
Introduction 

selenium is an essential trace element and dietary nutrient.
As the key component of some antioxidant enzymes, selenium
is considered to be protective against oxidative damage (1).
serum selenium concentration tends to be lower in the elderly
(2, 3), especially in those with cancer and chronic diseases (4).
Low serum concentration of selenium in community-dwelling
elderly has been reported to be associated with increased cancer
(5) and all-cause mortality (6-8). it is also found that low
selenium concentration correlates to decrease performance in
coordination and Alzheimer’s disease among elderly (9, 10). As
above, low selenium level is an important issue for elderly.

The aging process has been demonstrated to be associated
with oxidative damage and increased production of
inflammatory cytokines (11, 12). The inappropriate
presentation of inflammatory cytokines, including tumor
necrosis factor-alpha, interleukin (iL)-1, and iL-6, characterizes
a chronic inflammatory state in the elderly (13). Meanwhile, it
has been reported that the increase in serum inflammatory
cytokines, especially iL-6, is related to the development of
sarcopenia, functional disability, frailty, and increased
morbidity and mortality (14-17). elevated serum iL-6
concentration seems to be originated from declines in sex
hormones, increased fat mass with age, and increased free

radical generation (15).
With the antioxidant property, selenium may assist in

deactivation of the inflammatory process through eliminating
free radicals (18). To our knowledge, few studies have
evaluated the correlations between serum selenium
concentration and inflammation, as measured by serum iL-6
level, among elder population (19). Therefore, we aimed to
investigate the associations of serum selenium with iL-6 in the
institutionalized elderly, who are more prone to malnutrition,
co-morbidities, and poor health outcomes (20). 

Materials and Methods

Subjects
This cross-sectional study of institutionalized elderly was

conducted in 2002-2003. our target population was elder
residents living in eight long-term care facilities in Taichung
City, Taiwan, as previous reports (20-22). A total of 336
subjects aged 65 years and older (146 men and 190 women,
mean age = 77.3 ± 6.9 and 80.4 ± 7.2 years, respectively) were
recruited. ethics approval for participant recruitment and data
analyses was obtained from the institutional Review Board of
the China Medical university Hospital. All subjects gave their
written informed consent.
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Anthropometric measurements and lifestyle behaviors
All of the demographic information, basic characteristics,

and lifestyle behaviors were collected by trained staffs, as
previous studies (20-22). Body weight was measured to the
nearest 0.1 kilogram (kg), and body height was measured to the
nearest 0.1 centimeter (cm). Body mass index (BMi) was
calculated as body weight (kg) divided by height squared (m2)
by the same trained staffs. Blood pressure (BP) was measured
on the right arm using an appropriately sized cuff and a
standard mercury sphygmomanometer in a seated position.
Mean arterial blood pressure (MAP) was calculated as [(2 ×
diastolic BP) + systolic BP] / 3. smoking, alcohol drinking, and
betel nut chewing history were divided into 3 classes as
follows: never, former and current, according to self-reported
questionnaire. 

Laboratory examinations
A venous blood sample was taken after a 12-hour fast for

determination of white blood cell count (WBC), total
cholesterol (TCHoL), triglyceride (Tg), high-density
lipoprotein cholesterol (HDL-C), fasting glucose, insulin, iL-6,
high sensitivity C-reactive protein (hsCRP), and selenium
concentration. The biochemical data was obtained using a
biochemical autoanalyzer (Beckman Coulter, Fullerton, CA,
usA) at the Clinical Laboratory Department, China Medical
university Hospital, Taichung, Taiwan. The hsCRP levels were
examined by nephelometry, a latex particle-enhanced
immunoassay (TBA-200FR, Tokyo, Japan), and the inter-assay
and intra-assay coefficients of variation were less than 2.0%
and less than 1.9%, respectively. selenium was measured using
atomic absorption spectrophotometer (Hitachi model ssC-300
for Cr, se), and iL-6 was measured using enzyme-linked
immunosorbent assay (eLisA) kit. selenium deficiency was
defined as serum selenium concentration < 80 μg/L (23). iL-6
was divided by quartiles: < 3.86; 3.87 – 9.47; 9.48 – 32.00; >
32.01 pg/ml. The homeostasis model assessment was used to
estimate the degree of insulin resistance (Homeostasis model
assessment for insulin resistance, HoMA-iR = fasting insulin ×
fasting glucose / 22.5, where insulin in μu/ml, and glucose in
mmol/l). 

Units of measure
For unit conversion of total cholesterol and high-density

lipoprotein cholesterol, values from mg/dl multiply by 0.0259
to receive mmol/l; for conversion of triglyceride, values from
mg/dl multiply by 0.0113 to receive mmol/l; for conversion of
fasting glucose, values from mg/dl multiply by 0.0555 to
receive mmol/l; for conversion of insulin, values from μu/ml
multiply by 6.945 to receive pmol/l; for conversion of
interleukin-6, values from pg/ml multiply by 0.131 to receive
iu/ml; for conversion of high sensitivity C-reactive protein,
values from mg/dl multiply by 9.524 to receive nmol/l; for
conversion of selenium, values from μg/l multiply by 0.0127 to
receive μmol/l.

Statistical analysis
The data are presented as means and standard deviations for

continuous variables. student’s t-test was used to compare
mean values of variables between two groups. Proportions and
categorical variables are presented as percentages, and they
were tested for statistical significance using the χ2-test.
Analysis of variance (AnoVA) test was used to compare the
continuous variables across iL-6 quartiles. Multiple logistic and
linear regression analyses were used to evaluate the association
between selenium and iL-6 with adjusting for potential
confounders, including age, gender, lifestyle behaviors, blood
pressure, and insulin resistance. statistically significance was
set at p value < 0.05 at two sides. The sPss statistical software
(version 17.0, sPss inc., Chicago, iL, usA) was used to
perform all these statistical analyses.

Results

The prevalence of selenium deficiency was 39.9% (men:
35.6%; women: 43.2%). Table 1 shows the differences of
anthropometric indices, biomedical markers, and lifestyle
behaviors between participants with or without selenium
deficiency. subjects with selenium deficiency were younger
and had higher serum iL-6 level. The comparisons for basic
characteristics of the participants by quartiles of iL-6 are
presented in Table 2. statistically significant differences were
found among BMi, WBC, hsCRP, and serum selenium by iL-6
quartiles. Lower serum selenium concentration was found
among participants in the subgroup with highest iL-6 quartile.
Multiple logistic and linear regression analyses were used to
adjust potential confounders relating to selenium and iL-6.
After adjustment for age, gender, smoking, alcohol drinking,
betel nut chewing, BMi, MAP, and HoMA-iR using multiple
logistic regression analyses, the iL-6 iV group was significantly
associated with selenium deficiency, as shown in Table 3
(Model 1-4). Compared to the lowest iL-6 quartile (i), the
adjusted odds ratio for the highest iL-6 quartile (iV) was 2.35
(95% confidence interval: 1.15-4.83) (Table 3 Model 4). The
increasing odds ratios of selenium deficiency with higher iL-6
quartile revealed dose-response effects (p = 0.015).
Furthermore, we used multiple linear regression analyses to
assess the relationship between iL-6 level and serum selenium
level. After adjusting for potential confounders, iL-6 was
inversely associated with selenium, as shown in Table 4. 

Discussion

in the present study, high prevalence of selenium deficiency
among elderly living in long-term care facilities in Taiwan was
identified. Furthermore, we have demonstrated that serum
selenium level is inversely associated with serum iL-6 level
using multiple logistic and linear regression analyses. The
increasing odds ratios of selenium deficiency with higher iL-6
quartile revealed dose-response effects. Population aging has

JNHA: GERIATRIC SCIENCE

The Journal of Nutrition, Health & Aging©
Volume 17, Number 3, 2013

281



become a global phenomenon and caused increasing residents
in long-term care facilities. our findings are important for
health-care providers and policy-makers because both selenium
deficiency and increased iL-6 level have negative health effects
in elder population. 

Table 1 
Baseline characteristics by selenium deficiency status

With selenium Without selenium P value
deficiency (n = 134) deficiency (n = 202)

gender, male (%) 38.8 46.5 0.162
Age (year) 78.0 ± 6.9 79.8 ± 7.3 0.019
Height (cm) 152.4 ± 7.9 153.2 ± 7.9 0.318
Wight (kg) 50.6 ± 10.6 50.9 ± 11.1 0.834
BMi (kg/m2) 21.7 ± 3.8 21.6 ± 4.4 0.884
systolic BP (mmHg) 125.3 ± 14.6 124.2 ± 14.5 0.497
Diastolic BP (mmHg) 74.2 ± 9.5 74.7 ± 11.5 0.697
MAP (mmHg) 91.3 ± 9.9 91.2 ± 11.4 0.963
WBC (109/l) 6.69 ± 2.15 6.79 ± 2.08 0.675
TCHoL (mg/dl) 171.3 ± 40.2 176.0 ± 44.8 0.324
Tg (mg/dl) 98.2 ± 57.7 121.4 ± 232.3 0.258
HDL-C (mg/dl) 51.9 ± 13.3 52.3 ± 13.8 0.826
Fasting glucose (mg/dl) 100.3 ± 27.9 103.2 ± 3.1 0.392
insulin (μu/ml) 5.32 ± 5.50 11.64 ± 52.13 0.094
HoMA-iR 1.44 ± 2.10 4.41 ± 28.51 0.150
iL-6 (pg/ml) 75.95 ± 154.40 30.78 ± 68.68 0.002
hsCRP (mg/dl) 1.18 ± 3.01 1.30 ± 2.58 0.689
selenium (μg/l) 48.01 ± 20.07 123.94 ± 36.03 < 0.001
smoking 0.261
never (%) 84.4 81.4
Former (%) 14.8 14.9
Current (%) 0.8 3.7
Alcohol drinking 0.395
never (%) 86.7 91.5
Former (%) 11.7 7.4
Current (%) 1.6 1.1
Betel nut chewing 0.162
never (%) 93.0 97.3
Former (%) 6.3 2.1
Current (%) 0.8 0.5

Abbreviation: BMi, body mass index; BP, blood pressure; MAP, mean arterial blood
pressure; WBC, white blood cell count; TCHoL, total cholesterol; Tg, triglyceride; HDL,
high-density lipoprotein cholesterol; HoMA-iR, homeostasis model assessment for insulin
resistance; iL-6, interleukin-6; hsCRP. high sensitivity C-reactive protein.

serum selenium status is sensitive to changes in dietary
intake. The reference range of serum selenium concentration is
quite narrow, and both excessive and insufficient selenium
levels are pathogenic (23). Although experts expressed great
interest in reduced selenium level and associated health issues
in the past decades, most of them used a relatively low
selenium value, such as dividing into quartiles, for comparison
and investigation (8, 9). To our knowledge, no consistent
definition regarding the cutoff value of selenium deficiency had
been made yet. in our study, we decided to adopt serum
selenium level at 80 μg/L for the definition of selenium
deficiency according to the reference range of serum selenium
concentration (23), which had been applied in some previous
studies (24-26). With this definition, nearly 40% of our study

population has selenium deficiency. The high prevalence of
selenium deficiency corresponds to the result of previous
report, that institutionalized elderly had significantly lower
serum levels of selenium compared with those living in the
community (2). 

An inverse association between serum selenium and iL-6 is
shown in this study. elderly in subgroup of the highest iL-6
quartile had significantly lower serum selenium concentration,
and the increase of selenium deficiency with higher iL-6
quartiles showed dose-response effects. Besides, we also
identified a significant difference among iL-6 by selenium
quartiles, and higher serum iL-6 level was found among the
subgroup with lowest serum selenium quartile (data not
shown). it had been found that participants with high serum
selenium levels were less likely to be in the highest tertile of
iL-6 concentration among community-dwelling older women
(19). our study, focusing on the institutionalized elder
population, reveals a similar result to the previous research. 

The association of serum selenium and iL-6 demonstrated
from our findings may be derived from the anti-inflammatory
and antioxidant property of selenium (18). This hypothesis
could be supported by the fact that both decreased serum
selenium concentration and increased serum iL-6 level are
correlated to the chronic diseases with inflammatory
characteristics, such as hypertension and cardiovascular
disease. Previous studies showed that iL-6 is connected with
hypertension through the effect of renin-angiotensin system
activity (27), and it is related to the inflammatory process and
mortality in patients with cardiovascular disease (28, 29). on
the other hand, previous studies revealed that selenium
deficiency contributes to hypertension and myocardial ischemia
through an accumulation of lipid peroxides (30). Also, low
serum selenium concentration was found to be associated with
cardiovascular mortality in patients with acute coronary
syndrome (31). Moreover, being similar to the above
relationships with hypertension and cardiovascular disease,
selenium and iL-6 may have connection through insulin
resistance. it was found that serum iL-6 level has an inverse
relationship with insulin sensitivity (32), and former researches
revealed the possible association among selenium deficiency
and insulin resistance (24, 33). even though serum selenium
and iL-6 are associated with some comorbidities in common,
our study results indicated that the correlation between
selenium and iL-6 remained significant after adjustment for
blood pressure, insulin resistance, and specific lifestyle
behaviors (including smoking, alcohol drinking, and betel nut
chewing history). Meanwhile, chronic inflammatory diseases
may be the consequences, rather than the origins of the
connection between serum selenium and iL-6. selenium
deficiency may play a role on chronic inflammatory diseases
through the inflammatory process, represented by activation of
inflammatory cytokines such as iL-6. 

Despite our findings, there are some limitations in this study.
Firstly, owning to the cross-sectional nature of our study
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design, the causal relationship between serum selenium and iL-
6 could not be explored. it should depend on further
longitudinal cohort research. secondly, our target subjects were
Taiwanese elderly living in long-term care facilities. The
generalization of these results to the community-dwelling
elderly, adults, or population of other races should be
cautioned. Thirdly, although the inverse relationship between
serum selenium and iL-6 disclosed in our study remained
significant even after additional adjustment for hypertension,
diabetes mellitus, malignancies, and WBC using logistic and
linear regression analyses (data not shown), we were unable to
obtain and include all possible confounders, such as dietary
supplement of selenium, inflammatory and infectious diseases,
and other major systemic medical diseases for analyses and
adjustment. Further investigation is necessary for advanced
understanding of the mechanisms linking selenium and iL-6.

in conclusion, high prevalence of selenium deficiency was
found among Taiwanese elderly living in long-term care
facilities, and serum selenium concentration was significantly
and inversely associated with serum iL-6 level. The results of
the present study suggested the importance of monitoring
serum selenium level in the institutionalized elderly. Future
studies should aim to further clarify the linkage between
selenium and iL-6, and possible benefits and disadvantages of
intervention. 

Table 3 
The odds ratio and 95% confidence interval of having selenium

deficiency according to quartiles of iL-6 concentration after
adjustment for potential confounders

Model 1 Model 2 Model 3 Model 4

iL-6  i 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
iL-6  ii 1.15 (0.61-2.19) 1.03 (0.52-2.04) 1.03 (0.52-2.04) 1.00 (0.50-2.01)
iL-6  iii 1.12 (0.59-2.13) 1.19 (0.60-2.36) 1.20 (0.60-2.41) 1.24 (0.62-2.50)
iL-6  iV 1.97 (1.04-3.72)# 2.12 (1.06-4.23)# 2.11 (1.05-4.23) # 2.35 (1.15-4.83)#

Model 1: unadjusted; Model 2: adjusted for age, gender, smoking, alcohol drinking, betel
nut chewing; Model 3: Model 2 plus BMi, MAP; Model 4: Model 3 plus HoMA-iR; #: p <
0.05

Table 4 
The coefficients (± standard error) of iL-6 level to serum

selenium concentration after adjustment for potential
confounders using multiple linear regression analysis

Model 1 Model 2 Model 3 Model 4

iL-6 -0.10 (± 0.02)$ -0.11 (± 0.03)$ -0.12 (± 0.03)$ -0.12 (± 0.03)$
Age - 0.45 (± 0.38) 0.47 (± 0.39) 0.48 (± 0.39)
BMi - - -0.30 (± 0.67) -0.20 (± 0.68)
MAP - - 0.45 (± 0.25) 0.45 (± 0.26)
HoMA-iR - - - 0.01 (± 0.12)

Model 1: unadjusted; Model 2: adjusted for age, gender, smoking, alcohol drinking, betel
nut chewing; Model 3: Model 2 plus BMi, MAP; Model 4: Model 3 plus HoMA-iR; $: p <
0.001
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Table 2 
Characteristics among quartiles of iL-6 concentration

IL-6  I IL-6  II IL-6  III IL-6  IV P value

gender, male (%) 48.7 35.2 49.4 41.2 0.194
Age (year) 79.5 ± 6.7 78.7 ± 7.5 79.7 ± 7.6 78.5 ± 7.0 0.646
Height (cm) 153.5 ± 8.6 152.1 ± 7.5 153.3 ± 8.2 152.8 ± 7.3 0.659
Wight (kg) 50.8 ± 10.8 51.0 ± 11.7 52.7 ± 11.2 48.5 ± 9.5 0.085
BMi (kg/m2) 21.5 ± 4.0 21.9 ± 4.4 22.5 ± 4.6 20.7 ± 3.5 0.047
systolic BP (mmHg) 124.1 ± 13.9 124.8 ± 15.5 122.9 ± 4.5 127.0 ± 14.1 0.309
Diastolic BP(mmHg) 74.1 ± 11.0 73.6 ± 10.9 73.2 ± 10.0 77.2 ± 10.8 0.065
MAP (mmHg) 90.8 ± 10.6 90.6 ± 11.2 89.8 ± 10.3 93.8 ± 10.8 0.082
WBC (103/μl) 6.14 ± 1.75 6.43 ± 2.31 7.17 ± 2.07 7.21 ± 2.05 0.001
TCHoL (mg/dl) 175.8 ± 47.9 180.4 ± 44.9 175.0 ±40.5 165.2 ± 37.9 0.127
Tg (mg/dl) 144.2 ±366.2 105.8 ± 61.6 106.6 ±77.8 95.4 ± 55.9 0.363
HDL-C (mg/dl) 53.4 ± 11.8 52.4 ± 13.8 51.3 ± 13.8 51.4 ± 14.7 0.754
Fasting glucose (mg/dl) 100.7 ± 23.7 103.6 ± 32.3 104.9 ±34.9 98.7 ± 25.9 0.518
insulin (μu/ml) 9.47 ± 33.12 7.74 ± 15.98 13.25±70.73 5.69 ± 7.90 0.670
HoMA-iR 2.95 ± 12.77 2.25 ± 4.93 5.94 ± 41.27 1.61 ± 2.84 0.600
iL-6 (pg/ml) 1.60 ± 1.17 6.01 ± 1.74 16.82 ± 5.98 168.01 ± 178 <0.001
hsCRP (mg/dl) 0.66 ± 1.63 1.06 ± 2.61 1.12 ± 1.60 2.12 ± 4.13 0.005
selenium (μg/l) 101.4 ± 53.9 103.8 ± 50.3 92.1 ± 41.8 77.9 ± 43.2 0.002
smoking 0.704
never (%) 81.9 87.2 78.6 82.4
Former (%) 13.9 11.6 17.9 16.2
Current (%) 4.2 1.2 3.6 1.4
Alcohol drinking 0.482
never (%) 87.5 94.2 88.1 87.8
Former (%) 9.7 4.7 11.9 10.8
Current (%) 2.8 1.2 0.0 1.4
Betel nut chewing 0.551
never (%) 93.1 97.7 96.4 94.6
Former (%) 6.9 2.3 2.4 4.1
Current (%) 0.0 0.0 1.2 1.4
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