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among the general population of Korea.

tors associated with hyperuricemia.

95% CI 0.96-1.12).

Abstract \
/Background: Neck circumference (NC) measurement has been recently developed as a simple and time-saving

anthropometric method for predicting cardiovascular risk. Asymptomatic hyperuricemia is known as one of the
cardiovascular risk factors. This study investigated the association between NC and asymptomatic hyperuricemia

Methods: This cross-sectional study examined data from 7,629 participants in the 2019-2020 Korea National
Health and Nutrition Examination Sutvey. Multivariable logistic regression analysis was used to identify the fac-

Results: Approximately 10% of participants corresponded to hyperuricemia group who were likely to be male,
have more comorbidities, poorer habits, and larger NC. Multivatiable regression analysis revealed that NC was

significantly associated with hyperuricemia in women (OR 1.17; 95% CI 1.06-1.30), but not in men (OR 1.04;

Conclusion: A large NC is independently correlated with hyperuricemia among Korean women.

Qrwords: Anthropometric measurement; Central obesity; Hyperuricemia; Neck circumference /

Introduction

Uric acid is the product of purine metabolism,
and approximately two-thirds of serum uric acid
is excreted by the kidneys. An imbalance of uric
acid metabolism results in major public health
problems. Although hyperuricemia is usually
asymptomatic, it is a well-known risk factor for
gout, kidney stones, and chronic kidney disease
(1). Recent research has examined an emerging

relationship between serum uric acid levels and
several metabolic disorders, such as hypertension,
type 2 diabetes, coronary artery disease, and
stroke (2). Therefore, studies on uric acid levels
and early detection of asymptomatic hyperurice-
mia are important for targeted control and pre-
vention of chronic diseases.
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Central obesity, a key component of metabolic
syndrome, notably affects serum uric acid levels.
In previous studies, several obesity indicators
(e.g., body mass index [BMI], waist circumfer-
ence, and waist-to-height ratio) have been inves-
tigated as potential predictors of hyperuricemia
(3). Meanwhile, neck circumference (NC) meas-
urement has been recently developed as a simple
and timesaving anthropometric method for pre-
dicting cardiovascular risk (4). Only a few studies
have evaluated the relationship between hyperu-
ricemia and NC; however, their populations have
consisted only of female individuals or specific
populations (5), or included patients with overt
gout (6, 7).

Therefore, we aimed to determine the relation-
ship between asymptomatic hyperuricemia and
NC in the general population.

Methods

Design and participants

This cross-sectional study used data from the
2019-2020 Korea National Health Examination
and Nutrition Examination Survey
(KNHANES), performed annually using multi-
stage probability samples. A three-stage sample
design is used. Firstly, the primary sample units
(PSUs) are selected from a sampling frame of all
consensus blocks or resident registration address-
es. And then, all dwelling units in the PSU are
listed and 20 households are selected through the
field survey for household screening. The final
stage of selection occurs in the household, where
all members = 1 yr old are selected to participate.
Approximately 10,000 persons are sampled in
total per year. Detailed information about
KNHANES has been previously published (8). A
total of 15,469 individuals participated in the
2019-2020 KNHANES. Of these participants,
the present study included those who were aged
40 yr or older, as this was the only age group sub-
jected to NC measurement (n=9,296). We ex-
cluded participants with missing NC measure-
ments or serum uric acid levels (n=641) as well as
those who were diagnosed with gout, myocardial
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infarction, stroke, chronic kidney disease, or ab-
normal kidney function (serum creatinine level >
1.2 mg/dL) (n=1,026). Finally, 7,629 subjects
were included in the analysis.

Measurements

NC was measured using a flexible tape (Lufkin
W606pm; Lufkin Industries, Inc., Missouri City,
TX, USA) with an accuracy of = 0.1 cm. Trained
staff measured NC under each subject’s Adam’s
apple with their neck upright, head parallel to the
Frankfort plane, and arms naturally lowered. NC
was measured twice for each individual, and av-
erage values are presented. The KNHANES op-
erates a quality control program to eliminate,
control, and measure various errors. In particular,
to reduce measurement errors, the following
strategies are employed: periodic staff training
and field procedure monitoring by outside ex-
perts; certification of examiners; use of a stand-
ardized environment; calibration of equipment
on a regular basis, and comparison of findings
over time.

Demographic and clinical data included age, sex,
monthly income, BMI, comorbidities (i.e., obesi-
ty, hypertension, and type 2 diabetes), and health-
related habits (i.e., smoking status, drinking hab-
its, and regular aerobic exercise). Low income
was defined as income less than median house-
hold income, and individuals who drank more
than twice per week were considered frequent
drinkers. Regular aerobic exercise was defined as
>2.5 h per week of moderate-intensity activities,
>1.5 h per week of high-intensity activities, or a
combination of both. Laboratory results, includ-
ing serum creatinine and uric acid levels, were
also collected.

Statistical analyses

Data are presented as mean and standard devia-
tion (SD) for continuous variables and absolute
numbers and percentages for categorical varia-
bles. Subject characteristics were analyzed ac-
cording to uric acid levels through the t-test or
Chi-square test. Hyperuricemia was defined as
setum uric acid = 7 mg/dL in men and = 6
mg/dL in women (9). Multivariable logistic re-
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gression analysis was used to calculate the odds
ratios (ORs) and 95% confidence intervals (Cls)
for hyperuricemia. P-values less than 0.05 were
considered to indicate statistically significant dif-
ferences. All statistical analyses were performed
using Stata/MP version 17.0 (StataCotp., College
Station, TX, USA).

Ethics approval: The study was approved by the
Institutional Review Board of Gachon University
Gil Medical Center (GFIRB2022-099). The ethics
committee waived the requirement for approval
because the database used was managed anony-
mously at all stages.

Results

Subjects’ characteristics accovding to uric acid
levels

Overall, 7,629 subjects including 6,814 with
normouricemia and 815 with hyperuricemia, were
analyzed. The characteristics of the enrolled sub-
jects are presented in Table 1. The proportions of
men and those with low income were significant-
ly higher in the hyperuricemia group. Obesity,
hypertension, current smoking, and frequent
drinking were more prevalent in the hyperurice-
mia group than in the normouricemia group. The
hyperuricemia group also displayed greater NC
than the normouricemia group (36.513.3 cm »s.
34.7£3.3 cm; P<0.001).

Table 1: Subjects’ characteristics by serum uric acid level

Variable Normouricemia Hyperuricemia
(n=6,814) (n=815) P-value

Serum uric acid (mg/dL) 4.7%1.0 7.2%0.8 <0.001
Demographics

Age (y1) 59.2+11.6 59.3+12.7 0.819

Male sex 2,636 (38.7) 457 (50.1) <0.001

Low incomet 3,152 (46.5) 410 (50.6) 0.027
Comorbidities

Obesity 2,368 (34.8) 432 (53.0) <0.001

Body mass index (kg/m?) 239433 25.5%3.3 <0.001

Hypertension 2,030 (29.8) 305 (37.4) <0.001

Type 2 diabetes 867 (12.7) 90 (11.0) 0.171
Health-related habits

Current smoking 987 (14.7) 150 (18.8) 0.002

Frequent drinking# 1,277 (22.2) 261 (37.0) <0.001

Regular aerobic exercise’ 2,503 (39.9) 288 (39.0) 0.636
Neck circumference (cm) 34.7£3.3 36.5%3.3 <0.001

tLess than median household income; fMore than twice per week; SDefined as 2.5 h/week of moderate-intensity activities, =1.25 h/week of
high-intensity activities, or a combination of both. Data are presented as mean * standard deviation or number (percentage); P-values were

from the t-test or Chi-square test

ORs of NCs for hyperuricemia

Multiple logistic regression analysis was per-
formed to identify the factors associated with
hyperuricemia for men and women (Table 2).
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The ORs (95% Cls) for hyperuricemia per 1-cm
increase in NC were 1.04 (0.96-1.12) for men
and 1.17 (1.06-1.30) for women.
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Table 2: Factors associated with hyperuricemia

Men Women
Variable aORt (95% CI) P-value aORt P-value
Age, per 1-year increase 0.97 (0.96-0.99) <0.001 1.03 (1.01-1.04) 0.001
Low incomet 1.26 (0.99-1.59) 0.057 1.30 (0.97-1.74) 0.081
BMI, per 1-kg/m? increase 1.09 (1.03-1.15) 0.003 1.06 (1.01-1.13) 0.033
Hypertension 1.00 (0.77-1.31) 0.993 1.37 (1.00-1.89) 0.051
Type 2 diabetes 0.53 (0.36-0.78) 0.001 0.69 (0.44-1.08) 0.105
Current smoking 0.76 (0.60-0.97) 0.027 1.26 (0.70-2.29) 0.443
Frequent drinking$ 1.75 (1.41-2.18) <0.001 1.81 (1.24-2.64) 0.002
Regular aerobic exercise 0.96 (0.77-1.19) 0.691 1.00 (0.75-1.32) 0.974
NC, per 1-cm increase 1.04 (0.96-1.12) 0.314 1.17 (1.06-1.30) 0.002
Pseudo R? 5.19% 06.86%

TFrom the multivariable logistic regression models adjusted for all variables; LLess than median household income; SMore than twice per week;
fDefined as 22.5 h/week of moderate-intensity activities, 21.25 h/week of high-intensity activities, or a combination of both. aOR, adjusted
odds ratio; CI, confidence interval; BMI, body mass index; NC, neck circumference

Discussion

In this nationally representative study, we found
that larger NC was associated with hyperuricemia
in women but not in men. To our knowledge,
this is the first study investigating the relationship
between NC and asymptomatic hyperuricemia in
healthy Korean adults.

Hyperuricemia is a component of metabolic syn-
drome, and several studies have reported an as-
sociation between hyperuricemia and central obe-
sity (10). Detection and monitoring of hyperu-
ricemia are crucial but not easy without blood
testing. NC measurement is a simple and reliable
anthropometric indicator that offers a convenient
alternative to waist circumference as it is mini-
mally affected by respiration and diet. It does not
require patients to expose their abdomen. Previ-
ous studies have demonstrated that NC showed a
similar association with metabolic syndrome to
that of waist circumference (11, 12), and NC has
been reported as an indicator of central obesity
(13).

Until now, a few studies have reported associa-
tions between NC and hyperuricemia. In cross-
sectional studies performed in China, NC was
significantly related to hyperuricemia in both sex-
es but was more prominent in women (7), which
aligns with our results. One longitudinal study
also found that NC was an independent risk fac-
tor for hyperuricemia in women (14). The current
study found hyperuricemia to be more prevalent
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in men, but the relative contribution of NC to
hyperuricemia was much higher in women. The
negative effect of age in men was notably over-
whelming—middle-aged men were highly vulner-
able to hyperuricemia compared with older men,
consistent with the results of a previous Chinese
study (15). This result is probably due to the
regularity of social activities among middle-aged
men, which frequently leads to group dining,
heavy alcohol consumption, and sedentary life-
styles.

Our study has several limitations. First, it was a
cross-sectional observational study, so we cannot
analyze the causal link between hyperuricemia
and NC. Second, NC measurement in
KNHANES was performed only in participants
who were aged 40 yr or older; it is, therefore, un-
clear whether our findings would apply to the
younger population. Furthermore, our sample is
representative of the Korean population; those
extrapolating these results to other regions or
populations should do so with caution.

Conclusion

NC measurement—an innovative alternative to
walst circumference measurement—was positive-
ly correlated with serum uric acid levels, though
this association was only significant for women.
Our findings suggest that NC can help detect
asymptomatic hyperuricemia early and determine
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the risk of metabolic syndrome in nearly healthy
women.
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