67% (95% CI 60, 74),66% (95% CI 60, 72), 
66% (95% CI 48, 84) and 66% (95% CI 60, 73), respectively 
(Additional file 2: Figure S2: E–H).

Publication bias: Begg᾽s test confirmed no publication 
bias for sensitivity (p = 0.32) and specificity (p = 0.92) of 
high NC for predicting MetS.

B‑2: The association of NC with glycemic indices in adult 
populations
FBS: The pooled estimates of 4 studies (seven effect sizes) 
indicated that there was a significant positive correla-
tion between NC and serum levels of FBS (CC: 0.16, 95% 
CI 0.13, 0.20). However, the heterogeneity was high  (I2: 
56.0%, p = 0.03) (Additional file 3: Figure S3:1). Subgroup 
analysis based on age, sex and continent are presented in 
Additional file  4: Table  S1. After stratification by conti-
nent (Asian, Non-Asian), we found that the association 
between NC and FBS concentrations in Asian population 
(CC: 0.19, 95% CI 0.16, 0.22;  I2:0, p = 0.61) was stronger 
than Non-Asian (CC: 0.13, 95% CI 0.10, 0.16;  I2: 28.3%, 
p = 0.24). This parameter attenuated the heterogeneity 
greater than gender subgroups.

HOMA-IR: The association between NC and HOMA-
IR was reported in three studies containing four effect 
sizes. The overall effect size showed a significant link 
between NC and HOMA-IR (CC: 0.38, 95% CI 0.25, 0.50) 
in adult population, while the heterogeneity was high  (I2: 
93.5%, p = 0.0001) (Additional file 3: Figure S3:2). Due to 
limited studies, it was not possible to perform subgroup 
analysis to find the reason of the heterogeneity.

B‑3: The association of NC with lipid profile in adult 
populations
Based on the overall effect size, in subjects who had 
higher NC, serum levels of TC was higher than those 
with smaller one (CC: 0.12, 95% CI 0.05, 0.19;  I2: 79.2, 
p = 0.001) (Additional file  3: Figure S3:3). After strati-
fication by age, a notable reduction was observed in the 
heterogeneity (Additional file 4: Table S1). Besides, pool-
ing 8 effect sizes revealed that there was a significant cor-
relation between NC and TG concentrations (CC: 0.23, 
95% CI 0.19, 0.28;  I2: 76.2%, p = 0.001) (Additional file 3: 
Figure S3:4). However, after subgroup analysis the het-
erogeneity did not attenuate considerably (Additional 
file  4: Table  S1). Meta-analysis on LDL-C concentra-
tions also showed a positive association with NC (CC: 
0.14, 95% CI 0.07, 0.22); however, the heterogeneity 
was high  (I2: 79.2%, p = 0.001) (Additional file  3: Figure 
S3:5). Subgroup analysis showed that this association in 
men (CC: 0.13, 95% CI 0.03, 0.22;  I2: 59.1%, p = 0.11) was 
stronger than women (CC: 0.08, 95% CI 0.03, 0.13;  I2: 0%, 
p = 0.81).

Publication bias: Egger᾽s test showed no publica-
tion bias for FBS (p = 0.49), HOMA-IR (p = 0.57), TC 
(p = 0.92), TG (p = 0.93) and LDL-C (p = 0.25).

B‑4: The association of NC with glycemic indices in child 
populations
FBS: From five studies in which the association between 
NC and FBS concentrations was reported, 12 effect sizes 
were extracted. The pooled estimates showed that chil-
dren with greater NC had higher levels of FBS compared 
to those with smaller one (CC: 0.12, 95% CI 0.07, 0.16; 
 I2:48.4%, p = 0.03) (Additional file  5: Figure S4:1). No 
severe heterogeneity was found for this association.

HOMA-IR: The correlation between NC and HOMA-
IR was reported in 6 studies including 11 effect sizes. 
Based on findings, greater NC was correlated with 
higher HOMA-IR (CC: 0.27, 95% CI 0.23, 0.31). How-
ever, the heterogeneity was considerably high  (I2: 93.2%, 
p = 0.0001) (Additional file 5: Figure S4:2).
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B‑5: The association of NC with lipid profile in child 
populations
The pooled estimates (n = 12) of five studies showed a 
significant positive link between NC and TC concentra-
tions (CC: 0.07 95% CI 0.02, 0.12;  I2:87.8%, p = 0.001), 
although it was a weak correlation (Additional file  5: 
Figure S4:3). Findings of six studies also revealed a sig-
nificant link between NC and TG levels (CC: 0.21, 95% 
CI 0.17, 0.25;  I2:61.2%, p = 0.001) (Additional file 5: Fig-
ure S4:4). However, no correlation was obtained between 
NC and LDL-C (CC: 0.01, 95% CI − 0.06, 0.07;  I2:65.9%, 
p = 0.005) (Additional file 5: Figure S4:5). Due to limited 
studies on children, subgroup analyses were not possible.

Publication bias: Begg᾽s test confirmed no publica-
tion bias for FBS (p = 0.19), HOMA-IR (p = 0.38), TC 
(p = 0.37), TG (p = 0.58) and LDL-C (p = 0.06).

Discussion
The current systematic review and meta-analysis revealed 
a positive association of NC, glycemic status and lipid 
profile in adult and child populations. However, no cor-
relation was observed between NC and LDL-C concen-
trations in children. In general, due to high heterogeneity 
the findings should be declared with caution. Moreover, 
the association between NC and other cardio-metabolic 
risk factors were significant in most studies. However, 
because of limited studies drawing a certain decision 
needs further studies. Although the SE and the SP of 
NC to predict MetS were greater than about 65% in both 
child and adult populations, the between-study heteroge-
neity was considerably high.

To the best of our knowledge, the present study is 
the first study that examined the association of NC and 
cardio-metabolic risk factors in all age ranges and deter-
mined the SE and the SP of NC to predict MetS. In 
the present study, subgroup analysis revealed that the 
link between serum levels of FBS and NC in Asian was 
stronger than other adult populations. Findings on chil-
dren populations also showed that the link between NC 
and FBS was significant only in Asian populations. Addi-
tionally, in Asian children the link between insulin resist-
ance and NC was stronger than non-Asians.

These findings showed that race can play a main role in 
this correlation. Besides, the correlation between NC and 
LDL-C levels in men was stronger than the correlation 
in adult women. Therefore, gender can be another factor 
that affects the association. Energy intake, physical activ-
ity level, and menopause status are possible factors that 
can affect the link. In the present study, some included 
studies did not control such factors and it is likely to 
cause bias in the findings.

Another factor in the association between NC and 
cardio-metabolic risk factors is likely to be study design. 

In the present systematic review, design in most studies 
was cross-section. The weakness of this kind of study is 
inability to clarify a cause and effect relationship. Pro-
spective cohort studies can shed light on the type of the 
association.

Although prior studies introduced WC as a good pre-
dictor for cardio-metabolic risks [31, 32], it has some 
limitations. For instance, several sites including midway 
between rib cage and iliac crest, the lower border of rib 
cage, and iliac crest umbilicus are used for measuring 
WC. This resulted in different values for WC. Moreover, 
time of measurement, the state of expiration and fullness 
affect the measure [29, 33]. However, NC measurement is 
easy and accessible. Besides, a unit site for measurement 
was reported among the studies. NC is measured above 
the cricoid cartilage and perpendicular to the long axis 
of the neck [34, 35]. Due to no variation in the measure-
ment of NC, multiple measurements are not needed to 
be sure about its accuracy.

Compare to BMI, NC has some strength points. NC 
is measured faster and does not need special tools [9]. 
Therefore, particularly for epidemiological assessment it 
seems to be a good predictor. However, due to the high 
heterogeneity, more studies are needed to clarify its 
efficacy.

In the present study, we found that the association of 
NC with obesity, diabetes, hypertension, and MetS were 
significant in most studies. However, due to limited stud-
ies we cannot draw a fix conclusion about these issues. 
In addition, as there has been no meta-analysis on the 
SE and the SP of NC as a predictor for MetS, we could 
not compare our results with previous findings. Based 
on a systematic review by Arias et al., there was a posi-
tive association between NC and adiposity parameters 
indirectly measured by reference methods including 
dual-energy x-ray absorptiometry (DXA) and computed 
tomography (CT) in adult population. However, they 
reported no study on children in this regard [50].

The mechanisms that explain the association between 
neck adipose tissue and cardio-metabolic risk factors are 
not precisely identified. It is likely that high plasma free 
fatty acids (FFAs) provide a ground for developing meta-
bolic disorders [36]. Increasing in the levels of FFAs can 
result in oxidative stress and vascular injury [15, 36]. The 
main releasing rate of systemic FFA is dedicated to upper 
body subcutaneous fat [5, 36]. Accordingly, NC can be a 
suitable predictor for CVD risk factors.

The present study has two main limitations: [1] due 
to cross-sectional design in the most included studies a 
cause and effect relationship was not clarified. [2] Heter-
ogeneity mostly remained high even after stratification by 
possible confounders. The main strength of the present 
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systematic review was to determine the SE and SP of NC 
in adult and child populations.

Conclusion
Although the SE and the SP of NC to predict MetS 
were acceptable in both child and adult population, the 
between-study heterogeneity was considerably high. 
There is a positive association between NC and glycemic 
indices, and lipid profile in adult and pre-pubertal popu-
lations. However, no correlation was observed between 
NC and LDL-C concentrations in children. Due to high 
heterogeneity, the findings should be declared with cau-
tion. Although the association between NC and other 
cardio-metabolic risk factors were significant in most 
studies, due to limited publications in this regard more 
prospective cohort studies are needed to clarify these 
associations.
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