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Abstract Although zinc was known to be associated with
insulin metabolism and diabetes, the relationship of serum
zinc concentration with insulin resistance (IR) and metabolic
syndrome (MetS) was not well investigated in general popu-
lation. The aim of this study is to evaluate the relationships of
serum zinc concentration with IR and MetS in a nondiabetic
adult population. This cross-sectional study included 656 men
and 825 women who were nondiabetic adults from the fifth
Korea National Health and Nutrition Examination Survey
conducted in 2010. Serum zinc concentration and metabolic
parameters were measured. IR was estimated by homeostatic
model assessment (HOMA?2). MetS was defined according to
the National Cholesterol Education Program Adult Treatment
Panel III criteria. Serum zinc concentration was negatively
correlated with homeostasis model assessment for insulin
resistance (HOMAZ2-IR) in men (r=—0.104, P=0.008), but
not in women. After adjusting for conventional cardiovascular
risk factors, the inverse correlation was significant in both
men and women (B=—0.262, SE=0.060 for men, and B=
—0.129, SE=0.052 for women). However, serum zinc concen-
tration was not different between the groups with and without
MetS (P=0.752 for men and P=0.371 for women). In con-
clusion, serum zinc concentration was inversely associated
with IR but not related to MetS in nondiabetic adult
population.
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Introduction

Zinc is an essential trace element for the synthesis, storage,
and release of insulin [ 1, 2]. This mineral is also a fundamental
component for the synthesis of antioxidant enzymes such as
superoxide dismutase and glutathione peroxidase [3].
Therefore, zinc deficiency may induce abnormal insulin me-
tabolism and oxidative stress, which are important factors for
the pathophysiology of diabetes and metabolic syndrome
(MetS) [4-6].

In diabetic patients, altered zinc metabolism has been ob-
served. Comparing with controls, lower serum zinc concen-
tration and higher urinary zinc excretion were reported [7-9].
In addition, a large population-based longitudinal study re-
vealed that a low intake of zinc is a risk factor of diabetes,
suggesting that zinc is closely associated with diabetes [10].

The relationship between zinc and MetS is controversial.
Higher zinc intake had protective effect against MetS in
specific populations [11, 12]. Inverse relationship between
serum zinc concentration and MetS was also reported in
women [13]. In contrast, a longitudinal study reported that
higher zinc concentration was a predictive factor for MetS
[14].

Although insulin resistance is a connecting link between
zinc and MetS, only a few studies investigated the relationship
between serum zinc concentration and insulin resistance [9,
15-18]. The subjects of these studies have their own charac-
teristics of age group, race, and region. Until now, there have
not been any studies evaluating the relationship between
serum zinc status and insulin resistance (IR) for East Asian
population including Korean. Since the subjects of the Korea
National Health and Nutrition Examination Survey
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(KNHANES) were recruited from a nationwide population,
they are representative of Korean population. Therefore, we
investigated the relationship of serum zinc concentrations with
insulin resistance and MetS in a nondiabetic adult population
using the Korean representative data from the fifth
KNHANES V-1 conducted in 2010.

Methods
Study Population

This study was based on the data acquired in the first year
(2010) of KNHANES V which was a cross-sectional and
nationally representative survey conducted by the Division
of Chronic Disease Surveillance, Korea Centers for Disease
Control and Prevention. The overall survey consisted of a
health interview survey, a nutrition survey, and a health ex-
amination survey. Data were collected via household inter-
views and by physical measurements and blood sampling in
specially equipped mobile examination centers. The sampling
frame was designed based on the 2005 population and hous-
ing census in Korea.

Among a total of 6,740 adults subjects (2,958 men and
3,782 women) aged 19 or older, 1,676 subjects (767 men and
909 women) were available for anthropometric measure-
ments, serum glucose, insulin, zinc concentrations, and die-
tary survey. To choose the nondiabetic subjects, 71 men and
37 women who had history of diabetes were excluded.

We also excluded 40 men and 47 women who had a history
of stroke, myocardial infarction, angina, thyroid disease, liver
cirrhosis, or any kind of cancer. Finally, our study consisted of
1,481 subjects (656 men and 825 women).

Medical History and Lifestyle Habits

Medical history information and lifestyle habits were collect-
ed using self-reported questionnaires. Smoking history was
categorized into the three groups: current smoker, ex-smoker,
and nonsmoker. Drinking was classified into rarely (<once a
month), occasionally (monthly to weekly), and frequently
(>once a week). Exercise was categorized into routine (mod-
erate to strenuous intensity, three times a week or more fre-
quently) and nonroutine.

Measurements

Heights and weights were measured in the standing position
without shoes. Heights and weights were measured to the first
decimal point in centimeters and kilograms, respectively.
Body mass index was calculated as the weight in kilograms
divided by the square of the height in meters. Waist circum-
ference was measured midway between the lower rib margin
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and the iliac crest in a standing position. Blood pressure (BP)
was measured three times on the right arm while the individual
was in a seated position after at least 5 min of rest using a
mercury sphygmomanometer (Baumanometer; Baum,
Copiague, NY, USA).

Blood samples, after an 8-h fast, were collected year-round.
They were immediately processed, refrigerated, and
transported in the cold storage to the central testing institute
(NeoDin Medical Institute, Seoul, South Korea), followed by
analysis within 24 h. Glucose, liver enzymes, and lipid profile
were tested using an automatic analyzer (ADIVIA 1650;
Siemens, NY, USA). Serum zinc concentration was measured
by inductively coupled plasma mass spectrometry (ICP-MS)
assay using PerkinElmer ICP-MS (PerkinElmer, MA, USA).
Insulin was analyzed by immunoradiometric assay using INS-
IRMA (Biosource, Nivelles, Belgium). Beta cell function and
insulin resistance were estimated using homeostatic model
assessment (HOMAZ2) calculator version 2.2.3 (Oxford
Centre for Diabetes, Endocrinology and Metabolism, UK,
available at http://www.dtu.ox.ac.uk).

Definition of MetS

The presence of MetS was defined by the National
Cholesterol Education Program Adult Treatment Panel III
criteria [19]. The cutoff values for central obesity were
adopted from a well-validated previous Korean study [20].
The MetS was defined by the presence of three of more of the
following components: (1) central obesity (WC>90 cm for
men and 85 cm for women), (2) systolic BP =130 mmHg or
diastolic BP >85 mmHg or antihypertensive medication use,
(3) high-density lipoprotein (HDL) cholesterol <1.04 mmol/L
for men and 1.29 mmol/L for women, (4) triglyceride
>1.69 mmol/L, and (5) elevated fasting blood glucose
>6.11 mmol/L or taking hypoglycemic agents.

Dietary Survey

Nutrient intakes, including total calorie, and the intakes of
macronutrients and some of micronutrients were assessed
with a 24-h dietary recall questionnaire administered by a
trained dietician. However, the daily intake of zinc was not
calculated. The results were calculated using the food compo-
sition table developed by the National Rural Resources
Development Institute (seventh revision) [21]. Supplement
use was divided into user and nonuser according to a ques-
tionnaire whether to take supplements once a week or more
frequently for 1 month recently.

Statistical Analysis

All analyses were conducted separately according to sex.
Because variables of zinc, glucose, insulin, triglyceride,
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homeostasis model assessment for insulin resistance
(HOMAZ2-IR), and homeostasis model assessment for beta
cell function (HOMA2-%B) showed a right-skewed distribu-
tion, log-transformed values were used in all analyses. Most of
these variables achieved a normality of distribution statistical-
ly. For this reason, these variables were described as geometric
mean and 95 % confidence interval (CI). Other variables were
described as mean + SD or number (proportion).

Sex-specific receiver operating characteristic curves of
HOMAZ2-IR were generated for MetS. The cutoff values of
HOMAZ2-IR were determined, considering sensitivity and
specificity [22] that were 1.41 for men and 1.57 for women,
respectively.

To compare the variables between men and women, the
independent ¢ test (continuous variables) or chi-square test
(categorical variables) was used. Pearson correlation analysis
was used to evaluate the relationship between serum zinc
concentration and metabolic parameters. Serum zinc concen-
trations were compared between the groups with and without
MetS and its components. P values were calculated by 7 test.

To control the influence of the potential confounders on the
relationship between serum zinc concentration and HOMA2-
IR, multiple linear regression analysis was used. Model 1
adjusted for age, waist circumference, history of hypertension,
and female factors (menopause and hormone replacement
therapy); model 2 additively included HDL cholesterol, tri-
glyceride, systolic BP, and habitual variables such as smoking,
drinking, and exercise. In model 3, dietary variables such as
calorie and protein intake and supplement use were added to
model 2.

We considered P<0.05 to be statistically significant. All
statistical analyses were performed using SPSS 19.0 (IBM,
Armonk, NY, USA).

Results

The baseline characteristics of the subjects are presented in
Table 1. Men tended to have higher BMI, fasting glucose
levels, and BP than women. Lifestyle habits were also differ-
ent between men and women. Serum zinc concentrations were
significantly higher in men (geometric mean 21.4 pmol/L;
95 % CI 21.1-21.8) than in women (geometric mean
19.6 umol/L; 95 % CI 19.3—19.9). HOMA2-%B was higher
in women than in men. No significant difference was found in
age, insulin HOMAZ2-IR, and HOMA2-%S between sexes.
However, the proportion of the insulin resistance differed
according to sexes (34.5 % for men and 23.6 % for women).
The prevalence of MetS was significantly higher in men
(17.4 %) than in women (10.7 %).

The relationship between serum zinc concentration and the
metabolic parameters was analyzed (Table 2). Serum zinc

concentration was negatively correlated with HOMA2-IR in
men (r=—0.104, P=0.008), but no significant relationship was
found in women (r=-0.056, P=0.105). HDL cholesterol was
negatively correlated with serum zinc concentration in both
sexes. However, other metabolic parameters were not related
with serum zinc concentration. Daily calorie and protein in-
takes were not related with zinc concentration.

The mean of serum zinc concentration was not significant-
ly different between the groups with and without MetS
(Table 3). No difference was found between the groups with
and without the diabetes-related component of MetS. Men
with obesity-related and triglyceride (TG) component of
MetS had a significantly higher zinc concentration than men
without.

The relationship between serum zinc concentration and
HOMAZ2-IR was evaluated after adjusting for the potential
confounders (Table 4). Serum zinc concentration and
HOMAZ2-IR were significantly related to each other in all of
the models. The variables of waist circumference, HDL cho-
lesterol, TG, and history of hypertension were significantly
related with HOMAZ2-IR. Systolic BP was positively related
with HOMAZ2-IR only in women. Supplement intake did not
influence HOMAZ2-IR in both men and women. Calorie and
protein intakes were not associated with HOMA2-IR in both
sexes.

Discussion

In our study, the serum zinc concentration was correlated with
HOMAZ2-IR in nondiabetic adults. This relationship was in-
dependent of age, obesity, hypertension, and lipid profiles. In
contrast, serum zinc concentration was not associated with the
prevalence of MetS.

Previous studies evaluated the relationship between the
glucose metabolism and the zinc intake or supplementation.
A diabetic mouse model had shown that zinc supplementation
attenuated hyperglycemia in db/db mice [23]. For diabetic
patients, zinc supplementation showed beneficial effects in
the metabolic control [24, 25]. Another intervention study
was conducted for 56 nondiabetic obese women [9]. This
study demonstrated that 30 mg of zinc daily for 4 weeks
improved insulin resistance. According to a long-term obser-
vation of Nurses’ Health Study, higher zinc intake reduced the
risk of diabetes [10]. These studies suggest that zinc has
favorable effects on the metabolism of glucose and insulin in
both diabetic and nondiabetic subjects.

The relationship between zinc and other metabolic param-
eters is controversial. Several studies evaluated the association
of MetS with serum zinc concentration. In a few studies, men
and women with MetS had a higher and lower level of serum
zinc than those without, respectively [13, 26]. In contrast,
other studies reported no relationship between serum zinc
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Table 1 General characteristics of the subjects
Men (N=656) Women (N=825) P

Age (years) 44.5+14.7 43.8+14.7 0.303
History of hypertension (%) 120 (18.3) 124 (15.0) 0.107
Smoking (%) <0.001

Nonsmoker 169 (25.8) 741 (89.8)

Current smoker 287 (43.8) 39 (4.7)

Ex-smoker 200 (30.5) 45(5.5)
Drinking® (%) <0.001

Rarely 61(9.3) 258 (31.3)

Occasionally 282 (43.0) 263 (31.9)

Frequently 313 (47.7) 304 (36.8)
Routine exercise® (%) 278 (42.4) 268 (32.5) <0.001
Menopause (%) 317 (38.4)
Hormone replacement therapy (%) 72 (8.7)
Height (cm) 170.6+6.2 158.0+6.1 <0.001
Weight (kg) 69.7+£10.3 57.1+£8.3 <0.001
Waist circumference (cm) 83.7+8.7 76.6+9.4 <0.001
Body mass index (kg/m?) 23.9+3.0 229434 <0.001
Systolic BP (mmHg) 122.8+15.6 115.7+16.7 <0.001
Diastolic BP (mmHg) 81.1+10.4 74.3+9.8 <0.001
Glucose (mmol/L) 5.20 (5.16-5.24) 5.04 (5.00-5.07) <0.001
Insulin (pmol/L) 66.9 (65.0-68.8) 67.9 (66.3-69.5) 0.426
HOMA2-IR 1.26 (1.22-1.29) 1.26 (1.24-1.29) 0.721
Insulin resistance® (%) 226 (34.5) 195 (23.6) <0.001
HOMA2-%B 102.7 (100.6-104.9) 110.4 (108.4-112.4) <0.001
HOMA2-%S 84.5+28.3 83.6+£27.4 0.528
Total cholesterol (mmol/L) 4.88+0.99 4.83£091 0.347
HDL cholesterol (mmol/L) 1.31£0.33 1.46+0.31 <0.001
Triglyceride (mmol/L) 1.39 (1.33-1.46) 1.01 (0.98-1.05) <0.001
LDL cholesterol (mmol/L) 2.94+0.81 2.89+0.79 0.198
Zinc (umol/L) 214 (21.1-21.8) 19.6 (19.3-19.9) <0.001
Supplement intake® (%) 202 (30.8) 340 (41.2) <0.001
Daily calorie intake (kcal) 2,502.7+968.0 1,756.3+657.1 <0.001
Dietary protein intake (g) 94.6+52.6 64.2+32.8 <0.001
Metabolic components (%)

C-wc* 158 (24.1) 158 (19.2) 0.025

C-DM* 70 (10.7) 53 (6.4) 0.004

C-BP# 281 (42.8) 186 (22.5) <0.001

C-TG" 230 (35.1) 143 (17.3) <0.001

C-HDL! 116 (17.7) 246 (29.8) <0.001
Metabolic syndrome 114 (17.4) 88 (10.7) <0.001

Serum concentrations of zinc, glucose, insulin, triglyceride, and HOMA2-IR and HOMA2-%B are expressed as geometric mean (95 % CI). In other
cases, data are expressed as means + SD or number (proportion). P values are calculated by ¢ test or chi-square test

BP blood pressure, HOMA2-%B homeostasis model assessment for beta cell function, HOMA2-IR homeostasis model assessment for insulin resistance,
HDL high-density lipoprotein, LDL low-density lipoprotein

#Rarely (<once a month), occasionally (monthly to weekly), and frequently (>once a week)

® Moderate to strenuous intensity plus greater than or equal to three times a week

“HOMAZ2-IR >1.41 for men and >1.57 for women

9 Greater than or equal to once a week for the latest month

© Waist circumference >90 cm (men) or 85 cm (women)
fGlucose >6.11 mmol/L or diabetes medication

€ Systolic BP>130 mmHg or diastolic BP>85 mmHg or hypertension medication

" Triglyceride >1.69 mmol/L

'HDL cholesterol <1.04 mmol/L (men) or 1.29 mmol/L (women)
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Table 2 Pearson correlation coefficients between serum zinc concentra-
tion and metabolic parameters

Men (N=656) Women (N=825)

r P r P
Age -0.097 0.013 0.010 0.782
Waist circumference 0.058 0.137 0.017 0.627
Systolic BP —0.043 0.268 —0.005 0.885
Diastolic BP —0.004 0.909 —-0.023 0.512
Glucose —0.106 0.007 —0.051 0.140
Insulin —0.098 0.012 —0.053 0.126
HOMA2-IR -0.104 0.008 —-0.056 0.105
HOMA2-%B —0.011 0.776 —0.008 0.808
HOMA2-%S 0.114 0.004 0.071 0.040
Total cholesterol 0.010 0.789 0.023 0.503
HDL cholesterol —0.100 0.011 —0.118 <0.001
Triglyceride 0.072 0.065 0.056 0.105
LDL cholesterol 0.039 0.324 0.057 0.104
Daily calorie intake 0.002 0.961 —0.034 0.326
Dietary protein intake 0.050 0.199 0.027 0.441

Each r represents Pearson correlation coefficient. The variables of zinc,
glucose, insulin, triglyceride, HOMA2-IR, and HOMA2-%B are trans-
formed logarithmically

BP blood pressure, HOMAZ2-IR homeostasis model assessment for insulin
resistance, HOMA2-%B homeostasis model assessment for beta cell
function, HDL high-density lipoprotein, LDL low-density lipoprotein

concentration and MetS [27, 28]. Furthermore, baseline serum
zinc concentrations were positively related with the risk of
developing MetS, independent of providing supplements [ 14].
Consistently, our study showed that serum zinc concentration
was not associated with MetS. Thus, the serum zinc concen-
tration may be differently associated with the insulin resis-
tance or MetS. Therefore, the relation of zinc with the com-
ponents of MetS should be considered. Our study showed a

higher concentration of serum zinc in men with obesity-
related and TG components than in men without. This finding
is consistent with a recent study [13]. Meanwhile, HDL cho-
lesterol had inversely linear relationship with serum zinc
concentration in both men and women. In spite of an old
report of positive correlation between serum zinc level and
HDL cholesterol [29], a negative association between HDL
cholesterol and serum zinc concentration was reported in a
longitudinal study [14]. Moreover, zinc supplementation re-
duced the level of HDL cholesterol [30, 31]. Thus, zinc has
partially unfavorable effects on metabolic parameters except
glucose metabolism.

Two studies have shown the inverse relationship between
serum zinc concentration and insulin resistance in adolescents
and children [15, 16]. In the same way, a cross-sectional study
from Bangladesh showed that serum zinc concentration is
associated with insulin resistance in 142 normoglycemic
adults [17]. Our study also demonstrated the linear relation-
ship between serum zinc concentration and insulin resistance
in a large nondiabetic adult population. These various studies
including our results suggest that low serum zinc concentra-
tion is closely associated with insulin resistance.

The association between zinc and insulin resistance can be
explained by several mechanisms. The protein tyrosine phos-
phatase 1B, a key regulator of the phosphorylation state of the
insulin receptor, is known to be a target of zinc ions [32].
Zinc is also reported to promote the glucose transport
and to improve the peripheral insulin sensitivity [33]. In
addition, oxidative stress can contribute to the initiation
and progression of insulin resistance and diabetes [4].
The pancreatic 3 cells are known to be vulnerable to
free radical. Since zinc is a cofactor of superoxide
dismutase, zinc deficiency can aggravate the oxidative
stress and induce the insulin resistance [34].

Table 3 Serum zinc concentrations according to metabolic syndrome and each metabolic component

Men Women

Yes No P Yes No P
MetS 21.6 (20.8-22.4) 21.4 (21.0-21.8) 0.752 20.0 (19.2-20.8) 19.6 (19.3-19.9) 0.371
Cc-wc? 22.1(21.4-22.9) 21.2 (20.9-21.6) 0.032 19.9 (19.2-20.6) 19.6 (19.3-19.9) 0.396
C-DM 21.0 (20.1-21.9) 21.5(21.1-21.9) 0.361 19.2 (18.1-20.4) 19.7 (19.4-19.9) 0.445
C-BP¢ 21.5(21.0-22.0) 21.4(21.0-21.9) 0.898 19.6 (19.0-20.1) 19.6 (19.3-20.0) 0.792
C-TGY 22.2(21.7-22.8) 21.0 (20.6-21.4) <0.001 19.6 (19.0-20.2) 19.6 (19.3-19.9) 0.894
C-HDL® 22.1(21.2-22.9) 21.3 (20.9-21.7) 0.099 19.9 (19.4-20.3) 19.5 (19.2-19.9) 0.268

Serum concentrations of zinc are expressed as geometric mean (95 % CI). P values are calculated by ¢ test

MetS metabolic syndrome

# Waist circumference >90 cm (men) or 85 ¢cm (women)

® Glucose >6.11 mmol/L or diabetes medication

¢ Systolic BP>130 mmHg or diastolic BP>85 mmHg or hypertension medication

4 Triglyceride >1.69 mmol/L
¢HDL cholesterol<1.04 mmol/L (men) or 1.29 mmol/L (women)
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Table 4 Regression coefficients of zinc and the metabolic parameters for homeostasis model assessment for insulin resistance
Model 1 Model 2 Model 3
B (SE) P B (SE) P B (SE) P
Men
Zinc —0.248 (0.061) <0.001 —0.267 (0.060) <0.001 —0.267 (0.060) <0.001
Age —0.003 (0.001) <0.001 —0.004 (0.001) <0.001 —0.004 (0.001) <0.001
Waist circumference 0.018 (0.001) <0.001 0.015 (0.002) <0.001 0.015 (0.002) <0.001
Hypertension 0.082 (0.035) 0.021 0.074 (0.036) 0.038 0.074 (0.036) 0.037
HDL cholesterol —0.003 (0.001) 0.005 —0.003 (0.001) 0.005
Triglyceride 0.081 (0.023) <0.001 0.081 (0.024) <0.001
Systolic BP 0.000 (0.001) 0.719 0.000 (0.001) 0.648
Women
Zinc —0.106 (0.053) 0.046 —0.129 (0.052) 0.014 —0.128 (0.053) 0.015
Age —0.003 (0.001) 0.013 —0.005 (0.001) <0.001 —0.005 (0.001) <0.001
Waist circumference 0.014 (0.001) <0.001 0.010 (0.001) <0.001 0.010 (0.001) <0.001
Hypertension 0.160 (0.036) <0.001 0.102 (0.037) 0.005 0.103 (0.037) 0.005
Menopause —0.076 (0.035) 0.031 —0.086 (0.035) 0.015 —0.085 (0.035) 0.016
Hormone replacement therapy 0.047 (0.041) 0.258 0.055 (0.041) 0.176 0.058 (0.041) 0.154
HDL cholesterol —0.002 (0.001) 0.049 —0.002 (0.001) 0.068
Triglyceride 0.092 (0.024) <0.001 0.091 (0.024) <0.001
Systolic BP 0.003 (0.001) <0.001 0.004 (0.001) <0.001

B is unstandardized regression coefficient. The variables of HOMA2-IR, zinc, and triglyceride are transformed logarithmically. Model 1 includes zinc,
age, waist circumference, hypertension, and menopause, hormone replacement therapy (only for women). Model 2 additively adjusted for HDL
cholesterol, triglyceride, systolic BP, smoking, drinking, and exercise. Model 3 additively adjusted for daily calorie intake, dietary protein intake, and

supplement use

BP blood pressure, HDL high-density lipoprotein, HOMA2-IR homeostasis model assessment for insulin resistance

Our study has several limitations. First, because this study
employed a cross-sectional design, we could not determine the
cause-effect relationship between serum zinc concentrations
and insulin resistance. However, previous studies have dem-
onstrated that lower zinc intake precedes insulin resistance or
diabetes risk [9, 10]. An additional longitudinal study will
contribute to verifying the cause-effect relationship between
serum zinc concentrations and insulin resistance. Second, we
had limited accesses to the participants’ zinc intake data.
However, the bioavailability of zinc varied according to the
chemical forms; it was not clear how much dietary zinc intake
would increase the bioavailable zinc level [35]. Although
included in our study, 24-h recall is not enough to estimate
the average intake of trace minerals. Dietary survey in depth
should be conducted in the future study. In addition, our study
includes limited information of the supplement use. However,
although the amount of trace mineral intake from the supple-
ments was not surveyed, the serum zinc concentrations were
not different between the groups with and without supplement
use (data not shown). Third, we used HOMAZ2-IR as an index
of the insulin resistance. Although the gold standard of eval-
uvating the insulin resistance is the euglycemic-
hyperinsulinemic clamp test that measures IR both directly
and accurately, it is an invasive and time-consuming proce-
dure [36]. HOMA2-IR is a less invasive and inexpensive
method to measure IR, and it has been widely validated and
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applied for quantifying insulin resistance [37]. Finally, our
study was conducted for Korean subjects; studies for the
subjects with different ethnic backgrounds can be compared
to our results.

In conclusion, serum zinc concentration is inversely asso-
ciated with insulin resistance in nondiabetic adult population.
However, it is not related with MetS. Further prospective
studies on the relationship of serum zinc concentrations with
insulin resistance and metabolic risk factors should be per-
formed in a large cohort of various ethnic groups.
Furthermore, zinc-based intervention study in patients with
metabolic disease or insulin resistance will be helpful for the
clinical application of zinc supplementation.
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