Breast Cancer Research and Treatment (2021) 189:237-246
https://doi.org/10.1007/5s10549-021-06252-1

EPIDEMIOLOGY q

Check for
updates

Impact of the COVID-19 pandemic on breast cancer screening volumes
and patient screening behaviors

Matthew M. Miller'© . Max O. Meneveau? - Carrie M. Rochman’ - Anneke T. Schroen? - Courtney M. Lattimore? -
Patricia A. Gaspard’ - Richard S. Cubbage' - Shayna L. Showalter?

Received: 17 March 2021/ Accepted: 4 May 2021 / Published online: 25 May 2021
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2021

Abstract

Purpose In order to facilitate targeted outreach, we sought to identify patient populations with a lower likelihood of return-
ing for breast cancer screening after COVID-19-related imaging center closures.

Methods Weekly total screening mammograms performed throughout 2019 (baseline year) and 2020 (COVID-19-impacted
year) were compared. Demographic and clinical characteristics, including age, race, ethnicity, breast density, breast cancer
history, insurance status, imaging facility type used, and need for interpreter, were compared between patients imaged from
March 16 to October 31 in 2019 (baseline cohort) and 2020 (COVID-19-impacted cohort). Census data and an online map
service were used to impute socioeconomic variables and calculate travel times for each patient. Logistic regression was
used to identify patient characteristics associated with a lower likelihood of returning for screening after COVID-19-related
closures.

Results The year-over-year cumulative difference in screening mammogram volumes peaked in week 21, with 2962 fewer
exams in the COVID-19-impacted year. By week 47, this deficit had reduced by 49.4% to 1498. A lower likelihood of return-
ing for screening after COVID-19-related closures was independently associated with younger age (odds ratio (OR) 0.78,
p<0.001), residence in a higher poverty area (OR 0.991, p=0.014), lack of health insurance (OR 0.65, p=0.007), need
for an interpreter (OR 0.68, p=0.029), longer travel time (OR 0.998, p <0.001), and utilization of mobile mammography
services (OR 0.27, p<0.001).

Conclusion Several patient factors are associated with a lower likelihood of returning for screening mammography after
COVID-19-related closures. Knowledge of these factors can guide targeted outreach to vulnerable patients to facilitate breast
cancer screening.
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Abbreviations Introduction

IQR Interquartile range

OR  Odds ratio The beginning of the COVID-19 pandemic in March 2020
CI  Confidence interval prompted government and health organizations to implement

policies aimed at decreasing the spread of the virus among
patients and providers. These strategies and patient percep-
tions of the safety of in-person medical care led to a sig-
nificant decline in medical encounters [1, 2]. Non-emergent
outpatient radiology services were among the most com-
monly postponed encounters during the early stages of the
COVID-19 pandemic [1] as the effort to limit the spread
of the virus necessitated triaging patients by weighing the
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largest decreases in volume among all modalities in radi-
ology [2]. National organizations including the American
College of Radiology, American Society of Breast Surgeons,
and Society of Breast Imaging issued statements in March
2020 recommending that all screening mammography be
postponed [3, 4]. Following these recommendations, many
radiology practices saw a significant drop in the number of
patients screened during late March—April 2020 [1], with
some facilities reporting total screening volume drops of
99% [2].

In mid-April 2020, national organizations began to shift
focus toward a cautious reopening of radiologic services,
which included issuing recommendations that breast cancer
screening services reopen using a phased approach based on
patient personal risk for breast cancer [5, 6]. In May—July
2020, a slow recovery phase began as radiology practices
gradually started offering services that had been temporar-
ily halted [2, 7].

As patients returned to have their postponed screening
mammograms, year-over-year comparisons of the volume
of weekly mammograms performed emerged as a useful
way to monitor the recovery of screening exam volumes to
pre-pandemic levels [2, 8]. However, global metrics do not
provide patient-level data which are important in determin-
ing individual patient populations that did and did not return
for screening after having their mammogram postponed due
to COVID-19. This information is of paramount impor-
tance in designing outreach efforts to encourage patients
to resume breast cancer screening. Previous studies have
suggested that several patient variables may affect patient
breast cancer screening behaviors, including age [9-12], race
[11-13], breast density [14], and socioeconomic variables
[13, 15-17].

As society at large has slowly begun the process of recov-
ery from the COVID-19 pandemic, the purpose of this study
was to identify vulnerable patient populations with a lower
likelihood of returning for delayed breast cancer screening
who are at risk of being left behind by current recovery strat-
egies. By identifying at-risk groups, targeted outreach can
be extended to these patients as part of an inclusive and
pro-active recovery effort toward resuming breast cancer
screening.

Methods

This study was Institutional Review Board-approved
and compliant with the Health Insurance Portability and
Accountability Act (HIPAA).
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Mammographic screening examination volumes

The total number of screening mammograms performed at
our institution by week was extracted from the electronic
medical record for all of 2019 (baseline year) and all of
2020 (COVID-19-impacted year) through November 2020.
Imaging was performed at the main breast care center,
one of two satellite outpatient sites, or the mobile mam-
mography bus. The numbers of screening mammograms
performed in the baseline and COVID-19-impacted years
were compared on a week-by-week and cumulative year-
to-date basis.

Study population

Two patient cohorts were retrospectively created for the
purposes of this study. The first cohort (COVID-19-im-
pacted cohort) consisted of patients who received a screen-
ing mammogram from March 16, 2020, the date screen-
ing mammography had been stopped due to the pandemic,
through October 31, 2020, the date our screening volumes
and operations had been normalized to pre-pandemic
volumes. The second cohort (baseline cohort) included
patients who received a screening mammogram during the
same time period in the preceding year (March 16, 2019
to October 31, 2019). These date ranges correspond with
weeks 11 to 43 for both years. At our institution, screen-
ing mammograms scheduled from weeks 11-17 during the
COVID-19-impacted year were postponed.

Clinical and demographic data

Demographic and clinical data were extracted from the
medical record, including age, race, ethnicity, breast den-
sity, history of breast cancer, health insurance carrier, loca-
tion of imaging facility used, and need for an interpreter
for healthcare visits. For the baseline cohort, whether each
patient experienced a “callback” from screening for addi-
tional diagnostic imaging of a suspicious finding in the
baseline year was recorded as well as whether each patient
returned for annual screening in the expected time window
in the COVID-19-impacted year. For the purposes of this
study, patients who presented for breast imaging in the
expected annual screening window but who received diag-
nostic evaluation for breast symptoms at that encounter
were included as having returned for breast cancer screen-
ing since, per our standard clinical practice, most of these
patients received full screening examinations, as well, and
were not expected to return again for imaging during that
same annual screening window.
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Geocoding

Patient postal addresses were geocoded to obtain the lati-
tude, longitude, and census tract in which the patients reside
using Topologically Integrated Geographic Encoding and
Referencing (TIGER) files (2018) from the United States
Census Bureau. Geocoding was performed using SAS soft-
ware version 9.4 (SAS Institute, Cary, NC). Map visualiza-
tions were created in R (v4.0.2) using the TIGER files and
the “sf” package.

Travel time

Travel time from each patient’s residence to the imaging
center where the screening mammogram was performed
was obtained through repeated calls to the Google Maps
web page (Google, Menlo Park, CA) using the SAS FILE-
NAME URL method in SAS version 9.4 [18]. Latitudes and
longitudes of the patient addresses and each imaging site
location were used to identify the shortest driving time by
car without accounting for traffic. For patients with only a
P.O. Box address listed, travel time was approximated from
the centroid of the ZIP code of the P.O. Box to the imaging
center. For patients imaged via a mobile mammography bus,
travel time was calculated from the patient’s residence to our
primary imaging center.

Imputed socioeconomic variables

Census tract data were used in conjunction with the geo-
coded addresses to impute socioeconomic variables for each
patient. Census tracts were linked to the American Com-
munity Survey 2015-2019 5-year estimates to get socioeco-
nomic variables for each patient for whom we could identify
a census tract. Specifically, the area-level median household
income and percent of population living below the poverty
line were obtained for each patient based on the data for the
census tract in which they reside. Socioeconomic data could
not be imputed for patients who had only a P.O. Box address
listed or an address not recognized by the census data, such
as those living in areas of new development.

Statistics

For the statistical analysis, patient clinical and demographic
variables were dichotomized where possible and included
age (less than 65 vs. greater than or equal to 65), self-iden-
tified race [categorized given the sample’s distribution by
race as White vs. All Other Races (including Black, Asian,
Native Hawaiian and Other Pacific Islander, Other Race,
and Multiple Races)], ethnicity (non-Hispanic vs. Hispanic),
breast density (non-dense vs. dense), health insurance status
(any insurance carrier (including Medicare and Medicaid)

vs. no insurance carrier/covered by charitable funds), type of
imaging facility used (non-mobile imaging sites vs. mobile
mammography bus), and 2019 screening mammogram BI-
RADS Assessment Category [no callback (BI-RADS 1 or 2)
vs. callback (BI-RADS 0)]. Drive time and imputed socio-
economic variables were not dichotomized. All other vari-
ables were dichotomized as yes/no.

Direct statistical comparison of the baseline and COVID-
19-impacted cohorts was not possible due to partial overlap
of the individuals in the two groups, but summary statistics
were generated for comparison.

The baseline cohort was evaluated by univariate and
multivariate logistic regression to identify patient variables
associated with returning for breast imaging in the expected
time window in the COVID-19-impacted year. In the subset
of the baseline cohort patients who had imputed socioeco-
nomic information, the univariate and multivariate logistic
regression analyses were repeated with the socioeconomic
information included as additional covariates. For these
multivariate logistic regression analyses, a Wald test was
conducted to determine whether the addition of the imputed
socioeconomic variables improved the fit of the model.

Statistical analyses were performed using Stata version
14.2 (StataCorp, College Station, TX).

Results

Impact of COVID-19 on mammographic breast
cancer screening volumes

The number of screening mammograms performed during
the COVID-19-impacted year was compared on a week-
by-week basis with the number of screening mammograms
performed during the baseline year (Fig. 1a). The expected
drop in screening volumes was seen beginning in week 11,
which corresponds with the onset of COVID-19-related clo-
sures. After gradual reopening of screening mammography
began in week 18, an increase in volume occurred (Fig. 1a).
Weekly screening volumes reached baseline levels at week
22 and remained higher than baseline until week 34.

The cumulative year-to-date screening exam volumes were
compared for the COVID-19-impacted and baseline years
(Fig. 1b) and the cumulative difference between year-to-date
screening mammograms was calculated (Fig. 1c¢). The differ-
ence in number of screening mammograms reached its great-
est magnitude in week 21, with 2,962 fewer screening mam-
mograms performed year-to-date in the COVID-19-impacted
year compared to the baseline year. Starting with week 22, a
significant recovery in the screening mammogram deficit was
observed until week 43, at which point the deficit plateaued.
At week 47, the cumulative total of screening mammograms
performed was 15,339 in the baseline year and 13,841 in the
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Fig. 1 Impact of COVID-19 on mammographic breast cancer screen-
ing volumes: a Screening mammograms performed by week for 2019
(baseline year) and 2020 (COVID-19-impacted year). b Cumulative

COVID-19-impacted year, for a final cumulative deficit of
1,498 mammograms. This not only represents a 9.8% year-
over-year decrease in cumulative screening mammograms but
also a 49.4% reduction in the screening mammogram deficit
from its maximum at week 22.

Comparison of post-COVID-19 and baseline cohorts

A total of 19,819 patients were included in this study, with
10,757 patients in the baseline cohort and 9062 patients in
the COVID-19-impacted cohort. Due to a small amount of
absent data in the medical record, sample sizes for the logistic
regression analyses varied slightly based on available data, as
indicated by the sample sizes noted in the tables.

While direct statistical comparison of the two cohorts was
not possible due to expected overlap of the individuals in the
groups, the COVID-19-impacted cohort had a slightly older
median age, a relative increase in patients with dense breasts,
and a higher fraction of patients with a history of breast cancer
relative to the baseline cohort (Table 1). The COVID-19-im-
pacted cohort had lower percentages of uninsured women and
women imaged via the mobile mammography bus. Patients
in the COVID-19-impacted cohort also had a shorter drive
time relative to the baseline cohort (Table 1). Regarding the
imputed socioeconomic variables, the COVID-19-impacted
cohort had higher area-level median household income and
lower area-level percent living below the poverty line than the
baseline cohort (Table 1).
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year-to-date screening mammograms performed by week for 2019
and 2020. ¢ Cumulative difference of year-to-date screening mammo-
grams between 2019 and 2020

Patient variables associated
with returning for screening mammogram
in the COVID-19-impacted year

Geographic analysis

While the majority of patients in the baseline cohort came
from regions in our primary catchment area, a significant
proportion came from outlying regions (Fig. 2a). Patients
from outlying region suffered the most dramatic percent
decrease in returning for screening in the COVID-19-im-
pacted year (Fig. 2b).

Univariate analysis

Univariate analysis of the baseline cohort demonstrated that
the likelihood of returning for a screening mammogram in
the COVID-19-impacted year was positively associated
with older patient age [odds ratio (OR) 1.51; p<001],
dense breasts (OR 1.13; p=0.004), having been called back
from screening in 2019 for diagnostic workup (OR 1.28;
p <0.001), and personal history of breast cancer (OR 2.12;
p<0.001) (Table 2). Among patients with imputed socio-
economic data, the likelihood of returning in the COVID-
19-impacted year was also positively associated with higher
area-level median household income (OR 1.005; p <0.001)
(Table 3).
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Table 1 Comparison of the demographic, clinical, and imputed socioeconomic variables of the baseline (2019) and COVID-19-impacted (2020)

cohorts

Baseline cohort

COVID-19-impacted cohort

Demographic and clinical variables (n=10,757) (n=9,062)
Age
Median [IQR] 62 [54, 70] 62 [53,70]
Under 65 years of age 57.3% 58.2%
Race
White 77.8% 79.8%
Black 13.8% 14.5%
Asian or Pacific Islander 1.4% 1.2%
Other race or multiple races 3.8% 3.6%
Patient declined or race not recorded 3.3% 1.0%
Ethnicity
Non-Hispanic 93.2% 95.6%
Hispanic 3.0% 2.8%
Patient declined or ethnicity not recorded 3.9% 1.6%
Breast density (% non-dense) 68.9% 66.8%
Breast cancer history (% no history) 90.3% 89.2%
Insurance type (% Insured) 97.5% 98.0%
Imaging site type (% non-mobile) 90.1% 92.4%
Requires interpreter (% not requiring interpreter) 97.1% 97.4%
Travel time in minutes (median [IQR]) 29 [15, 53] 28 [15, 48]
Imputed socioeconomic variables (n=8,960) (n=17,637)

Median household income (median [IQR])
Percent Under the Poverty Line (median [IQR])

$69,679 [$59,286, $80,828]
8.7% [4.9%, 13.0%]

$71,272 [$60,200, $80,828]
8.4% [4.9%, 12.6%]

Direct statistical comparison of the two cohorts was not possible due to partial overlap of the individuals in the two groups, but summary statis-

tics were generated for comparison
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Fig.2 Impact of COVID-19 on mammographic breast cancer screen-
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Table 2 Univariate and
multivariate logistic regression
analyses of association between

Predictor variable

Multivariate
OR [CI]

Univariate
OR [C]]

p value p value

predictor variables and whether
a patient in the baseline cohort
(2019) returned for screening
in the COVID-19-impacted
year (2020) (n=10,213 for
multivariate model)

Age

Under 65

65 or older
Race

White

All other races
Ethnicity

Non-Hispanic

Hispanic
Breast density

Non-dense

Dense
Insurance status

Insured

Not insured
Imaging site type

Standard

Mobile

Called back from screening in 2019

Yes
No
History of breast cancer
No
Yes
Requires interpreter
No
Yes

Travel time to imaging center’ (continuous)

1.51[1.39,1.63] <0.001* 1.29[1.19,1.41] <0.001*

0.76 [0.69, 0.83] <0.001* 0.88[0.80,0.98] 0.021*

0.44[0.37,0.55] <0.001* 0.77 [0.56,1.05] 0.104

1.13[1.04,1.23]  0.004* 1.10[1.01, 1.21]  0.027*

0.42[0.32,0.55] <0.001* 0.65[0.47,0.89] 0.007*

0.14[0.12,0.17] <0.001* 0.27[0.22,0.32] <0.001*

1.28 [1.12,1.46] <0.001* 1.13[0.98,1.30] 0.104

2.12[1.84,2.44] <0.001* 1.78[1.54,2.06] <0.001%*

0.41[.32,0.52] <0.001* 0.68[0.48,0.96] 0.029*
0.77[0.73,0.80] <0.001* 0.88[0.84,0.91] <0.001*

“All Other Races” includes Black, Asian or Pacific Islander, Other Race or Multiple Races, and Patient

Declined or Race Not Recorded

OR odds ratio, CI 95% confidence interval

*Statistically significant (p <0.05)

"In hours

Table 3 Univariate regression analyses testing the association
between imputed socioeconomic predictor variables and whether a
baseline cohort (2019) patient returned for screening in the COIVD-
19-impacted year (2020)

Predictor variable Univariate
OR [CI] p value
Median household income’ 1.005 [1.003, 1.007] <0.001*
(Continuous)
Percent living below pov-  0.982 [0.976, 0.987] <0.001*

erty level (continuous)

OR odds ratio, CI 95% confidence interval
*Statistically significant (p <0.05)

*In thousands of dollars
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Univariate analysis of the COVID-19-impacted cohort
also demonstrated that the likelihood of returning for a
screening mammogram was negatively associated with
numerous variables including self-reported race other
than White (OR 0.76; p <0.001), self-reported Hispanic
ethnicity (OR 0.44; p <0.001), uninsured status (OR 0.42;
p <0.001), being imaged via the mobile mammography
bus (OR 0.14; p <0.001), requiring an interpreter (OR
0.41; p<0.001), and higher travel time from home to
imaging center (OR 0.77; p <0.001) (Table 2). Among
those with imputed socioeconomic data, the likelihood
of returning for a screening mammogram in the COVID-
19-impacted year was also negatively associated with
higher area-level percent living below the poverty line
(OR 0.982; p<0.001) (Table 3).
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Multivariate analysis

Multivariate analysis demonstrated an independent positive
association between returning in the COVID-19-impacted
year for screening and older patient age (OR 1.29; p <001),
dense breasts (OR 1.10; p=0.027), and personal history of
breast cancer (OR 1.78; p <0.001) (Table 2). There was also
an independent negative association between returning in the
COVID-19-impacted year for screening and self-reported
race other than White (OR 0.88; p=0.021), uninsured status
(OR 0.65; p=0.007), being imaged on the mobile mammog-
raphy bus (OR 0.27; p <0.001), requiring an interpreter (OR
0.68; p=0.029), and longer travel time to imaging center
(OR 0.88; p<0.001). The variables of ethnicity and being
called back from screening in the baseline year were not
independently associated with returning for screening in the
COVID-19-impacted year (Table 2).

Influence of socioeconomic factors

Adding the imputed socioeconomic variables (median
household income and percent living below the poverty
line) improved the fit of our multivariate regression models
(p=0.048) (Table S1). This improved fit appears to be due
primarily to the variable of percent living below the pov-
erty line, which demonstrated an independent association
with returning for screening in the COVID-19-impacted year
(OR 0.991; p=0.014) (Table S1). Interestingly, the addi-
tion of the imputed socioeconomic variables led to race
dropping out of statistical significance (OR 0.90; p =0.067)
(Table S1).

Discussion

The purpose of this study was to identify patient populations
at risk for delayed breast cancer screening due to COVID-
19 in order to facilitate inclusive, targeted outreach to these
patient populations. Such outreach is essential to prevent
these patients from suffering the consequences of delayed
screening, including delayed diagnosis and later-stage pres-
entation of breast cancer.

Our screening mammogram volume data demonstrate that
after gradual reopening of screening mammography began
in week 18 of the COVID-19-impacted year, an increase in
screening volumes reduced the deficit in cumulative screen-
ing mammograms compared to the baseline year, but only
by 49.4% as of week 47. This suggests that up to half of
patients whose screening mammograms were delayed due
to COVID-19 still had not returned for their screening mam-
mogram as of late 2020 and are at risk for being left behind
by current COVID-19 recovery strategies if they are not
updated in a way that helps engage these patients.

Our study demonstrated an independent association
between younger patient age and a lower likelihood of
returning for breast cancer screening in the COVID-
19-impacted year. This reluctance of younger patients
to return for screening was unexpected, given the lower
risk for younger patients of severe complications associ-
ated with COVID-19 infection [19-21] and the reported
lower concern about COVID-19 among individuals under
65 years of age [22]. The lower likelihood of younger
patients to return for screening could reflect a higher
concern about COVID-19 among younger patients than
previously realized or possibly a lower concern about
breast cancer relative to older patients. Other patient fac-
tors, such as employment or family responsibilities, may
also have influenced whether younger patients returned
for screening.

Including the imputed socioeconomic variables of median
household income and percent living below the poverty line
in our logistic regression analysis improved the fit of our
model. In particular, there was an independent association
between patients residing in higher poverty areas and a lower
likelihood of returning for screening in the COVID-19-im-
pacted year. These findings are consistent with other studies
which have shown that patients from disadvantaged areas are
less likely to receive recommended mammographic screen-
ing than women living in the most advantaged areas [15,
17]. Our study suggests that this trend has been exacerbated
by the COVID-19 pandemic. Census tract data are readily
and publicly available and could be used to determine which
patients would be at risk based on area-level socioeconomic
variables.

Interestingly, while our initial regression analysis sug-
gested that self-reported non-White race was associated with
a lower likelihood of returning for screening, this association
fell out of statistical significance when socioeconomic vari-
ables were added to the model. This suggests that the asso-
ciation of race with the likelihood of returning for screening
in the COVID-19-impacted year is actually due to an asso-
ciation of race with the socioeconomic variables. This find-
ing is consistent with other studies which have demonstrated
that associations between race and breast cancer screening
are attenuated or eliminated when accounting for socioeco-
nomic variables [23—-25]. However, several studies have also
demonstrated continued associations between Black race and
larger tumor size and later-stage breast cancer at diagnosis
[26, 27] and lower access in general to cancer screening
and early diagnosis [28], highlighting the health disparities
which continue to persist and the role that race continues to
play in breast cancer screening and diagnosis. As healthcare
systems recover from the effects of COVID-19, every effort
must be made to actively engage and reach out to such at-
risk groups to prevent exacerbation of pre-existing dispari-
ties in healthcare.
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Not surprisingly, we found that the lack of health insur-
ance and the need for an interpreter were independently
associated with a lower likelihood of returning for screen-
ing in the COVID-19-impacted year. Previous studies have
reported that a lack of health insurance [11, 29] and lim-
ited English proficiency [30] are deterrents to obtaining
mammographic breast cancer screening. Our data suggest
that the effects of the economic and social obstacles cre-
ated by a lack of insurance and by a need for interpreter
services have worsened during the COVID-19 pandemic,
leading to an increased rate of not returning for screening
in the COVID-19-impacted year for these individuals.

Our data demonstrate that patients who live at greater
distances from the imaging center were less likely to return
for screening in the COVID-19-impacted year. The lit-
erature is mixed with respect to the effect of geographic
accessibility to mammographic breast cancer screening
[31], but much of this heterogeneity may be due to dif-
ferences in how geographic accessibility was measured.
While prior studies have often used imaging center density
[32, 33] or distances between ZIP codes [34] to determine
how far a patient would have to travel for screening, we
instead calculated actual drive times using a combination
of geocoding and an online map service. This allowed us
to include in our models a personalized, real-world meas-
urement of geographic accessibility to mammographic
screening for each patient.

Women who were imaged by the mobile mammography
bus were less likely to return in the COVID-19-impacted
year even though our mammography bus service reopened
within one month of the reopening of our traditional imaging
centers. The trend remained statistically significant when
controlling for travel time. This suggests that the population
that uses mobile mammography services may have concerns
beyond just those of distance—for example, they may not
have readily accessible transportation, they might live in
areas with different local concerns, and/or social attitudes
toward healthcare, etc.

As expected, we found that patients with no history of
breast cancer were less likely to return for screening in the
COVID-19-impacted year than those who had a history of
breast cancer. Interestingly, we also found an independ-
ent association between non-dense breast tissue and not
returning for screening. This may be due to the fact that
at our institution we have historically been very active in
educating patients and providers about the increased risk
for breast cancer for women with dense breasts, so it is not
unexpected that our local patient population of women with
dense breasts would be more likely to return for screening
than patients with non-dense breasts.

Consistent with other studies [35-37], we also found that
a history of being called back from a screening exam for
additional diagnostic workup in the baseline year was not
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associated with whether a patient returned for screening in
the COVID-19-impacted year.

Our study has limitations. This is a single institution study
and therefore the findings may not be generalizable to other
patient populations, including populations with higher levels
of racial, ethnic, or socioeconomic diversity. Our socioeco-
nomic data were imputed from census tract data since patient-
provided individual socioeconomic data were not available.
In addition, imputation of socioeconomic variables was not
possible for all patients, including patients without a postal
address listed in the medical record or with an address not
recognized by the census data, such as those living in areas of
new development. This could bias our results if a particular
group of patients was either over- or under-represented in the
cohort of patients for whom socioeconomic data could not be
imputed.

In conclusion, our study identified several patient variables
that are independently associated with a lower likelihood of
returning for screening after COVID-19 closures, including
younger patient age, residing in an area with a higher level
of poverty, lack of health insurance, need for an interpreter,
longer travel time to imaging center, utilization of mobile
mammography services, no history of breast cancer, and
non-dense breast tissue. Targeted outreach to patients in these
populations, who are at risk of being left behind by current
COVID-19 recovery strategies, may be an effective means of
helping them resume recommended breast cancer screening
and other needed medical care.
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