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Synopsis
Quantification of the association between selenium and risk of oesophageal adenocarcinoma (OAC) is still conflicting.
The purpose of this meta-analysis is to explore the relationship between selenium levels and OAC risk. PubMed
and Web of Knowledge were searched for the related articles. Pooled relative risks (RRs) with 95% confidence
intervals (CIs) from random effects models were calculated. Sensitivity analysis and publication bias were conducted.
Dose–response relationship was assessed by restricted cubic spline and variance-weighted least squares regression
analysis. Five articles involving 748 OAC cases were included in this meta-analysis. Pooled results suggest that
higher selenium level was not significantly associated with the risk of OAC (summary RRs = 1.08, 95% CIs = 0.84–
1.39, I2 = 0%). Besides, no significant association was found in case-control studies (summary RRs = 1.13, 95%
CIs = 0.84–1.52, I2 = 0%) or cohort studies (summary RRs = 0.99, 95% CIs = 0.55–1.78, I2 = 32.6%). A linear dose–
response relationship was attested that an increase in dietary selenium intake of 10 μg/day is marginally associated
with 1% increase in the risk of developing OAC (summary RRs = 1.01, 95% CIs = 0.99–1.03), but not statistically
significant. No publication bias was found. In conclusion, our analysis indicated that a higher selenium level was not
significantly associated with the risk of OAC. The relevant further studies are warranted.
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INTRODUCTION

Over the past several decades, the incidence of oesophageal
adenocarcinoma (OAC) has risen more rapidly in many high-
income countries for reasons that are not well understood [1–3].
Besides, OAC patients have a poor prognosis, with <20 % sur-
viving >5 years [4]. Therefore, primary prevention of OAC is
an important matter in the current society. Previous and recent
studies had reported that white race, male gender, obesity and
tobacco smoking are all major OAC risk factors [5,6]. Several
studies also reported inverse associations with consumption of
fruit and vegetables for the risk of OAC [7,8].
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Selenium is one of the dietary factors, which has been in-
vestigated for its possible role in cancer aetiology [9]. Evidence
from laboratory and population-based studies indicate that some
selenium containing compounds have anti-carcinogenic effects
[10–12]. Selenium may interfere with the cancer development
by inhibiting cellular proliferation, promoting apoptosis and pro-
tecting DNA from oxidative damage [13]. However, the effect
of selenium on the risk of OAC is still unknown. We hypothes-
ized that higher levels of selenium would be associated with a
reduced risk of developing OAC. To investigate this hypothesis,
we conducted a meta-analysis to (1) explore the relationship
between selenium levels and OAC risk; (2) then evaluate the pos-
sible dose–response relationship of selenium and OAC; and (3)
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assess the heterogeneity among between-studies and publication
bias.

MATERIALS AND METHODS

Search strategy
Studies were identified by using a literature search of PubMed
and Web of Knowledge through June, 2015 and by handsearching
the reference lists of the retrieved articles. The following search
terms were used: ‘diet’ or ‘lifestyle’ or ‘selenium’ combined
with ‘oesophageal adenocarcinoma’ or ‘OAC’ or ‘oesophageal
carcinoma’. Two investigators (Bin Hong and Lihong Huang)
searched the related articles and reviewed all the retrieved studies
independently.

Study selection
For inclusion, studies had to fulfil the following criteria: (1) pro-
spective or case-control study design; (2) reported the relation-
ship between selenium and OAC; (3) relative risks (RRs) or odds
ratios (ORs) with 95 % confidence intervals (CIs) were provided;
(4) for dose–response analysis, the each category of selenium was
provided (or data available to calculate them); and (5) written in
English.

Exclusion criteria
The exclusion criteria for this meta-analysis were as follows: (1)
reviews; (2) the above-mentioned interests were not reported;
(3) impossible to extract the appropriate data from the published
results.

When the same institution reported more than once, the most
recent publication was included. Two investigators carefully re-
viewed all identified studies independently to determine whether
an individual study was eligible for inclusion criteria in this meta-
analysis.

Data extraction
Two researchers (Bin Hong and Lihong Huang) independently
extracted the following data from the included studies: the first
author’s last name, the age for participants, publication year,
geographic locations, study design, duration of follow-up, the
number of cases and participants (person-years), adjustment for
covariates and RRs (95 % CIs) for each category of selenium.
From each study, we extracted the RRs that reflected the greatest
degree of control for potential confounders. Otherwise, the crude
RRs with 95 % CIs were extracted. Any disagreements with the
two authors were resolved by discussion between the third re-
viewers (Liangbo Hu).

Statistical analysis
A random-effect dose–response meta-analysis was conducted
with the method proposed by Greenland and Longnecker [14]

Figure 1 The flow diagram of screened, excluded and analyzed
publications

and Orsini and Bellocco [15], which takes into account the cor-
relation between the log RRs estimates across categories of selen-
ium levels. The non-linear relationships by modelling selenium
levels were also explored by using restricted cubic splines with
three knots at fixed percentiles (25 %, 50 % and 75 %) of selen-
ium levels distribution [16]. The P-value for non-linearity was
calculated by testing against the null hypothesis that the coef-
ficient of the second spline transformation was equal to zero
[17]. The required conditions are that the number of cases and
person-years or participants and the RRs (95 % CIs) with the vari-
ance estimates for at least three quantitative exposure categories
are known. We will estimate the slopes (linear trends) by us-
ing variance-weighted least squares regression analysis although
the number of cases and person-years or participants was not
available [18,19]. The median level selenium for each specific
category was assigned to each corresponding log RRs estimate.
We used the midpoint between the upper and lower boundary if
the median intake was not reported in the article. If the upper
boundary of the highest category was not provided, we assumed
that the boundary had the same amplitude as the adjacent cat-
egory. Statistical heterogeneity across studies was assessed using
the I2 statistics [20], and I2 values of 0, 25, 50 and 75 % repres-
ent no, low, moderate and high heterogeneity respectively [21].
Sensitivity analysis [22] was performed to describe how robust
the pooled estimator risk was to removal of each individual stud-
ies. Publication bias was evaluated using Begg’s funnel plot [23]
and Egger’s regression asymmetry test [24]. All statistical ana-
lyses were tested by STATA version 10.0. Two-tailed P � 0.05
was accepted as statistically significant. The P value <0.1 was
considered as significant for between-study heterogeneity and
publication bias.
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Age (years)

First author (year) Study design Country
Participants
(cases) Case Control

Category
(μg/day) RR (95 % CI) Adjustment for covariates

Murphy et al. (2010) Case-control United Kingdom 480 (224) 64 +− 11 63 +− 13 <53
53–72
�72

1
1.26 (0.75–2.11)
1.20 (0.72–2.00)

Adjusted for age, sex, body mass
index, energy intake, smoking
status, education, occupation,
alcohol, regular nonsteroidal
antiinflammatory drug (NSAID)
use and Helicobacter pylori
infection

Ibiebele et al. (2013) Case-control Australia 857 (288) 64 +− 10 58 +− 11 9–37
37–44
44–52
53–165

1
1.08 (0.74–1.59)
0.93 (0.62–1.38)
1.15 (0.76–1.73)

Adjusted for gender, age,
education, body mass index
(BMI), oesophageal reflux
symptoms, lifetime alcoholic
drink, total pack-years of
smoking, NSAID use,
supplement use and total
energy

Steevens et al. (2010) Cohort Netherland 7584 (64) 55–69 55–69 �49.8
49.9–55.2
55.3–61.3
>61.3

1
1.13 (0.67–1.91)
0.84 (0.48–1.49)
0.76 (0.41–1.40)

Adjusted for age, sex, cigarette
smoking, frequency and
duration, alcohol consumption
and body mass index

O’Rorke et al. (2012) Case-control United Kingdom 341 (125) 64 +− 10.3 63.6 +− 12.7 �61.4
61.5–74.6
>74.6

1
1.03 (0.58–1.76)
1.06 (0.49–2.27)

Adjusted for age at interview, sex
and smoking status (current,
former and never)

Takata et al. (2012) Cohort U.S.A. 361 (47) 64.2 +− 10.6 61.1 +− 11.7 <126.3 (μg/l)
126.3–143.8
>143.8

1
1.67 (0.79–3.53)
1.40 (0.65–3.02)

Adjusted for age at time of blood
draw, waist:hip ratio (quartiles)
at baseline, sex, smoking
status and NSAID use

..........................................................................................................................................................................................................................................................................................................................................................................
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Figure 2 The forest plot between highest compared with lowest categories of selenium level and OAC risk

RESULTS

Literature search and study characteristics
In total, the electronic database searches 140 articles from
PubMed and Web of Knowledge. After screening the title or
abstract, 119 studies were excluded and 21 were retrieved and
evaluated in detail. Finally, five articles [25–29] involving a total
of 748 patients were included in this meta-analysis. Figure 1
presented the flow chart for exclusion/inclusion process. Five
studies come from Australia, Netherland, United Kingdom and
U.S.A. All included studies were retrospective or prospective
studies. Among included articles, three articles were case-control
design and two were cohort design. The study characteristics and
participant features are given in Table 1.

High compared with low analyses
Two of the included studies reported an inverse but non-
significant association between selenium levels and OAC risk,
whereas three studies reported that selenium levels could increase
but not significant for the OAC risk. Our pooled results suggested
that the high selenium levels compared with low levels were not

significantly associated with the risk of OAC (RRs = 1.08, 95 %
CIs = 0.84–1.39, P = 0.722, I2 = 0 %, Figure 2). When conduc-
ted subgroup analysis by study design, no significant association
was found in case-control studies (RRs = 1.13, 95 % CIs = 0.84–
1.52, P = 0.869, I2 = 0 %) or cohort studies (RRs = 0.99, 95 %
CIs = 0.55–1.78, P = 0.223, I2 = 32.6 %).

Dose–response analysis
For dose–response analysis, data from four studies [25–28] com-
prising 701 OAC cases were used for selenium levels and OAC
risk. Evidence of statistically significant departure from linear-
ity (Pfor non-linearity = 0.04) was found. Our dose–response analysis
indicates that an increase in selenium intake of 10 μg/day is mar-
ginally associated with 1 % increase in the risk of developing
OAC (summary RRs = 1.01, 95 % CIs = 0.99–1.03, P = 0.424,
I2 = 0 %), but not statistically significant (Figure 3).

Sources of heterogeneity and meta-regression
As shown in Figures 2 and 3, no evidence of heterogeneity
(I2 = 0 %, Pheterogeneity = 0.722) were found in the pooled results
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Selenium levels and OAC risk

Figure 3 Dose–response meta-analyses of every 10 μg/day increased intake of selenium and the risk of OAC. Squares
represent study-specific RRs, horizontal lines represent 95 % CIs and diamonds represent summary RRs.

and subgroup analysis. Thus, the univariate meta-regression was
not performed.

Influence analysis and publication bias
Influence analysis shows that no individual study exerted ex-
cessive influence on the association of selenium levels and OAC
risk. Egger’s test (P = 0.738) and Begg’s funnel plot (Figure 4)
showed no evidence of significant publication bias was found
between the association of selenium levels and OAC risk.

DISCUSSION

The findings from this meta-analysis indicated that selenium were
not significantly associated with the risk of OAC. The associ-
ations were also not significant both in case-control studies and
cohort studies. An increased in selenium intake of 10 μg/day is
marginally associated with 1 % increase in the risk of developing
OAC, but not statistically significant.

Figure 4 Begg’s funnel plot for publication bias of selenium level
and OAC risk

The incidence of OAC has risen dramatically in the current
social. Selenium has been studied in related to the cancer risk.
The reason for selenium in prevention to cancer aetiology is
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the antioxidant capacity of the selenium-dependent glutathione
peroxidase enzymes [9,30]. Some other possible mechanisms
indicated that selenium could be associated with lower cancer
risk, possible because it including the reduction in inflammation,
alteration of DNA methylation, induction of detoxifying phase II
enzymes, induction of apoptosis of cancer cells and inhibition of
angiogenesis [9]. In our study, we failed to test the hypothesis,
probability due to the small number studies included in this meta-
analysis.

To the best of our knowledge, this is the first comprehens-
ive meta-analysis to explore the relationship between selenium
levels and OAC risk. The dose–response analysis between sel-
enium levels and OAC risk was also conducted. The highlights
of this meta-analysis were that no between-study heterogeneity
was found in the pooled analysis and subgroup analyses and large
number of cases and participants were included, allowing a much
greater possibility of reaching reasonable conclusions between
selenium levels and OAC risk. Third, Egger’s test and Begg’s fun-
nel plot showed no significant publication bias was found. How-
ever, there were some limitations in this meta-analysis should be
concerned. First, our meta-analysis included three case-control
studies and two cohort studies. For the case-control studies, some
recall or selection bias may be inherent in the original studies.
The result of the meta-regression showed that no evidence of
significant between subgroup of study design, and the summary
RRs were consistent in the case-control studies and cohort stud-
ies. In our results, the association was not significant either in
case-control studies or in prospective studies. Therefore, more
original studies especially with prospective design are wanted in
the future studies. Second, other unpublished literatures on relev-
ant pharmaceutical websites were not searched and only studies
in English were included, which may lead to a potential pub-
lication bias, although no significant publication bias was found
by Egger’s test and Begg’s funnel plot. Third, between-study
heterogeneity is common in the meta-analysis, and our study
found no evidence of between-study heterogeneity in the pooled
analysis.

In summary, results from this meta-analysis suggested that
a higher selenium level was not significantly associated with
the risk of OAC. The dose–response analysis indicated that
an increased in selenium intake of 10 μg/day is marginally
associated with 1 % increase in the risk of developing OAC,
but not statistically significant. The relevant further studies are
warranted.

AUTHOR CONTRIBUTION

Guarantor of integrity of the entire study: BH and LHH; Study
concepts: BH and NM; Sutdy design: TX and LBH; Definition
of intellectual content: BH and CL; Literature research: BH,
LHH and NM; Clinical studies: BH, LHH and NM; Data acquisi-
tion: BH, LHH and NM; Data analysis: CL and LBH; Statistical
analysis: CL and LBH; Manuscript preparation: BH; Manuscript
editing: YD.

FUNDING

The authors declare that they received no funding for this study.

REFERENCES

1 Bosetti, C., Levi, F., Ferlay, J., Garavello, W., Lucchini, F., Bertuccio,
P., Negri, E. and La Vecchia, C. (2008) Trends in oesophageal
cancer incidence and mortality in Europe. Int. J. Cancer 122,
1118–1129 CrossRef PubMed

2 Brown, L.M., Devesa, S.S. and Chow, W.H. (2008) Incidence of
adenocarcinoma of the esophagus among white Americans by sex,
stage, and age. J. Natl. Cancer Inst. 100, 1184–1187
CrossRef PubMed

3 Pohl, H., Sirovich, B. and Welch, H.G. (2010) Esophageal
adenocarcinoma incidence: are we reaching the peak? Cancer
Epidemiol. Biomarkers Prev. 19, 1468–1470
CrossRef

4 Stavrou, E.P., McElroy, H.J., Baker, D.F., Smith, G. and Bishop, J.F.
(2009) Adenocarcinoma of the oesophagus: incidence and survival
rates in New South Wales, 1972–2005. Med. J. Aust. 191,
310–314 PubMed

5 Petrick, J.L., Li, N., McClain, K.M., Steck, S.E. and Gammon, M.D.
(2015) Dietary risk reduction factors for the Barrett’s
esophagus–esophageal adenocarcinoma continuum: a review of
the recent literature. Curr. Nutr. Rep. 4, 47–65
CrossRef PubMed

6 Falk, G.W. (2009) Risk factors for esophageal cancer development.
Surg. Oncol. Clin. N. Am. 18, 469–485 CrossRef PubMed

7 Gonzalez, C.A., Pera, G., Agudo, A., Bueno-de-Mesquita, H.B.,
Ceroti, M., Boeing, H., Schulz, M., Del Giudice, G., Plebani, M.,
Carneiro, F. et al. (2006) Fruit and vegetable intake and the risk of
stomach and oesophagus adenocarcinoma in the European
Prospective Investigation into Cancer and Nutrition
(EPIC-EURGAST). Int. J. Cancer 118, 2559–2566
CrossRef PubMed

8 Anderson, L.A., Watson, R.G., Murphy, S.J., Johnston, B.T.,
Comber, H., Mc Guigan, J., Reynolds, J.V. and Murray, L.J. (2007)
Risk factors for Barrett’s oesophagus and oesophageal
adenocarcinoma: results from the FINBAR study. World J.
Gastroenterol. 13, 1585–1594 CrossRef PubMed

9 Rayman, M.P. (2005) Selenium in cancer prevention: a review of
the evidence and mechanism of action. Proc. Nutr. Soc. 64,
527–542 CrossRef PubMed

10 Clark, L.C., Combs, Jr, G.F., Turnbull, B.W., Slate, E.H., Chalker,
D.K., Chow, J., Davis, L.S., Glover, R.A., Graham, G.F., Gross, E.G.
et al. (1996) 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
276, 1957–1963 CrossRef PubMed

11 Mark, S.D., Qiao, Y.L., Dawsey, S.M., Wu, Y.P., Katki, H., Gunter,
E.W., Fraumeni, Jr, J.F., Blot, W.J., Dong, Z.W. and Taylor, P.R.
(2000) Prospective study of serum selenium levels and incident
esophageal and gastric cancers. J. Natl. Cancer Inst. 92,
1753–1763 CrossRef PubMed

12 Comstock, G.W., Bush, T.L. and Helzlsouer, K. (1992) Serum
retinol, beta-carotene, vitamin E, and selenium as related to
subsequent cancer of specific sites. Am. J. Epidemiol. 135,
115–121 PubMed

13 Ganther, H.E. (1999) Selenium metabolism, selenoproteins and
mechanisms of cancer prevention: complexities with thioredoxin
reductase. Carcinogenesis 20, 1657–1666
CrossRef PubMed

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

6 c© 2016 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
Licence 4.0 (CC BY).

http://dx.doi.org/10.1002/ijc.23232
http://www.ncbi.nlm.nih.gov/pubmed/17990321
http://dx.doi.org/10.1093/jnci/djn211
http://www.ncbi.nlm.nih.gov/pubmed/18695138
http://dx.doi.org/10.1158/1055-9965.EPI-10-0012
http://www.ncbi.nlm.nih.gov/pubmed/19769552
http://dx.doi.org/10.1007/s13668-014-0108-0
http://www.ncbi.nlm.nih.gov/pubmed/25750765
http://dx.doi.org/10.1016/j.soc.2009.03.005
http://www.ncbi.nlm.nih.gov/pubmed/19500737
http://dx.doi.org/10.1002/ijc.21678
http://www.ncbi.nlm.nih.gov/pubmed/16380980
http://dx.doi.org/10.3748/wjg.v13.i10.1585
http://www.ncbi.nlm.nih.gov/pubmed/17461453
http://dx.doi.org/10.1079/PNS2005467
http://www.ncbi.nlm.nih.gov/pubmed/16313696
http://dx.doi.org/10.1001/jama.1996.03540240035027
http://www.ncbi.nlm.nih.gov/pubmed/8971064
http://dx.doi.org/10.1093/jnci/92.21.1753
http://www.ncbi.nlm.nih.gov/pubmed/11058618
http://www.ncbi.nlm.nih.gov/pubmed/1536130
http://dx.doi.org/10.1093/carcin/20.9.1657
http://www.ncbi.nlm.nih.gov/pubmed/10469608
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Selenium levels and OAC risk

14 Greenland, S. and Longnecker, M.P. (1992) Methods for trend
estimation from summarized dose-response data, with
applications to meta-analysis. Am. J. Epidemiol. 135, 1301–1309
PubMed

15 Orsini, N. and Bellocco, R. (2006) Generalized least squares for
trend estimation of summarized dose-response data. Stata J. 6,
40–57

16 Harrell, Jr, F.E., Lee, K.L. and Pollock, B.G. (1988) Regression
models in clinical studies: determining relationships between
predictors and response. J. Natl. Cancer Inst. 80, 1198–1202
CrossRef PubMed

17 Wu, W., Kang, S. and Zhang, D. (2013) Association of vitamin B6,
vitamin B12 and methionine with risk of breast cancer: a
dose-response meta-analysis. Br. J. Cancer 109, 1926–1944
CrossRef PubMed

18 Larsson, S.C., Giovannucci, E. and Wolk, A. (2007) Folate and risk
of breast cancer: a meta-analysis. J. Natl. Cancer Inst. 99, 64–76
CrossRef PubMed

19 Chen, H., Qin, S., Wang, M., Zhang, T. and Zhang, S. (2015)
Association between cholesterol intake and pancreatic cancer risk:
evidence from a meta-analysis. Sci. Rep. 5,

20 DerSimonian, R. and Laird, N. (1986) Meta-analysis
in clinical trials. Con. Clin. Trials 7, 177–188 CrossRef

21 Higgins, J.P., Thompson, S.G., Deeks, J.J. and Altman, D.G. (2003)
Measuring inconsistency in meta-analyses. BMJ 327, 557–560
CrossRef PubMed

22 Tobias, A. (1999) Assessing the influence of a single
study in the meta-analysis estimate. Stata Tech. Bull. 47,
15–17

23 Begg, C.B. and Mazumdar, M. (1994) Operating characteristics of
a rank correlation test for publication bias. Biometrics 50,
1088–1101 CrossRef PubMed

24 Egger, M., Davey Smith, G., Schneider, M. and Minder, C. (1997)
Bias in meta-analysis detected by a simple, graphical test. BMJ
315, 629–634 CrossRef PubMed

25 Murphy, S.J., Anderson, L.A., Ferguson, H.R., Johnston, B.T.,
Watson, P.R., McGuigan, J., Comber, H., Reynolds, J.V., Murray, L.J.
and Cantwell, M.M. (2010) Dietary antioxidant and mineral intake
in humans is associated with reduced risk of esophageal
adenocarcinoma but not reflux esophagitis or Barrett’s esophagus.
J. Nutr. 140, 1757–1763 CrossRef PubMed

26 Ibiebele, T.I., Hughes, M.C., Nagle, C.M., Bain, C.J., Whiteman,
D.C., Webb, P.M., Study of Digestive Health and Australian Cancer
Study (2013) Dietary antioxidants and risk of Barrett’s esophagus
and adenocarcinoma of the esophagus in an Australian
population. Int. J. Cancer 133, 214–224 CrossRef PubMed

27 Steevens, J., van den Brandt, P.A., Goldbohm, R.A. and Schouten,
L.J. (2010) Selenium status and the risk of esophageal and gastric
cancer subtypes: the Netherlands cohort study. Gastroenterology
138, 1704–1713 CrossRef PubMed

28 O’Rorke, M.A., Cantwell, M.M., Abnet, C.C., Brockman, A.J.,
Murray, L.J., and FINBAR Study Group (2012) Toenail trace element
status and risk of Barrett’s oesophagus and oesophageal
adenocarcinoma: results from the FINBAR study. Int. J. Cancer
131, 1882–1891 CrossRef PubMed

29 Takata, Y., Kristal, A.R., Santella, R.M., King, I.B., Duggan, D.J.,
Lampe, J.W., Rayman, M.P., Blount, P.L., Reid, B.J., Vaughan, T.L.
and Peters, U. (2012) Selenium, selenoenzymes, oxidative stress
and risk of neoplastic progression from Barrett’s esophagus:
results from biomarkers and genetic variants. PLoS One 7,
e38612 CrossRef PubMed

30 Jackson, M.I. and Combs, Jr, G.F. (2008) Selenium and
anticarcinogenesis: underlying mechanisms. Curr. Opin. Clin. Nutr.
Metab. Care 11, 718–726 CrossRef PubMed

Received 21 April 2016/14 May 2016; accepted 17 May 2016

Accepted Manuscript online 17 May 2016, doi 10.1042/BSR20160131

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

c© 2016 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
Licence 4.0 (CC BY).

7

http://www.ncbi.nlm.nih.gov/pubmed/1626547
http://dx.doi.org/10.1093/jnci/80.15.1198
http://www.ncbi.nlm.nih.gov/pubmed/3047407
http://dx.doi.org/10.1038/bjc.2013.438
http://www.ncbi.nlm.nih.gov/pubmed/23907430
http://dx.doi.org/10.1093/jnci/djk006
http://www.ncbi.nlm.nih.gov/pubmed/17202114
http://dx.doi.org/10.1016/0197-2456(86)90046-2
http://dx.doi.org/10.1136/bmj.327.7414.557
http://www.ncbi.nlm.nih.gov/pubmed/12958120
http://dx.doi.org/10.2307/2533446
http://www.ncbi.nlm.nih.gov/pubmed/7786990
http://dx.doi.org/10.1136/bmj.315.7109.629
http://www.ncbi.nlm.nih.gov/pubmed/9310563
http://dx.doi.org/10.3945/jn.110.124362
http://www.ncbi.nlm.nih.gov/pubmed/20702746
http://dx.doi.org/10.1002/ijc.28016
http://www.ncbi.nlm.nih.gov/pubmed/23292980
http://dx.doi.org/10.1053/j.gastro.2009.12.004
http://www.ncbi.nlm.nih.gov/pubmed/20006613
http://dx.doi.org/10.1002/ijc.27434
http://www.ncbi.nlm.nih.gov/pubmed/22262413
http://dx.doi.org/10.1371/journal.pone.0038612
http://www.ncbi.nlm.nih.gov/pubmed/22715394
http://dx.doi.org/10.1097/MCO.0b013e3283139674
http://www.ncbi.nlm.nih.gov/pubmed/18827575
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

