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BACKGROUND: Mobile mammographic services (MM)
have been shown to increase breast cancer screening in
medically underserved women. However, little is known
about MM patients’ adherence to follow-up of abnormal
mammograms and how this compares with patients from
traditional, fixed clinics.
OBJECTIVES: To assess delays in follow-up of abnormal
mammograms in women screened usingMM versus fixed
clinics.
DESIGN: Electronic medical record review of abnormal
screening mammograms.
SUBJECTS: Women screened on a MM van or at a fixed
clinic with an abnormal radiographic result in 2019 (N =
1,337).
MAINMEASURES:Our outcomewas delay in follow-up of
an abnormal mammogram of 60 days or greater. Guided
by Andersen’s Behavioral Model of Health Services Utili-
zation, we assessed the following: predisposing (age, eth-
nicity, marital status, preferred language), enabling (in-
surance, provider referral, clinic site), and need (personal
breast cancer history, family history of breast/ovarian
cancer) factors.
KEY RESULTS: Only 45% of MM patients had obtained
recommended follow-up within 60 days of an abnormal
screening compared to 72% of fixed-site patients
(p < .001). After adjusting for predisposing, enabling, and
need factors, MM patients were 2.1 times more likely to
experience follow-up delays than fixed-site patients (CI:
1.5–3.1; p < .001). African American (OR: 1.5; CI: 1.0–2.1;
p < .05) and self-referred (OR: 1.8; CI: 1.2–2.8; p < .01)
women were significantly more likely to experience delays
compared toNon-HispanicWhitewomen orwomenwith a
provider referral, respectively. Women who were married
(OR: 0.63; CI: 0.5–0.9; p < .01), had breast cancer previ-
ously (OR: 0.37; CI: 0.2–0.8; p < .05), or had a family
history of breast/ovarian cancer (OR: 0.76; CI: 0.6–0.9;
p < .05) were less likely to experience delayed care com-
pared to unmarriedwomen,womenwith no breast cancer
history, or women without a family history of breast/
ovarian cancer, respectively.

CONCLUSIONS: A substantial proportion of women
screened using MM had follow-up delays. Women who
are African American, self-referred, or unmarried are par-
ticularly at risk of experiencing delays in care for an ab-
normal mammogram.
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INTRODUCTION

Breast cancer is the most commonly diagnosed cancer and the
second leading cause of cancer death in women in the United
States (US).1 Over 281,000 women will be diagnosed with
breast cancer and 44,000 will die from this disease in 2021.1

Early detection using screening mammography is critical for
maximizing treatment effectiveness and long-term survival.2–4

Although mammography screening is associated with a 20–
35% decline in breast cancer mortality, mammography screen-
ing can only enhance survival if appropriate follow-up is
received.5–7 Delaying follow-up of abnormal mammograms
has been shown to lead to later stage at diagnosis, larger tumor
size, and poorer prognosis.8,9

Unfortunately, women from racial/ethnic minority and low-
income groups have experienced longer days to resolution of
abnormal mammograms.10–12 Compared to Non-Hispanic
White (NHW) women, African American women were nearly
3 times less likely to receive follow-up within 90 days of an
abnormal screening.13,14 A national study revealed that the
number of days for Hispanic women to reach diagnosis is
double to triple that of NHW women.15 Furthermore, women
with incomes < $10,000 were found to complete follow-up 1.5
times slower than women with incomes ≥ $50,000.16 Reasons
for these disparities range from system-level (e.g., cost, trans-
portation, health insurance) to provider-level (e.g., poor com-
munication, disrespectful behavior) to personal barriers (e.g.,
mistrust, fear, lack of understanding).17,18.
To address gaps in care for medically underserved women,

mobile mammography (MM) performed on vans has been
employed to remove geographical, financial, and other access
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barriers to screening mammogram utilization.19 MM vans
frequently travel to areas with no radiology clinics, large
concentrations of racial/ethnic minorities, and high poverty.
They typically offer screening mammograms at no/low cost.
While MM vans have been widely successful in increasing
breast cancer screening adherence, there is some indication
that women attending MM vans experience greater delays in
obtaining follow-up than women from fixed clinics.19–25 To
better understand this problem, we undertook the current study
to assess delays in follow-up between MM patients and those
of a fixed clinic, and examine factors contributing to follow-up
delays after an abnormal finding.
To guide our study design, we used Andersen’s Behavioral

Model of Health Services Utilization (Fig. 1), which posits
that a person’s utilization of health care services is a function
of her predisposing characteristics (e.g., demographics), en-
abling resources (e.g., health insurance), and need factors (e.g.,
perceived health status).26,27 We hypothesized that these ac-
cess factors contributed to the likelihood of women receiving
timely care for an abnormal mammogram and that each group
of factors increasingly helps explain potential disparities in
delayed follow-up detected.

METHODS

Data Source and Procedures

We conducted an analysis of electronic medical records from a
MMvan and fixed radiology clinic serving the NewYork City
(NYC) area. Records were included from patients who self-
identified as women and completed a screening mammogram
between January 1, 2019, and December 31, 2019, that
resulted in a finding of BI-RADS 0 (prompting further evalu-
ation) including technical recalls. This study was approved by
the Institutional Review Board at the Icahn School of Medi-
cine at Mount Sinai.

Mount Sinai Mobile Mammography Van. The van travels to
all boroughs of NYC and primarily serves patients who are
low-income, racial/ethnic minorities, and uninsured. It
collaborates with the NY State Cancer Services Program to
cover the costs of screening mammograms (and subsequent
treatment) for uninsured women.

Fixed Clinic. The fixed clinic is located in East Harlem, where
the poverty rate is twice that of NYC (34% vs. 16%) and
residents are predominantly Hispanic (43%) and African
American (36%).28 The clinic primarily serves patients with
public health insurance.

Measures

Outcome Measure. “Delayed follow-up” was determined as
having received/not received a diagnostic exam (e.g., ultra-
sound, MRI, biopsy) or evaluation of prior images > 60 days
from receipt of screening mammogram. Women who never
received follow-up were considered to be delayed. This defi-
nition is in line with guidelines set forth by the Centers for
Disease Control’s National Breast and Cervical Cancer Early
Detection Program.29.

Predisposing Characteristics. We measured predisposing
factors using patient’s age, ethnicity, marital status, and
preferred language. Age was assessed as follows: 40–
49 years, 50–74 years, and 75 + years in correspondence
with the United States Preventive Services Task Force
screening guidelines. We measured ethnicity through patient
self-identification as follows: NHW, African American, His-
panic, Asian/Pacific Islander, or Other. Marital status was
categorized as “unmarried/married.” Women in a domestic
partnership were considered “married.” Women who were
separated were considered “unmarried.” The preferred lan-
guage was classified as English/non-English.

Enabling Resources.We included health insurance, clinic site
location, and primary care provider (PCP) referral as enabling
factors. Health insurance was categorized as “private,” “pub-
lic,” or “uninsured.” Women were classified as MM patients
or fixed-clinic patients depending on where they received their
screening (index) mammogram. Women who were referred
from their PCP were considered to have a PCP referral;
otherwise, they were considered as self-referred.

Need Factors. We assessed need factors through patient
records of personal breast cancer history (yes/no) and report
of any family history of breast/ovarian cancer (yes/no).
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Fig. 1 Conceptual framework for analyzing factors associated with timely follow-up based on Andersen’s behavioral model of health services
utilization
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Statistical Analyses

To provide a profile of the study sample, we calculated count
and proportion of patient characteristics by clinic site (Table 1).
Examination of any significant differences between groups
was assessed using chi-square tests (p < 0.05). The relation-
ship between predictor variables and delayed follow-up was
examined using logistic regression analysis. Simple logistic
regression was conducted to examine potential associations
between individual predictor variables and delayed follow-up.
Multiple logistic regression analyses were then performed to
determine the odds of delayed follow-up after controlling for
all predictors in the model. To assess model fit, factors were
entered sequentially in blocks according to Andersen’s Be-
havioral Model of Health Services Utilization. Goodness-of-
fit was assessed through examination of changes in the likeli-
hood ratio test statistic. A p value < 0.05 was used to determine

statistical significance. All analyses were conducted using
SAS 9.4.

RESULTS

Descriptive Analysis. Characteristics of the study population
by clinic site are shown in Table 1. The majority of patients
were between ages 50–74 years; there were no age differences
by site. Overall, more MM than fixed-site patients were racial/
ethnic minorities (90% vs. 79%), unmarried (86% vs. 72%),
preferred a non-English language (27% vs. 13%), and unin-
sured (27% vs. 3%). No site differences were observed re-
garding personal breast cancer history. More fixed-site
patients reported having a family history of breast/ovarian
cancer than MM patients (29% vs. 20%).

Bivariate Analysis. We found that 37% of the study sample
were delayed in receiving follow-up (Table 2). In assessing
differences in delays by site, chi-square tests revealed that
55% of MM patients had delayed follow-up ≥ 60 days com-
pared to 28% of fixed-site patients (p < 0.001).
Simple logistic regression analysis (not shown) revealed

MM patients were 3.1 times more likely to have delayed
follow-up than fixed-site patients (p < 0.001). Women who
were African American (OR:1.8; p < 0.01), Hispanic
(OR:1.4; p < 0.05), Asian/Pacific Islander (OR:1.9; p < 0.01),
or other racial/ethnic identity (OR:2.8; p < 0.05) were more
likely to experience delays in care compared to NHWwomen;
individuals with no insurance were more likely to have
delayed care than those with private insurance (OR:2.0;
p < 0.001); and patients without a PCP referral were 3.2 times
more likely to experience delays in follow-up than those with a
referral (p < 0.001). Being married (versus unmarried [OR:
0.5; p < 0.001]), having a personal breast cancer history (ver-
sus no history [OR: 0.3; p < 0.01]), or having family history of
breast or ovarian cancer (versus no history [OR: 0.7; p < 0.01])
were associated with lower likelihoods of having delayed
follow-up after an abnormal mammogram.

Multivariate Analysis. As shown in the final model (Table 3),
multiple logistic regression revealed that MM patients had 2.1
greater odds of having delayed follow-up compared to fixed-
clinic patients, after controlling for all other variables in the
model (p < 0.001). Women who identified as African American
were 1.5 times more likely to experience follow-up delays than
NHW women, after controlling for all other factors (p < 0.05).

Table 1 Characteristics of the Study Population by Clinic Site, n
(%)

Mobile
(n =
423)

Fixed
(n =
914)

Total
(N =
1,337)

p
value

Predisposing factors
Age 40–49 138

(32.6)
270
(29.5)

408
(30.5)

.07

50–74 272
(64.3)

591
(64.7)

863
(64.6)

75 + 13 (3.1) 53 (5.8) 66
(4.9)

Ethnicity Non-
Hispanic
White

43
(10.2)

187
(20.5)

230
(17.2) < .001

African
American

144
(34.0)

290
(31.7)

434
(32.4)

Hispanic 167
(39.5)

350
(38.3)

517
(38.7)

Asian/
Pacific
Islander

63
(14.9)

64 (7.0) 127
(9.5)

Other 6 (1.4) 23 (2.5) 29
(2.2)

Marital
status

Married 61
(14.4)

260
(28.5)

321
(24) < .001

Not
Married

362
(85.6)

654
(71.5)

1,016
(76)

Preferred
language

English 311
(73.5)

791
(86.5)

1,102
(82.4) < .001

Non-
English

112
(26.5)

123
(13.5)

235
(17.6)

Enabling factors
Insurance Private 101

(23.9)
317
(34.7)

418
(31.3) < .001

Public 208
(49.1)

573
(62.7)

781
(58.4)

Uninsured 114 (27) 24 (2.6) 138
(10.3)

Self-
referred

No 143
(33.8)

914
(100.00)

1,057
(79.1) < .001

Yes 280
(66.2)

0 (0.00) 280
(20.9)

Need factors
Personal
history

No 414
(97.9)

876
(95.8)

1,290
(96.5)

.06

Yes 9 (2.1) 38 (4.2) 47
(3.5)

Family
history

No 338
(79.9)

651
(71.2)

989
(74) < .001

Yes 85
(20.1)

263
(28.8)

348
(26)

Table 2 Delayed Follow-up by Site

Delayed ≥ 60 days

Mobile (n = 423) 233 (55.1%)
Fixed (n = 914) 259 (28.3%)
All (N = 1,337) 492 (36.8%)
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Women who identified their race/ethnicity as “Other” also were
more likely to be delayed compared to NHWwomen (OR: 3.1;
p < 0.01). Furthermore, womenwhowere self-referred were 1.8
times more likely to be delayed (p < 0.01) than women with a
PCP referral. Being married (versus not married [OR: 0.6;
p < 0.01]), having a personal breast cancer history (versus no
history [OR: 0.4; p < 0.05]), having or a family history of breast
or ovarian cancer (versus no family history [OR: 0.8; p < 0.05])
were associated with a lower likelihood of delays in the final
model. No other factors significantly predicted delays in follow-
up after accounting for all other variables.

Model Fit. The likelihood ratio test (LRT) showed that the
addition to the model of each set of predisposing
characteristics (LRT: 36.38; p < 0.001), enabling resources
(LRT: 120.07; p < 0.001), and need factors (LRT: 131.32;
p < 0.001) improved the model’s accuracy in predicting
delayed follow-up.

DISCUSSION

Findings from the current study indicate disparities exist in
timely follow-up of abnormal mammograms among women

utilizingMM. Only 45% ofMMpatients in our study received
recommended follow-up care within 60 days compared to
72% of patients who attended a fixed clinic. After controlling
for predisposing characteristics, enabling resources, and need
factors, we found that MMwomen were 2.1 times significant-
ly more likely to delay follow-up care than those from the
fixed clinic. Although our results are discouraging, they are
not out of line with previous findings. Other researchers have
found 40–57% of MM women fail to receive follow-up care
within 60 days of an abnormal screening; 17% never complete
follow-up.21,24,25 Given that MM was designed to address
transportation, financial, and other logistical barriers to breast
cancer screening, we suspect that access factors are important
systemic determinants of receiving timely follow-up care in
this patient population. MM patients in our study who re-
ceived an abnormal finding would have had to travel to a fixed
clinic to obtain diagnostic care. Therefore, providing diagnos-
tic care on a mobile clinic unit may improve access to follow-
up, while promoting routine screening.
Our observed low follow-up in MM patients could also be

due to patients’ difficulty understanding mammogram reports or
the importance of timely follow-up. Several researchers have
found that despite having received mammogram letters and/or
reports, many women do not fully comprehend their results.30–32

One study reported that 55% of MM patients who had poor
follow-up were not even aware that their mammogram was
abnormal.24 Given that women who use MM are frequently
from groups with low education and limited health litera-
cy,19,33–35 difficulty understanding lay letters and mammogram
reports can be a serious barrier to timely follow-up.While adding
phone communication has improved follow-up adherence,36,37

our own experience suggests it may be necessary to explore
alternative strategies for clearly communicating the importance
of follow-up. As standard protocol, all patients in our study
received phone calls regarding their abnormal results and the
need for follow-up care (in addition to letters in the patient’s
preferred language).Womenwho could not be reached by phone
received at minimum 3 phone calls and 3 letters (with the last
letter being certified). Despite these measures, our study still
found that MM patients were more likely to have follow-up
delays. A low perceived need for follow-up care could help
explain this problem, as one study reported 20% ofMM patients
who delayed follow-up did not perceive it to be a high priority,
particularly in the absence of symptoms.24 In addition, women
who attendMMmay havemultiple competing demands for their
time (e.g., caregiving, multimorbidity, difficulty meeting basic
needs) that are prioritized over their own health.15,24 Thus,
efforts to promote timely follow-up may benefit not only from
improving the readability of mammogram letters, but also from
addressing structural barriers to follow-up care, developing pub-
lic health policies that prioritize early breast cancer detection, and
increasing breast health education.19 Future research should
explore systemic reasons for why some women do not adhere
to follow-up recommendations, despite receiving communica-
tion regarding abnormal results.

Table 3 Multivariable Analysis of Delay in Follow-up After
Abnormal Mammogram

Adj. OR 95% CI p value

Predisposing characteristics
Age
40–49 1.17 0.89–1.52 .26
50–74 Ref
75 + 0.90 0.51–1.60 .72

Ethnicity
NHW Ref
African American 1.46 1.01–2.11 .04
Hispanic 1.25 0.85–1.82 .25
Asian/Pac. Islander 1.40 0.86–2.30 .18
Other 3.09 1.35–7.08 .007

Marital status
Not married Ref
Married 0.63 0.47–0.85 .002

Preferred language
English Ref
Non-English 0.76 0.54–1.08 .12

Enabling resources
Insurance
Private Ref
Public 1.3 0.98–1.72 .06
Uninsured 0.91 0.58–1.43 .67

Site
Mobile clinic 2.1 1.45–3.05 < .001
Fixed clinic Ref

Provider referral
Yes Ref
No 1.79 1.16–2.76 .008

Need factors
Personal history
No Ref
Yes 0.37 0.16–0.82 .01

Family history
No Ref
Yes 0.76 0.58–0.99 .04

Abbreviations: OR, odds ratio; CI, confidence interval
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Our study also found that African American women were
1.5 times more likely to have delays in follow-up compared to
NHW women. This finding echoes those of the extant litera-
ture, which report African American women experience sig-
nificantly longer days to diagnosis, are 1.5–3.5 times more
likely to experience delays ≥ 60 days, and are 12%more likely
to never receive follow-up care than NHW women, even after
adjusting for income, insurance type, and other health access
factors.38–43 The inequity between timely follow-up in African
American women screened on MM when compared to NHW
women screened on MM can fundamentally be explained by
structural racism.44–46 Medical mistrust, discrimination, stig-
ma, fear of a cancer diagnosis, and a lack of knowledge of
breast cancer and screening resources have been identified as
factors contributing to inequities in follow-up and treatment in
African American women.47–51 Community-based, breast
health education programs have been shown to alleviate many
of these concerns and to improve African American women’s
breast cancer knowledge and screening.52,53 Patient naviga-
tion programs have also been found to improve access to
breast cancer screening and increase screening mammography
completion in underserved women.54,55 Thus, community-
based, breast health education and patient navigation
programs may be key for promoting timely follow-up of
abnormal mammograms in African American women.
Women who identified as being from an “other racial/ethnic

minority” group were also found to have greater odds of
delaying follow-up than NHW women. Although the sample
size for the “other racial/ethnic minority” group was quite
small, our finding could indicate that women from less-
recognized minority groups face increased and/or unique,
unaddressed barriers to follow-up care. More research with a
larger sample size is needed to better identify the ethnic
background of these women and to understand the unique
barriers that women from less-recognized racial/ethnic groups
face in obtaining follow-up care.
Our study also suggests being married is protective against

experiencing a delayed follow-up for an abnormal mammo-
gram. This finding is in line with the literature, which associates
being married with higher adherence to breast cancer screening
and treatment guidelines.56–59 It is possible that a marital partner
serves as a critical source of social support to women undergo-
ing a potential cancer diagnosis. Having a marital partner might
also provide greater resources for obtaining needed health care,
such as increased household income or childcare coverage to
attend exams. Thus, it is important to recognize non-married
women as a potentially high-risk group for delayed follow-up.
Future research should explore the potential pathways leading
to poor follow-up in non-married women in order to improve
diagnostic rates in this group.
Furthermore, we found that self-referred women were 1.8

times more likely to experience delays than women who had a
PCP referral. This is not surprising, given the vast literature
documenting the important role PCPs play in motivating
women to adhere to follow-up recommendations.13,48,60–62

Self-referred women may lack appropriate resources for
maintaining breast health and continuity of care; thus, they
may experience more barriers to receiving timely follow-up.
Although self-referral programs have improved access to
screening mammography, increased efforts may be needed
to ensure self-referred women are obtaining recommended
diagnostic care in a timely fashion.63,64 Future research should
explore reasons for delays in follow-up and identify effective
strategies for promoting timely diagnostic care in self-referred
patients.
In addition, our findings confirm those of earlier studies and

report that women with a personal breast cancer history or
family history of breast or ovarian cancer were less likely to
delay follow-up than women with no history.65–68 A personal
breast cancer history or family history of breast or ovarian
cancer is a well-established risk factor for developing breast
cancer.69,70 It is possible that women with a personal or family
history are aware of their heightened susceptibility to the
disease and are more vigilant about obtaining early detection
for breast cancer. Likewise, it is possible that women without a
personal or family history of breast cancer underestimate their
risk of developing breast cancer. Therefore, greater effort
should be made to educate women about their risk of devel-
oping breast cancer in the absence of a genetic predisposition
for the disease.
Our study is not without limitations. We drew our data from

a single MM van and one fixed-clinic site. Thus, our findings
have limited generalizability to women outside of these two
clinics. Studies that include greater and more diverse MM and
fixed clinics may strengthen our findings and support broader
generalization. We also used electronic medical records to
conduct our study, which restricted the variables that we were
able to examine. For instance, we were unable to capture
income, education level, health literacy, or other patient
characteristics, which could be important predictors of
women’s access to diagnostic testing. In addition, because
we only included records from women who had received a
screening mammogram, we were unable to examine delays in
abnormal mammograms from men (who typically do not
receive screening mammograms) and other persons who do
not identify as women. Furthermore, while our records includ-
ed documentation of follow-up done outside of our institution
(as federally mandated), not all diagnostic care completed
outside of our health care system could be confirmed. More-
over, our analysis consisted of some small cell sizes (e.g.,
“other race/ethnicity,” uninsured, personal breast cancer his-
tory) that limited reliability and interpretability of our findings.
Research with a larger sample size is recommended to im-
prove our understanding of how these factors may influence
follow-up care.

Implications for Mobile Mammography Clinics

Despite these limitations, our study sheds important light on
the relationship between MM use and delayed follow-up.
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Extending MM services to include diagnostic care (preferably
same-day) onMM vans may help address access barriers; thus
future efforts should explore economically feasible ways in
which diagnostic MM can be performed.71 Studies have also
shown that providing emotional support and breast health
education to women with abnormal findings can promote
follow-up adherence.72,73 Thus, providing patient navigation
and health education on MM vans may be key for improving
timely follow-up. Future research should examine system-
level factors that drive delays and inequities in follow-up
among MM patients and develop strategies for addressing
and overcoming these barriers.
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