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ABSTRACT

Objectives: Neck circumference is associated with a distinctive fat storage process that confers
additional metabolic risk. Hence, this study aimed to investigate the correlation between
baseline neck circumference and the incidence of cerebrovascular disease using a prospective
community-based sample of Korean adults over 12 years of follow-up, after controlling for
selected covariates.

Methods: Participants with non-cerebrovascular disease were divided into 4 groups (Q1-Q4)
based on their baseline neck circumference. Cox proportional hazards analysis was used to
calculate hazard ratios and 95% confidence intervals (CIs) to evaluate the relationship between
neck circumference and cerebrovascular disease incidence over a 12-year period.

Results: Among this study’s 3,662 participants, 128 (3.50%) developed cerebrovascular disease.
The incidence of cerebrovascular disease increased from 2.2% in Q1 to 4.3% in Q2, 2.5%
in Q3, and 5.0% in Q4. When compared to Q1, the relative risks of cerebrovascular disease
development were 0.57 (95% CI, 0.25-1.31), 0.86 (95% CI, 0.38-1.96), and 0.79 (95% CI, 0.30-2.07)
in man and 1.86 (95% CI, 0.66-5.20), 3.50 (95% CI, 1.25-9.86), and 4.71 (95% CI, 1.50-14.77)
in woman in Q2, Q3, and Q4, respectively, after adjusting for most risk factors related to
cerebrovascular disease.

Conclusion: The relationship between neck circumference and cerebrovascular disease was
stronger in woman than in man, indicating potential differences between the sexes. These
results are meaningful for evaluating and surveilling neck circumference as a promising tool
for identifying subgroups of vulnerable and at-risk populations.

Keywords: Cerebrovascular disorders; Korea; Neck; Public health practice

Introduction

Cerebrovascular disease, a disease of the blood vessels that supply the brain [1], is the fourth
most common cause of death in Korea after cancer, heart disease, and pneumonia, and in

© 2022 Korea Disease Control and Prevention Agency.
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2019, the number of deaths from cerebrovascular disease
in Korea reached 42 per 100,000 people [2]. Although the
number of deaths due to cerebrovascular disease has been
decreasing substantially, the incidence and prevalence
of cerebrovascular disease have not been considerably
reduced owing to population aging and the lack of new
diagnostic techniques [3]. Depending on the specific part
of the brain that is damaged, cerebrovascular disease
can be accompanied by various symptoms, including
motor disorders, sensory disorders, speech disorders, and
emotional disorders [4]. Therefore, cerebrovascular disease
is a serious national health problem that causes substantial
economic losses for the nation, as well as the burden of
individual medical costs, thereby necessitating early
prevention and diagnosis of this chronic disease.

Except for congenital cerebrovascular diseases, such
as genetic abnormalities, most acquired cerebrovascular
diseases can be prevented by controlling risk factors [5] such
as hypertension, smoking, obesity, and diabetes [6]. Since
the incidence of cerebrovascular disease increases with age
[5], controlling these modifiable risk factors may reduce the
incidence of cerebrovascular disease. Therefore, a screening
tool that can detect individuals at high risk of developing
cerebrovascular disease at an early stage is required; however,
currently, most cerebrovascular diseases are only diagnosed
at the onset of symptoms [7].

Neck circumference (NC) is an easy, reliable, and widely
affordable anthropometric indicator. NC can be measured
with a measuring tape just below the laryngeal prominence
of the neck in an upright position [8]; therefore, it can be
measured easily and quickly. NC is related to several factors,
including age, sex, body mass index (BMI), weight, waist
circumference, and systolic blood pressure [9-12]. These
indicators also correspond to the risk factors for cerebrovascular
diseases [13]. Growing evidence suggests that NC is a novel
indicator of upper-body subcutaneous fat distribution [14].
In particular, upper-body fat distribution with increased
visceral fat has been shown to be a better predictor of metabolic
complications of obesity than the degree of overweight
[15]. Furthermore, as an indicator of subcutaneous adipose
tissue distribution in the upper-body [16], NC has been
found to be associated with cardiometabolic risk factors in
populations with diverse ethnic backgrounds [17-19]. In the
Framingham Heart Study, participants with a large NC
had more cardiometabolic risk factors than those with a
small NC, even after adjusting for BMI [20]. Additionally,
NC is regarded as an indicator of upper-body obesity and
is positively correlated with changes in blood pressure and
other components of metabolic syndrome [21].

Ultrasound, computed tomography, and magnetic
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resonance imaging are the gold standard imaging modalities
for determining obesity, body fat distribution, and further
diagnosis. However, these methods are frequently costly and
impractical in large-scale or long-term investigations; thus,
reliable, simple, and easy-to-implement measurements of
obesity and body fat distribution are required [12]. Compared
to standard measures, NC may be a useful and convincing
alternative measure for obesity, a better indicator of
metabolic risk [19], and may also be effective in screening
health risks in the general public, particularly for large
samples where non-invasive, low-cost, and simple-to-
implement measures are needed.

Previous studies in Korea have shown significant relationships
between NC and obesity, diabetes, cardiovascular disease,
and obstructive sleep apnea [22-25]. However, to the best of
our knowledge, the potential association between NC and the
incidence of cerebrovascular disease has not been previously
investigated in middle-aged and older Korean individuals.
Hence, this study aimed to determine the association of
baseline NC with the incidence of cerebrovascular disease
using a prospective community-based sample of Korean
adults over a 12-year follow-up period, after controlling for
selected covariates.

Materials and Methods

Study Population

The present study was performed using data from the Korean
Genome and Epidemiology Study (KoGES), a prospective
community-based cohort study. The study cohort consisted of
40- to 69-year-old residents of Ansan or Ansung City, near the
capital city of Seoul. Assessments were conducted biennially
between 2003 and 2015. Initially, 8,603 participants were
included in the baseline survey. NC was measured in Ansan
as an anthropometric index related to respiratory diseases.
Participants with missing data or cerebrovascular disease
at baseline were excluded. Thus, a total of 3,662 participants
were included in the final analysis (Figure 1). All participants
volunteered for the study, and informed consent was
obtained from each patient.

Definition of Cerebrovascular Disease

The diagnosis of cerebrovascular disease in this study was
defined as a history of stroke (including cerebral infarction
and cerebral hemorrhage), which was established by
an answer of “yes” to the question, “Have you ever been
diagnosed with cerebrovascular disease by a doctor in a
hospital in the past?”

https://doi.org/10.24171/j.phrp.2021.0277
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Total
n=8,603
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n =3,686

Excluded

- No data of neck circumference (n = 4,649)
- No follow-up data (n = 266)
- Missing information (n = 2)

A4

Studies included in the analysis
n = 3,662 (1,904 men, 1,758 women)

Excluded

- Cerebrovascular disease at baseline (n =24)

Figure 1. Flow diagram of participant inclusion and exclusion.

Measures

Participants in the KoGES were examined biannually by
trained interviewers using a questionnaire that included
participants’ demographic factors (age, marital status,
and employment), health behaviors (smoking, drinking,
and regular exercise), and comorbidities (hypertension,
diabetes, and hyperlipidemia). Anthropometric parameters
(height, body weight, and NC) were measured using
standard methods.

NC (cm) was measured using non-stretchable plastic tape
to the nearest 1 mm from the level just below the laryngeal
prominence perpendicular to the long axis of the neck with
the head positioned in the Frankfurt horizontal plane.

The variables included as covariates in this study were
demographic factors, health behaviors, comorbidities, and
BMI. Age was categorized into 3 groups: 40 to 49, 50 to 59, and
>60 years. Marital status was classified as never-married
and married (with the presence or absence of a spouse),
and employment was classified as a dichotomous variable
(yes/mo). Smoking and alcohol consumption status were
each classified into 3 categories: non-, former, and current.
Exercise habits were divided into 2 categories: none or
irregular (<1session/wk) and regular (=2 sessions/wk). One
session of exercise was defined as exercising for at least
30 minutes. Comorbidities were defined as the presence
or absence of hypertension, diabetes, and hyperlipidemia.
BMI was calculated as body weight (kg) divided by height
squared (m?).

Statistical Analysis

The participants’ baseline characteristics were analyzed
using the mean and standard deviation for continuous
variables and frequency and percentage for categorical
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variables. Differences among groups were analyzed using
an analysis of variance with the Scheffé post-hoc analysis
method for continuous variables and the chi-square test for
categorical variables. The cumulative rates of the incidence of
cerebrovascular disease were estimated using Kaplan-Meier
survival curves, and equality was compared using log-rank
tests. Cox proportional hazards analyzes were conducted to
estimate hazard ratios (HRs) and 95% confidence intervals
(CIs) for the association between NC and cerebrovascular
disease incidence over 12 years. Multivariate Cox proportional
hazards regression analysis was performed to identify
the association between NC and cerebrovascular disease
incidence after controlling for covariates (demographic
factors, health behaviors, comorbidities, and BMI) at baseline.
The analyses were performed using IBM SPSS ver. 25.0 (IBM
Corp., Armonk, NY, USA). For all tests, statistical significance
was setat p<0.05.

Ethics Statement

The Institutional Review Board of Pukyong National
University approved the study protocol (IRB No. 1041386-
201907-HR-29-01). The study protocol was also approved
by the Ethics Committee of KoGES at the Korean National
Institute of Health, and the study was performed in
accordance with approved guidelines.

Results

Of the total study population of 3,662 adults aged =40
years, 52.0% were man (n=1,904). The mean NC was
37.7+21cm, 32.9+1.8 cm, and 354 +31 cm in man, woman,
and the total study population, respectively. Participants’
mean age at study entry was 50.5+7.5 years for the total
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study population; and 50.1+7.3 and 50.9 7.8 years for
man and woman, respectively. The average proportion of
the population with spouses and the rate of employment
was higher for man. Man also had a higher proportion of
current smokers and drinkers. Woman was less likely than
man to exercise regularly. The total population’s average
BMI was 24.6 2.9 kg/m?, which was similar in man and
woman. Woman had a higher proportion of participants with
hyperlipidemia and hypertension, but that of diabetes was
lower (Table 1).

A thicker NC was found in woman who were older,
married, and unemployed, while in man, current drinkers
were found to have a thicker NC than those who did not
drink. The presence of chronic disease (hypertension,
diabetes, and hyperlipidemia) was associated with a thicker
NC in both man and woman (Table 2).

Over the follow-up period (0-12 years), 128 adults
developed cerebrovascular disease, including 69 men
and 59 women. The incidence was significantly higher in
man (3.5/1,000 person-years) than in woman (3.2/1,000
person-years). Table 3 demonstrates the incidence of
cerebrovascular disease rates over an average of 10.6+2.9

Table 1. Baseline characteristics of the study population

Neck circumference and cerebrovascular disease

years in man and woman, stratified by quartiles of NC.
As expected, a thicker NC was correlated with a higher
incidence of cerebrovascular disease in the total study
population. No significant differences in incidence were
found among man, but there were significant differences
between the thinnest and thickest NC groups in woman.
Table 4 provides the HRs, controlled for covariates, of
cerebrovascular disease incidence in association with NC
according to sex. The HRs of the incidence of cerebrovascular
disease in the thickest quartile group of NC (man, =391 cm;
woman, =34.0 cm) were consistently higher than those in
the thinnest NC group (man, <36.2 cm; woman, <315 cm).
Compared to the lowest quartile (i.e., the reference group),
the fully multivariate-adjusted HRs of the incidence of
cerebrovascular disease in the thickest NC group were 0.79
(95% CI, 0.30-2.07) for man and 4.71 (95% CI, 1.50-14.77) for
woman. Regarding the sex-related differences between
NC and risk of cerebrovascular disease occurrence, man
showed no statistically significant differences between
the quartiles; however, in woman, the higher quartiles
(Q3, 232.8 and <34.0 cm; Q4, 234.0 cm) had a higher
incidence of cerebrovascular disease than the reference

Characteristic Man (n=1,904)

Woman (n=1,758) Total (n=3,662)

Neck circumference (cm) 37.7+2.1
Age (y) 50.1+£7.3
Age groups (y)

40-49 1,125 (59.1)

50-59 509 (26.7)

260 270 (14.2)
Marital status

Never married 10 (0.5)

Married (spouse present) 1,848 (97.1)

Married (spouse absent) 46 (2.4)
Employment 1,684 (88.4)
Smoking

Non-smoker 415 (21.8)

Former smoker 749 (39.3)

Current smoker 740 (38.9)
Drinking

Non-drinker 314 (16.5)

Former drinker 149 (7.8)

Current drinker 1,441 (75.7)
Regular exercise 1,088 (57.1)
Body mass index (kg/m?) 245+2.7
Hypertension 243 (12.8)
Diabetes 171 (9.0)
Hyperlipidemia 23(1.2)

32.9+1.8 35.4+3.1
50.9+7.8 50.5+7.5
969 (55.1) 2,094 (57.2)
491 (27.9) 1,000 (27.3)
298 (17.0) 568 (15.5)
12 (0.7) 22 (0.6)
1,543 (87.8) 3,391 (92.6)
203 (11.5) 249 (6.8)
584 (33.2) 2,268 (61.9)
1,695 (96.4) 2,110 (57.6)
21(1.2) 770 (21.0)
42 (2.4) 782 (21.4)
1,114 (63.4) 1,428 (39.0)
37 (2.1) 186 (5.1)
607 (34.5) 2,048 (55.9)
979 (55.7) 2,067 (56.4)
24.6+3.1 24.6+2.9
233 (13.3) 476 (13.0)
91 (5.2) 262 (7.2)
41 (2.3) 64 (1.7)

Data are presented as mean t standard deviation or n (%).
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Table 3. Cerebrovascular disease incidence by quartiles of neck circumference by sex

Man Woman Total
Ngck idence Incidence rate Incidence Incidence rate Incidence Incidence rate
circumference  Total InCI(%) per1000py ol %) per1000py ol (%) per 1,000 p-y
Q1 451 14(3.1) 3.0 428 6(1.4) 1.3 909 20 (2.2) 2.0
Q2 493 11 (2.2) 2.1 448 11 (2.5) 2.3 906 39 (4.3) 4.0
Q3 477 20 (4.2) 4.1 448 21 (4.7) 4.4 923 23 (2.5) 2.4
Q4 483 24 (5.0) 48 434 21 (4.8) 46 924 46 (5.0) 438
Total 1,904 69 (3.6) 3.5 1,758 59 (3.4) 3.2 3662  128(3.5) 3.3

p-y, person-years; Q, quartile; Q1, lowest; Q2, low-middle; Q3, middle-high; Q4, highest.

Table 4. HRs of cerebrovascular disease incidence in relation to neck circumference over the 12-year study follow-up

Man Woman Total
Neck circumference
HR (95% CI) p HR (95% CI) p HR (95% CI) p
Q1 1 1 1
Q2 0.57 (0.25-1.31) 0.183 1.86 (0.66-5.20) 0.239 1.40 (0.78-2.52) 0.260
Q3 0.86 (0.38-1.96) 0.723 3.50 (1.25-9.86) 0.018 0.72 (0.34-1.52) 0.385
Q4 0.79 (0.30-2.07) 0.636 4.71 (1.50-14.77) 0.008 1.36 (0.58-3.18) 0.475

Model were adjusted for demographic factors (age, marital status, employment), health behaviors (smoking, drinking, regular exercise), body mass index,

and comorbidities (hypertension, diabetes, hyperlipidemia).

HR, hazard ratio; Cl, confidence interval; Q, quartile; Q1, lowest; Q2, low-middle; Q3, middle-high; Q4, highest.

group (Q1, <31.6 cm). The significance of the relationship
between NC and the incidence of cerebrovascular disease
was confirmed with additional multivariate-adjusted Cox
regression models. The Kaplan-Meier survival curves
presented in Figures 2 and 3 show the overall survival rate
of woman with a thinner NC; in man, Q2 of NC showed a
better overall survival rate.

Discussion

In this prospective survey study using community-based
cohort data, a thicker NC at study entry (i.e., baseline)
was significantly associated with a higher incidence of
cerebrovascular disease over the 12 years of follow-up
in Korean woman aged over 240 years. Furthermore,
the significance of this relationship between NC and
cerebrovascular disease incidence was stronger in woman
than in man, even after adjusting for the selected covariates.

Previous studies have shown a significant negative
correlation between NC and incident stroke in various
adult populations [26,27]. In a similar manner, the powerful
association found in our study was independent of age,
socioeconomic factors, health behaviors, and comorbidities.
While other studies concentrated on older adults (mean age
of 65 years) [27], our study population was younger, with an
average age of 50 years (range, 40-71years). Taken together,
these results present the anticipatory value of NC for future
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Figure 2. Kaplan-Meier survival curves stratified by neck
circumference quartiles for man.

incident cerebrovascular disease among middle-aged and
elderly adults.

This study demonstrated that there were differences in
the association between NC and cerebrovascular disease
incidence with respect to sex. The mean values of NC were
significantly different between man and woman (37.7 cm
and 32.9 cm, respectively). When comparing the incidence
rate of cerebrovascular diseases per 1,000 person-years,
man and woman had similar incidence rates (3.5 and 3.2,
respectively), but in man, the incidence did not increase
along with the NC quartile. These results were judged to
reflect the self-reports from the study participants without
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Figure 3. Kaplan-Meier survival curves stratified by neck
circumference quartiles for woman.

determining whether cerebrovascular disease occurred
through a standardized diagnostic process; therefore, it is
thought that disease incidence was underestimated. Thus,
additional studies are needed to accurately evaluate the
occurrence of cerebrovascular disease over time.

Only a few studies have examined the sex-specific
relationship between relevant factors; however, there
have been mixed findings [28,29]. Marrugat et al. [28]
estimated the incidence of cerebrovascular disease in the
Spanish population in 2002 and found that the cumulative
incidence of cerebrovascular disease per 100,000 people
was 218 for man and 127 for woman. In contrast, Ben-
Noun and Laor [29] reported a significant association
between NC and BMI, waist circumference, waist-to-hip
ratio, total cholesterol, low-density lipoprotein-cholesterol,
triglycerides, glucose, uric acid, and blood pressure, which
were found to be more relevant for woman than for man.
These factors are also positively associated with the onset
of cerebrovascular disease. Therefore, it can be predicted
that a higher NC in woman may increase their risk of
developing cerebrovascular diseases. By using population-
based data, the present study provides new information on
the association between NC and cerebrovascular disease in
the Korean population.

Similar to cerebrovascular disease, the incidence of
cardiovascular disease has also been reported to increase
rapidly after the age of 40, then proportionally with age, and
it also varies according to sex [13,27]. Woman in particular,
experience a variety of menopausal symptoms such as
reduced levels of female sex hormones, increased weight,
increased stress, and decreased physical activity after the
age of 45 [30]. In addition, as age increases, the prevalence
of various chronic diseases, including hypertension,
diabetes, and hyperlipidemia also increases; this leads to

https://doi.org/10.24171/j.phrp.2021.0277
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an increase in the incidence of cardiovascular disease and
mortality from coronary artery disease in older individuals
[1]. As a result, man is more likely than woman to develop
cardiovascular disease before they reach the age of 60, but
woman is more likely to develop cardiovascular disease
in their 60s or older, and woman is 2 times more likely
to develop cardiovascular disease than man in their 80s
or older [31]. Middle-aged woman is known to have an
increased quantity of internal fat due to menopause [32],
which leads to a concurrent increase in NC. As such, NC
should be carefully monitored in this population of woman.

Among various anthropometric measures, NC is an
indicator of the distribution of subcutaneous tissue in the
upper body, and it can be measured quickly and relatively
inexpensively [23]. In addition, because no special equipment
is required, it is easy and feasible to educate people visiting
public health centers or primary medical centers on how
to measure NC. The increasing evidence supporting the
relationship between NC and disease prediction suggests that
simply assessing and monitoring NC has great potential for
disease prevention in community-based settings. Moreover,
it is important that adults, children, and adolescents are
educated about NC and its related long-term health effects,
as this may motivate them to modify their health behaviors,
such as nutrition and physical activity. NC measurements
can serve as a practical screening assessment tool for
the early detection of individuals vulnerable to disease in
community-based health promotion initiatives.

The limitations of this study include the use of self-
reported data, particularly regarding health behaviors and
comorbidities. However, since these data were collected
from face-to-face interviews by trained interviewers, the
validity of the data was improved. Additionally, because
of the nature of nationwide population-based survey
studies, the measurements of the data were rather simple.
Nevertheless, the relationships of the baseline variables
with NC and cerebrovascular disease incidence shown in
this study are consistent with those of a previous study that
used other standardized instruments [8]. Furthermore, we
were not able to address other covariates, such as disease
severity. Due to the lack of specific data on the diagnosis
of diseases in this set of survey data, attention should be
paid to the broad interpretation of the association between
NC and the risk of developing cerebrovascular diseases.
Finally, since this study identified the association between
NC and cerebrovascular disease incidence by adjusting for
the age of adult woman, we suggest further studies should
investigate NC and the incidence of cerebrovascular disease
according to menopausal status in middle-aged woman.
The advantages of this study are its prospective study
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design with a relatively long follow-up period and the use
of population-based interview data with population rates
over the follow-up period. To the best of our knowledge,
this is the first study to explore the longitudinal and
independent relationship between NC and the incidence of
cerebrovascular disease in middle-aged and older Korean
adults, controlling for various covariates.

Conclusion

The results of this study showed that Korean adult woman with
a thicker NC had a higher risk of developing cerebrovascular
disease. This relationship was not influenced by age, socioeconomic
status, selected health behaviors, or comorbidities. Therefore,
the results we presented here may be meaningful for evaluating
and surveilling NC as a promising tool for identifying subgroups
of vulnerable and at-risk populations. To develop customized
interventions to reduce and maintain upper-body fat in Korean
adults, further research using a longitudinal assessment of
NC and follow-up research to track sex-specific differences is
warranted.
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