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Abstract
Zinc deficiency is known to be associated with insulin resistance in obese individuals. This study was performed to evaluate the effect of zinc

supplementation on insulin resistance and metabolic risk factors in obese Korean women. Forty obese women (body mass index (BMI) ≥ 25 kg/m2)
aged 19-28 years were recruited for this study. Twenty women of the study group took 30 mg/day of supplemental zinc as zinc gluconate for 
8 weeks and 20 women of control group took placebo. Usual dietary zinc intake was estimated from 3-day diet records. Insulin resistances were
measured using Homeostasis model assessment (HOMA) indices, and insulin sensitivities Matsuda indices, which were calculated using oral glucose
tolerance test data. Metabolic risk factors, such as waist circumference, blood pressure, fasting glucose, triglyceride, high density lipoprotein (HDL)
cholesterol, and adipocyte hormones such as leptin, and adiponectin were also measured. At the beginning of study, dietary zinc averaged 7.31 
mg/day and serum zinc averaged 12.98 μmol/L in the study group. Zinc supplementation increased serum zinc by 15% and urinary zinc by 56%
(P < 0.05). HOMA values tended to decrease and insulin sensitivity increased slightly in the study group, but not significantly so. BMI, waist circumference,
blood pressure, blood glucose, triglyceride, HDL cholesterol, and adipocyte hormones did not change in either the study or control group. These
results suggest that zinc status may not affect insulin resistance and metabolic risk factors in obese Korean women. Further research is required
on a larger cohort with a longer follow-up to determine the effects of zinc status on insulin resistance and metabolic variables.

Key Words: Supplemental zinc, insulin resistance, serum zinc, metabolic risk factors, obese women

Introduction6)

Zinc is known to be an essential trace element and a component 
of hundreds of enzymes [1], and is involved in the synthesis, 
storage, and release of insulin. Many studies have documented 
that plasma zinc levels are lower in obese individuals [2,3]. 
Furthermore, zinc deficiency may predispose glucose intolerance 
and insulin resistance, diabetes mellitus, and coronary artery 
disease [4-6].

Recent studies have revealed that zinc had beneficial effects 
on insulin resistance and on glucose and lipid profiles in patients 
with diabetes or metabolic syndrome [7-10]. For example, a 
prospective study demonstrated that higher zinc intakesare 
associated with a lower risk of type 2 diabetes in U.S. women 
[10], and other studies have shown that zinc supplementation 
increases high density lipoprotein (HDL) cholesterol and reduces 
triglyceride (TG) in type 2 diabetes patients [7,8]. Furthermore, 
in a randomized cross-over trial, supplemental zinc (20 mg per 
day) significantly decreased insulin resistance in obese children 
with metabolic syndrome [9]. However, relationships between 
zinc status and insulin resistance/metabolic risk factors are more 

controversial among non-diabetic obese and non-obese subjects. 
Marreiro et al. [11] found that insulin sensitivity improved, 

without changes in leptin levels, in non-diabetic obese subjects 
on zinc supplementation. Whereas Obeid et al. [12] reported that 
lower plasma zinc concentrations were not related to glycemic 
status or components of metabolic syndrome in Lebanese adults. 

Insulin resistance plays an important role in the pathophy-
siology of obesity and metabolic syndrome [13], the prevalence 
of which are rapidly increasing in the Korean population. 
According to Korean National Health and Nutrition Examination 
Survey III data, an estimated 32% and 30% of Korean adults 
are obese or have metabolic syndrome, respectively [14]. Thus, 
it is critical that the relationship between zinc status and insulin 
resistance or its related metabolic risk factors be determined in 
obese subjects, because this could allow us to consider zinc 
intervention for the treatment or prevention of metabolic disease 
related to insulin resistance.

Therefore, in this study, we evaluated the effects of zinc 
supplementation at 30 mg/day for 8 weeks on insulin resistance 
and metabolic risk factors, such as, obesity, blood glucose, and 
lipid profiles in obese Korean women. 
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Subjects and Methods

Study subjects

Forty obese women (18-28 years) were recruited from May 
2009 to September 2010 in the Daegu and Gyeongbuk regions. 
Obesity was defined as a body mass index (BMI) of ≥ 25 kg/m2. 
Participants completed a questionnaire during a face-to-face 
interview. Information was collected on demographic variables, 
socioeconomic status, smoking, nutritional supplementation, 
personal medical history, family history, and medication use. 
Exclusion criteria included cigarette smoking, vitamin-mineral 
supplements and/or any other nutritional supplements, the use 
of oral contraceptives, acute or chronic disease, such as diabetes 
or a family history of diabetes, and participation in a diet based 
weight-loss program. Informed written consent was obtained 
from all 40 study subjects prior to enrollment. The study was 
conducted according to the Declaration of Helsinki and the study 
protocol was reviewed and approved by the institutional review 
board of Daegu University.

Study design

Zinc status, anthropometric measurements, and metabolic 
variables were measured prior and following zinc supplementa-
tion at 30 mg zinc/day (Vitamin House, Korea) or placebo for 
8 weeks. Height, weight, waist circumference, and blood pressure 
were measured mornings before blood collection. After a 12-hour 
overnight fast, baseline blood was drawn from each subject and 
then re-drawn at 30, 60, 90, and 120 min after taking 75 g of 
glucose for oral glucose tolerance testing. After blood collection, 
twenty women in the study group were discharged with an 
8-week supply of 30 mg tablets of zinc supplement as zinc 
gluconateand the other half in control group were allocated with 
an 8-week supply of placebo tablets (free zinc starch).The women 
were told to take the supplement between meals and to remain 
on their usual diets. For the compliance of supplementation, zinc 
supplements and placebo tablets were given in plastic weekly 
pill reminder and the research staff made a call every day to 
all subjects to check out if they took pills. Usual dietary intakes 
were estimated from 3-day diet records that included 2 weekdays 
and 1 weekend day. At first visit, detailed instructions regarding 
the maintenance of 3-day dietary records were given by trained 
dietitians. Diet records were collected before the study and while 
taking supplement or placebo. Nutrient intakes were estimated 
using a nutrient database developed by the Korean Nutrition 
Society. After supplementation for 8 weeks, subjects returned 
to the laboratory for anthropometric measurements and blood 
collection. Subjects were also asked to collect a 24-hour urine 
sample the day before each blood collection for urinary zinc 
analysis. 

Anthropometric measurements and blood pressure

Physical examinations were performed by trained research staff 
using standardized procedures. Height was measured by anthro-
pometry (TKK-11252, Japan) and body weight by bioimpedance 
analysis (Inbody 3.0, Biospace Corp, Korea). BMI was calculated 
by dividing weight (kg) by height squared (m2). Obesity was 
defined as a BMI of ≥ 25 kg/m2 according to International 
Obesity Task Force (IOTF) for Asian adults in the Asia Pacific 
region [15]. Waist circumference was measured at the midpoint 
between the lower border of the rib cage and the iliac crest using 
a non-elastic tape measure [16]. Hip circumference was defined 
as maximum circumference in the hip region [14]. A trained 
member of research staff measured systolic blood pressures 
(SBPs) and diastolic blood pressures (DBPs) after subjects had 
rested for 10 minutes in a sitting position immediately before 
blood collection using an automatic sphygmometer (HEM-770A, 
Japan) [17]. Two SBP and DBP readings were recorded and 
averages were used in the analysis.

Sample collection and biochemical analysis

Blood samples for zinc and metabolic variables analyses were 
collected in plastic syringes, placed on ice for a maximum of 
2 h, centrifuged at 1,500 g for 10 min at 4℃ (Allegra 6R, 
Beckman Coulter, USA), and stored at -70℃ until required for 
analysis [18]. Urine samples were collected in a polyethylene 
container and were mixed by shaking vigorously, weighed, and 
aliquots were stored at -20℃ prior to zinc analysis [19]. 

Fasting glucose (FG), TG, total cholesterol (TC), and HDL 
cholesterol were measured enzymatically using an automated 
analyzer (ADVIA 2400, Japan). Serum fasting insulin (FI) was 
measured using a chemiluminescent immunoassay method. Insulin 
resistances were calculated using the following formula according to 
the homeostasis model assessment (HOMA) method; FG (mmol/L) 
× FI (μIU/mL)/22.5 [20]. Insulin sensitivity indices were calculated 
using the formula [21] as follows: Insulin sensitivity index =
10,000 / [FG/ × FI] × [Mean OGTT glucose × Mean OGTT insulin].

Serum leptin concentrations were determined by radioim-
munoassay using a human leptin kit (Linco Research Inc., USA) 
[22], and plasma adiponectin concentrations were determined by 
immunoassay using a human adiponectin kit (R&D Systems, 
USA). Serum alkaline phosphatase levels were determined 
colorimetrically using an automated analyzer (ADVIA 2400, 
Japan).Serum superoxide dismutase (SOD) concentrations were 
measured enzymatically using a SOD assay kit (Cayman Chemical 
Company, USA). 

Statistical analysis

All results are expressed as means ± standard deviations. 
Wilcoxon’s signed rank test was used to analyze differences 
before and after zinc supplementation or to compare the zinc 
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Zinc group
P

Placebo group
P

Before (n = 20) After (n = 20) Before (n = 20) After (n = 20)
Dietary zinc (mg/day) 7.31 ± 2.451) 36.17 ± 2.96 < 0.0001 7.7 ± 2.4 6.66 ± 2 0.0532
Serum zinc (μmol/L) 12.98 ± 2.33 14.95 ± 1.84 0.0007 13.81 ± 2.10 14.12 ± 1.61 0.9854
Urinary zinc (μg/day) 346.76 ± 190.73 540.75 ± 301.79 0.0362 410.62 ± 185.46 447.85 ± 301.74 0.9273
1)Mean ± SD 

Table 1. Zinc statuses of obese women before and after zinc supplementation

Zinc group
P

Placebo group
P

Before (n = 20) After (n = 20) Before (n = 20) After (n = 20)
Body weight (kg) 71.33 ± 8.32 71.39 ± 8.25 0.8733 71.95 ± 7.95 72.58 ± 7.72 0.1030
BMI (kg/m²) 28.25 ± 2.76 28.28 ± 2.84 0.907 28.14 ± 3.06 28.39 ± 3.05 0.0897
Waist circumference (cm) 88.13 ± 8.14 88.45 ± 7.18 0.6805 90.15 ± 8.99 91.55 ± 7.93 0.4045
Hip circumference (cm) 103.05 ± 4.68 102.6 ± 4.74 0.8392 104.00 ± 4.65 104.70 ± 5.58 0.6375
Waist-hip ratio 0.85 ± 0.06 0.86 ± 0.05 0.6385 0.87 ± 0.07 0.87 ± 0.05 0.8298
1) Mean ± SD
BMI, Body mass index 

Table 2. Anthropometric measurements of obese women before and after zinc supplementation

Zinc group
P

Placebo group
P

Before (n = 20) After (n = 20) Before (n = 20) After (n = 20)
SBP (mmHg) 119.28 ± 10.041) 117.98 ± 9.51 0.1797 119.08 ± 10.52 117.1 ± 12.93 0.4357
DBP (mmHg) 77.73 ± 5.78 78.23 ± 8.11 0.7604 78.3 ± 8.23 76.7 ± 8.08 0.4121
Fasting glucose (mmol/L) 5.03 ± 0.35 4.99 ± 0.45 0.4689 4.97 ± 0.37 4.92 ± 0.35 0.2975
Fasting insulin (pmol/L) 90.32 ± 47.88 78.51 ± 45.33 0.1327 78.28 ± 40.81 77.05 ± 35.62 0.9273
HOMA-IR 2.96 ± 1.7 2.57 ± 1.62 0.1769 2.54 ± 1.46 2.46 ± 1.28 1
Insulin sensitivity index 3.32 ± 1.96 3.87 ± 2.63 0.1324 4.29 ± 2.96 3.83 ± 1.56 0.7983
Triglyceride (mmol/L) 1.38 ± 1.86 1.22 ± 1.25 0.4358 1.04 ± 0.41 1.07 ± 0.47 0.7358
Total C (mmol/L) 4.67 ± 1.13 4.51 ± 0.98 0.3118 4.61 ± 0.63 4.62 ± 0.69 0.9563
HDL-C (mmol/L) 1.34 ± 0.31 1.28 ± 0.25 0.1688 1.32 ± 0.23 1.30 ± 0.22 0.6543
Leptin (ng/mL) 19.22 ± 6.1 17.73 ± 6.69 0.4037 20.77 ± 6.41 22.98 ± 5.72 0.1429
Adiponectin (μg/mL) 4.57 ± 3.93 4.17 ± 3.31 0.3418 4.19 ± 2.69 3.96 ± 2.73 0.3118
ALP (U/L) 61.4 ± 11.45 64.18 ± 13.95 0.0594 56.35 ± 11.53 58.33 ± 13.45 0.1987
SOD (U/mL) 7.75 ± 1.9 8.73 ± 2.46 0.2293 7.77 ± 1.97 8.35 ± 1.96 0.2455
1) Mean ± SD
SBP, Systolic blood pressure; DBP, Diastolic blood pressure; HOMA-IR, Homeostasis model assessment for insulin resistance; Total C, total cholesterol; HDL-C, High density 
lipoprotein-cholesterol; ALP, Alkaline phosphatase; SOD, superoxide dismutase

Table 3. Insulin resistance and metabolic risk factors of obese womenbefore and after zinc supplementation

supplemented group and the placebo group in terms of zinc status, 
anthropometric measurements, and metabolic risk factors. Statistical 
analyses were performed using SAS version 9.1 (SAS institute 
Inc. NC, USA). Statistical significance was accepted for P-values 
of < 0.05.

Results

Zinc status before and after zinc supplementation

Zinc statuses of the study subjects before and after zinc or 
placebo supplementation are described in Table 1. At the 
beginning of study, dietary zinc averaged 7.31 mg/day and serum 
zinc and urinary zinc concentration averaged 12.98 μmol/L and 

346.8 μg/day, respectively, in the study group. Supplementation 
with 30 mg of zinc daily for 8 weeks significantly increased 
serum zinc by 15% and urinary zinc by 56% (P < 0.05), whereas 
no change was observed in the control group. 

Anthropometric measurements before and after zincsupplemen-
tation

Anthropometric measurements of the study subjects before and 
after zinc or placebo supplementation are described in Table 2. 
Mean BMI of subjects was about 28 kg/m2 and waist-hip ratio 
was averagely 0.86. Body weight, BMI, waist circumference, hip 
circumference, and waist-hip ratio did not change in either group 
over the 8-week supplemental period. 
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Metabolic risk factors before and after zinc supplementation

Metabolic risk factors before and after zinc supplementation 
are described in Table 3. HOMA values tended to decrease and 
insulin sensitivity increased slightly with zinc supplementation, 
but it this did not reach significance. Blood pressure, fasting 
glucose and insulin, TG, total cholesterol, HDL cholesterol, alkaline 
phosphatase, and SOD were unchanged after zinc supplementation. 
Adipocyte hormones such as leptin and adiponectin did not differ 
with zinc supplementation. Furthermore, no significant differences 
were found in metabolic risk factors in the control group.

Discussion

Zinc supplementation at 30 mg daily for 8 weeks increased 
serum zinc by 15% and urinary zinc by 56%, but no significant 
difference was found for any anthropometric measurement, 
insulin resistance, or any other metabolic risk factors, such as 
blood pressure, blood glucose, triglyceride, and HDL cholesterol 
after zinc supplementation.

Several experimental and clinical studies have explored the 
effect of zinc intervention on insulin resistance and other 
metabolic risk factors in obese individuals [11,23-25], and some 
studies have reported results similar to our findings. Gómez- 
García et al. [24] showed zinc intervention at 100 mg/day for 
one month significantly increased mean serum zinc concentration 
from 11.8 to 16.9 μmol/L, but found that it did not modify insulin 
sensitivity in seven Spanish obese men (BMI ≥ 27 kg/m2) 
between 21 and 30 years old. Similarly, Beletate et al. [23] 
reported that zinc supplementation for 4 weeks did not have a 
beneficial effect on insulin resistance, fasting glucose, or on lipid 
levels in normal glucose tolerant obese women aged 25 to 45 
years. However, other studies have produced contrasting results. 
In one randomized, placebo-control study, it was found that zinc 
supplementation at 30 mg daily for 4 weeks significantly 
decreased fasting insulin and HOMA values in Brazilian obese 
women aged 25 to 45 years, but that plasma zinc, BMI, fasting 
glucose, and leptin levels were unaffected by zinc supplementa-
tion [11]. In a cross-over study conducted on obese Iranian 
children, fasting glucose, insulin, and HOMA-IR were found to 
significantly decrease after zinc supplementation at 20 mg/d for 
8 weeks, while BMI, waist circumference, triglyceride, and low 
density lipoprotein cholesterol did not significantly change [25]. 

However, results cannot be directly compared because study 
conditions differed in several ways. First, we defined obesity as 
a BMI of ≥ 25 kg/m2 according the IOTF criterion for Asians, 
whereas in the Brazilian study mentioned above BMI was defined 
as ≥ 30 kg/m2, and this definitional difference might have 
affected responses of insulin resistance or metabolic risk factors 
to zinc supplementation. Second, the studies were conducted in 
different ethnic groups or different age groups. Diet compositions 
and dietary patterns vary according to age, gender, and ethnicity 
[26], and previous studies have demonstrated that food composi-

tions and dietary patterns are associated with components of 
metabolic syndrome, that is, abdominal obesity, blood pressure, 
and lipid levels [16,27]. Furthermore, serum HOMA-IR levels 
measured at the beginning of this study were not as high as those 
reported in other studies [11,25]. Given that much differences, 
if the subjects were more obese with higher insulin resistance, 
supplemental zinc might have affected insulin resistance or other 
metabolic risk factors in this study. Thus it will be interesting 
to observe the relationship between zinc status and metabolic 
risk factors including insulin resistance in various subjects 
according to different age group or the degree of obesity for 
the future study.

Several mechanisms have been suggested to explain the 
association between zinc and insulin resistance. Zinc is known 
to play a major role in the stabilization of insulin hexamers and 
in the pancreatic storage of insulin because it can enhance insulin 
binding to hepatocyte membranes [28]. In fact, reduced hepatic 
insulin binding to hepatocyte membranes during zinc deficiency 
may be associated with the contribution of zinc during insulin 
receptor synthesis [29]. Furthermore, zinc is an efficient 
antioxidant, and oxidative stress is considered to be a primary 
contributor to the initiation and progression of insulin resistance 
and diabetes [30]. In addition, zinc is a component of SOD and 
is required for optimum SOD activity [29]. 

Our study has several limitations that require consideration. 
First, we did not control for potential confounders such as diet 
or physical activity during zinc supplementation. Second, the 
supplementation period may have been insufficient in terms of 
significantly changing metabolic risk factors. Thus, we suggest 
a longer follow-up study be conducted on zinc supplementation 
in obese individuals.

In conclusion, zinc supplementation at 30 mg daily for 8 weeks 
improved serum zinc and urinary zinc concentrations in obese 
Korean women. However, zinc supplementation did not improve 
insulin resistance or any metabolic risk factor examined. Further 
research on the effect of zinc on insulin resistance and metabolic 
risk factors should be performed in a larger cohort with a longer 
follow-up period to determine the potential merits of zinc-based 
intervention in patients with metabolic disease. 
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