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ABSTRACT
Background: Both experimental and observational studies have provided conflicting evidence on
the associations of selenium with incidence and mortality of cardiovascular disease (CVD). The aim
of this study was to evaluate the association between selenium status in the body and incidence
and mortality of CVD by performing a systematic review and meta-analysis of observational stud-
ies and randomized controlled trials. Methods: A systematic search for articles in MEDLINE (Ovid),
Embase, Web of Science (Thomson Reuters) and Cochrane library (Wiley) was conducted. Thirteen
of the 1811 articles obtained from the databases met our inclusion criteria and were considered in
the final analysis. The effect sizes were presented as weighted relative risk (RR) and 95% confi-
dence intervals (CIs) using random-effects model. To detect dose-response relationships, we used
meta-regression. Results: Overall, there was a reduced risk of CVD incidence (RR¼ 0.66; 95% CI:
0.40–1.09) and mortality (RR¼ 0.69; 95% CI: 0.57–0.84) in physiologically high selenium status com-
pared to low selenium status in the body. There was a 15% (RR¼ 0.85, 95% CI: 0.76–0.94)
decreased risk of CVD incidence per 10mg increment in blood selenium concentration. In addition,
a statistically significantly nonlinear dose-response relationship was found between CVD mortality
and increased blood selenium concentration with the lowest risk at the 30–35mg increment in
blood selenium. Conclusions: Physiologically high selenium levels in the body are associated with
decreased risk for CVD incidence and mortality, however, people should be cautious about the
potential harmful effects from excessive intake of selenium.
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Introduction

Selenium is a natural element that is essential for normal
human physiological processes in trace amounts. It is incorpo-
rated into the amino acid selenocysteine which is required in
selenoproteins. In humans, twenty-five genes encoding for sele-
noproteins have been identified (Hatfield et al. 2016). Although
the roles of most of the selenoproteins are not well understood,
thioredoxin reductases and glutathione peroxidases (GPx) have
been characterized as antioxidants, thyroid hormone deiodinases
as thyroid hormone metabolism regulator, and Selenoprotein P
as selenium transporter, transporting and delivering selenium in
peripheral tissues (Papp et al. 2007; Rayman 2000).

Whereas overt selenium deficiency is rare, there are indi-
cations that selenium levels below the recommended daily
intake (55mg/day) are accompanied by low expression of
selenoproteins, which could lead to deleterious health effects

including cancer (Kuria et al. 2020; Hurst et al. 2010), cardio-
vascular disease (CVD) and immune dysfunction (Rayman
2000). Selenium deficiency has been associated with incidences
of CVD for example Keshan disease that is characterized by
cardiomyopathy, a disease that was endemic in some parts of
China with low selenium soils (Chen 2012). Experiments that
focused on selenium deficiency in the development of CVD
indicated that cardiac pathologies may be due to increased oxi-
dative stress and its sequelae (Venardos et al. 2007). Reactive
oxygen species (ROS) generated during ischemia appeared to
damage the myocardium and its blood vessels leading to poor
post-ischemic recovery (Venardos et al. 2007). In animal
experiments, selenium supplementation was used to reduce the
production of ROS during ischemia and reperfusion injury by
increasing the activity of GPx-1 (Venardos et al. 2004).
Selenium supplementation has also been suggested to reduce
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mortality among people with very low selenium intake, as
observed after supplementation for a period of four years
(Alehagen et al. 2016).

Although the above observations indicate a relationship
between suboptimal selenium intake and incidence of CVD,
evidence on selenium having protective effects on CVD is
still inconclusive. While some studies indicate that subopti-
mal selenium is an independent risk factor for myocardial
infarction (MI; Salonen et al. 1982; Suadicani, Hein, and
Gyntelberg 1992), others have not found this to be the case
(Rayman 2000; Stranges et al. 2006). A study by Lubos et al.
found an association of low selenium levels with increased
risk of acute coronary syndrome but not with stable angina
pectoris (Lubos et al. 2010), while another study by Vinceti
et al suggests that chronic overexposure to environmental
selenium may increase blood pressure (Vinceti et al. 2019).
Evidence on the association between low selenium levels
and increased mortality is also conflicting. While some stud-
ies indicate that selenium can reduce mortality (Alehagen
et al. 2016), others have found no association (Stranges et al.
2006) or even indicate that selenium in certain levels could
increase mortality (Bleys, Navas-Acien, and Guallar 2008).
The objective of the present study was to examine if there is
an association between selenium status in the body and
CVD incidence and mortality by performing a systematic
review and meta-analysis. The results are expected to be of
importance for public health policies regarding dietary selen-
ium intakes, especially in regions with low selenium
soil levels.

Methods

Data sources and search strategy

To carry out the systematic review and meta-analysis, we
used a protocol that was constructed in line with the stand-
ard criteria the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (Moher et al. 2009)
(Supplementary material 1) and the Meta-analysis of
Observational Studies in Epidemiology (Stroup et al. 2000)
(Supplementary material 2). The study was registered in the
international prospective register of systematic reviews
PROSPERO (https://www.crd.york.ac.uk/prospero/) with
registration number CRD42020161851. (The PROSPERO
team has not checked eligibility of the published registration
till the submission of the manuscript due to the COVID-
19 emergency.)

A systematic search was carried out by two librarians
from the Research Consultation Group of the University
Library, Karolinska Insitutet, Sweden in MEDLINE (Ovid),
Embase, and Web of Science core collection (Thomson
Reuters) for observational studies that investigated selenium
status in body and its associations with CVD incidence and
mortality. In addition, another systematic search was done
in Cochrane library (Wiley) for randomized controlled trials
(RCTs) (Supplementary material 3). To minimize publica-
tion bias, we also searched for additional studies in gray lit-
erature sources which include Virtual Health Library (http://
bvsalud.org/en/), NARCIS (https://www.narcis.nl/), Gray

literature report (http://greylit.org/), and Open gray EU
(http://opengrey.eu/).

The free text and the Medical Subject Headings terms
used for the search included: selenium, body burden, body
level, body status, CVD, coronary heart disease (CHD), MI,
ischemic cardiovascular disease (ICD), cardiomyopathy,
heart disease, incidence, mortality, blood, urine, toenail,
feces, observational study, case control study, cohort, and
clinical trial. We included all the observational studies and
RCT, addressing selenium in human body and CVD inci-
dence and mortality since the beginning of the databases to
December 2018. Furthermore, a manual retrieval was per-
formed afterwards to ensure inclusion of the latest litera-
tures. To ensure inclusivity of all studies, no language
limitations were imposed for literature searching, but for
articles published in languages other than English or
Chinese, only the abstracts were reviewed.

Inclusion and exclusion criteria

Inclusion criteria: (1) original studies on human; (2) selen-
ium levels in blood, urine, feces or toenail has been meas-
ured in the study; (3) had incidence and/or mortality of all
CVD or specific CVD as outcomes; (4) had at least two sel-
enium dose groups; (5) reported risks as well as the associ-
ated 95% confidence intervals (CIs) or other data to
estimate the standard deviation or standard error; (6) risk
estimates reported had been adjusted for potential
confounders.

Exclusion criteria: (1) narrative reviews, editorial papers,
or methodological papers; (2) studies that evaluated selen-
ium but could not reflect selenium status in the body; (3)
studies that had not reported selenium doses; (4) studies
that had no outcomes related to CVD incidence or mortal-
ity; (5) animal studies.

Data extraction

After the systematic search of the relevant articles in the
databases, two investigators (A.K. and H.T.) embarked on
screening and identification of potentially relevant abstracts
independently. For any disagreements that occurred between
the two investigators regarding the eligibility of a study,
there was a through discussion or advising from an aca-
demic expert (M.L. or Y.C.). Later, articles for selected
abstracts were downloaded and data extracted by A.K. and
H.T. independently by use of a standardized form in
Microsoft excel. Data extracted was compared and summar-
ized to have one final document on which analysis was con-
ducted. The information extracted included: name of the
first author, study design, year of publication, duration of
study, country that the study was conducted in, selenium
measurement, sample type, selenium dose levels, sample
size, CVD mortality and/or incidence cases of each selenium
dose level, outcome ascertainment method, relative risk (RR)
and the associated 95% CI, statistical analysis method used,
and the confounders adjusted for in each study. For studies
that reported several multivariable adjusted effect estimates,
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we selected the effect estimate that had been adjusted for all
the potential confounders.

Study quality assessment

To assess the quality of each observational study, we used
the Newcastle-Ottawa scale which assesses the quality of
non-randomized studies in meta-analysis (Bae 2016). In
addition, the Cochrane collaboration’s tool for assessing risk
of bias in randomized trials was also used to assess the qual-
ity of RCT (Higgins et al. 2011) (Supplemental material 5).
A.K. and M.L. assessed the quality of the articles independ-
ently then average scores were taken as the final quality
assessment (Supplementary material 4).

Statistical analysis

In the pooled meta-analysis, hazard ratios, odds ratios or inci-
dence rate ratios were used as RR because they approximate
one another when event rates are small (Zhang and Yu 1998).
To increase the power in our study, all CVD, including CHD,
MI, and ICD, were combined and analyzed as CVD. RR for
incidence and mortality were pooled and analyzed separately.

Statistical heterogeneity was investigated using I2 statistics
(Higgins et al. 2003). I2> 30% was considered moderate het-
erogeneity while I2> 50% was considered substantial hetero-
geneity. A p-value of heterogeneity <0.05 was considered
statistically significant (Higgins and Green 2011). Random-
effects model was used when heterogeneity presented among
studies otherwise a fixed-effects model was used
(DerSimonian and Laird 1986). The possibility of publication
bias was assessed by the combination of Egger’s test and visual
inspection of funnel plots (Egger et al. 1997).

RR for the highest doses of selenium compared with the
lowest doses in every study were pooled to investigate the
effect of highest dose of selenium on CVD incidence or
mortality. The influence analysis to investigate the influence
of a single study on the overall risk was also performed as a
sensitivity analysis.

To investigate if the effects of selenium on CVD inci-
dence and mortality varied with selenium level and other
variables, subgroup analysis was performed by study design,
sample type, disease type, region of study conducted, and
dose level of selenium in blood or toenail. To assess poten-
tial linear and nonlinear dose-response relationship between
increment in selenium level and CVD incidence and mortal-
ity, meta-regression was performed. Restricted cubic splines
were used to assess nonlinear dose-response relationship. All
the analysis was performed in Stata 16.0 (StataCorp LLC,
College Station, TX) and a two-sided p value <0.05 was
considered statistically significant unless otherwise specified.

Results

Characteristics of the studies

One thousand eight hundred and eleven articles were
obtained from all the databases, after removal of the

duplicates, and 1258 articles remained after screening by
title and abstarct. Of the 1258 articles remaining, 242 articles
were considered relevant for the meta-analysis by more
detailed review. Of the 242 downloaded full articles, 13 met
our inclusion criteria. These included five cohort studies
(Lubos et al. 2010; Alehagen et al. 2016; Eaton et al. 2010;
Bleys, Navas-Acien, and Guallar 2008; Wei et al. 2004), five
case-control studies (Salonen et al. 1982; Kardinaal et al.
1997; Yoshizawa et al. 2003; Yuan et al. 2017; Alissa et al.
2006), one nested case-control (Salvini et al. 1995) and two
RCTs (Stranges et al. 2006; Alehagen, Aaseth, and Johansson
2015) (Figure 1).

Of the 13 articles included in the meta-analysis, seven
addressed mortality (Alehagen et al. 2016; Salonen et al.
1982; Lubos et al. 2010; Bleys, Navas-Acien, and Guallar
2008; Eaton et al. 2010; Wei et al. 2004; Alehagen, Aaseth,
and Johansson 2015), five addressed incidences (Kardinaal
et al. 1997; Yoshizawa et al. 2003; Yuan et al. 2017; Alissa
et al. 2006; Salvini et al. 1995) and one addressed both inci-
dence and mortality (Stranges et al. 2006). Majority of the
case-control studies addressed CVD incidences with only
Salonen et al. addressing mortality. There was a total of
3258 cases of CVD incidence and 3592 cases of CVD mor-
tality in a population of 41,739 (mean age¼ 58.5 years with
a standard deviation of 5.8 years). Most studies measured
selenium in blood (n¼ 11), and two studies measured selen-
ium in toenail. No eligible studies measured selenium in
urine or feaces. In total, 51 doses of body selenium were
extracted (10 doses in toenail samples and 41 doses in blood
samples). A more detailed summary of characteristics of the
included studies is reported in the Supplemental Table S1.

Association between selenium status and CVD incidence
and mortality

The funnel plot of RR for all included articles appears sym-
metric (Figure 2). Although one RR from Alissa’s study
show bias with other studies (Figure 2a and c), no statistic-
ally significant publication bias was found by Egger’s test.
There was no presence of publication bias for the studies
that addressed either mortality or incidence as shown in the
funnel plots (Figure 2).

Statistically significant heterogeneity was present among
the RR on CVD incidence (I2: 79.88%, p¼ 0.01). Although
the overall heterogeneity by use of the I2 statistic is low at
28%, the Q-statistic indicates a statistically significant het-
erogeneity (p¼ 0.02; Figure 3). Pooled RR of the highest sel-
enium levels compared to the lowest selenium levels showed
a non-statistically significant decrease in incidence of CVDs
(RR¼ 0.66; 95% CI: 0.40–1.09; Figure 3) while for mortality
the decrease was statistically significant (RR¼ 0.69; 95% CI:
0.57–0.84; Figure 3). The pooled RR for CVD mortality
based on the fixed-effects model was also statistically signifi-
cant (RR¼ 0.76; 95% CI: 0.67–0.87). Overall, there was a
reduced risk of CVD incidence and mortality together in
physiologically high body selenium status compared to low
body selenium status (RR¼ 0.70; 95% CI: 0.61–0.81;
Figure 3).
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Subgroup analysis

Table 1 summarizes pooled results for subgroups by study
design, sample type, specific disease, study region, and selen-
ium dose. The RCT studies showed a statistically non-signifi-
cantly decreased risk of physiologically high selenium body
status in CVD mortality (RR¼ 0.84, 95% CI: 0.41–1.73) but
null effect on CVD incidence (RR¼ 1.07, 95% CI: 0.81–1.42).
The cohort studies showed a statistically significant decreased
risk of physiologically high selenium body status for both
CVD mortality and incidence with a RR of 0.75 (95% CI:
0.64–0.87) and of 0.80 (95% CI: 0.70–0.92), respectively.
There was a statistically significantly decreased risk in CVD
mortality in only one case-control study (RR¼ 0.45, 95% CI:
0.25–0.83) and a marginally statistically significant decrease in
CVD incidence (RR¼ 0.86, 95% CI: 0.73–1.01). Toenail

selenium showed a statistically non-significantly decreased
risk in CVD incidence (RR¼ 0.89, 95% CI: 0.77–1.04) while
blood selenium showed a statistically significantly decreased
risk in both incidence (RR¼ 0.84, 95% CI: 0.71–0.99) and
mortality (RR¼ 0.71, 95% CI: 0.60–0.85). Physiologically high
body selenium status was associated with decreased mortality
of both CHD (RR¼ 0.73, 95% CI: 0.59–0.91) and CVD
(RR¼ 0.71, 95% CI: 0.55–0.91), and with decreased CHD
incidence (RR¼ 0.83, 95% CI: 0.74–0.94), but showed no
association with CVD incidence (RR¼ 1.07, 95% CI:
0.81–1.42). Reduced risk for CVD mortality was found in
studies conducted in Asia (RR¼ 0.59, 95% CI: 0.45–0.79) and
Europe (RR¼ 0.55, 95% CI: 0.45–0.68), while reduced risk for
CVD incidence was only found in studies conducted in
Europe (RR¼ 0.76, 95% CI: 0.61–0.94).

Figure 1. PRISMA flow diagram for screening and selection of articles on body selenium status and cardiovascular diseases incidence and mortality.
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The reference range of serum selenium concentration
in adults is 70–150 mg/L (Gonz�alez et al. 2006), and the
highest blood selenium concentration in our study is
150 mg/L. Therefore, we divided the doses into physiolo-
gically low and normal subgroups for blood sample.
There are no specific reference values for toenail selenium
available, therefore, we divided the doses into physiolo-
gically low- and high-level subgroups by their median for
toenail samples. The stratified analysis by selenium doses
shows that CVD mortality was reduced in both low
(RR¼ 0.46, 95% CI: 0.31–0.68) and normal (RR¼ 0.75,
95% CI: 0.64–0.90) levels of blood selenium, compared to
the lowest selenium levels in the included studies
(Table 1). However, neither blood selenium nor toenail
selenium are statistically significantly associated
with CVD incidence in the stratified analysis by
selenium dose level (Table 1).

Dose-response relationship between increment in body
selenium and risk of CVD incidence and mortality

Meta-regression analysis revealed a statistically significant
linear dose-response relationship between blood selenium
concentration and CVD incidence. The risk of CVD inci-
dence reduced 15% (RR¼ 0.85, 95% CI: 0.76–0.94) per 10 mg
increment in blood selenium concentration (Table 2,
Figure 4). No statistically significant dose-response relation-
ship was found between blood selenium increment and
the risk for CVD mortality, and between toenail selenium
increment and risk for CVD incidence (Table 2).

Meta-regression analysis with restricted cubic splines
indicated a statistically significantly non-linear dose-response
relationship between the risk of CVD mortality and blood
selenium increment. The risk for the CVD mortality was
the lowest when blood selenium was increased between

Figure 2. Funnel plot with pseudo 95% confidence limit.

Table 1. Pooled RRs by study designs, sample type, disease, region of study conducted, and dose level of selenium in blood or toenail.

Outcome Group variable Subgroups No. of doses Pooled RR (95% CI) I2 p of I2

Mortality Study design Case-control 1 0.45 (0.25–0.83)
RCT 5 0.84 (0.41–1.73) 72.63% 0.003
Cohort� 12 0.75 (0.64–0.87) 39.14% 0.106

Sample type Blood 18 0.71 (0.60–0.85) 54.32% 0.003
Toenail 0

Disease CHD� 6 0.73 (0.59–0.91) 0.00% 0.575
CVD 12 0.71 (0.55–0.91) 70.90% 0.000

Region Asia� 3 0.59 (0.45–0.79) 0.00% 0.553
Europe� 8 0.55 (0.45–0.68) 0.00% 0.494
US� 7 0.93 (0.82–1.05) 24.58% 0.241

Dose level Low (blood)� 2 0.46 (0.32–0.68) 0.00% 0.936
Normal (blood) 16 0.75 (0.64–0.90) 49.95% 0.011
Low (toenail) 0
High (toenail) 0

Incidence Study design Case-control 13 0.86 (0.73–1.01) 47.76% 0.028
RCT� 3 1.07 (0.81–1.42) 0.00% 0.587
Cohort� 3 0.80 (0.70–0.92) 44.57% 0.165

Sample type Blood 11 0.84 (0.71–0.99) 29.82% 0.012
Toenail� 8 0.89 (0.77–1.04) 10.68% 0.347

Disease CHD 16 0.83 (0.74–0.94) 18.23% 0.027
CVD� 3 1.07 (0.81–1.42) 0.00% 0.587

Region Asia 4 0.52 (0.21–1.31) 97.23% 0.001
Europe� 4 0.76 (0.61–0.94) 0.00% 0.650
US� 11 1.02 (0.88–1.21) 0.00% 0.853

Dose level Low (blood) 1 0.92 (0.74–1.14)
Normal (blood) 10 0.82 (0.66–1.02) 37.39% 0.010
Low (toenail)� 3 0.79 (0.62–1.00) 0.00% 0.647
High (toenail)� 5 0.97 (0.80–1.19) 23.70% 0.263

RCT: Randomized controlled trial; CVD, cardiovascular diseases; CHD, coronary heart disease�Fixed-effects model was used.
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30–35 mg/L (Figure 5), then the risk of CVD mortality
seemed to start increasing when blood selenium increased
by 35 mg/L or more.

There was no statistically significantly non-linear
dose-response relationship found between the risk of CVD
incidence and increased toenail selenium (Figure 6) or blood
selenium (data not shown).

Discussion

Selenium and CVD incidence and mortality

Selenium is an essential micronutrient for human and
animals. The role of selenium has been attributed largely
to its presence in selenoproteins. In the human genome,
at least 25 selenoproteins in the form of the amino acid
selenocysteine (Sec) have been identified. Incorporation
of Sec into selenoproteins employs a unique mechanism that
involves decoding of the umber mutation codon. Although
the function of most selenoproteins is currently unknown;
some of them (such as glutathione peroxidases, thioredoxin
reductases, and iodothyronine deiodinases) are involved
in oxidoreductions, redox signaling, antioxidant defense,
thyroid hormone metabolism, and immune responses. Thus,
they play important roles in human diseases such as cancer,

Figure 3. Pooled RRs of the highest concentrations compared to the lowest concentrations of selenium status in the body.

Table 2. Relative risk for mortality and incidence of cardiovascular diseases
per unit� increase in selenium concentration.

Sample type Dose RR (95% CI) p

Mortality Blood 18 0.93 (0.83–1.05) 0.240
Toenail 0

Incidence Blood 11 0.85 (0.76–0.94) 0.003
Toenail 8 0.54 (0.09–3.28) 0.438

�Units are10 mg/L for blood sample and 1mg/g for toenail sample,
respectively.
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Keshan disease, virus infections, male infertility, and abnor-
malities in immune responses and thyroid hormone function
(Papp et al. 2007; Hatfield et al. 2016). Selenium has been
associated with CVD due to its inclusion in antioxidant

selenoenzymes such as GPx. The selenium-dependent
enzymes play significant roles in protecting cells against oxi-
dative damage from ROS and reactive nitrogen species
(RNS) (Rayman 2000; Tinggi 2008). These reactive species
are reduced to harmless products mostly water and alcohols
by the GPx enzymes ensuring that cell membrane integrity
is maintained, protects prostacyclin production, and reduces
propagation of further oxidative damage to molecules like
lipids that are associated with increased risk of CVDs
(N�eve 1996).

The findings in this study suggest that physiologically
high selenium levels in body may be a protective factor for
both incidence and mortality of CVD, which are consistent
with the results of a previous meta-analysis on selenium and
CHD that reported a 15% reduced risk of CHD among
those with adequate selenium levels (Flores-Mateo et al.
2006). Alehagen et al. reported similar findings of reduced
CVD mortality among those who were supplemented with
selenium and coenzyme Q10 ten years after supplementation
(Alehagen, Aaseth, and Johansson 2015). However, Bleys
et al. reported that there was no association between serum
selenium and CVD mortality. The inconsistency in the find-
ings has been suggested to be due to a number of reasons.
The major one is the difference in selenium soil concentra-
tion due to the geographical location. The protective effects
of selenium are observed in regions with low selenium levels
for example Keshan disease in China but not in regions
with adequate intake like the United States (NPC and
SELECT trials) (Huttunen 1997; Rayman 2012). In our
stratified analysis by geographical regions, reduced risks of
CVD mortality and/or CVD incidence were found in Asia
and Europe, which are consistent with the protective effects
of selenium found among populations with low selenium
intake (<50mg/L) or status (serum level <100mg/L) (Kuria
et al. 2020; Salonen et al. 1982; Alehagen, Aaseth, and
Johansson 2015).

Figure 4. Association between log relative risk of incidence of cardiovascular diseases and increment in blood selenium concentration.

Figure 5. Association between the relative risk of cardiovascular mortality and
increment in blood selenium concentration.

Figure 6. Association between the relative risk of incidence of cardiovascular
diseases and increment in toenail selenium concentration.
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Among all the study designs, there was an overall statis-
tically significantly decreased risk in CVD mortality, but no
statistically significant decreased risk was found in CVD
incidence (Figure 1). The statistically non-significant finding
for CVD incidence might be due to the much larger hetero-
geneity among the studies on CVD incidence compared to
those on CVD mortality (I2¼ 80% vs. 35%; Figure 1). In the
results from the stratified analysis by study designs, only
one dose from case-control studies was found for CVD
mortality, therefore no pooled risk could be estimated.
However, thirteen doses for CVD incidence indicated a mar-
ginally significant decrease in the risk (Table 1). The RCT
included in the meta-analysis showed no effect of body selen-
ium status on CVD incidence but showed a statistically non-
significant decrease in CVD mortality. Although the hierarchy
of evidence suggests that RCT may give the best evidence com-
pared to observational studies (Petrisor and Bhandari 2007), in
our meta-analysis, the trials either used elderly population
(Alehagen, Aaseth, and Johansson 2015) or already sick popula-
tion (Stranges et al. 2006) therefore limiting the generalizability
of the findings. In contrast, in our meta-analysis, cohort studies
showed statistically significantly decreased risks in both CVD
incidence and mortality, which might be resulted from the high
quality of the studies (Supplementary material 4) and/or control
of relevant confounders in data analysis, however, the results
should be interpreted carefully due to the inherent limitations
of observational studies (Petrisor and Bhandari 2007). In gen-
eral, our findings are in agreement with the meta-analysis on
selenium and CHD that reported a non-significantly decreased
risk among the included RCT but a significantly decreased risk
among the observational studies (Flores-Mateo et al. 2006).

Taken together, the two different biospecimens (blood
and toenail) used in this review to assess selenium status
showed an overall decrease in risk for CVD incidence and
mortality related to increased selenium values. Blood and
toenail have been used routinely to assess selenium exposure
in epidemiological studies. A study by Satia et al. described
the relationship of the two biomarkers and reported a sig-
nificant correlation in selenium concentration. The study
concluded that both blood and toenail selenium levels
reflected selenium exposure adequately (Satia et al. 2006).
Low levels of blood and toenail selenium have been associ-
ated with increased inflammatory biomarkers that are risk
factors of CVD (Satia et al. 2006; Xun et al. 2010).

An overall linear dose-response relationship between
reduced CVD incidence and increment in blood selenium
was observed in our study, however the result should be
interpreted with caution due to the narrow safety margin of
selenium (Stranges et al. 2006). In addition, the findings in
this study report a statistically significantly non-linear dose-
response relationship between blood selenium and CVD
mortality beyond which the risk start increasing. This find-
ing has been reported by several other studies including
Kuria et al. leading to derivation of selenium daily require-
ments that have been shown to be between (50–300 mg/day)
(Kuria et al. 2020; Hurst et al. 2013).

Our findings are consistent with previous meta-analyses
that reported a 50% increase in selenium concentration in

blood and toenails associated with a 24% decreased risk in
coronary events (Flores-Mateo et al. 2006). In addition, the
findings of our study also collaborates with the findings of
Zhang et al., a meta-analysis that reported an association
between physiologically higher levels of blood selenium with
a 13% reduction in CVD risk (Zhang et al. 2016). A similar
nonlinear dose-response relationship between blood selen-
ium concentrations and CVD risk are found in both
Zhang’s meta-regression analysis and our analysis. However,
the two previous meta-analyses did not separate the CVD
risks by mortality and incidence, and no stratified analysis
by potential confounders was presented in the two studies
either. In contrast, our analysis provided more detailed sub-
group analysis, which might reduce the heterogeneity raised
by the potential confounding factors. Furthermore, our find-
ings strengthen the evidence on the narrow safety margin of
selenium as it has been shown in other studies (Klein et al.
2011; Stranges et al. 2006).

Strengths and limitations

The major strength of our study is that selenium was measured
in blood or toenail instead of food frequency questionnaire.
This avoids recall bias, and is more precise on selenium meas-
urement and also indicates effects of long-term selenium expos-
ure. The studies included in the meta-analysis were of medium
or high-quality (see Supplementary material 4) and most of
them were controlled for potential confounders, thus increasing
the validity of the present study.

Although random-effects model was used to minimize the
potential bias, heterogeneity is a major limitation in this study.
Overall, statistically significant associations were found between
selenium and CVD mortality, and between blood selenium and
CVD incidence, but the evidence for the association between
toenail selenium and CVD mortality and incidence is not suffi-
cient. Besides, some studies have reported that selenium’s pro-
tective effect is evident in some types of CVD, for example in
ischemic/myocardial reperfusion but not in CVD in general. It
was not possible to stratify our analysis to this level due to no
detailed information available in the included studies. Limited
by the available published data, our study might have underes-
timated the effects of body burden of selenium on CVD inci-
dence or mortality.

Because the selenium concentrations were only measured
at baseline, and the concentrations might have changed dur-
ing the study period. This time-varying-confounding could
bias the association toward an unknown direction, which is
another limitation that we should bear in mind and investi-
gate further in the future. We should also notice the
enlarged weights for Lubos E, Alehagen U, and Eaton C’s
studies in the pooled RRs for CVD mortality and overall
outcomes, because they appeared two times due to the dif-
ferent selenium concentrations in the subgroups with differ-
ent clinical conditions. Therefore, the pooled RRs for CVD
mortality and overall outcome might be over-weighted by
the three studies. Furthermore, although we conducted sub-
group analysis by study design, sample type, disease, and
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study region, the source of heterogeneity still remains largely
undetected. Thus, we must explain the results with caution.

Conclusion

We conclude that physiologically high selenium levels in blood
and toenail is associated with decreased CVD incidence and
mortality however the daily selenium intake should be within
the recommended daily allowance (50–300mg/day) to prevent
the harmful effects of selenium that may occur at levels beyond
300mg/day. There is need for further studies on specific types
of CVD and selenium as some seem to be more associated
with selenium than others. Further research using large RCT is
also warranted to confirm the conclusion as the inconsistent
findings between RCT and observational studies is still present
in this meta-analysis.
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