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Abstract

Purpose: Digital breast tomosynthesis (DBT) in conjunction with digital mammography (DM) 

is becoming the preferred imaging modality for breast cancer screening compared with DM 

alone, on the basis of improved recall rates (RR) and cancer detection rates (CDRs). The aim 

of this study was to investigate racial differences in the utilization and performance of screening 

modality.

Methods: Retrospective data from 63 US breast imaging facilities from 2015 to 2019 were 

reviewed. Screening outcomes were linked to cancer registries. RR, CDR per 1,000 examinations, 

and positive predictive value for recall (cancers/recalled patients) were compared.

Results: A total of 385,503 women contributed 542,945 DBT and 261,359 DM screens. A 

lower proportion of screenings for Black women were performed using DBT plus DM (referred 

to as DBT) (44% for Black, 48% for other, 63% for Asian, and 61% for White). Non-White 

women were less likely to undergo more than one mammographic examination. RRs were lower 

for DBT among all women (8.74 versus 10.06, P < .05) and lower across all races and within 

age categories. RRs were significantly higher for women with only one mammogram. CDRs 

were similar or higher in women undergoing DBT compared with DM, overall (4.73 versus 4.60, 

adjusted P = .0005) and by age and race. Positive predictive value for recall was greater for DBT 

overall (5.29 versus 4.45, adjusted P < .0001) and by age, race, and screening frequency.

Conclusions: All racial groups had improved outcomes with DBT screening, but disparities 

were observed in DBT utilization. These data suggest that reducing inequities in DBT utilization 

may improve the effectiveness of breast cancer screening.
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INTRODUCTION

The United States has one of the highest age-standardized incidence rates of breast cancer in 

the world (72.9 per 100,000) [1]. Excluding skin cancers, breast cancer continues to be the 

most commonly diagnosed neoplasm for women, with 268,000 new cases of invasive cancer 

diagnosed in 2019 [2]. Early detection of breast cancer has been facilitated by widespread 

access to mammographic screening, which has undergone significant evolution since first 

implemented in the 1960s. By the early 2000s, full-field digital mammography (DM) had 

replaced analog film-screen mammography [3,4]. As two-dimensional imaging modalities, 

however, film-screen mammography and DM have limited overall sensitivity in detecting 

breast cancers, especially in dense, fibroglandular breast tissue [5,6]. In 2011, digital breast 

tomosynthesis (DBT) received US Food and Drug Administration approval. DBT generates 

a quasi-three-dimensional mammogram by obtaining multiple low-dose exposures across a 

limited arc, which are then reconstructed into a series of images or “slices” of the breast. 

Population-based studies from both the United States and Europe have demonstrated initial 

and sustained reductions in recall rates (RR) and/or increases in invasive cancer detection 

rates (CDRs) with DBT plus DM (referred to as DBT throughout) compared with DM 

screening alone [7–10].

Advances in screening and treatment of breast cancer have led to a steady decline of 

breast cancer–related mortality in the past 15 years, with an overall 5-year relative survival 

rate of 89% [11]. These advances, however, have not benefited women equally across all 

ages, socioeconomic backgrounds, geographic regions, and races [12,13]. Black women 

are more likely to be diagnosed with breast cancer at a younger age and more advanced 

stage and to die of breast cancer [14]. As a result, breast cancer carries one of the highest 

observed racial disparities in mortality and 5-year relative survival rates between White and 

Black women, despite similar diagnosis rates, a disparity that is growing [11,15]. Increased 

rates of advanced-stage cancer at diagnosis are driven by delayed diagnoses resulting from 

barriers to mammographic screening, as well as higher rates of aggressive, poor prognostic, 

triple-negative breast cancers among Black women [11,16,17]. These disparities may be 

amplified by variations in the adoption and dissemination of new technology [18]. The 

adoption of DBT has been faster in areas with higher median incomes and larger proportions 

of White residents [19]. Understanding the epidemiologic impact of varied adoption rates 

for new technologies such as DBT on racial disparities in breast cancer is therefore needed. 

Although the performance of DBT has been well studied in general screening populations, 

there is limited evaluation of the performance of DBT within racial groups. The aim of this 

study was to understand the impact of DBT on health disparities by evaluating the use of 

DBT within three large health systems and the impact on performance metrics such as RR, 

CDR, and positive predictive value (PPV1) across racial groups.

METHODS

Screening mammograms were identified from radiology databases at three large health care 

systems from January 2015 to January 2019 using screening code descriptors corresponding 

to bilateral asymptomatic screening mammograms. The analysis was restricted to women 
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without histories of cancer or breast implantation. Given the focus on racial disparities, 

only women with reported race information in their medical records were included. This 

study was HIPAA compliant and received approval from the institutional review boards at 

the three participating health care delivery organizations throughout metropolitan Chicago 

(AdvocateAurora Health Care), the greater Philadelphia area (University of Pennsylvania), 

and South Dakota and surrounding area (Sanford Health).

Characteristics of the screened population include selfreported race (Black, White, Asian, 

or other), ethnicity (Hispanic, non-Hispanic, or unknown), age at the first screen observed 

in the study period, menopausal status (recorded by the site or set to postmenopausal if 

status was missing and age was >59 years), breast density (almost entirely fatty, scattered 

fibroglandular densities, heterogeneously dense, extremely dense, or unknown), number of 

observed screens during the study period, screening modality (DM or DBT), and institution. 

For patients at two institutions, the 5-year risk Gail model was used, and scores ≥1.66 were 

considered to indicate elevated risk. For patients at the other site, a lifetime Tyrer–Cuzick 

risk score of ≥20% was considered elevated risk.

Recall was defined as a BI-RADS assessment category of 0 (incomplete test, need for 

additional imaging), 4 (suspicious findings or abnormalities), or 5 (highly suspicious 

findings) on a screening examination or at a recall from a recent screening examination. 

RR was calculated as the number of recalled screens divided by the number of screens 

with recorded BI-RADS scores. RRs were stratified by race, age, screening modality, and 

screening frequency. Overall P values were calculated using the χ2 test or analysis of 

variance for the comparison of DBT and DM outcomes. Odds ratios (ORs) for recall (1 

= recall, 0 = no recall) and 95% confidence intervals (CIs) were calculated by race and 

screening modality using logistic regression with adjustments for age, institution, and breast 

density.

Screening data were linked to a state cancer registry (one site) and hospital-level tumor 

registries (two sites) using internal institutional patient identifiers. CDR per 1,000 screens 

(number of cancers/number of women screened × 1,000) was reported by modality overall 

and separately by age and race. PPV1 (number of cancers/number of screens with recalls) 

was reported for DBT versus DM overall and separately by age group, race, and screening 

frequency. The CDR and PPV1 analyses were restricted to time periods when the tumor 

registry data were expected to be complete (screening dates from July 2015 to June 2018).

RESULTS

Data included women screened at 63 imaging facilities across the institutions. After 

excluding 12,315 women without race information, 804,304 screening mammograms 

(542,945 DBT, 261,359 DM) from 385,503 women were included (Table 1). Among the 

63 facilities, 12 did not perform DBT imaging, and four did not perform DMonly imaging. 

Given the low percentage of Hispanic women and missing data on ethnicity, results focus 

on racial rather than ethnic comparisons. More White women had two or more screens 

during the study period compared with women of other races (63.7% for White, 57.0% for 

Blacks, 51.6% for Asians, and 49.6% for other races). Black women were significantly less 
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likely to have two or more screenings relative to White women after adjustment for age and 

institution (OR, 0.895; 95% CI, 0.881–0.909; P < .0001; data not shown). Demographic and 

screening utilization data by race are summarized for all women screened (Table 2). The 

overall mean age at the first screen within the study period was 57.0 years, with slightly 

higher mean ages at the first screen for White (57.2 years) and Black women (57.3 years) 

compared with Asian women (55.2 years) and women of other races (54.3 years) (P < 

.001). Among those with reported breast density, a higher proportion of Asian women had 

heterogeneously dense or extremely dense breasts (68.3%) compared with White (49.2%) 

or Black women (40.1%). Asian women (63.1%) and White women (60.5%) were more 

likely to have at least one DBT screen compared with Black women (44.4%) (P < .001). The 

majority of Black, Asian, and other race women were screened at two of the sites, whereas 

the population from the third site was predominantly White. Among women with reported 

risk scores (74.3%), a higher percentage of White women were defined as having elevated 

risk compared with women of other races (White, 11.2%; Black, 5.6%; Asian, 5.1%; P < 

.001).

Overall, the aggregate RR was 8.74% for DBT compared with 10.06% for DM screening 

(P < .0001; Table 3). RRs were significantly lower for DBT versus DM across all races and 

age categories after adjusting for breast density and institution. The absolute RR reduction 

associated with DBT was most substantial for Asian women (2.43%), followed by Black 

women (2.02%) and White women (1.00%). Recall reduction was most pronounced in the 

40- to 49-year age category for all races except for Asian women.

RRs were significantly higher among the 150,035 women (38.9%) with only one screen 

compared with the 235,468 women (61.0%) with two or more screens during the study 

period (DM, 8.14% versus 18.03%; DBT, 7.26% versus 15.35%; P < .0001 for both). RRs 

were lower with DBT versus DM for women with one screen (Table 4) and two or more 

screens (Table 5). Among women with one screen, the largest absolute recall reduction 

associated with DBT was 4.02% (Asian), followed by 3.45% (Black) and 2.53% (White), 

with a 2.68% reduction overall (Table 4). Among women with at least two screens, the 

largest absolute recall reduction associated with DBT was 1.84% (Black), followed by 

1.42% (Asian) and 0.54% (White), with a 0.88% reduction overall (Table 5).

DBT was associated with a statistically significant reduction in recalls compared with DM 

(OR, 0.870; 95% CI, 0.856–0.885), adjusted for age, institution, and breast density (Table 

6). The lower odds of recalls with DBT versus DM were most notable among Black women 

(OR, 0.813; 95% CI, 0.785–0.841) and Asian women (OR, 0.817; 95% CI, 0.756–0.881) but 

was also significant among White women (OR, 0.897; 95% CI, 0.879–0.916).

During the period with complete cancer registry data (screening from July 2015 to June 

2018), 2,339 breast cancers were diagnosed among 499,376 eligible screens (4.68 per 

1,000). Overall, the CDR was slightly higher among women screened with DBT compared 

with DM (4.73 versus 4.60 per 1,000 screens, adjusted P = .0005; Table 7). DBT resulted in 

similar or higher CDRs per 1,000 screens by age group: 40 to 45 years, 2.30 versus 1.90; 50 

to 59 years, 4.28 versus 3.83; 60 to 69 years, 5.71 versus 5.51; 70 to 79 years, 7.23 versus 

6.84; with the exception of women aged 46 to 49 years (2.91 versus 3.13) (P > 0.05 for all). 
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CDRs increased with age; the highest CDR was in the 70- to 79-year age group, regardless 

of imaging modality (7.23 versus 6.84 per 1,000 screens for DBT versus DM, respectively). 

CDRs associated with DBT were higher than those for DM in the two largest represented 

racial groups, White women (4.79 with DBT versus 4.62 with DM, P = .0016) and Black 

women (4.89 with DBT versus 4.76 with DM, P = .2083).

PPV1 was greater for DBT compared with DM for the cohort overall (5.29 versus 

4.45, adjusted P < .0001) and across age group, race, screening frequency, and breast 

density (Table 8). The magnitude of differences for PPV1 with DBT compared with DM 

consistently increased from the youngest age group (0.28) to the oldest age group (2.16). 

The largest improvement in PPV1 by race was among Black women, with a PPV1 of 5.48 

(DBT) versus 4.42 (DM).

DISCUSSION

On the basis of data from 63 US breast imaging facilities, racial differences in the modality 

and frequency of breast cancer screening were found. Relative to White women, a smaller 

proportion of Black women had multiple screens, and a lower proportion underwent DBT. 

However, Black women who underwent DBT had lower RRs than White women. Asian 

women also had lower proportions of women with multiple screens and higher RRs but a 

larger proportion of DBT compared with DM.

This study demonstrated that relative to DM alone, the addition of DBT for breast cancer 

screening is associated with improved patient screening metrics, including RR, CDR, and 

PPV1, for women of all ages and races, although not all comparisons reached statistical 

significance. Improvements are consistent with those seen in other studies that analyzed 

performance in aggregate but did not report results by racial group. [7–9] Studies that 

quantify racial disparities are instrumental to the identification and implementation of 

customized solutions to improve breast cancer outcomes in select populations.

This study demonstrated that more frequent screening was associated with lower RR, for 

both DBT and DM, as has been described previously [7–10]. Although the observed overall 

RR was within the ACR’s recommended range of 5% to 12% [20], RR varied widely by 

subpopulation, from a low of 6.70% in Black women with at least two screenings and 

screened with DBT to a maximum of 20.98% in Asian women screened once with DM. 

This latter finding for Asian women may result from the combination of longer screening 

intervals as well as the larger proportion of women with higher breast density, both of which 

influence the rate of screening recall [21].

Some of the observed racial differences in screening frequency and modality may be due 

to variations in actual and perceived baseline risk. Specifically, more White women met the 

definition of high risk and were likely referred for more frequent or supplemental screening 

with additional imaging modalities. Awareness of increased risk scores may have resulted 

in White women’s prioritizing recommended screening timelines or influenced physicians’ 

referral patterns. However, despite having twice the likelihood of being considered high 

risk, CDRs are similar for White and Black women by screening modality. Given the 
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evidence that these risk scores may underestimate the risk in Black women, use of these 

scores to influence recommended screening intervals and modalities should be undertaken 

with caution [22]. Future research is needed to explore racial differences in risk assessment 

through development of comprehensive electronic medical record–based risk scores.

Racial differences in screening frequency and DBT utilization are likely rooted in social, 

economic, cultural, and educational disparities [23]. Less frequent screening of Black 

women indicates a need for improved access and educational strategies to emphasize the 

importance of regular screening. Harvey et al [24] reported that interactions with primary 

care providers significantly influence screening utilization. Thus, if providers are educated 

about the benefits of more frequent screening, applicability of risk scores for across racial 

groups, and the improved screening outcomes achieved with DBT, they may promote DBT 

uptake by their patients, potentially resulting in increased DBT access. Knowledge of DBT 

benefits may also lead to patient-initiated requests for DBT availability and screening, but 

racial differences in inadequate access to primary care must be considered.

Although challenging to address, interventions that increase awareness and enable primary 

care and breast imaging providers to decrease barriers to screening, particularly DBT, could 

have a positive impact. Expanded access to DBT and the opportunity for earlier diagnosis 

through improved cancer detection are especially relevant for Black women because of 

increased late-stage diagnoses and resulting decreased breast cancer survival rates in this 

population [11,14,15]. A recent study comparing DM with DBT screening outcomes over 

a 5-year period, in a racially diverse population with approximately 50% Black women, 

showed that DBT at both first and subsequent screening identified more cancers with poor 

prognosis than those detected by DM [10]. In addition, there was a trend toward decreasing 

false-negative results with DBT compared with DM.

Reductions in RR occurred in parallel with increases in CDR and reductions in false-positive 

findings. Benefits of improvements in these screening metrics likely include decreases 

in patient stress, time away from work, cost for diagnostic imaging, and the number of 

biopsies with benign results. Previous reports suggest that the average cost of a recall from a 

commercial payer perspective is $1,200 [25]. Unnecessary recalls may also result in copays 

directly for patients; although the Patient Protection and Affordable Care Act mandates that 

women cannot be charged a copay for screening, that is not the case for diagnostic imaging 

or biopsies [26]. Costs associated with false-positive screenings impose a greater burden 

on women in lower socioeconomic groups and must be considered in further evaluation of 

breast cancer racial disparities.

Richman et al [19] showed that regions with slow DBT adoption had lower median 

household incomes and higher percentages of African Americans than regions with faster 

DBT adoption, suggesting that inconsistent adoption of DBT may play a significant 

role in the disparities identified. Thus, institutions should consider potential ramifications 

of incomplete adoption of DBT on racial disparities within their networks. Advances 

in electronic medical record–based scheduling systems in regions with underserved 

populations have been proposed to address racial, economic and other disparities [27].
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Barriers to adequate screening vary by race, insurance status, and income and include 

access to transportation, child and elder care, inability to obtain time away from work, and 

cost. In particular, previous research on psychosocial factors influencing Black women’s 

decisions to screen reveals barriers due to distrust of the health care system, fear, fatalistic 

perceptions of cancer, inaccurate perceptions of risk, and associations with stigma [14]. Data 

suggest that false-positive results in Black women adversely affect subsequent screening 

rates [28]. Insurance coverage affects care decisions, and during this study period, insurance 

coverage of DBT was incomplete. In some cases, DBT screening required additional out-of-

pocket payments. Although this study does not include an assessment of payment by race, 

information on the additional cost for DBT was reported by each of the three centers. At 

AdvocateAurora Health (more than 50% of patients), there was no additional charge for DM 

versus DBT. At UPenn, there was initially a larger charge for DBT, but this disparity was 

ended by July 2016. At Sanford, patients received brochures regarding possible institutional 

foundation support for additional DBT-related screening.

Clinical guidelines affect the uniform adoption of DBT across racial groups. For example, 

the ACR, the National Comprehensive Cancer Network, and the American Society of 

Breast Surgeons include DBT in their screening guidelines, whereas other organizations, 

such as the US Preventive Services Task Force and the American College of Obstetricians 

and Gynecologists, do not. Additionally, these organizations provide conflicting guidelines 

regarding screening frequency. Real-world data such as those from this study can be used in 

efforts for guideline improvement.

There were several study limitations. The results from the three US health systems may 

not represent national practice or global performance. Asian and Hispanic women were 

underrepresented compared with national demographics. The study design did not allow 

the determination of whether women had been screened at study facilities before the study 

period or had been screened elsewhere. Lack of income and insurance status data limited the 

analysis of the impact of socioeconomic status or health care insurance coverage on access 

and utilization, and some observed disparities across racial groups may be confounded by 

socioeconomic status. Not all facilities completed both DBT and DM screening, which 

may have confounded issues of access. Last, cancer registry reporting was needed to 

calculate CDR and PPV1, and because of the lag for case reporting to these registries, case 

ascertainment may not have been complete. The study population for the cancer analyses is 

therefore more restricted than for the RR analysis, leading to reduced statistical power.

Although disparities in DBT utilization were identified, this study was not designed to fully 

investigate all the underlying reasons for these disparities. Additional research is required 

to elucidate these causes. It is unlikely that women can entirely influence their screening 

modalities, and therefore, interventions at societal, facility, and provider levels to ensure 

appropriate access to DBT are warranted.

CONCLUSIONS

Racial disparities in mammographic screening utilization were identified overall and 

specifically for DBT screening. Although not all comparisons reached statistical 
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significance, this study suggests that that the addition of DBT screening to DM is associated 

with improved screening performance, including improved RR, CDR, and PPV1 across all 

racial groups. Therefore, these data suggest that overcoming the existing disparities in DBT 

utilization may be key to improvement in the effectiveness and equity of breast cancer 

screening.
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TAKE-HOME POINTS

• This study demonstrated that relative to DM, the use of DBT for breast cancer 

screening is associated with improved patient screening metrics, including 

reductions in RRs (8.74 versus 10.06, adjusted P < .05) in parallel with 

increases in CDRs (4.73 versus 4.60, adjusted P < .05) and improved PPV1 

(5.29 versus 4.45, adjusted P < .05) for nearly all ages groups and races.

• Racial differences in screening frequency and DBT utilization are likely to be 

rooted in social, economic, cultural, and educational disparities.

• Less frequent screening of Black women may indicate a need for improved 

access and educational strategies to emphasize the importance of regular 

screening.

• Expanded access to DBT and the opportunity for earlier diagnosis through 

improved cancer detection is especially relevant for Black women because 

of known later stages at diagnosis and therefore lower breast cancer survival 

rates for this racial subgroup.

• Organizations such as the US Preventive Services Task Force and the 

American College of Obstetricians and Gynecologists provide conflicting 

guidelines regarding screening frequency, but real-world data such as those 

from this study can be used in efforts for guideline improvement.

Alsheik et al. Page 11

J Am Coll Radiol. Author manuscript; available in PMC 2022 August 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Alsheik et al. Page 12

Ta
b

le
 1

.

R
ac

ia
l d

is
tr

ib
ut

io
n 

of
 s

cr
ee

ne
d 

w
om

en

W
om

en
 W

it
h 

≥2
 S

cr
ee

ns
 (

n 
= 

23
5,

46
8)

W
om

en
 W

it
h 

1 
Sc

re
en

 (
n 

= 
15

0,
03

5)

C
ha

ra
ct

er
is

ti
c

n
%

n
%

P

R
ac

e

 
B

la
ck

47
,0

57
20

.0
35

,4
65

23
.6

<
.0

00
1*

 
W

hi
te

17
0,

85
3

72
.6

97
,4

56
65

.0
<

.0
00

1*

 
A

si
an

9,
26

9
3.

9
8,

69
2

5.
8

<
.0

00
1*

 
O

th
er

8,
28

9
3.

5
8,

42
2

5.
6

<
.0

00
1*

E
th

ni
ci

ty

 
H

is
pa

ni
c

13
,0

94
5.

9
9,

52
2

7.
9

<
.0

00
1*

 
N

on
-H

is
pa

ni
c

20
8,

82
7

94
.1

11
1,

35
9

92
.1

<
.0

00
1*

 
U

nk
no

w
n

13
,5

47
29

,1
54

<
.0

00
1*

* P 
<

 .0
5 

fo
r 

pa
ir

w
is

e 
te

st
s 

fo
r 

th
e 

di
st

ri
bu

tio
n 

of
 r

ac
es

 b
et

w
ee

n 
1 

sc
re

en
 a

nd
 2

 s
cr

ee
ns

.

J Am Coll Radiol. Author manuscript; available in PMC 2022 August 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Alsheik et al. Page 13

Ta
b

le
 2

.

C
ha

ra
ct

er
is

tic
s 

of
 th

e 
sc

re
en

ed
 p

op
ul

at
io

n 
at

 f
ir

st
 s

cr
ee

n,
 b

y 
ra

ce

R
ac

e

W
hi

te
 (

n 
= 

26
8,

30
9)

B
la

ck
 (

n 
= 

82
,5

22
)

A
si

an
 (

n 
= 

17
,9

61
)

O
th

er
 (

n 
= 

16
,7

11
)

To
ta

l (
n 

= 
38

5,
50

3)
P

A
ge

 (
y)

<
.0

01
*

 
n

26
8,

30
9

82
,5

22
17

,9
61

16
,7

11
38

5,
50

3

 
M

ea
n 

±
 S

D
57

.2
 ±

 1
0.

2
57

.3
 ±

 1
0.

3
55

.2
 ±

 1
0.

2
54

.3
 ±

 1
0.

0
57

.0
 ±

 1
0.

2

 
M

ed
ia

n 
(I

Q
R

)
57

 (
49

–6
5)

57
 (

49
–6

5)
54

 (
46

–6
3)

53
 (

46
–6

2)
57

 (
49

–6
5)

A
ge

 c
at

eg
or

ie
s

<
.0

01
†

 
40

–4
4 

y
35

,6
15

 (
13

.3
)

10
,5

41
 (

12
.8

)
3,

29
9 

(1
8.

4)
3,

37
9 

(2
0.

2)
52

,8
34

 (
13

.7
)

 
45

–4
9 

y
35

,8
17

 (
13

.3
)

11
,2

39
 (

13
.6

)
3,

11
6 

(1
7.

3)
3,

02
3 

(1
8.

1)
53

,1
95

 (
13

.8
)

 
50

–5
9 

y
85

,7
97

 (
32

.0
)

26
,1

58
 (

31
.7

)
5,

28
1 

(2
9.

4)
5,

25
7 

(3
1.

5)
12

2,
49

3 
(3

1.
8)

 
60

–6
9 

y
74

,9
56

 (
27

.9
)

22
,7

51
 (

27
.6

)
4,

42
6 

(2
4.

6)
3,

54
6 

(2
1.

2)
10

5,
67

9 
(2

7.
4)

 
70

–7
9 

y
36

,1
24

 (
13

.5
)

11
,8

33
 (

14
.3

)
1,

83
9 

(1
0.

2)
1,

50
6 

(9
.0

)
51

,3
02

 (
13

.3
)

M
en

op
au

se
 s

ta
tu

s
<

.0
01

†

 
Po

st
m

en
op

au
sa

l
12

8,
66

0 
(7

0.
2)

42
,3

80
 (

76
.4

)
7,

82
2 

(7
2.

4)
6,

50
0 

(7
4.

5)
18

5,
36

2 
(7

1.
8)

 
Pr

em
en

op
au

sa
l

54
,5

18
 (

29
.8

)
13

,1
18

 (
23

.6
)

2,
98

9 
(2

7.
6)

2,
22

3 
(2

5.
5)

72
,8

48
 (

28
.2

)

 
U

nk
no

w
n

85
,1

31
27

,0
24

7,
15

0
7,

98
8

12
7,

29
3

L
if

et
im

e 
ri

sk
 s

ta
tu

s‡
<

.0
01

†

 
A

ve
ra

ge
16

3,
21

6 
(8

8.
8)

70
,8

94
 (

94
.4

)
13

,5
06

 (
94

.9
)

12
,5

95
 (

94
.1

)
26

0,
21

1 
(9

0.
8)

 
E

le
va

te
d

20
,6

16
 (

11
.2

)
4,

21
7 

(5
.6

)
71

9 
(5

.1
)

78
3 

(5
.9

)
26

,3
35

 (
9.

2)

 
U

nk
no

w
n

84
,4

77
7,

41
1

3,
73

6
3,

33
3

98
,9

57

B
re

as
t d

en
si

ty
<

.0
01

†

 
A

lm
os

t e
nt

ir
el

y 
fa

tty
 (

A
)

17
,7

36
 (

6.
9)

7,
65

7 
(9

.3
)

38
9 

(2
.2

)
82

8 
(5

.0
)

26
,6

10
 (

7.
1)

 
Sc

at
te

re
d 

fi
br

og
la

nd
ul

ar
 d

en
si

tie
s 

(B
)

11
3,

24
0 

(4
3.

9)
41

,6
95

 (
50

.6
)

5,
28

5 
(2

9.
6)

7,
20

5 
(4

3.
4)

16
7,

42
5 

(4
4.

6)

 
H

et
er

og
en

eo
us

ly
 d

en
se

 (
C

)
10

3,
81

2 
(4

0.
2)

29
,6

05
 (

35
.9

)
9,

39
3 

(5
2.

6)
7,

30
4 

(4
4.

0)
15

0,
11

4 
(4

0.
0)

 
E

xt
re

m
el

y 
de

ns
e 

(D
)

23
,2

77
 (

9.
0)

3,
49

6 
(4

.2
)

2,
79

8 
(1

5.
7)

1,
26

5 
(7

.6
)

30
,8

36
 (

8.
2)

 
U

nk
no

w
n

10
,2

44
69

96
10

9
10

,5
18

N
um

be
r 

of
 s

cr
ee

ns
 d

ur
in

g 
st

ud
y 

pe
ri

od
<

.0
01

†

J Am Coll Radiol. Author manuscript; available in PMC 2022 August 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Alsheik et al. Page 14

R
ac

e

W
hi

te
 (

n 
= 

26
8,

30
9)

B
la

ck
 (

n 
= 

82
,5

22
)

A
si

an
 (

n 
= 

17
,9

61
)

O
th

er
 (

n 
= 

16
,7

11
)

To
ta

l (
n 

= 
38

5,
50

3)
P

 
1

97
,4

56
 (

36
.3

)
35

,4
65

 (
43

.0
)

8,
69

2 
(4

8.
4)

8,
42

2 
(5

0.
4)

15
0,

03
5 

(3
8.

9)

 
≥2

17
0,

85
3 

(6
3.

7)
47

,0
57

 (
57

.0
)

9,
26

9 
(5

1.
6)

8,
28

9 
(4

9.
6)

23
5,

46
8 

(6
1.

1)

Sc
re

en
in

g 
m

od
al

ity
 (

fi
rs

t s
cr

ee
n)

<
.0

01
†

 
D

M
10

5,
87

1 
(3

9.
5)

45
,8

83
 (

55
.6

)
6,

62
3 

(3
6.

9)
8,

70
1 

(5
2.

1)
16

7,
07

8 
(4

3.
3)

 
D

B
T

16
2,

43
8 

(6
0.

5)
36

,6
39

 (
44

.4
)

11
,3

38
 (

63
.1

)
8,

01
0 

(4
7.

9)
21

8,
42

5 
(5

6.
7)

Si
te

<
.0

01
†

 
A

dv
oc

at
eA

ur
or

a 
H

ea
lth

14
4,

44
2 

(5
3.

8)
55

,2
65

 (
67

.0
)

12
,7

52
 (

71
.0

)
12

,6
64

 (
75

.8
)

22
5,

12
3 

(5
8.

4)

 
U

ni
ve

rs
ity

 o
f 

Pe
nn

sy
lv

an
ia

67
,3

14
 (

25
.1

)
26

,9
29

 (
32

.6
)

4,
62

3 
(2

5.
7)

3,
39

8 
(2

0.
3)

10
2,

26
4 

(2
6.

5)

 
Sa

nf
or

d 
H

ea
lth

56
,5

53
 (

21
.1

)
32

8 
(0

.4
)

58
6 

(3
.3

)
64

9 
(3

.9
)

58
,1

16
 (

15
.1

)

N
ot

e:
 D

at
a 

ar
e 

ex
pr

es
se

d 
as

 n
um

be
r 

(p
er

ce
nt

ag
e)

 e
xc

ep
t a

s 
in

di
ca

te
d.

 D
B

T
 =

 d
ig

ita
l b

re
as

t t
om

os
yn

th
es

is
; D

M
 =

 d
ig

ita
l m

am
m

og
ra

ph
y;

 I
Q

R
 =

 in
te

rq
ua

rt
ile

 r
an

ge
.

* A
na

ly
si

s 
of

 v
ar

ia
nc

e.

† C
hi

-s
qu

ar
e 

te
st

.

‡ G
ai

l m
od

el
 (

5-
ye

ar
 r

is
k)

 o
r 

Ty
re

r–
C

uz
ic

k 
(l

if
et

im
e 

ri
sk

).

J Am Coll Radiol. Author manuscript; available in PMC 2022 August 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Alsheik et al. Page 15

Ta
b

le
 3

.

R
ec

al
l r

at
es

 s
tr

at
if

ie
d 

by
 r

ac
e 

an
d 

ag
e 

fo
r 

al
l w

om
en

W
hi

te
B

la
ck

A
si

an
O

th
er

A
ll 

W
om

en

U
ni

qu
e 

W
om

en
 (

n 
= 

26
8,

30
9)

U
ni

qu
e 

W
om

en
 (

n 
= 

82
,5

22
)

U
ni

qu
e 

W
om

en
 (

n 
= 

17
,9

61
)

U
ni

qu
e 

W
om

en
 (

n 
=1

6,
71

1)
U

ni
qu

e 
W

om
en

 (
n 

= 
38

5,
50

3)

A
ge

 C
at

eg
or

ie
s

A
ll 

Sc
re

en
s

D
B

T
D

M
P

D
B

T
D

M
P

D
B

T
D

M
P

D
B

T
D

M
P

D
B

T
D

M
P

n 
(s

cr
ee

ns
)

41
0,

49
3

16
7,

39
4

91
,0

54
71

,9
39

23
,9

93
9,

44
3

17
,4

05
12

,5
83

54
2,

94
5

26
1,

35
9

40
–4

4 
y

79
,4

80
13

.5
4

16
.0

0
13

.0
9

17
.2

8
15

.0
5

18
.0

0
12

.1
5

13
.2

8
13

.4
9

16
.1

7

45
–4

9 
y

10
3,

01
8

11
.4

3
13

.1
6

10
.5

1
13

.1
9

11
.0

6
14

.8
5

10
.6

3
12

.6
0

11
.2

1
13

.2
1

50
–5

9 
y

25
1,

85
4

8.
76

9.
40

8.
55

10
.4

9
10

.0
6

12
.2

2
7.

60
8.

78
8.

74
9.

76

60
–6

9 
y

15
0,

30
8

7.
13

8.
36

7.
38

9.
92

8.
39

11
.8

1
6.

56
7.

84
7.

20
8.

87

70
–7

9 
y

21
9,

64
4

6.
64

7.
72

6.
72

8.
77

7.
64

9.
29

6.
55

7.
31

6.
69

8.
07

A
ll

8.
70

9.
70

<
.0

00
1*

8.
60

10
.6

2
<

.0
00

1*
10

.1
7

12
.6

0
<

.0
00

1*
8.

52
9.

77
0.

00
01

*
8.

74
10

.0
6

<
.0

00
1*

N
ot

e:
 D

B
T

 =
 d

ig
ita

l b
re

as
t t

om
os

yn
th

es
is

; D
M

 =
 d

ig
ita

l m
am

m
og

ra
ph

y.

* In
di

ca
te

s 
a 

si
gn

if
ic

an
t d

if
fe

re
nc

e 
be

tw
ee

n 
D

B
T

 a
nd

 D
M

 f
or

 th
at

 r
ac

e 
at

 p
<

0.
05

, a
dj

us
te

d 
fo

r 
ag

e,
 b

re
as

t d
en

si
ty

 a
nd

 in
st

itu
tio

n.

J Am Coll Radiol. Author manuscript; available in PMC 2022 August 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Alsheik et al. Page 16

Ta
b

le
 4

.

R
ec

al
l r

at
es

 s
tr

at
if

ie
d 

by
 r

ac
e,

 a
ge

, a
nd

 s
cr

ee
ni

ng
 m

od
al

ity
 f

or
 w

om
en

 w
ith

 o
nl

y 
on

e 
ob

se
rv

ed
 s

cr
ee

n

W
hi

te
B

la
ck

A
si

an
O

th
er

A
ll 

W
om

en

U
ni

qu
e 

W
om

en
 (

n 
= 

97
,4

56
)

U
ni

qu
e 

W
om

en
 (

n 
= 

35
,4

65
)

U
ni

qu
e 

W
om

en
 (

n 
= 

8,
69

2)
U

ni
qu

e 
W

om
en

 (
n 

= 
8,

42
2)

U
ni

qu
e 

W
om

en
 (

n 
= 

15
0,

03
5)

A
ge

 C
at

eg
or

ie
s

A
ll 

Sc
re

en
s

D
B

T
D

M
P

D
B

T
D

M
P

D
B

T
D

M
P

D
B

T
D

M
P

D
B

T
D

M
P

n 
(s

cr
ee

ns
)

67
,6

57
29

,7
99

20
,6

05
14

,8
60

6,
17

5
2,

51
7

4,
87

2
3,

55
0

99
,3

09
50

,7
26

40
–4

4 
y

26
,0

40
19

.3
5

23
.4

4
18

.3
1

24
.0

0
22

.6
4

25
.1

7
17

.6
6

18
.1

8
19

.2
6

23
.1

4

45
–4

9 
y

22
,3

04
17

.5
8

21
.5

6
16

.7
8

20
.2

5
15

.5
3

24
.0

4
13

.9
5

17
.9

8
17

.0
4

21
.0

1

50
–5

9 
y

46
,1

74
15

.3
7

17
.9

3
13

.9
5

18
.2

1
15

.5
7

20
.9

2
12

.5
2

14
.6

2
14

.9
5

17
.9

2

60
–6

9 
y

23
,6

97
13

.5
5

16
.6

1
12

.4
1

17
.2

3
15

.8
6

19
.4

3
13

.6
1

12
.3

3
13

.4
5

16
.6

9

70
–7

9 
y

31
,8

20
12

.3
0

14
.4

7
11

.9
5

14
.7

6
14

.4
5

16
.6

1
9.

92
12

.7
8

12
.2

5
14

.5
8

A
ll

15
.5

3
18

.0
6

<
.0

00
1*

14
.6

5
18

.1
0

<
.0

00
1*

16
.9

6
20

.9
8

0.
00

03
*

13
.7

5
15

.3
5

0.
06

98
15

.3
5

18
.0

3
<

.0
00

1*

N
ot

e:
 D

B
T

 =
 d

ig
ita

l b
re

as
t t

om
os

yn
th

es
is

; D
M

 =
 d

ig
ita

l m
am

m
og

ra
ph

y.

* In
di

ca
te

s 
a 

si
gn

if
ic

an
t d

if
fe

re
nc

e 
be

tw
ee

n 
D

B
T

 a
nd

 D
M

 f
or

 th
at

 r
ac

e 
at

 P
 <

 .0
5,

 a
dj

us
te

d 
fo

r 
ag

e,
 b

re
as

t d
en

si
ty

, a
nd

 in
st

itu
tio

n.

J Am Coll Radiol. Author manuscript; available in PMC 2022 August 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Alsheik et al. Page 17

Ta
b

le
 5

.

R
ec

al
l r

at
es

 s
tr

at
if

ie
d 

by
 r

ac
e,

 a
ge

, a
nd

 s
cr

ee
ni

ng
 m

od
al

ity
 f

or
 w

om
en

 w
ith

 2
 o

r 
m

or
e 

ob
se

rv
ed

 s
cr

ee
ns

W
hi

te
B

la
ck

A
si

an
O

th
er

A
ll 

W
om

en

U
ni

qu
e 

W
om

en
 (

n 
= 

17
0,

85
3)

U
ni

qu
e 

W
om

en
 (

n 
= 

47
,0

57
)

U
ni

qu
e 

W
om

en
 (

n 
= 

9,
26

9)
U

ni
qu

e 
W

om
en

 (
n 

= 
8,

28
9)

U
ni

qu
e 

W
om

en
 (

n 
= 

23
5,

46
8)

A
ge

 C
at

eg
or

ie
s

A
ll 

Sc
re

en
s

D
B

T
D

M
P

D
B

T
D

M
P

D
B

T
D

M
P

D
B

T
D

M
P

D
B

T
D

M
P

n 
(s

cr
ee

ns
)

34
2,

83
6

13
7,

59
5

70
,4

49
57

,0
79

17
,8

18
6,

92
6

12
,5

33
9,

03
3

44
3,

63
6

21
0,

63
3

40
–4

4 
y

53
,4

40
10

.9
5

13
.1

6
9.

31
13

.9
2

<
.0

00
1*

10
.1

8
13

.9
6

8.
00

10
.5

1
10

.5
4

13
.1

6

45
–4

9 
y

80
,7

14
10

.0
0

10
.9

1
8.

23
10

.7
7

9.
46

11
.2

0
9.

37
10

.3
6

9.
66

10
.8

5

50
–5

9 
y

20
5,

68
0

7.
49

7.
58

6.
99

8.
37

8.
23

9.
26

5.
90

6.
70

7.
39

7.
80

60
–6

9 
y

12
6,

61
1

6.
09

6.
85

6.
19

8.
33

6.
24

9.
61

4.
42

6.
39

6.
07

7.
31

70
–7

9 
y

18
7,

82
4

5.
84

6.
49

5.
76

7.
54

5.
95

6.
83

5.
51

5.
31

5.
82

6.
79

A
ll

7.
35

7.
89

<
.0

00
1*

6.
83

8.
67

<
.0

00
1*

7.
40

8.
82

<
.0

00
1*

6.
49

7.
57

0.
00

3*
7.

26
8.

14
<

.0
00

1*

N
ot

e:
 D

B
T

 =
 d

ig
ita

l b
re

as
t t

om
os

yn
th

es
is

; D
M

 =
 d

ig
ita

l m
am

m
og

ra
ph

y.

* In
di

ca
te

s 
a 

si
gn

if
ic

an
t d

if
fe

re
nc

e 
be

tw
ee

n 
D

B
T

 a
nd

 D
M

 f
or

 th
at

 r
ac

e 
at

 P
 <

 .0
5,

 a
dj

us
te

d 
fo

r 
ag

e,
 b

re
as

t d
en

si
ty

, a
nd

 in
st

itu
tio

n.

J Am Coll Radiol. Author manuscript; available in PMC 2022 August 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Alsheik et al. Page 18

Ta
b

le
 6

.

A
dj

us
te

d 
od

ds
 r

at
io

s 
fo

r 
th

e 
ef

fe
ct

 o
f 

sc
re

en
in

g 
m

od
al

ity
 (

di
gi

ta
l b

re
as

t t
om

os
yn

th
es

is
 v

s 
di

gi
ta

l m
am

m
og

ra
ph

y)
 o

n 
re

ca
ll,

 o
ve

ra
ll,

 a
nd

 b
y 

ra
ce

W
hi

te
B

la
ck

A
si

an
O

th
er

A
ll 

W
om

en

U
ni

qu
e 

W
om

en
 (

n 
= 

26
8,

30
9)

U
ni

qu
e 

W
om

en
 (

n 
= 

82
,5

22
)

U
ni

qu
e 

W
om

en
 (

n 
= 

17
,9

61
)

U
ni

qu
e 

W
om

en
 (

n 
= 

16
,7

11
)

U
ni

qu
e 

W
om

en
 (

n 
= 

38
5,

50
3)

95
%

 C
I

95
%

 C
I

95
%

 C
I

95
%

 C
I

95
%

 C
I

A
ge

 C
at

eg
or

y
O

R
L

ow
er

U
pp

er
O

R
L

ow
er

U
pp

er
O

R
L

ow
er

U
pp

er
O

R
L

ow
er

U
pp

er
O

R
L

ow
er

U
pp

er

40
–4

4 
y*

0.
81

9
0.

77
5

0.
86

6
0.

70
6

0.
64

1
0.

77
8

0.
83

3
0.

69
6

0.
99

7
0.

88
2

0.
73

4
1.

05
9

0.
80

5
0.

77
0

0.
84

2

45
–4

9 
y*

0.
87

8
0.

83
4

0.
92

5
0.

81
5

0.
74

4
0.

89
3

0.
77

7
0.

65
0

0.
92

9
0.

81
3

0.
68

1
0.

97
1

0.
86

1
0.

82
5

0.
89

8

50
–5

9 
y*

0.
95

8
0.

92
3

0.
99

4
0.

86
6

0.
81

4
0.

92
2

0.
83

2
0.

72
2

0.
95

9
0.

82
6

0.
70

5
0.

96
7

0.
92

4
0.

89
7

0.
95

3

60
–6

9 
y*

0.
88

8
0.

84
5

0.
93

3
0.

77
6

0.
71

2
0.

84
5

0.
72

5
0.

59
9

0.
87

6
0.

81
8

0.
63

7
1.

04
9

0.
84

5
0.

81
1

0.
88

0

70
–7

9 
y*

0.
89

2
0.

85
4

0.
93

1
0.

84
0

0.
78

3
0.

90
1

0.
89

4
0.

74
6

1.
07

3
0.

91
4

0.
72

8
1.

14
8

0.
87

4
0.

84
4

0.
90

5

A
ll†

0.
89

7
0.

87
9

0.
91

6
0.

81
3

0.
78

5
0.

84
1

0.
81

7
0.

75
6

0.
88

1
0.

84
4

0.
77

5
0.

91
9

0.
87

0
0.

85
6

0.
88

5

N
ot

e:
 C

I 
=

 c
on

fi
de

nc
e 

in
te

rv
al

; O
R

 =
 o

dd
s 

ra
tio

.

* B
y 

ag
e 

gr
ou

p:
 O

R
 a

dj
us

te
d 

fo
r 

in
st

itu
tio

n 
an

d 
br

ea
st

 d
en

si
ty

.

† A
ll:

 O
R

 a
dj

us
te

d 
fo

r 
ag

e,
 in

st
itu

tio
n,

 a
nd

 b
re

as
t d

en
si

ty
.

J Am Coll Radiol. Author manuscript; available in PMC 2022 August 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Alsheik et al. Page 19

Ta
b

le
 7

.

C
an

ce
r 

de
te

ct
io

n 
ra

te
s 

by
 m

od
al

ity
, a

ge
 a

nd
 r

ac
e

D
B

T
D

M

N
um

be
r 

of
 S

cr
ee

ns
C

an
ce

rs
 D

et
ec

te
d

C
an

ce
rs

 D
et

ec
te

d 
pe

r 
1,

00
0 

Sc
re

en
s

N
um

be
r 

of
 S

cr
ee

ns
C

an
ce

rs
 D

et
ec

te
d

C
an

ce
rs

 D
et

ec
te

d 
pe

r 
1,

00
0 

Sc
re

en
s

P

To
ta

l
31

8,
31

1
1,

50
7

4.
73

18
1,

06
5

83
2

4.
60

.0
01

1*

40
–4

5 
y

42
,1

10
97

2.
30

19
,9

97
38

1.
90

.9
22

2

46
–4

9 
y

34
,7

06
10

1
2.

91
17

,2
75

54
3.

13
.6

49
8

50
–5

9 
y

10
0,

59
1

43
1

4.
28

56
,3

93
21

6
3.

83
.0

59
0

60
–6

9 
y

92
,9

34
53

1
5.

71
55

,6
70

30
7

5.
51

.0
58

5

70
–7

9 
y

47
,9

70
34

7
7.

23
31

,7
30

21
7

6.
84

.0
37

1*

W
hi

te
24

5,
48

0
1,

17
5

4.
79

11
4,

87
9

53
1

4.
62

.0
01

6*

B
la

ck
50

,5
52

24
7

4.
89

50
,4

40
24

0
4.

76
.2

08
3

A
si

an
13

,3
47

61
4.

57
6,

66
6

33
4.

95
.7

88
4

O
th

er
8,

93
2

24
2.

69
9,

08
0

28
3.

08
.6

87
7

N
ot

e:
 O

ut
co

m
es

 a
re

 b
as

ed
 o

n 
tu

m
or

 r
eg

is
tr

y 
re

su
lts

 o
nl

y.
 C

om
pl

et
e 

tu
m

or
 r

eg
is

tr
y 

da
ta

 w
er

e 
av

ai
la

bl
e 

fo
r 

a 
su

bs
et

 o
f 

th
e 

st
ud

y 
pe

ri
od

, a
nd

 o
nl

y 
re

ca
ll 

da
ta

 f
ro

m
 th

at
 ti

m
e 

pe
ri

od
 w

er
e 

in
cl

ud
ed

 in
 th

is
 

an
al

ys
is

. P
 v

al
ue

s 
ar

e 
fo

r 
th

e 
co

m
pa

ri
so

n 
be

tw
ee

n 
D

B
T

 a
nd

 D
M

 f
or

 th
at

 le
ve

l o
f 

ea
ch

 c
ha

ra
ct

er
is

tic
, a

dj
us

te
d 

fo
r 

ag
e 

ca
te

go
ry

, i
ns

tit
ut

io
n,

 r
ac

e,
 b

re
as

t d
en

si
ty

, a
nd

 n
um

be
r 

of
 s

cr
ee

ns
 w

he
n 

th
at

 is
 n

ot
 th

e 
co

m
pa

ri
so

n 
be

in
g 

ca
lc

ul
at

ed
 (

eg
, t

he
 c

om
pa

ri
so

n 
be

tw
ee

n 
D

B
T

 a
nd

 D
M

 f
or

 4
0–

45
 y

ea
rs

 is
 n

ot
 a

dj
us

te
d 

fo
r 

ag
e)

. D
B

T
 =

 d
ig

ita
l b

re
as

t t
om

os
yn

th
es

is
; D

M
 =

 d
ig

ita
l m

am
m

og
ra

ph
y.

* P 
<

 .0
5.

J Am Coll Radiol. Author manuscript; available in PMC 2022 August 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Alsheik et al. Page 20

Ta
b

le
 8

.

Po
si

tiv
e 

pr
ed

ic
tiv

e 
va

lu
e 

1 
fo

r 
ca

nc
er

 s
cr

ee
ni

ng
, b

y 
ag

e,
 r

ac
e,

 a
nd

 n
um

be
r 

of
 s

cr
ee

ns

D
B

T
D

M

N
um

be
r 

of
 C

an
ce

rs
 

A
m

on
g 

R
ec

al
ls

N
um

be
r 

of
 R

ec
al

ls
P

P
V

1
N

um
be

r 
of

 C
an

ce
rs

 
A

m
on

g 
R

ec
al

ls
N

um
be

r 
of

 R
ec

al
ls

P
P

V
1

D
if

fe
re

nc
e 

in
 P

P
V

1 
(D

B
T-

D
M

)
P

To
ta

l
1,

50
7

28
,5

10
5.

29
83

2
18

,6
82

4.
45

0.
83

<
.0

00
1*

40
–4

4 
y

71
4,

70
8

1.
51

32
2,

61
2

1.
23

0.
28

.6
38

3

45
–4

9 
y

12
7

4,
93

0
2.

58
60

2,
88

2
2.

08
0.

49
.3

09
9

50
–5

9 
y

43
1

9,
01

1
4.

78
21

6
5,

67
0

3.
81

0.
97

.0
12

1*

60
–6

9 
y

53
1

6,
66

0
7.

97
30

7
5,

01
9

6.
12

1.
86

.0
00

2*

70
–7

9 
y

34
7

3,
20

1
10

.8
4

21
7

2,
49

9
8.

68
2.

16
.0

04
0*

W
hi

te
1,

17
5

21
,8

30
5.

38
53

1
11

,4
88

4.
62

0.
76

<
.0

00
1*

B
la

ck
24

7
4,

50
8

5.
48

24
0

5,
42

7
4.

42
1.

06
.0

03
3*

A
si

an
61

1,
41

6
4.

31
33

86
7

3.
81

0.
5

.4
01

8

O
th

er
24

75
6

3.
17

28
90

0
3.

11
0.

06
.9

11
3

1 
sc

re
en

79
4

8,
84

2
8.

98
58

4
6,

69
9

8.
72

0.
26

.7
59

≥2
 s

cr
ee

ns
71

3
19

,6
68

3.
63

24
8

11
,9

83
2.

07
1.

56
<

.0
00

1*

A
lm

os
t e

nt
ir

el
y 

fa
tty

 (
A

)
49

83
5

5.
87

34
72

7
4.

68
1.

19
.6

09
0

Sc
at

te
re

d 
fi

br
og

la
nd

ul
ar

 d
en

si
tie

s 
(B

)
62

1
10

,4
60

5.
94

39
7

8,
05

3
4.

93
1.

01
.0

02
2*

H
et

er
og

en
eo

us
ly

 d
en

se
 (

C
)

70
7

13
,9

86
5.

06
34

8
8,

47
7

4.
11

0.
95

<
.0

00
1*

E
xt

re
m

el
y 

de
ns

e 
(D

)
12

8
3,

12
4

4.
1

53
1,

38
5

3.
83

0.
27

.1
06

4

U
nk

no
w

n
2

10
5

1.
9

0
40

0
1.

9
N

A

N
ot

e:
 P

 v
al

ue
s 

ar
e 

fo
r 

th
e 

co
m

pa
ri

so
n 

be
tw

ee
n 

D
B

T
 a

nd
 D

M
 f

or
 th

at
 le

ve
l o

f 
ea

ch
 c

ha
ra

ct
er

is
tic

, a
dj

us
te

d 
fo

r 
ag

e 
ca

te
go

ry
, i

ns
tit

ut
io

n,
 r

ac
e,

 b
re

as
t d

en
si

ty
, a

nd
 n

um
be

r 
of

 s
cr

ee
ns

 w
he

n 
th

at
 is

 n
ot

 th
e 

co
m

pa
ri

so
n 

be
in

g 
ca

lc
ul

at
ed

 (
eg

, t
he

 c
om

pa
ri

so
n 

be
tw

ee
n 

D
B

T
 a

nd
 D

M
 f

or
 4

0–
45

 y
ea

rs
 is

 n
ot

 a
dj

us
te

d 
fo

r 
ag

e)
. D

B
T

 =
 d

ig
ita

l b
re

as
t t

om
os

yn
th

es
is

; D
M

 =
 d

ig
ita

l m
am

m
og

ra
ph

y;
 P

PV
1 

=
 p

os
iti

ve
 

pr
ed

ic
tiv

e 
va

lu
e.

* P 
<

 .0
5.

J Am Coll Radiol. Author manuscript; available in PMC 2022 August 20.


	Abstract
	Graphical Abstract
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	References
	Table 1.
	Table 2.
	Table 3.
	Table 4.
	Table 5.
	Table 6.
	Table 7.
	Table 8.

