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Abstract: Previous studies have investigated the relationship between oral contraceptives (OCs) use and kidney
cancer risk. However, they yielded inconsistent results. To our knowledge, a comprehensive assessment of the association between OC and kidney cancer risk has not been reported. Hence, we conducted a meta-analysis to quantify the association. We identified all relevant studies up to July 2014 through a literature search of using PubMed
and EMBASE, and by reviewing the references from the retrieved articles. Fixed-effect and random-effect models
were used to estimate summary relative risks (SRRs) and the corresponding 95% confidence intervals (CIs). A total
of 12 studies were eligible and included in this meta-analysis, involving 4,206 kidney cancer cases and 638,677
participants. The SRR of kidney cancer for ever versus never OC use was 0.89 (95% CI: 0.82-0.98). The protection
became stronger when compared the longest duration of OC use with never use (RR = 0.80; 95% CI: 0.68-0.94). In
dose-response analysis, we found that the kidney cancer risk decreased by 2% for per 1 year increment in OC use
(RR = 0.98; 95% CI: 0.96-0.99). No apparent heterogeneity was observed across studies included in this analysis.
Egger’s and Begg’s test also indicated no publication bias. The present study suggested that OC may reduce the
risk of kidney cancer, especially for long-term users. More well-conducted and large-scale prospective studies are
warranted to confirm the effects of OC use on kidney cancer.
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Introduction
Kidney cancer is the 13th most common malignancy in the world and approximately 271,000
new cases were diagnosed annually [1].
Although smoking, obesity, and hypertension
have been established as the most consistently risk factors, the etiology of kidney cancer
remains elusive [2]. In the 27 European Union
countries, the estimated age-standardized incidence rate of kidney cancer were 15.8 for men
and 7.1 for women per 100,000 Europeans in
2008 [3], and in the United States, kidney cancer incidence rates were 20.7 per 100,000 in
males and 10.5 per 100,000 in females
according to the US Surveillance, Epidemiology,
and End Results (SEER) program during the
period 2005-2009 [4]. The observed 2-fold
higher kidney cancer incidence rate among
men versus women, coupled with experimental
evidence of estrogen effects on renal cancer
development [5, 6], have motivated interest in
the role of female hormonal and reproductive

factors in kidney cancer development including
oral contraceptives (OCs).
Several epidemiologic studies have investigated the potential association between OC and
kidney cancer risk including large prospective
cohort studies. However, the results are controversial. Although a recent meta-analysis founded that OC may influence certain cancers
including breast, cervical, colorectal and endometrial cancers [7], no comprehensive and
quantitative assessment has been reported of
the association between OC and kidney cancer
risk so far. Therefore, to synthesize the published data and present more exact results, we
carried out a meta-analysis on all prospective
and case-control studies.
Methods
Literature search
We conducted a comprehensive English literature search in PubMed and EMBASE database
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(Huan Liu, Guang-Hui Hu): first
author, publication year, country, study design, study period,
number of cases and controls
or samples, OC use, RR or OR
or HR with corresponding 95%
CI for OC use and kidney cancer risk, and the adjusted
factors.
Due to different exposure categories of duration time
across studies included, we
therefore performed a doseresponse meta-analysis to
assess the effect of per 1 year
increment use of OC on kidney
cancer risk. The number of
cases and total person-time
(or non-cases) for each category of duration time and the
Figure 1. Flow diagram of the eligible study selection process.
risk estimates with their variance estimates were extractup to July 2014, using the following key words:
ed. For each study, the median or mean time of
(oral contraceptive OR oral birth control OR
OC use of each category was assigned to each
reproductive factors) and (kidney OR renal OR
corresponding RR estimate. If data were not
renal cell) and (cancer OR neoplasm OR carciprovided, the midpoint of the upper and lower
noma OR tumor). Reference lists of identified
boundaries in each category was assigned as
articles were also reviewed to obtain other peraverage duration. If the lowest category was
tinent publications.
open-ended, the lower boundary was set to
zero. When the highest category was open-endInclusion and exclusion criteria
ed, we assumed that it had the same amplitude
as the closest category.
Two researchers (Huan Liu, Xing-chun Wang)
Statistical analysis
independently selected eligible studies. Any
disagreement between the two reviewers was
Since the absolute risk of kidney cancer is relaresolved by discussing with the third reviewer
tively rare, the three measures of association
(Yun-fei Xu). Inclusion criteria were as follows: a
were considered approximations of RR [8]. The
prospective cohort or case-control design; the
summary relative risks (SRRs) and 95% CIs for
exposure of interest was OCs; the outcome of
ever versus never use of OC were calculated,
interest was kidney cancer risk; odds ratio (OR),
using the inverse of the corresponding variancrelative risk (RR) or hazard ratio (HR) with cores as weights. To assess the effect of long-term
responding 95% confident interval (CI) were
OC use, we also collected the RRs and 95% CIs
reported, or information suitable for us to calfor the longest duration of OC use compared to
culate them. Case reports, letters to editor,
never use. Statistical heterogeneity was evalureview articles and fundamental researches
ated through the Cochrane’s Q test and I2 stawere excluded. For studies published multiply
tistic [9]. For the Cochrane’s Q statistic, a P
from the same population or studies published
value < 0.10 was considered statistically sigwith the same results in different journals, we
nificant for heterogeneity; For the I2 statistic,
chose the most recent one for the metaheterogeneity was interpreted as absent (I2:
analysis.
0%-25%), low (I2: 25.1%-50%), moderate (I2:
50.1%-75%), or high (I2: 75.1%-100%) [10].
Data extraction
Random-effect model was used when substanThe following data were extracted from each
tial heterogeneity was detected (I2 > 50%; P
publication by two reviewers independently
value < 0.10), assuming that the studies includ3955
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Table 1. Characteristics of the studies included in the meta-analysis
References

Country

Study type

Study period

Cases/Size

OC use

RR(95% CI)

Data collection

McCredie M, 1992

Australia

PCC

1989-1990

268/292

Ever vs. never

0.7 (0.4-1.1)

Face to face interview using Age
structured questionnaire

Mellemgaard A, 1994

Denmark

PCC

1989-1992

368/396

Ever vs. never
≥ 10 yr vs. never

0.96 (0.42-2.2)
0.8 (0.3-2.2)

Chow HW, 1995

USA

PCC

1988-1990

165/227

Ever vs. never
≥ 10 yr vs. never

0.8 (0.4-1.3)
0.3 (0.1-1.0)

Face to face interview using Age, cigarette
structured questionnaire
smoking and BMI

Lindblad P, 1995

Multi- Centera

PCC

1989-1991

608/766

Ever vs. never
≥ 10 yr vs. never

0.7 (0.5-0.9)
0.5 (0.3-0.9)

Face to face/
telephone interview

USA

PCC

1986-1994

422/422

Ever vs. never
≥ 120 movs. never

1.0 (0.7-1.4)
1.3 (0.7-2.3)

Face to face interview using Level of education and
structured questionnaire
history of hysterectomy

Canada

NBSS Cohort

1980-2000

172/89, 835

Ever vs. never
≥ 96 mo vs. never

Molokwu JC, 2007

USA

IWHS Cohort

1986-2003

165/37440

Zucchetto A, 2008

Italy

HCC

1992-2004

Lee JE, 2009

USA

NHS Cohort

Setiawan VW, 2009

USA

Purdue MP, 2011

Karami S, 2013

Gago-Dominguez M, 1999
Kabat GC, 2007

Adjustment for confounders

Face to face interview using Age, BMI, smoking,
structured questionnaire
and socio-economic status

Age, center, tobacco
use and BMI

0.80 (0.58-1.09) Self-administered
0.80 (0.48-1.31) questionnaires and
face to face interview

Age, pack-years, BMI, menopausal status,
education, study centre, randomisation
group and the other variables

Ever vs. never

0.96 (0.63-1.48) Self-administered
questionnaires

Age, BMI, WHR, alcohol use and
history of hypertension

273/546

Ever vs. never

0.94 (0.51-1.72) Face to face interview using Calendar year, education, smoking
structured questionnaire
habits, BMI, family history and
history of hypertension

1976-2004

247/118, 219

Ever vs. never
≥ 3 yr vs. never

0.99 (0.75-1.32) Biennial mailed
0.85 (0.58-1.24) questionnaires

History of hypertension, BMI,
smoking status, fruit intake,
vegetable intake and alcohol intake

Multiethnic bCohort

1993-2005

229/106, 036

Ever vs. never
> 5 yr vs. never

1.08 (0.75-1.55) Self-administered
1.01 (0.60-1.68) questionnaires

Age, BMI, smoking status, hypertension,
alcohol intake and diuretic use

USA

PCC

2002-2007

497/546

Ever vs. never
> 15 yr vs. never

USA

NIH-AARP Diet and
Health Study and PLCO
Cancer Screening Trial

1995-2006
1993-2010

792/283, 952

Ever vs. never
≥ 10 yr vs. never

1.1 (0.8-1.5)
1.1 (0.6-2.1)

Computer-assisted personal Sex, age, study center, education,
interviews
smoking status, BMI, hypertension
and family history of kidney cancer

0.87 (0.75-1.02) Self-administered
0.72 (0.55-0.96) questionnaires

BMI, educational level, race,
study, and smoking status

Abbreviations: OC = oral contraception; RR = relative risk; CI = confidence interval; PCC = population-based case-control; HCC = hospital-based case-control; yr = year; mo = month; BMI = body mass index; WHR = waist-to-hip ratio; NBSS = National
Breast Screening Study; IWHS = Iowa Women’s Health Study; NHS = Nurses’ Health Study; NIH-AARP = National Institutes of Health-American Association of Retired Persons; PLCO = Prostate, Lung, Colorectal and Ovarian. aThis study was carried
out at five centers in different countries: Australia, Denmark, Germany, Sweden and the United States. bThis study was carried out at Hawaii and Los Angeles including five racial/ethnic groups: African Americans, Japanese Americans, Latinos, Native
Hawaiians and Whites.
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Figure 2. Summary relative risks of kidney cancer for ever versus never use of oral contraceptive from case-control
and cohort studies.

ed in the meta-analysis had varying effect sizes
[11]. Otherwise, fixed-effect model was performed which assumed that the studies included in the analysis had the same effect size [12].
To investigate the influence of various study
characteristics on the summary risk estimates,
we also conducted subgroup analyses based
on study design, geographic location, publication year and adjustments for potential confounding factors. Sensitivity analyses were also
conducted to test the robustness of our results
by removing each study separately and calculating the effect size and homogeneity for all of
the rest studies.

a specific slope and obtain a linear doseresponse curve. For studies [4, 14] reported
the cases and overall person-years, but not the
distributions, we used the RRs of every category to estimate [15]. The dose-response result
was shown for per 1 year increment in OC use.

We used methods described by Greenland and
Longnecker [13] to obtain an estimated doseresponse trend and combined the trends by
using random-effect model. For dose-response
analysis, the distributions of cases and personyears (or non-cases) and the RRs with the variance estimates for at least three quantitative
exposure categories were needed to generate

Results
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Potential publication bias was detected by
using Begg’s funnel plots and Egger’s regression asymmetry test [16, 17]. All statistical
analyses were conducted using STATA (version
12.0; StataCorp, College Station, TX, USA), and
p < 0.05 was considered statistically significant

Literature search and study characteristics
Figure 1 shows the flow diagram for study
selection. We identified and screened 492
potentially relevant articles. On the basis of the
title and abstract, we identified 17 papers.
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After detailed evaluation, six studies were
excluded for reasons described in Figure 1.
One additional article was added from the reference lists [18]. Finally, 12 eligible articles [4,
14, 18-27] containing six cohort [4, 14, 23, 24,
26] and seven case-control studies [18-22, 25,
27] were used in our meta-analysis (one article
contained two cohort studies [4]). The characteristics of the included cohort and case-control studies were summarized in Table 1. Among
the included studies, eight was conducted in
North America [4, 14, 18, 21, 23, 24, 26, 27],
two in Europe [20, 25] and one in Oceania [19].
The remaining one was carried out at five centers in different countries: Australia, Denmark,
Germany, Sweden and the United States.
Ever versus never use of OC
All the included studies reported the risk estimate between OC use and risk of kidney, involving 4,206 cases and 638,677 participants. The
SRR was 0.89 (95% CI: 0.82-0.98) for ever versus never use of OCs, with no evidence of heterogeneity observed across studies (p = 0.707,
I2 = 0.0%; Figure 2). In subgroup analyses, a
borderline significant inverse association was
observed in both cohort and case-control studies. The pooled RRs were 0.88 (95% CI: 0.751.02; p = 0.451, I2 = 0.0%) for case-control
studies and 0.90 (95% CI: 0.81-1.01; p = 0.697,
I2 = 0.0%) in cohort studies (Figure 2). Stratified
by geographic location, no significant association was observed in Europe (RR = 0.95; 95%
CI: 0.58-1.55; p = 0.968; I2 = 0.0%; N = 2),
North America (RR = 0.93; 95% CI: 0.84-1.02; p
= 0.783; I2 = 0.0%; N = 8) or Oceania (RR = 0.7;
95% CI: 0.4-1.1; N = 1) (Table 2). When we
examined whether the associations differed by
adjustment for potential confounders (hypertension, obesity or smoking status), the result
was significantly altered by hypertension (P =
0.04). The SRRs were 1.03 (95% CI: 0.87-1.21)
for studies adjusted for hypertension and 0.84
(95% CI: 0.75-0.94) for not adjusted (Table 2).
In sensitivity analysis, results were significantly
altered after removing Lindblad et al’s or
Karami et al’s study. The SRRs were 0.92 (95%
CI: 0.83-1.01) and 0.91 (95% CI: 0.81-1.02),
respectively (Table S1).
Long-term versus never use of OC
Four prospective studies [4, 14, 23, 26] and
five case-control studies [18, 20-22, 27] inves-
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tigated the association between long-term OC
use and kidney cancer risk. The SRR indicated
a stronger protection of OC on kidney cancer
risk when compared the longest duration of OC
use with never use (RR = 0.80; 95% CI: 0.680.94), with little evidence of heterogeneity
observed (P = 0.226, I2 = 24.4%; Figure 3).
Subgroup analyses showed significant inverse
association among cohort studies (RR = 0.80;
95% CI: 0.66-0.97; p = 0.697; I2 = 0.0%), but
not in case-control studies (RR = 0.76; 95% CI:
0.46-1.25; p = 0.058; I2 = 56.3%; Table 2).
Most of the studies were conducted in North
America (n = 7) and the RR was 0.83 (95% CI:
0.70-0.99; P = 0.272, I2 = 20.6%). When stratified by potential confounders, the estimated
effect was also altered by hypertension. The
SRRs were 0.94 (95% CI: 0.71-1.23) for hypertension-adjusted studies and 0.73 (95% CI:
0.54-0.97) for not adjusted (Table 2).
Sensitivity analysis showed that Karami et al’s
study [4] contributed significantly to the protective effect of OC on kidney cancer risk. After
excluding this study, the SRR increased to 0.84
(95% CI: 0.69-1.02; P = 0.199, I2 = 28.7%)
(Table S2).
Dose-response analysis
All the nine studies provided three or more categories of duration of OC use. We subsequently
performed a dose-response analysis and found
that the risk of kidney cancer reduced by 2% for
per 1 year increment in OC use (RR = 0.98; 95%
CI: 0.96-0.99; Figure 4).
Publication bias
In the present meta-analysis, there was no indication of publication bias for studies on the
association between OC use and kidney cancer
risk. For studies focusing on ever versus never
use of OC, the p value was 0.945 for Begg’s
test and 0.806 for Egger’s test (Figure 5A). For
studies on long-term use of OC versus never
use, the p value was 1.000 for Begg’s test and
0.923 for Egger’s test (Figure 5B).
Discussion
OC is the most effective and reversible method
of contraception and is widely used every day
around the world for preventing unintended
pregnancies [28]. More than 300 million
women are thought to have used OC since the
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Table 2. Subgroup analyses of OC use and kidney cancer risk
Subgroup
Total studies

N

RR (95% CI)

a

Ever use
I2 (%)
P-heterogeneity N

12 0.89 (0.82-0.98)

0.0

0.707

9

Case-control

7

0.88 (0.75-1.02)

0.0

0.451

Cohort

5

0.90 (0.81-1.01)

0.0

0.697

North America

8

0.93 (0.84-1.02)

0.0

Europe

2

0.95 (0.58-1.55)

0.0

Oceania

1

0.70 (0.40-1.10)

Before 2000

5

After 2000

7

Long-term use
RR (95% CI)a I2 (%) P-heterogeneity
0.80 (0.68-0.94)

24.4

0.226

5

0.76 (0.46-1.25)

56.3

0.058

4

0.80 (0.66-0.97)

0.0

0.697

0.783

7

0.83 (0.70-0.99)

20.6

0.272

0.968

1

0.80 (0.30-2.2)

NA

NA

NA

NA

-

-

-

-

0.80 (0.66-0.97)

0.0

0.585

4

0.68 (0.36-1.25)

61.3

0.052

0.92 (0.83-1.03)

0.0

0.738

5

0.82 (0.68-0.98)

0.0

0.671

Designs

Geographic locations

Publication year

Adjusted factors
Hypertension
Yes

5

1.03 (0.87-1.21)

0.0

0.974

3

0.94 (0.71-1.23)

0.0

0.746

No

7

0.84 (0.75-0.94)

0.0

0.762

6

0.73 (0.54-0.97)

36.7

0.162

Smoking
Yes

9

0.91 (0.82-1.01)

0.0

0.594

8

0.81 (0.64-1.02)

33.9

0.158

No

3

0.82 (0.65-1.03)

0.0

0.630

1

0.80 (0.48-1.31)

NA

NA

Yes

10 0.89 (0.81-0.99)

0.0

0.661

8

0.77 (0.65-0.91)

9.9

0.353

No

2

23.1

0.254

1

1.30 (0.72-2.36)

NA

NA

Obesity
0.89 (0.67-1.19)

Abbreviations: OC = oral contraception; RR = relative risk; CI = confidence interval; NA = not available. aSummary RRs (95% CIs) were calculated
using the fixed or random effects model based on the results of I2-statistics.

introduction of it in the early 1960s [29]. In the
present meta-analysis aimed to examine the
role of OC use in the genesis of kidney cancer
among women, we found a 11% reduction in
kidney cancer risk among ever OC users and
this effect was apparently stronger for longterm OC use (RR = 0.8). Furthermore, there was
a dose-response relationship between the
duration of OC use and kidney cancer risk. For
per one year increment in OC use, the risk of
kidney cancer decreased by 2%.
Despite the SRRs and dose-response analysis
have shown consistent results of OC use (ever
and long-term versus never use) and kidney
cancer risk, the findings still should be treated
with cautious. As in sensitivity analysis, results
were significantly altered after removing
Lindblad et al’s [22] or Karami et al’s study [4].
This two studies contained the largest samples
and weighted nearly half (45.31%) of all the
included studies. Lindblad and the colleagues
reported an inverse association between OC
use and kidney cancer risk based on a population-based case-control study conducted at five
3959

centers in Australia, Denmark, Germany,
Sweden and the United States (Table 1). Karami
et al’s prospective study was comprised of two
cohort studies and also suggested that longterm OC use has a protective influence on kidney cancer risk (Table 1). Considering that
these two studies were multi-center designed
and contained larger cases and samples, we
thought the results were more representative
and reliable than other studies. More largescale prospective studies are needed to affirm
this association.
Although the exact biologic mechanisms underlying the association between OC and
decreased risk of kidney cancer are not fully
understood, several potential mechanisms
might have been proposed. OCs on the market
contained different types of estrogen and
whether it can decrease the risk of kidney cancer may depend on the component of estrogen.
Recent in vitro study has shown that estrogen
can activate estrogen receptor β to act as a
tumor suppressor and inhibit the proliferation
of renal cell carcinoma cell lines, reduce migraInt J Clin Exp Med 2014;7(11):3954-3963
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Figure 3. Summary relative risks of kidney cancer for the longest duration of oral contraceptives use versus never
use from case-control and cohort studies.

nogenesis [32]. Additionally,
estradiol has the effect to
lower blood pressure levels
[31], thus it may inhibit kidney
cancer because high blood
pressure has been proved
associated with increased
risk of kidney cancer [33].
Subgroup analyses limited to
prospective studies which
are less vulnerable to recall
and selection bias made our
findings reliable, though the
association was borderline
significant for ever OC users.
When we performed subgroup meta-analyses according to region, a significant
Figure 4. The does-response analysis between oral contraceptives use and
protective effect was obserkidney cancer risk. The solid line and long dash line represent the estimated
ved in North America for longRR and its 95%CI. Short dash line represents the linear relationship.
term OC use, while no significant association was found in
tion and invasion, and enhance apoptosis [30].
Europe and Oceania. However, we were unable
Estradiol, one type of estrogen contained in OC,
to rule out the possibility that the results were
has also been shown to inhibit oxidative stress
by chance because only two and one studies
and lipid peroxidation [31], which has been
reported the association of OC use and kidney
hypothesized to be responsible for renal carcicancer risk in Europe and Oceania, respective-
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Figure 5. Begg’s funnel plot of oral contraceptives use on kidney cancer risk. A. Ever oral contraceptives use versus
never use. B. Long-term oral contraceptives use versus never use.

ly. Studies included in this meta-analysis were
published in recent 30 years and we found that
publication year significantly altered the associations between OC and kidney cancer risk
(shown in Table 2). This may be explained by
the temporal variations in OC formulations
available on the market. For example, in 1980s,
the 3rd generation contraceptive estrogen content was dropped to 30 μg and contraceptive
progestin type has also been improved to play
the role of anti-estrogen, and in the present OC,
estrogen is reduced to 15-20 μg [34].
The strength of our study lies in a large sample
size (638,677 participants and 4,206 renal
cancer cases) and no significant evidence of
heterogeneity and publication bias. Two investigators independently performed the article
identification, data extraction, and verification
and resolved all discrepancies. Most studies
have adjusted for several important potential
confounders. Furthermore, we have proved a
dose-response relationship between OC use
and kidney cancer risk. However, several limitations should also be noted in this meta-analysis. First, because all studies included in this
analysis did not illustrate component and style
(estrogen and progestin) of OCs, we could not
examine the effects of different types of OCs
on kidney cancer risk. Second, we were unable
to perform subgroup analyses by dosage of
OCs because none of the included studies
reported the dosage of OC used. Third, although
we have detected the influence of potential
confounders in the present study and found
that hypertension significantly altered the
results, we still could not exclude the possibility
that other unmeasured or inadequately measured factors have influenced the true associa-
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tion. Last, the possibility of recall and selection
biases can’t be ruled out because more than
half of the included studies were case-control
studies, which were more susceptible to bias
due to their nature.
In conclusion, we found a reduced risk of kidney cancer in ever OC users, and the protection
is stronger for long-term OC use. Considering
the limitations of our study, more well-designed
and large-scale epidemiological studies which
also report type and dosage of OCs, are needed
to confirm the effect of OC use on kidney
cancer.
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Table S1. Sensitivity analyses: RRs, 95%CIs and P values after excluding each study
Excluded Study
McCredie M
Mellemgaard A
Lindblad P
Chow HW
Gago-Dominguez M
Molokwu JC
Kabat GC
Zucchetto A
Setiawan VW
Lee JE
Purdue MP
Karami S

RRa (95% CI)
0.90 (0.82-0.99)
0.89 (0.81-0.98)
0.92 (0.83-1.01)
0.90 (0.82-0.98)
0.87 (0.81-0.98)
0.89 (0.81-0.98)
0.90 (0.82-0.99)
0.89 (0.81-0.98)
0.88 (0.80-0.97)
0.88 (0.80-0.97)
0.88 (0.80-0.97)
0.91 (0.81-1.02)

I2 (%)
0
0
0
0
0
0
0
0
0
0
0
0

P
0.712
0.625
0.883
0.636
0.664
0.633
0.673
0.625
0.729
0.676
0.795
0.640

Summary RRs (95% CIs) were calculated using the fixed or random effects model based on the results of I2-statistics.

a

Table S2. Sensitivity analyses: RRs, 95%CIs and P values after excluding each study
Study removed
Mellemgaard A
Lindblad P
Chow HW
Gago-Dominguez M
Kabat GC
Setiawan VW
Lee JE
Purdue MP
Karami S

RRa (95% CI)
0.80 (0.68-0.94)
0.83 (0.70-0.99)
0.81 (0.69-0.96)
0.77 (0.65-0.91)
0.80 (0.67-0.95)
0.78 (0.65-0.92)
0.79 (0.66-0.94)
0.78 (0.66-0.92)
0.84 (0.69-1.02)

I2 (%)
33.9
7.4
9.9
9.9
33.9
27.7
33.0
26.2
28.7

p
0.158
0.373
0.354
0.353
0.158
0.208
0.165
0.219
0.199

Summary RRs (95% CIs) were calculated using the fixed or random effects model based on the results of I2-statistics.

a

1

Int J Clin Exp Med 2014;7(11):3954-3963

