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Abstract: Despite numerous studies evaluating the risk of breast cancer among oral contraception
users, the effect of oral contraceptive on developing breast cancer remains inconclusive. Therefore,
we conducted a systematic review of literature with meta-analysis in order to quantitative estimate
this association. The bibliographic database MEDLINE and EMBASE, and reference lists of identified
articles were searched, with no language restrictions, from the start of publication to August 2010.
We performed a reanalysis and overall estimate of 79 case-control studies conducted between
1960-2010, including a total of 72,030 incidents, histologically confirmed cases of breast cancer and
123,650 population/hospital controls. A decrease was observed in cancer risk in OC users before
age 25 years (0.91, 0.83-1.00). However, the use of OCs before the first full-term pregnancy had a
significant increased risk of breast cancer (OR, 1.14, 1.01-1.28, p = 0.04), as did OC use longer than
5 years (1.09, 1.01-1.18, p = 0.02). Pooled crude odds ratios of breast cancer in ever-users of oral
contraceptives was 1.01 [95% confidence interval (CI), 0.95-1.07], compared with never-users. There
was no significant increase in risk among premenopausal women (1.06, 0.92-1.22), postmenopausal
women (0.99, 0.89-1.10), or nulliparous women (1.02, 0.82-1.26). Oral contraceptives do not appear
to increase the risk of breast cancer among users. However, OC use before a first full-term pregnancy
or using them longer than 5 years can modify the development of the breast cancer.

Keywords: breast cancer; cancer risk; prevention; oral contraceptives; meta-analysis

1. Introduction

Breast cancer (BrCa) is the most frequently diagnosed cancer and the leading cause
of cancer death in women worldwide. It accounts for 23% (1.38 million) of the total new
cancer cases and 14% (458,400) of the total deaths in 2008. About half the BrCa cases and
60% of the deaths occur in economically developing countries [1]. Of every thousand
women aged 50, two will recently have given a diagnosis of BrCa, and about 15 will have
had a diagnosis made before age 50, giving a prevalence of BrCa of nearly 2% [2].

In Western countries, the incidence has increased BrCa over the last 50 years, and these
increases were dramatic in both the 1980s and the 1990s [3,4]. The sharp incidence increases
observed after 1985 in the United States and most European countries were mainly due
to the combined effects of changes in reproductive factors, prevalence of overweight and
obesity, improvements screening mammography, and use of hormone replacement therapy
(HRT) [5]. After peaking in 2000, the incidence of invasive BrCa steadily decreased, as did
the mortality rate [6,7]. The potential explanation for the observed decrease in incidence
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may be the decline in the use of HRT after the publication of the results of the Women’s
Health Initiative study in 2002 [7,8]; the early detection and management of invasive and
precancerous breast lesions and the subsequent increase in management of these lesions
with selective estrogen receptor modulators; and observed changes in lifestyle, such as
increased exercise, decreased obesity, and dietary habits [9]. It may also be the result of the
recently observed reduction in mammographic screening, which may lead to a decrease in
BrCa detection among unscreened women [10].

The etiology BrCa is complex. Susceptibility is influenced by both environmental and
genetic factors. In 5-10% of the cases, BrCa has a hereditary basis. BrCa susceptibility
is generally inherited as an autosomal dominant with limited penetrance. In 15-30% of
patients from high-risk families, BrCa is caused by a germline mutation in the BRCA1 or
BRCA2 gene [11]. Many risk factors are associated with the development of BrCa, but the
causal mechanism cannot be directly linked to a single one of them which include: age, fa-
milial history of BrCa, personal history of benign breast biopsy (atypical ductal and lobular
hyperplasia—ADH and ALH), breast density, factors associated with lifestyle (cigarette
smoking, alcohol use, dietary fat intake, and postmenopausal obesity), and reproductive
factors (nulliparity, late age of first live birth) [2]. Experimental and epidemiological evi-
dence suggests that exposure to endogenous hormones, notably estrogens and androgens,
promotes breast carcinogenesis. Factors related to increased estrogen exposure throughout
a woman'’s lifetime, such as early menarche, late menopause, use of oral contraceptives,
and hormone replacement therapy, have been associated with a ~2-fold increase in BrCa
risk among women [12,13].

Oral contraceptives (OCs) among the most widely used methods are of effective and
reversible family planning [14]. Many questions exist concerning a possible association
between the use of OCs and the development of cancer. Benefits and risks of OCs use on
cancer were reviewed by Working Groups of the International Agency for Research on
Cancer (IARC/WHO) in 2007, which concluded that OC are carcinogenic to humans [15].
OCs use has been associated with an excess risk of benign liver tumors and modest
increased risk of liver cancer and cervical cancer. Simultaneously OC protect again the risk
of ovarian and endometrial cancer. No association is present between OC use and lung,
other digestive tract neoplasms, cutaneous malignant melanoma, thyroid cancer, and any
of the other neoplasms investigated [16].

Despite the large number of studies in this area, no consensus is present regarding the
exact effect of OCs on the risk of BrCa [9,17]. In this context, we sought to evaluate whether
women using oral contraceptives exhibit an increased risk of BrCa by performing a system-
atic review and meta-analysis of the relevant data from available case-control studies.

2. Materials and Methods
2.1. Search Strategy

We systematically searched the PubMed (Medline) and EMBASE bibliographic databases
(from their commencements to August 2010), with no language restriction, to identify
studies investigating the relation between OC uses and the risk of BrCa developing. For
computer searches, we used the following MeSH terms or keywords: ‘breast cancer’, ‘breast
malignancy” or ‘breast neoplasm’, combined with ‘oral contraceptives’, ‘contraceptive
agents’ or ‘birth control pill’. In addition, we examined the references of identified articles,
previous review articles and meta-analysis, and other relevant publications to identify
further pertinent studies [18-22].

2.2. Study Selection

We selected studies in a two-stage process. Initially, a preliminary selection of articles
was made after the electronic searching of titles. When the citation was relevant or when
title/abstract was not sufficient for inclusion/exclusion, full-texts were retrieved and
evaluated. Secondly, full manuscripts of selected citation and the additional items derived
from a review of literature of selected papers and review articles were obtained. Final
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inclusion/exclusion decisions were made after independent and duplicate examination of
the full manuscripts.

Studies were included in the systematic review if they were a case-control design
(population- and hospital-based) and published as original articles that permitted assess-
ment of an association between the use of OCs and risk of BrCa. Studies eligible for
meta-analysis fulfilled the following criteria: including at least 100 women with incident
invasive BrCa, and presenting sufficient detailed results to calculate the odds ratio (OR) and
95% confidence interval (CI). In the case of multiple published studies based on the same
population or subpopulation, we took into account only the most recent published report
from the study with the longest period of recruitment, unless the earlier reports contained
information not available in subsequent reports or represented a comprehensive form
of this study. The selection procedure for studies included in meta-analysis is presented
in Figure 1.

"breast cancer’, ‘breast malignancy”’ or ‘breast neoplasm’,
combined with ‘oral contracep-tives’, ‘contraceptive

agents’ or ‘birth control pill”’

Preliminary selection of articles after the electronic
searching of titles

The citation was relevant or

when title/abstract not

sufficient for

inclusion/exclusion

Full manuscripts of selected citation and the additional
items derived from a review of literature of selected
papers and review articles (n=121)

Independent and duplicate examination of the full
manuscripts

e case-control design

eoriginal articles
e assessment of an
association between
the use of OCs and risk of
BrCa
eat least 100 women with
incident
invasive BrCa

e sufficient detailed results

Population- and hospital- based case-control studies

analyzed in meta-analysis (n=79)

Figure 1. Flowchart of the selection procedure for studies included in meta-analysis regarding use of
oral contraceptives as a potential risk factor for breast cancer.
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2.3. Data Extraction

The following data were extracted for each study: (a) clinical and methodological
study characteristics such as last name of first author, publication year, country in which
the study was performed, name of the study, years of data collection, number of cases and
controls subjects, and source of cases; (b) information on use of OC (exposure)—ever/never
use, duration of use at least above 5 years, use before first full-term pregnancy, and use in
different age groups (<25 years, premenopausal, and postmenopausal women). To summa-
rize the results associated with menopausal status, we adopted the following definitions:
(a) premenopausal women or women younger than 50 years and (b) postmenopausal
women or women older than 50 years. To assess the risk of developing breast cancer
associated with the use of oral contraceptives with different composition (high- versus low
formulation), we classified the available studies (based on the period of recruitment) to
the following time ranges: 1966-1985 and 1986-2010 [23-26]. We additionally conducted a
separate meta-analysis to determine whether the size of the risk of breast cancer is affected
by the type of control group, based on the neighborhood /general population or on hospital.

If the study presented data on breast cancer only in subpopulations according to
different ethnicity, age group, parity, etc., we conducted a cumulative estimate of these data
for the entire study population. When the breast cancer event rate, OC use rate or control
recruitment rate was expressed as a percentage, the number of patients was calculated by
multiplying the rate by the total number of women in the relevant group. When data were
expressed in a way that did not allow exact figures to be obtained, these data were not
included in the meta-analysis.

2.4. Assessment of Study Quality

The Newcastle-Ottawa Scale (NOS) score was employed to evaluate the study quality
of observational studies, with a maximum score of 9, of which 0-3, 4-6, and 7-9 scores were
considered as low, fair, and high quality, respectively [27]. With this tool, each study in the
meta-analysis was assessed in three separate categories: selection of cases and controls,
comparability of cases and controls on the basis of the design or analysis, and ascertainment
of exposure. The NOS quality stars ranged between 5-7, and the average score was 5.5
for case-control studies (Supplementary Materials File S1). Seven (7.86%) studies were
regarded as high quality (NOS > 7 points).

2.5. Statistical Methods

Meta-analysis of summary statistics from individual studies was performed utilizing
the Medical Package program of STATISTICA 11.0 software (StatSoft Poland, Krakow,
Poland). For each study, we constructed separate two-by-two (2 x 2) contingency tables
to calculate the odds ratios (OR) and 95% confidence intervals (Cls), cross-classifying OC
users and occurrence of breast cancer. The Mantel-Haenszel test was calculated to assess
the association between OC use and cancer. An OR of one indicates that the odds of having
breast cancer are the same in the case group and the control group; an OR greater than one
indicates that the odds of having breast cancer in the case group are greater than in the
control group; an OR of less than one indicates that the odds of having breast cancer in the
control group are greater than in the case group. Because about one-third of the studies
did not present adjusted ORs, only crude ORs were used in the primary meta-analysis.
Meta-analyses combining the ORs across studies were conducted using the DerSimonian-—
Laird random effects model [28]. The random effects meta-analysis model was applied
due to the diversity of research in terms of, for example, design and population. In the
random effects model, it is assumed that there is no common effect size for independent
studies. Instead, each study is assumed to have a different population effect size, which is a
random variable and has a normal distribution. Therefore, there is a difference between the
size of the effects of individual studies. Thus, the variance of the effect size in the random
effects model is the sum of the variance within and between studies. As suggested by
DerSimonian and Laird [28], the variance ‘between studies’ is estimated using the moments
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method. Weighting of the studies in the meta-analysis was calculated on the basis of the
inverse of the sum of ‘within study” and between studies variances. Heterogeneity was
assessed graphically using forest plots and statistically using the Q test and 12 index. 12
values of 25%, 50%, and 75% were regarded as respectively representing low, moderate,
and high heterogeneity between studies [29,30].

Due to the high heterogeneity of the studies, the following subgroups were also
analyzed: case-control studies of the period of recruitment into the study before 1986/ case-
control studies of the period of recruitment into the study after 1986; premenopausal
women or women younger than 50 years/postmenopausal women or women older than
50 years/women under 25 years old; nulliparous women; ever use of oral contraceptives
before first pregnancy; and ever use of oral contraceptives for longer than 5 years.

For all the analyses, forest plots were generated to display results, whereby diamonds
represent study-specific odds ratios and 95% Cls for individual studies are represented by
horizontal lines.

To analyze the publication bias, the Begg and Mazumdar and Egger tests were per-
formed. The meta-analysis methodology was based on the guidelines of DerSimonian
and Laird [28] and Higgins et al. [29,30]. The method used is globally recognized as the
primary method for the evaluation of case-control studies.

3. Results

Our systematic review included 121 population- and hospital-based case-control
studies that analyzed the relationship between use of oral contraceptives and histo-
logically confirmed breast cancer. Of these, 79 that met inclusion criteria qualified for
the meta-analysis [31-109].

3.1. Description of the Studies

Table 1 shows papers in chronological order of recruitment period. Study periods
included years between 1960-2010. All papers were published in English, except for
one in Portuguese [95]. The total sample included 72,030 women with breast cancer and
123,650 women without breast cancer; respectively, of this number, 32,326 women (44.8%)
and 53,365 women (43.2%) ever using combined oral contraceptives. North American
studies were most common (n = 30), followed by 20 from Europe, 9 from Asia-Pacific, 7 from
West Asia, 5 from Australia/New Zealand, 3 from Africa, 2 from South America, and 1 from
Central America. One study was conducted in Sweden and Norway [68], and the WHO
Collaborative Study of Neoplasia and Steroid Contraceptives [58] analyzed multinational
data (participating countries: Australia, Chile, Republic of China, Colombia, the German
Democratic Republic, Israel, Kenya, Mexico, Philippines and Thailand). In 39 studies,
cases sources were regional cancer registries, while in the remaining 40 studies, hospital
data was used as the case source. Forty studies were based on neighborhood/general
population control group, 32 studies based on hospital control groups, and 6 studies
were based on clinic control groups. One study used a combination of hospital and
population controls [95].
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Table 1. Characteristics of the case-control studies included in the meta-analysis on the association between oral contraceptive use and breast cancer risk.
Study Name Recruitment Period Number of Percent of Age Range Source of Number of Percent of Source of NOS Sc.
Setting [Reference] Case Subjects OCs Users (Years) Cases Controls Subjects OCs Users Controls
USA—Nationwide [31] 1960—1976 989 27.6 30-55 Population 9901 26.7 Population 5
UK—London, Oxford [32] December 1968-September 1980 1176 45.7 16-50 Hospital 1176 47.1 Hospital 5
USA—New York City [33] January 1969-December 1975 518 13.9 30< Hospital 1601 18.0 Hospital 5
USA—Baltimore [34] 1969-1972 284 7.7 20-74 Hospital 367 9.3 Hospital 5
USA—San Francisco Bay Area [35] January 1970-December 1972 1868 28.7 1549+ Hospital 3391 29.6 Hospital 5
Canada—northern Alberta [36] January 1971-December 1974 295 35.6 30-49 Hospital 507 47.1 Clinic 5
former Yugoslavia—Slovenia [37] May 1972-November 1974 190 15.8 20-49 Hospital 380 17.1 Clinic 5
USA—Los Angeles County [38] July 1972-December 1978 163 82.8 <33 Population 270 80.7 Population 5
BreaS;rg;‘er;i%g:ﬁgggﬁﬁgﬁ;ﬂaﬁm July 1973-November 1980 2022 238 <40-60+  Population 2183 245 Population 5
USA—New York State [40] January 1974-August 1976 253 52.6 <45 Population 497 46.9 Population 5
Canada—northern Alberta [41] 1976-1977 577 26.2 30-80 Population 826 42.3 Population 5
USA—North Carolina [42] April 1977-December 1978 158 41.8 25-59 Hospital 1140 48.4 Population 5
USA—King County [43] July 1977-August 1978 112 34.8 35-54 Population 466 39.7 Population 5
Case-Control Surveillance Study 3540 31.1 25-59 Hospital 4488 31.6 Hospital 7
USA—Philadelphia. Baltimore, New 1977-1992 : N
York City [44,45] 519 31.0 25-59 Hospital 1008 27.3 Hospital 5
Brazil—Belo Horizonte [46] January 1978-December 1987 293 20.5 25-75 Hospital 566 145 Hospital 5
USA—Seattle [47] July 1978-December 1983 127 61.4 <43 Population 174 71.3 Population 5
USA—New York City [48] June 1979-February 1981 401 19.2 <30-70+ Hospital 519 22.9 Hospital 5
Sweden—southern region [49] 1979-1985 174 822 <45 Population 459 71.7 Population 5
former Yugoslavia—Slovenia [50] January 1980-September 1983 534 30.3 24-54 Hospital 1989 239 Hospital 5
Italy—Pordenone [51] January 1980-March 1983 368 4.1 27-79 Hospital 373 59 Hospital 5
UK—London. Oxford [52] September 1980-1984 1125 37.7 16-64 Hospital 1125 38.8 Hospital 5
Cancer and Steroid Hormone Study
USA—Adlanta. Connecticuts DEIOIt e cember 1980-December 1952 1341 57.7 20-54 Population 4343 59.2 Population 5
owa, New Mexico. San Francisco.
Seattle, Utach [53]
Australia—New South Wales [54] 1980-1982 141 48.2 25-64 Hospital 279 42.3 Hospital 5
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Table 1. Cont.

Study Name Age Range

Recruitment Period Number of Percent of Source of Number of Percent of Source of NOS Sc
Setting [Reference] Case Subjects OCs Users (Years) Cases Controls Subjects OCs Users Controls ’
UK National Case-Control Study . .
UK—England and Scotland [55] January 1982-December 1985 755 91.1 <35 Population 755 89.3 Clinic 6
Costa Rica [56] January 1982-March1984 155 374 2049 Population 748 429 Population 5
Australia—Adelaide [57] April 1982-July 1984 395 48.9 20-69 Population 386 48.7 Population 5
WHO Collaborative Study of Neoplasia . .
and Steroid Contraceptives * [58] November 1982-February 1986 2116 34.0 20-59 Hospital 13072 33.9 Hospital 7
Canada—Toronto [59] 1982-1986 607 428 <69 Hospital 1214 44.8 Population 5
Italy—greater Milan area [60] January 1983-December 1991 2309 16.1 22-59 Hospital 1928 13.7 Hospital 5
USA—Seattle metropolitan area [61] January 1983-April 1990 747 92.2 21-45 Population 961 91.5 Population 6
Denmark [62] March 1983-August 1984 1059 45.6 <59 Population 990 47.0 Population 5
USA—San Francisco-Oakland, Los . . .
Angeles, Oahu [63] April 1983-June 1987 590 35.1 20-55 Population 945 37.1 Population 6
Auckland Breast Cancer Study . .
New Zealand [64] July 1983—-June 1987 891 76.9 25-54 Population 1861 82.5 Population 6
USA—Los Angeles County [65] July 1983-January 1989 744 83.1 <40 Population 744 84.1 Population 6
France-Strasburg, Lyons, . .
Tours, Marseilles [66] 1983-1987 464 51.1 20-55 Hospital 542 43.5 Hospital 5
USA—Nassau and Suffolk County [67] January 1984-December 1986 1420 25.9 20-79 Population 1420 22,6 Population 5
Sweden and Norway [68] May 1984-May 1985 422 77.3 20-49 Population 527 70.4 Population 5
China—Shanghai [69] June 1984-May 1985 534 18.5 20-69 Population 534 17.8 Population 5
China—Tiajin [70] January 1985-November 1986 300 34.7 20-55 Hospital 300 32.7 Population 5
Spain—Girona [71] July 1986-June 1993 330 11.5 <75 Population 346 18.5 Population 6
Netherlands Oral Contraceptives and . .
Breast Cancer Study The Netherlands [72] October 1986-June 1989 918 85.4 20-54 Population 918 85.2 Population 6
Singapore [73] 1986-1988 200 25.5 <40-70+ Hospital 420 25.2 Hospital 5
Slovenia [74] January 1988-December 1990 624 47.8 25-54 Population 624 47.9 Population 6
USA—King County [75] January 1988-June 1990 537 47.1 50-64 Population 492 459 Population 6
USA—Wisconsin, Maine,
Massachusetts (excluding Boston), April 1988-December 1991 6751 35.5 <75 Population 9311 37.0 Population 5

New Hampshire [76]
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Table 1. Cont.
Study Name Recruitment Period Number of Percent of Age Range Source of Number of Percent of Source of NOS Sc.
Setting [Reference] Case Subjects OCs Users (Years) Cases Controls Subjects OCs Users Controls
Greece—Athens, Piareus [77] January 1989-December 1991 820 4.4 56.4 1 Hospital 1548 4.1 Hospital 6
Egypt [78] n.a. 129 57.4 4457 Hospital 129 61.2 Hospital 5
Switzerland—Canton of Vaud [79] January 1990-August 1995 206 374 27-75 Population 424 31.6 Hospital 6
USA—Atlanta, Seattle, New Jersey [80] May 1990-December 1992 1640 77.4 20-44 Population 1492 72.8 Population 5
Indonesia [81] 1990-1991 119 31.9 25-55 Hospital 258 20.9 Hospital 5
Italy—Milan, Genoa, Naples, the
provinces of Pordenone, Gorizia. Forli, June 1991-February 1994 1991 17.5 23-64 Population 1899 14.2 Population 6
Latina (near Rome) [82]
Aﬁ:ﬁ;‘giﬁ:&%ﬁ?ﬁ? g;g‘r:g; ?;‘;?y January 1992-July 1995 467 902 <40 Population 408 89.7 Population 5
Nigeria [84] April 1992-December 1995 250 4.0 431 Hospital 250 0.8 Hospital 5
Italy—Palermo, Turin [85] 1992-1994 300 343 <46 Hospital 300 46.0 Hospital 5
Taiwan—Taipei [86] January 1993-December 1994 224 29.0 20-80 Hospital 450 21.6 Clinic 5
Taiwan—Taipei [87] February 1993-June 1994 174 14.4 4771 Hospital 453 10.8 Hospital 5
C%g’kfﬁéffﬁtciigﬁfas[ts‘;?y May 1993-December 2000 1778 65.6 20-74 Population 1535 63.7 Population 5
USA-Rochester [89] August 1993-November 2003 531 66.1 58t Hospital 2150 70.4 Clinic 6
Sweden [90] October 1993-March 1995 3008 35.5 50-74 Population 3248 33.0 Population 5
Case-Control Surveillance Study
USA—Philadelphia, Baltimore, 1993-2007 907 52.6 25-69 Hospital 1711 415 Hospital 7
New York [91]
South Africa—Cape Town [92] January 1994-October 1997 484 45.5 20-54 Hospital 1625 39.0 Hospital 7
Australia—New South Wales [93] April 1994-April 1997 298 62.1 40-87 Population 1926 71.5 Population 5
Women’s Contraceptive and
UgAeEOACLF;;Zegggsftlegﬁlsaiggﬁm July 1994-April 1998 4575 76.1 35-64 Population 1682 78.1 Population 5
Los Angeles, Seattle [94]
Brazil-Pelotas [95] March 1995-July 1998 172 738 20-60 Hospital o16 727 Hospital 6
168 75.0 504 77.8 Population
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Table 1. Cont.
Study Name Recruitment Period Number of Percent of Age Range Source of Number of Percent of Source of NOS Sc.
Setting [Reference] Case Subjects OCs Users (Years) Cases Controls Subjects OCs Users Controls
L;E)if:%‘&%fg;ggﬁ dsfggy August 1996-July 1997 1475 432 20-98 Population 1492 447 Population 6
Iran—Tehran [97] April 1997-April 1998 286 24 24-81 Hospital 249 3.6 Hospital 5
Turkey—Ankara [98] January 1998-September 1999 504 23.6 49.4* Hospital 610 16.9 Hospital 5
Cyprus [99] January 1999-December 2005 1109 253 40-70 Population 1177 25.0 Population 6
British Women'’s Heart and Health

Cohort Study April 1999-March 2001 225 25.4 60-79 Population 4061 23.9 Population 5

UK—Nationwide [100]
USA_Q?@"&ZX?C%‘E%?]"' Utah, October 1999-May 2004 2303 64.9 <64 Population 2513 59.8 Population 7
Turkey-Istanbul [102] January 2000-December 2006 1492 184 35-70 Hospital 2167 27.8 Clinic 7
Iran—Bandar Abbas [103] April 2000-March 2002 168 18.5 27-92 Population 504 20.0 Population 6
Malaysia—Kelantan [104] July 2000-June 2001 147 36.1 26-70 Hospital 147 24.5 Hospital 5
Turkey—Istanbul [105] September 2002-October 2003 405 23.0 28-72 Hospital 1050 14.7 Hospital 7
Malaysia—Kuala Lumper [106] July 2004-September 2004 200 344 4871 Hospital 183 42.6 Clinic 6
Germany [107] 2004-2005 3593 69.8 n.a. Population 9098 79.8 Population 5
Iran—Teheran [108] 2004 300 59.0 24-84 Hospital 303 49.2 Hospital 6
Pakistan—Islamabad [109] January 2005-July 2005 132 18.2 4241 Hospital 145 9.0 Hospital 6

* Participating countries: Australia. Chile. the People’s Republic of China. Colombia. the German Democratic Republic (GDR). Israel. Kenya. Mexico. the Philippines. and Thailand * mean.
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3.2. Summary Analysis

Of the 79 case-control studies, 17 reported a significant positive relationship for
OC use and risk of BrCa [40,46,49,50,60,66,68,80-82,84,91,92,101,104,105,109], and a fur-
ther 26 reported a positive but non-significant association [31,38,45,54,55,57,58,61,67,69,
70,72,73,75,77-79,83,86-88,90,99,100,108]. In contrast, nine studies reported a significant
inverse association [33,36,41,64,76,85,93,98,102], and 27 reported a non-significant inverse
association [32,34,35,37,39,42-45,47,48,51-53,56,59,62,63,65,71,74,89,94,96,97,103,106,107]. Tes-
saro et al. [95] found a small increase in BrCa risk in a study using the control group of
population (OR, 1.06; 95% CI, 0.72-1.57), and reduced risk with a control group of hospital
patients (OR, 0.86; 95% CI, 0.57-1.29).

The present meta-analysis based on reanalysis and summary analysis of available
data showed no difference in the association between OC ever-use and breast cancer risk,
compared with never-use (crude OR (cOR), 1.01; 95% CI, 0.95-1.07; p = 0.69) (Figure 2). The
Begg-Mazumdar and Egger tests showed no publication bias (p > 0.05). In addition, we
performed separate analysis for assessment of relationship between risk of breast cancer
and use of older oral contraceptives formulations containing higher doses of estrogen and
oral contraceptives using low-estrogen formulations, based on the periods of recruitment
to the study. Figure 3 (1966-1985) and Figure 4 (1986-2010) showed that in a studied
subgroup, the overall estimates of BrCa risk slightly oscillated around the unit: cOR = 0.99
(95% CI, 0.93-1.05; p = 0.71) and cOR = 1.04 (95% CI, 0.94-1.53; p = 0.41), respectively.
Similar results were obtained for the matched control groups in the analyzed subgroups
(Figures 2 and 3).

Our analysis was restricted to premenopausal or women younger than 50 years and
showed a marginal, non-significant increase in risk of breast cancer with ever use of OCs
(cOR, 1.06; 95% CI, 0.92-1.22; p = 0.44), compared with controls that had never used OCs
(Figure 5). Analysis of risk among postmenopausal or women over age 50 ever using OCs
also did not show difference (cOR, 0.99; (95% CI, 0.89-1.10; p = 0.90) (Figure 6). Moreover,
we indicated a small decrease in risk of developing breast cancer in OC users who began
before age 25 years (cOR, 0.91; 95% CI, 0.83-1.00; p = 0,05) (Figure 7).

As shown in Figure 8, the use of OC by nulliparous women did not affect breast cancer
risk (cOR, 1.02; 95% CI, 0.82-1.26: p = 0.85), although the use of pills before a first full-term
pregnancy has a significant effect on increased risk of breast cancer (cOR, 1.14; 95% ClI,
1.01-1.28; p = 0.04), compared with never-use (Figure 9). Furthermore, OC use longer than
5 years leads to a slight, but significant increase of breast cancer risk (cOR, 1.09; 95% ClI,
1.01-1.18; p = 0.02) (Figure 10).
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Beji [105] 173 (1.30 2.31) 0.0002 —— 127
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Croghan [89] 351/1514 180/636 082 (0.67-1.00)  0.0531 —— 150
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Figure 2. Forest plot and summary odds ratios on the association between risk of breast cancer
and ever use of oral contraceptives: case-control studies conducted between 19602008, in alpha-
betical order. UK NCCS—UK National Case-control Study, WHO—World Health Organization,
* neighborhood controls, T hospital controls.
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Use of oral contraceptives

References f Over Never 1 Weight

First author Cases/Controls _Cases/Controls — OR (95% Cl) P - value (%)

Population-based controls
Ewertz [62] 483/465 576/525 0.95(0.80-1.13)  0.5904 —— 6.51
Harris [43] 36/189 731279 0.73 (0.47-1.13)  0.1571 R 3.13
Hennekens [31] 273/2641 716/7260 1.05(0.91-1.21) 0.5290 F4— 6.92
Janerich [40] 153/233 120/264 1.44(1.07-1.94)  0.0152 — 4.71
Jick [47] 78/124 28/29 0.65 (0.36-1.18)  0.1557 —_—— 2.09
Lee [56] 58/321 97/427 0.80(0.56-1.14)  0.2077 —— 397
Lubin [41] 151/329 426/477 0.51 (0.41-0.65) 0.0000 —— 5.62
Lund [68] 326/371 96/156 143 (1.06-1.92) 0.0178 I ] 4.74
Paul [64] 685/1536 206/325 0.70 (0.58-0.86)  0.0005 —4— 6.17
Pike [38] 135/218 28/52 1.15(0.69-1.91) 0.5889 —_t— 2.60
Rohan [57] 193/188 201/198 1.01 (0.76-1.34)  0.9376 —— 493
Schildkraut [42] 66/552 92/588 0.76 (0.55-1.07) 0.1176 B ] 4.20
Stanford [39] 481/534 1540/1667  0.98 (0.85-1.12) 0.7259 l—q—i 6.99
UK NCCS [55] 688/675 67/80 1.22(0.86-1.71) 0.2596 — 4.14
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Weinstein [67] 276/240 788/822 120 (0.98-1.46) 0.0726 e 6.14
White [61] 689/879 58/82 111(0.78-157) 05659 ] 4.03
Wingo [53] 2503/2569 1838/1773  0.94 (0.86-1.02) 0.1544 4 7.68
Yuan [69] 99/95 435/439 1.05 (0.77-1.44)  0.7509 —_— 452

Subtotal estimate 8194/13,129 7892/1613  0.95(0.86-1.05) 0.3237 > 100.00
Test for heterogeneity: Q =67.57, P =0.0000; 12 =71.88%
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WIO study [58] 720/4427 1396/8645 1,01 (0.91-1.11) 0.8852 }—i}—{ 827
Wynder [33] 72/288 446/1313 074 (0.56-0.97) 0.0317 —p— 471

Subtotal estimate 5131/10,961 12,007/24,242  1.03 (0.94-1.12) 0.5727 100.00

Tesl for helerogeneily: Q =57.93, P =0.0212; 12 =67.20%

Summary estimate  13,325/24,090 19,899/40,395  0.99 (0.93-1.05) 0.7155
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Figure 3. Forest plot and summary odds ratios on the association between risk of breast cancer
and ever use of oral contraceptives: case-control studies of the period of recruitment into the study

before 1986, in alphabetical order. UK NCCS—UK National Case-control Study, WHO—World
Health Organization.
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Use of oral contraceptives

References I Over Never 1 Weight
First author Cases/Controls Cases/Controls ~ OR (95% CI) P-value _ (%)

Population-based control !
Althuis [80] 1269/1086 371/406 1.28 (1.09-1.50) 0.0030 ||—0—0 5.63
Dinger [107] 2508/7271 1079/1805  0.58 (0.53-0.63) 0.0000 4 : 6.07
Hadjisavvas [99] 280/294 823/879 1.02 (0.84-1.23) 0.8599 I—ﬂ:—l 543
Hall [88] 1160/968 612/557 1.09 (0.95-126) 0.2344 H4— 576
La Vecchia [82] 348/270 1643/1629 128 (1,07-1,52) 0.0055 :|—0—| 5.55
Lawlor [100] 57/971 168/3090 1.08 (0.79-1.47) 0.6266 —— 443
Levi [79] 77/134 129/290 1.29 (0.91-1.83) 0.1501 l—J—O—l 410
Magnusson [90] 898/889 1733/1938 1.13 (1.01-1.26) 0.0347 I{-’—f 5.94
Mahouri [103] 31/101 137/403 0.90 (0.58-1.41) 0.6539 — 335
Marchbanks [94] 3497/3658 1032/980 091 (0.82-1.00) 0.0554 —— I 6.02
McCredie [83] 418/366 46/42 1.04 (0.67-1.62) 0.8524 l—‘—i 3.39
Newcomb [76] 2262/3447 4489/5864  0.86 (0.80-0.92) 0.0000 4 : 6.16
Price [93] 185/1378 96/508 0.71 (0.54-0.93) 0.0120 —— i 476
Rookus [72] 784/782 134/136 1.02 (0.79-1.32) 0.8951 }—':—| 4.86
Rossing [75] 253/226 284/266 1.05 (0.82-1.34) 0.7050 ’—+—¢ 4.97
Shantakumar [96] 637/667 838/825 0.94 (0.81-1.09) 0.4047 — 575
Sweeney [101] 1494/1502 809/1011 1.24 (1.11-1.40)  0.0003 i I—H 592
Tessaro [95] 127/45 375/141 1.06 (0.72-1.57)  0.7662 I—"—| 3.76
Viladiu [71] 38/54 292/292 070 (0.45-1.10) 0.1222 |—§—-:-| 336

Subtotal estimate 16,336/24,106 14,416/20,355  1.00 (0.88-1.12) 0.9677 <I> 100.00

Test for heterogeneity: Q =201.66, P = 0.0000; 2 =90.58% i

Hospital-based control !
Adebamowo [84] 10/2 240/248 5.17 (1.12-23.83) 0.0352 : } 4 1.28
Beji [105] 93/154 312/896 1.73 (1.30-2.31)  0.0002 | 561
Bustan [81] 38/54 81/204 1.77 (1.09-2.89)  0.0216 I|—0—| 455
Chie [87] 25/47 149/406 1.45 (0.86-2.44) 0.1620 } ' 4 | 437
Croghan [89] 351/1514 180/636 0.82 (0.67-1.00) 0.0531 —— : 599
Ebrahimi [97] 7/279 9/240 067 (025-1.82) 04321  } 4 H f 235
Faheem [109] 24/13 108/132 226 (1.10-4.64)  0.0270 i } 4 - 3.38
Kamarudin [106] 62/78 118/105 0.71 (0.46-1.08) 0.1100 I—O—-:i 4.89
Kishk [78] 55/50 74179 117 (0.71-1.93)  0.5264 } —+ | 450
Kuru [98] 119/103 30/12 046 (0.23-095) 0.0355 |—A4p—f I 339
Lee [73] 51/106 148/310 1.01 (0.68-1.48) 0.9687 I—}l—| 5.10
Lipworth [77] 36/63 784/1485 1.08 (0.71-1.64) 0.7109 l—J:.—O 4.93
Norsa'adah [104] 53/36 94/111 1.74 (1.05-2.88)  0.0317 |—0—| 446
Ozmen [102] 275/602 1217/1565 059 (0.50-0.69) 0.0000 i ! 6.14
Primic-Zakelj [74] 298/299 326/325 099 (0.80-1.24) 0.9548 |—4-:-—| 591
Rosenberg [91] 477/710 430/1001 1.56 (1.33-1.84)  0.0000 i —4— 6.13
Shapiro [92] 220/633 264/992 1.31 (1.06-1.60) 0.0106 b—O—o 598
Tessaro [95] 126/42 392/112 0.86 (0.57-1.29) 0.4584 r—Q—-!—n 499
Traina [85] 103/138 197/162 0.61 (0.44-0.85) 0.0037 —t— : 5.40
Yang [86] 65/97 179/353 132 (0.92-1.90) 0.1312 |—-i—§—| 5.23
Yavari [108] 177/149 123/154 1.49 (1.08-2.05) 0.0157 'l—#—i 5.44

Subtotalis estimate 2665/5169 5455/9528 1.11 (0.92-1.35)  0.2827 <|?- 100.00

Test for heterogeneity: Q =140.01, P =0.0000; I’ = 85.72% i

Summary estimate 19,281/29,569 20,694/30,762  1.04 (0.94-1.15) 0.4139 :

Test for heterogeneity: Q =352.81, P =0.0000; 2 = 88.66% | I | T | | I | |

0.2 0.5 0.7 1.0 1.5 20 3.0 45 6.0

QOdds ratio (95% confidence interval)

Figure 4. Forest plot and summary odds ratios on the association between risk of breast cancer and ever use of oral
contraceptives: case-control studies of the period of recruitment into the study after 1986, in alphabetical order.
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Use of oral contraceptives

References I Over Never 1

First author Cases/Controls  Cases/Controls OR (95% CI)  P—value
Althuis [80] 1269/1086 3717406 1.28 (1.09-1.50) 0.0030
Chie [87] 13/26 84/211 1.26 (0.62-2.56) 0.5305
Clavel [66] 204/204 154/175 1.14 (0.85-1.52) 0.3889
Ewertz 62| 165/167 38/45 1.17 (0.72-1.90)  0.5235
Hall [88] 816/639 139/124 1.14 (0.88-1.48) 0.3320
Ilennekens [31] 48/661 436/4466 0.74 (0.54-1.01)  0.0567
Janerich [40] 153/233 120/264 1.44 (1.07-1.94)  0.0152
Jick [47] 78/124 28/29 0.65 (0.36-1.18)  0.1557
Lee [56] 58/321 97/427 0.80 (0.56-1.14) 0.2077
Lee |73] 41/80 68/127 0,96 (0.59-1.54) 0.8575
Lees [36] 105/239 190/268 0.62 (0.46-0.83) 0.0015
Lipworth [77] 19/41 160/356 1.03 (0.58-1.83) 0.9169
Lubin |41] 75/203 25/89 1.32 (0.78-2.21) 0.2986
T.und [68] 326/371 96/156 1.43 (1.06-1.92) 0.0178
McCredie [83] 418/366 46/42 1.4 (0.67-1.62) 0.8524
McPherson [52] 240/229 111/122 1.15 (0.84-1.58) 0.3781
Marchbanks [94] 1264/1305 165/171 1.00 (0.80-1.26) 0.9739
Newcomb [76] 862/1555 188/366 1.08 (0.89-1.31) 0.4426
Olsson [49] 143/329 31/130 1.82 (1.18-2.83) 0.0072
Paffenbarger [35] 407/743 361/678 1.03 (0.86-1.23) 0.7517
Palmer |45] 119/222 100/360 1.93 (1.41-2.64)  0.0000
Paul [64] 345/1081 43/130 0.96 (0.67-1.39) 0.8479
Pike [38] 135/218 28/52 1.15 (0.69-1.91) 0.5889
Primic-Zakelj [74] 250/249 251/221 0.88 (0.69-1.14)  0.3375
Ravnihar [37] 30/65 160/315 091 (0.57-1.46) 0.6912
Ravnihar [50] 1497423 221/908 1.45(1.14-1.84) 0.0023
Rookus [72] 593/575 78/96 1.27 (0.92-1.75) 0.1442
Rosenberg [59] 156/336 89/174 091 (0.66-1.25) 0.5510
Rosenberg [91] 277/463 154/476 1.85 (1.46-2.34)  0.0000
Rosenberg [44] 639/1028 752/1407 1.16 (1.02-1.33)  0.0256
Schildkraut [42] 47/444 32/251 0.83 (0.52-1.34) 0.4430
Shantakumar [96] 341/331 127/169 1.37 (1.04-1.81) 0.0248
Shapiro [92] 127/414 132/647 1.50 (1.14-1.98)  0.0034
Stanford [39] 320/332 349/382 1.05 (0.85-1.30) 0.6195
Tavani [60] 130/151 243/307 1.09 (0.81-1.45) 0.5682
Tessaro [95]* 44/146 8/29 1.09 (0.47-2.56) 0.8388
Tessaro [95]t 40/139 8/13 0.47 (0.18-1.21)  0.1162
Traina [85] 103/138 197/162 0.61 (0.44-0.85) 0.0037
UK NCCS [55] 688/675 67/80 1.22 (0.86-1.71) 0.2596
Ursin |65] 618/626 124/116 092 (0.70-1.22) 0.5728
Vessey [32] 210/178 365/282 091 (0.71-1.17)  0.4729
Weinstein [67] 175/145 151/178 0.26 (0.23-0.30)  0.0000
White [61] 689/879 58/82 1.11 (0.78-1.57)  0.5659
WHO study [58] 160/1613 141/2722 1.91 (1.51-2.42) 0.0000
Wingo [53] 1615/1578 385/402 1,07 (0.91-1.25) 0.4044
Wynder [33] 60/245 241/737 0.75 (0.55-1.03) 0.0744
Yang [86] 41/60 80/172 147 (091-2.37) 0.1144

Summary estimate 16,258/23,106 8245/19,019 1.06 (0.92-1.22) 0.4398

Test for heterogeneity: Q = 589.22, P = 0.0000; I ? =92.02%
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Figure 5. Forest plot and summary odds ratios on the association between risk of breast cancer and ever use of oral

contraceptives in premenopausal women or women younger than 50 years: case-control studies in alphabetical order. UK
NCCS—UK National Case-control Study, WHO—World Health Organization, * neighborhood controls, t hospital controls.
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Use of oral contraceptives

References T Bver  Newer

Firsl author Cases/Controls  Cases/Controls ~ OR (95% CI)  P- value
Chie [87] 12/13 541133 2.27(0.98-5.30) 0.0571
Hall [88] 3441329 473433 096(0.78-117) 0.6673
Lawlor [100] 571971 1683090  1.08(0.79-147) 0.6266
Lee [73] 1026 80183 088(041-191) 07461
Lubin |41] 74126 401/388 0.57 (0.41-0.78)  0.0005
Newcomb [76] 591/780 37954781 095 (0.85-1.07) 0.4282
Paffenbarger [35] 129/259 91/1688  0.87 (0.70-1.10) 0.2454
Primic-Zakelj [74] 48/50 75104 133(081-218) 0.2573
Ravnihar [50] 13/44 151/524  1.03(0.54-195) 0.939
Rosenberg [59] 971199 258/496 094 (0.70-1.25) 0.655
Rosenberg [91] 200247 276/525 1.54(1.22-1.95)  0.0003
Rossing [75] 253/226 284266 1.05(0.82-1.34) 0.7050
Shantakumar [96] 296/336 711/656 0.81 (0.67-0.98) 0.0315
Schildkraut [42] 19/108 60837 099(056-173) 0.9666
Stanford [39) 162/194 11911285 090 (0.72-1.13) 0.3593
Vessey [32] 48/79 86170 120077-187) 04172
Weinstein [67] 101/95 637/644 1.07 (0.80-1.45)  0.6381
Yang [86] 2437 %/181 119 (0.67-2.10) 0.5571
Summary estimate  2478/4119 9760115884 0.9 (0.89-1.10) 0.9044

Test for heterogeneity:  =38.42, P =0.0022; I =55.75%
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Figure 6. Forest plot and summary odds ratios on the association between risk of breast cancer and ever use of oral

contraceptives in postmenopausal women or women older than 50 years: case-control studies in alphabetical order.
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Use of oral contraceptives

References f Ever Never Weight
First author Cases/Controls  Cases/controls  OR (95% CI) P- value (%)
Bustan [81] 18/31 81/204 1.46 (0.77-2.76) 0.2410 t ; 4 i F
Chie |87] 9/12 149/406 2.04 (0.84-4.95) 0.1132 [ i 4+ i 0.95
Clavel [66] 63/85 27/306  1.00(0.69-1.44) 09963 }—%—1—0 3.06
Ewertz [62] 138/139 38/45 1.18 (0.72-1.92) 05190 I | 4+ t 224
La Vecchia [82] 95/74 1643/1629 1.27 (0.93-1.74) 0.1290 il——’—i 353
Levi [79] 36/72 129/290 1.12(0.72-1.76) 0.6111 k ! + | 248
Marchbanks [94] 257112720 1032/980 0.90 (0.81-0.99) 0.0392 + 5.38
McCredic [83] 364/299 46/42 111 (0.71-1.74) 0.6417 —t 252
McPherson [52] 125/138 10007987 0.89 (0.69-1.16) 0.3938 l—’:L—i 4.02
Newcomb [76] 1056/1817 4489/5864  0.76 (0.70-0.83) 0.0000 ] : 5.49
Olsson [49] 87/173 31/130 2.11(1.32-3.37) 0.0018 i —_— 237
Price 93] 57/693 96/508 0.44 (0.31-0.62)  0.0000 H—| i 323
Primic—Zakelj [74] 114/127 326/325 0.89 (0.67-1.20) 0.4619 I—’Ir——l 3.67
Ravnihar [50] 25/509 106/1883  0.87 (0.56-1.36) 05495 r—Q:——i 251
Rohan [57] 57/67 201/198 0.84 (0.56-1.26) 0.3914 I—Fi——i 2.79
Rookus [72] 145/123 773(793  121(0.93-157) 0.1517 A W 400
Rosenberg [44] 492/655 2439/3069  0.95(0.83-1.07) 0.3895 I—E—‘--‘ 5.19
Rosenberg [59] 70/180 347/670 0.75 (0.55-1.02) 0.0656 I—’—i—i 359
Rossing | 75] 36/40 284/266  0.84 (0.52-1.36) 0.4857 } + ' i 230
Schildkraut [42] 23/228 92/588 0.64 (0.40-1.04) 0.0742 1—0—!—1 2,30
Shantakumar [96] 325/346 838/825 0.92 (0.77-1.11)  0.3925 I—IP——l 4.76
Stanford [39] 26/30 154071667  0.94 (0.55-1.59) 0.8132 t EQ i 2,04
Tavani [60] 67/101 1938/1663  0.57 (042-0.78) 0.0005 —_—, ! 349
Tessaro [95]* 77/263 45/141 0.92 (0.60-1.40) 0.6879 I—I?——l 268
Tessaro [95]+ 81/281 41111 078 (051-1.21) 0.2641 — 258
‘Traina |85| 41/70 197/162 048 (0.31-0.75) 0.0011 B i 2.56
UK NCCS [55] 624/611 67/80 122 (0.87-1.72) 02573 |—!——0—| 326
Ursin [63] 58/143 383/594 0.63 (0.45-0.88) 0.0061 I—’—|: 336
Ursin |65] 564/580 124/116 091 (0.69-1.20) 0.5052 l—’:——| 383
Viladiu [71] 718 09 039016095 00371 — 44—y 094
Weinslein [67] 97/78 151/178 147 (1.01-2.12)  0.0420 : —— 3.06
White [61] 509/635 164/228 1.11 (0.88-1.41) 0.3604 I-",——Q—i 426
Summary estimate 8057/11,338 19,309/25,240 091 (0.83-1.00) 0.0515 <I>- 100.00
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Figure 7. Forest plot and summary odds ratios on the association between risk of breast cancer and ever use of oral
contraceptives in women under 25 years old: case-control studies in alphabetical order. UK NCCS—UK National Case-
control Study, * neighborhood controls, T hospital controls.
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Figure 8. Forest plot and summary odds ratios on the association between risk of breast cancer and ever use of oral contra-
ceptives use in nulliparous women: case-control studies in alphabetical order. UK NCCS—UK National Case-control Study.

Use of oral contraceplives

References f Ever Never

First author Cases/Controls  Cases/Controls OR (95% Cl) _P— value
Chie [87] 3/5 149/406 1.63 (0.39-6.93) 0.5045
Clavel [66] 39/33 179/250 1.65 (1.00-2.73) 0.0503
Ellery [54] 4/11 63/107 0.62 (0.19-2.02) 0.4258
Ewertz 62| 86/72 38/45 1.41 (0.83-2.41) 0.2026
Hennekens [31] 33/328 636/6241 0.99 (0.68-1.43) 0.9455
Jick [47] 28/44 48/75 0.99 (0.55-1.81) 0.9851
La Vecchia [82] 90/51 1643/1629 1.75 (1.23-2.48) 0.0017
Lee [73] 4/4 87/166 1.91 (0.47-7.82) 0.3691
TLevi [79] 23/47 129/290 1.10 (0.64-1.89) 0.7292
Lipworth [77] 8/19 160/356 0.94 (0.40-2.19)  0.8800
Lund [68] 143/149 81/123 1.46 (1.01-2.09) 0.0416
McCredie |83] 269/208 74/62 1.08 (0.74-1.59) 0.6813
McPherson [52] 137/94 988/1031 1.52 (1.15-2.01)  0.0030
Newcomb [74] 599/986 4489/5864 0.79 (0.71-0.88)  0.0000
Paffenbarger [35] 33/29 574/446 0.88 (0.53-1,48) 0.6388
Palmer [45] 32/48 79/298 2.51 (1.51-4.19)  0.0004
Pike [36] 84/129 79/141 1.16 (0.79-1.71) 0.4489
l‘r'u-nic—Zakelj 174] 33/37 288/300 0.93 (0.57-1.53) 0.7714
Ravnihar [49] 7/527 12/1977 2.19 (0.86-5.59) 0.1014
Rohan [|57] 10/8 201/198 1.23 (0.48-3.18) 0.6677
Rosenberg [44] 286/263 1866/2389 1.39 (1.17-1.66) 0.0003
Schildkraut [42] 19/130 92/588 0.93 (0.55-1.59) 0.8007
Sweeney [101] 464/513 809/1011 1.13 (0.97-1.32) 0.1236
Tavani [60] 56/44 1938/1663 1.09 (0.73-1.63) 0.6661
Traina [85] 51/78 197/162 0.54 (0.36-0.81) 0.0030
UK NCCS |55] 348/357 247/259 1.02 (0.81-1.28) 0.8509
Ursin [63] 59/121 383/594 0.76 (0.54-1.06) 0.1038
Ursin [65] 384/378 124/16 0.95 (0.71-127)  0.7309
Weinstein [67] 70/52 151/178 1.59 (1.04-2.41) 0.0309
White [61] 434/540 164/228 1.12 (0.88-1.42) 0.3591

Summary estimate 3836/5305 15,968/27,193 1.14 (1.01-1.28) 0.0364
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Figure 9. Forest plot and summary odds ratios on the association between risk of breast cancer and ever use of oral contra-

ceptives use before first pregnancy: case-control studies in alphabetical order. UK NCCS—UK National Case-control Study.



Int. |. Environ. Res. Public Health 2021, 18, 4638

18 of 26

Use of oral contraceptives

References f Ever Never 1

Firsl author Cases/Conltrols  Cases/Controls  OR (95% CI)  P—value
Bustan [81] 18721 81/204 2.16 (1.09-4.26)  0.0266
Chie [87] 9/15 149/406 1.63 (0.70-3.82  0.2556
Clavel [66] 128/127 227/306 136 (1.01-1.83)  0.0449
Croghan [89] 181/627 180/636 1.02(0.,81-1.29) 0.8683
Ellery [54] 17/28 73/161 1.34 (0.69-2.60) 0.3881
Hall [88] 633/487 612/557 1.18 (1.00-1.39)  0.0455
Harris [43] 17/99 731279 0.66 (0.37-1.17)  0.1515
Hennekens [31] 85/839 716/7260 1.03 (0.81-1.30)  0.8232
Janerich [40] 36/64 1207264 1.24 (0.78-1,96)  0.3658
Jick [47] 42/53 28/29 0.82(0.42-1.59) 0.5566
La Vecchia [82] 82/70 1643/1629 1.33(0.84-2.12) 0.2242
Lee [56] 19/110 97/427 0.76 (0.45-1.30)  0.3151
T.ees [36] 32/63 262/441 0.85 (0.54-1.34)  0.4969
Lund |68] 90/73 96/156 2,00 (1.34-2.99) 0.0007
Magnusson [90] 357/353 1733/1938  1.13(0.96-1.33) 0.1335
Marchbanks [94] 1508/1550 1032/980 0.92 (0.83-1.03) 0.1680
McCredie [83] 297/233 4642 1.16 (0.74-1.83)  0.5107
Newcomb [76] 920/1343 4489/5864 0.89 (0.82-0.98) 0.0185
Palmer [45] 79/124 358/733 1.30(0.96-1.78)  0.0920
Paul [64] 199/330 206/325 0.95 (0.74-122)  0.6935
Price [93] 79/553 96/508 0.76 (0.55-1.04)  0.0878
Primic-Zakelj [74] 66/66 326/325 1.00 (0.69-1.45) 0.9872
Ravnihar [50] 34/500 66/1923 1.98(1.29-3.03)  0.0016
Rohan [57] 44/60 201/198 0.72(0.47-1.12)  0.1435
Rookus [72] 298/270 134/136 1.12 (0.84-1.50)  0.4429
Rosenberg [59] 118/269 347/670 0.85 (0.66-1.09)  0.1970
Rosenberg |44| 454/602 2439/3069 0.95 (0.83-1.08) 0.4398
Rosenberg [91] 268/336 430/1001 1.86 (1.53-2.26)  0.0000
Sartwell [34] 6/8 262/333 0.95 (0.33-2.78)  0.9302
Shantakumar [96] 186/179 838/825 1.02(0.82-1.28)  0.8442
Shapiro [92] 64/166 264/992 1.45(1.05-1.99) 0.0226
Schildkraut [42] 16/130 92/588 0.79 (0.45-1.38)  0.4041
Stanford [39] 192/180 1540/1667 1.15(0.93-1.43) 0.1896
Sweeney [101] 806/810 809/1011 1.24 (1.09-1.42) 0.0015
Tavani [60] 82/84 1938/1663 0.84 (0.61-1.14)  0.2647
Traina [85] 16/25 197/162 053 (0.27-1.02)  0.0570
UK NCCS [55] 198/143 67/80 1.65(1.12-2.44)  0.0114
Ursin [65] 294/302 124/116 0.91 (0.67-1.23)  0.5409
Ursin [63] 45/87 383/594 0.80 (0.55-1.18)  0.2583
Vessey [32] 66/66 639/622 097 (0.68-1.39)  0.8828
Viladiu [71] 5/11 292/292 0.45(0.16-1.32) 0.1485
Wang [70] 36/33 435/439 1.10 (0.67-1.80)  0.7008
Weinstein [67] 83/75 788/822 115 (0.83-1.60)  0.3897
White [61] 267/302 164/228 1.23 (0.95-1.59) 0.1193
WIIO study [58] 123/417 1395/8640 1.83(1.48-2.25)  0.0000
Wingo [53] 828/802 1838/1773 1.00 (0.89-1.12)  0.9452

Summary estimate 9384/13,047 28,325/51,314  1.09 (1.01-1.18)  0.0204

Test for heterogeneity: Q = 158.35, P = 0.0000; 12 =71.58%
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Figure 10. Forest plot and summary odds ratios on the association between risk of breast cancer and ever use of oral

contraceptives longer than 5 years: case-control studies in alphabetical order. UK NCCS—UK National Case-control Study,
WHO—World Health Organization.
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4. Discussion

Despite numerous epidemiological studies that have attempted to assess the risk of
breast cancer among oral contraception users, the effect of oral contraceptive use on the
developing breast cancer remains controversial. Several meta-analyses and a very large
pooled analysis have addressed this issue. Romieu et al. [110], in meta-analysis based
on 27 case-control studies published in 1966-1989, showed a marginally, non-significant
increase in the risk of breast cancer among women ever using oral contraceptives [Relative
Risk (RR), 1.06; 95% CI, 0.98-1.14)). Delgado-Rodriguez et al. [20], in their meta-analysis
including 40 case-control and 7 cohort studies published between 1966-1990, found that
OC use was associated with slightly, but significantly, increased BrCa risk (RR, 1.06; 95% CI,
1.02-1.10). In the same year, Thomas [111] presented a meta-analysis of data from 17 case-
control studies published from 1974-1990. This author found no differences in risk of BrCa
among ever- and never-users of oral contraceptives (RR, 1.0; 95% CI, 1.0-1.1). Rushton and
Jones [19], analyzing data from 21 case-control studies from the years 1980-1989, showed
that the overall relative risk was 1.12 (95% CI, 1.05-1.20). Kahlenborn et al. [22] performed
a meta-analysis of 34 case control studies of the relationships between OC administration
and premenopausal breast cancer published in or after 1980 and found oral contraceptive
use was associated with an increased BrCa risk (OR, 1.19; 95% CI, 1.09-1.29). A pooled
analysis made by Collaborative Group on Hormonal Factors in Breast Cancer [21] of data
from 54 epidemiological studies, reported in 1996, showed a small increase in the risk
of BrCa with ever use (RR = 1.07 for all studies; RR = 1.07 for cohort studies; RR = 1.02
for case-control studies with population controls; RR = 1.17 for case-control studies with
hospital controls). Our large standardized meta-analysis conducted on the largest data set
from 79 case-control studies published from 1960-2010, showed that ever use of OC is not
associated with an increased risk of breast cancer, compared with never using (OR = 1.1).

Evaluation of carcinogenic risks associated with changes in the formulations of OC
over the past decades, especially of lowering estrogen content, also remains unclear. In
our meta-analysis, based on accepted criteria, we found no increased risk of breast cancer
associated with use of low-potency/low estrogen-dose oral contraceptives, a finding which
was comparable with earlier high-potency/high-dose preparations. Our results confirmed
earlier reports of Collaborative Group on Hormonal Factors in Breast Cancer [112] that
among women for whom information was available concerning the OC formulations used,
there was no significant variation in the breast cancer risk associated with use specific types
and doses of estrogen or progestogen. In a meta-analysis based on different periods of
inclusion in the study, Romieu et al. [110] also showed no significant effect of different OC
formulations on risk of breast cancer: Cases accrued between 1975-1989—RR = 1.08, and
cases accrued between 1980-1989—RR = 1.06. Rushton and Jones [19], based on the criterion
of study ending, adopted a limit of 1982 or earlier versus 1983 or later, demonstrating that
low-dose OCs are associated with a greater risk of breast cancer than high-dose regimens,
RR =0.98 and RR = 1.16, respectively. These differences were more pronounced, depending
on the age of women using OC: RR = 0.90 and RR = 1.25, respectively for age <45 years, and
RR =1.06 and RR = 1.00, respectively for age >45 years. Similarly, Kahlenborn et al. [22]
also showed an increased risk of premenopausal breast cancer under the influence of
low-dose OC (OR = 1.19).

In our meta-analysis, we performed only separate analysis for assessment of rela-
tionship between risk of breast cancer and use of older oral contraceptives formulations
containing higher doses of estrogen and oral contraceptives using low-estrogen formu-
lations, based on the periods of recruitment to the study, creating two subgroups—the
periods of recruitment 1966-1985 and 1986-2010. However, we have not identified differ-
ent oral contraceptives, because only 14 of the 79 studies included in the meta-analysis
reported the type of oral contraceptive used. The analysis of more than half of these
studies showed that no statistically significant differences were found in the incidence of
breast cancer between cases and controls, depending on the use of different oral contra-
ceptives [32,43,44,47,50,62,65,94]. In contrast, White et al., demonstrated that the use of
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high-progestin pills is associated with an increased risk of breast cancer on use for 1-5 years
(OR = 1.64; 95% CI = 1.14-2.35) or 6 years and above (OR = 1.61; 95% CI = 1.0-2.60) [61].
A study by Rookus et al., found an increased risk for the use of low-dose estrogen pills
over 8 years (RR = 3.0; 95% CI = 1.5-6.1) and norethisterone (acetate) pills over 4 years of
use (RR = 2.0; 95% CI = 1.04.1) or ever used desogestrel-containing pills (RR = 1.7; 95%
CI =1.1-2.5) [72]. Furthermore, the UK National Case-Control Study has shown an increase
in the risk of breast cancer with high estrogen pills over time (p < 0.001) [55]. On the other
hand, McPherson et al., showed an increased risk of breast cancer when using ethinylestra-
diol over 48 months before the first pregnancy (RR = 2.62; 95% CI = 1.15-5.95 [52]. In turn,
in the work of Althuis et al., the use of several types of oral contraception was associated
with an increased risk of breast cancer [80]. The highest risk was associated with the use
of ethynodiol diacetate (RR = 12.0; 95% CI = 2.4-59.2), high doses of progestin (RR = 8.11;
95% CI = 2.1-31.6), and a combination of high doses of progestin and low doses of estrogen
(RR = 8.07; 95% CI = 2.1-31.4). Finally, the Shapiro et al., study indicated an increased risk
of current use of injectable progestogen contraceptives (RR = 1.6; 95% CI = 1.1-2.3) [92].

Results of our meta-analysis did not always disagree with those from previous reports
suggesting that certain groups of women have an increased risk of breast cancer related
to OC use. We failed to show appreciable differences in the risk of breast cancer between
women who had taken OC and those who had not when we sub-grouped women according
to menopausal status. Analysis of cancer risk in premenopausal women showed a slight,
statistically non-significant increase (OR, 1.06; 95% CI, 0.92-1.22) and a marginal decrease
in postmenopausal women (OR, 0.99; 95% CI, 0.89-1.10). In contrast, Romieu et al. [110]
showed that each use of OC increases, but non-significantly, breast cancer risk among
women <45 years of age (RR, 1.17; 95% CI, 0.95-1.45). A similar result was obtained by
Delgado et al. [20]—RR = 1.10. Rushton and Jones’s meta-analysis [19] demonstrated a
statistically significant increase in risk in women <45 years (RR, 1.16; 95% CI, 1.07-1.25) and
a marginal increase in women >45 years (RR, 1.03; 95% CI, 0.4-1.13). These results were
confirmed by Kahlenborn et al. [22] (OR, 1.19; 95% CI, 1.09-1.29), as well as by Thomas [111]
(RR, 1.16; 95% CI, 1.05-1.28).

The controversy also concerns breast cancer risk in young women taking the pill. In
our investigation, among women who started using OC at an early age (before 25 years),
we saw a slight decrease in risk of breast cancer (OR 0.91, 95% CI, 0.83-1.00). By contrast,
the meta-analyses that analyzed risk factor for age-related use reported that an early start
in taking birth control pills was associated with the risk of cancer. In the Oxford study [21],
the authors showed that in users <20 years, the RR was 1.22 and for 20-24 years it was 1.04.
Delgado-Rodriquez et al. [20] also demonstrated increased risk under 25 years (RR, 1.25;
95% CI, 1.10-1.44).

The results of our analysis (OR, 1.02) do not confirm previous papers that reported
an increased RR in the range of 1.21-1.30 for oral contraception use by nulliparous
women [19,21,22]. One of the important findings of our meta-analysis, however, was to
demonstrate an increased risk of breast cancer among ever users of oral contraceptives be-
fore first full-term pregnancy compared with never users (OR, 1.14; 95% CI. 1.01-1.28). The
Oxford pooled analysis found that current OC users had a higher cancer risk (RR, 1.33) [21].
This also confirmed the results of earlier meta-analyses, which showed an increased risk of
breast cancer in these women: Romieu et al. [110]—RR = 1.72 (95% CI, 1.36-2.19), Delgado-
Rodriguez et al. [20]—RR = 1.17 (95% CI, 1.06-1.30), Thomas [111]—RR =1.4 (95% (I,
1.2-1.7), and Kahlenborn et al. [22]—OR = 1.44 (95% CI, 1.28-1.62).

We revealed in our meta-analysis that OC use longer than 5 years leads to a modest, but
significant increased risk of breast cancer (OR, 1.09; 95% CI, 1.01-1.18). Romieu et al. [110]
also showed that OC use for 10 years or longer increased cancer risk (RR, 1.14; 95%
CI, 0.90-1.42). Similarly, Thomas [111] demonstrated that summary relative risk of breast
cancer in women under 45 years who used OC for a long period (>10 years) was 1.42 (95%
CI, 1.25-1.63). In turn, Rushton and Jones [19] in their meta-analysis estimated the RR = 1.27
(95% CI, 1.12-1.44) for use durations of more than 8 years. The Oxford analysis [21] found
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that relative risk of breast cancer by 5-9 years duration of OC use 5-9 years was 1.09, by
duration of 10-14 years was 1.6, and by >15 was 1.08.

Very important discoveries regarding the etiology of breast cancer concern the muta-
tions in the BRCA1/2 genes. However, none of the works in this meta-analysis have tested
cases and controls in this regard. Indeed, only Ursin et al., and Marchbanks et al., men-
tioned in their discussion sections the possible influence of BRCA1 and BRCA2 mutations
on the occurrence of breast cancer with the simultaneous use of OC [65,94]. It should also
be noted that Beji and Reis analyzed the occurrence of breast cancer in the context of family
history, writing that BRCA1/2 mutations are found in most families with a positive history
of breast, ovarian, and endometrial cancer [105]. However, they add that the people taking
part in the study were not tested for the presence of these mutations. In turn, Mahouri
et al., mentioned the need to study the impact of mutations in the BRCA1 and BRCA2
genes on the incidence of breast cancer in Iranian women [103].

In the period analyzed by us (up to 2010), however, there were several papers dealing
with the topic of mutations in the BRCA1 and BRCA?2 genes. Brohet et al., showed that
BRCA1/2 mutation carriers who had ever used oral contraception had a significantly
increased risk of breast cancer (HR = 1.47; 95% CI = 1.16-1.87). Longer use of OC, especially
before the first full-term pregnancy, was also associated with an increased risk of breast
cancer for both BRCA1 and BRCA2 mutation carriers (HR = 1.49; 95% CI = 1.05-2.11 for
BRCAL1 subjects and HR = 2.58; 95% CI = 1.21-5.49 for BRCA2 subjects) [113]. Still, in a
study by Lee et al., no association was found between the use of oral contraceptives and
the risk of breast cancer in carriers of BRCA1 and BRCA2 mutations [114]. Moreover, a
study by Milne et al. showed that the use of oral contraceptives for at least 12 months
significantly reduced the risk of breast cancer for BRCA1 mutation carriers (OR = 0.22; 95%
CI =0.10-0.49), but not for BRCA2 mutation carriers (OR = 0.93; 95% CI = 0.69-1.24) [115].

Study Limitations

In our meta-analysis, significant heterogeneity between studies is observed, although
the specific cause of its occurrence across individual studies could not be easily explained.

We were aware of a number of limitations that may affect the interpretation of our
results. First, as with all meta-analyses, the validity of the results is limited by the conduct
and reporting of the studies from which the data were extracted and pooled. In order
to reduce the possibility of publication bias, we limited the search to studies published
in indexed journals, and we did not search for non-published studies. Nevertheless,
lack of these reports as well as the possibility of not reaching out to all publications in
this topic may affect the value of the results [116]. Secondly, the studies contributing to
summary estimates are vulnerable to various types of bias. Retrospective self-reporting of
users of oral contraceptives was present in the studies we found; this may be associated
with overestimation or underestimation of data. Yet another element of bias that must
be considered is the possibility to make a mistake in recruitment to the control groups,
especially based on hospital populations. Selection bias can also occur when cases are
either more or less likely than controls to be selected for study depending on their use
of OC. Another possible source of bias present in meta-analysis is the lack of a uniform
definition of ‘ever” use of oral contraceptives. This term contains a different period of
exposure to OC, defined by the various times that pills were started and stopped. This
may lead to misclassifications, which may weaken the true association between OC use
and breast cancer (as it may occur unequally among cases and controls).

The limitations should also take into account other coexisting factors, such as the use
of different oral contraceptives, as well as the presence of unexplored genetic factors, such
as BRCA1 and BRCA2 mutations. We are, hence, currently preparing a meta-analysis in
which we will examine the effect of BRCA1 and BRCA2 mutations on the occurrence of
breast cancer.

A further limitation lies in the fact that most of the studies in this meta-analysis only
look at the effect of contraception on breast cancer in general. Moreover, only some studies
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assessed the risk of breast cancer after using different oral contraceptives. These articles
were too small a research area for the analyses we undertook. Furthermore, in all of the
analyzed studies, participants were not tested for the presence of mutations in the BRCA1
and BRCA2 genes.

Finally, as with other meta-analyses, given that many studies are not included in the
evaluation of additional variables or analyzed differing confounders, we were not able to
adjust our overall analysis for these risk factors. Thus, we only used crude (not adjusted)
study estimates in our meta-analysis. If there were strong effects from confounding factors,
the estimates included in the meta-analysis might be biased. A prospective study needs to
be conducted to confirm our findings.

5. Conclusions

In conclusion, the findings of our meta-analysis and systematic review suggest that
oral contraceptives do not appear to increase the risk of breast cancer among women who
are taking these preparations. However, OC use before a first full-term pregnancy or using
them longer than 5 years can modify the development of the breast cancer.
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