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Abstract 
Background: High neck circumference (NC) is associated with high 
burden diseases in Latin American and the Caribbean (LAC). NC 
complements established anthropometric measurements for early 
identification of cardio-metabolic and other illnesses. However, 
evidence about NC has not been systematically studied in LAC. We 
aimed to estimate the mean NC and the prevalence of high NC in LAC. 
Methods: We conducted a systematic review in MEDLINE, Embase, 
Global Health and LILACS. Search results were screened and studied 
by two reviewers independently. To assess risk of bias of individual 
studies, we used the Hoy et al. scale and the Newcastle-Ottawa scale. 
We conducted a random-effects meta-analysis. 
Results: In total, 182 abstracts were screened, 96 manuscripts were 
reviewed and 85 studies (n= 51,978) were summarized. From all the 
summarized studies, 14 were conducted in a sample of the general 
population, 23 were conducted with captive populations and 49 
studies were conducted with patients. The pooled mean NC in the 
general population was 35.69 cm (95% IC: 34.85cm-36.53cm; I²: 
99.6%). In our patient populations, the pooled mean NC in the obesity 
group was 42.56cm (95% CI 41.70cm-43.42cm; I²: 92.40%). Across all 
studied populations, there were several definitions of high NC; thus, 
prevalence estimates were not comparable. The prevalence of high 
NC ranged between 37.00% and 57.69% in the general population. 
The methodology to measure NC was not consistently reported. 
Conclusions: Mean NC in LAC appears to be in the range of estimates 
from other world regions. Inconsistent methods and definitions 
hamper cross-country comparisons and time trend analyses. There is 
a need for consistent and comparable definitions of NC so that it can 
be incorporated as a standard anthropometric indicator in surveys 
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Neck Circumference: NC, Obstructive Sleep Apnea - Hypopnea 
Syndrome: OSAHS, Waist Circumference: WC

Introduction
Anthropometric indicators have an important role in public  
health because they are risk factors or diagnostic criteria for  
some highly prevalent non-communicable diseases (e.g., cancers 
and cardio-metabolic diseases)1–4. Weight, height, body mass 
index (BMI) and waist circumference (WC) have been broadly 
studied in terms of prevalence and time trends4,5, and their  
long-term association with health outcomes has been studied by 
large cohorts in many world regions2,3. This evidence for neck 
circumference (NC) lacks globally and in Latin American and 
the Caribbean (LAC), where novel and inexpensive anthropo-
metric indicators could contribute to the prevention and early  
identification of non-communicable diseases6–8.

Unlike BMI, there have been no efforts to summarize mean  
NC and prevalence estimates of high NC in LAC. This evidence 
could provide a baseline parameter of this anthropometric indi-
cator to inform future research and surveillance plans, while  
also characterizing population groups in terms of their NC pro-
file. In addition, a critical appraisal of the available evidence  
about NC in LAC lacks, thus research gaps, needs and meth-
odological issues have not been identified to improve the  
formulation of future research. With evidence that NC appears 
to be a risk factor for many diseases (e.g. cardio-metabolic  
diseases and obstructive sleep apnea), in a similar magnitude as 
other anthropometric indicators7–10, it becomes relevant to under-
stand the current status of NC so that it could be incorporated  
in population-based surveys or epidemiological studies.

To summarize the evidence about NC in LAC, to provide pooled 
estimates of mean levels and prevalences, and to highlight  
research needs and methodological caveats, we conducted a 
systematic review and meta-analysis of the scientific evidence  
about NC in LAC populations.

Methods
Protocol and registration
This is a systematic review of the scientific literature with  
meta-analysis of summary data. The methodology and report-
ing followed the PRISMA guideline (see reporting guidelines)11.  
The protocol was prepared before conducting the review and  
is available online12.

Eligibility criteria
This review included original studies with the following  
populations: LAC adults either from the general population, 
captive/closed populations (e.g., workers) or patients from any  
healthcare facility. We excluded patients who had conditions that 
could have biased the NC measurement (e.g., cervical masses, 
thyroid diseases, cervical fractures or congenital anomalies). 
We excluded studies with LAC immigrants in countries out-
side the LAC region. Studies should have reported that NC  
was measured, regardless of the methodology; in other words, 
if NC was not directly measured (i.e., NC was self-reported), 
this study was excluded. We excluded case reports, case series, 

letters, editorials, narrative reviews, clinical trials and 
systematic reviews.

Information sources and search
We conducted the search in MEDLINE, Embase and Global 
Health, these three were searched through OVID; we also 
searched LILACS, a LAC specific search engine. The search was  
conducted on 27 September 2020. The complete search strategy  
is available as extended data13.

Study selection
First, two authors (KFL, RPSM / PEL, JQA) independently 
screened the titles and abstracts of the search results. Second, 
the same reviewers independently studied the full text of the  
selected articles. Likewise, the full text of the selected arti-
cles was analyzed to ensure that multiple publications of the 
same study were included once only (e.g., national survey with 
multiple publications). Discrepancies between reviewers were 
resolved by consensus between them or by discussions with a  
third reviewer (RMC-L). If the information reported in 
the original article was not enough to assess the eligibility  
criteria, we tried to contact the corresponding author of these  
studies. Those articles which corresponding authors did not 
answer to our communications after two weeks were excluded  
from this review.

Data collection process
Two authors (KFL, RPSM / PEL, JQA) independently extracted 
the information from the included articles using a standard  
form for each of the population groups herein studied (gen-
eral population, captive population and patients). Any differ-
ences between the two reviewers were resolved by consensus  
between them or by discussions with a third reviewer (RMC-L). 
The extraction form we used was developed before data  
collection and was not modified during the extraction process.

Data items
The following information was extracted from all articles:  
title, first author, country, publication year, year of data col-
lection, study design, sample size, mean age and age range of 
the study population, men proportion, instrument and method 
to measure NC, cut-off point of high NC overall and by gender,  
prevalence of high NC overall and by gender, and mean NC 
overall and by gender. From articles with a sample of the gen-
eral population, we also extracted information on whether it  
was a national sample. From articles with a captive popula-
tion, we also extracted the origin of the population (e.g., stu-
dents or elderly in nursing homes). From articles with patients 
we recorded the underlying disease. Additionally, the follow-
ing information was extracted from the case-control studies:  
proportion of cases and controls, mean NC for cases and  
controls, and prevalence of high NC for cases and controls.

Risk of bias of individual studies
Two authors (KFL, RPSM / PEL, JQA) independently assessed 
the risk of bias of the articles using the risk of bias tool for  
prevalence studies by Hoy et al.14; we used the Newcastle- 
Ottawa scale for the case-control and cohort studies15. 
Discrepancies between the two reviewers were solved by dis-
cussion with a third reviewer (RMC-L). Items that did not apply  
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(e.g., acceptable case definition for prevalence studies) to our 
selected reports were not assessed.

Synthesis of results
We conducted a quantitative synthesis (meta-analysis) of mean  
NC only, because evidence from prevalence estimates was 
largely heterogeneous (e.g., different definitions) and scarcer 
than for mean estimates. We decided to conduct the meta- 
analysis when there were at least three individual estimates12. 
We only conducted the meta-analysis for overall mean estimates 
(i.e., not sex-stratified). Using the mean estimates along with  
the corresponding standard errors computed from the confi-
dent intervals [standard error = (upper limit - lower limit)/3.92], 
we conducted a random-effects meta-analysis in STATA v16.1  
(College Station, Texas 77845 USA); we used the metan  
function with the randomi option for a random-effects model  
following the DerSimonian & Laird method.

Ethics
This is a systematic review of the scientific literature in which  
human subjects were not directly studied. We did not request 
approval by an Ethics Committee. All authors had access 
to the collated data and are collectively responsible for the  
accuracy of results and conclusions. All authors approved the 
submitted version. The funder had no role in the study design,  
analyses, interpretation or conclusions.

Results
Study selection
The article search yielded 323 results; of these, 182 titles  
and abstracts were screened and then, 96 manuscripts were  
studied. We finally included 85 (n=51,978) studies (Figure 1)16–100.

Neck circumference in the general population
Of the total selected articles, 14 studies16–29 were conducted 
in a sample of the general population (one study also contrib-
uted to the captive population group29). The 14 studies fol-
lowed a cross-sectional design. Most of them were from  
Brazil (10)16–18,20–24,26,28 while the rest were from Argentina25,  
Chile29, Colombia27 and Venezuela19. The age of the study  
population was ≥18 years old, except in one study which was  
≥15 years29. The total sample was 24,401, with a mean age of 
39.73 years. The instrument or methodology to measure NC was  
detailed in 11 studies (Table 1)17–19,21–27,29.

Mean NC was available from 12 articles (n=20,284)16,17,19–24,26–29, 
though the pooled mean NC was based on 11 estimates16,19–24,26–29: 
the overall pooled mean NC was 35.69cm (95% IC: 34.85cm-
36.53cm; I²: 99.6%) (Table 1). The minimum and maximum 
mean NC in men were 38.17cm and 39.70cm, respectively;  
while these numbers in women were 33.11cm and 35.90cm, 
respectively (Table 1). The prevalence of high NC was  
available from 3 studies18,19,25, all of which used different thresh-
olds for men and women; for men, the cut-off points ranged  
between 37cm and 41cm, while for women the range was 
between 34cm and 35cm. Based on these definitions, the preva-
lence of high NC in the general population went from 37.00% to  

57.69% (Table 1). One study19 reported the prevalence of 
high NC stratified by sex; for men, high NC was defined at  
>39cm while for women this cut-off point was >35cm, yield-
ing a prevalence of 48.70% in men and 44.80% in women  
(Table 1).

Neck circumference in captive populations
Of the total selected articles, 23 reports30–51 included captive 
populations and 138 of these reports provided 2 estimates (i.e., 
two different populations). Studies followed a cross-sectional, 
case-control and cohort design. Most of the articles were from  
Brazil (19)30–35,37–45,48–51 while the others were from Chile (3)29,36,46 
and Peru (1)47. The instrument and methodology to measure  
NC was reported in 19 studies (Table 2)29,31–34,36,37,39–46,48,49–51.

Of the 23 articles in this group, 22 articles (n=18,173) reported  
the mean NC. Additionally, 14 studies29,31–36,41–43,46,48–50 estab-
lished different cut-off points for high NC for men and women, 
with a minimum and maximum value for men of 37cm and  
42cm, respectively; while the values for women were 34 cm  
and 36.10 cm, respectively (Table 2).

From all the captive population articles, 4 of these included  
university students31,32,34,47 and also reported the mean NC  
(Table 2). The minimum and maximum mean NC in this cap-
tive population were 33.66cm and 37.10cm, respectively; in men 
were 36.95cm and 37.30cm, respectively; and in women the  
minimum and maximum values were 32.02cm and 33.50cm, 
respectively (Table 2).

Of all the articles with captive populations, 4 of these included 
elderly people39,42,44,45 and also reported the mean NC. The  
minimum and maximum mean NC in this captive population 
were 34.60cm and 36.94cm, respectively; in men were 39.19cm 
and 40.20cm, respectively; and in women the minimum and 
maximum values were 33.50cm and 36.38cm, respectively  
(Table 2). 

The prevalence of high NC was available from 3 studies41,42,50, 
all of which used different thresholds for men and women;  
for men, the cut-off points ranged between 34cm and 40.5cm, 
while for women the range was between 34cm and 35.7cm  
(Table 2). Based on these definitions, the prevalence of high 
NC in the overall sample of captive populations went from  
54.25% to 62%; while for men and women it went from 50.79%  
to 86.70%, and from 41.80% to 54.99%, respectively (Table 2). 

Neck circumference in patients
Of the total selected studies, 49 reports52–100 were conducted 
with patients. Studies followed a cross-sectional, case-con-
trol and cohort design. Most of the articles were from  
Brazil (35)52–57,60,61,63–65,70,71,73–86,88,91–93,95–97,99 while the others were 
from Chile (5)58,68,87,89,94, Mexico (4)66,67,90,100, Peru (3)62,69,72 and 
Argentina (2)59,98. The most frequently studied patients were 
those with Obstructive Sleep Apnea - Hypopnea Syndrome  
(OSAHS) (22)53,54,58–62,64–69,74,75,79,81,86,87,90,94,97,98 and obesity 
(13)52,71,73,80,82–85,91,92,95,99,100; other diseases included HIV/AIDS, 
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sleep disorders, bronchiectasis, depression, stroke, epi-
lepsy, hepatic and cardiovascular pathologies. The instru-
ment or methodology to measure NC was reported in  
29 studies54–57,60,63,65–67,69–71,73,77,80–82,84,86,88–93,95,97,99,100. We found 1 
report53, which contributed with 2 estimates (e.g., one report  
provided more than one set of estimates).

Of the 49 studies in this group, 44 studies  
(n=8,059)52–57,59–61,63,65,66,68–73,75–100 reported the mean NC. The 
overall pooled mean NC in patients with OSAHS (19 estimates;  
n=4,141)53,54,58,60,61,65,68,69,75,79,81,86,87,90,97,98 was 41.09cm (95% CI 
40.42cm-41.77cm; I²: 94.80%), and for those with obesity 
(13 estimates; n=1,952)52,71,73,80,82–85,91,92,95,99,100 the overall pooled  

Figure 1. Selection flow chart.
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mean NC was 42.56cm (95% CI 41.70cm-43.42cm; I²: 92.40%) 
(Table 3). In studies that included patients with OSAHS, 
the minimum and maximum mean NC were 37.40cm and 
44.50cm, respectively (Table 3). Studies with obese patients, the  
minimum and maximum mean NC were 37.01cm and  
44.41cm, respectively (Table 3).

Additionally, 12 studies53,63,70,71,78–80,87,88,93,96,97 established differ-
ent cut-off points for elevated NC for men and women, with a  
minimum and maximum value for men of 37cm and 43cm, 
respectively; while the values for women were 34cm and 41cm, 
respectively. The prevalence of high NC was available from  
7 studies63,70,78,86–88,90, all of which used different thresholds 
for all, men and women. Overall, the cut-off points for high 
NC ranged between 40 cm and 42 cm; for men, the cut-off  
points ranged between 37 cm and 43 cm, while for women 
the range was between 34 cm and 41 cm (Table 3). Based on 
these definitions, the prevalence of high NC in the general  
sample of patient population went from 30.4% to 86.6%; while 
for men and women it went from 34,2% to 95%, and from  
26.6% to 65.8%, respectively (Table 3). 

Risk of bias of individual studies
From all the cross-sectional studies, only 4 studies19,22,25,29 
are considered as a close representation of the general pop-
ulation. Finally, analyzing the risk of bias of the preva-
lence studies included, the majority represent a moderate  
risk17,24,29–31,33,35–43,45,47,48,50–51,53–66,68,70–73,76–84,86,89,92–100 (57); some are 
low risk16,18–23,25–29,32,34,44,49 (16); no study represents a high risk  
(Table 4 – Table 6).

Regarding the risk of bias of the case-control studies, in all the  
studies (7)38,52,62,67,74,85,87 the sample selection adequately repre-
sented the corresponding cases. In addition, concerning the risk  
of bias of the cohort studies (7)46,60,69,75,88,90,91, all the studies  
had an adequate follow-up of the cohorts (Table 4 – Table 6). 

Discussion
Summary of evidence
This is a systematic review and meta-analysis to estimate the  
mean NC and the prevalence of high NC in adults from LAC. 
We summarized evidence from 14 studies in the general  
population; 23 from captive populations (e.g., students); and 49 
studies with patients (mostly OSAHS and obesity). The mean 
NC in the general population ranged between 33.60cm and  
36.98cm22,24, and the prevalence of elevated NC ranged 
between 37.00% and 57.69%18,25. The average NC in captive  
populations went from 33.00cm to 42.00cm33,38, and the  
prevalence of elevated NC varied between 54.25% and 62.00%42,48. 
In the patients-based studies, the minimum mean NC was  
33.41cm whilst the maximum was 44.50cm70,98; the prevalence 
of high NC ranged between 30.40% and 86.60%63,70. NC raises  
as a relevant anthropometric indicator which could comple-
ment information based on BMI and WC for the early identi-
fication of cardio-metabolic and other diseases in LAC. This  
systematic review provides the first regional overview of  
mean NC and prevalence of high NC in LAC.

Limitations of the reviewed reports
The main limitation we found in the original reports was the 
lack of details on how NC was measured; that is, they did not  
consistently report the instruments (e.g., inelastic tape) and how 
NC was assessed. The same problem was observed regarding  
the cut-off points to define high NC; that is, there were not 
consistent and comparable thresholds. These limitations  
have overall implications and for our review as well. First, the 
high heterogeneity in methods and definitions hampers com-
parisons across studies/countries; also, the heterogeneity makes  
it difficult to study time trends. Regarding our review, the  
inconsistent methods and lack of standard definitions could 
explain the large heterogeneity reported in the meta-analyses, 
and also prevented us from conducting more meta-analyses, for  
example of prevalence estimates. We argue that the dearth of 
homogenous reporting and methodology is due to the lack of  
international standardization in the measurement of NC, which 
could be explained by how novel this anthropometric indi-
cator is. There is a need for an international standardized  
measurement of NC which would allow cross-country and  
time trends analyses. 

Another limitation of the reviewed studies was that only  
419,22,25,29 were conducted with a nationally representative sam-
ple. Therefore, information on mean NC and prevalence of high 
NC at the national level is missing in most countries of LAC.  
NC is an inexpensive and non-invasive anthropometric indica-
tor, as it is the case with BMI or WC. Once standard proce-
dures to measure NC and standard thresholds to define high 
NC are defined, NC could be implemented in large national 
surveys (e.g., DHS or WHO STEPS) to expand the arsenal of  
anthropometric indicators strongly associated with morbidity  
and mortality of cardio-metabolic diseases7–10. 

Limitations of the review
Our review has some limitations. First, although we used  
major global search engines (MEDLINE, EMBASE and  
Global Health), and one specific for LAC (LILACS), we did not 
search grey literature sources. These sources could have con-
tributed few more results to our review; however, we doubt  
they would have substantially changed the conclusions. Most 
likely, they would have exhibited the same -or more severe-  
limitations as those herein pinpointed. Second, some studies 
did not report all the information. Even though we tried to con-
tact the authors of the reports with missing information, 6/16  
answered to our requests. As NC becomes a more popular 
anthropometric indicator, and standard methods and definitions  
are established by international or regional organizations, we 
believe that studies including NC information would provide  
more comprehensive methods and results. Hopefully, our 
work would spark interest in NC and about the relevance to 
have standard procedures, as there are with BMI and other  
anthropometric indicators. Third, our review could not find 
estimates for all countries in LAC, and neither did other  
multi-country endeavors (e.g., ELANS)101. Therefore, we can-
not conclusively state that our estimates represent the sce-
nario across the region. Nonetheless, our work adds to the 
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regional literature with a summary from captive populations and  
patients-based studies; also, we provide a risk of bias assess-
ment and discuss the limitations of original reports and propose  
recommendations. 

Results in context
NC has been associated with several cardiometabolic risk  
factors: insulin resistance, elevated cholesterol, triglycerides,  
LDL-cholesterol and obesity102,103. Moreover, NC has also been 
associated with SAHOS104. Nevertheless, and despite that NC 
appears to be as good (or even better) as other anthropomet-
ric indicators (e.g., BMI), NC has not been subject to extensive  
research. In this work we propose the first systematic review 
and meta-analysis to reveal the overall mean NC in LAC, and  
to highlight research needs. Our work is the starting point 
to raise awareness about NC as a potential anthropometric  
indicator, while signaling the need for NC cut-off points in LAC.

A multinational study (ELANS conducted in 2014–2015)101  
was conducted in eight LAC countries and they found a mean 
NC of 35.60cm, which is virtually the same as our pooled 
mean estimate. This similarity could be explained by the fact 
that we covered the same countries. Notably, the ELANS  
study included populations in more countries than those herein 
summarized, yet we included older and more recent stud-
ies, and we also summarized evidence from a larger sample.  
Overall, mean NC in LAC appears to be ~35cm, though this 
deserves further verification following consistent methods  
and including countries for which evidence is still unavailable. 

Studies in Asia reported a mean NC between 31cm and  
44cm102,103. Our pooled estimates fall within this range. As it is 
the case with other anthropometric indicators (e.g., BMI), LAC 
is usually in the middle of the distribution105. Reasons behind  
this could be diet and nutrition, phenotypes, opportunities to 
exercise, and access to preventive healthcare, all of which vary 
widely across countries and regions. As more evidence about  
NC in LAC becomes available, we would be in a stronger posi-
tion to study determinants and outcomes for high NC to  
identify reasons for cross-country and cross-region comparisons.

The mean NC and prevalence of high NC was larger in cap-
tive populations in comparison to the general population. This  
could be explained by the underlying profile of each captive 
group. For example, in bus drives, miners, sedentary women  
and adults - elderly waiting for medical attention, those variables 
were higher due to the fact that these people have a long work-
ing day which could condition a sedentary lifestyle. However,  
in other population groups (e.g., university students, health  
professionals, outdoor gym users) the mean NC and preva-
lence of high NC was lower than in the general population. This  

could be because these groups have healthier lifestyles and are  
more concerned about their health (due to their profession).

We also found that the mean NC in the group of OSAH and  
obese is higher than the general population (41.09cm and  
42.56cm vs 35.69cm). This is concordant with the studies 
that considered NC as an anthropometric measure useful for  
assessing the risk and severity of OSAH and also it is known 
for its strong relationship with obesity106,107. A higher NC in 
this group of patients can be explained by the accumulation of  
fat around the neck contributing to the airway narrowing and 
at the same time facilitating its obstruction108,109. NC could be  
incorporated as part of the standard of care for OSAH patients.

Currently, there are no guides that include NC as an official  
anthropometric measure; however, there are studies that 
found NC as a reliable index and highlight the fact that it is an  
economical test easy to use which takes less time and corre-
lates well with other anthropometric parameters such as BMI, 
WC and hip circumference110,111. Our findings indicate that NC  
could be used either in clinical practice and epidemiologic  
studies.

Conclusions
In this systematic review and meta-analysis, the mean NC in  
LAC was 35cm in the general population; although there 
were different thresholds, the prevalence of high NC ranged  
between 37.00% and 57.69%. The methodology to measure 
NC was inconsistently reported and evidence lacks from several  
countries in LAC. Even though NC could be a novel anthro-
pometric indicator closely related with different diseases and 
health outcomes, NC has been seriously understudied in LAC.  
This work highlights the current evidence about NC in LAC  
and pinpoints research gaps.

Data availability
Underlying data
All data underlying the results are available as part of the article  
and no additional source data are required.

Extended data
Figshare: Supplementary Material. https://doi.org/10.6084/
m9.figshare.1355053413

This project contains the following extended data:
-	� Supplementary Material.docx (Document with study 

search strategy)

Reporting guidelines
Figshare: PRISMA checklist for ‘Neck circumference in 
Latin America and the Caribbean: A systematic review and  
meta-analysis’ https://doi.org/10.6084/m9.figshare.1355053413
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The increase in neck circumference, a measure of ectopic fat, is associated with higher 
cardiometabolic risk and obstructive sleep apnea beyond classical anthropometric measures of 
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The authors performed a systematic review and meta-analysis to estimate the mean neck 
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I find the article correctly written and analyzed. 
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This, added to the fact that to measure the circumference of the neck it is not necessary to ask the 
patient to get up from the chair or to remove their clothes, it represents advantages over other 
anthropometric measurements. 
The objective of the study was to establish mean values and the prevalence of high neck 
circumference in Latin America and the Caribbean. This was based on statistical definitions 
provided by the selected studies. Another approach to define normality and cutoff values could be 
based on the consequences of increased neck circumference on metabolism, blood pressure, and 
obstructive sleep apnea.
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