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Abstract

Background and Aim

Previous studies have indicated that neck circumference is a valuable predictor for obesity
and metabolic syndrome, but little evidence is available for fatty liver disease. We examined
the association of neck circumference with fatty liver disease and evaluated its predictive
value in Chinese adults.

Methods

This cross-sectional study comprised 4053 participants (1617 women and 2436 men,
aged 20-88) recruited from the Health Examination Center in Guangzhou, China between
May 2009 and April 2010. Anthropometric measurements were taken, abdominal ultraso-
nography was conducted and blood biochemical parameters were measured. Covariance,
logistic regression and receiver operating characteristic curve analyses were employed.

Results

The mean neck circumference was greater in subjects with fatty liver disease than those with-
out the disease in both women and men after adjusting for age (P<0.001). Logistic regression
analysis showed that the age-adjusted ORs (95% Cl) of fatty liver disease for quartile 4

(vs. quartile 1) of neck circumference were 7.70 (4.95-11.99) for women and 12.42 (9.22-
16.74) for men. After further adjusting for other anthropometric indices, both individually and
combined, the corresponding ORs remained significant (all P-trends<0.05) but were attenu-
ated to 1.94-2.53 for women and 1.45-2.08 for men. An additive interaction existed between
neck circumference and the other anthropometric measures (all P<0.05). A high neck circum-
ference value was associated with a much greater prevalence of fatty liver disease in partici-
pants with both high and normal BMI, waist circumference and waist-to-hip ratio values.
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Conclusions

Neck circumference was an independent predictor for fatty liver disease and provided an
additional contribution when applied with other anthropometric measures.

Introduction

Fatty liver disease (FLD), defined as an excess accumulation of fat in hepatocytes, includes non-
alcoholic fatty liver disease, alcoholic fatty liver disease, and steatosis related to other etiologies.
In the US, more than 1/3 of adults have FLD [1]. It is estimated that 15% of adults have FLD in
mainland China, of whom 90% appeared to have non-alcoholic FLD [2,3]. Non-alcoholic FLD,
in particular, has become one of the major global public health challenges because it increases
the risk of liver cirrhosis, metabolic syndrome (MetS), Type 2 diabetes mellitus [4] and
cardiovascular diseases [5]. Early diagnosis and management would effectively improve its
prognosis [6-9].

The “gold standard” method for FLD diagnosis is liver biopsy. Imaging methods and serum
transaminases detection are also widely used. However, these methods require special instru-
ments, and liver biopsy is invasive. In addition, the use of transaminases might result in miss-
ing a large number of non-alcoholic FLD cases owing to their low sensitivity. [10] Therefore,
the use of transaminases is not encouraged by International guidelines [11,12]. Simpler and
more feasible tools such as anthropometric indices are necessary for screening for FLD in
large populations.

It is estimated that nearly 76% of obesity cases are accompanied by FLD [13]. A large num-
ber of studies have demonstrated that many simple anthropometric measurements such as
body mass index (BMI), waist circumference (WC), waist-to-hip ratio (WHR) [14] and subcu-
taneous adipose tissue thickness [15] are good predictors of non-alcoholic FLD. Central obesity
indices (e.g., WC, WHR) have performed better than general obesity measures (e.g., BMI)
[14,16]. Cheung et al. [17] reported that of the anthropometric indices, dorsocervical lipohy-
pertrophy was the measurement most strongly associated with the severity of steatohepatitis.
Neck circumference (NC), a measurement of upper-body subcutaneous fat, has been proposed
as a quicker, more reliable and easier-to-apply anthropometric marker of central obesity [18].
Several studies have illustrated that NC can predict MetS [19] and cardio-metabolic risk factors
[20]. However, to the best of our knowledge, few studies have assessed the association between
NC and FLD. A liver biopsy study found that NC was the only index among various obesity
measures that differed between patients with and without steatosis among 283 HIV/HCV-co-
infected patients [21]. Due to the limited evidence available, the NC-FLD association and the
predictive value of NC for FLD have largely remained unclear. No study has addressed
whether NC has additional value beyond the traditional anthropometric measurements in
predicting FLD.

The aim of the present study was to examine the association between NC and FLD and to
evaluate its predictive value for FLD in a large population of Chinese adults.

Methods
Study Participants

This cross-sectional study recruited a total of 4771 subjects who attended a regular health
checkup at the Health Examination Center of the First Affiliated Hospital of Sun Yat-sen
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University (Guangzhou, South China) between May 2009 and April 2010. We excluded indi-
viduals with the following characteristics: a history of malignancy or thyroid diseases (n = 36),
weight-controlling efforts (n = 48), current treatment for hypertension, diabetes or dyslipide-
mia (486), and a lack of liver ultrasound data (n = 148). Ultimately, 4053 subjects (2436 men
and 1617 women between 20 and 88 years of age) were included in this study. The study was
approved by the Ethics Committee of the First Affiliated Hospital of Sun Yat-sen University.
Written informed consent was obtained from all participants.

Measurements

Clinical and anthropometric data. Individual information was collected using medical history
questionnaires, anthropometric indicators, biochemical indices from overnight fasting blood
samples and abdominal ultrasound. Well-trained physicians obtained all anthropometric mea-
surements from participants after they fasted for one night. The subjects stood upright, facing
forward with their shoulders relaxed. Height and weight were measured with the subjects bare-
foot and wearing only undergarments using a portable stadiometer (Holtain, Crymmych,
Wales) accurate to 0.1 cm and a digital scale (Hanson, Watford, Hertforshire, England) accu-
rate to 0.1 kg. Neck circumference was measured as previously described [22], accurate to

0.5 mm. The top edge of a plastic tape was placed just below the laryngeal prominence and per-
pendicular to the longitudinal axis of the neck, with the head positioned in the Frankfort hori-
zontal plane. WC was measured at the midpoint between the lowest rib and the iliac crest,
within 1 mm. Hip circumference (HC) was measured at the widest point, within 1 mm. Body
mass index (BMI) was calculated as the weight in kilograms divided by the square of the height
in meters (kg/m®). WHR ratios were calculated by dividing WC by HC. Blood pressure was
measured twice on the upper right arm, with the participant in a sitting position, after 15 min-
utes of rest, with a calibrated sphygmomanometer (Hawksley, WA Baum Co, USA), and the
average measurement was recorded.

Overweight was defined as a BMI 224 kg/m” for both genders [23]. Central obesity was de-
fined as a WC=Z80 cm in women and 290 cm in men or as a WHR=Z0.85 in women and 20.90
in men [24,25]. Diabetes was defined as fasting plasma glucose (FPG) levels >7.0 mmol/L [26]
or a self-reported history of diabetes confirmed by the doctor(s).

Biochemical tests. Blood samples were collected and analyzed in the biochemistry laborato-
ry of the hospital. Serum total cholesterol and triglycerides were analyzed using enzymatic col-
orimetric tests. Serum high density lipoprotein cholesterol was measured using the elective
inhibition method. A homogeneous enzymatic calorimetric test was used to measure low den-
sity lipoprotein cholesterol (Advial650 Autoanalyzer, Byer Diagnostics Leverkusen Germany).
Apolipoproteins A, B and E were measured by immunoturbidimetric assays. Serum alanine
transaminase (ALT), aspartate transaminase (AST) and y-glutamyl transpeptidase (GGT) were
measured using an automated analyzer (Technicon Sequential Multiple Analyzer; Technicon
Instruments Corporation, Tarrytown, NY).

Abdominal ultrasound and diagnosis of FLD. Real-time ultrasonography of the upper ab-
dominal organs was performed for each participant by two experienced physicians using a
scanner (X200, Toshiba Corporation, Japan). The physicians performing the ultrasonography
were blinded to the clinical and laboratory results.

FLD was diagnosed and semi-quantitated according to Graif’s criteria [27], which was later
adopted by the Chinese Society of Hepatology [28], based on abdominal ultrasonic findings
combined with the patients’ medical histories, clinical symptoms and laboratory results. The
ultrasonic diagnosis was defined as follows: 1) diffuse enhancement of the near-field echo in
the hepatic region (stronger than in the kidney and spleen regions) and gradual attenuation of
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the far-field echo; 2) unclear display of intra-hepatic lacuna structures; 3) mild to moderate he-
patomegaly with a round and blunt border; 4) color Doppler ultrasonography showing a reduc-
tion of the blood flow signal in the liver or a difficult-to-display signal with a normal
distribution of blood flow; and 5) unclear or non-intact display of the envelope of the right
liver lobe and diaphragm. A mild degree of fatty liver was diagnosed based on the first criterion
and any one of items 2-4, a moderate degree of fatty liver was diagnosed based on the first cri-
terion and any two of the subsequent items (2-4), and a severe degree of fatty liver was diag-
nosed based on the presence of items 1 and 5 and any two of items 2-4.

Statistical analysis

Statistical analysis was carried out using SPSS version 19.0 (SPSS Inc., Chicago, IL, USA). All
data were analyzed and reported by gender. We tested the normality of the continuous vari-
ables and normalized the skewed variables (ALT, AST and GGT) using logarithmic transfor-
mation. The normalized variables were used for subsequent analyses. Continuous data were
reported as the mean + standard deviation (SD) or the median/interquartile range, according
to the normal distribution status. For categorical data, frequencies and percentages were re-
ported. Mean differences between the FLD and non-FLD groups were tested using analysis of
covariance after adjusting for age. Proportion differences were tested using the Wald chi-
square test. Participants were classified into quartiles (Q1-Q4), with QI as the reference. Multi-
variate logistic regression analysis was used to calculate odds ratios (ORs) and 95% confidence
intervals (CI) for FLD according to the NC quartiles after adjusting for age and BMI and WC
and WHR, both independently and combined. Receiver operating characteristic curve analysis
was employed to determine the area under the curves (AUCs) of NC in relation to FLD and its
optimal sex-specific cut-off value. The additive interaction between NC and other anthropo-
metric measurements was evaluated using logistic regression analysis, as suggested by
Rothman et al. [29,30], with 3 indices: the relative excess risk due to interaction (RERI), the at-
tributable proportion due to interaction (AP) and the synergy index with 95% CI. If there was
no additive interaction, the 95% CI of RERI and AP included 0, whereas that of a synergistic
index contained 1. All tests were 2-sided, and a P-value of <0.05 was considered

statistically significant.

Results

The study sample comprised 2436 men and 1617 women with a mean age of 45.3£12.1 years.
Among the participants, 790 (32.4%) men and 263 (16.3%) women had FLD. The participants’
characteristics by FLD status are shown in Table 1. The average age of the participants with
FLD (vs. non-FLD) was higher for women (P<0.001) but not for men. The participants with
FLD also had higher NC values (P<0.001) and other anthropometric measures (body weight,
WC, HC, BMI and WHR) (all P<0.001); greater values for blood pressure, fasting blood glu-
cose, blood uric acid, total cholesterol, triglycerides, apolipoprotein B, apolipoprotein E and
low density lipoprotein cholesterol, as well as ALT, AST and GGT (P<0.001), and lower high
density lipoprotein cholesterol (all P<0.001) were obtained in both men and women compared
with the participants without FLD. Consistently, a higher proportion of the FLD participants
had diabetes, overweight and central obesity than in the non-FLD participants of both genders
(all P<0.001).

Logistic regression analysis showed a strong positive association between NC and FLD in
both men and women after adjusting for age (both P-trends <0.001). The OR (95% CI) of FLD
for Q4 (vs. Q1) of NC was 7.70 (4.95-11.99) for women and 12.42 (9.22-16.74) for men. After
further adjusting for BMI and WG, both independently and combined, the corresponding ORs
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Table 1. Characteristics of subjects with (FLD) and without (non-FLD) FLD (age-adjusted) (n = 4053).

Women(n = 1617)

Men(n = 2436)

Variables FLD (n =263) non-FLD (n = 1354) FLD (n =790) non-FLD (n =1646)
Continuous data Mean SD Mean SD P! Mean SD Mean SD p!
Age, years 51.0 10.0 43.5 11.3 <0.001 46.0 11.1 45.6 13.1 0.492
Height, cm 158.0 5.5 158.2 5.4 0.015 169.7 5.7 169.3 5.9 0.080
Weight, kg 63.16 9.06 55.42 7.37 <0.001 76.31 9.17 67.35 8.86 <0.001
Neck circumference, cm 34.15 2.40 32.13 2.05 <0.001 38.79 2.36 36.72 2.23 <0.001
Waist circumference, cm 8429 852 74.72 8.11 <0.001 9223 7.16 83.66 7.99 <0.001
Hip circumference, cm 96.80 6.42 92.08 5.59 <0.001 99.66 5.52 95.00 5.45 <0.001
Body mass index, kg/m? 2529 324 22.15 2.78 <0.001 26.47 2.61 238.47 2.65 <0.001
Waist/hip ratio 0.87 0.06 0.81 0.06 <0.001 0.93 0.05 0.88 0.05 <0.001
Systolic blood pressure, nrmHg  130.7 19.5 116.3 17.3 <0.001 129.6 16.1 122.8 15.9 <0.001
Diastolic blood pressure, mmHg  78.4 10.8 71.6 10.3 <0.001 82.0 11.7 76.4 11.0 <0.001
Triglycerides, mmol/L 1.79 1.19 1.14 0.83 <0.001 2.41 1.64 1.51 1.08 <0.001
Total cholesterol, mmol/L 5.90 1.15 5.43 1.05 <0.001 5.82 1.19 5.47 1.02 <0.001
High density lipoprotein, mmol/L  1.37 0.33 1.55 0.38 <0.001 1.15 0.28 1.29 0.38 <0.001
Low density lipoprotein, mmol/L  3.65 0.98 3.27 0.92 0.004 3.61 0.99 3.46 0.95 <0.001
Fasting blood glucose, mmol/L 5.32 1.22 4.81 0.62 <0.001 5.36 1.47 4.94 1.02 <0.001
Blood uric acid, pmol/L 2722 794 215.0 64.2 <0.001 359.0 85.7 314.0 74.8 <0.001
Apolipoprotein A, g/L 1.31 0.33 1.39 0.40 0.002 1.17 0.36 1.20 0.29 0.073
Apolipoprotein B, g/L 0.99 0.23 0.87 0.23 <0.001 1.00 0.24 0.93 0.30 <0.001
Apolipoprotein E, g/L 47.26 14.66 42.28 12.38 <0.001 48.87 16.40 40.69 12.64 <0.001
Aspartate transaminase®, U/L 22.0 (20.0-27.0) 20.0 (17.0-22.0) <0.001 26.0 (22.0-33.0) 22.0 (22.0-26.0) <0.001
Alanine transaminase®, U/L 21.0 (15.0-31.0) 15.0 (11.0-19.0) <0.001 34.0 (23.0-48.0) 21.0 (16.0-28.0) <0.001
y-glutamyl transpeptidase®, UL 24.0 (18.0-34.5) 17.0 (13.0-22.0) <0.001 44.0 (30.8-65.0) 27.0 (20.0-39.0) <0.001
Categorical data n % n % p? n % n % p?
Diabetes® 20 7.60 27 1.99 <0.001 83 10.51 59 3.58 <0.001
Overweight® 172 65.40 301 22.23 <0.001 668 84.56 695 42.22 <0.001
Central obesity® 190 72.24 331 24.45 <0.001 480 60.76 369 22.42 <0.001

P': Covariance analysis adjusted for age

P2 Wald chi-square test adjusted for age

: Median (percentile 25, 75). Logarithmic transformation before analysis

: Overweight was defined as a BMI =24 kg/m? for both genders.
: Central obesity was defined as a waist circumference (WC)=80 cm in women and =90 cm in men.

3
“: Diabetes was defined as fasting plasma glucose (FPG) levels >7.0 mmol/L or by a self-reported history of diabetes confirmed by the doctor(s).
5
6

doi:10.1371/journal.pone.0118071.t001

were attenuated to 1.94-2.53 (all P-trends<0.001) in women and 1.45-2.08 (all P-trends<0.05)
in men. The NC-FLD association remained significant even when the analysis was adjusted for
BMI, WC and WHR. The OR (95% CI) was 2.09 (1.20-3.63) for women and 1.65 (1.11-2.45)
for men (Table 2).
The receiver operating characteristic curve analysis of NC for FLD was performed. The
AUCGCs (95% CI) were 0.744 (0.711-0.777) and 0.744 (0.723-0.764) in women and men, respec-
tively. An NC cutoff point of 34 cm in women and 38 cm in men had the optimal sensitivity
and specificity to predict subjects with FLD. The sensitivity and specificity were 0.62 and 0.77

in women and 0.66 and 0.71 in men, respectively.
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Table 2. Odds ratios of FLD by quartiles of neck circumference.

FLD Model 1 Model 2 Model 3 Model 4 Model 5

n (%) (Age-adjusted) (Model 1+BMI) (Model 1+WC) (Model 1+ BMI+WC) (Model 1+BMI+WC+WHR)
Women
Q1 28 (6.7) 1.00 1.00 1.00 1.00 1.00
(27.0-31.0)
Q2 32(9.8) 1.67 (0.98-2.85) 1.10 (0.64-1.92) 1.08 (0.62—1.88) 1.01 (0.58-1.76) 1.03 (0.59-1.79)
(31.1-32.2)
Qs 63 2.58 (1.60—4.13)** 1.32 (0.79-2.19) 1.25 (0.75-2.09) 1.13 (0.67-1.90) 1.17 (0.70-1.96)
(32.3-33.8)  (15.0)
Q4 140 7.70 (4.95-11.99) ** 253 (1.50-4.27) **  2.29 (1.34-3.93)*  1.94 (1.12-3.36) * 2.09 (1.20-3.63) *
(33.9-41.5) (36.7)
P-trend <0.001 <0.001 <0.001 0.007 0.003
Men
Q1 72 1.00 1.00 1.00 1.00 1.00
(28.5-35.8) (11.4)
Q2 133 2.23 (1.63-3.05) ** 1.06 (0.76—1.48) 1.12 (0.80-1.57) 0.95 (0.68-1.34) 0.99 (0. 70-1.40)
(35.9-37.3) (22.3)
Q3 237 4.58 (3.42-6.14) ** 1.49 (1.07-2.07) * 1.48 (1.06-2.06) * 1.19 (0.84-1.67) 1.29 (0.92-1.83)
(37.4-39.0)  (37.0)
Q4 348 12.42 (9.22-16.74) ** 2.04 (1.40-2.97) **  2.08 (1.43-3.03) 1.45 (0.98-2.15) 1.65 (1.11-2.45) *
(39.1-50.1)  (61.5) **
P-trend <0.001 <0.001 <0.001 0.015 0.002

Model 1: adjusted for age;

Model 2: adjusted for age and BMI;

Model 3: adjusted for age and WC;

Model 4: adjusted for age, BMI and WC;
Model 5: adjusted for age, BMI, WC and WHR.
*: p<0.05 compared with Q1;

*%: p<0.001 compared with Q1.

doi:10.1371/journal.pone.0118071.t002

We further examined the combined effects between NC (<34/38 vs. >34/38 cm, women/

men) and BMI (<24 vs. >24 kg/m?), WC (<80/90 vs. >80/90 cm, women/men) or WHR
(<0.85/0.90 vs. >0.85/0.90, women/men) in predicting FLD using a stratified analysis (Fig. 1).
In the participants with high NC values, the ORs (95% CI) of FLD for the group with high
BMI, WC or WHR were 9.24 (6.52-13.08), 10.32 (7.17-14.83) and 9.31 (6.31-13.74) in women
and 11.40 (8.89-14.62), 8.85 (7.09-11.05) and 12.13 (9.36-15.73) in men, respectively, which
were much greater than those of 2.79-3.98 (women) and 4.04-4.76 (men) in the participants
with low NC values. A high NC value was associated with a significantly greater risk of FLD,
even in participants with a normal BMI, WC or WHR. The additive interaction of NC and
other anthropometric measures on FLD was evaluated. The RERI (95% CI) of NC vs. BMI,
WC or WHR was 5.12 (2.27-7.97), 5.19 (2.00-8.38), and 3.46 (0.38-6.55) in women and 5.60
(3.36-7.83), 2.83 (0.84-4.81), and 4.05 (1.63-6.47) in men, respectively. The AP values (95%
CI) were 0.55 (0.36-0.75), 0.50 (0.30-0.71), and 0.37 (0.12-0.62) in women and 0.49 (0.36-
0.62), 0.32 (0.13-0.51), and 0.33 (0.18-0.49) in men. The synergy indexes (95% CI) were 2.64
(1.52-4.59), 2.26 (1.37-3.71), and 1.72 (1.08-2.73) in women and 2.17 (1.59-2.96), 1.56 (1.13—
2.16), and 1.57 (1.21-2.03) in men, respectively. These indicated an additive interaction be-
tween NC and other anthropometric measures.
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Figure 1. Age adjusted ORs of FLD according to joint classification of NC and other anthropometric measures

Fig 1. Age-adjusted ORs of FLD according to joint classification of NC and other anthropometric measures.

doi:10.1371/journal.pone.0118071.9001

Discussion

In this large cross-sectional study of urban residents in southern China, we investigated the as-
sociation between NC and FLD and its predictive value for FLD. NC was significantly associat-
ed with the prevalence of FLD, as diagnosed by abdominal ultrasound, and had an
independent predictive value after adjusting for age, BMI, WC and WHR. NC had synergistic
value in predicting FLD when combined with BMI, WC and WHR.

In the present study, we confirmed the independent contribution of NC for FLD beyond
other anthropometric measures (BMI, WC and WHR) in women and men. The close associa-
tions between the traditional anthropometric measures of BMI, WC and WHR and MetS, car-
diovascular diseases [31] and fatty liver disease [32] are well established. Several recent studies
have shown that neck circumference was a simple and feasible anthropometric marker of
upper-body fat deposits [33]. Many other studies have also found independent associations be-
tween NC and risk factors of metabolic syndrome and cardiovascular disease. A cross-sectional
study from Turkey that enrolled 1912 middle-aged and elderly adults demonstrated that NC
had a greater value than BMI and WC regarding the association with MetS and its components
[18]. The results of the Framingham Heart Study [34] indicated that NC was independently as-
sociated with cardiovascular disease risk factors beyond visceral adipose tissue and BMI. The
same result of a positive association between NC and MetS risk factors was also observed in the
Brazilian Metabolic Syndrome Study [19]. In this study, we found that the risk of having FLD
in the highest (vs. the lowest) quartile was increased by 109% (95% CI: 20%-263%) in women
and 65% (95% CI: 11%-145%) in men after adjusting for age, BMI, WC and WHR. To the best
of our knowledge, this is the first study to demonstrate the independent NC-FLD association
and its additional predictive value in a general population.
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Previous research has tried to assess the combined impact of two or more physical indica-
tors on the risk of adiposity-related disease but generated inconsistent findings. Iwao et al. [35]
observed that WC only modestly added to BMI in the prediction of cardiovascular disease risk
factors in younger subjects and added little predictive value in older subjects (n = 1941). A pro-
spective study of 4107 men aged 60-79 [36] suggested that the combination of WC and mid-
arm muscle circumference provided the best estimation of the total mortality risk in the elderly.
Importantly, a significant synergistic effect between NC and visceral adipose tissue on cardio-
metabolic risk factors was noted in the Framingham Heart Study [37]. However, waist indices,
including WG, the waist-to-height ratio or WHR, did not enhance the prediction of hyperten-
sion on the basis of BMI in a cross-sectional study of 7,336 Chinese adults [38]. Consistent
with previous findings, we first reported a significant synergistic effect between NC and BMI,
WC or WHR on FLD. The findings of our study and previous studies [37] suggest that the
combination of NC and other obesity indices would be helpful to better predict FLD and, possi-
bly, other cardiovascular diseases risk factors.

NC was independently correlated with FLD in this study and with cardiometabolic risk fac-
tors beyond other adiposity measures in previous reports [20,37]. The potential mechanism
might be related to upper-body fat [39,40], which could be estimated by the NC [34,37]. Upper-
body obesity causes metabolic abnormalities, including increased circulating free fatty acids
(FFAs) [41]. The excess FFAs may contribute to the development of FLD by (1) contributing to
triglyceride formation and storage in the liver, as Donnelly et al. [42] reported that 59% of he-
patic fat is derived from circulating FFAs, with lesser contributions from de novo lipogenesis
(26%) and diet (15%), (2) inducing insulin resistance, which is thought to be related to the first
“hit” in the multistep pathogenesis of non-alcoholic fatty liver disease, or (3) increasing oxida-
tive stress, thereby triggering the inflammatory response and progressive liver damage. Stojilj-
kovic et al. [43] reported that an acute increase in plasma lipids increased the concentration of
the oxidative stress biomarker F2-isoprostanes and raised the possibility of the cardiovascular
risk factor cluster. These observations might explain the mechanism by which an increased
neck circumference independently increases the risk of developing fatty liver disease. (Fig. 2)

We identified optimal NC cutoffs of >34 cm in women and >38 ¢cm in men for the predic-
tion of FLD via receiver operating characteristic curve analysis. The cutoffs were similar to
those for MetS classification (women: 33 cm; men: 37 cm) reported in our previous article [20].
FLD and MetS share a common pathogenesis, including adverse metabolic profiles such as in-
sulin resistance, dyslipidemia and systematic inflammation, and many studies have explored
their correlation. Our research added evidence to support FLD as the hepatic manifestation of
MetS. Consistent with our findings, similar NC cutoffs were obtained for the prediction of dia-
betes in elderly residents in Eastern China (women: 35 cm; men: 38 cm) [44], as well asin a
Turkish population (women: 35 cm; men: 39 cm), for the prediction of MetS [18]. These results
suggested NC cutoffs for the prediction of FLD and cardiovascular disease risk factors. Further
longitudinal studies are needed to validate the NC cutoffs.

One of the limitations of our study is the cross-sectional design, which might limit the causal
inference. Next, our results might not be fully applicable to other racial or ethnic groups or pop-
ulations in which the prevalence of FLD is much lower. In addition, our study sample was from
a population receiving health check-ups. There was limited information for us to perform addi-
tional stratified analysis to adjust for the influence of alcoholic consumption, viral hepatitis,
smoking status, the degree of physical activity and fasting insulin levels. We could not exclude
the potential confounding bias caused by these factors. However, alcoholic fatty liver disease is
unlikely to affect the NC-FLD association substantially considering that 1) non-alcoholic fatty
liver disease currently accounts for the majority of FLD in China [2], 2) there is a correlation be-
tween alcoholic fatty liver disease and adiposity because alcoholics tend to have a high-calorie
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Fig 2. Mechanisms linking a hypertrophic neck with the development of fatty liver disease.
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diet pattern, which may lead to a higher risk of obesity [45], and 3) the indistinguishable spec-
trum of the histological features of both alcoholic fatty liver disease and non-alcoholic fatty liver
disease suggests a possible convergence of pathogenic mechanisms between the two conditions
[46]. Therefore, we believed that it was valuable to examine the association between NC and
FLD without distinguishing between alcoholic and non-alcoholic fatty liver disease. Finally, we
could not compare the validity of NC with that of abdominal visceral adipose tissue due to the
lack of a direct and more accurate measure.

In conclusion, NC was greater in FLD subjects than in non-FLD subjects and was indepen-
dently associated with the prevalence of FLD. NC is a valuable predictor of FLD, especially
when applied with other anthropometric measures
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