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Abstract

Background: The X-ray repair cross-complementing group 3 (XRCC3) is an efficient component of homologous
recombination and is required for the preservation of chromosomal integrity in mammalian cells. The association
between Thr241Met single-nucleotide polymorphism (SNP) in this gene and susceptibility to breast cancer has
been assessed in several studies. Yet, reports are controversial. The present meta-analysis has been designed to
identify whether this SNP is associated with susceptibility to breast cancer.

Methods: We performed a systematic review and meta-analysis for retrieving the case-control studies on the
associations between T241 M SNP and the risk of breast cancer. Crude odds ratios (ORs) and 95% confidence
intervals (CIs) were calculated to verify the association in dominant, recessive, and homozygote inheritance models.

Results: We included 55 studies containing 30,966 sporadic breast cancer cases, 1174 familial breast cancer cases
and 32,890 controls in the meta-analysis. In crude analyses, no association was detected between the mentioned
SNP and breast cancer risk in recessive, homozygote or dominant models. However, ethnic based analysis showed
that in sporadic breast cancer, the SNP was associated with breast cancer risk in Arab populations in homozygous
(OR (95% CI) = 3.649 (2.029–6.563), p = 0.0001) and recessive models (OR (95% CI) = 4.092 (1.806–9.271), p = 0.001).
The association was significant in Asian population in dominant model (OR (95% CI) = 1.296, p = 0.029). However,
the associations was significant in familial breast cancer in mixed ethnic-based subgroup in homozygote and
recessive models (OR (95% CI) = 0.451 (0.309–0.659), p = 0.0001, OR (95% CI) = 0.462 (0.298–0.716), p = 0.001
respectively).

Conclusions: Taken together, our results in a large sample of both sporadic and familial cases of breast cancer
showed insignificant role of Thr241Met in the pathogenesis of this type of malignancy. Such results were more
conclusive in sporadic cases. In familial cases, future studies are needed to verify our results.
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Background
Breast cancer ranks first among all women’s cancers
regarding its incidence and rank second among them
regarding its cancer-related mortality rate [1]. Several
genetic and environmental factors have been associated
with breast cancer risk. Among the most relevant factors
is the ability to repair DNA double strand break (DSB).
The homologous recombination (HR) and the non-hom-
ologous end-joining (NHEJ) pathways have been
developed in eukaryotic cells for repair of such defects
[2]. Numerous single nucleotide polymorphisms (SNPs)
within genes coding the NHEJ pathway have been asso-
ciated with breast cancer risk [3]. More importantly, the
mostly recognized breast cancer susceptibility genes
BRCA1 and BRCA2 participate in the process of HR.
Deficiencies in HR have been detected both in BRCA1/2
germline mutation–associated and remarkable fraction
BRCA1/2 wild-type breast cancer patients [4]. The X-ray
repair cross-complementing group 3 (XRCC3) is an
efficient component of HR and is required for the pre-
servation of chromosomal integrity in mammalian cells
[5]. Consequently, it has been regarded as a supposed
candidate gene for breast cancer susceptibility. However,
the data regarding its participation in breast cancer risk
are inconsistent. Hang et al. conducted a meta-analysis
of 48 case-control studies (including 14 studies in breast
cancer) and reported that XRCC3 Thr241Met signifi-
cantly increased risk of breast cancer. However, they
suggested that a single larger study should be performed
to assess tissue-specific cancer risk in different ethnici-
ties [6]. Garcı’a-Closas et al. meta-analyzed the studies in
Caucasian populations (10,979 cases and 10,423 con-
trols) and reported a weak association between homo-
zygous variants for XRCC3 Thr241Met and risk of
breast cancer. They concluded that this variant is
implausible to have a considerable role in breast cancer
risk. However, they suggested studies with larger sample
sizes to assess probable underlying gene–gene inter-
actions or associations in ethnic-based subgroups [7].
Lee et al. in their meta-analysis of 12 studies demon-
strated that Thr/Met and Met/Met weakly elevated the
risk of breast cancer compared to Thr/Thr genotype [8].
Economopoulos et al. conducted a meta-analysis on 20
case–control studies in non-Chinese individuals and
three case–control studies on Chinese individuals and
reported association between T allele of this polymor-
phism (corresponding to Met) and breast cancer risk in
recessive model. However, the association was only
detected in non-Chinese population [9]. He et al. re-
ported the mentioned association in recessive and
additive models, but suggested conduction of a study
with the larger sample size to assess gene-environment
interaction [10]. In another study, He et al. have
conducted a meta-analysis of 157 case-control studies

including 34 studies in breast cancer (22,917 cases and
24,313 controls) and suggested the XRCC3 Thr241Met
as a susceptibility locus for breast cancer, especially in
Caucasians [11]. Mao et al. demonstrated a significantly
higher risk of breast cancer in heterozygote model but
not in other models. Such association was significant in
Asians. Based on the reported weak association, they
suggested conduction of a study with larger sample size
[12]. Finally, using 23 case-control studies, Chai et al.
reported association between the mentioned polymor-
phism and breast cancer risk, especially in Asian popu-
lations and in patients without family history of breast
cancer [13].
Therefore, according to inconclusive results of the

previous meta-analyses and lack of systematic review in
this regard, we conducted a systematic review and
meta-analysis to assess the association between the
Thr241Met SNP (rs861539) within XRCC3 and breast
cancer risk in diverse inheritance models.

Methods
Registration
We conducted the present systematic review protocol
according to the preferred reporting items for systematic
review and meta-analysis protocols (PRISMA-P) [14].
We also registered the study protocol on the in-
ternational prospective register of systematic review
(PROSPERO) network. The registration number was
CRD42018104217.

Information source and searching strategy
We searched PubMed, Scopus, EMBASE, Web of
Science and ProQuest databases, the key journals (Breast
Cancer Research and Treatment, Cancer Research), con-
ferences/ congress research papers (as Grey literature)
and the reference list of the included primary studies
until March 2018 T(1990/01/01:2018/03/31) using the
following syntaxes: “x-ray repair cross-complementing
group 3” or “XRCC3”and“polymorphisms” or “single
nucleotide polymorphism” and “breast tumor” or “breast
cancer” and “rs861539” or “c.722C > T” or “p.Thr241Met”
or “T241M” (see Additional file 1). The complete search
syntaxes were developed based on MeSH database
and Emtree. The syntaxes for each database are
shown in supplementary file. We did not implement
any language restriction.

Eligibility criteria and selection process
We included: i) all observational studies such as cross-
sectional, case-control and cohort studies ii) studies that
assessed associations between Thr241Met within XRCC3
and breast cancer risk. iii) Studies with available geno-
type frequencies in both case and control groups. We
excluded books, reviews, editorial, letters and articles

Dashti et al. BMC Medical Genetics           (2019) 20:79 Page 2 of 17



Fig. 1 PRISMA flow diagram showing the selection of the 55 eligible case control studies

Table 1 General characteristics of studies reporting associations in familial breast cancer (HB: hospital based, PB: population based,
N/M: Not mentioned, HWE: Hardy-Weinberg Equilibrium, NOS: The Newcastle-Ottawa Scale, Quality of studies based on NOS star
scoring system: 1–2 stars: poor, 3–5 stars: fair and 6–10 stars: good)

First Author Year Society Country Ethnicity Genotyping
Method

Case-
enrollment
strategy

Frequency in Cases Frequency in Controls HWE NOS
scoreTT TM MM Total TT TM MM Total

Costa 2007 HB Portugal Caucasian PCR-RFLP Prevalent 40 29 12 81 225 140 66 431 0 5

Dufloth 2005 HB Brazil Mixed PCR-RFLP Prevalent 27 18 7 52 68 35 15 118 0.005 3

Figueiredo 2004 PB Canada Caucasian MALDI-TOF MS Incident 29 38 16 83 13 20 4 37 0.341 9

Forsti 2004 PB Finland Caucasian PCR-RFLP Prevalent 72 85 15 172 89 88 25 202 0.654 4

Smith b 2003 HB USA Caucasian PCR-RFLP Incident 10 14 3 27 42 55 24 121 > 0.05 7

Vral 2011 HB Italy Caucasian PCR-RFLP or
SnapShot
technique

N/M 60 87 23 170 54 84 30 168 0.964 2

Gonzalez-
Hormazabal

2012 PB Chile Mixed Taq-Man Prevalent 187 103 32 322 335 209 23 567 0.177 7

Jara 2010 PB Chile Mixed Conformation-
sensitive gel
electrophoresis
(CSGE)

Prevalent 149 91 27 267 296 182 22 500 0.52 8
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Table 3 Meta-analysis of studies reporting sporadic cases in different subgroups
Potential Odd Ratio

(CI 95%)
No of Studies Heterogeneity χ2 P value I2 Interaction p value

A Homozygote model: MM vs. TT

Ethnicity Caucasian 0.922 (0.838–1.016) 31 63.02 0.000 52.4% 0.0001

Asian 0.725 (0.345–1.522) 8 18.89 0.009 62.9%

African-American 1.278 (0.826–1.977) 2 0.77 0.381 0.0%

Arab 3.649 (2.029–6.563) 2 0.26 0.609 0.0%

Mixed 0.889 (0.694–1.140) 10 16.49 0.009 45.4%

Study-based Hospital-based 0.979 (0.825–1.162) 36 81.66 0.000 57.1% 0.655

Population-based 0.869 (0.796–0.950) 17 26.22 0.051 39.0%

Methodological quality Good 0.974 (0.786–1.208) 15 36.70 0.001 61.9% 0.891

Fair 0.930 (0.830–1.041) 36 84.07 0.000 58.4%

Poor 0.644 (0.338–1.229) 2 0.37 0.544 0.0%

Case enrollment strategies Incident 0.938 (0.819–1.075) 20 54.88 0.000 59.9% 0.455

Prevalent 0.887 (0.720–1.093) 23 45.70 0.001 58.4%

Not mentioned 0.975 (0.798–1.191) 10 21.53 0.011 58.2%

All studies 0.937 (0.849–1.034) 53 124.20 0.000 58.1% –

B Dominant model: TM +MM vs. TT

Ethnicity Caucasian 1.022 (0.969–1.079) 31 43.65 0.051 31.3% 0.0001

Asian 1.296 (1.027–1.636) 8 18.22 0.011 61.6%

African-American 0.921 (0.749–1.134) 2 0.53 0.465 0.0%

Arab 0.671 (0.419–1.074) 2 0.00 0.950 0.0%

Mixed 1.084 (0.863–1.361) 10 33.91 0.000 73.5%

Study-based Hospital-based 1.089 (0.975–1.215) 36 89.81 0.000 61.0% 0.655

Population-based 1.017 (0.955–1.084) 17 31.38 0.012 49.0%

Methodological quality Good 1.028 (0.950–1.112) 15 36.88 0.001 62.0% 0.891

Fair 1.050 (1.010–1.091) 36 84.16 0.000 58.4%

Poor 1.022 (0.643–1.624) 2 0.12 0.725 0.0%

Case enrollment strategies Incident 1.011 (0.934–1.095) 20 37.53 0.007 49.4% 0.455

Prevalent 1.111 (0.958–1.289) 23 74.40 0.000 70.4%

Not mentioned 1.042 (0.975–1.113) 10 7.89 0.545 0.0%

All studies 1.045 (0.982–1.112) 53 121.39 0.000 57.2% –

C Recessive model: MM vs. TM + TT

Ethnicity Caucasian 0.921 (0.849–1.000) 31 56.42 0.002 46.8% 0.000

Asian 0.688 (0.374–1.266) 8 15.51 0.030 54.9%

African-American 1.265 (0.778–2.055) 2 1.02 0.312 2.2%

Arab 3.649 (2.029–6.563) 2 1.55 0.213 35.4%

Mixed 0.895 (0.728–1.101) 10 13.93 0.125 35.4%

Study-based Hospital-based 0.989 (0.844–1.159) 36 90.43 0.000 61.3% 0.00

Population-based 0.868 (0.806–0.934) 17 21.79 0.150 26.6%

Methodological quality Good 0.961 (0.822–1.125) 15 27.19 0.018 48.5% 0.153

Fair 0.942 (0.841–1.055) 36 99.37 0.000 64.8%

Poor 0.645 (0.355–1.173) 2 0.84 0.359 0.0%

Case enrollment strategies Incident 0.950 (0.823–1.097) 20 63.03 0.000 69.9% 0.377

Prevalent 0.900 (0.761–1.064) 23 45.19 0.003 51.3%

Not mentioned 0.974 (0.812–1.168) 10 21 0.013 57.1%

All studies 0.939 (0.857–1.029) 55 131.15 0.000 60.3% –
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which did not intend to assess the association between
XRCC3 Thr241Met SNP and breast cancer risk and
those without control group data. Our participants are
post- or pre-menopause women with breast cancer
which is pathologically confirmed. Studies with male
breast cancer cases were excluded. Our exposure is
rs861539 (T241M) that was evaluated with various

genotyping methods such as PCR-RFLP, Taq-Man,
Sequencing and etc. We performed search in the diffe-
rent mentioned sources and exported the search outputs
into the End-Note software. The duplicated primary
studies were deleted (only one version of the duplicated
documents was kept). The screening phase (selecting
included/ probable included versus excluded primary

Table 4 Meta-analysis of studies reporting familial cases in different subgroups

Potential Odd Ratio
(CI 95%)

No of Studies Heterogeneity χ2 P value I2 Interaction
p value

A Homozygote model: MM vs. TT

Ethnicity Caucasian 1.204 (0.835–1.735) 5 2.56 0.634 0.0% 0.000

Mixed 0.451 (0.309–0.659) 3 1.8 0.406 0.0%

Study-based Hospital-based 1.184 (0.784–1.788) 4 1.52 0.677 0.0% 0.690

Population-based 0.581 (0.318–1.060) 4 8.24 0.041 63.6%

Methodological quality Good 1.080 (0.691–1.688) 3 0.67 0.716 0.0% 0.002

Fair 0.504 (0.304–0.834) 4 4.51 0.211 33.5%

Poor 1.449 (0.752–2.793) 1 0.00 . .%

Case enrollment strategies Incident 1.000 (0.300–3.327) 2 1.64 0.201 38.9% 0.068

Prevalent 0.683 (0.412–1.134) 5 10.69 0.030 62.6%

Not mentioned 1.449 (0.752–2.793) 1 0 . .%

All studies 0.809 (0.521–1.258) 8 17.7 0.013 60.4% –

B Dominant model: TM +MM vs. TT

Ethnicity Caucasian 1.012 (0.800–1.280) 5 0.82 0.936 0.0% 0.576

Mixed 1.104 (0.909–1.341) 3 0.39 0.824 0.0%

Study-based Hospital-based 1.016 (0.770–1.341) 4 1.11 0.775 0.0% 0.690

Population-based 1.087 (0.910–1.299) 4 0.25 0.969 0.0%

Methodological quality Good 1.132 (0.855–1.499) 3 0.13 0.937 0.0% 0.614

Fair 1.075 (0.887–1.304) 4 0.41 . 0.937 0.0%

Poor 0.868 (0.553–1.364) 1 0.00 . .%

Case enrollment strategies Incident 0.958 (0.530–1.733) 2 0.39 0.201 38.9% 0.579

Prevalent 1.104 (0.936–1.302) 5 0.03 0.856 0.0%

Not mentioned 0.868 (0.553–1.364) 1 0 . .%

All studies 1.066 (0.917–1.238) 8 1.52 0.982 0.0% –

C Recessive model: MM vs. TM + TT

Ethnicity Caucasian 1.233 (0.877–1.732) 5 3.41 0.491 0.0% 0.576

Mixed 0.462 (0.298–0.716) 3 2.65 0.266 24.5%

Study-based Hospital-based 1.224 (0.834–1.796) 4 1.25 0.742 0.0% 0.690

Population-based 0.409 (0.228–0.734) 4 10.89 0.012 72.4%

Methodological quality Good 1.172 (0.765–1.793) 3 0.79 0.675 0.0% 0.614

Fair 0.515 (0.297–0.894) 4 5.63 0.131 46.7%

Poor 1.389 (0.770–2.508) 1 0.00 . 2.508 –

Case enrollment strategies Incident 0.977 (0.258–3.707) 5 14.05 0.007 71.5% 0.579

Prevalent 0.718 (0.410–1.257) 2 2.36 0.124 57.7%

Not mentioned 1.389 (0.770–2.508) 1 0.00 – –

All studies 0.831 (0.524–1.319) 8 21.53 0.003 67.5% –

Bold entry is significant
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studies using the title or/ and the abstract) were per-
formed. The selection or verification process (selecting
included versus excluded primary studies) were per-
formed based on the eligibility criteria. All steps for
preparing this systematic review such as searching,
screening based on titles of papers and abstracts,

selection according to examination of full text of arti-
cles, risk of bias assessment and data extraction were
done independently by two authors (SD and ZTE). Any
disagreement regarding the inclusion/exclusion criteria
and data extraction were resolved by consensus of the
reviewers.

a

c

b

Fig. 2 Forest plots of XRCC3 Thr241Met polymorphism and sporadic breast cancer for all eligible studies. a Homozygote model: MM vs. TT. b
Dominant model: TM +MM vs. TT. c Recessive model: MM vs. TM + TT
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Quality assessment and data extraction
Methodological quality assessment (risk of bias assess-
ment) was based on the Newcastle–Ottawa Scale (NOS).
Checklist of each study was filled with two reviewers in-
dependently. Any disagreements (between two reviewers)
were resolved by the discussion or consensus otherwise
opinion of third expert reviewer. For assessing total qua-
lity status in primary study we used sum score of quality
items. According to this score, we classified the papers in
three groups (Good, Fair, Poor) [6]. Data was extracted by
two reviewers as described above. Dataincluded general
information of studies, study eligibility, method, risk of
bias assessment and results including odds ratio. If there
were some unclear information, we contacted with cor-
responding authors of studies. Our data extraction form
includes the following items: First author, Publication year,
Source of study participants, Name of Country, Ethnicity,
Genotyping method and Reference number. Association
between the mentioned polymorphism and breast cancer
was evaluated by calculating crude OR based on 2-by-2
table. Furthermore, this association was assessed after

controlling potentially confounder variables. For this
reason, we extracted adjusted OR values which were
calculated by logistic regression in primary studies. Since
multi-variable logistic regression models in primary
studies were not similar, all adjusted OR values were
extracted from primary studies in order to combine
similar adjusted OR values in data synthesis step.

Data synthesis (meta-analysis)
All of data analyses were performed in two distinct
groups of familial breast cancer and sporadic breast
cancer. Data were analyzed using STATA 13 software.
Association between the mentioned SNP and breast
cancer risk were analyzed by pooling odds ratio (ORs)
with 95% confidence interval (CIs) in three models
including dominant (TM +MM vs.TT), recessive (MM
vs. TM + TT), and homozygote (MM vs.TT) models
using STATA metan module. Z test was applied to
assess the significance of the ORs, The heterogeneity
between included publications was evaluated using I2

parameter as described previously [14] where the

a

c

b

Fig. 3 Forest plots of XRCC3 Thr241Met polymorphism and familial breast cancer for all eligible studies. a Homozygote model: MM vs. TT. b
Dominant model: TM +MM vs. TT. c Recessive model: MM vs. TM + TT
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a

c

b

Fig. 4 Forest plots of XRCC3 Thr241Met polymorphism and risk of sporadic breast cancer in ethnic-based subgroups. a Homozygote model: MM
vs. TT. b Dominant model: TM +MM vs. TT. c Recessive model: MM vs. TM + TT
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higher values indicate higher level of heterogeneity.
Furthermore, we checked heterogeneity by the chi-
square-based Q-test (Heterogeneity was considered
statistically significant if p < 0.05) (Egger et al., 1997).
We combined genotype frequencies to calculate uni-
variable (crude) OR. In addition, combination of ad-
justed OR values was based on the similarity of
adjusted OR values restricted in two models including
age-adjusted (association between rs861539 and breast
cancer after controlling age of patients) and age and
other factors. The random-effects model was used to
combine parameters acquired from discrete studies due
to methodological variation. Sensitivity analyses were
performed using leave-one-out sensitivity analysis to
indicate the effect of the quality score on the results.
Subgroup analyses were done for evaluating potential
sources of heterogeneity based on ethnicity, case se-
lection methods case group (hospital vs. population),
methodological quality status (Good, Fair, Poor) and-case
enrollment strategies (incident vs. prevalent).

Publication bias
Funnel plots, Begg’s and Egger’s test were used to meas-
ure publication bias (p-value< 0.1) [6, 11].

Results
Literature search
Figure 1 shows the data collection flow diagram for the
present study. At the first step of database search, 4795
items were obtained. The initial screening and removal
of duplicate items led to identification of 287 publi-
cations. Further screening resulted in removal of 187
items. Finally, full texts of the remained items were
assessed for eligibility and 55 publications containing
30,966 sporadic breast cancer cases, 1174 familial breast
cancer cases and 32,890 controls were included in the
syntheses [8, 15–57]. Tables 1 and 2 show the features of
selected studies which assessed the association between
the mentioned SNP and breast cancer in familial and
sporadic cases respectively.

a

c

b

Fig. 5 Forest plots of XRCC3 Thr241Met polymorphism and risk of familial breast cancer in ethnic-based subgroups. a Homozygote model: MM vs.
TT. b Dominant model: TM +MM vs. TT. c Recessive model: MM vs. TM + TT
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Meta-analysis results
Initially, we conducted the analysis in the familial and
sporadic studies after using the random-effects model.
Random model was used for analysis of associations in
three inheritance models based on its more conservative
nature. Final results for familial and sporadic studies are
shown in Tables 3 and 4.
The forest plots for each model are depicted in Figs. 2

and 3.
No significant associations were detected between the

mentioned SNP and breast cancer risk in any inheritance
model either in familial or in sporadic breast cancer cases.
Next, we assessed association between this SNP and

risk of familial or sporadic breast cancer in ethnic-based
subgroups (Figs. 4 and 5). In sporadic breast cancer, the
SNP was associated with breast cancer risk in Arab
populations in homozygous (OR (95% CI) = 3.649
(2.029–6.563), p = 0.0001) and recessive models (OR
(95% CI) = 4.092 (1.806–9.271), p = 0.001). However, the
association was significant in Asian population in
dominant model (OR (95% CI) = 1.296 (1.027–1.636),

p = 0.029). Based on the calculated Interaction p-value
in ethnic-based subgroup analyses (p = 0.0001), we
conclude that such subgroup analysis strategy was appro-
priate and the calculated ORs are significant. However,
the associations was significant in familial breast cancer in
mixed ethnic-based subgroup in homozygote and re-
cessive models (OR (95% CI) = 0.451 (0.309–0.659),
p = 0.0001, OR (95% CI) = 0.462 (0.298–0.716), p =
0.001 respectively).
Subsequently, we appraised the associations based on

the study-base for selecting case/control (society) sub-
group (hospital-based vs. population-based). In sporadic
cases, the associations were significant in population-
based studies in homozygote and recessive models (OR
(95% CI) = 0.869 (0.796–0.950), p = 0.002 and OR (95%
CI) = 0.868 (0.806–0.934), p = 0.0001 respectively). The
Interaction p-value was calculated as 0.655 which shows
inappropriateness of such subgroup analysis strategy. No
significant associations were found in society-based ana-
lysis in familial cases (Additional file 2: Figure S1 and
Additional file 3: Figure S2).

a

c

b

Fig. 6 Funnel plots for whole publications in sporadic cases. a Dominant model: TM +MM vs.TT. b Recessive model: MM vs. TM + TT. c
Homozygote model: MM vs.TT
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We also assessed the associations in methodological qual-
ity subgroups (Based on NOS scores) and found no signifi-
cant association in sporadic (Interaction p-value = 0.891)
but in familial cases we found the association in studies
with fair quality in homozygote and recessive models (OR
(95% CI) = 0.504 (0.304–0.834), p = 0.008, OR (95% CI) =
0.515 (0.297–0.894), p = 0.018 respectively) (Additional file 4:
Figure S3 and Additional file 5: Figure S4).
Finally, we evaluated associations based on the case

enrollment strategy (Incident vs. Prevalent). No significant
associations were detected either in sporadic or familial
cases (Interaction p-value = 0.22) (Additional file 6: Figure
S5 and Additional file 7: Figure S6).

Publication bias
We conducted both Begg’s funnel plot and Egger’s test
for appraisal of the publication bias in sporadic and
familial studies separately. The calculated parameters are
shown in Tables 3 and 4. Moreover, the outlines of the
funnel plots were rather symmetric implying absence of
any significant publication bias (Figs. 6 and 7).

Adjusted OR
As we did not detected any association between the
mentioned SNP and breast cancer risk in crude analysis,
we subsequently assessed associations considering the
effects of confounder variables using adjusted ORs. We
retrieved adjusted ORs and confounder variables from
the publications. Subsequently, we categorized con-
founder variables to two groups: 1. Age 2. Other
variables including body mass index, smoking, hazardous
life style and contraceptive use. Analyses were performed
in sporadic subgroup based on the three inheritance
models (Fig. 8). There was no significant association
between this SNP and risk of sporadic breast cancer in
any inheritance model considering adjusted ORs.

Sensitivity analysis and cumulative meta-analysis
To assess the strength of the association results, we
conducted a leave-one-out sensitivity analysis by repeatedly
removing one study at a time and re-measuring the
summary OR. The summary ORs did not change,

a

c

b

Fig. 7 Funnel plots for whole publications in familial cases. a Dominant model: TM +MM vs.TT. b Recessive model: MM vs. TM + TT. c
Homozygote model: MM vs.TT
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showing that our results were not originated from
any certain study (Table 1).

Discussion
In the present meta-analysis, we assessed the asso-
ciations between Thr241Met SNP and familial/ sporadic
breast cancer based on the results of 55 studies containing
30,966 sporadic breast cancer cases, 1174 familial breast
cancer cases and 32,890 controls. Crude analyses revealed
no associations. In spite of assessing potential confounder
variables and adjusting odds ratio of the primary studies,
we did not find any association.
In sporadic cases, the narrow confidence intervals

indicate the high power of the meta-analysis, so the
results are conclusive. However, in familial cases, the
wide confidence intervals imply that further studies

are needed to reach conclusive results. Based on such
findings, we predict that inclusion of further studies
would not change the results of the meta-analysis.
Sensitivity analyses by repeatedly removing one study
at a time showed that the results of crude analysis
were consistent result, therefore signifying the robust-
ness of the study according to sensitivity analysis re-
sults, no relation between quality of studies with
results and non-considerable publication bias.
Another strong point of our study was that we consid-

ered adjusted ORs to control the effects of confounding
variables. Such approach further verified our results.
Through calculation of Interaction p values we deter-

mined subgroup analysis based on ethnicity as being the
most strategy in this regard. Ethnic based analysis
showed that in sporadic breast cancer, the SNP was

a

c

b

Fig. 8 Forest plots for adjusted OR (adjusted for Age and Other variables including body mass index, smoking, hazardous life style and
contraceptive use.) in sporadic cases. a Dominant model: TM +MM vs.TT. b Recessive model: MM vs. TM + TT. c Homozygote model: MM vs.TT
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associated with breast cancer risk in Arab and Mixed
populations in homozygous and recessive models. The
association was significant in Asian population in do-
minant model. However, no associations were detected
in familial breast cancer in any ethnic-based subgroup and
any inheritance model. The detected associations between
this SNP and risk of sporadic breast cancer in certain pop-
ulations had wide confidence intervals which necessitate
extra studies. The same situation has been seen in familial
breast cancer cases in ethnic-based subgroup analyses.
Chai et al. have performed a meta-analysis of 23 case-

controls studies on association between Thr241Met SNP
and breast cancer. Their meta-analysis of the pooled data
of 13,513 cases and 14,100 controls association between
the mentioned SNP and breast cancer risk in recessive
and homozygote models in total populations as well as
within Asian populations [14]. Our study had the advan-
tage of including higher numbers of cases and controls
and assessment of adjusted ORs and sensitivity analysis.
The results of our ethnic-based analysis were consistent
with their results regarding the observed association in
Asian population but not regarding the associated model.
Although they found association between this SNP and
risk of sporadic breast cancer, we disapprove such asso-
ciation based on the obtained conclusive results.
In brief, we have implemented the high quality systematic

review and meta-analysis including comprehensiveness (in-
clusion of 5 databases), inclusion of grey literature (theses)
and duplicate implementation of all steps of systematic re-
view and meta-analysis (independent implementation of
search, screening, selection, quality assessment and data
extraction by two authors). In addition, priori principle
(establishment and registration of protocol) was applied.
Our study had some limitations. Based on the unavail-

ability of sufficient data from the primary studies, we could
not assess the association between the mentioned SNP and
breast cancer risk in pre−/post-menopause subgroups. In
addition, the adjusted OR values of the primary studies
were based on different parameters which might influence
the validity of this kind of statistical analysis. Finally, there
were some limitations in the primary studies and we did
not find any genotyping data according to breast cancer
subtypes except for 3 studies in triple negative breast
cancer. Due to the low number of primary studies, the
result of meta-analysis based on breast cancer subtypes was
not reliable. So, we did not performed this type of analysis.

Conclusion
Taken together, our results in a large sample of both
sporadic and familial cases of breast cancer showed
insignificant role of Thr241Met in the pathogenesis of
this type of malignancy. Such results were more conclu-
sive in sporadic cases. In familial cases, future studies
are needed to verify our results.
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