
ARTICLE

Annual vs Biennial Screening: Diagnostic Accuracy Among

Concurrent Cohorts Within the Ontario Breast Screening

Program

Anna M. Chiarelli, Kristina M. Blackmore, Lucia Mirea, Susan J. Done, Vicky Majpruz,
Ashini Weerasinghe, Linda Rabeneck, Derek Muradali

See the Notes section for the full list of authors’ affiliations.
Correspondence to: Anna M. Chiarelli, PhD, Prevention and Cancer Control, Cancer Care Ontario, 620 University Ave, Toronto, ON M5G 2L7, Canada (e-mail: anna.chiar-
elli@cancercare.on.ca).

Abstract

Background: The Ontario Breast Screening Program recommends annual mammography to women age 50–74 years at in-
creased risk because of family history of breast or ovarian cancer or personal history of ovarian cancer or mammographic
density 75% or greater. Few studies have examined the diagnostic accuracy of recommendations based on risk factors and in-
cluded screen film as well as digital mammography.
Methods: A retrospective design identified concurrent cohorts of women age 50–74 years screened annually or biennially
with digital mammography only between 2011 and 2014 and followed until 2016 or breast cancer diagnosis. Diagnostic accu-
racy measures were compared between women screened annually because of first-degree relative of breast or ovarian cancer
or personal history of ovarian cancer (n¼67 795 women), mammographic density 75% or greater (n¼51 956), or both
(n¼3758) and those screened biennially (n¼526 815). The association between recommendation and sensitivity and specific-
ity was assessed using generalized estimating equation models. All P values are two-sided.
Results: For annual screening because of family or personal history vs biennial, sensitivity was statistically significantly
higher (81.7% vs 70.6%; OR¼1.86, 95% CI ¼ 1.48 to 2.34), particularly for invasive cancers and postmenopausal women.
Although there was no statistically significant difference in sensitivity for annual screening for mammographic density 75%
or greater, specificity was statistically significantly lower (91.3%; OR¼0.87, 95% CI ¼ 0.80 to 0.96) vs biennial (92.3%),
particularly for women age 50–59 years.
Conclusion: Compared with biennial screening, annual screening improved detection for women with a family or personal
history of breast and/or ovarian cancer, supporting screening that is more frequent. The benefit for annual screening for
women with higher mammographic density must be weighed against possible harms of increased false positives.

Offering women at higher risk more tailored breast screening
may help improve detection of earlier-stage disease and re-
duce the risk of having an interval cancer. Interval cancers
detected between screening examinations are more likely
than screen-detected cancers to have a poorer prognosis (1–
3). Although guidelines recommend mammography screen-
ing every 2 to 3 years for women age 50–74 years (4,5), women
at increased risk may benefit from more frequent screening.

However, benefits must be weighed against possible harms,
such as increased number of false-positive screens that can
cause anxiety, distress, and unnecessary biopsies (6–8).
Maintaining a high sensitivity and therefore a low rate of in-
terval cancers is integral to the success of a screening test. A
high specificity reflects the ability of a test to accurately
identify cases that are not cancer, reducing the number of
false positives.
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The Breast Cancer Surveillance Consortium published sev-
eral large, observational studies comparing the benefits and
harms of different screening intervals (9–14). These studies sug-
gested that annual mammography had minimal additional ben-
efit over biennial mammography for women 50 years or older as
well as those with dense breasts or using hormone therapy
(9,10), or more closely adhering to screening guidelines (14).
Women who underwent biennial mammography had a lower
cumulative risk of false-positive results compared with those
who underwent annual mammography (11). However, most
women received screen-film mammography, and outcomes
were examined by time since last screen rather than recom-
mendation. In Breast Screen New South Wales. women with a
first-degree relative with breast cancer offered annual com-
pared with biennial screening were more likely to be diagnosed
with smaller node–negative invasive cancers (15). Another
Canadian study found that offering annual screening minimally
improved the estimated survival rates for women age 50–74
years (16).

Few studies have examined diagnostic accuracy of screening
recommendations based on risk factors and included screen-film
and digital mammography alike. Digital mammography has re-
ceived attention as an improved imaging modality for breast
screening with higher detection rates among women more likely
to have their cancer missed by screen-film mammography (17,18).
Although women are screened every 2 years in the Ontario Breast
Screening Program (OBSP), those at increased breast cancer risk
are screened annually. This provides a unique opportunity to de-
termine the effectiveness of these screening recommendations
using digital mammography only. Diagnostic accuracy measures
were compared between concurrent cohorts of women age
50–74 years screened annually because of first-degree relative of
breast or ovarian cancer or a personal history of ovarian cancer,
mammographic density 75% or greater or a first-degree relative of
breast or ovarian cancer or personal history of ovarian cancer and
mammographic density 75% or greater, and those at average risk
screened biennially.

Methods

Study Population

The OBSP has operated since 1990 to deliver a population-based
breast screening program to eligible women and has provided
digital mammography since 2006 (19). Women are not eligible if
they had a prior breast cancer or augmentation mammoplasty
or if they currently have acute breast symptoms. At OBSP cen-
ters, quality assurance on equipment meets that specified by
the Canadian Association of Radiologist’s Mammography
Accreditation Program, and radiologists and technologists are
accredited under the Canadian Association of Radiologist’s
Mammography Accreditation Program. During this study,
women were screened at 162 OBSP centers. The study was ap-
proved by the University of Toronto Research Ethics Board, and
informed consent was not required.

This study employs a cohort design to identify concurrent
groups of women age 50–74 years screened in the OBSP with a
digital mammogram between January 1, 2011, and December 31,
2014, followed until diagnosis of breast cancer or December 31,
2016. Women screened annually could have two or more first-
degree female relatives with breast cancer at any age, one first-
degree female relative with breast cancer younger than 50 years,
one first-degree male relative with breast cancer at any age, a
personal history of ovarian cancer, one first-degree female

relative with ovarian cancer at any age, and/or mammographic
density 75% or greater. This cohort was grouped on an inten-
tion-to-treat basis, according to whether the woman was of-
fered a biennial or annual screening recommendation rather
than time since last screen. Only women whose screening rec-
ommendation remained the same over the study period were
included. Rescreen mammograms were identified as the index
screen and grouped by recommendation of previous screen.
The final cohort included women screened annually because of
a first-degree relative of breast or ovarian cancer or personal
history of ovarian cancer (n¼ 67 795), mammographic density
75% or greater (n¼ 51 956), or both (n¼ 3758), and those
screened biennially (n¼ 526 815).

Demographic and Breast Cancer Risk Factors

Information for all women screened within the OBSP was
obtained from data routinely collected by the Integrated Client
Management System (ICMS). Relevant risk factor information
was obtained during the screening visit through a personal in-
terview with the technologist. For family or personal history,
data on female first-degree relatives with breast or ovarian can-
cer and age of diagnosis, male first-degree relatives with breast
cancer, and personal history of ovarian cancer were collected.
Age at menarche (�11 years, >11 years) and menopausal status
(premenopausal, postmenopausal) were also measured.
Women were defined as current estrogen users if they reported
taking estrogen at their last screening examination. Women’s
postal code of residence at screening was linked to the 2011
Canadian Census (20) to determine community status and so-
cioeconomic status. Community status included urban (popula-
tion �10 000), rural (<10 000 and a strong metropolitan
influenced zone [MIZ]), rural remote (<10 000 and a moderate
MIZ), and rural very remote (<10 000 and a weak or no MIZ).
Socioeconomic status was defined by five income quintiles (Q1
[lowest]–Q5 [highest]).

Screening and Assessment Characteristics

Information on screening visit and assessment was obtained
through the ICMS. Digital mammograms were defined as
rescreens for women who had more than one OBSP mammogram.
Age and year at screening were based on the dates of all rescreen
mammograms prior to diagnosis. Time interval (in months) was
calculated between index rescreen date and prior mammogram
date (range¼ 11 months to 5 years). Screening result and mammo-
graphic density (<75%; �75%) were recorded by the radiologist
when recording findings from the mammogram. Radiologists are
aware of all previous imaging and clinical history, including family
history, prior to interpreting mammograms. Screening mammo-
grams resulting in a call back for further work-up were considered
abnormal. Assessment procedures from an abnormal screening
mammogram included breast imaging and breast biopsy and
known final outcomes for each procedure coded as benign or
screen-detected breast cancer.

Selection of Breast Cancer Cases

Women were followed prospectively to December 31, 2016, to
determine if there was a breast cancer diagnosis. Breast can-
cers detected within 12 months of the index abnormal
rescreen mammogram date were classified as screen detected.
Women with interval cancers were identified from record
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linkage using AutoMatch (21) with the Ontario Cancer
Registry, estimated to be 98% complete for breast cancer (22).
Intervals cancers included those diagnosed before the next
screening examination after a normal or benign index
rescreen episode (normal mammogram or abnormal mammo-
gram that had benign assessment) within 1 year for annual
and 2 years for biennial.

For women diagnosed with primary breast cancer, histologi-
cal classification (invasive, ductal carcinoma in situ [DCIS]) was
obtained from the ICMS and Ontario Cancer Registry.
Morphology was coded using the International Classification of
Diseases for Oncology, version 3.0 (23).

Performance Measures

The performance measure definitions used for this study are
primarily those adopted by the Canadian Partnership Against
Cancer, with slight modifications (24). Performance measures
were examined only for rescreens because they would have
been exposed to a previous screening recommendation.
Abnormal recall rate was the percentage of mammograms re-
ferred for further testing because of an abnormal screening re-
sult. Nonmalignant biopsy rate was the number of
nonmalignant open and core biopsies per 1000 screening
examinations. Nonmalignant results included benign, indeter-
minate or equivocal, high-risk lesions, or nonprimary breast
cancers. The positive predictive value was the proportion of ab-
normal mammograms with completed follow-up found to have
breast cancer after diagnostic work-up. Cancer detection rate
was defined as the number of screen-detected invasive or DCIS
breast cancers per 1000 screening examinations. Sensitivity was
defined as the percentage of all cancers (true positive þ false
negative) that were screen detected (true positive). Specificity
was defined as the percentage of women without breast cancer
(true negative þ false positive) who had a true negative screen-
ing mammogram.

Statistical Analysis

All analyses used the screening mammogram as the unit of
analysis; women may have had more than one mammogram
during the study period. Logistic regression using generalized
estimating equation (GEE) models evaluated the association
between recommendation and risk of abnormal screen (abnor-
mal or normal), nonmalignant biopsy among screens (with
nonmalignant biopsy or without), cancer detection (screen
detected or no cancer), cancer detection among abnormal
screens (cancer or no cancer), sensitivity (screen detected or
interval), and specificity (true negative or false positive) (25).
The primary comparison is based on an intention-to-treat
analysis according to screening recommendation. All models
were adjusted for time (in days) between index and prior
mammogram date, age and year of screen, estrogen therapy
use, and community status, and controlled for clustering in-
cluding a random effect by screening center. The inversed log-
its from the GEE model were used to estimate performance
measures and approximate 95% confidence intervals (CI)
based on the least-square means of fixed effects.
Corresponding odds ratios (OR) and 95% confidence intervals
were also calculated overall and in stratified analyses. Logistic
regression analyses using GEE models were conducted using
SAS version 9.4 (26), and a two-tailed 5% statistical signifi-
cance level was used.

Results

Of the 682 197 women screened between 2011 and 2014, there
were 1 062 100 digital mammography rescreens with a final re-
sult and where time between index rescreen date and prior
mammogram date was from 11 months to 5 years (Figure 1).
This included 297 782 (28.0%) annual screens because of family
history of breast or ovarian cancer or personal history of ovarian
cancer and/or mammographic density 75% or greater and
764 318 (72.0%) biennial screens. After excluding screens
(n¼ 81 241) among women whose screening recommendation
changed over the study period, the cohort comprised 980 859
screens (n¼ 157 425 family or personal history; n¼ 83 192 mam-
mographic density �75%; n¼ 6605 family or personal history
plus density �75%; n¼ 733 637 biennial).

The majority of women screened biennially had their index
rescreen within 19–36 months of their previous screen; the ma-
jority of women screened annually had their index rescreen
within 11–18 months of their previous screen (Table 1). Most
women screened biennially were age 60–74 years and postmen-
opausal, had menarche at older than 11 years, reported no use
of estrogen therapy, lived in urban areas, and were in the three
highest income quintiles. Women screened annually because of
family or personal history were more likely to be age 60–74
years and postmenopausal and live in rural areas, but less likely
to have had menarche at older than 11 years and be in higher
income quintiles than women screened biennially. Conversely,
women screened annually because of mammographic density
75% or greater with or without a family or personal history were
less likely to be age 60–74 years and postmenopausal and live in
rural areas, but more likely to have had menarche at older than
11 years, report current use of estrogen therapy, and be in
higher income quintiles than women screened biennially.

Abnormal recall rate was statistically significantly higher for
annual screening because of mammographic density 75% or
greater (9.4%; 95% CI ¼ 8.4 to 10.6) compared with biennial (8.3%;
95% CI ¼ 7.6 to 9.1) (Table 2). Among all three annually screened
groups, the nonmalignant biopsy rate was statistically signifi-
cantly higher compared with biennial (6.4 per 1000; 95% CI ¼ 5.4
to 7.7), particularly for mammographic density 75% or greater
with (9.8 per 1000; 95% CI ¼ 7.0 to 13.6) or without a family or
personal history (9.7 per 1000; 95% CI ¼ 7.9 to 11.9). Positive pre-
dictive value was statistically significantly higher for annual
screening because of family or personal history plus density
(15.5%; 95% CI ¼ 11.5 to 20.4) compared with biennial (7.8%; 95%
CI ¼ 6.8 to 8.8). Similarly, cancer detection rate was statistically
significantly higher for annual screening because of family or
personal history plus density (14.1 per 1000; 95% CI ¼ 10.4 to
19.0) compared with biennial (6.5 per 1000; 95% CI ¼ 5.8 to 7.3),
with the exception of premenopausal women. Annual screening
because of mammographic density 75% or greater resulted in
statistically significantly higher cancer detection rates for DCIS
(1.6 per 1000; 95% CI ¼ 1.1 to 2.2) compared with biennial (1.1 per
1000; 95% CI ¼ 0.9 to 1.3).

Sensitivity was statistically significantly higher for annual
screening because of family or personal history compared with
biennial (81.7% vs 70.6%; OR¼ 1.86, 95% CI ¼ 1.48 to 2.34), partic-
ularly for invasive cancers (OR¼ 1.87, 95% CI ¼ 1.46 to 2.39)
(Table 3). Women age 50–59 years (OR¼ 1.69, 95% CI ¼ 1.08 to
2.65), 60–74 years (OR¼ 1.92, 95% CI ¼ 1.47 to 2.49), or postmeno-
pausal (OR¼ 1.89, 95% CI ¼ 1.49 to 2.39) also had statistically sig-
nificantly higher sensitivity for annual screening because of
family or personal history compared with biennial. There was
no statistically significant difference in sensitivity for annual
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screening because of mammographic density 75% or greater
compared with biennial overall or in stratified analyses. Among
women screened annually because of family or personal history
plus density, sensitivity was statistically significantly higher
among postmenopausal women compared with biennial
(OR¼ 2.39, 95% CI ¼ 1.07 to 5.34).

Specificity was statistically significantly lower for annual
screening because of mammographic density 75% or greater
compared with biennial overall (91.3% vs 92.3%; OR¼ 0.87, 95%
CI ¼ 0.80 to 0.96) and among women age 50–59 years (OR¼ 0.85,
95% CI ¼ 0.77 to 0.94) or postmenopausal (OR¼ 0.88, 95% CI ¼
0.80 to 0.96) (Table 4). Women age 50–59 years (OR¼ 0.84, 95% CI
¼ 0.73 to 0.98) or premenopausal (OR¼ 0.71, 95% CI ¼ 0.54 to
0.95) also had statistically significantly lower specificity for an-
nual screening because of family or personal history plus den-
sity compared with biennial. Specificity was statistically
significantly lower among premenopausal women screened an-
nually because of family or personal history compared with
biennial (OR¼ 0.81, 95% CI ¼ 0.72 to 0.92).

Discussion

Our study compared diagnostic accuracy of annual screening
based on family history of breast or ovarian cancer or personal
history of ovarian cancer and/or mammographic density 75% or
greater for women age 50–74 years with biennial screening for av-
erage- risk women. Annual screening was effective for women
with a family or personal history with statistically significantly
higher sensitivity compared with biennial screening, irrespective
of age. This association was greater for women diagnosed with
invasive cancers and who were postmenopausal. Sensitivity was
similar for annual screening because of high mammographic
density compared with biennial. However, specificity was

statistically significantly lower for annual screening because of
mammographic density 75% or greater compared with biennial,
particularly for women age 50–59 years.

Women with a family history of breast or ovarian cancer are
at increased risk compared with the general population, with
greater risk according to the number, closeness, and age of the
affected relative(s) (27–30). For women age 50 years and older
with a family history, several Canadian breast screening pro-
grams recommend more-frequent screening intervals (24). Our
study found annual screening to be effective for women with a
first-degree relative of breast and/or ovarian cancer or personal
history of ovarian cancer. Although radiologists have access to
the information collected on family history, this knowledge did
not influence their referral pattern, as demonstrated by similar
referral rates for these women and those at average risk. The
statistically significantly greater detection of invasive cancers
on rescreens was also an expected finding, reflecting the in-
creased risk of breast cancer in these women.

The greater overall sensitivity for women screened annually
for family or personal history compared with women screened
biennially, irrespective of age, indicates a lower risk of interval
cancers, which have poorer prognostic features (1–3). Although
previous observational studies have reported higher sensitivity
among women 40 years or older screened annually vs biennially
(9,10,13,14), there was no evidence of a greater risk of adverse
breast tumor characteristics for women screened less fre-
quently, except for those age 40–49 years (10). However, these
earlier studies did not examine indicators by family history of
breast cancer, although some did adjust for it in their analyses
(10,14). Another study found that offering women with a first-
degree family history of breast cancer annual vs biennial
screening resulted in more favorable prognostic outcomes of
screen-detected cancers (15). In our study, the only associated
harm of more frequent screening among women with a family

Annual recommendation
297 782 screens; 155 382 women 

Biennial recommendation   
764 318 screens; 553 541 women 

Rescreens with digital mammography*
1062100 screens; 682197 women 

980859 screens ; 650324 women†

Family or Personal History‡

157 425 screens; 67 795 women

Abnormal screens: n = 9863 
True-negative screens: 
n = 147 455 
False-positive screens: 
n = 9076 
Cancers: n = 894 
Screen detected: n = 752 
Interval: n = 142 

Mammographic Density 
>75% 

83 192 screens; 51 956 women 

Abnormal screens: n = 6228 
True-negative screens: n = 76 847 
False-positive screens: 
n = 5850 
Cancers: n = 495 
Screen detected: n = 354 
Interval: n = 141 

Family or Personal History‡+ 
Mammographic Density >75% 

6605 screens; 3758 women

Abnormal screens: n = 466 
True-negative screens:  
n = 6127 
False-positive screens: 
n = 409 
Cancers: n = 69 
Screen detected: n = 56 
Interval: n = 13 

Biennial  
733 637 screens; 526 815 women

Abnormal screens: n = 52 690 
True-negative screens:  
n = 680 012 
False-positive screens: 
n = 48 419 
Cancers: n = 5206 
Screen detected: n = 3987 
Interval: n = 1219 

Figure 1. Mammographic screening examinations among women age 50–74 years in the Ontario Breast Screening Program (OBSP) between January 1, 2011, and

December 31, 2014, by screening recommendation. *Includes screens with final result and where index screen is between 11 months and 5 years from previous screen.

†Excludes screens among women whose screening recommendation changed between their previous and index screen (family history n ¼ 14 846; mammographic den-

sity n ¼ 28 675; family history and mammographic density n ¼ 7039; biennial n ¼ 30 681). ‡Two or more first-degree female relatives with breast cancer at any age, one

first-degree female relative with breast cancer younger than 50 years, one first-degree male relative with breast cancer at any age, a personal history of ovarian cancer,

or one first-degree female relative with ovarian cancer at any age.
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Table 1. Breast cancer risk factor and demographic characteristics and adjusted odds ratios (OR) and 95% confidence intervals (CI) among
women age 50 to 74 years screened in the Ontario Breast Screening Program between 2011 and 2014 by screening recommendation (n¼980 859
screens)

Characteristics

Biennial
recommendation

(n¼ 733 637)

Annual recommendation by reason

Family or
personal
history*

(n¼ 157 425) OR
(95% CI)

Mammographic
density �75%

(n¼83 192)
OR (95% CI)

Family or personal
history* þ

density �75%
(n¼ 6605)

OR (95% CI)No. (%) No. (%) No. (%) No. (%)

Time between previous and index rescreen, mo
11–18 39 019 144 399 — 72 688

(87.4)
— 5870 —

(5.3) (91.7) (88.9)
19–24 357 465 5285 — 3516 — 269

(4.1)
—

(48.7) (3.4) (4.2)
25–36 298 287 4956 — 4285 — 279

(4.2)
—

(40.7) (3.2) (5.2)
37–48 26 980 1841 — 1807 — 115

(1.7)
—

(3.7) (1.2) (2.2)
49–60 11 886 944 — 896 — 72

(1.1)
—

(1.6) (0.6) (1.1)
Age at screening, y†

50–59 290 830 53 796 1.00 50 715 1.00 3549 1.00
(39.6) (34.2) (Referent) (61.0) (Referent) (53.7) (Referent)

60–74 442 807 103 629 1.27 32 477 0.42 3056 0.56
(60.4) (65.8) (1.25 to 1.28)§ (39.0) (0.41 to 0.43)§ (46.3) (0.54 to 0.59)§

Year of screening†
2011 117 835 28 439 1.00 10 718 1.00 840 1.00

(16.1) (18.1) (Referent) (12.9) (Referent) (12.7) (Referent)
2012 153 130 33 585 0.91 13 796 0.99 1055 0.97

(20.9) (21.3) (0.89 to 0.92)§ (16.6) (0.97 to 1.02) (16.0) (0.88 to 1.06)
2013 197 902 43 168 0.90 25 393 1.42 1776 1.27

(27.0) (27.4) (0.89 to 0.92)§ (30.5) (1.39 to 1.46)§ (26.9) (1.17 to 1.38) j
2014 264 770 52 233 0.82 33 285 1.40 2934 1.57

(36.1) (33.2) (0.80 to 0.83)§ (40.0) (1.37 to 1.43)§ (44.4) (1.45 to 1.69)§
Age at menarche, y†
�11 130 077 30 983 1.00 9737 1.00 836 1.00

(18.3) (20.1) (Referent) (12.1) (Referent) (13.0) (Referent)
>11 582 732 123 004 0.89 70 732 1.61 5575 1.48

(81.8) (79.9) (0.88 to 0.90)§ (87.9) (1.57 to 1.64)§ (87.0) (1.37 to 1.59)§
Missing 20 828 3438 — 2723 — 194 —

Menopausal status†
Premenopausal 35 650 4521 1.00 10 502 1.00 579 1.00

(4.9) (2.9) (Referent) (12.7) (Referent) (8.9) (Referent)
Postmenopausal 689 743 151 737 1.44 72 025 0.67 5965 0.86

(95.1) (97.1) (1.40 to 1.49)§ (87.3) (0.65 to 0.68)§ (91.2) (0.79 to 0.95)**
Missing 8244 1167 — 665 — 61 —

Current use of estrogen†
No 675 042 144 548 1.00 74 598 1.00 5919 1.00

(92.9) (92.9) (Referent) (90.4) (Referent) (90.6) (Referent)
Yes 51 658 11 032 1.00 7881 1.37 617 1.37

(7.1) (7.1) (0.98 to 1.02) (9.6) (1.33 to 1.40)§ (9.4) (1.26 to 1.48)§
Missing 6937 1845 — 713 — 69 —

Community status†
Urban 624 468 129 683 1.00 75 456 1.00 5780 1.00

(85.2) (82.4) (Referent) (90.8) (Referent) (87.6) (Referent)
Rural 41 532 10 268 1.19 3343 0.68 340 0.90

(5.7) (6.5) (1.16 to 1.21)§ (4.0) (0.66 to 0.71)§ (5.2) (0.81 to 1.00)
Rural remote 47 993 12 551 1.24 3535 0.66 378 0.90

(continued)
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or personal history was a slightly lower specificity in premeno-
pausal women, which is expected because their breast density
is typically higher (14).

Because our earlier study noted that breast cancer risk asso-
ciated with extensive mammographic density is limited to the
12 months after a screening examination and most likely due to
masking, screening with digital mammography could reduce
the increased risk of interval cancers (31). Our result that sensi-
tivity was similar for women screened annually with mammo-
graphic density 75% or greater as for women screened
biennially may reflect that all women were screened with digi-
tal mammography. Digital mammography is more sensitive for
women with higher mammographic density (32,33) and would
be expected to identify more cancers hidden by dense tissue
(34) because the contrast resolution is superior to screen-film
mammography.

However, annual screening did result in an increased abnor-
mal recall rate for women with higher mammographic density.
The additional referrals may be harmful because these women
were also more likely to have nonmalignant biopsies.
Specificity was also slightly lower for annual screening because
of high mammographic density compared with biennial, espe-
cially for women age 50–59 years whose mammographic den-
sity may have been greater. Another study also found that the
cumulative risk of a false-positive mammography result was
higher among women age 40–49 years undergoing annual mam-
mography with extremely dense breasts but lower among those
age 50–74 years having biennial mammography with scattered
fibroglandular densities or fatty breasts (9).

Mammographic density may have affected screening out-
comes differently in women with and without a family history.
The higher positive predictive value and cancer detection rate
among the small cohort of women screened annually for both

risk factors reflects the increased risk of breast cancer in these
women. However, similar to women screened annually for
mammographic density only, these women had a higher non-
malignant biopsy rate and lower specificity among those age
50–59 years compared with biennial screening.

Strengths of our study include the comparison of concurrent
cohorts, which minimizes the potential for differences between
cohorts in radiologist experience or technology over time. Given
our study included women screened in an organized breast
screening program, all radiologists and equipment meet mini-
mum quality standards and methods of follow-up are similar.
We used a conservative approach by limiting our analyses to
women whose screening recommendation remained the same
over the study period. Our large sample size allowed us to ad-
just for multiple risk factors among women and clustering by
screening center. In addition, our study included only digital
mammography screens, which have been shown to be more
sensitive for women with high mammographic density.

Our study had some limitations. Family or personal history
was based on self-reported data, and misclassification might
have occurred. However, the accuracy of reporting breast cancer
in first-degree relatives has generally been found to be high (35)
and data was collected through personal interviews. Based on
our study design and similar to others (9,10,12–14), the follow-
up period was not comparable among the cohorts, and therefore
accuracy was measured differently between the annual and bi-
ennial screening groups. The accuracy values are limited by the
screening interval of the woman and differ from calculations
considering follow-up within 1 year of screening. Although we
measured and adjusted for differences in patient populations,
cohort designs are limited by nonrandomization of exposure,
and therefore our results may be limited by inherent differences
among the cohorts.

Table 1. (continued)

Characteristics

Biennial
recommendation

(n¼ 733 637)

Annual recommendation by reason

Family or
personal
history*

(n¼ 157 425) OR
(95% CI)

Mammographic
density �75%

(n¼83 192)
OR (95% CI)

Family or personal
history* þ

density �75%
(n¼ 6605)

OR (95% CI)No. (%) No. (%) No. (%) No. (%)

(6.5) (8.0) (1.21 to 1.26)§ (4.3) (0.63 to 0.68)§ (5.7) (0.81 to 1.00)
Rural very remote 19 335 4868 1.19 796 0.36 100 0.59

(2.6) (3.1) (1.16 to 1.23)§ (1.0) (0.33 to 0.39)§ (1.5) (0.48 to 0.72)§
Missing 309 55 — 62 — 7 —

Income quintile†
1 ¼ lowest 106 493 24 325 1.00 9439 1.00 834 1.00

(14.6) (15.5) (Referent) (11.4) (Referent) (12.5) (Referent)
2 135 892 29 866 0.97 13 935 1.14 1070 1.00

(18.6) (19.0) (0.95 to 0.98)§ (16.8) (1.11 to 1.18)§ (16.3) (0.91 to 1.09)
3 151 248 32 260 0.94 16 064 1.17 1248 1.04

(20.7) (20.6) (0.92 to 0.96)§ (19.4) (1.14 to 1.20)§ (19.0) (0.95 to 1.13)
4 163 817 34 436 0.93 19 401 1.29 1564 1.19

(22.4) (22.0) (0.91 to 0.95)§ (23.4) (1.26 to 1.33)§ (23.8) (1.10 to 1.30)§
5 ¼ highest 173 931 35 986 0.91 24 082 1.52 1859 1.35

(23.8) (22.9) (0.90 to 0.93)§ (29.0) (1.49 to 1.56)§ (28.3) (1.24 to 1.46)§
Missing 2256 552 — 271 — 30 —

*Two or more first-degree female relatives with breast cancer at any age; one first-degree female relative with breast cancer younger than 50 years, one first-degree

male relative with breast cancer at any age, a personal history of ovarian cancer, or one first-degree female relative with ovarian cancer at any age.

†Adjusted for age at screen and/or year of screening.

§Compared with biennial P < .001.

jP ¼ .03.

**P ¼ .002 . All P values (two-sided) were calculated using logistic regression with generalized estimating equation models.
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Uncertainties exist regarding effective screening recommen-
dations for women at increased risk. Higher sensitivity in
women with a family or personal history indicate that these
women may have the potential to benefit from annual breast
cancer screening. For women with mammographic density 75%
or greater, annual screening with digital mammography was ef-
fective for detection of breast cancers (similar sensitivity) com-
pared to women screened biennially. However, they had a slight
increase in false-positive screens (lower specificity) and greater
risk of nonmalignant biopsies. Women at increased risk should
be advised of the benefits and harms of annual screening and
supported to make an informed decision.
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