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Introduction: Breast cancer is one of the leading causes of death among women residing in the United
States. Early detection through mammogram screening can decrease the morbidity and mortality associ-
ated with the disease. For women with diabetes, however, incidence and mortality rates of breast can-
cer are increased.

Methods: This was a retrospective examination, identifying orders and completion of mammogram
among patients with and without diabetes, 2015 to 2019, through the electronic health record.
Diabetes and other factors were identified as possible predictors of completion.

Results: Of the 16,688 patients who were included in this study, only 54.5% successfully completed
mammography orders prescribed by their primary care physician. The 40 to 49 age group had the high-
est order completion rate at 57.6%. The prevalence of diabetes in this sample was 21.3%. Overall,
51.6% of patients with diabetes completed mammogram orders compared with 55.3% of patients with-
out diabetes.

Discussion: Patients with diabetes were significantly less likely to complete mammogram screenings
(51.6%) compared with patients without diabetes (55.3%), despite there being an increased incidence
of breast cancer among patients with diabetes. Factors such as the lack of access to treatment centers,
affordability, patient education, among others may have contributed to low completion rates. ( J Am
Board Fam Med 2022;35:158–162.)
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Introduction
Breast cancer is one of the top causes of morbidity
and mortality worldwide. According to the World
Health Organization, an estimated 2.3 million cases
of breast cancer were diagnosed in 2020, and it was
the leading cause of cancer-related death for
women.1 Incidence is even higher in the United
States, where 1 in every 8 women is diagnosed with

some form of invasive breast cancer at some point
during their lifetime.2 The American Cancer
Society has also reported that 1 in 39 American
women will die from breast cancer each year. Early
detection of breast cancer through regular mammo-
graphic screening has been shown to reduce the
mortality rate of breast cancer by upward of 20%
among women ages 50 to 74.3,4 Therefore, increas-
ing adherence to screening recommendations is an
urgent priority.5

Individuals with diabetes may be at greater risk
of developing breast cancer and may be less likely
to adhere to screening guidelines. Studies have
found that individuals with diabetes have a 20%
greater risk of developing breast cancer.6,7 One of
the major reasons behind this is due to the fact that
patients with chronic illnesses, such as diabetes, are
less likely to engage in routine mammogram
screenings.8 It may be that managing a complex,
chronic illness such as diabetes takes time and
resources, which may interfere with preventive

This article was externally peer reviewed.
Submitted 7 June 2021; revised 20 August 2021; accepted

30 August 2021.
From University of South Florida, Honors College,

Tampa, FL (MP, MM); University of South Florida,
College of Public Health, Tampa, FL (JS); University of
South Florida, Morsani College of Medicine, Department of
Family Medicine, Tampa, FL (JC, KH); Moffit Cancer
Center, Department of Health Outcomes and Behavior,
Tampa, FL (KT).

Funding: This article was not funded by any organization,
community, or group.

Conflict of interest: None.
Corresponding author: Karim Hanna, MD, USF Health

Morsani College of Medicine, 12901 Bruce B Downs Blvd,
Tampa, FL 33612 (E-mail: khanna@usf.edu).

158 JABFM January–February 2022 Vol. 35 No. 1 http://www.jabfm.org

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.jabfm
.org/

J A
m

 B
oard F

am
 M

ed: first published as 10.3122/jabfm
.2022.01.210239 on 16 January 2022. D

ow
nloaded from

 

http://www.jabfm.org/


care.9 Factors such as limited health care access,
age, socioeconomic status, and race, among others,
may also hinder patients with diabetes from com-
pleting mammogram screenings. From a pathologic
perspective, patients with diabetes have a decreased
level of estrogen, which is caused by insulin resist-
ance, leading to a slightly increased risk of develop-
ing breast cancer.6 Many of the prior studies
examining breast cancer screening among women
with diabetes are more than a decade old, suffer
from small sample sizes, or were conducted outside
of the United States, limiting generalizability.8,9

Larger and more recent studies are needed to
examine whether screening disparities exist for
women with diabetes.

To address this gap, the primary objective of this
study is to investigate the completion of mammo-
gram orders placed in the primary care setting of
US patients with and without diabetes. We seek to
identify demographic factors associated with order
completion. This data will serve as an epidemio-
logic basis for understanding the association
between diabetes and breast cancer and for future
intervention to ultimately help increase completion
of screening orders and improve prognosis through
early detection.

Methods
This study includes a retrospective examination of
screening mammogram orders through the Epic
electronic health record system at the University of
South Florida (USF). Mammogram completion
was evaluated for adult patients (who generally have
access to insurance) established in primary care
through the departments of family medicine and in-
ternal medicine. Orders placed between August
2015 and August 2019 were examined, and at least
12months were allowed for follow-up of ordered
tests. Orders given to women aged 40 to 49 and 50
to 75 years were included for analysis based on the
recommendations for screening of the US
Preventative Services Task Force (Grade C and
Grade B recommendations, respectively).4

The primary relationship of interest was that
between diabetes and the completion of mammo-
gram orders. Patients were divided into groups
with and without diabetes by ICD-10 codes on
patient diagnosis lists. Sociodemographic factors,
including age, race/ethnicity, and marital status,
were included as covariates. The associations

between predictors and mammogram completion
are presented as percentages and odds ratios (ORs).
Adjusted odds ratios (aORs) and associated 95%
CIs were generated using multivariable logistic
regression. Missing data were imputed using multi-
ple imputation by chained equations.10 All analyses
were executed with R statistical software version
4.0.5.11 Since the study used deidentified datasets
for process improvement, it did not represent
human subjects research and was exempted from
institutional review board approval by USF.

Results
During the study period, 16,668 patients were
given mammogram orders. Of these patients, 3,545
(21.3%) had diabetes at the time of the order.
Patients with diabetes were older (median, 62;
interquartile range [IQR], 55 to 68) than patients
without diabetes (median, 57; IQR, 49 to 65) and
less likely to be married (54.6% vs 60.9%) (Table
1). The sample of patients with diabetes had a
smaller percentage of non-Hispanic Whites (45.5%
vs 69.5%) and a higher percentage of non-Hispanic
Blacks (42.1% vs 15.5%).

Overall, 54.5% of study patients fulfilled their
mammogram orders (Table 2). Order completion
decreased as age group increased from 57.7% in the
40 to 49 age group to 52.8% in the 70 to 74 age
group. However, this trend was not statistically sig-
nificant in the multivariable model (Table 2).
White patients recorded the lowest completion
rate; both Black (aOR, 1.13; 95% CI, 1.03–1.23)
and Asian (aOR, 1.27; 95% CI, 1.08–1.50) race
were associated with increased odds of order com-
pletion. Overall, patients with diabetes experienced
a lower likelihood of order completion (51.6% vs
55.3%). After controlling for other factors, patients
with diabetes had a decreased odds of order com-
pletion (aOR, 0.90; 95% CI, 0.83–0.98).

Discussion
Of the 16,668 patients that were included in this
study, 54.5% successfully completed mammog-
raphy orders prescribed by their primary care phy-
sician. Overall, our study found that women with
diabetes were less likely (51.6%) to complete their
mammogram compared with women without dia-
betes (55.3%), consistent with prior studies.8,9

These findings suggest that interventions may be

doi: 10.3122/jabfm.2022.01.210239 Mammogram Order Completion Rates and Diabetes 159

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.jabfm
.org/

J A
m

 B
oard F

am
 M

ed: first published as 10.3122/jabfm
.2022.01.210239 on 16 January 2022. D

ow
nloaded from

 

http://www.jabfm.org/


needed to improve mammography screening
among women with diabetes, who are at elevated
risk for breast cancer.6,7

The results also indicate that patient race/eth-
nicity were associated with mammogram comple-
tion rates. Healthy People 2020 data suggest that
Black women are less likely to undergo cancer
mammography screening compared with White
women; however, our study did not observe this
disparity in screening.12,13 It is important to note
that Black women are more likely to die from breast
cancer than are White women in the United
States.14 Black women in this study may have gen-
erally been insured or had better access to testing
facilities, which may have increased the overall
compliance in screening. It is also possible that
Black women are more likely to complete their
mammogram orders but less likely to receive orders
in the first place. The 40 to 49 age group had the
highest completion rate at 57.6%. These results are
different from what previous studies have reported
about women 55 and older being more adherent to
mammogram screening.15

We identified a discrepancy between mammo-
gram orders issued and completion of these orders.
Patients with diabetes were less likely to complete
mammograms than patients without, with the
higher prevalence of breast cancer and mortality
among the aforementioned group. This study was

conducted among a group of patients who generally
have access to insurance, which could be related to
the discrepancy. Elsewhere, socioeconomic factors
could have had an impact on mammogram comple-
tion rates, such as with affordability or transporta-
tion to imaging center(s), and these may have been
barriers as seen in previous studies.9 Patients inad-
equately educated on the importance of the screen-
ing could have also resulted in lower completion
percentages. Current literature has noted that cer-
tain interventions may enhance screening order
completion: reminder-based interventions, cul-
turally tailored interventions, and multifaceted
interventions.16 These interventions do increase
compliance to screening, especially for White
patients of higher socioeconomic status.16 For
patients within the lower income and underin-
sured group, provider-targeted interventions were
found to increase compliance over patient-tar-
geted interventions; physicians that were given
reminders/prompts in the electronic health record
would always talk to their patients about getting
screening.16

The study was limited to mammograms that
were ordered and completed within the USF
Health/Tampa General Hospital System. The
study does not consider orders that were completed
at other institutions or ordered at other clinics; the
completion rates may have been higher than

Table 1. Demographics of Patients Referred for Mammogram in 2015–2019

Overall Diabetes No Diabetes
Characteristic n (%) n (%) n (%)

Total 16,668 3,545 13,123
Age
Median, IQR 58 (50 to 66) 62 (55 to 68) 57 (49 to 65)
40 to 49 3846 (23.1%) 473 (13.3%) 3373 (25.7%)
50 to 59 5136 (30.8%) 948 (26.7%) 4188 (31.9%)
60 to 69 5351 (32.1%) 1462 (41.2%) 3889 (29.6%)
70 to 74 2335 (14.0%) 662 (18.7%) 1673 (12.7%)

Race/ethnicity
White 9977 (66.7%) 1938 (57.3%) 8039 (69.5%)
Black 2707 (18.1%) 913 (27.0%) 1794 (15.5%)
Asian 660 (4.4%) 120 (3.6%) 540 (4.7%)
American Indian 56 (0.4%) 14 (0.4%) 42 (0.4%)
Hispanic, all races 1551 (10.4%) 393 (11.6%) 1158 (10.0%)

Marriage status
Married 8940 (59.5%) 1888 (54.6%) 7052 (60.9%)
Single 6097 (40.5%) 1573 (45.4%) 4524 (39.1%)

Abbreviation: IQR, interquartile range.
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reported if patients completed them externally, as is
generally the case. We also note availability of free
mammogram services apart from the USF system
possibly impacting internal completion rates.
However, we were unable to account for sociode-
mographic differences associated with screening
disparities. Another limitation to consider is that
patients with undiagnosed diabetes may have been
included in the patient pool, underestimating the
rate of diabetes.17 Future studies should explore
whether sociodemographic differences (AlC level)
help to explain observed screening disparities
among women with and without diabetes.

Conclusion
Our study found that mammography screening is
lower among women with diabetes, who are at
disproportionate risk for breast cancer. Research
is needed to identify strategies for promoting
screening among women with diabetes. We
believe that primary care providers should address
this issue by encouraging process improvement
initiatives to increase accessibility of cost-cogni-
zant testing, educating patients, and addressing
other self-identified barriers to increase mammo-
gram completion.

To see this article online, please go to: http://jabfm.org/content/
35/1/158.full.
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