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Abstract

Background/objective Neck circumference (NC) is associated with metabolic abnormalities, independent of other obesity indi-
ces. However, data are limited regarding the potential relation between NC and serum uric acid (UA) concentrations. Therefore,
we evaluated the cross-sectional association between NC and UA concentration, and odds of having hyperuricemia in a
community-based cohort.

Subjects and methods The current study included 87,782 participants (16,317 women and 71,465 men, 52.2 + 14.1 y) of the
Kailuan Study. NC and UA concentration were measured in 2014. We used generalized linear model to investigate the associ-
ation between NC and serum UA concentration and logistic regression model to investigate the association between NC and
likelihood of having hyperuricemia (>7 mg/dl in men and > 6 mg/dl in women), adjusting for demographic factor, anthropo-
metric indices, plasma lipid profiles, blood glucose, blood pressure, physical exercise, snoring, smoking, diet quality, and alcohol
consumption.

Results Higher NC was associated with higher serum UA concentration, and higher odds of hyperuricemia in both men and
women after adjusting for potential confounders (both p < 0.001). Each additional 5-cm increase in NC was associated with 6%
higher likelihood of having hyperuricemia (adjusted OR =1.06; 95% CI 1.02, 1.1) in men and 17% in women (adjusted OR =

1.17; 95% CI 1.06, 1.28) (p interaction = 0.01). Similar pattern was observed after excluding participants who reported use of
anti-hypertensive drugs, participants with obesity or higher waist circumference, and participants with history of gout and chronic
kidney diseases.

Conclusions Higher NC was associated with higher serum UA concentration and higher risk of hyperuricemia in Chinese adult

population.
Clinical trial number Kailuan Study (ChiCTR-TNRC-11001489)
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Introduction

A national-wide study reported that the prevalence of hyper-
uricemia was 13.7% in urban and 12.3% in rural areas in
China [1]. Although most of hyperuricemia is asymptomatic,
it is associated with multiple health outcomes, such as gout,
kidney stone, and chronic kidney diseases [2]. It is thus im-
portant to understand potential risk factors for hyperuricemia,
which could help to subsequently lower the risk of these
hyperuricemia-related chronic diseases.

Neck circumference (NC) is a simple, convenient anthro-
pometric parameter, which was associated with risk of insulin
resistance, type 2 diabetes [3], obstructive sleep apnea [4],
non-fatal cardiovascular events [5], and metabolic syndrome
[6], independent of conventional obesity indices such as body
mass index (BMI) and waist circumference. The association
between NC and metabolic components could be explained
by the increase of upper body adiposity tissues and its related
oxidative stress and insulin resistance [7]. The increase of
airway pressure and hypoxia caused by fat deposition in the
neck exacerbated oxidative status and insulin resistance [8].
NC is accepted by US army to evaluate soldiers’ health; how-
ever, it is rarely measured in both clinical practice and epide-
miology studies. Further, data are limited regarding the asso-
ciation between NC and hyperuricemia, which strongly relates
to metabolic disorder. Recently, two cross-sectional studies
reported that individuals with greater NC were more likely
to have hyperuricemia [9, 10]. However, these studies were
limited by failure to adjust for important confounders such as
body mass index (BMI) and waist circumference [10], or
small sample size (n=177) [9].

Therefore, we aimed to evaluate the association between
NC and serum UA concentration, and the likelihood of having
hyperuricemia in a cross-sectional study including approxi-
mately 82,000 Chinese adults. Potential confounders such as
demographic factors, BMI, waist circumference, dietary in-
take, alcohol consumption, blood pressure, physical exercise,
snoring, smoking, kidney function, lipid profiles, chronic in-
flammation status, presence of major chronic diseases, and use
of anti-hypertensive drugs were adjusted.

Materials and methods
Study population

The Kailuan Study I and II were two ongoing prospective
cohort studies of cardiovascular, cerebrovascular, and related
disease risk factors based on the Kailuan community popula-
tion living in Tangshan city [11]. There are 11 hospitals re-
sponsible for the health care of the Kailuan community.
Standard protocols for all the measurements were designed
in advance. All the evaluators were physicians and nurses
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who worked in these hospitals and they were trained for 3 days
before they participated in the measurement. Both studies
were followed with the same questionnaires and clinical and
laboratory examinations. All the participants signed informed
consent (including publishing the research materials).

In the current study, we included 87,782 participants
(16,317 women and 71,465 men, mean age 52.2+14.1 y
who actively participated in the 2014 survey and had complet-
ed the data on NC and UA concentration which were collected
in 2014. The flow chart is presented in Fig. 1. The study was
approved by the Ethics Committee of the Kailuan General
Hospital (No. ChiCTR-TNRC-11001489).

NC measurement

In the 2014 survey, NC was measured at the upper margin of
the laryngeal prominence and recorded to the nearest 0.1 cm,
using an inelastic tape with the subject standing upright, the
face directed forward, and shoulders relaxed [12]. NC was
measured twice and the average was used for the current
study. The value of skewness and kurtosis for neck circumfer-
ence was — 1.207 and 6.573, respectively.

Serum UA concentration assessment

Blood samples were collected from the antecubital vein in the
morning after an overnight fast (> 8 h). Serum UA concentra-
tions were measured using an oxidase method by the Hitachi
7600 automatic biochemical analyzer at the central laboratory
in the Kailuan General Hospital, as described previously [3,
13]. The coefficient of variations of serum UA assessment was
<6.0% for both within and between groups. Hyperuricemia
was defined as >7 mg/dl (416 umol/L) in men and > 6 mg/dl
(357 umol/L) in women [14].

Assessment of potential confounders

Height and body weight were measured during the interview
and BMI was calculated as weight in kilograms divided by
squared height in meters. Waist circumference was measured
at the horizontal position of the ribs and the anterior superior
iliac spine edge of the midpoint with the smallest circumfer-
ence at the end of respiration at the standing position. Blood
pressure was measured twice or more after participants were
seated quietly for at least 5 min. The average of two determi-
nations was used for further analysis. Hypertension was de-
fined as systolic blood pressure of > 140 mmHg, or diastolic
blood pressure of >90 mmHg, or a history of physician-
diagnosed hypertension, or use of anti-hypertensive drugs
[15]. Biochemical parameters, including fasting blood glu-
cose, triglyceride, high-sensitivity C-reactive protein, high-
density lipoprotein cholesterol, and low-density lipoprotein
cholesterol, were measured using an auto-analyzer (Hitachi
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Fig. 1 Sample recruitment

Kailuan Cohort study I: 100,510 Chinese adults
Kailuan Cohort study II: 35,856 Chinese adults

Missing data

Exclusion

eBMI<I18.5 kg/m?: 7,493
eMalignant tumor: 5,408

eNeck circumference: 9,585
oUric acid: 5,971
oBMI: 5,282

747, Hitachi, Tokyo, Japan), as described elsewhere [16—18].
Diabetes was diagnosed as fasting blood glucose of > 126 mg/
dl, history of physician-diagnosed diabetes or taking glucose-
lowering medication, impaired fasting glucose as fasting
blood glucose of 100-125 mg/dl, and normal as fasting blood
glucose of < 100 mg/dl [19]. The estimated glomerular filtra-
tion rate (eGFR) was calculated using the Chronic Kidney
Disease Epidemiology Collaboration 2-level race equation
[20].

Data on demographic variables (e.g., age, sex, and educa-
tion level), smoking, snoring, and physical exercise were col-
lected via questionnaires, as described previously [21]. The
history of myocardial infarction and stroke was confirmed
via review of medical records [17, 22]. Self-report gout was
collected via a questionnaire.

Dietary intake data were collected with a semi-quantitative
validated food frequency questionnaire [23]. A diet quality
score was calculated based on the consumption of fruits/veg-
etables, fish, sodium, sweets/sugar-sweetened beverages, and
whole grains [24]. Alcohol consumption was calculated in
grams per day by multiplying the average frequency (times
per day) by the usual consumption amount of each beverage
and its average ethanol content, as described previously [16].

Statistical analyses

We preformed all statistical analyses by using SAS version 9.4
(SAS Institute, Inc., Cary, NC). Formal hypothesis testing was
two-sided with a significant level of 0.05. Because there were
dramatic differences in NC and uric acid (UA) concentration
between men and women [12, 25] and significant interaction
between sex and NC, in relation to uric acid concentration (p
interaction = 0.01), sex-specific results were present in this
report.

We used generalized linear model to investigate the asso-
ciation between NC and serum UA concentration and logistic
regression model to investigate the association between NC
and risk of hyperuricemia. Potential confounders were

eFasting blood glucose: 4,033
oDid not participate the 2014 survey: 10,812

87,782 remained
eMen: 71,465
eWomen: 16,317

adjusted in the final model, which included age (y), education
level (< middle school or > high school), current smoking
(“yes” or “no”), alcohol consumption (g/day), dietary quality
score, BMI (kg/mz), waist circumference (cm), systolic blood
pressure (mmHg), diastolic blood pressure (mmHg), high-
sensitivity C-reactive protein (mg/dl), fasting blood glucose
(mmol/L), total cholesterol (mmol/L), triglyceride (mmol/L),
high-density lipoprotein cholesterol (mmol/L), low-density li-
poprotein cholesterol (mmol/L), eGFR (ml/min/1 73m?), reg-
ular physical exercise (“yes” or “no”), snoring (never, < 1
time/week, 1-5 times/week, > 6 times/week, or unknown),
and history of myocardial infarction and stroke (“yes” or “no”
for each).

To test the robustness of the results obtained from the main
analysis, we conducted several sensitivity analyses by exclud-
ing participants who reported use of anti-hypertensive drugs
because they could have effects on serum UA concentration
[26], or participants with self-report snoring, obesity (BMI>
28 kg/m?), central obesity (waist circumference >85 c¢m in
men and >80 cm in women), gout, or eGFR< 60 ml/min/
1.73 m>.

Results

Mean age was 52.0 = 14.4 y and mean NC was 38.8 £3.5 cm
in men, and 53.4+£12.6 y and 36.4+ 3.6 cm, respectively, in
women. Sex-specified basic characteristics, according to NC
status, were shown in Table 1.

Higher NC was associated with higher serum UA concen-
tration in both men and women after adjusting potential con-
founders including demographic factors, diet, physical exer-
cise, snoring, smoking, alcohol consumption, BMI, waist cir-
cumference, blood pressure, and blood biochemical factors
(Table 2). Each additional 5-cm increase in NC was associated
with an increase of 1.5 £0.6 umol/L in serum UA concentra-
tion in men and 3.7+ 0.9 pmol/L in women (both p <0.001,
Table 2).
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Table 2 Adjusted means and
standard deviation of serum uric Sex Quartiles of neck circumference Each 5-cm p trend
acid across quartiles of neck (p increase
circumference in 87,782 Chinese interaction = 0.02) Q1 Q2 Q3 Q4
adult populations
Men Sample 19,338 19,320 14,536 18,271 - -
size
Model 1 333+0.7 344+0.7 352+0.8 352+£0.7 82+04 <0.001
Model 2 356+3.7 363+3.7 367+3.7 370+£3.7 5.0+0.6 <0.001
Model 3 358+3.6 363+3.6 364+3.7 363+£3.6 1.5+0.6 0.009
Women Sample 4859 2924 4979 3555 - -
size
Model 1 262+1.0 27313 276+1.0 285+12 85+0.7 <0.001
Model 2 277+8.0 281+8.1 288+80 295+8.0 6.6+0.9 <0.001
Model 3 277+8.0 280+8.0 285+79 288+79 3.7+£09 <0.001

Adjusting age (y) in model 1. Adjusting age (y), high-sensitivity C-reactive protein (mg/dl), systolic blood
pressure (mmHg), diastolic blood pressure (mmHg), fasting blood glucose (mmol/L), total cholesterol
(mmol/L), triglyceride (mmol/L), high-density lipoprotein cholesterol (mmol/L), low-density lipoprotein choles-
terol (mmol/L), dietary quality score, EGFR (ml/min/1.73m?), smoking (“yes” or “no”), alcohol consumption

(g/day), physical exercise (“yes” or

“no”), snoring (never, <1 time/week, 1-5 times/week, > 6 times/week,

unknown), myocardial infarction (“yes” or “no”), stroke (“yes” or “no”), education (<middle school or>high
school) in model 2. Adjusting variables in model 2 and BMI (kg/m2 ) and waist circumference (cm) in model 3. —

means not applicable

Higher NC was also associated with higher risk of hyper-
uricemia in fully adjusted model in both men and women
(Table 3). Each additional 5-cm increase in NC was associated
with 6% higher likelihood of having hyperuricemia (OR =
1.06; 95% CI 1.02, 1.1) in men and 17% in women (OR =
1.17; 95% CI 1.06, 1.28) (Table 3).

Sensitivity analyses showed similar pattern with the main
analysis after excluding participants who reported use of anti-
hypertensive drugs; participants with snoring, hypertension,
diabetes, obesity, and higher waist circumference; and partic-
ipants with history of gout or eGFR < 60 ml/min/1.73 m?
(Supplementary Tables 1-2).

The association between NC and UA was more pro-
nounced in younger participants and participants with higher
alcohol consumption, relative to their counter parts (p interac-
tion < 0.01 for both) (Tables 4 and 5) in both men and women.

Discussions

In this large-scale community-based study, we observed that
higher NC was associated with higher serum UA concentra-
tion, and higher odds of having hyperuricemia in both men
and women, after adjusting potential confounders including
demographic factors, diet, physical exercise, snoring, smoke,
alcohol consumption, BMI, waist circumference, blood pres-
sure, and blood biochemical parameters. Strengths of the cur-
rent study included larger sample size and adjustment for a
wide range of potential confounders.

Overall, data regarding the association between NC and
hyperuricemia were limited. Only two cross-sectional studies

evaluated the association between NC and uric acid, or odds
of having hyperuricemia [9, 10]. In a study including 8971
Chinese adult (5604 women and 3309 men), participants in
the highest NC quartile group had higher likelihood of having
hyperuricemia (adjusted OR was 2.61 in men and 3.27 in
women; p<0.001 for both) compared with participants in
the lowest NC quartile group [9]. Similar significant results
were observed in a small hospital-based study (= 177) [10].
However, in these two studies, residual confounding was of
concern. They did not adjust for BMI and waist circumfer-
ence, which are well-established risk factors for hyperurice-
mia and are strongly associated with NC status. Of note, these
two studies and the current study are all conducted among
Chinese adults. Further studies are warranted to replicate our
findings in different ethnicity groups.

Our results showed that the association between NC
and hyperuricemia remained significant even after
adjusting for BMI (for total body fat) and waist circum-
ference (for abdominal visceral fat), suggesting that upper
body fat, as estimated by NC, may have a unique role in
the pathology of hyperuricemia. Higher neck circumfer-
ence was associated with insulin resistance [27] and high
risk of T2 diabetes [28] after adjusting for both visceral
adiposity tissue and BMI. Insulin resistance was strongly
correlated with serum uric acid concentration, indepen-
dent of age, sex, overall obesity, and abdominal obesity
(r=0.57, P<0.01) [29]. Insulin resistance could subse-
quently decrease the excretion of uric acid through in-
crease of proximal tubular sodium reabsorption [30].
Other pathways could be also involved. For example,
the impact of larger NC on UA status could also be due
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Table 3 Adjusted odd ratios and 95% confidence interval for risk of hyperuricemia, across quartiles of neck circumference in 81,567 Chinese adult

population

Sex (p interaction = 0.02) Quartiles of neck circumference Each 5-cm increase  p trend

Ql Q2 Q3 Q4

Men Case number 3133 3641 3092 4014 - -
Model 1 I (Ref) 1.21(1.14,1.27) 143(1.35,1.52) 1.42(1.35,1.5) 1.21(1.18,1.24) <0.001
Model 2 1 (Ref) 1.12(1.04,1.21) 1.29(1.19,14) 1.38(1.28,1.48) 1.15(1.11,1.2) <0.001
Model 3 1 Ref) 1.05(097,1.13) 1.14(1.05,1.24)  1.12(1.04,1.21) 1.06 (1.02, 1.1) 0.004

Women Case number 416 318 592 531 - -
Model 1 1 Ref) 1.29(1.1,1.5) 1.45(1.27,1.65) 1.8(1.57,2.07) 1.33(1.24,1.42) <0.001
Model 2 1 (Ref) 1.1(0.88, 1.38) 1.37(1.14,1.64) 1.73(1.43,2.09) 1.3(1.19,1.43) <0.001
Model 3 1 Ref) 1.04(0.83,1.31) 1.23(1.02,1.48) 1.34(1.1,1.64) 1.17 (1.06, 1.28) 0.002

Adjusting age (y) in model 1. Adjusting age (y), high-sensitivity C-reactive protein (mg/dl), systolic blood pressure (mmHg), diastolic blood pressure
(mmHg), fasting blood glucose (mmol/L), total cholesterol (mmol/L), triglyceride (mmol/L), high-density lipoprotein cholesterol (mmol/L), low-density
lipoprotein cholesterol (mmol/L), dietary quality score, EGFR (ml/min/1.73m?), smoking (“yes” or “no”), alcohol consumption (g/day), physical
exercise (“yes” or “no”), snoring (never, < 1 time/week, 1-5 times/week, > 6 times/week, unknown), myocardial infarction (“yes” or “no”), stroke
(“yes” or “no”), education (Smiddle school or > high school) in model 2. Adjusting variables in model 2 and BMI (kg/m2 ) and waist circumference (cm)

in model 3. — means not applicable

to the release of free fatty acids from upper body adipos-
ity tissue [31]. High levels of plasma free fatty acids are
associated with oxidative stress and insulin resistance
[32]. Another pathway might lie in excess neck subcuta-
neous fat deposition, which could press the airway and
leading to hypoxia. Hypoxia, in turn, is associated with
oxidative stress and insulin resistance [33].

Alternately, greater NC could be a marker for presence of
obstructive sleep apnea (OSA). A retrospective study found
that larger NC (>43.2 cm for men and >36.8 cm for women)
associated 2.52-fold of OSA in men and 3.13-fold in women
[34]. NC was reported to be the only marker associated with
all cardiometabolic risk markers, including homeostasis as-
sessment model and apnea-hypopnea index in 305 women

with an average BMI of 44.2 kg/m? [35], and including NC
in the predictive model was better than BMI to explain apnea-
hypopnea index variability in 115 women with morbidity obe-
sity [36]. OSA has been reported to be associated with high
UA concentrations. For example, in a cross-sectional study
including 1021 adults (mean age 42.5+0.5 y), UA is associ-
ated with not only OSA itself, but with related risk factors for
OSA, such as triglycerides, systolic blood pressure, and BMI
[37]. The potential mechanism may lie in that hypoxia, caused
by OSA, leads to activation of xanthine oxidase, an enzyme
that plays a mechanistic role in both oxidative stress and pro-
duction of UA. However, in the current study, significant NC-
UA relationship persisted after we excluded participants with
snoring (a surrogate of OSA), indicating that higher NC could

Table 4  Adjusted means and standard deviation of serum uric acid concentration across quartiles of neck circumference in 71,465 Chinese men,

stratified by age and alcohol consumption

Variables Group Quartiles of neck circumference Each 5-cm increase  p trend p interaction
Ql Q2 Q3 Q4
(<37 cm) 37- (39— (>41 cm)
39 cm) 41 cm)
Age <60y 368+064 374 £ 6.3 375+ 6.4 374 + 6.4 2.1+£08 0.006  <0.001
>60y 341+45 341 £ 4.5 342 £ 4.5 333 £4.5 -1.1+09 0.22
Alcohol consumption ~ No 358 +3.8 359 +39 361 £3.9 359 +39 -04+0.6 0.6 <0.001
Yes 352 +£10.3 365+ 102 371 £10.3 370 £ 10.2 80+1.2 <0.001

Adjusting age (y), high-sensitivity C-reactive protein (mg/dl), systolic blood pressure (mmHg), diastolic blood pressure (mmHg), fasting blood glucose
(mmol/L), total cholesterol (mmol/L), triglyceride (mmol/L), high-density lipoprotein cholesterol (mmol/L), low-density lipoprotein cholesterol
(mmol/L), dietary quality score, EGFR (ml/min/1.73m?), smoking (“yes” or “no”), alcohol consumption (g/day), physical exercise (“yes” or “no™),
snoring (never, < 1 time/week, 1-5 times/week, > 6 times/week, unknown), myocardial infarction (“yes” or “no”), stroke (“yes” or “no”), education
(<middle school or > high school), BMI (kg,/m2 ), and waist circumference (cm). Overall, the results were based on model 3
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Table 5
stratified by age and alcohol consumption

Adjusted means and standard deviation of serum uric acid concentration across quartiles of neck circumference in 16,317 Chinese women,

Variables Group  Quartiles of neck circumference Each 5-cm increase ~ p trend  p interaction
Ql Q2 Q3 Q4
(<35 cm) 35~ 37— (>38.2 cm)
37 cm) 38.2 cm)
Age <60y 260+122 266+ 12.1 268 £ 12.1 274 £12.1 43+12 <0.001  <0.001
>60y 294 +11.5 284 +11.7 296 £ 11.5 294 £ 11.5 00=£15 0.9
Alcohol consumption ~ No 279 £79 281 £ 8.0 286 £ 7.9 288 £ 7.9 28+09 0.002 0.002
Yes 246 £39.6 244 +£40.1 260 + 39.6 271 +39.2 19.7+ 5.8 <0.001

Adjusting age (y), high-sensitivity C-reactive protein (mg/dl), systolic blood pressure (mmHg), diastolic blood pressure (mmHg), fasting blood glucose
(mmol/L), total cholesterol (mmol/L), triglyceride (mmol/L), high-density lipoprotein cholesterol (mmol/L), low-density lipoprotein cholesterol
(mmol/L), dietary quality score, EGFR (ml/min/1.73m?), smoke (“yes” or “no™), alcohol consumption (g/day), physical exercise (“yes” or “no”),

snoring (never, < 1 time/week, 1-5 times/week, > 6 times/week, unknown), myocardial infarction (“yes” or “no”), stroke (“yes” or

“no”), education

(<middle school or>high school), BMI (kg/m2 ), and waist circumference (cm). Overall, the results were based on model 3

be a risk factor for hyperuricemia, independent of OSA status.
It is worth noting that we are aware that snoring is not a perfect
measure for OSA status, and we cannot exclude the possibility
of misclassification.

We also observed significant interactions between sex, age,
and alcohol consumption with NC in relation to UA concen-
trations in both men and women (all p <0.01). Similar gender
difference was observed in previous studies regarding NC and
UA [12, 25]. Consistently, the association between UA and
metabolic diseases appeared to be stronger in women than that
in men. For example, in a cross-sectional study including 696
men and 521 women, the presence of hyperuricemia was sig-
nificantly associated with high cardio-ankle vascular index in
women but not in men [38]. In another cohort study based on
NHANES 1 epidemiologic follow-up study, the association
between higher UA concentrations and higher cardiovascular
mortality was more pronounced in women, relative to men
[39]. Interestingly, we also found that younger adults (<
60 y) had a greater association between NC and UA relative
to older counterparts (>60 y). In a cross-sectional study in
45,098 Korea adults, significant association between UA
and blood pressure and hyperuricemia was only evident in
younger participants (<60 y vs. > 60 y) [40]. However, the
exact mechanism remains unknown to data. Alcohol con-
sumption is a well-established risk factor for hyperuricemia
and gout [41-43]. Whether the observed significant interac-
tion between NC and alcohol, in relation to UA status, is due
to chance or reflects certain underlying mechanisms needs be
investigated in future studies.

Our study had some limitations. Because of its cross-
sectional study design, we could not detect the temporal rela-
tionship between NC and UA. Further, information on gout, a
chronic condition strongly associated with UA status, was
collected via self-report, which would introduce

misclassification. We did not collect information on use of
allopurinol and other medicines which are used to reduce
UA concentration. However, after excluding participants with
gout or chronic kidney disease, or those used antihyperten-
sives, which could also impact UA status, we observed similar
results. Finally, we did not do an intra-and inter-rater reliabil-
ity study of the evaluators for assessment of neck circumfer-
ence and other related factors, thus might cause variance of the
data. Longitudinal studies are warranted to examine which
higher NC is a risk factor for developing hyperuricemia and
relevant diseases, such as gout.

Conclusions

Higher NC was associated with higher serum UA concentra-
tion and higher risk of hyperuricemia in Chinese adults.
Integration of NC with traditional anthropometrical parame-
ters such as BMI and waist circumference in obesity manage-
ment could helpful to identify those who are in high risk of
excess fat deposition, OSA, metabolic syndrome, and insulin
resistance [12, 44, 45].
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