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Abstract

intake and diabetes through logistic regression.

of diabetes.

Background: Selenium is an important trace element for human health. Although numerous epidemiological and
interventional studies have examined the association between selenium and diabetes, their findings have been
inconclusive. Moreover, no research has specifically focused on the association between dietary selenium and
diabetes in the Asian population. The objective of this study was to evaluate the relationship between dietary
selenium and diabetes in middle-aged and elderly Chinese adults.

Methods: A cross-sectional study including 5,423 subjects was carried out. The basic characteristics, biochemical
test results, and dietary intake were collected from each subject for analysis. The adjusted odds ratio (OR) and the
corresponding 95% confidence interval (Cl) were used to determine the relationship between dietary selenium

Results: The prevalence of diabetes in the study population was 9.7%, and the average level of dietary selenium
intake was 43.51 ug/day. The multivariate adjusted OR was
quartile of dietary selenium intake in comparison with the lowest quartile. There was a significant positive
association between dietary selenium intake and diabetes (P for trend = 0.03).

1.52 (95% Cl: 1.01 to 2.28, P=0.04) for the highest

Conclusion: There was a significant positive correlation between dietary selenium intake and the prevalence
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Introduction

Selenium, which plays a crucial role in human health,
is a basic component of selenoprotein, an important
enzyme in the body. As suggested by several previous
studies, selenoproteins play a functional role in redox
homeostasis, thyroid hormone metabolism, and protec-
tion from oxidative stress and inflammation [1]. Most
selenium-enriched foods are natural foods such as organ
meat, seafood, cereals, and crops. The level of selenium
intake varies greatly among individuals and populations
[2]. For example, it is commonly low in Europe but high
in Venezuela, Canada, the United States, and Japan [1,3].
According to a previous study [4], in China the level of
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selenium intake exhibited huge variance among different
population groups.

In view of its important function in protection against
oxidative stress, selenium was suggested to play a pro-
tective role against type 2 diabetes [5]. However, the as-
sociation between selenium and diabetes is in fact very
complicated. Although numerous epidemiological stu-
dies have explored this association, their findings have
been inconclusive. Some researchers concluded that a
high level of selenium could reduce the prevalence of
diabetes [6-8], whereas others suggested that a high level
of serum selenium could be related to the increased
prevalence of diabetes [9,10]. Meanwhile, the results of
the Selenium and Vitamin E Cancer Trial (SELECT)
rejected any significant relationship between supple-
mentary selenium and the risk of type 2 diabetes [11].
However, the outcomes of a post hoc analysis of the
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Nutritional Prevention of Cancer (NPC) trial revealed a
significantly increased risk for type 2 diabetes in partici-
pants taking supplementary selenium [12].

Previous studies have suggested that the specific asso-
ciation between selenium and diabetes remains unclear.
Researchers often focused on the association between
diabetes and the selenium concentration in serum,
plasma, or nail. Of the limited number of studies thus
far to assess the association between dietary selenium
and diabetes, one concluded that an increase in dietary
selenium intake was associated with an increased risk of
type 2 diabetes [13]. It is noteworthy that there was an
absence of data focusing on the association between
dietary selenium and diabetes in the Asian population.
Moreover, the level of dietary selenium intake varied greatly
among different population groups because of differences
in geographical location and dietary habits.

In view of the current research status, the objective of
this study was to assess the average level of dietary sel-
enium intake in the central south area of China, and to
examine the association between dietary selenium and
diabetes in a large sample from the Chinese population
by means of a cross-sectional study.

Method

Study population

With the support and promotion of the Chinese govern-
ment, routine health checkups have become very common
in China. In this study, registered nurses interviewed all
participants during a medical examination using a stan-
dard questionnaire, with the purpose of collecting infor-
mation on demographic characteristics and health-related
habits. The protocol of this study had been approved
by the Ethics Committees on Research of the Xiangya
Hospital, Central South University (No. 201312459). Sub-
jects were screened according to the following inclusion
criteria: (1) aged 40 years or older; (2) undergoing a blood
glucose test; (3) availability of all basic characteristics, in-
cluding age, gender, waist circumference, and body mass
index (BMI); and (4) completion of the Semi-Quantitative
Food Frequency Questionnaire (SFFQ) about food and
drink consumption over the past year and the structured
questionnaire containing demographic information and
lifestyle habits (smoking, alcohol consumption, and regu-
lar exercise). A total of 10,370 subjects aged 40 years or
older underwent a blood glucose test during the study
period, 10,355 of whom made their basic characteristics
available. Ultimately 5,423 subjects completed the SFFQ
and the structured questionnaire. The response rate of the
SFFQ was 52.4%.

Dietary assessment
Dietary intake was evaluated using a version of the SFFQ
specially designed for the Chinese population. This SFFQ

Page 2 of 6

contains 63 food items that are popularly and commonly
consumed in Hunan province. The participants were re-
quested to answer how frequently (never, once a month,
2-3 times a month, 1-3 times a week, 4—5 times a week,
once a day, twice a day, or more than twice a day) they
consumed each food item, and the average amount in
grams of consumption (<100, 100-200, 201-300, 301—
400, 401-500, and >500) each time they ate during the
past year. Color pictures of food samples with labeled
weight were provided to help the participants make
choices more easily and accurately. The validity of the
SFFQ was estimated by comparing the results with the
24-h dietary recall method for the same population. The
SFFQ was validated in a subsample of 55 subjects ran-
domly chosen from the study population. The correlation
between the SFFQ and the 24-h recalls on the measure-
ment of selenium intake was 0.30. The Chinese Food
Composition Table [14] was used to calculate the indivi-
dual composition of macronutrients and micronutrients
of the included food items.

Blood glucose assessment

All blood samples were drawn after a 12-h overnight fast
and were kept at 4°C until analysis. Blood fasting glucose
was measured using the glucose oxidase enzyme method.
Diabetes was defined as a fasting blood glucose concentra-
tion >7.0 mmol/L or currently undergoing drug treatment
for control of blood glucose.

Statistical analysis

Quantitative data were expressed as mean * standard de-
viation, and qualitative data as a percentage. The selen-
ium intake was classified into four categories based on
the quartile distribution in the study population: <29.56,
29.57-40.14, 40.15-52.20, and >52.21 pg/day. Diffe-
rences in the continuous data were evaluated by one-way
analysis of variance (normally distributed data) or the
Kruskal-Wallis H test (non-normally distributed data).
Differences in the qualitative data were assessed by the x>
test. The odds ratio (OR) with 95% confidence interval
(CI) for the association between selenium intake and dia-
betes were calculated for each quartile of selenium intake,
and the lowest quartile was regarded as the reference cat-
egory. To calculate the adjusted OR for each quartile of
selenium intake, a multivariables model was adopted to
perform multivariate logistic analyses. The multivariables
model included age, sex, BMI (calculated as weight in kg
divided by height in m?), activity level, waist circumfe-
rence, hypertension, alcohol consumption, smoking status,
energy intake, fiber intake, and nutritional supplementa-
tion status. Tests for linear trends were conducted using
logistic regression with a median variable of selenium level
in each category. Subgroup analyses were conducted to
investigate the potential interaction between selenium
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intake and sex or BMI. Multivariable adjusted ORs and
related 95% Cls were calculated in the sex subgroup
(male and female) and the BMI subgroup (BMI >25 or
BMI <25). All data analyses were performed using SPSS
17.0. P < 0.05 was considered to be statistically significant.

Results

The basic characteristics according to the quartiles of
dietary selenium intake of the study population are
shown in Table 1. A total of 5,423 subjects aged 40 years
or older (2,882 male and 2,541 female) were included in
this study. The average level of dietary selenium intake
was 43.51 pg/day, which is close to the recommended
nutrient intake (RNI) level of 50 pg/day for the Chinese
population [15]. Significant differences were observed
across all quartiles of selenium intake in terms of age,
sex, education level, employment, BMI, activity level, waist
circumference, alcohol consumption, smoking status, nu-
tritional supplementation, energy intake, fiber intake, and
fasting glucose. The overall prevalence of diabetes of the
target population was 9.7%.

Characteristics of the subjects according to their dia-
betic status are shown in Table 2. Significant differences
were observed between the diabetic and non-diabetic
population in terms of age, sex, BMI, waist circumfe-
rence, hypertension, smoking status, energy intake, fiber
intake, and selenium intake.

The results of the multivariable adjusted association
between selenium intake and diabetes are shown in
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Table 3. With adjustment for age, gender, education level
(beyond high school or not), employment (manual
worker or non-manual worker), BMI (=25 or <25), acti-
vity level, waist circumference, hypertension, alcohol
consumption, smoking status, energy intake, fiber intake,
and nutritional supplementation status, the multivariable
adjusted OR was 1.52 (95% CI 1.01-2.28; P =0.04) for
the highest quartile of dietary selenium intake in com-
parison with the lowest quartile (P for trend = 0.03). The
results suggested a significant positive association bet-
ween selenium intake and diabetes. The outcomes of
subgroup analysis are listed in Table 3. It can be ob-
served that the significant positive association between
selenium intake and diabetes also existed in the sub-
group with BMI <25 (P for trend=0.02). Outcomes
from the male subgroup suggested a small positive asso-
ciation between selenium intake and diabetes, but this
did not reach statistical significance (P for trend = 0.09).
The female subgroup and the subgroup with BMI >25
did not show a significant positive association between
selenium intake and diabetes (P for trend =0.35 and
0.47, respectively).

Discussion

We conducted a cross-sectional study on a large sample
comprising 5,423 middle-aged and older adults in Hunan
province, China, the primary objective being to investigate
the association between dietary selenium and diabetes.
The prevalence of diabetes in the study population was

Table 1 Characteristics of the study population according to dietary selenium intake

n Se intake p*

Q1 (lowest) Q2 Q3 Q4 (highest)

1357 1356 1356 1354 -
Median Se intake (ug/day) 2295 35.07 4548 62.68 -
Age 53.54+7.76 5340+ 747 5289+757 5238+7.27 0.00
Sex (% female) 60.6 523 419 326 0.00
Education level (% with or above high school background) 359 442 50.8 56.2 0.00
Employment (% manual worker) 290 20.3 16.0 15.7 0.00
BMI (kg/m2) 2403 +3.28 2433 +£3.15 2450+ 3.16 2499 +£3.06 0.00
Activity level (h/week) 225+382 219+342 221+£335 242+3.53 0.00
Waist circumference (cm) 81.51+9.10 82.58 +8.80 83.10+883 84.63 +8.68 0.00
Hypertension (%) 326 327 326 337 092
Drinking (%) 26.2 33.0 36.2 483 0.00
Smoking (%) 169 21.8 249 28.2 0.00
Nutritional supplementation (%) 29.1 359 364 394 0.00
Energy intake (Kcal/day) 1036.84 £9.63 1392.87 +321.78 1703.74 £ 388.07 2419.71 £101046 0.00
Fiber intake (g/day) 9.63+6.86 15.00+8.78 1940+ 1068 2900+18.73 0.00
FG (mmol/L) 566+1.52 562+ 145 575+1.70 584+1.83 0.01

Se: selenium, BMI: body mass index, FG: fasting plasma glucose.
Data are mean + standard deviation, unless otherwise indicated.
#P values are for test of difference across all quartiles of selenium intake.



Wei et al. Nutrition Journal (2015) 14:18

Table 2 Characteristics of the study population according
to diabetic status

Diabetic status p*
Diabetes Non-diabetes
population population
n 525 4898 -
Age 54.70+7.33 5287+753 0.00
Sex (% female) 35.0 481 0.00
Education level (% with 448 470 033
or above high school
background)
Employment (% manual 18.1 20.5 0.20
worker)
BMI (kg/mz) 25.68 +3.06 2433 +3.17 0.00
Activity level (h/week) 239+365 2254352 0.66
Waist circumference (cm)  86.85+8.15 82.54+891 0.00
Hypertension (%) 526 308 0.00
Drinking (%) 394 355 0.08
Smoking (%) 303 222 0.00
Nutritional 31.6 356 0.07

supplementation (%)

175253 £ 91548
19.79+17.77
46.76 +25.29

162560 +764.22  0.00
1808 £13.59 0.02
43.16£2235 0.00

Energy intake (Kcal/day)
Fiber intake (g/day)
Se intake (ug/day)

Se: selenium, BMI: body mass index.
Data are mean + standard deviation, unless otherwise indicated.
#P values are for test of difference between different diabetic statuses.

9.7%, which was very close to the estimated level based
on a representative sample of Chinese adults in 2010
(11.6%) [16]. The results indicated that there was a sig-
nificant positive association between dietary selenium
intake and the prevalence of diabetes.
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Although several studies have reported an association
between selenium intake (dietary or supplementary) and
diabetes, their conclusions are inconsistent. Only one
study explored the relationship between dietary selenium
intake and risk of type 2 diabetes in northern Italy [13],
and concluded that increased dietary selenium intake
was associated with an increased risk of type 2 diabetes.
Meanwhile, some studies focused on the effect of sup-
plementary selenium on diabetes. For example, a ran-
domized, placebo-controlled trial suggested that selenium
supplementation may be associated with adverse effects
on blood glucose homeostasis in patients with type 2 dia-
betes [17], while another also observed a significantly in-
creased risk for type 2 diabetes in a population taking a
selenium supplement [12]. Nevertheless, the results of the
Selenium and Vitamin E Cancer Trial (SELECT) rejected
any significant relationship between supplementary sele-
nium and the risk of type 2 diabetes [11]. In addition, a
number of epidemiological and interventional studies also
reached contradictory conclusions on the relationships
between diabetes and serum selenium, plasma selenium,
and nail selenium [6-10,12,18-23]. Findings from the
Third National Health and Nutrition Examination Survey
(NHANES III) [9] and NHANES 2003-2004 [10] both
demonstrated a positive association between serum selen-
ium and the prevalence of diabetes. This was confirmed
by a previous meta-analysis [24] suggesting a small in-
creased risk of type 2 diabetes with selenium supplemen-
tation, although this did not reach statistical significance
(pooled relative risk 1.06, 95% CI 0.97-1.15).

The findings of the present study suggested a signifi-
cant positive association between dietary selenium intake
and diabetes, consistent with the conclusions of studies
on associations between dietary selenium and diabetes
[13], supplementary selenium and diabetes [12], and

Table 3 Multivariable-adjusted relationship between dietary selenium intake and diabetes in total population, sex

subgroup and BMI subgroup

Quartiles of Se intake P for
Q1 (lowest) Q2 Q3 Q4 (highest) trend
Median Se intake (ug/day) 2295 3508 4548 62.69 -
Total population
*Multivariable adjusted OR 1.00 (reference) 1.10 (0.82, 1.48) 1.32 (0.94, 1.86) 152 (1.01, 2.28) 0.03
Sex subgroup
Male 1.00 (reference) 1.12 (0.74, 1.69) 1.31 (0.84, 2.05) 1.51 (0.90, 2.52) 0.09
Female 1.00 (reference) 1.13(0.73, 1.75) 138 (0.79, 241) 1.39 (0.68, 2.86) 035
BMI subgroup
BMI > 25 1.00 (reference) 1.21 (0.77, 1.89) 152 (091, 2.54) 1.99 (1.09, 3.63) 0.02
BMI < 25 1.00 (reference) 1.00 (067, 149) 1.16 (0.73, 1.84) 1.20 (0.69, 2.10) 047

Se: selenium, OR: odds ratio.

*Multivariable included age, sex, education level (with or above high school background or not), employment (manual worker or non-manual worker),

BMI (>25, <25), activity level, waist circumference, hypertension, drinking, smoking condition, energy intake, fiber intake and nutritional supplementation status.
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serum selenium and diabetes [9,10]. Selenium has mul-
tiple and complex effects on the human body. In view of
its antioxidant capacity, selenium is expected to exhibit
an antidiabetic effect. Therefore, some researchers have
suggested a protective role for selenium intake, as it
could resist oxidative stress-related chronic complica-
tions in the progression of diabetes [25-27]. However,
the therapeutic range of selenium is relatively narrow,
and some selenium compounds could generate toxic
reactive oxygen species [8]. Overaccumulation of reac-
tive oxygen species may increase insulin resistance and
impair pancreatic B-cell function [28-31]. An increased
level of dietary selenium intake may increase the release
of glucagon, which can lead to hyperglycemia [32]. In
addition, a high level of dietary selenium intake may
result in excess expression of glutathione peroxidase 1
(GPx1), which is a type of antioxidant selenoprotein.
The high activity of GPx1 can interfere with insulin
signaling, which is critical to the regulation of glucose
levels and the prevention of diabetes [33]. A review
article [3] that comprehensively investigated the asso-
ciation between selenium and type 2 diabetes concluded
that this complicated relationship may be explained by
the possible harm that occurs both below and above the
physiological range for optimal activity of some or all
selenoproteins. The present study and a previous one
[13] were both conducted on a population with mean
dietary selenium intake close to the RNI, but the asso-
ciation in a population with very low dietary selenium
intake may be different. Previous review articles sug-
gested that the association between selenium and dia-
betes might be U-shaped: selenoproteins both below and
above the physiological range might become a risk factor
for diabetes [1,3,34].

The major strength of this report lies in it being the
first to evaluate the association between dietary selenium
intake and diabetes in an Asian population. Most pre-
vious studies of this relationship have been conducted in
the United States or Europe. It is worthwhile demon-
strating this association particularly for the Asian po-
pulation because differences in ethnicity, geographical
locations, and dietary habits can potentially affect the re-
sults. More importantly, this study is the second to ex-
plore the relationship between dietary selenium intake
and diabetes using a large-sample, cross-sectional design,
and its findings are consistent with those of the former
[13]. However, there are also several limitations to this
research. First, this cross-sectional study is unable to ex-
plain the causal relationship, so further prospective stu-
dies are needed to confirm our conclusion. Second,
owing to constraint of resources, serum or plasma selen-
ium was not measured for the target population in this
study. Study of the relationships between dietary selen-
fum, serum selenium, and diabetes may provide a more
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comprehensive understanding of this topic. Another po-
tential limitation may lie in the selection bias of the
study population. The participants who were undergoing
a health examination in the hospital may not represent
the general population. However, the large sample size
of this study enabled us to examine the association bet-
ween dietary selenium intake and diabetes using multiva-
riable logistic regression modeling with comprehensive
adjustments of confounders. The prevalence of diabetes in
the target population was 9.7%, which was very close to
the level estimated on the basis of a representative sample
of Chinese adults in 2010 [16], therefore suggesting rea-
sonable representativeness of the study population.

Conclusion

The average level of dietary selenium intake is 43.51 pg/day
among middle-aged and older Chinese adults in Hunan
province, China. There is a significant positive correlation
between dietary selenium intake and the prevalence of
diabetes in the target population.
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