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Abstract
Context: Many studies have reported contradictory results about the relationship between selenium levels and the risk of lung
cancer.
Objectives: This study was performed with the aim of evaluating the relationship between selenium and lung cancer.
Methods: The present systematic review and meta-analysis was carried out according to preferred reporting items for systematic reviews and metaanalyses (PRISMA) guidelines. Using MeSH keywords, two reviewers independently searched international databases
including PubMed, Science Direct, Cochrane, EMBASE, Web of Science, CINAHL, Scopus, and Google Scholar. The data were combined,
using comprehensive Meta-Analysis Software Version 2 based on the random effects model. The tests were considered significant at
P < 0.05.
Results: In 15 high-quality studies including 13 case-control and 2 cohort studies, 84 199 subjects (2 434 cases and 81 765 controls)
were studied. The odds ratio (OR) of lung cancer in the highest quintile of selenium exposure compared to the lowest quintile was
0.55 (95% CI: 0.35 to 0.86, P < 0.01). The results of the standardized mean difference between serum selenium concentrations in
lung cancer and healthy groups in 11 studies (1446 cases and 77917 controls) was - 0.32 µg/L (95% CI: -0.53 to -0.11, P = 0.003). This
value for toenails selenium in 3 studies (620 cases and 2 709 controls) was - 0.13 µg/g (95% CI: -0.22 to -0.038, P = 0.006). In subgroup
analysis, it was determined that gender (P = 0.28), type of studies (P = 0.70), and measurement of selenium samples (P = 0.46) were
not influencing factors.
Conclusions: The results of the study indicated the preventive role of increased selenium levels in the incidence of lung cancer.
Moreover, the selenium could be used as a predictive variable.
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1. Context
Lung cancer has been the most common type of cancer
worldwide in recent decades (1). In 2012, 1.8 million new
cases of lung cancer were estimated (12.9% of total), 58%
of whom were in less developed countries. The incidence
of lung cancer is mostly observed in central and eastern
Europe (53.5 in 100 000), eastern Asia (50.4 in 100 000),
and considerably less in the central and western Africa
(2.0 and 1.7 in 100 000). The prevalence of this disease is
usually lower in women, reflecting differences in smoking between men and women. Therefore, the highest estimated rates (per 100,000) was observed in northern America (33.8) and northern Europe (23.7), relatively high rate in

eastern Asia (19.2), and the lowest rate in the central and
western Africa (1.1, 0.8). Moreover, lung cancer is the most
common cause of death from cancer in the world. Mortality rates (per 100,000) from lung cancer in 2012 was 47.6
and 44.8 in central and eastern Europe and eastern Asia in
men, respectively, and it was 23.5 and 19.1 in northern America and northern Europe in women, respectively. The lowest ratio was in men and women (2.4) and women (2.2) in
sub-Saharan Africa (2, 3).
Selenium is a fundamental trace element for a few important metabolic pathways, including anti-oxidant defense system and the immune system (4). Selenium is
an essential structural component of the anti-oxidant enzyme of glutathione peroxidase that takes part in a system
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to convert aggressive oxidation products and intracellular
free radicals into less reactive or neutral components (5, 6).
Other vital effects of selenium can be observed in reproduction, toxicity, anti-oxidants, and anti-aging and plays
a very important role in degenerative conditions such as
inflammatory, cardiovascular, and neurodegenerative diseases (7).
A growing number of epidemiological studies have focused on the relationship between diet and lung cancer,
suggesting the association between serum level of selenium and some types of cancer. However, the results are
contradictory; since some studies reported that increased
serum level of selenium could reduce the risk of lung cancer, the results were negative in some studies and rejected
such an association (8-11).
One of the most important goals of meta-analysis,
which results from the combination of studies, reduces
the difference between the parameters, and reduces the
confidence interval (CI) due to the increasing number of
studies involved and samples size in the analysis, and finally, results are solving a problem, especially in the field
of medicine (12, 13).
Therefore, we have carried out the present systematic
review and meta-analysis to determine the relationship between selenium and lung cancer and to evaluate the risks
and benefits associated with selenium intake in the treatment and prevention of lung cancer.
2. Methods
2.1. Study Protocol
The present study was conducted based on the preferred reporting items for systematic reviews and metaanalyses (PRISMA) (14). Therefore, two researchers performed the searches, selection of studies, quality assessment, and data extraction independently to avoid error
and bias, and the third researcher examined the agreement among the search results.
2.2. Search Strategy
Databases including PubMed, Science Direct,
Cochrane, Embase, Web of Science (ISI), CINAHL, Scopus as well as Google Scholar were used to collect the data
required among the articles in English, and the time range
of the study was determined without any time limit until
May 2017. MeSH keywords including " Lung Cancer", "Lung
Neoplasm", "Chemoprevention", "Anti-oxidant", "Minerals", "Selenium" "Toenail selenium", and "Serum/Plasma
2

Selenium" with all possible combinations, using Boolean
operators (AND&OR) were evaluated in order to maximize
the comprehensiveness of search strategy. References of
all relevant articles were manually reviewed.
2.3. Inclusion and Exclusion Criteria
The inclusion criteria were: 1. The subject of selenium
and cancer; 2. Observational epidemiological studies; 3.
Articles published in English. The exclusion criteria were
as follow: 1. Lung cancer not event as outcome; 2. Selenium supplementation for cancer prevention; 3. Cytological studies, animal studies, review articles, and comments;
4. Low quality studies.
2.4. Qualitative Evaluation
After reviewing the full text of the articles and applying
inclusion and exclusion criteria for the study, the remaining articles were assessed for the Newcastle-Ottawa Scale
(NOS) for assessing the quality of nonrandomised studies
(15). This scale ranges from 0 to 9 point. Finally, the two
researchers compared the points given to the articles. The
minimum acceptable score was considered 6 (6-7 was moderate quality and 8-9 was high quality). The articles that
received threshold score of qualitative evaluation were enrolled in the meta-analysis process.
2.5. Data Extraction
A pre-prepared checklist extracted all final articles entered into the study process. The checklist included the
author’s name, year of study, place of study, study design,
sample size, number of cases, number of controls, age, gender, duration of follow-up, odd ratio (OR) for the highest
versus the lowest selenium exposure, serum selenium concentration in case/control, and toenail selenium concentration in case/control.
2.6. Statistical Analysis
Cochran’s Q test and I2 index evaluated the heterogeneity of the studies. Three categories for heterogeneity were
considered (I2 index less than 25%: low heterogeneity, between 25% and 75%: moderate heterogeneity, and over 75%:
high heterogeneity) (16, 17). To compare the mean selenium concentration in the lung cancer group with the control group, OR for the highest versus the lowest selenium
exposure and the standardized mean difference (SMD) between serum selenium in lung cancer and healthy groups
were used. Due to the high heterogeneity of studies, the
Int J Cancer Manag. 2018; 11(6):e8370.
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random effects model was used in combination with the
results of the studies. Sensitivity analysis was used to determine the stability of the data and subgroup analysis based
on gender, type of studies, and samples were used to find
the cause of high heterogeneity. Egger and Begg’s test was
estimated for publication bias (18). Data were analyzed, using the Comprehensive Meta-Analysis Software Version 2.
The tests were considered significant at P < 0.05.
3. Results
3.1. Search Results and Study Characteristics
A total of 324 possible relevant studies were found in
a systematic primary search, and after screening the studies title, 150 duplicate studies were omitted and 174 studies remained. After applying inclusion and exclusion criteria for the study, 15 high-quality studies were included in
the meta-analysis, containing 13 case-control and 2 cohort
studies, 12 on serum selenium and 3 on toenail selenium
(Figure 1). The sample size was 84 199 subjects (2 434 cases
and 81 765 controls). Table 1 shows the general specifications and data for each of the studies.
3.2. The Highest Versus the Lowest Selenium Exposure and Lung
Cancer Risk
In 11 studies (2 029 cases and 42 882 controls), the OR of
lung cancer in the highest quintile of selenium exposure
compared to the lowest quintile was 0.55 (95% CI: 0.35 to
0.86, P < 0.01) with the high heterogeneity (P < 0.001; I2 %
= 77.86), and the relationship was significant (Figure 2).
3.3. The Highest Versus the Lowest Selenium Exposure and Lung
Cancer Risk Based on Gender, Type of Study, and Measurement
Samples
The OR and their 95% CI for each subgroup of gender,
type of study, and measurement samples is shown in Table
2. In subgroup analysis, it was determined that gender (P =
0.28), type of studies (P = 0.70), and measurement of selenium samples (P = 0.46) were not influencing factors (Table
2).
3.4. SMD for Selenium Exposure and Lung Cancer
The result of the SMD between serum selenium concentrations in lung cancer and healthy groups in 11 studies (1446 cases and 77917 controls) was - 0.32 µg/L (95% CI:
-0.53 to -0.11, P = 0.003), with the high heterogeneity (P <
0.001; I2 % = 88.02). This value for toenails selenium in 3
Int J Cancer Manag. 2018; 11(6):e8370.

studies (620 cases and 2 709 controls) was - 0.13 µg/g (95%
CI: -0.22 to -0.03, P = 0.006) indicating a significant relationship (Figure 3).
3.5. SMD for Selenium Exposure and Lung Cancer Based on Gender and Type of the Study
This value in males, females, and both was -0.12 (95% CI:
- -0.48 to 0.22, P = 0.479), -0.29 (95% CI: -0.61 to 0.018, P =
0.064), and -0.44 (95% CI: -0.77 to -0.128, P = 0.002), respectively. This value was estimated to be -0.36 (95% CI: -0.62 to
-0.10, P = 0.006) in case-control studies and -0.28 (95% CI:
-0.42 to -0.14, P < 0.001) in cohort studies (Table 2).
3.6. Sensitivity Analysis
The OR and the SMD with their 95% CI were estimated
by omitting 1 study simultaneously and the results demonstrated that the overall result is robust. The results of the
sensitivity analysis are illustrated in Figure 4.
3.7. Publication Bias
The significance level of publication bias tests was estimated for the OR of lung cancer in the highest quintile of
selenium exposure compared to the lowest quintile (Egger
= 0.63 and Begg’s = 0.43) and for the SMD between serum selenium concentrations in lung cancer and healthy groups
(Egger = 0.32 and Begg’s = 0.53), indicating the publication
bias not played a role in the results (Figure 5).
4. Discussion
The results of meta-analysis indicate that the low levels of selenium are highly related with lung cancer; the
high levels of selenium can be a proactive factor for lung
cancer. The cellular prooxidative disorders and the antioxidant processes such as selenium effect are hypotheses
proposed in the carcinogenesis related to the development
of cancer. The results presented in various studies are diverse. For example, Jaworska et al. (8), Gromadzinska et al.
(11), van den Brandt et al. (21), Knekt et al. (22), and Hartman et al. (19) showed that the high serum levels of selenium lead to reduction in the risk of lung cancer. Nevertheless, Knekt et al. (29), Kabuto et al. (27), Goodman et al. (23),
Jablonska et al. (9), and Ratnasinghe et al. (20) have not reported such an outcome. In this meta-analysis, combining
the results of 15 epidemiologic studies, which applied individual selenium levels measured in serum or toenails, indicated that there is a significant decrease in the risk of lung
cancer associated with the low levels of selenium. Thus, the
3
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Causes of Excluded
Studies

Screening

Identification

Stages

Records identified through
database searching (n = 300) +
Additional records
identifiedthrough other sources
(n = 24) by 2 researchers = 324

Records after duplicates
removed by using EndnoteTM
Software
(n = 150)
Records excluded due to
irrelevancy (n = 126)

Included

Eligibility

Record screened (n = 174)

Full-text articles
excluded (n = 33), with
reasons:

Full-text articles
assessed for eligibility
(n = 48)

Non-observational
epidemiological studies
(N = 10); Lung cancer not
event as outcome
(N = 13); Selenium
supplementation for
cancer prevention (N = 7)
Cytological studies,
animal studies, review
articles, letter to the
editor without
quantitative and
comments (N = 3); Low
Quality (n = 0)

Studies included in
quantitative
synthesis (metaanalysis) (n = 15)

Figure 1. PRISMA flow diagram for the studies

Figure 2. Meta-analysis for the highest versus the lowest selenium exposure and lung cancer risk based on a random effects model

results of this meta-analysis indicate the protective role of
elevated selenium in the incidence of lung cancer. High
heterogeneity was observed in the study results (I2 = 77.86%
for OR and I2 = 92.64% for SMD); subgroup analysis was con-

4

sidered with regard to gender, type of study, and measurement sample of selenium.
Meta-analysis study by Cai et al. in 2014 showed an inverse correlation between cancer and selenium levels, and
Int J Cancer Manag. 2018; 11(6):e8370.
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Table 1. Details of the Studies Included in the Meta-Analysis
First Author (Ref)

Year

Country

Design

Case

Control

Age

Gender

FollowUp

Matrix

Selenium Concentrationa
Case

Control

OR (95%CI)b

Jaworska K (8)

2013

Poland

Case-control

86

86

Mean 61.1

M and F

N/A

Serum

63.2

74.6

0.1 (0.03 - 0.034)

Jablonska E (9)

2008

Poland

Case-control

325

287

30 - 78

M and F

N/A

Serum

49.4 ± 17.4

53.3 ± 14

1.21 (0.67 - 2.20)

Zhou L (10)

2011

China

Case-control

60

60

F

N/A

Serum

55.22 ± 13.34

60.33 ± 13.82

Gromadzinska J (11)

2003

Poland

Case-control

152

210

43 - 78

M and F

N/A

Serum

48.4 ± 16.5

53.7 ± 14.3

0.33 (0.18 - 0.60)

Hartman TJ (19)

2002

Finland

Case-control

250

250

50 - 69

M

N/A

Toenail

0.537 ± 0.129

0.55 ± 0.134

0.2 (0.09 - 0.44)

Ratnasinghe (20)

2000

China

Case-Control

108

216

35 - 74

M

N/A

Serum

46.5 ± 24.75

45.0 ± 22.75

1.2 (0.60 - 2.4)

van den Brandt (21)

1993

Netherlands

Cohort

335

1211

55 - 69

M

3.3 y

Toenail

0.529 ± 0.206

0.547 ± 0.126

-

van den Brandt (21)

1993

Netherlands

Cohort

35

1248

55 - 69

F

3.3 y

Toenail

0.537 ± 0.08

0.575 ± 0.109

-

van den Brandt (21)

1993

Netherlands

Cohort

384

2961

55 - 69

M and F

3.3 y

Toenail

-

-

0.4 (0.27 - 0.97)

Knekt P (22)

1998

Finland

Nested
case-control

91

177

Mean 57

M and F

19 y

Serum

53.2 ± 24.3

57.8 ± 16.9

0.41 (0.17 - 0.94)

Goodman GE (23)

2001

USA

case-control

356

356

45 - 74

M and F

N/A

Serum

11.91 ± 1.96

11.77 ± 18.5

1.2 (0.77 - 1.88)

Garland M (24)

1995

USA

Nested
case-control

47

47

30 - 55

F

41 mon

Toenail

-

-

1.95 (0.41 - 9.28)

Elassal G, 2014 (25)

2006

USA

Case-control

902

829

Mean 61

M

N/A

Serum

48.5 ± 9.2

72 ± 14

-

Miyamoto H (26)

1987

Japan

Case-control

37

56

N/A

M and F

N/A

Serum

99 ± 16

122 ± 14

0.56 (0.21 - 1.48)

Kabuto M (27)

1994

Japan

Case-control

77

120

30-70

M and F

N/A

Serum

-

-

Menkes MS (28)

1986

USA

Case-control

99

196

N/A

M and F

N/A

Serum

113 ± 18

110 ± 16

-

Knekt P (29)

1990

Finland

Cohort

153

38172

15 – 99

M

5y

Serum

-

-

0.66 (0.37 - 1.19)

Knekt P (29)

1990

Finland

Cohort

189

38172

15 – 99

M

5y

Serum

57 ± 16.7

61 ± 13.5

-

Knekt P (29)

1990

Finland

Cohort

9

38172

15 - 99

F

5y

Serum

62.8 ± 17.9

63.4 ± 13.8

-

Abbreviations: F, female; M, male; mon, month; N/A, not available; y, year.
a µg/L for Serum and µg/g for Toenail.
b Odd Ratio for highest versus lowest selenium exposure.

Figure 3. Standardized mean differences for selenium exposure and lung cancer risk in serum (A) and toenail (B) samples. Random effects model

the relative risk of the highest versus the lowest selenium
exposure and cancer risk was 0.76 (95% CI: 0.70 - 0.83) and
this value in the present meta-analysis for lung cancer was
0.55 (95% CI: 0.35 - 0.86, P < 0.01) (30). The difference of this
study with them is that the two clinical trials, Lippman et

Int J Cancer Manag. 2018; 11(6):e8370.

al. (31) and Clark et al. (32), used selenium supplementation in comparison to the placebo group. Other difference
can be found in this study; SMD between serum selenium
concentrations in lung cancer and healthy groups was estimated.
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Table 2. The Odds Ratio for the Highest Versus the Lowest Selenium Exposure and Lung Cancer Risk According to Gender, Type of Study, and Measurement Samples of Selenium
and Standardized Mean Difference for Serum Selenium Exposure and Lung Cancer Risk According to Gender and Type of Study
Heterogeneity
Variable

Study (N)

Case

Control
I2 (%)

P-Value

95% CI

OR

P-Value

Gender
Male and female

7

1471

4197

81.07

< 0.001

0.28 - 0.88

0.5

0.016

Male

3

511

38638

82.31

0.004

0.21 - 1.41

0.55

0.21

Female

1

47

47

0

-

0.41 - 9.27

1.95

0.401

Test for difference

Q-value: 2.49, df (Q): 2, P = 0.287

Type of study
Case-control

9

1492

1749

79.94

< 0.0001

0.32 - 0.99

0.56

0.049

Cohort

2

537

41133

48.72

0.163

0.30 - 0.79

0.48

0.004

Test for difference

Q-value: 0.14, df (Q): 1, P = 0.704

Measurement sample of
selenium
Serum

8

1348

39424

75.53

0

0.37 - 1.00

0.61

0.052

Toenail

3

681

3258

70.6

0.033

0.17 - 1.00

0.42

0.052

95% CI

SMD

P-Value

Test for difference

Q-value: 0.52, df (Q): 1, P = 0.467
Heterogeneity

Variable

Study (N)

Case

Control
I 2 (%)

P-Value

Gender
Male and female

7

1080

1279

92.03

< 0.001

-0.77 to -0.128

-0.44

0.006

Male

2

297

38388

85.16

0.009

-0.48 to 0.22

-0.12

0.479

Female

2

69

38232

0

0.382

-0.61 to 0.018

-0.29

0.064

Test for difference

Q-value: 1.74, df (Q): 2, P = 0.419

Type of study
Case-control

9

1248

1573

90.04

< 0.001

-0.62 to -0.10

-0.36

0.006

Cohort

2

198

76344

0

0.459

-0.42 to -0.14

-0.28

< 0.001

Test for difference

Q-value: 0.29, df (Q): 1, P = 0.589

Abbreviations: CI, confidence interval; N, number; OR, odds ratio; SMD, standardized mean difference.

In a systematic review and meta-analysis on the relationship between selenium levels and cancer incidence in
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general and lung cancer in particular, Vinceti et al. indicated that there was no association between selenium and
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Figure 4. Sensivity analysis for lung cancer risk and selenium. The highest versus the lowest selenium exposure (A) and standardized mean differences (B) (Random effects
model)

risk of lung cancer (33). However, one important limitation of their study compared to this study was the limited number of studies and smaller sample size, which can
affect the results of the analysis. A randomized placebocontrolled trial with an average duration of 5.46 years of
follow-up showed that there is no significant relation between placebo and selenium supplementation in the prevention of lung cancer (33). Some people may have a certain genetic background for tumorigenesis; hence, it is
very important to identify the beneficial effect of selenium
before starting the selenium supplements (34), and Jablonska et al. (9) have strongly supported this hypothesis.
In vitro studies indicated the pro-oxidant activity of
mineral selenium compounds that are able to induce
apoptosis in cancer cells. On the other hand, some of these
compounds in high concentrations can generate oxidative
DNA damages in normal cells and some of them have the
ability to disable DNA repair processes. Given these obserInt J Cancer Manag. 2018; 11(6):e8370.

vations, it can be suggested that selenium, depending on
the dose and metabolic activity, may also be carcinogenic
(34). According to some of the clinical trials, reducing the
risk of lung cancer depends on the dose; for example, Jaworska et al. suggest that selenium reduced to below 60
mg/L is associated with an increased risk of lung cancer (8).
In the present study, assessing the association between
serum or toenails levels of selenium with lung cancer risk
in terms of gender revealed that the relative risk of the
highest versus the lowest selenium exposure was not significant in females, unlike males, which may be due to
the insufficient number of studies involved in the metaanalysis process for the females. However, the mean difference in selenium concentrations was significant in both
males and females. This relationship between the two genders was not significant in Vinceti’s review in males or females. A significant correlation has been reported in a
meta-analysis on both genders (33).
7
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Figure 5. Funnel plot for the odds ratio (A) and standardized mean difference (B) in relationship between selenium and lung cancer risk

4.1. Limitations of the Study
1. Failure to investigate the relationship between
serum selenium level and various types of lung cancer.
2. Heterogeneity in standard unit reported for measuring the concentration of selenium in different articles
3. Absence of a uniform procedure for measuring variance
4. Lack of information on nutrition and lifestyle of the
8

participants.
5. Conclusions
The results of this meta-analysis support the preventive role of increased selenium levels in the incidence of
lung cancer, and selenium can be used as a predictive variable. The results of this study can be used as a basis in ranInt J Cancer Manag. 2018; 11(6):e8370.
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domized clinical trials on selenium supplements for the
prevention of lung cancer.
Acknowledgments
Thanks to Ilam University of Medical Sciences for financial support.
Footnotes
Authors’ Contribution: Study designs: Seyed Saman
Talebi, Milad Azami; data collection: all authors; biostatistics analysis: Milad Azami; quality evaluation: all authors;
final revision and grammar editing: all authors.
Conflict of Interests: All of the authors declare that they
had no conflict of interest.
Financial Disclosure: None declared.
Funding/Support: This study was funded by Ilam University of Medical Sciences.
References
1. Spitz MR, Wu X, Wilkinson A, Wei Q. Cancer of the Lung. In: Schottenfeld D, Fraumeni JF, editors. Cancer Epidemiology and Prevention. 3 ed.
New York: Oxford University Press; 2006.
2. Islami F, Torre LA, Jemal A. Global trends of lung cancer mortality and smoking prevalence. Transl Lung Cancer Res. 2015;4(4):327–38.
doi: 10.3978/j.issn.2218-6751.2015.08.04. [PubMed: 26380174]. [PubMed
Central: PMC4549470].
3. Globocan (IARC). Estimated Incidence, Mortality and Prevalence Worldwide - Section of Cancer Surveillance. 2012, [cited 2016 Jun 27]. Available
from: http://globocan.iarc.fr/old/FactSheets/cancers/lung-new.asp.
4. Rayman MP. Selenium in cancer prevention: a review of the evidence and mechanism of action. Proc Nutr Soc. 2007;64(4):527–42. doi:
10.1079/pns2005467.
5. Rotruck JT, Pope AL, Ganther HE, Swanson AB, Hafeman DG, Hoekstra
WG. Selenium: Biochemical Role as a Component of Glutathione Peroxidase. Sci. 1973;179(4073):588–90. doi: 10.1126/science.179.4073.588.
6. Salonen JT, Alfthan G, Huttunen J, Pikkarainen J, Puska P. Association between Cardiovascular Death and Myocardial Infarction
and Serum Selenium in a Matched-Pair Longitudinal Study. Lancet.
1982;320(8291):175–9. doi: 10.1016/s0140-6736(82)91028-5.
7. Charalabopoulos K, Kotsalos A, Batistatou A, Charalabopoulos A,
Vezyraki P, Peschos D, et al. Selenium in serum and neoplastic tissue
in breast cancer: correlation with CEA. Br J Cancer. 2006;95(6):674–
6. doi: 10.1038/sj.bjc.6603292. [PubMed: 16880784]. [PubMed Central:
PMC2360505].
8. Jaworska K, Gupta S, Durda K, Muszynska M, Sukiennicki G,
Jaworowska E, et al. A low selenium level is associated with
lung and laryngeal cancers. PLoS One. 2013;8(3). e59051. doi:
10.1371/journal.pone.0059051. [PubMed: 23516596]. [PubMed Central:
PMC3596323].
9. Jablonska E, Gromadzinska J, Sobala W, Reszka E, Wasowicz W. Lung
cancer risk associated with selenium status is modified in smoking
individuals by Sep15 polymorphism. Eur J Nutr. 2008;47(1):47–54. doi:
10.1007/s00394-008-0696-9. [PubMed: 18239845].

Int J Cancer Manag. 2018; 11(6):e8370.

10. Zhou L, Huang Y, Wang Z, Ye L, Hou W, Yang K. [Serum and lung tissue selenium measurements in subjects with lung cancer from Xuanwei, China]. Chinese J Lung Cancer. 2011;14(1):39–42. Chinese. doi:
10.3779/j.issn.1009-3419.2011.01.08.
11. Gromadzinska J, Wasowicz W, Rydzynski K, Szeszenia-Dabrowska N.
Oxidative-Stress Markers in Blood of Lung Cancer Patients Occupationally Exposed to Carcinogens. Biol Trace Elem Res. 2003;91(3):203–15.
doi: 10.1385/bter:91:3:203.
12. Sayehmiri K, Abangah G, Kalvandi G, Tavan H, Aazami S. Prevalence of
peptic ulcer in Iran: Systematic review and meta-analysis methods. J
Res Med Sci. 2018;23(8). doi: 10.4103/jrms.JRMS_1035_16.
13. Azami M, Parizad Nasirkandy M, Mansouri A, Darvishi Z, Rahmati S,
Abangah G, et al. Global Prevalence of Helicobacter pylori Infection in
Pregnant Women: A Systematic Review and Meta-analysis Study. Int J
Women Health Reprod Sci. 2017;5(1):30–6. doi: 10.15296/ijwhr.2017.06.
14. Moher D, Liberati A, Tetzlaff J, Altman DG; Prisma Group. Preferred reporting items for systematic reviews and meta-analyses:
the PRISMA statement. J Clin Epidemiol. 2009;62(10):1006–12. doi:
10.1016/j.jclinepi.2009.06.005. [PubMed: 19631508].
15. Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, et al. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised
studies in meta-analyses. 2016, [cited 2016 Apr 25]. Available from: http:
//www.ohri.ca/programs/clinical_epidemiology/oxford.asp.
16. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ. 2003;327(7414):557–60. doi:
10.1136/bmj.327.7414.557. [PubMed: 12958120]. [PubMed Central:
PMC192859].
17. Ades AE, Lu G, Higgins JP. The interpretation of random-effects metaanalysis in decision models. Med Decis Making. 2005;25(6):646–54.
doi: 10.1177/0272989X05282643. [PubMed: 16282215].
18. Sterne JAC, Harbord RM. Funnel plots in meta-analysis. Stata J.
2004;4:127–41.
19. Hartman TJ, Taylor PR, Alfthan G, Fagerstrom R, Virtamo J, Mark
SD, et al. Toenail selenium concentration and lung cancer in
male smokers (Finland). Cancer Cause Control. 2002;13(10):923–8. doi:
10.1023/a:1021912117067.
20. Ratnasinghe D, Tangrea JA, Forman MR, Hartman TJ, Gunter EW,
Qiao Y, et al. Serum tocopherols, selenium and lung cancer risk
among tin miners in China. Cancer Cause Control. 2000;11(2):129–35.
doi: 10.1023/a:1008977320811.
21. van den Brandt PA, Goldbohm RA, van’t Veer P, Bode P, Dorant E,
Hermus RJ, et al. A prospective cohort study on selenium status
and the risk of lung cancer. Cancer Res. 1993;53(20):4860–5. [PubMed:
8402674].
22. Knekt P, Marniemi J, Teppo L, Heliovaara M, Aromaa A. Is Low Selenium Status a Risk Factor for Lung Cancer? Am J Epidemiol.
1998;148(10):975–82. doi: 10.1093/oxfordjournals.aje.a009574.
23. Goodman GE, Schaffer S, Bankson DD, Hughes MP, Omenn GS;
Carotene, et al. Predictors of serum selenium in cigarette smokers
and the lack of association with lung and prostate cancer risk. Cancer
Epidemiol Biomarkers Prev. 2001;10(10):1069–76. [PubMed: 11588133].
24. Garland M, Morris JS, Stampfer MJ, Colditz GA, Spate VL, Baskett CK,
et al. Prospective study of toenail selenium levels and cancer among
women. J Natl Cancer Inst. 1995;87(7):497–505. [PubMed: 7707436].
25. Elassal G, Samy H, Said M, Elbatrawy S. Significance of selenium levels in non-small cell lung cancer patients: A comparative study. Egypt J Chest Dis Tuberculosis. 2014;63(4):1019–23. doi:
10.1016/j.ejcdt.2014.07.012.

9

Talebi SS et al.

26. Miyamoto H, Araya Y, Ito M, Isobe H, Dosaka H, Shimizu T, et al. Serum
selenium and vitamin E concentrations in families of lung cancer patients. Cancer. 1987;60(5):1159–62.
27. Kabuto M, Imai H, Yonezawa C, Neriishi K, Akiba S, Kato H, et al. Prediagnostic serum selenium and zinc levels and subsequent risk of
lung and stomach cancer in Japan. Cancer Epidemiol Biomarkers Prev.
1994;3(6):465–9. [PubMed: 8000296].
28. Menkes MS, Comstock GW, Vuilleumier JP, Helsing KJ, Rider AA, Brookmeyer R. Serum beta-carotene, vitamins A and E, selenium, and the
risk of lung cancer. New Eng J Med. 1986;315(20):1250–4.
29. Knekt P, Aromaa A, Maatela J, Alfthan G, Aaran RK, Hakama M,
et al. Serum Selenium and Subsequent Risk of Cancer Among
Finnish Men and Women. J Natl Cancer Inst. 1990;82(10):864–8. doi:
10.1093/jnci/82.10.864.
30. Cai X, Wang C, Yu W, Fan W, Wang S, Shen N, et al. Selenium Exposure and Cancer Risk: an Updated Meta-analysis and Meta-regression.
Sci Rep. 2016;6:19213. doi: 10.1038/srep19213. [PubMed: 26786590].

10

[PubMed Central: PMC4726178].
31. Lippman SM, Klein EA, Goodman PJ, Lucia MS, Thompson IM, Ford
LG, et al. Effect of selenium and vitamin E on risk of prostate cancer
and other cancers: the Selenium and Vitamin E Cancer Prevention
Trial (SELECT). JAMA. 2009;301(1):39–51. doi: 10.1001/jama.2008.864.
[PubMed: 19066370]. [PubMed Central: PMC3682779].
32. Clark LC, Combs GF Jr, Turnbull BW, Slate EH, Chalker DK, Chow J, et
al. Effects of selenium supplementation for cancer prevention in patients with carcinoma of the skin. A randomized controlled trial. Nutritional Prevention of Cancer Study Group. JAMA. 1996;276(24):1957–
63. [PubMed: 8971064].
33. Vinceti M, Dennert G, Crespi CM, Zwahlen M, Brinkman M, Zeegers
MPA, et al. Selenium for preventing cancer. Cochrane Db Syst Rev.
2014;5. doi: 10.1002/14651858.CD005195.pub3.
34. Letavayova L, Vlckova V, Brozmanova J. Selenium: from cancer
prevention to DNA damage. Toxicology. 2006;227(1-2):1–14. doi:
10.1016/j.tox.2006.07.017. [PubMed: 16935405].

Int J Cancer Manag. 2018; 11(6):e8370.

