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s u m m a r y

Background: As the key component of glutathione peroxidase with unique antioxidant properties, se-
lenium has been considered to play an important part on lipid metabolism. However, the associations of
serum selenium concentrations with lipid concentrations and dyslipidemia are still controversial.
Methods: We analyzed cross-sectional data including serum selenium levels, lipid concentrations and
other related indexes of 8198 rural Chinese. Serum selenium was measured by inductively coupled
plasma mass spectrometry, and total cholesterol (TC), triglyceride (TG), high density lipoprotein-
cholesterol (HDL-c) and low density lipoprotein-cholesterol (LDL-c) of serum were measured with kits.
Results: Overall, mean serum seleniumwas 120 mg/l. Multivariate liner regression revealed that selenium
concentrations were positively correlated with TC (P < 0.001), HDL-c (P < 0.001), TG (P < 0.001) and LDL-c
(P < 0.001). Compared with the lowest quintile of serum selenium, participants in quintile 3, 4 and 5 had
higher risks of High-TC dyslipidemia (P � 0.02) and High-LDLC dyslipidemia (P < 0.02) after adjusting for
covariates. In the stratified analyses, we found that the seleniumedyslipidemia associations were
significantly stronger in post-menopausal women (OR: 2.72; 95% CI: 1.97, 4.17) and diabetics (OR: 9.40;
95% CI: 3.02, 29.26).
Conclusion: Elevated serum selenium levels were correlated with the increased concentrations of TC,
LDL-c, HDL-c and TG, and increased the risk of High-TC and High-LDLC dyslipidemia among rural Chi-
nese. However, the real associations between serum selenium and lipid profile should be verified in
specifically designed randomized trials in future.

© 2017 Published by Elsevier Ltd.

1. Introduction

Selenium (Se), as an essential microelement, is considered to
have beneficial effect on human health, mainly based on the anti-
oxidant capacity of glutathione peroxidases (GPx) and other sele-
noproteins involved in essential enzymatic functions, such as redox
homeostasis, thyroid hormone metabolism, and reproduction [1,2].
A wide range of dietary selenium sources comprises meat, guts,
seafood, and cereals. Recommended Dietary Allowance for sele-
nium (55 mg/d) is crucial for maintaining the function and ho-
meostasis of the human body. Selenium levels in people vary
widely. Published studies showed that the mean serum selenium

levels were ranging from 51.8 to 142.9 mg/l among people in Britain,
Canada, Finland, Germany, South Africa and USA [3e8].

Previous epidemiological researches revealed that the correla-
tion between serum selenium levels and cardiovascular diseases
was inconsistent. Studies from Germany [6] and Denmark [9]
showed that reduced selenium levels could be one of the risk fac-
tors for cardiovascular diseases (CVD). A follow-up study among
Italian [10] corroborated high selenium levelswith dyslipidemia and
diabetes. However, some studies have been unable to demonstrate
a correlation of serum selenium with the risk of CVD [11e13]. As a
modifiable risk factor of CVD, dyslipidemia, which is characterized
by abnormal levels of circulating lipids and lipoproteins, can be
divided into four common types, high total cholesterol (TC) dysli-
pidemia (TC > 5.17 mmol/l), high low density lipoprotein (LDL)
cholesterol dyslipidemia (LDL-c > 3.36 mmol/l), high triglycerides
(TG) dyslipidemia (TG > 1.69 mmol/l), and low high density lipo-
protein (HDL) cholesterol dyslipidemia (HDL-c < 1.04 mmol/l)

* Corresponding author. Department of Public Health, Shandong University, 44
Wenhua Road, Lixia District, Jinan 250012, Shandong, China. Fax: þ86 531
88382149.

E-mail address: chem@sdu.edu.cn (X. Gao).

Contents lists available at ScienceDirect

Clinical Nutrition

journal homepage: ht tp: / /www.elsevier .com/locate/c lnu

http://dx.doi.org/10.1016/j.clnu.2017.08.025
0261-5614/© 2017 Published by Elsevier Ltd.

Clinical Nutrition xxx (2017) 1e6

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119

YCLNU3237_proof ■ 8 September 2017 ■ 1/6

Please cite this article in press as: Ju W, et al., Relationship between higher serum selenium level and adverse blood lipid profile, Clinical
Nutrition (2017), http://dx.doi.org/10.1016/j.clnu.2017.08.025

mailto:chem@sdu.edu.cn
www.sciencedirect.com/science/journal/02615614
http://www.elsevier.com/locate/clnu
http://dx.doi.org/10.1016/j.clnu.2017.08.025
http://dx.doi.org/10.1016/j.clnu.2017.08.025
http://dx.doi.org/10.1016/j.clnu.2017.08.025


according to Chinese Guidelines on Prevention and Treatment of
Dyslipidemia in Adults [14].

As the crucial component of GPx with unique antioxidant
properties, selenium has been regarded as one of the important
factors for lipid metabolism [15]. However, an increased risk of
dyslipidemia in people with high selenium exposure has been
observed in recent researches. Observational studies have revealed
that serum selenium was positively correlated with LDL-c
[8,16e18], TC [3,8,16e18], or TG [8]. However, randomized
controlled trials (RCTs) on the effect of selenium supplementation
on lipid concentrations are limited to studies in which selenium
supplements were given combined with other minerals or to small
short-term studies, and results of RCTs didn't find significant as-
sociation between serum selenium and lipid profile [19e21].

China has a large proportion of agriculture and rural people.
Rural Chinese usually eat locally produced food, and seldom eat any
dietary supplements. In addition, most of them are local in-
habitants at the same place during their lifetime [22]. So it is of
great significance to probe into the correlations between serum
selenium concentrations and lipid or dyslipidemia in rural Chinese.
To our knowledge, there were few large-scale studies conducted in
China to evaluate the correlations between serum selenium levels
and lipid concentrations. Su et al. found that high selenium level in
nail could increase the risk of dyslipidemia [23]. A study [24] from
Zhoukoudian area, Beijing in 2007 revealed that selenium con-
centrations were positively correlated with TC, and negatively
correlated with TG and HDL-c. However, the final result may be
limited to the small sample size.

Our objective in the cross-sectional study, therefore, was to
explore the associations between serum selenium levels and lipid
concentrations, and further investigated the effect of selenium
status on the risk of dyslipidemia among participants over eighteen
from rural areas in China.

2. Methods

2.1. Study population

The study population of our study was from Shandong Univer-
sity health research base, a cohort study on participants from rural
areas in three counties (Junan, Liangshan and Pingyin) of Shandong
Province in China. We excluded population under 18 years old and
people with missing data on selenium, and the final sample size
was 8198. All people involved in this study obtained written
informed consent before collecting blood samples.

2.2. Examination of blood biochemical indicators

Fasting serum TC, TG, LDL-c, HDL-c, plasma glucose, serum se-
lenium were determined with the morning fasting venous blood.
Serum samples were centrifuged with 1000 rpm for 5e10 min after
placing at room temperature for 30 min, then draw the upper layer
of serum into the centrifuge tube. All blood samples were kept in
�80 �C refrigerator until analysis. Blood glucose was determined by
Glucose Oxidase method, and used the blood glucose Kit in fully
automatic chemistry analyzer. Serum selenium was determined by
inductively coupled plasma mass spectrometry. TC, TG, HDL-c and
LDL-c of serum were measured with TC kit, TG kit, HDL-c kit, and
LDL-c kit.

2.3. Other variables

Age, gender, current cigarette smoking (yes, no), current alcohol
use (yes, no), cardiovascular diseases (yes, no), family history of
cardiovascular diseases (yes, no) and static activities (h) were self-

reported. We used traditional methods to measure height, weight,
and blood pressure (BP). The average values of the two measure-
ments were obtained, and the results were accurate to 0.1 cm,
0.1 kg, 1 mmHg. Hypertension was defined as systolic blood
pressure > 140 mmHg and/or diastolic blood pressure > 90 mmHg.
The dietary pattern and nutritional status of participants were
investigated by 24 h dietary investigation inquiring for three days.

2.4. Statistical analysis

Participants were divided into quintiles by serum selenium
concentration, and participants in the lowest quintiles were chosen
as the reference group. Measurement data are expressed as the
mean ± standard deviation (SD), and dichotomous variables were
expressed as percentages. We estimated the differences in the
levels of TC, TG, LDL-c, and HDL-c by multivariate linear regression,
and calculated the odds ratios (OR) and 95% confidence intervals
(CI) for 4 kinds of dyslipidemia by logistic regression, comparing
the 4 higher quintiles to the lowest quintile. We used three models
with progressive degrees of adjustment. Model 1 was adjusted for
sex (male, female), age. Model 2 was further adjusted for BMI, hy-
pertension (yes, no), diabetes (yes, no), family history of CVD (yes,
no), current cigarette smoking (yes, no), current alcohol use (yes,
no) and static activities time. Model 3 was further adjusted for the
dietary intakes of energy, fat, vitamins E, calcium, and magnesium.
Moreover, we estimated the correlation between serum selenium
level and dyslipidemia (including four types) by performing ana-
lyses in which people were stratified according to covariates,
including age (<40, 40e60, >60), gender (male, pre-menopausal
women, post-menopausal women), current smoking status (yes,
no), current alcohol use (yes, no), diabetes (yes, no), hypertension
(yes, no) with Model 3 adjustment. All analyses were performed
with using the SPSS statistical software version 23.0.

3. Result

3.1. Baseline clinical characteristics

A total of 8198 participants aged from 18 to 95 were included in
our cross-sectional analysis at baseline. Table 1 describes the gen-
eral characteristics of the people involved in our study across
quintile categories of plasma selenium. Mean concentration of se-
lenium in the general population was 120 mg/l. Mean serum sele-
nium concentration of each quintile group was 80.87 mg/l,
101.78 mg/l, 116.36 mg/l, 132.60 mg/l, 168.51 mg/l. Higher selenium
was correlated with higher age, higher BMI, higher BP, higher blood
glucose, smoking status, drinking status, lower static activities time
and higher fat intakes from dietary.

3.2. Relationships between serum selenium and lipid profile

In multivariate liner regression analysis, high serum selenium
levels were associatedwith higher level of TC, TG, LDL-c, and HDL-c.
The multivariable-adjusted differences in TG, TC, LDL-c, and HDL-c
were 0.24 mmol/l (95% CI: 0.17, 0.31), 0.57 mmol/l (95% CI: 0.49,
0.65), 0.37 mmol/l (95% CI: 0.32, 0.42), and 0.12 mmol/l (95% CI:
0.08, 0.16), respectively (Table 2).

3.3. Relationships between serum selenium and dyslipidemia

Table 3 revealed positive associations of serum selenium con-
centrations with High-TC and High-LDLC dyslipidemia after
adjusting the age and sex, and adjustment for lifestyle and dietary
factors only slightly attenuated these associations. Multivariable-
adjusted OR in High-TC dyslipidemia comparing quintiles 3e5 to
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