
RESEARCH ARTICLE

The Relationship between Zinc Status and
Inflammatory Marker Levels in Rural Korean
Adults Aged 40 and Older
Sukyoung Jung1,2, Mi Kyung Kim1,2*, Bo Youl Choi1,2

1 Department of Preventive Medicine, College of Medicine, Hanyang University, Seoul, South Korea,
2 Institute for Health and Society, Hanyang University, Seoul, South Korea

* kmkkim@hanyang.ac.kr

Abstract

Background

Serum cytokines and C-reactive protein (CRP) are known as one of the major risk factors in

atherosclerosis. The antioxidant and anti-inflammatory properties of zinc have been sug-

gested, but few data are available on the relationship between zinc status and inflammatory

markers in epidemiological studies.

Objective

The present study aims to investigate the cross-sectional relationships of serum cytokines

and CRP with dietary zinc intake and serum zinc levels in healthy men and women aged 40

and older in rural areas of South Korea.

Materials and Methods

A group of 1,055 subjects (404 men, 651 women) was included in dietary zinc analysis

while another group of 695 subjects (263 men, 432 women) was included in serum zinc

analysis. Serum IL-6, TNF-α, and CRP were measured as inflammatory markers.

Results

There was no significant inverse relationship between dietary zinc intake and inflammatory

markers. We found a significant inverse relationship between serum zinc levels and all three in-

flammatory markers in women (P for trend = 0.0236 for IL-6; P for trend = 0.0017 for TNF-α; P
for trend = 0.0301 for CRP) and between serum zinc levels and a single inflammatory marker

(IL-6) in men (P for trend = 0.0191), although all R2 values by regression were less than 10%.

Conclusion

In conclusion, serum zinc levels may be inversely related to inflammatory markers (IL-6,

TNF-α, and CRP), particularly in women.
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Introduction
Cytokines are a large group of molecules involved in cellular signaling during immune re-
sponses [1] and thought to be involved in every step of atherosclerosis [2,3], an inflammatory
process as well as an independent risk factor for cardiovascular disease (CVD) [2]. Cytokines
are classified into several families [4] and among them, interleukin-1 (IL-1), interleukin-6
(IL-6), and tumor necrosis factor alpha (TNF-α) being recognized as the primary pro-inflam-
matory cytokines that promote inflammation [5]. In the liver, IL-6 predominantly stimulates
the secretion of C-reactive protein (CRP), an acute phase protein [6] that acts as a sensitive sys-
temic marker indicating inflammation and tissue damage [7] and is also related to CVD risk
via its involvement in inflammatory mechanisms [8].

Although zinc deficiency is not considered a public health issue in developed countries, zinc
remains an important nutrient due to its antioxidant and anti-inflammatory properties [9]. De-
spite these properties of the zinc, few data are available on the relationship between zinc status
and inflammatory markers in epidemiological studies and the results of the few studies con-
ducted on this topic have been inconsistent [9,10]. Previous studies reported a positive cross-
sectional relationship between dietary zinc intake and CRP levels in healthy American subjects
aged 45–84 [9] and an inverse cross-sectional relationship between serum zinc levels and CRP
levels in very elderly Brazilian subjects [10].

However, two Korean studies have indicated low dietary zinc intake [11] and low zinc bio-
availability using a phytate:zinc molar ratio [12] were related to subclinical atherosclerosis and
these studies suggested a potential protective effect of dietary zinc on atherosclerosis. Under-
standing the association between zinc status and the inflammation process as the early stages
of atherosclerosis may provide further information on how to protect against atherosclerotic
progression as well as CVD.

The aim of the present study is to investigate the relationship of IL-6, TNF-α, and CRP with
dietary zinc intake and serum zinc levels in healthy men and women aged 40 years and older
living in rural areas of South Korea.

Materials and Methods

Study population
This study population was a part of the ongoing TheKoreanGenome Epidemiology Study
(KoGES), initiated to identify risk factors for cardiovascular disease. Subjects in the present study
included 1,703 adults aged 40 years and over living in Yangpyeong County located 45 km east of
Seoul, the capital of South Korea. Subjects were recruited to investigate the subclinical atheroscle-
rosis risk factors between January 2005 and December 2009. The majority of the subjects were
self-reported farmers and housewives. To identify the relationship between zinc status and in-
flammatory markers, subjects who did not provide sufficient specimen to detect serum inflamma-
tory markers (n = 109), subjects with a history of heart disease, stroke, and/or cancer (physician-
diagnosed) (n = 122), and subjects taking medication for hypertension, diabetes mellitus, and/or
dyslipidemia (n = 399) were excluded. Additionally, we excluded subjects who reported implausi-
ble dietary intakes (<500 or>4000 kcal/d) (n = 4) as well as those who did not have data on alco-
hol intake (n = 4), blood pressure (n = 2), anthropometric measurements (height, weight, waist
circumference) (n = 2), education level (n = 2), and/or exercise habits (n = 2). Additionally, ex-
treme outliers for serum inflammatory markers (n = 2) were removed. Finally, 1,055 subjects
(404 men, 651 women) were included in the final analysis of dietary zinc intake and 695 subjects
(263 men, 432 women) who were available serum zinc data were included in the final analysis
of serum zinc levels. This study was approved by the Institutional Review Board of Hanyang
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University and was conducted in accordance with the Declaration of Helsinki. All subjects pro-
vided written informed consent to participate in this study.

General characteristics and anthropometric measurements
To determine general characteristics, including information on demographics, education,
smoking status, alcohol consumption, exercise habits, medical history, and menstrual history, a
structured questionnaire was administered by trained interviewers. Educational level, which
has been reported as a stronger indicator among other indicators reflecting socioeconomic sta-
tus, was used as an index of socioeconomic position [13]. Higher education was defined as
more than 12 years of schooling, while regular exercise was defined as� 3 times per week
and� 30 min per session. Smoking status was classified as either current smoker or non-smok-
er (including past smokers). Study subjects were asked their average frequency of alcohol con-
sumption and the average amount of alcohol consumed to estimate daily alcohol consumption.
Total daily alcohol consumption was calculated based on the total volume of all alcoholic bev-
erages consumed, as expressed in grams of alcohol per day (g/d).

Height was measured with a standard height scale to the nearest 0.1 cm and weight was
measured with a metric weight scale to the nearest 0.01 kg with subjects in light clothing with-
out shoes. Body mass index was calculated as weight in kg divided by the square of height in
meters (kg/m2). Waist circumference was measured halfway between the lowest rib margin
and the iliac crest. Blood pressure (BP) was measured in a seated position via auscultation
using a standard sphygmomanometer and cuff on the right arm. Two consecutive BP measure-
ments were taken after each subject had been sitting for at least 5 minutes. Systolic blood pres-
sure (SBP) and diastolic blood pressure (DBP) were measured with a standard mercury
sphygmomanometer using the first and fifth Korotkoff sounds to the nearest 2 mmHg. If the
two systolic or diastolic blood pressure readings were more than 5 mmHg apart, an additional
measurement was performed and the mean value of the last two measurements was used in
subsequent analysis.

Biochemical analyses
Blood samples were collected in the morning after at least eight hours of fasting and all bio-
chemical markers were analyzed on the same day. Serum cytokines (IL-1β, IL-6, and TNF-α)
were measured using the multiplex method (Luminex 200, Luminex Corp, USA) and ranged
from 0.14–400 pg/mL for IL-1β, 0.11–400 pg/mL for IL-6, and 0.16–400 pg/mL for TNF-α.
Intra-assay precision is generated from the mean of the % coefficient of variation (V)'s from
sixteen reportable results across two different concentration of cytokines in a single assay.
Inter-assay precision is generated from the mean of the % CV's from four reportable results
across two different concentrations of cytokines across six different experiments. Intra- and
inter-assay CVs were 11.9 vs 10.3% for IL-6; 10.6 vs 9.8% for TNF-α, respectively. CRP was
assayed by Turbidimetric immunoassay for high sensitivity CRP using ADVIA 1650 auto ana-
lyzer (Siemens medical sol.,USA) with a range from 0.2-400mg/L. Serum zinc levels were mea-
sured via inductively coupled plasma mass spectroscopy (ICP-MS; ICP-Mass, Bruker 820-MS,
Australia) with a range from 66.0–110.0 μg/dL.

Dietary intake assessment
Food and nutrient intakes were estimated using a food frequency questionnaire (FFQ) with
106 food items. Subjects were asked to identify how frequently they consumed 106 food items
during the past year as well as the average amount they consumed. On the FFQ, nine frequency
categories ranging from “never or rarely” to “3 times/d” were used to determine frequency of
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consumption and three serving sizes were listed to determine the amount of consumption. For
food items with limited seasonal availability, subjects were asked to indicate whether they ate
them for 3, 6, 9, or 12 months of the year. The validity and reproducibility of the FFQ has been
examined in detail elsewhere [14]. Nutrient intake including zinc was calculated using a
weighted frequency per day and serving size per unit for each food item. This study used nutri-
ent database from the seventh edition of the Korean Food Composition Table [15], while the
nutrient database [16] from the sixth edition of the Korean Food Composition Table was used
in our previous study [12]. Calculations of the mean daily zinc intake values using both ver-
sions of the nutrient database resulted in some slight differences (7.4 and 9.6 mg/d in men; 6.2
and 8.0 mg/d in women). However, high correlation (r = 0.9456, P-value< 0.0001 in men;
r = 0.9000, P-value< 0.0001 in women) and similar patterns of the main results were consis-
tently observed in both sets of data (data not shown).

Dietary phytate intake was estimated using a phytate database of commonly consumed
foods in Korea [17] and the United States [18]. For foods with no phytate content information
[17,18], phytate values for different forms of the same food or similar foods were substituted.
The details of this substitution method were reported elsewhere [12].

Statistical analysis
Extreme outlier cytokines include those with values ten times higher than the value of the 99th

percentile [19]. One extreme outlier for IL-1β was greater than 83.1 pg/mL (p99 = 8.31) in men
while one outlier for TNF-α was greater than 200 pg/mL (p99 = 20.0) in women. These values
were excluded from the final analysis. As recommended in previous studies [20,21], all IL-1β,
IL-6, and TNF-α values measured below the detection level (0.2 pg/mL) were substituted with
a value (0.1) equivalent to half of the lower detection limit [19]. For IL-1β, however, 87% of the
subjects exhibited values lower than the detection level, so we excluded IL-1β from the present
study. IL-6, TNF-α, and CRP were log transformed for analysis because of right skewness.

Nutrient intakes were adjusted for total energy intake using a residual method, which is
based on the simple relationship between nutrient intake and total energy intake separately in
men and women [22]. Subjects were categorized into tertiles based on daily zinc intake and
serum zinc levels.

The general characteristics of the subjects are described as the average and standard devia-
tion for continuous variables and in terms of prevalence for categorical variables. To assess po-
tential confounders that could affect the relationship between zinc status and inflammatory
markers, age-adjusted averages or prevalence were obtained by the zinc status groups using the
general linear model (GLM) and Cochran Mantel Haenszel analysis. Tukey's post-hoc compar-
ison test was used to identify group differences at P-value< 0.05. Trend tests were conducted
by treating the median value of each group as a continuous variable in the age-adjusted model.
Variables showing significant linear trends across dietary zinc intake and serum zinc level
groups were included in analysis as potential confounders. Two different models were applied
to the analysis of dietary zinc intake and inflammatory markers. In the first model, age was the
only variable adjusted. With the exception of dietary variables, variables that demonstrated sig-
nificant linear trends across tertiles of dietary zinc intake were adjusted in the second model
(age and alcohol intake for men; age, alcohol intake, waist circumference, higher education,
and smoking status for women). Because there were no significant linear trends across tertiles
of serum zinc level, only the age-adjusted model was applied in serum zinc levels analysis.

To compare the means of inflammatory markers (IL-6, TNF-α, and CRP) according to die-
tary zinc intake and serum zinc level groups, the GLM was used and Tukey’s post-hoc compar-
ison test was used to identify group differences at P-value< 0.05. Regression coefficients and
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R2 were also presented using multiple linear regression analysis. Trend tests were conducted by
treating the median value of each group as a continuous variable in multivariable-
adjusted models.

SAS software (Version 9.3, SAS Institute Inc.; Cary, NC, USA) was used for all statistical
analyses. P-values< 0.05 were considered significant.

Results
General characteristics of the study subjects are shown in Table 1. The mean ages of the men
and women were 60.3 and 57.3 y, respectively. The proportions of subjects with higher educa-
tion and who were current smokers and current drinkers were higher among men than among
women. Men had a higher mean waist circumference than women. Mean IL-6, TNF-α, and
CRP values were higher among men than women. The mean daily zinc intake for men and
women was 9.6 and 8.0 mg, respectively. These characteristics were similar to those of subjects
in serum zinc analysis and the average of serum zinc was 105.2 μg/dL (SD, 16.6) for men and
104.7 μg/dL (SD, 14.9) for women (data not shown).

Figs 1 and 2 demonstrate correlations of dietary and serum zinc with inflammatory markers.
Serum zinc levels exhibited significant negative correlation with IL-6 and CRP in men, with IL-
6, TNF-α, and CRP in women.

Potential confounders for dietary zinc intake and serum zinc level groups are shown in
Table 2. Higher education, regular exercise, waist circumference, and phytate intake in men
and regular exercise, daily alcohol consumption, waist circumference, and phytate intake in
women showed significant linear trends across dietary zinc intake tertile groups. None of the
variables demonstrated a significant linear trend across serum zinc level tertile groups.

Relationships between dietary zinc intake and inflammatory markers are shown in Table 3.
An age-adjusted analysis revealed that dietary zinc intake had a significantly inverse relation-
ship with serum IL-6 in men (P for trend = 0.0477), but not in women. This significant linear
trend diminished in multivariable models. No significant relationship between dietary zinc in-
take and serum TNF-α was found in both men and women. Multiple linear regression analysis
indicated that a 1-mg increase in the daily consumption of zinc was related to a mean increase
of 0.0335 pg/mL in CRP after adjustment for age in women (P-value = 0.0270), but not in men.
In the multivariable analysis, no significant results were obtained for both men and women
(Table 3).

Table 4 presents the relationship between serum zinc levels and inflammatory markers.
Serum zinc levels in men subjects exhibited a significant inverse relationship with IL-6 (P for
trend = 0.0191, β = -0.0901 (P-value = 0.0048)), but no significant relationships were found be-
tween serum zinc levels and TNF-α or CRP. In women, serum zinc levels had a significant in-
verse relationship with IL-6, TNF-α, and CRP levels in both analyses (P for trend = 0.0236, β =
-0.0571, R2 = 3.79 (P-value = 0.0321) for IL-6; P for trend = 0.0017, β = -0.0464, R2 = 4.10 (P-
value = 0.0015) for TNF-α; P for trend = 0.0301, β = -0.0560, R2 = 8.68 (P-value = 0.0011) for
CRP).

Discussion
In this cross-sectional study of zinc status and inflammatory markers, we found a significant
inverse relationship of serum zinc levels with all three inflammatory markers (IL-6, TNF-α,
and CRP) in women and with only IL-6 in men. No significant inverse relationships were
found between dietary zinc intake and inflammatory markers.

Although zinc consumption was calculated from FFQ and consequently was not recognized
as absolute intake, average zinc intake (9.6 mg/d for men and 8.0 mg/d for women) in the
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present study was higher than the Korean estimated average requirements (EAR) for dietary
zinc [23], and that of lower than European sample of elderly people (Austria, Denmark, Ger-
many, Italy, and UK) [24] and US population aged over 40 years using NHANES 2011–2012
[25]. Zinc status can be assessed by biochemical, and functional indicators as well as dietary in-
take [26]. Of these indicators, biochemical indicators had a characteristic of an objective and
quantitative when assessing the zinc status [26]. Biochemical indicators include concentrations
of plasma zinc, urinary zinc excretion, erythrocyte zinc, mononuclear cell zinc, polymorphonu-
clear cell zinc, platelet zinc, hair zinc, plasma alkaline phosphatase activity, and metallothionein
[27]. Serum zinc levels have been identified as an optimal marker to assess the zinc status at a
population level [28,29]. Though no accurate marker of zinc status of an individual currently
exists, serum zinc levels are considered as the easiest and most informative marker to use in as-
sessing zinc status [30], particularly at the individual level in large population studies [31].

Table 1. General characteristics of the study subjects1.

Characteristics Men Women

n 404 651

Age (y) 60.3 ± 9.5 57.3 ± 9.8

Higher education (n, %)2 135 (33.4) 160 (24.6)

Regular exercise (n, %)3 78 (19.3) 159 (24.4)

Current smoker (n, %) 124 (30.7) 10 (1.5)

Alcohol consumption

Current drinker (n, %) 272 (67.3) 223 (34.3)

Alcohol intake (g/d) 28.5 ± 49.5 2.3 ± 6.7

Body mass index (kg/m2) 23.9 ± 2.9 24.7 ± 3.1

Waist circumference (cm) 86.1 ± 8.0 84.0 ± 8.8

Menopausal women (n, %) - 475 (73.2)

Seated blood pressure (mmHg)

Systolic 122.6 ± 14.0 118.8 ± 16.9

Diastolic 80.5 ± 9.7 77.7 ± 10.1

IL-6 (pg/mL)4 2.60 ± 2.28 2.38 ± 2.36

TNF-α (pg/mL)4 7.06 ± 1.63 6.42 ± 1.59

CRP (mg/L)4 2.19 ± 1.89 2.00 ± 1.69

Dietary intake

Energy (kcal/d) 1804.2 ± 532.2 1520.7 ± 432.6

Protein (g/d) 57.2 ± 9.7 47.9 ± 8.1

Fat (g/d) 23.4 ± 8.9 17.2 ± 7.5

Carbohydrate (g/d) 346.7 ± 36.4 300.9 ± 31.7

β-carotene (μg/d) 2651.9 ± 1431.2 2444.8 ± 1412.0

Vitamin E (mg/d) 7.3 ± 1.7 6.0 ± 1.6

Vitamin C (mg/d) 85.3 ± 40.6 85.9 ± 43.1

Folate (μg/d) 452.2 ± 127.8 414.6 ± 123.4

Zinc (mg/d) 9.6 ± 2.0 8.0 ± 1.3

Phytate (mg/d) 689.8 ± 181.4 614.9 ± 143.7

IL-6, interleukin 6; TNF-α, tumor necrosis factor-alpha; CRP, C-reactive protein;
1 Values are expressed as the mean ± SD or number (%)
2� High school graduates (12 years of education)
3 �3 times/week and �30 min/session
4 Mean values of IL-6, TNF-a, and CRP are back-transformed values.

doi:10.1371/journal.pone.0130016.t001
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Serum zinc level (μg/dL) of the present study subjects (89.9–119.9 for men and 91.8–118.3 for
women) was lower than that of Korean population aged over 20 years using KNHANES 2010

Fig 1. Scatter plots of dietary zinc intake and serum zinc levels with serum cytokines and C-reactive protein in men.

doi:10.1371/journal.pone.0130016.g001
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data (128.8–180.0 for men and 118.2–166.9 for women) [32] and similar to very elderly Brazil-
ian individuals (81.0–120.0 for total subjects) [10].

Fig 2. Scatter plots of dietary zinc intake and serum zinc levels with serum cytokines and C-reactive protein in women.

doi:10.1371/journal.pone.0130016.g002
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Table 2. Age-adjusted characteristics of the study subjects according to dietary zinc intake and serum zinc levels1.

Tertiles of dietary zinc intake (mg/d) Tertiles of serum zinc levels (μg/dL)

Characteristics T1 T2 T3 P for
linear
trend2

Characteristics T1 T2 T3 P for
linear
trend2

Men (n = 404) Men (n = 263)

n 134 135 135 n 87 88 88

Median of zinc
intake

8.10 9.42 10.92 Median of serum
zinc level

88.9 103.9 119.9

Range of zinc
intake

4.30–8.81 8.83–9.94 9.94–25.74 Range of serum
zinc level

63.3–96.8 97.1–110.2 110.7–
160.6

Age (y) 60.9 ± 0.8 60.5 ± 0.8 59.5 ± 0.8 0.2090 Age (y) 64.1 ± 1.0a 60.1 ± 1.0b 59.8 ± 1.0b 0.0025

Higher education
(%)3

26.4a 30.7ab 43.0b 0.0018 Higher education
(%)3

37.6 29.4 31.1 0.3563

Regular exercise
(%)4

11.4a 19.3ab 27.1b 0.0011 Regular exercise
(%)4

27.4 16.1 19.3 0.2168

Current smoker
(%)

35.5 31.3 25.4 0.0711 Current smoker
(%)

30.7 24.1 29.6 0.9126

Current drinker
(%)

63.1 66.1 72.8 0.0846 Current drinker
(%)

70.3 67.6 61.7 0.2339

Alcohol intake (g/
d)

28.0 ± 4.3 23.1 ± 4.2 34.8 ± 4.2 0.2337 Alcohol intake (g/
d)

37.9 ± 5.4 23.8 ± 5.3 23.9 ± 5.3 0.0756

Body mass index
(kg/m2)

23.5 ± 0.2 24.0 ± 0.2 24.2 ± 0.2 0.0387 Body mass index
(kg/m2)

23.8 ± 0.3 24.3 ± 0.3 23.8 ± 0.3 0.9387

Waist
circumference
(cm)

84.5 ± 0.7a 86.2 ± 0.7ab 87.7 ± 0.7b 0.0009 Waist
circumference
(cm)

85.2 ± 0.9 88.0 ± 0.8 87.5 ± 0.9 0.0716

Dietary phytate
(mg/d)

601.7 ± 14.8a 720.0 ± 14.7b 747.1 ± 14.7b <.0001 Dietary phytate
(mg/d)

675.1 ± 20.4 722.1 ± 20.1 728.1 ± 20.1 0.0731

Women
(n = 651)

Women
(n = 432)

n 217 217 217 n 142 147 143

Median of zinc
intake

6.96 7.83 9.06 Median of serum
zinc level

91.8 103.6 118.3

Range of zinc
intake

4.27–7.39 7.40–8.35 8.35–21.19 Range of serum
zinc level

66.6–97.3 97.4–108.6 108.7–
197.1

Age (y) 59.2 ± 0.7a 57.2 ± 0.7ab 55.4 ± 0.7b <.0001 Age (y) 58.2 ± 0.8ab 59.5 ± 0.8a 56.2 ± 0.8b 0.0470

Menopausal
status (%)

72.3 74.1 73.2 0.8049 Menopausal
status (%)

74.7 75.0 81.3 0.0651

Higher education
(%)3

23.2 24.2 26.3 0.4021 Higher education
(%)3

21.6ab 27.5a 14.5b 0.0780

Regular exercise
(%)4

19.2a 22.5ab 31.6b 0.0023 Regular exercise
(%)4

24.1 25.6 24.6 0.9373

Current smoker
(%)

2.7 0.0 1.9 0.6401 Current smoker
(%)

0.7 0.6 0.8 0.9327

Current drinker
(%)

29.9a 30.8a 42.0b 0.0055 Current drinker
(%)

34.0 35.7 31.7 0.6607

Alcohol intake (g/
d)

2.0 ± 0.5a 1.5 ± 0.4a 3.6 ± 0.5b 0.0067 Alcohol intake (g/
d)

2.7 ± 0.6 2.3 ± 0.6 2.0 ± 0.6 0.4104

Body mass index
(kg/m2)

24.4 ± 0.2 24.6 ± 0.2 25.0 ± 0.2 0.0743 Body mass index
(kg/m2)

24.8 ± 0.3 24.7 ± 0.3 24.9 ± 0.3 0.8805

Waist
circumference
(cm)

82.8 ± 0.6a 84.0 ± 0.6ab 85.1 ± 0.6b 0.0069 Waist
circumference
(cm)

84.4 ± 0.7 85.6 ± 0.7 86.1 ± 0.7 0.0759

(Continued)
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In the present study, there was no correlation between dietary zinc intake and serum zinc
levels (r = -0.0641, P-value = 0.3014 in men; r = 0.0037, P-value = 0.9397 in women). Similarly,
this correlation was also found among Japanese adult populations [33] and New Zealand
women 18–40 years of age who did not use oral contraceptives [34]. However, two other stud-
ies showed a positive correlation in Europeans [30] and the dose-response relationship between
zinc supplements and blood zinc levels in meta-analysis [35]. In a subsample of very elderly
Brazilian individuals, average zinc intake did not vary significantly according to serum zinc
level tertiles [10]. Taken together [10,30,33–35], these contrasting results indicate that the true
nature of the relationship between dietary zinc intake and serum or plasma zinc level
remains unclear.

By the way, in the present study, inflammatory markers were not associated with dietary
zinc intake, but showed significant inverse associations with serum zinc levels. The discrepancy
between dietary zinc intake and serum zinc status may be partially explained by properties as
follows; first, serum zinc levels may reflect recent dietary zinc intake better than long-term in-
take as suggested in a previous in vivo study [36], although chronic low zinc intake may cause
the zinc deficiency in which case serum zinc levels can be indicative of a population’s risk for
zinc deficiency [28]. Second, inflammatory markers (pro-inflammatory cytokines and CRP) in
the present study may be responsible for acute inflammation [3,6]. The low correlation be-
tween dietary zinc intake and serum zinc status may also attribute to those properties.

There were previous studies reporting the inverse relationships of long term dietary zinc in-
take with the incidence of [37] and mortality related to CVD [38]. We yielded meaningful re-
sults indicating an inverse association between dietary zinc intake using FFQ and subclinical
atherosclerosis index [11,12] However, limited prior study of the epidemiological relationship
between dietary zinc intake or serum zinc levels and inflammatory markers has been conducted
[9,10]. Among inflammatory markers, CRP has been examined its relation to dietary zinc in-
take among US healthy populations reporting a significantly positive relation to CRP levels [9]
and to serum zinc status among elderly Brazilian populations which showed an inverse rela-
tionship [10]. To the best of our knowledge, and the present study was the first report of the re-
lationship between serum zinc levels and inflammatory markers such as IL-6 and TNF-α.

In the present study, we found a significant relation between serum zinc status and inflam-
matory markers, although serum zinc had small contribution to total variation of all inflamma-
tory markers (<10%). It could be explained by properties of zinc. Zinc has been well known as

Table 2. (Continued)

Tertiles of dietary zinc intake (mg/d) Tertiles of serum zinc levels (μg/dL)

Characteristics T1 T2 T3 P for
linear
trend2

Characteristics T1 T2 T3 P for
linear
trend2

Dietary phytate
(mg/d)

562.4 ± 9.5a 637.1 ± 9.4b 644.1 ± 9.5b <.0001 Dietary phytate
(mg/d)

602.7 ± 12.3 634.1 ± 12.1 628.4 ± 12.3 0.1608

1 All results except each median value and age were adjusted for age, and all nutrient intakes are total energy-adjusted values. Values are expressed as

the mean ± SE or percentage (%). Mean values with different superscripts (a, b, c) within a row were significantly different among the three groups by

Tukey’s multiple comparison test.
2 P for linear trend was determined by the general linear model for continuous variables and by the Cochran-Mantel-Haenszel test for

categorical variables.
3� High school graduates (12 years of education)
4 �3 times/wk and � 30 min/session

doi:10.1371/journal.pone.0130016.t002
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a vital micronutrient with antioxidant and anti-inflammatory properties [39] that affects vari-
ous organisms [40] and thus it also has the potential to influence cardiovascular health through
its interaction with cardiovascular cells [41]. The major underlying mechanism of CVD is ath-
erosclerosis, which is promoted by inflammation [42]. Atherosclerosis is initiated with lipid ox-
idation by inducing the expression of vascular cell adhesion molecular-1 (VCAM-1) [42]. Of
these mechanisms, pro-inflammatory cytokines (IL-1, IL-6, and TNF-α) and acute-response
protein (CRP) are likely to play a role in the pathways that stimulate the expression of adhesion
molecules like VCAM-1 [42,43] as well as the recruitment of monocytes [44].

We found a relatively stronger linear trend between serum zinc levels and inflammatory
markers in women than in men. However, among men, IL-6 also showed the significant inverse
linear trend with serum zinc level and CRP was the lowest in the highest tertile of serum zinc

Table 3. Serum cytokines and C-reactive protein of the study subjects according to daily zinc intake1.

Tertiles of dietary zinc intake (mg/d)

T1 T2 T3 P for linear trend2 β R2 P-value3

Men (n = 404)

n 134 135 135

Median of zinc intake (mg/d) 8.10 9.42 10.92

Range of zinc intake (mg/d) 4.30–8.81 8.83–9.94 9.94–25.74

Interleukin-6 (pg/mL)

Age-adjusted IL-6 2.80 ± 1.07 2.72 ± 1.07 2.32 ± 1.07 0.0477 -0.0044 5.24 0.8240

Multivariable-adjusted IL-64 2.86 ± 1.08 2.92 ± 1.08 2.46 ± 1.08 0.1350 0.0068 7.23 0.7462

Tumor necrosis factor-alpha (pg/mL)
Age-adjusted TNF-α 7.32 ± 1.04 7.10 ± 1.04 6.82 ± 1.04 0.2696 -0.0097 0.25 0.4177

Multivariable-adjusted TNF-α4 7.77 ± 1.05 7.32 ± 1.05 6.89 ± 1.05 0.0740 -0.0176 1.75 0.1644

C-reactive protein (mg/dL)
Age-adjusted CRP 2.25 ± 1.05 2.18 ± 1.05 2.12 ± 1.05 0.4190 0.0060 1.58 0.6990

Multivariable-adjusted CRP4 2.16 ± 1.07 2.12 ± 1.06 2.08 ± 1.06 0.5585 0.0091 2.77 0.5833

Women (n = 651)

n 217 217 217

Median of zinc intake (mg/d) 6.96 7.83 9.06

Range of zinc intake (mg/d) 4.27–7.39 7.40–8.35 8.35–21.19

Interleukin-6 (pg/mL)

Age-adjusted IL-6 2.59 ± 1.06 2.20 ± 1.06 2.36 ± 1.06 0.3245 -0.0004 1.92 0.9885

Multivariable-adjusted IL-64 2.48 ± 1.06 2.16 ± 1.06 2.32 ± 1.06 0.5933 0.01082 3.20 0.6721

Tumor necrosis factor-alpha (pg/mL)
Age-adjusted TNF-α 6.62 ± 1.03 6.23 ± 1.03 6.36 ± 1.03 0.4303 -0.0177 1.10 0.1900

Multivariable-adjusted TNF-α4 6.62 ± 1.03 6.30 ± 1.03 6.42 ± 1.03 0.6776 -0.0142 1.85 0.3048

C-reactive protein (mg/dL)

Age-adjusted CRP 2.01 ± 1.04ab 1.84 ± 1.04a 2.16 ± 1.04b 0.1102 0.0335 4.57 0.0270

Multivariable-adjusted CRP4 2.05 ± 1.04ab 1.84 ± 1.04a 2.10 ± 1.04b 0.3892 0.0265 11.15 0.0782

1 Values are expressed as the mean ± SE. Mean values of IL-6, TNF-a, and CRP are back-transformed values. Mean values with different superscripts (a,
b, c) within a row are significantly different among the three groups by Tukey’s multiple comparison test.
2 P for linear trend was determined by treating the median value of each group as a continuous variable using the general linear model (GLM).
3 P values, regression coefficients, and R2 were obtained by multiple linear regression analysis.
4 The multivariable model for dietary zinc included age (years), education (�12 years), regular exercise (yes/no), waist circumference (cm), phytate intake

(mg/d) among men and age (years), regular exercise (yes/no), daily alcohol consumption (g/d), waist circumference (cm) and phytate intake (mg/d)

among women.

doi:10.1371/journal.pone.0130016.t003
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level, although there was no relation to TNF-α among men, unlike the inverse relation among
women.

Several limitations of this study should be considered in the interpretation of our results.
First, we could not draw a causal relationship between zinc status and inflammatory markers
through this cross-sectional study design. Secondly, there is need to use a marker for reflecting
the zinc status related to long-term dietary zinc intake at individual level. In the present study,
we used serum zinc level as one marker of zinc status. Though serum zinc levels are useful in
assessing zinc status at the individual level, especially in large population studies [31], measur-
ing these levels does not appear to predict long-term dietary zinc intake. Third, study subjects
were taken from only one county of South Korea and the effects of regional differences in envi-
ronment, socioeconomic status, health-related habits on serum zinc level, inflammatory mark-
ers, and its relationship could not be considered. Despite these limitations, it is important to
recognize that, until now, there has been no clear evidence of zinc status mechanisms playing a
mediating role in inflammatory response and this is the first epidemiological study on zinc sta-
tus and inflammatory markers known to affect atherosclerosis. Therefore, zinc status and in-
flammatory markers may provide important information regarding mechanisms of
inflammatory response.

In conclusion, serum zinc levels may inversely be related to inflammatory markers (IL-6,
TNF-α, and CRP), particularly in women. Although we did not observe a significant results of

Table 4. Serum cytokines and C-reactive protein of the study subjects according to serum zinc levels1.

Tertiles of serum zinc level (μg/dL)

T1 T2 T3 P for linear trend2 β R2 P-value3

Men (n = 263)

n 87 88 88

Median of serum zinc level (μg/dL) 88.9 103.9 119.9

Range of serum zinc level (μg/dL) 63.3–96.8 97.1–110.2 110.7–160.6

Interleukin-6 (pg/mL)

Age-adjusted IL-6 3.06 ± 1.09a 2.53 ± 1.09ab 2.25 ± 1.09b 0.0191 -0.0901 9.83 0.0048

Tumor necrosis factor-alpha (pg/mL)

Age-adjusted TNF-α 6.69 ± 1.06 6.89 ± 1.05 6.55 ± 1.05 0.8235 -0.0075 0.22 0.6980

C-reactive protein (mg/dL)
Age-adjusted CRP 2.23 ± 1.07ab 2.48 ± 1.07a 1.92 ± 1.07b 0.1069 -0.0468 1.90 0.0585

Women (n = 432)
n 142 147 143

Median of serum zinc level (μg/dL) 91.8 103.6 118.3

Range of serum zinc level (μg/dL) 66.6–97.3 97.4–108.6 108.7–197.1

Interleukin-6 (pg/mL)
Age-adjusted IL-6 2.46 ± 1.07ab 2.51 ± 1.07a 1.99 ± 1.07b 0.0236 -0.0571 3.79 0.0321

Tumor necrosis factor-alpha (pg/mL)
Age-adjusted TNF-α 6.69 ± 1.04a 6.11 ± 1.04ab 5.64 ± 1.04b 0.0017 -0.0464 4.10 0.0015

C-reactive protein (mg/dL)
Age-adjusted CRP 2.16 ± 1.04 2.05 ± 1.04 1.90 ± 1.04 0.0301 -0.0560 8.68 0.0011

1 Values are expressed as the mean ± SE. Mean values of IL-6, TNF-a, and CRP are back-transformed values. Mean values with different superscripts (a,
b, c) within a row are significantly different among the three groups by Tukey’s multiple comparison test.
2 P for linear trend was determined by treating the median value of each group as a continuous variable using the general linear model (GLM).
3 P values, regression coefficients, and R2 were obtained by multiple linear regression analysis.

doi:10.1371/journal.pone.0130016.t004
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the dietary zinc intake relation to inflammatory markers, our results indicate that serum zinc
levels could be partially responsible for lower inflammation processes in terms of acute inflam-
mation. Further studies are needed that will investigate the precise mechanisms linking zinc,
inflammation, and atherosclerosis.
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