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BACKGROUND/OBJECTIVES: Neck circumference (NC) has been positively associated with visceral fat area (VFA) in cross-sectional
studies. This study aimed to evaluate the effects of NC changes on VFA in a Chinese community-based longitudinal cohort.
SUBJECTS/METHODS: Subjects recruited from Shanghai communities were followed up for 1.1–2.9 years. A total of 1421 subjects
(men 578, women 843) were included, aged 24–80 years, with an average age of 57.8 ± 7.1 years.
INTERVENTIONS/METHODS: Biochemical and anthropometric measurements, including NC, were obtained from all subjects. VFA
was assessed by magnetic resonance imaging. Abdominal obesity was defined as a VFA ≥ 80 cm2.
RESULTS: After a mean follow-up of 2.1 years, the NCs for men and women were 38.1 ± 2.3 cm and 33.8 ± 2.0 cm, respectively, and
the average value of VFA was 84.55 (59.83–113.50) cm2. After adjusting for age, sex, body mass index, smoking, history of drinking,
glycated hemoglobin, blood pressure and blood lipids, individuals who had gained a NC of more than 5% had 1.26 (95% CI:
1.05–1.49) times more visceral adipose tissue at follow-up than NC maintainers (NC change between –2.5% and 2.5%). In the non-
abdominal obesity group at baseline (n= 683), after adjusting for confounding factors, changes in NC were associated with
abdominal obesity (odd ratio 1.23, 95% CI: 1.09–1.39).
CONCLUSIONS: Changes in NC were positively associated with VFA in a Chinese community-based cohort, suggesting that NC
measurement is practical for assessing abdominal obesity.
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INTRODUCTION
Obesity has been a global public health concern in recent years
[1]. Body mass index (BMI) is a simple and convenient index for
evaluating the prevalence of obesity [2]. However, obesity defined
by BMI has significant heterogeneity, and individuals with similar
BMIs may have significantly different comorbidities and health
risks. Current studies have shown that the distribution of visceral
and ectopic fat plays an important role in cardiovascular metabolic
diseases [3, 4]. Computed tomography (CT) and magnetic
resonance imaging (MRI) are considered the gold standards for
assessing visceral fat area (VFA) [5, 6]. However, due to radiation
exposure, time requirements, and high costs, CT or MRI are
unsuitable for clinical routines, and a method to evaluate fat
distribution quickly and conveniently is still challenging.
As a simple anthropometric index for assessing upper body fat

accumulation, neck circumference (NC) measurement is simple
and minimally affected by breathing and diet, with an explicit
anatomical landmark, high repeatability, and low variability [7].
Our previous cross-sectional study indicated that the optimal cut-
off points for NC to estimate abdominal obesity evaluated by MRI
were 38.5 cm for men and 34.5 cm for women in Chinese

communities [8]. A prospective cohort study including 63
postmenopausal women in Japan found that the change in NC
was significantly positively correlated with waist circumference
(WC) and body fat after an average follow-up of 3 years [9].
Previous longitudinal studies have indicated that an elevated NC is
significantly associated with cardiovascular risk factors such as
type 2 diabetes, hypertension, and dyslipidaemia [10–12]. How-
ever, a cohort study of the changes in NC and VFA levels has not
been reported. The purpose of this study was to explore whether
changes in NC were related to VFA and abdominal obesity in a
Chinese community cohort in order to provide evidence for the
clinical application of NC to assess VFA and abdominal obesity.

MATERIALS AND METHODS
Study population
Subjects were enrolled from communities in Shanghai between 2013 and
2014. The collected data were derived from standardized questionnaires
and included information on current and previous illnesses, medications,
physical examinations, and biochemical measurements. We then con-
ducted a follow-up of the subjects from 2015 to 2016. The subjects were
followed up for 1.1–2.9 years with an average of 2.1 ± 0.2 years from 2015
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to 2016. We excluded subjects with malignant tumors, steroid hormone or
thyroid hormone treatment, abnormal thyroid function or previous
hyperthyroidism or hypothyroidism, and history of cardiovascular and
cerebrovascular diseases at baseline. A total of 1943 subjects had complete
baseline data [8]. Finally, after excluding the losses to follow-up and the
lack of follow-up VFAs, a total of 1421 subjects were included in this study.
This study was approved by the Ethics Committee of the Sixth People’s

Hospital Affiliated to Shanghai Jiao Tong university of medicine. All
subjects provided written informed consent before participation.

Biochemical measurements
Biochemical variables such as fasting blood glucose (FPG), fasting insulin
(FINS), total cholesterol, triglycerides (TG), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C),
C-reactive protein, alanine aminotransferase, alanine aminotransferase,
alkaline phosphatase, glutamyl transferase, creatinine, and glycated
hemoglobin (HbA1c) levels were determined from fasting blood samples
after an overnight fast using standard methods [8]. Thereafter, subjects
without diabetes underwent a 75-g oral glucose tolerance test, and those
with diabetes took the 100-g steamed bread meal test; the 2-h blood
glucose level was subsequently measured. The homeostasis model
assessment of insulin resistance (HOMA-IR) was as follows: HOMA-IR=
FINS (mU/l) × FPG (mmol/l)/22.5 [13].

Anthropometric measurement and visceral fat area
All anthropometric indices and biochemical measurements were collected
at baseline and during follow-up. Height, weight, WC, and resting blood
pressure were measured using standardized methods [8]. BMI was

calculated as weight (kg)/height2 (m2). NC was measured with the subject
standing and the head in the horizontal plane position. The measuring
tape was positioned around the inferior margin of the laryngeal
prominence and perpendicular to the long axis of the neck. The change
in NC (%) was calculated as (NC at follow-up− NC at baseline)/NC at
baseline × 100%.
The determination of VFA has been explained in previous studies [8],

briefly described as follows: visceral and subcutaneous adipose tissue areas
were assessed using a 3.0T clinical MRI scanner (Archiva; Philips Medical
System, Amsterdam, The Netherlands), which imaged the abdominal
region between the L4 and L5 vertebrae with the subject in the supine
position. Segmentation of the images in the VFA and subcutaneous fat
area (SFA) was carried out by the Slice-O-Matic image analysis software
version 4.2 (Tomovision Inc., Montreal, QC, Canada). Abdominal obesity
was defined as a VFA ≥ 80 cm2 [14].

Statistical analyses
Statistical analyses were performed using SPSS 20.0 (IBM Corp., Armonk,
NY, USA), and a two-tailed p < 0.05, was considered statistically
significant. All variables were tested for normality. Normally distributed
variables are represented as mean ± standard deviation, and skewed
distributed variables are represented by median and interquartile range.
A matched samples t-test was applied to compare the baseline and
follow-up of skewed distributed variables. The Wilcoxon rank-sum test
was used to compare skewed distributed variables between the baseline
and follow-up. We performed linear regression analyses to examine the
association of NC changes with VFA and SFA. Regression coefficients and
corresponding 95% confidence intervals (CI) were back-transformed and
expressed as ratios, which can be interpreted as relative changes in the
measure for abdominal adiposity, compared with that measure in the
reference category for NC change. A logistic regression analysis was
conducted to analyze the relationship between baseline NC changes and
abdominal obesity.

RESULTS
Clinical characteristics of study subjects
A total of 1421 subjects (men, 578; women, 843) were aged 24–80
years, with an average of 57.8 ± 7.1 years. The clinical character-
istics of the subjects at baseline and follow-up are shown in
Table 1. NCs in men and women were 38.2 ± 2.8 cm and 33.7 ±
2.4 cm, respectively. And the average value of VFA was 82.43
(58.27.83–113.10) cm2 at baseline. After a mean follow-up of 2.1
years, NCs in men and women were 38.1 ± 2.3 cm and 33.8 ±
2.0 cm, respectively, and the average value of VFA was 84.55
(59.83–113.50) cm2. Subjects had significantly higher VFA, FPG, 2-h
blood glucose, HbA1c, FINS, HOMA-IR, total cholesterol, and HDL-C
at follow-up (all p < 0.05). There were no significant differences in
BMI, NC, WC, SFA, SBP, DBP, TG, LDL-C, and C-reactive protein
between baseline and follow-up (all p > 0.05) (Table 1) .

Change of NC and VFA and SFA at follow-up
We categorized NC change as follows: < –2.5%, ≥ –2.5% to
<2.5%, ≥2.5% to <5% and ≥5%. The number of subjects in each
group were 406 (28.6%), 560 (39.4%), 329 (23.1%), and 126
(8.9%), respectively. The median VFAs of each group were 80.58,
88.5, 97.80 and 101.99 cm2 at follow-up, respectively, showing a
significant difference in each two groups (all p < 0.05), The
median SFAs were 168.69, 172.02, 170.66 and 177.34 cm2,
respectively, showing no difference between the groups (all
p > 0.05) (Fig. 1).
Linear regression was performed to assess the relationship

between NC change and VFA and SFA. NC maintainers (≥ –2.5% to
< 2.5%) were used as the reference group. In model 1, after
adjusting for sex and age, subjects who had an increased NC of
more than 5% showed 1.63 (95% CI: 1.24–1.82) times more visceral
adipose tissue than NC maintainers. In model 2, after further
adjusting for SBP, DBP, HbA1c, HOMA-IR, TG, HDL-C and LDL-C at
baseline, subjects who had an increased NC of more than 5%
showed 1.42 (95% CI: 1.22–1.60) times more visceral adipose tissue

Table 1. Clinical characteristics of subjects at baseline and follow-up.

Characteristics Baseline Follow up

Age (years) 57.8 ± 7.1 59.9 ± 7.1

BMI (kg/m2) 24.2 ± 3.2 24.4 ± 3.3

NC (cm) Men 38.1 ± 2.3 38.2 ± 2.8

Women 33.8 ± 2.0 33.7 ± 2.4

WC (cm) Men 87.8 ± 8.9 88.1 ± 8.8

Women 81.9 ± 8.8 82.0 ± 8.9

VFA (cm2) 82.43 (58.27–113.10) 84.55 (59.83–113.50)**

SFA (cm2) 175.33 (133.71–219.72) 174.75 (133.40–221.65)

SBP (mmHg) 133 ± 18 133 ± 18

DBP (mmHg) 80 ± 11 79 ± 10

FPG (mmol/l) 5.3 (4.9–5.8) 5.8 (5.4–6.5)**

2hPG (mmol/l) 7.3 (5.9–9.4) 7.6 (6.1–9.9)**

HbA1c (%) 5.6 (5.4–5.9) 5.8 (5.5–6.1)**

FINS (uU/ml) 8.1 (5.8–11.7) 9.0 (6.5–13.2)**

HOMA-IR 2.0 (1.3–3.0) 2.4 (1.7–3.7)**

TC (mmol/l) 5.1 ± 0.9 5.4 ± 0.9**

TG (mmol/l) 1.4 (0.9–1.9) 1.5 (1.0–2.1)

HDL-C (mmol/l) 1.3 (1.1–1.6) 1.5 (1.0–2.1)**

LDL-C (mmol/l) 3.2 ± 0.8 3.3 ± 0.9

CRP (mg/l) 0.89 (0.46–1.74) 0.84 (0.46–1.62)

Abdominal
obesity, n(%)

785 (55.2%) 848 (59.6%)

Continuous variables are expressed as means ± standard deviation or
medians with interquartile range. Categorical variables are expressed as
numbers with percentages.
BMI body mass index, SFA subcutaneous fat area, VFA visceral fat area, NC
neck circumference, WC waist circumference, SBP systolic blood pressure,
DBP diastolic blood pressure, FPG fasting plasma glucose, 2hPG 2-h plasma
glucose, FINS fasting insulin, HbA1c glycated hemoglobin A1c, HOMA-IR
homeostasis model assessment-insulin resistance index, TC total choles-
terol, TG triglyceride, HDL-C high-density lipoprotein cholesterol, LDL-C low-
density lipoprotein cholesterol.
**p < 0.05.
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than NC maintainers. In model 3, after further adjusting for
baseline BMI and WC, subjects who had and increased NC of more
than 5% showed 1.26 (95% CI: 1.05–1.49) times more visceral
adipose tissue than NC maintainers. After adjusting for all
confounding variables, there was no significant difference of
SFA in each NC change group (all p > 0.05) (Table 2). Moreover, we
stratified subjects into group aged ≥65 years and group aged <65
years to explore influence of age on fat distribution and
accumulation. The results were consistent with those of all
subjects (Supplementary Table 1).

Change of NC and abdominal obesity
Abdominal obesity was defined as a VFA ≥ 80 cm2. Logistic
regression was used to explore the relationship between changes
in NC and abdominal obesity in non-abdominal obesity subjects at
baseline (n= 683). Using follow-up abdominal obesity as a
dependent and independent variable, after adjusting for age, sex,
BMI, WC, SBP, DBP, HbA1c, TG, HDL-C and LDL-C at baseline, the
change of NC (%) was significantly positively correlated with follow-
up abdominal obesity (OR: 1.23, 95% CI: 1.09–1.39). As NC increased
by 5%, the risk of abdominal obesity increased by 36% (OR: 1.36,
95% CI: 1.19–1.68). After stratification by sex, BMI, WC, and age, the
change in NC (%) was significantly positively correlated with follow-
up abdominal obesity in each group (all p > 0.05) (Fig. 2).

DISCUSSION
This cohort study indicated that subjects with an increased NC
of more than 5% had 1.26 times more visceral adipose tissue
than NC maintainers. In subjects with non-abdominal obesity,
changes in NC (%) were also closely related to abdominal
obesity. With a 5% increase in NC, the risk of abdominal obesity
increased by 36%.
Concerning the global obesity pandemic, abdominal obesity or

excessive intra-abdominal fat is regarded as the main influencing
factor of metabolic abnormalities [14–17]. Numerous cohort
studies have shown that VFA, rather than SFA, is closely related
to diabetes and cardiovascular events [18, 19]. The increase in VFA
is significantly positively correlated with an increased risk of
hypertension and dyslipidaemia [20, 21]. Due to racial disparity,
there are differences in the VFA cut-offs for assessing abdominal
obesity among different races [14, 22]. Our previous cross-
sectional study determined VFA by MRI in 1104 community
residents and found that VFA ≥ 80 cm2 in the Chinese population
was the cut-off point for metabolic syndrome and abdominal
obesity [14]. The measurement of body fat distribution by MRI or
CT is limited by ionizing radiation, time requirements, and high
cost. It is not suitable for routine clinical practice in the general
population. Therefore, it is urgent to detect a convenient and
reliable simple index to evaluate abdominal obesity.

Fig. 1 VFA and SFA at follow-up. VFA (A) and SFA (B) according NC change (%) group (NC change groups are categorized as follows: < –2.5%,
≥ –2.5% to < 2.5%, ≥ 2.5% to < 5% and ≥ 5%) at follow-up. Results are presented as median and interquartile range. The median VFAs (A)
showed a significant difference in each two groups (all P < 0.05) while the median SFAs (B) showed no difference between the groups
(all P > 0.05).

Table 2. Ratios with 95% confidence intervals in measures of VFA and SFA at follow-up by categories of neck circumference change compared with
neck circumference maintenance.

Characteristics neck circumference change categories

<–2.5% ≥ –2.5% to <2.5% ≥2.5% to <5% ≥5%

Ratio 95% CI Reference Ratio 95% CI Ratio 95% CI

VFA at follow-up

Model 1 0.91 0.86–0.97 1 1.28 1.08–1.54 1.63 1.24–1.82

Model 2 0.94 0.90–0.99 1 1.26 1.12–1.45 1.42 1.22–1.60

Model 3 0.97 0.94–1.03 1 1.10 1.03–1.25 1.26 1.05–1.49

SFA at follow-up

Model 1 0.96 0.91–1.02 1 1.14 0.95–1.19 1.14 1.02–1.29

Model 2 0.95 0.91–1.01 1 1.05 0.98–1.09 1.08 1.00–1.17

Model 3 1.02 0.98–1.06 1 1.03 0.99–1.07 1.07 0.96–1.12

Model 1 was adjusted for age and sex. Model 2 was adjusted for model 1+ SBP, DBP, HbA1c, HOMA-IR, TG, HDL-C and LDL-C at baseline. Model 3 was adjusted
for model 2+ BMI and WC at baseline.
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In recent years, with the deepening understanding of
anthropometric indicators, NC has been considered to reflect
the accumulation of upper body fat [23]. Recently, a Spanish
study including 139 adults, aged 18–25 years, accurately
evaluated neck fat and abdominal fat tissues using positron
emission tomography/CT [24]. It was found that neck fat, such as
abdominal fat, was not only significantly correlated with
cardiovascular risk factors (blood pressure, blood glucose, blood
lipid), but also with cytokines such as interleukin-7, leptin, and
adiponectin, suggesting that neck fat and abdominal fat may
have similar effects [24]. A prospective cohort study of 63
postmenopausal women in Japan determined that changes in NC
were closely related to changes in WC and body fat. Moreover,
change in NC was also significantly positively related to the
change in pulse wave conduction velocity [9]. Although NC has
not been widely used in clinical practice for metabolic diseases,
an increasing number of cohort studies have shown that NC can
predict the occurrence and development of metabolic diseases,
such as metabolic syndrome, diabetes, cardiovascular disease,
and fatty liver [10–12, 25].
Various cross-sectional studies have explored the relationship

between NC and abdominal obesity. This cross-sectional study
assessed VFA by MRI in 1943 community residents and found that
there was an independent positive correlation between NC and
VFA, demonstrating that NC was an effective simple anthropo-
metric indicator reflecting the degree of abdominal obesity and
metabolic abnormalities [8]. Another study of 3182 patients with
type 2 diabetes in China found that NC was positively correlated
with WC and BMI. Similarly, NC was also significantly associated
with abdominal obesity, as defined by WC [10]. In addition, a
cross-sectional study of 2234 community residents from South
Korea and another with 499 South Africans and Caucasians also
confirmed a significant correlation between NC and abdominal
obesity [26, 27]. A Dutch study involved 2399 subjects (mean age
57 years) who were asked to recall their weight at the age of 20
years, demonstrated that subjects who gained more than 50% of
their body weight showed a 1.96 times increase of VFA and 2.39
times increase of hepatic TG content than weight maintainers [28].
In this study, we investigated the relationship between NC, a
simple anthropometric index, and abdominal obesity in a cohort
study. NC maintainers (≥2.5% to <2.5%) were set as the reference
group, and we found that subjects who had a NC increase of more
than 5% showed 1.26 times more visceral adipose tissue than NC
maintainers. In subjects with non-abdominal obesity, changes in
NC were also closely related to abdominal obesity.
This study had several limitations. Similar to most epidemiolo-

gical studies, there may have been selection bias. This was a

single-center study, which only included a communities Shanghai,
and the fat distribution is different in other regions and races.
Therefore, further studies based on various regions and races are
needed to verify our results. Additionally, aging or other disease
may influence cervical spine vertebrae and thin muscles, thus
affecting the measurement of NC. The result will be more
convincing if we excluded other factors affecting the measure-
ment of NC by imaging examination.
In conclusion, this cohort study of Chinese communities

revealed a significant positive correlation between a change in
NC (%) and an increase in VFA, suggesting that NC can be a
supplementary index for the evaluation of abdominal obesity in
clinical practice.

DATA AVAILABILITY
The data used to support the findings of this study are available from the
corresponding author upon request.
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