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Does breast density measured through
population-based screening independently
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Purpose: The purpose of this study was to investigate the effects of breast density on breast
cancer risk among women screened via a nationwide mammographic screening program.
Patients and methods: We conducted a nested case—control study for a randomly selected
population of 1,561 breast cancer patients and 6,002 matched controls from the National Cancer
Screening Program. Breast density was measured and recorded by two independent radiolo-
gists using the Breast Imaging Reporting and Data System (BI-RADS). Associations between
BI-RADS density and breast cancer risk were evaluated according to screening results, time
elapsed since receiving non-recall results, age, and menopausal status after adjusting for pos-
sible covariates.

Results: Breast cancer risk for women with extremely dense breasts was five times higher
(adjusted odds ratio [aOR] =5.0; 95% confidence interval [CI]) =3.7-6.7) than that for women
with an almost entirely fatty breast, although the risk differed between recalled women (aOR
=3.3, 95% CI =2.3-3.6) and women with non-recalled results (aOR =12.1, 95% CI =6.3-23.3,
P-heterogeneity =0.001). aORs for BI-RADS categories of breast density were similar when
subjects who developed cancer after showing non-recall findings during initial screening were
grouped according to time until cancer diagnosis thereafter (<1 and >1 year). The prevalence
of dense breasts was higher in younger women, and the association between a denser breast and
breast cancer was stronger in younger women (heterogeneously dense breast: aOR =7.0, 95%
CI=2.4-20.3, women in their 40s) than older women (aOR =2.5, 95% CI =1.1-6.0, women in their
70s or more). In addition, while the positive association remained, irrespective of menopausal
status, the effect of a dense breast on breast cancer risk was stronger in premenopausal women.
Conclusion: This study confirmed an increased risk of breast cancer with greater breast den-
sity in Korean women which was consistent regardless of BI-RADS assessment category, time
interval after initially non-recall results, and menopausal status.

Keywords: breast density, breast imaging reporting and data system, breast cancer, nationwide
mammographic screening program

Introduction

On a mammogram, breast density reflects the glandular tissue composition of the
breast, and several meta-analyses support considering breast density as a risk factor
of breast cancer.'” Although breast density is an established risk factor for breast
cancer, the extent of masking effects of breast density on tumors of the breast, which
increases the likelihood of false-negative results, and the resultant effect thereof on
the strength of the association are yet to be determined.** In addition, considering that
breast density tends to decrease with increasing age while breast cancer rates tend to
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increase, the association between breast density and breast
cancer is somewhat paradoxical. As an interpretation of this
paradox, researchers have suggested a cumulative effect for
breast density and increasing age, as both seem to be related
with an increased incidence of breast cancer.! Meanwhile,
however, in Asian countries, breast densities and the propor-
tion of younger women with breast cancer are higher than in
Western countries.®

Studies of the effect of breast density on breast cancer risk
have mostly been conducted for Western populations,>® for
whom mammographic screening is routinely recommended
as part of both organized and opportunistic screening pro-
grams. Across Asia, however, mammographic screening is not
commonly conducted,'® and uptake rates for mammographic
screening are low.!! Moreover, only a few countries including
Korea, Japan, and Taiwan offer mammographic screening as
part of organized screening programs for individuals aged >40
years.'>!3 While a few studies in Asia have aimed to assess
breast density and breast cancer risk, their study populations
included only individuals who underwent opportunistic
screening, were of small sample sizes, and had limited repre-
sentativeness.'* ¢ Thus, the effect of breast density on breast
cancer risk needs to be further evaluated for Asian women.

In Korea, the National Cancer Screening Program (NCSP)
provides screening services for stomach, liver, colorectal, breast,
and cervical cancer. Breast cancer screening was implemented
in 2002, and biennial breast cancer screening by mammography
taken from craniocaudal (CC) and mediolateral oblique (MLO)
views is recommended for women aged >40 years."”

Accordingly, this study was designed to investigate the
effect of mammographic breast density using the American
College of Radiology Breast Imaging Reporting and Data
System (ACR BI-RADS),!® a standardized breast density
measurement technique, on subsequent breast cancer risk in
women, by assessing data from a nationwide breast cancer
screening program in Korea. In addition, to identify the
independent effect of breast density on breast cancer risk
and the effect apart from masking bias, associations were
estimated by applying the following assessment categories:
time interval after initial non-recall screening results, age,
breast cancer type and stage, and menopausal status.

Patients and methods

Study population

In Korea, in 2015, around 1,800,000 women aged >40 years
received mammographic breast cancer screening through
NCSP, with the participation rate of 46%. Between 2007 and
2009, about 1,000,000-1,427,000 women received mam-

mographic breast cancer screening with the participation
rate of 30.2% in 2007, 34.9% in 2008, and 40.0% in 2009.
To conduct a population-based, nested case—control study,
representing all participants of the NCSP with follow-up
data, a total of 86 breast cancer screening units were ran-
domly selected after stratification by regional district and
the proportion of women aged >40 years in each region,
considering the sampling strategy utilized in our previous
study.” We identified all the women who underwent breast
cancer screening in these units between 2007 and 2009, and
who were diagnosed with ductal carcinoma in situ (DCIS)
or invasive breast cancer until December 2011, through a
database linkage with the Korea Central Cancer Registry,
from which we also obtained information on the date of diag-
nosis, disease code according to the International Statistical
Classification of Disease and Related Health Problems, 10th
version, and stage according to Surveillance, Epidemiology,
and End Results (SEER). The data utilized in this study were
obtained, and were available, upon request to the National
Health Insurance Service and Korea Central Cancer Registry
after reviewing our study proposal, which was approved by
the Institutional Review Board of the National Cancer Center,
IRB number NCC2016-0162.

Thus, we found 2,522 incident breast cancer cases, includ-
ing both DCIS and invasive breast cancers. For each case,
four controls who underwent screening but did not develop
breast cancer were randomly selected and matched for age
(within 2 years), screening unit, and date of screening. All
the selected 10,088 controls were confirmed as not having
developed breast cancer until the end of 2011 through linkage
with the Korea Central Cancer Registry.

The mammography films of these selected women were
obtained from the screening units in the form of analog films or
Digital Imaging and Communications in Medicine files. Among
the selected women, 3,304 women (26.2%) whose social security
number was missing or whose CC and MLO images of both
breasts were not stored, were excluded. After we obtained the
mammograms, we additionally excluded 73 individuals (0.6%)
whose initial cancer diagnosis was recorded before the screen-
ing date and subjects whose film status was not re-readable.
Ten women (0.1%) with breast implants were excluded as well.
About 1,660 people (13.2%) were excluded due to unmatched
pairs. Finally, mammograms for 1,561 incident breast cancer
cases and 6,002 controls were included in this study.

Mammography reading
Mammography imaging results have been reported by the
NCSP using BI-RADS since 2007. To reduce variability in
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BI-RADS classification between radiologists in 86 screening
units, six breast radiologists who were trained in BI-RADS
classification of breast density and showed strong agreement
for measurement of breast density were paired into three
groups to re-assess breast density. The radiologists were
blinded to case—control status and initial classification and
were asked to determine the participants’ BI-RADS assess-
ment category and BI-RADS breast density classification.
Each BI-RADS assessment category was classified as follows:
recalled results as category 0 (inconclusive) or categories 4
and 5 (suspicious for malignancy); non-recalled results as
category 1 (negative finding) or 2 (benign findings). Density
classifications were characterized as almost entirely fat, scat-
tered fibroglandular densities, heterogeneously dense, and
extremely dense. If two radiologists’ reviews were not con-
sistent, they held discussions to reach an agreement thereon.

Covariates

Information on other breast cancer risk factors was obtained
from self-reported questionnaires administered at the date
of screening. The questionnaire surveyed age at menarche,
number of live births, breast feeding duration, menopausal
status, age at menopause, hormone replacement therapy use,
oral contraceptive use, height, weight, and past benign breast
disease. Body mass index, calculated according to height and
weight, was also included as a covariate.

Statistical analysis
The characteristics of the incident breast cancer subjects and
matched controls were compared using a #-test for age (con-
tinuous variable) and the chi-square test for other categorical
variables. All P-values were obtained from two-tailed tests.
The effects of breast density according to BI-RADS
classification on breast cancer risk were analyzed using
conditional logistic regression for matched analysis (whole
analysis) or logistic regression for unmatched analysis (sub-
group analysis according to age group, screening results,
assessment category, time interval after non-recall screen-
ing, and menopausal status), adjusting for the covariates
mentioned above. Missing variables were treated as dum-
mies. Cochran—Armitage test was applied to test for trends
in associations between increased breast density and breast
cancer risk. We estimated adjusted odds ratio (aOR) and 95%
confidence intervals (Cls) and stratified them according to
screening results category: recall (BI-RADS categories 0,
4, and 5) and non-recall (BI-RADS categories 1 and 2). To
avoid masking effects, recalled cases were divided by each
BI-RADS assessment category, and non-recalled cases were

divided into cases detected <1 year after initially receiving
non-recall screening results and cases detected >1 year after
initially receiving non-recall screening results. Cancer cases
were divided by DCIS and invasive cancer, and invasive
cancer cases were further divided by SEER stage and time
after receiving non-recall screening results. In addition, the
associations between breast density and breast cancer risk
were evaluated according to 10-year group intervals and
menopausal status (premenopause and postmenopause).

Heterogeneity in detection methods or BI-RADS assess-
ment categories was assessed using Cochran’s Q test.2’ All
analyses were conducted using SAS 9.3 (SAS Institute Inc.,
Cary, NC, USA) and Stata/SE (ver. 12.0; StataCorp LP,
College Station, TX, USA) software packages.

Results

Table 1 shows the distribution of breast cancer risk factors
and breast densities according to BI-RADS for incident breast
cancer cases and matched controls. Among the incident breast
cancer cases, the proportions of heterogeneously or extremely
dense breasts were higher (P<0.001). The mean follow-up
periods for breast cancer cases and controls were 178 days
(range: 0-977 days) and 1,278 days (range: 740-1,817 days,
data not shown), respectively.

Table 2 shows the aORs of breast cancer risk, according
to BI-RADS breast density and age. Compared to women
with an almost entirely fatty breast, the risk of breast cancer
for those who had an extremely dense breast was five times
higher (OR =5.0; 95% CI =3.7-6.7). The effect of increased
breast density on breast cancer risk was greater in younger
age groups, and the strength of the association between denser
breasts and breast cancer risk decreased as age increased. The
aOR for heterogeneously dense breasts, compared to entirely
fatty breasts, was 7.0 (95% CI=2.4-20.3) for women in their
40s and decreased to 2.5 (95% CI =1.1-6.0) for women in
their 70s or older. Similarly, the aOR for extremely dense
breasts was 9.4 (95% CI =3.2-27.4) for women in their 40s
and decreased to 5.1 (95% CI =2.1-12.2) for women in their
60s. No women in their 70s had extremely dense breasts.

When the effect of breast density was estimated according
to menopausal status (Figure 1), breast cancer risk tended
to increase as BI-RADS breast density increased in both
premenopausal and postmenopausal women. The aORs of
breast cancer for an extremely dense breast were 8.5 (95%
CI =1.9-36.7) in premenopausal women and 3.8 (95% CI
=2.8-5.1) in postmenopausal women.

For the recalled cases and controls, the aOR of breast
cancer for women with an extremely dense breast was 3.3
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Table | Baseline characteristics of breast density and selected risk factors of breast cancer of 1,561 pairs of breast cancer cases and

matched controls

Characteristics Incident breast cancer cases Matched controls P-value
Age, mean (standard deviation), years 53.0 (8.7) 53.0 (8.7) 0.97
Age at menarche, n (%)
<13 years 163 (10.4) 470 (7.8) <0.001
14-16 years 871 (55.8) 3258 (54.3)
217 years 454 (29.1) 2113 (35.2)
Missing 73 (4.7) 161 (2.7)
Number of live births, n (%)
0 106 (6.8) 271 (4.5) <0.001
| 208 (13.3) 581 (9.7)
>2 1208 (77.4) 5065 (84.4)
Missing 39 (2.5) 85 (1.4)
Breast feeding, n (%)
0 247 (15.8) 715 (11.9) <0.001
<12 months 410 (26.3) 1777 (29.6)
212 months 876 (56.1) 3433 (57.2)
Missing 28 (1.8) 77 (1.3)
Age at menopause, n (%)
Premenopausal 369 (23.6) 1613 (26.9) 0.187
<45 years 76 (4.9) 336 (5.6)
45-54 years 868 (55.6) 3316 (55.3)
255 years 109 (7.0) 408 (6.8)
Missing 139 (8.9) 329 (5.5)
Hormone replacement therapy, n (%)
Never 667 (58.2) 2935 (68.5) 0.215
Ever 169 (14.7) 660 (15.4)
Missing 311 (27.1) 688 (16.1)
Oral contraceptive use, n (%)
Never 866 (55.5) 4061 (67.7) 0.053
<12 months 92 (5.9) 519 (8.6)
212 months 70 (4.5) 258 (4.3)
Missing 533 (34.1) 1164 (19.4)
Body mass index, n (%)
<23 kg/m? 496 (31.8) 1951 (32.5) 0.476
23 to <25 kg/m? 292 (18.7) 1225 (20.4)
>25 kg/m? 360 (23.1) 1357 (22.6)
Missing 413 (26.5) 1469 (24.5)
Past history of benign breast disease, n (%)
No 884 (56.6) 4962 (82.7) <0.001
Yes 498 (31.9) 526 (8.8)
| do not know 179 (11.5) 514 (8.5)
Breast density, n (%)
Almost entirely fat 122 (7.8) 1001 (16.7) <0.001
Scattered fibroglandular densities 352 (22.6) 1564 (26.1)
Heterogeneously dense 667 (42.7) 2258 (37.6)
Extremely dense 420 (26.9) 1179 (19.6)

(95% CI =2.3-3.6), and in women with non-recall screening
results and controls, the aOR was 12.1 (95% CI =6.3-23.3,
Table 3). For both recalled and non-recalled results, there
was an increased trend of cancer risk with elevated BI-RADS
density classification (P-trend <0.001). The risk of breast

cancer in an extremely dense breast in comparison with an
almost entirely fatty breast was significantly higher for non-
recalled cases, compared with recalled cases (P-heterogeneity
=0.001). Among the recalled cases, the effect of breast density
on breast cancer differed according to BI-RADS assessment
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<0.001

277/839 9.4

3.7-6.7

<0.001
Note: *ORs are adjusted for age, age at menarche, number of live births, breast feeding, menopausal status/age at menopause, hormone replacement therapy use, oral contraceptive use, body mass index, past benign breast disease, and

calculated by conditional logistic regression.

5.0

420/1179

Extremely dense

P-trend

<0.001

<0.001

Abbreviations: Cl, confidence interval; OR, odds ratio.

categories. Although breast cancer risk tended to increase
as BI-RADS breast density increased among women with
heterogeneously dense and extremely dense breasts, com-
pared to those with an almost fatty breast, the risk of breast
cancer was significantly higher for category 0 subjects than
for category 4 or 5 subjects (P-heterogeneity =0.040 and
0.003, respectively). In patients with non-recall findings on
mammography, breast cancer risk also tended to increase as
BI-RADS density increased, irrespective of time interval after
an initial non-recall screening (<1 year and >1 year); however,
no heterogeneity in breast cancer risk was observed according
to time interval. The effect of greater breast density on breast
cancer risk remained obvious in cases detected >1 year after
initially receiving non-recall results. A more detailed analysis
according to SEER stage is presented in Table S1.

Discussion

As a study of population-based screening, the present study
is the first to investigate the effect of breast density on breast
cancer risk in a large number of Asians. Herein, women with
extremely dense breasts exhibited a five times higher risk of
breast cancer than women with an entirely fatty breast. The inde-
pendent effect of breast density on breast cancer risk remained
prominent irrespective of masking effects. In addition, while
there was a positive association between breast density and
breast cancer risk, irrespective of age or menopausal status, the
effect of a dense breast on breast cancer risk was stronger in
women of younger age and in premenopausal women.

Previous studies conducted in Asia consistently showed
that breast density was a significant risk factor of breast
cancer,'*162! irrespective of subtypes®? and the strength of
association of highest density category compared with lowest
category ranged between 2.6 and 5.5.'"*!% A study conducted
in Korea also has suggested that increases of 1 standard
deviation in absolute dense area and percentage dense area
increase the risk of breast cancer by about 1.20-fold.'® The
previous Asian results were comparable with previous meta-
analysis studies in which most of the included studies were
from Western population.??

However, in contrast to previous meta-analyses, which
showed that the risk of breast cancer in women of older
age increases with greater breast density? or that there is no
association,” our study discovered a stronger effect of breast
density on breast cancer in younger women, which was in
line with a previous study in Korea.'® In Western countries,
the probability of breast cancer development increases with
increasing age;** however, in Korea, breast cancer risk is
highest in women aged 4549 years.” This age-specific breast
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Breast density (number of cases/controls)

Premenopausal

Scattered fibroglandular densities (27/209)

Heterogeneously dense (164/741)

Extremely dense (176/622)

Postmenopausal

Scattered fibroglandular densities (317/1,327)

Heterogeneously dense (483/1,476)

Extremely dense (234/537)

10 15 20 25 30 35

QOdds ratio

40

Figure | Breast density as risk factor of breast cancer according to menopausal status. Odds ratios are adjusted for age, age at menarche, number of live births, breast
feeding, menopausal status/age at menopause, hormone replacement therapy use, oral contraceptive use, body mass index, past benign breast disease and calculated by
logistic regression. In total, 139 cases and 329 controls whose menopausal status were missing were excluded from analysis.

cancer rate may have influenced the reduced effect of breast
density on breast cancer risk with increasing age. Similarly,
we noted a higher risk of breast cancer in premenopausal
women with dense breasts than postmenopausal women.
Nevertheless, while the magnitude of the OR for breast cancer
was much greater in premenopausal women, P for heteroge-
neity therein did not reflect a statistically significant differ-
ence, as has been previously reported.'¢ Meanwhile, in Korea,
the prevalence of dense breasts more rapidly decreased as age
increased (from >90% in women aged <40 years to around
20% in women aged 70-79 years), compared to Western
populations (from around 60% in women aged <40 years
to around 20% in women aged 70-79 years).?® This could
explain the inconsistencies between our results and previous
studies that have shown associations between dense breasts
and breast cancer risk only in postmenopausal women. '
A marked increase in breast cancer risk among women
with extremely dense breasts who receive non-recall screen-
ing results, compared with recalled cases, might be partly
attributable to masking bias, which refers to the masking
of cancers, by a highly dense breast on mammograms, that
manifest in later years.**® Several studies have estimated the
risk of a dense breast on breast cancer up to 122?% or 24
months after non-recall screening result* could be overesti-
mated due to masking effect. In this study, due to the short
follow-up time in breast cancer cases (maximum period from

screening and cancer detection was 2.7 years), we could not
assess the long-term breast cancer risk in relation to breast
density. Notwithstanding, even in BI-RADS category 4 or
5, the risk of breast cancer increased as density increased,
suggesting that the risk associated with breast density would
be independent. Nevertheless, the strength of this association
might be affected by masking effects, which caused more
missed cases in females with dense breasts. We also identified
a greater increase in the risk of breast cancer in women with
a dense breast diagnosed within 1 year after a non-recalled
screening result, compared to women diagnosed after 1 year
of receiving non-recalled results. While this also suggests the
presence of masking effects, the risk after 12 months was
greater than that reported in previous studies.>?* To better
address the effect of masking bias on cancer risk, the invasive
breast cancer cases were divided by stage (Table S1). For
advanced cases, a portion of missing cases due to masking
effect would have remained for those diagnosed >1 year after
initially receiving non-recalled results. However, this would
be minimized in early stage breast cancer cases (localized
breast cancer). In our study, ORs for breast cancer were high
in localized breast cancer cases diagnosed at >1 year after
initially receiving non-recalled results. Thus, we suggest that,
despite a certain degree of masking bias, which was more
prominent in early stages, the independent risk of breast den-
sity on breast cancer apart from masking effects is prominent.
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Methods of breast density measurement include quali-
tative and quantitative approaches, among which percent-
age density shows the strongest association with cancer
risk.>* Measuring breast density with quantitative methods
intuitively leads to classifying density results into <5%,
5%—24%, 25%—49%, 50%—74%, and >75%?> to achieve
clinical meaning and to facilitate interpretation of results.
However, considering that film mammography has been rec-
ommended as a standard screening method for the past few
decades, classifying breast density according to BI-RADS
classification might be more practical for risk identification in
screening settings. Also, good correlation between automated
quantitative volumetric assessment and BI-RADS visual
density categories has been reported.'? Our results using
BI-RADS classification were comparable to results in both
meta-analyses using BI-RADS classification and those using
percent densities (<5% compared to >75%).2

Several limitations to this study warrant consideration.
First, the follow-up period was short (maximum 2.7 years),
and thus, it was impossible to identify interval breast cancers
or the long-term effects of breast density on cancer risk. In
addition, our criterion for the follow-up time of non-recalled
results (1 year) might not be enough to exclude overlooked
cancers at the time of screening, resulting in overestimation
of the breast density effect.” However, when we divided
the results by 1.5 and 2 years after receiving non-recalled
results, the results were not much different (data not shown).
About 26% of the participants whose social security num-
ber was missing or whose image of both breasts were not
stored were excluded. In such instances, comparing baseline
characteristics between excluded people and included people
is a commonly applied method to identify the presence
of selection bias.** However, we could not compare them
because of a lack of information. Third, information on
possible confounding variables was self-reported, and thus
would introduce information bias. However, the bias would
be non-differential and give us outcomes that are more
conservative. Fourth, some of the major confounders that
affect both breast cancer and mammographic density, such
as age at first birth, type of hormone replacement therapy,
or oral contraceptive use, could not be considered in this
study because they were not included in the questionnaires.
In addition, some of the covariates, such as body mass index,
hormone replacement therapy, or oral contraceptive use, had
a high proportion of missing data. To keep the number of
the study population high in the multivariate analysis, we
treated these covariates as missing variables, although this
might cause biased results, considering the differences in

the proportions of missing data between cases and controls.
Fifth, due to the small number of younger women with an
almost entirely fatty breast (reference group) and too few
older women with an extremely dense breast, the confidence
intervals of the subgroup analysis were wide, despite the
observed statistical significance.

Conclusion

This study confirmed an increased risk of breast cancer in
association with breast density measured by BI-RADS clas-
sification in an East Asian population. The increased risk was
consistent irrespective of the screening results (recalled cases
and non-recalled cases), BI-RADS assessment category, and
follow-up period after non-recalled results, suggesting an
independent effect of breast density on subsequent cancer
development. However, a larger number of overlooked can-
cers may have been present in women with dense breasts,
and a greater breast density was observed in younger women.
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Table S| Breast density as risk factor of breast cancer according to results of screening, time interval after negative screening, type
of breast cancer, and Surveillance, Epidemiology, and End Results stage®

Density Almost Scattered Heterogeneously Extremely P-trend

entirely fat fibroglandular dense dense
Assessment categories densities

OR OR (95% CI) OR (95% CI) OR (95% CI)
Invasive breast cancer
All (N=1,332 pairs) 1.0 2.2 (1.7-2.9) 2.3 (2.6-4.5) 4.6 (3.3-6.2) <0.001
Recall® (N=933 pairs) 1.0 2.0 (1.5-2.7) 3.1 (2.342) 2.8 (1.94.0) <0.001
Categories 4 and 5 (N=375 pairs) 1.0 1.8 (1.2-2.7) 2.3 (1.5-3.6) 1.7 (1.0-2.9) 0.058
Category 0 (N=558 pairs) 1.0 2.6 (1.7-4.0) 4.2 (2.7-6.6) 4.3 (2.6-7.1) <0.001
Non-recallc (N=399 pairs) 1.0 3.3 (28-121) 5.8 (2.8-12.1) 15.5(7.3-33.2) <0.001
Diagnosis <| year after screening (N=253 pairs) 1.0 3.5 (14-89) 6.8 (2.7-16.9) 25.0 (9.4-66.3) <0.001
Diagnosis 2| year after screening (N=146 pairs) 1.0 45(1.2-168) 80 (2.1-31.0) 135 (3.3-547) 0.001
Localized breast cancer
All (N=733) 1.0 2.1 (1.5-3.1) 3.1 (2.14.4) 5.7 (3.8-8.7) <0.001
Recall® (N=500 pairs) 1.0 1.9 (1.3-2.9) 2.7 (1.84.1) 3.1 (1.9-5.0) <0.001
Categories 4 and 5 (N=186 pairs) 1.0 1.5 (0.9-2.7) 2.1 (1.1-3.9) 1.5(0.7-3.2) 0.102
Category 0 (N=314 pairs) 1.0 2.7 (1.5-4.8) 3.8 (2.1-7.0) 5.7 (29-11.4) <0.001
Non-recall (N=233 pairs) 1.0 3.5(1.3-94) 6.5 (2.3-18.3) 28.5 (9.6-84.3) <0.001
Diagnosis <| year after screening (N=156 pairs) 1.0 41 (1.1-14.9) 104 (2.6-40.9) 426 (103-175.6) <0.001
Diagnosis =1 year after screening (N=77 pairs) 1.0 45 (0.6-335) 52(07-378) 325 (3.8-280.7) <0.001
Regional/distant® breast cancer
All (N=479) 1.0 2.1 (1.3-3.4) 3.8 (2.3-7.1) 3.5(2.0-5.9) <0.001
Recall® (N=348 pairs) 1.0 2.0 (1.8-3.3) 3.4 (2.0-5.8) 2.9 (1.6-5.3) <0.001
Categories 4 and 5 (N=151 pairs) 1.0 1.9 (0.9-3.8) 2.1 (1.04.5) 1.6 (0.6-4.0) 0.125
Category 0 (N=197 pairs) 1.0 2.7 (1.04.9) 5.6 (2.5-12.8) 4.4 (1.8-10.6) <0.001
Non-recall (N=I31 pairs) 1.0 3.1 (0.9-10.5) 5.7 (1.7-18.8) 6.0 (1.7-21.4) 0.001
Diagnosis <| year after screening (N=75 pairs) 1.0 3.0 (0.6-149) 3.3 (08-14.9) 7.9 (1.543.1) 0.002
Diagnosis >| year after screening (N=56 pairs) 10 13.7 (0.9-200.2) 89.6 (4.9-999.9) 24.4 (1.5-389.9) 0.100
Ductal carcinoma in situ
All (N=229 pairs) 1.0 49 (2.1-11.9) 11.2 (4.5-28.1) 13.9 (5.3-36.8) <0.001
Recall® (N=132 pairs) 1.0 9.4 (2.6-34.26) 283 (7.1-112.8) 332 (7.6-144.7) <0.001
Non-recallc (N=97 pairs) 1.0 2.1 (0.6-7.9) 4.1 (1.1-158) 6.0 (1.5-24.8) 0.001

Notes: *ORs are adjusted for age, age at menarche, number of live births, breast feeding, menopausal status/age at menopause, hormone replacement therapy use, oral
contraceptive use, body mass index, past benign breast disease and calculated by conditional logistic regression. ®Including BI-RADS categories 4 and 5 (suspicious for
malignancy) and 0 (need additional imaging or prior examinations). Including BI-RADS categories | (negative) and 2 (benign). “Only 40 were distant breast cancer cases.

Abbreviations: BI-RADS, Breast Imaging Reporting and Data System; Cl, confidence interval; OR, odds ratio.
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