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Simple Summary: This research tested the effectiveness of a mailed DVD and mailed DVD + PN
(patient navigation) to increase mammography screening compared to usual care in rural women.
Women in the combined DVD + PN were over 5 times more likely to have received a mammogram
12 months after the intervention.

Abstract: Guideline-based mammography screening is essential to lowering breast cancer mortality,
yet women residing in rural areas have lower rates of up to date (UTD) breast cancer screening
compared to women in urban areas. We tested the comparative effectiveness of a tailored DVD, and
the DVD plus patient navigation (PN) intervention vs. Usual Care (UC) for increasing the percentage
of rural women (aged 50 to 74) UTD for breast cancer screening, as part of a larger study. Four hundred
and two women who were not UTD for breast cancer screening, eligible, and between the ages of
50 to 74 were recruited from rural counties in Indiana and Ohio. Consented women were randomly
assigned to one of three groups after baseline assessment of sociodemographic variables, health
status, beliefs related to cancer screening tests, and history of receipt of guideline-based screening.
The mean age of participants was 58.2 years with 97% reporting White race. After adjusting for
covariates, 54% of women in the combined intervention (DVD + PN) had a mammogram within the
12-month window, over 5 times the rate of becoming UTD compared to UC (OR = 5.11; 95% CI = 2.57,
10.860; p < 0.001). Interactions of the intervention with other variables were not significant. Significant
predictors of being UTD included: being in contemplation stage (intending to have a mammogram in
the next 6 months), being UTD with other cancer screenings, having more disposable income and
receiving a reminder for breast screening. Women who lived in areas with greater Area Deprivation
Index scores (a measure of poverty) were less likely to become UTD with breast cancer screening. For
rural women who were not UTD with mammography screening, the addition of PN to a tailored DVD
significantly improved the uptake of mammography. Attention should be paid to certain groups of
women most at risk for not receiving UTD breast screening to improve breast cancer outcomes in
rural women.

Keywords: mammography; intervention; rural; breast cancer screening; cancer screening

1. Introduction

Breast cancer remains the most frequently diagnosed cancer in women, with only
lung cancer ranking higher in cancer mortality [1]. Although breast cancer screening by
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mammography has been promoted for the last three decades, the percentage of women
having a mammogram in 2018 compared to 2000 has decreased in women 40 and older from
a high of 70.4% in 2000 to 65.6% in 2018 [2]. Additionally, although recent data observed
similar mammography rates in rural and urban areas of the United States, mammography
rates in rural Ohio and Indiana are lower than national rates [3]. If we are to reach the
Healthy People 2030 goals of 77.1% breast cancer screening adherence [4], interventions
to increase mammography screening must be implemented with particular emphasis in
underserved rural areas.

The Social Determinants of Health for women in rural areas include lower rates of
a college degree [5], higher rates of poverty [6–8], and lower rates of insurance coverage [9].
Women residing in rural areas also face logistical barriers to accessing health care services,
including a sparsity of sites offering mammography screening. Longer traveling distances
to mammography services, often experienced by women in rural settings, are associated
with lower rates of utilization [10,11]. Rural women also have more fatalistic beliefs
about breast cancer which potentially decreases their motivation to engage in screening
behaviors [3]. As a result, compared to women in urban areas, fewer women living in rural
areas are up to date (UTD) with mammography [5].

Interventions to increase population-based mammography screening have been de-
veloped and tested for over two decades and include technology-based interventions
supported by tailored messaging [12–20]. Additionally, patient navigation (PN) has been
shown to increase women’s motivation and self-efficacy to complete mammography screen-
ing by reducing and/or removing barriers to screening [21,22]. Furthermore, research
has demonstrated that combining education or tailored messaging with PN increases the
likelihood of participants to complete mammography screening [23].

Although interventions using tailored messaging and PN have significantly increased
mammography screening compared to usual care, few studies have been designed and
adapted specifically for delivery in rural regions. Building on past research, we com-
bined tailored messaging within an interactive DVD and telephone based PN to deliver
a home-based intervention focused on increasing breast cancer screening to women living
in rural Indiana and Ohio. This comparative effectiveness trial randomized women to
usual care (UC), a tailored interactive cancer screening program using a DVD format, or
the combination of the DVD plus PN (DVD/PN). The parent intervention trial sought
to simultaneously increase the completion of three cancer screenings recommended for
women- breast, cervical and colorectal (CRC). This report focuses on the outcome of breast
cancer screening and is framed by three aims. First, we sought to determine if there was
a difference in mammography at 12 months post intervention (T3) by randomized arm
while controlling for covariates. Secondly, we tested for an interaction between the inter-
ventions and baseline variables. Finally, using data from the larger study, we explored the
association between the type of cancer screening needed at baseline and being UTD at T3
with breast cancer screening.

2. Materials and Methods
2.1. Sample

From 2016–2019 women were recruited from the 98 rural Indiana and Ohio counties
with a Rural-Urban Continuum Code (RUCC) ranging from 4–9 [24]. Eligibility criteria for
this analysis included: (1) ages 50–74 years; (2) not UTD for guideline-based breast cancer
screenings; and (3) able to speak English. The definition for being UTD with breast cancer
screening included having a mammogram within the last two years [25]. Screening was
verified via Medical Record Review (MRR) and was used to both confirm baseline eligibility
and determine screening outcomes at T3. Women were ineligible if they had a previous
cancer diagnosis, other than skin cancer.

Recruitment of women included the following three methods: (1) a commercial list
of age-eligible women residing in rural counties in Indiana and Ohio; (2) personal contact
through community events, and (3) an invitation to eligible women on Facebook and
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Craigslist. Eligible participants were randomized to one of three groups: (1) mailed DVD;
(2) mailed DVD + PN, or (3) UC.

2.2. Interventions

DVD: An interactive, tailored DVD was developed to provide information for any
cancer screening-breast, cervical or CRC-for which participants were not UTD. The DVD
was mailed to each participant assigned to both intervention arms (DVD and DVD + PN).
Participants who were not UTD with breast cancer screening guidelines were directed
to view the tailored mammography screening program included in the DVD. The DVD
was based on a previous efficacious technology-based screening intervention developed
by study investigators [26]. Participants used a DVD remote control to answer questions
presented on menus within the DVD, and a tailored algorithm provided appropriate
messages based on individual inputted responses. Content for interactive messages within
the DVD were supported by a theoretical framework and were revised from an extensive
message library used in prior research [15–20]. Tailored messages were delivered based
on each user’s cancer screening history; knowledge of and risk factors for breast cancer;
perceived benefits and barriers to breast cancer screening; and self-efficacy to obtain breast
cancer screening. Information about scheduling and completing breast cancer screening
was also included in the DVD.

Patient Navigation: A patient navigator called women randomized to the DVD + PN
intervention group one week after the DVD was mailed. PNs were licensed social workers
trained by study investigators and staff. Once they were able to contact the participant, nav-
igators assessed breast cancer screening knowledge and barriers and provided information
about the benefits of breast cancer screening, as well as information about available trans-
portation to a clinic, if needed. The PN intervention fidelity was assessed from 10 randomly
selected recorded calls per month.

2.3. Measures

Self-report measures, obtained at baseline and T3, included sociodemographic data,
health-related variables and theoretical variables including beliefs about breast cancer and
mammography screening.

Sociodemographic data were obtained at baseline on age, education, income, insur-
ance status, marital status, race and ethnicity. Perceived financial adequacy was measured
with a single item assessing participants’ ability to pay their bills. Rurality and socioe-
conomic deprivation were obtained from addresses provided by the participants. Rural
Urban Commuting Area (RUCA) codes were used to assess rurality [27]. Socioeconomic
deprivation was measured using the 2019 Area Deprivation Index (ADI) at the national
level (Range 1–100), with 100 being considered highest disadvantage [28]. Another depri-
vation measure specific to cancer, the Yost Index (Range 1–5), was calculated. The Yost
Index provides a socioeconomic status score (range 1–5) where higher values correspond
to greater affluence and is derived from seven SES-related variables from the American
Community Survey [29,30].

Theoretical variables included questions about provider recommendation for breast
cancer screening, reminder prompts for breast cancer screening sent from a health care
facility, screening status for other cancers they were eligible to receive including cervical
and CRC, smoking history, and height and weight. Each participant’s body mass index
(BMI) was calculated from height and weight according to the Center for Disease Control
and Prevention categories.

Health beliefs included beliefs such as perceived susceptibility, self-efficacy, perceived
benefits and barriers to mammography screening, and knowledge about risk of breast
cancer. Stage of adoption was measured as a no/yes response to whether individu-
als planned to obtain a breast cancer screening in the next six months (precontempla-
tion/contemplation) [31]. Perceived barriers were measured with nine questions anchored
with Likert scales (strongly agree = 1 to strongly disagree = 5) and then summed into
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a mammography scale for barriers (range 9–45). Perceived benefits of breast cancer screen-
ing were assessed with a single question related to how breast cancer screening would
prevent participants from worrying about dying of breast cancer. Perceived self-efficacy
was assessed with one question about their confidence in obtaining a breast cancer screen-
ing. Perceived risk of breast cancer was measured with a single question pertaining to how
likely a woman was to get each cancer in her lifetime compared to other women (“higher”,
“about the same”, “lower”). Breast cancer and breast cancer screening knowledge (range
0–5) was assessed with 5 multiple choice and true/false questions that were coded as either
correct or incorrect and then summed. These scales have been previously validated [19].

All potentially eligible women gave informed consent for inclusion before participating
in the study. The study was approved by the Institutional Review Boards of Ohio State
University (primary) and Indiana University (secondary) and was registered on clinical
trials.gov (ID: NCT02795104). Design, recruitment and baseline characteristics have been
described previously [32].

2.4. Statistical Approach

Sample and power calculations were based on the primary analyses of being UTD for
screening for all three cancers [33]. Bivariate analyses were performed with the two-sided
Fisher’s exact test for categorical variables and ANOVA for continuous variables. Baseline
characteristics were descriptively reported for the overall sample and separately for women
in each of the three groups [34].

Baseline characteristics that were marginally bivariately associated (p < 0.25; to pro-
vide conservative adjustment and unbiased efficacy estimation) with the outcome of UTD
for breast cancer screening. were entered into the first step of a multivariable backward-
deletion logistic regression procedure to compare study groups on the outcome, while ad-
justing for potentially confounding covariates. The Akaike Information Criterion (AIC) [35]
was used as the criterion for backward removal and final model selection. Covariates of
study group, age and baseline status for all eligible screening tests were forced into all
models. The final model was re-run using only variables retained in the backward-removal
selection to reduce missing data.

3. Results

A total of 402 eligible women, from 96 of the 98 rural counties, were not UTD with
mammography screening and were randomized to UC, DVD or DVD/PN intervention
arms (Figure 1). Women ranged in age from 50 to 74 with a mean of 58.2 years. High school
education or less was reported by 17%, 38% had some college, 27% indicated a four-year
college degree and 18% reported a master’s degree or higher. A total of 97% reported being
White; most women were married or living with a partner (76%), 21% were divorced or
widowed, and 3% had never been married. Only 20% of women reported a household
income under USD 40,000, 40% reported an income of USD 40,000 to USD 79,999 and 37%
indicated a household income of USD 80,000 or greater. The majority (58%) of participants
reported that they had enough money to pay their bills and money for special things while
32% reported they could pay their bills but have little extra money. Baseline data reveled
little missing data except for height and weight where 38% had missing data, preventing
calculation of BMI for these participants. Baseline characteristics were balanced between
the three randomized arms, as expected (Table 1).

Approximately 30% of women randomized to both UC and the DVD alone groups
received a mammogram by T3 (Table 2). A total of 54% of women in the combined
intervention (DVD + PN) group had a mammogram within the 12-month window, with
5 times greater odds than the UC group of being UTD for breast cancer screening at T3,
after adjusting for covariates (Table 3; OR = 5.11; 95% CI = 2.57, 10.60; p < 0.001). The
DVD alone was not significantly better than UC, but the effect size was in the anticipated
direction (OR = 1.26). A second analyses tested all intervention and covariate interactions
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at the 0.01 alpha level, and none were significant, thus the magnitude or direction of the
intervention effects did not depend on any of the measured baseline covariates.
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Figure 1. CONSORT Diagram. * Post randomization, 2 participants from Usual Care were ineligible:
One person had no 12-month medical record or self-report outcome data, and one person was
ineligible because it was determined that they were UTD with all screenings at baseline. ** Post
randomization, 2 participants from the DVD group were determined to be ineligible because they
were UTD with all screenings at baseline.

Table 1. Baseline characteristics by randomized study group.

Characteristic Overall
N = 402 1

Usual Care
N = 83 1

DVD
N = 157 1

DVD/PN
N = 162 1

Outside Guidelines For:
All 3 tests 186 (46%) 37 (45%) 75 (48%) 74 (46%)
Mammogram & CRC 89 (22%) 18 (22%) 34 (22%) 37 (23%)
Mammogram & cervical cancer 68 (17%) 15 (18%) 26 (17%) 27 (17%)
Mammogram only 59 (15%) 13 (16%) 22 (14%) 24 (15%)

Age 58.2 (6.1) 58.7 (6.0) 58.0 (6.2) 58.1 (6.0)
50–54 140 (35%) 25 (30%) 55 (35%) 60 (37%)
55–59 109 (27%) 21 (25%) 49 (31%) 39 (24%)
60–64 82 (20%) 21 (25%) 27 (17%) 34 (21%)
65+ 71 (18%) 16 (19%) 26 (17%) 29 (18%)

State
Indiana 168 (42%) 36 (43%) 67 (43%) 65 (40%)
Ohio 234 (58%) 47 (57%) 90 (57%) 97 (60%)

Education
HS/GED or less 69 (17%) 17 (20%) 26 (17%) 26 (16%)
Some college or AS 154 (38%) 29 (35%) 64 (41%) 61 (38%)
BS/BA/AB/BSN 108 (27%) 24 (29%) 41 (26%) 43 (27%)
MS or more 71 (18%) 13 (16%) 26 (17%) 32 (20%)
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Table 1. Cont.

Characteristic Overall
N = 402 1

Usual Care
N = 83 1

DVD
N = 157 1

DVD/PN
N = 162 1

Income
<USD 40 k 80 (20%) 22 (27%) 33 (21%) 25 (15%)
USD 40k–USD 79,999 159 (40%) 27 (33%) 65 (41%) 67 (41%)
USD 80 k + 150 (37%) 28 (34%) 58 (37%) 64 (40%)
Missing 13 (3.2%) 6 (7.2%) 1 (0.6%) 6 (3.7%)

Marital Status
Married/living as married 303 (76%) 62 (76%) 120 (76%) 121 (75%)
Divorced/Widowed/Separated 86 (21%) 19 (23%) 33 (21%) 34 (21%)
Never married 12 (3.0%) 1 (1.2%) 4 (2.5%) 7 (4.3%)

Insurance Status
Private only 267 (67%) 57 (69%) 101 (65%) 109 (67%)
No insurance 37 (9.2%) 10 (12%) 17 (11%) 10 (6.2%)
Public only 43 (11%) 9 (11%) 16 (10%) 18 (11%)
Public and private 54 (13%) 7 (8.4%) 22 (14%) 25 (15%)
White 391 (97%) 80 (96%) 156 (99%) 155 (96%)
Non-White 11 (2.7%) 3 (3.6%) 1 (0.6%) 7 (4.3%)

Household Financial Situation
Has enough money for special things 231 (58%) 46 (55%) 96 (61%) 89 (55%)
Can pay bills, but little extra money 127 (32%) 28 (34%) 46 (29%) 53 (33%)
Has to cut back or has difficulty paying bills 43 (11%) 9 (11%) 15 (9.6%) 19 (12%)
National Percentile of Block Group ADI Score 67.8 (15.9) 69.8 (16.0) 66.6 (16.3) 67.9 (15.4)

Secondary RUCA Code
Urban and Large Rural City/Town 257 (64%) 54 (65%) 104 (66%) 99 (61%)
Small and Isolated Small Rural Town 145 (36%) 29 (35%) 53 (34%) 63 (39%)

Yost—U.S.-based, Quintiles
1—Lowest SES 60 (17%) 14 (19%) 16 (11%) 30 (20%)
2 161 (44%) 30 (40%) 66 (47%) 65 (44%)
3 112 (31%) 22 (29%) 46 (33%) 44 (30%)
4 or 5—Highest SES 30 (8.3%) 9 (12%) 12 (8.6%) 9 (6.1%)

Working for Pay
No 135 (34%) 30 (36%) 54 (34%) 51 (31%)
Yes—part time 83 (21%) 22 (27%) 27 (17%) 34 (21%)
Yes—full time 184 (46%) 31 (37%) 76 (48%) 77 (48%)

Smoking Status
Never 247 (61%) 56 (67%) 95 (61%) 96 (59%)
Former 112 (28%) 17 (20%) 47 (30%) 48 (30%)
Current 31 (7.7%) 7 (8.4%) 11 (7.0%) 13 (8.0%)

Body Mass Index (BMI)
Obese 129 (32%) 26 (31%) 49 (31%) 54 (33%)
Normal 50 (12%) 15 (18%) 20 (13%) 15 (9.3%)
Overweight 72 (18%) 16 (19%) 25 (16%) 31 (19%)
Unknown 151 (38%) 26 (31%) 63 (40%) 62 (38%)

Ever Had a Mammogram
No 30 (7.5%) 4 (4.8%) 12 (7.6%) 14 (8.6%)
Yes 372 (93%) 79 (95%) 145 (92%) 148 (91%)

Health Care Provider Suggested to Have a Mammogram
No 21 (5.3%) 2 (2.4%) 9 (5.8%) 10 (6.2%)
Yes 375 (95%) 80 (98%) 145 (94%) 150 (94%)

Received Reminders from Health Care Facility
No 208 (54%) 40 (49%) 87 (59%) 81 (52%)
Yes 176 (46%) 41 (51%) 61 (41%) 74 (48%)

Planning to Have a Mammogram in Next 6 Months
No 207 (51%) 40 (48%) 78 (50%) 89 (55%)
Yes 195 (49%) 43 (52%) 79 (50%) 73 (45%)

Perceived Barriers to Mammography Screening Score
(range: 9–45) 20.2 (5.2) 19.6 (4.8) 19.8 (5.4) 20.8 (5.3)
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Table 1. Cont.

Characteristic Overall
N = 402 1

Usual Care
N = 83 1

DVD
N = 157 1

DVD/PN
N = 162 1

If Have Regular Mammograms, Won′t Worry as Much about Dying
from Breast Cancer

Neither/Disagree/strongly disagree 146 (37%) 23 (28%) 54 (35%) 69 (43%)
Strongly agree/agree 253 (63%) 60 (72%) 101 (65%) 92 (57%)

Compared to Women Your Age and Race, How Likely to Get
Breast Cancer

About the same 249 (62%) 53 (64%) 90 (58%) 106 (66%)
Higher 32 (8.0%) 8 (9.6%) 10 (6.5%) 14 (8.7%)
Lower 118 (30%) 22 (27%) 55 (35%) 41 (25%)

Confident Can Get a Mammogram
Neither/Disagree/strongly disagree 46 (12%) 11 (13%) 14 (9.0%) 21 (13%)
Strongly agree/agree 353 (88%) 72 (87%) 141 (91%) 140 (87%)

Breast Cancer Knowledge Score
(range: 0–5) 3.38 (1.14) 3.22 (1.23) 3.54 (1.09) 3.31 (1.13)

1 n (%); Mean (SD).

Table 2. Bivariate analysis of 12-month medical record breast cancer screening outcome by study arm
(N = 402).

Randomized Arm p-Values

Characteristic Overall,
N = 402 1

Usual
Care 1 DVD 1 DVD/

Navigator 1 p-Value 2 DVD vs.
Usual Care 3

DVD/
Navigator
vs. Usual

Care 3

DVD/
Navigator
vs. DVD 3

UTD for breast cancer
screenings within 12

months since enrollment
<0.001 >0.9 <0.001 <0.001

No record of test or
outside 12-month window 243 (60%) 58 (70%) 110 (70%) 75 (46%)

Received within
12 months 159 (40%) 25 (30%) 47 (30%) 87 (54%)

1 n (%) 2 Pearson’s Chi-squared test 3 Fisher’s exact test. Note: UTD = up to date.

Table 3. Multivariable logistic regression model of being UTD for breast cancer screening at 12 months
(N = 355).

Characteristic OR 1 95% CI 1 p-Value

Baseline screening status, not UTD for:
Breast, colorectal and cervical — —
Breast and colorectal 1.55 0.79, 3.04 0.202
Breast and cervical 1.84 0.91, 3.75 0.091
Breast only 2.55 1.20, 5.49 0.016

Study arm 2

Usual care — —
DVD 1.26 0.64, 2.52 0.503
DVD/Patient Navigator 5.11 2.57, 10.60 <0.001

Age 0.412
50–54 — —
55–59 1.31 0.67, 2.55 0.433
60–64 1.86 0.90, 3.89 0.094
65+ 1.43 0.64, 3.20 0.381

Describe your household financial situation
Has enough money for special things — —
Can pay bills, but little extra money 0.87 0.49, 1.52 0.621
Has to cut back or has difficulty paying bills 0.24 0.08, 0.65 0.008
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Table 3. Cont.

Characteristic OR 1 95% CI 1 p-Value

Currently working for pay
No — —
Yes—part time 2.13 1.04, 4.39 0.038
Yes—full time 1.89 1.02, 3.58 0.046

Received any mammogram reminders
No — —
Yes 1.76 1.06, 2.94 0.030

Planning to have a mammogram in the next 6 months
No — —
Yes 1.85 1.07, 3.22 0.028

If have regular mammograms, won′t worry as much about dying from breast cancer
Neither/Disagree/strongly disagree — —
Strongly agree/agree 1.76 0.99, 3.17 0.057

National percentile of block group ADI score 0.98 0.97, 1.00 0.051
1 OR = Odds Ratio, CI = Confidence Interval. ADI = area disadvantage index. UTD = up to date. 2 Effect of
DVD/Navigator vs. DVD: OR = 4.05; 95% CI = 2.26, 7.26; p < 0.001. Notes: The omnibus tests are likelihood ratio
tests and may therefore disagree slightly with the Wald tests for specific indicator variables. p-values < 0.05 are
bolded. Re-confirmation of medical record location at 12 months was also adjusted for in this model (confirmed vs.
not confirmed at 12 months; OR = 4.60; CI = 2.14, 10.70, p < 0.001); for the 12% of participants whose medical record
health care system location was not confirmed at 12 months, the location reported at their baseline interview was
used to assess 12-month outcomes; in the total sample, only 5 persons had no medical record data or location
confirmation at baseline or 12 months, and, among those 5, the 12-month self-report data was available and used
for 4 persons in all analyses.

Predictors of being UTD were assessed with multivariable models. Participants were
significantly less likely to be UTD at T3 if they had difficulty paying bills (OR = 0.24,
p = 0.008) and marginally less likely to be UTD if they had a higher ADI (OR = 0.98,
p = 0.051). Participants were significantly more likely to be UTD at 12 months if they were
employed either part time (OR= 2.13, p = 0.038) or full time (OR = 1.89, p = 0.046). If women
had received reminders for mammography (OR = 1.76, p = 0.030) or were planning at
baseline to have a mammogram (OR = 1.85, p = 0.028), they were almost two times more
likely to be UTD with breast cancer screening guidelines at T3.

Our final analyses sought to determine if there was an association between the type of
screening needed (not UTD) at baseline (breast, cervical or colon) and being UTD at T3 with
breast cancer screening using more data collected in the larger study. Of the 402 women
who needed mammography, 59 (14.6%) were not UTD for mammography alone, 68 (16.9%)
were not UTD for both breast and cervical cancer, 89 (22.1%) were not UTD for both breast
and CRC, and 186 (46.3%) were not UTD for all three screenings. If women were not UTD
with breast cancer screening, but UTD with cervical and CRC screening, they were 2.5 times
more likely to obtain a mammogram at 12 months compared to women who were not UTD
with screening for all three cancers (Table 3; OR = 2.55, p = 0.016).

4. Discussion

This study sought to determine the comparative effectiveness of two tailored inter-
ventions delivered to rural women’s homes. Both involved a tailored DVD, with one also
including PN, which allowed for assessment and an individualized approach to resolving
individual barriers to screening. Results demonstrated that women receiving the tailored
DVD followed by telephone based PN were over five times more likely to become UTD
with mammography screening compared to women randomized to UC, consistent with
other studies that have tested some combination of tailored messaging and PN [19,20]. For
example, a meta-analysis found that interventions led by PNs significantly increased mam-
mography, almost twofold over UC [36]. PN has been proven effective in addressing not
only lack of screening for multiple cancer sites, but also was shown to improve follow-up
after positive screens [37]. The success of PN mainly comes from the approach—assess and
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resolve barriers to the specific action—and the delivery mechanism—usually a person who
is from the same community as the participant.

This study extended the way effective PN can be delivered—remotely over the phone—
addressing unique barriers to care rural women face, e.g., transportation, low access to care,
and large distances to travel. Moreover, with the digital divide, the phone as an option to
provide PN was a necessity, given the difficulty with telehealth in many rural areas [38].
Several covariates significantly impacted mammography screening (Table 3). First, financial
status affected becoming UTD with breast cancer screening. Compared to those who
had enough money for special things after paying their bills, those who had difficulty
paying bills [28,39] were much less likely to get a mammogram (OR = 0.24, p = 0.008) as
found in other studies [39,40]. Consistent with this finding, those who evidenced greater
area deprivation, as measured by the ADI [39,40] were less likely to become UTD with
mammography. Perhaps women were not aware that Medicaid, Medicare and all insurance
companies are required to provide mammograms with no out of pocket payments or
that many states, including OH and IN, participate in the Breast and Cervical Cancer
Early Detection Program, which allows women who qualify to obtain free or low cost
mammograms [41,42]. Given the wide variety of resources that ensure no out of pocket
expenses for mammography, the availability of financial support for mammography needs
to be emphasized to women with financial concerns.

Both receiving a reminder about mammography and voicing intent to screen in the
next six months significantly predicted obtaining mammography, a finding that has been
reported in other studies [8,43]. Women who only needed breast cancer screening at
baseline compared to those who were not UTD with two or more screenings were more
likely to obtain a mammogram by T3. While it is obviously easier to obtain a single needed
screening compared to multiple tests, our interventions [33] sought to motivate women
to become UTD with any needed screenings. Mammography was the most accepted of
the three screenings by the participants, perhaps because of widespread acceptability and
promotion of breast cancer screening compared to the other two tests and the nature of the
tests themselves, with mammography being less invasive than Pap tests and colonoscopies
and perhaps less off-putting than completing a Fecal Immunochemical Test (FIT).

5. Strengths

We obtained eligibility status (at baseline), and T3 outcome data through MRR. We
confirmed medical record home again at T3. We were unable to reach about 10% of our
sample to confirm the location of their current medical records and used their medical
record provided at baseline. If women had changed health care locations, a mammogram
obtained after the intervention might not be recorded in the baseline medical record system,
thus underestimating mammography receipt. However, we were able to control for this
difference with a variable indicating if MRR was confirmed at T3. We used well-validated
survey measures to capture our variables of interest. Our interventions were based on prior
work, and we assessed the robustness of intervention delivery. Importantly, o interventions
were tailored to the needs of this rural population.

6. Limitations

Although participants were recruited from rural counties in Ohio and Indiana, the
overall socioeconomic status of our sample was high, thus, our sample might not be
truly representative of women in these counties [5,44]. Additionally, although eligibility
was defined as living in counties with RUCC 4–9, women may have been more aligned
with neighboring urban counties and not representative of rural counties with smaller
populations. Lastly, we might have underestimated screening for some women, as medical
records might not have captured all tests received at other clinical locations.
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7. Conclusions

For women who were not UTD with mammography screening at baseline, women
in the DVD/PN intervention group compared to women in the UC group were over five
times more likely to become UTD with breast cancer screening. Although there were not
significant interactions with the intervention, we found that being in contemplation (intend-
ing to have a mammogram in the next 6 months), being UTD with cervical and colon cancer
screenings, having more disposable income and receiving a mammography reminder were
associated with becoming UTD with breast cancer screening. We also found that women
who lived in areas with greater socioeconomic deprivation were less likely to become
UTD with breast cancer screening, supporting the need for adapting interventions so they
can be delivered remotely to women in deprived areas. The ability of this intervention
to be delivered remotely to women in rural areas will allow mammography-supporting
interventions to be disseminated to women in the most underserved and under-resourced
areas of the United States.

Author Contributions: V.L.C. and E.D.P.: Conceptualization, methodology, resources, investigation,
formal analyses, validation, writing, supervision. P.O.M.: Formal analyses, writing, methodology.
T.E.S.: Formal analyses. E.B.B.: Methodology, writing, resources. E.V.: Methodology, writing,
resources. M.L.K.; Conceptualization, writing. S.M.R.: Conceptualization, writing. R.D.B.: Project
supervision, writing, resources. C.D.K.: Data curation. N.L.Z.: writing. All authors have read and
agreed to the published version of the manuscript.

Funding: Support for this research was provided by the National Cancer Institute (R01CA196246),
(T32CA229114), and (T32CA117865) as well as the National Institute of Nursing Research (F31NR018791).

Institutional Review Board Statement: The study was approved 15 June 2016 by the Institutional
Review Boards of Ohio State University (primary) and Indiana University (secondary) and was
registered on clinical trials.gov (ID: NCT02795104).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data can be shared upon request addressed to vchampio@iu.edu.

Acknowledgments: Research reported in this publication was supported by The Ohio State Univer-
sity Comprehensive Cancer Center and the National Institutes of Health under grant number P30
CA016058 and National Center for Advancing Translational Sciences, Grant UL1TR002733.

Conflicts of Interest: The authors declare no conflict of interest. The funder had no role in the design
of the study; in the collection, analyses, or interpretation of data, in the writing of the manuscript; or
in the decision to publish the results.

References
1. CDC. Age-Adjusted Cancer Incidence Rates, All Types of Cancer, Male and Female, United States. 2019. Available online:

https://www.cdc.gov/cancer/dcpc/research/update-on-cancer-deaths/index.htm (accessed on 17 August 2022).
2. CDC. U.S. Health, 2019—Data Finder, Editor.: National Center for Health Statistics. Available online: https://www.cdc.gov/

nchs/hus/data-finder.htm?year=2019 (accessed on 17 August 2022).
3. Shete, S.; Deng, Y.; Shannon, J.; Faseru, B.; Middleton, D.; Iachan, R.; Bernardo, B.; Balkrishnan, R.; Kim, S.J.; Huang, B.; et al.

Differences in Breast and Colorectal Cancer Screening Adherence Among Women Residing in Urban and Rural Communities in
the United States. JAMA Netw. Open 2021, 4, e2128000. [CrossRef]

4. U.S. Department of Health and Human Services. Objectives and Data. (n.d.). Available online: https://health.gov/healthypeople/
objectives-and-data (accessed on 17 August 2022).

5. Marré, A. Rural Education at a Glance; USDA: Washington, DC, USA, 2017.
6. U.S. Department of Agriculture. Rural Poverty & Well-Being. 2022. Available online: https://www.ers.usda.gov/topics/rural-

economy-population/rural-poverty-well-being/#geography (accessed on 17 August 2022).
7. McAlearney, A.S.; Reeves, K.W.; Tatum, C.; Paskett, E.D. Perceptions of insurance coverage for screening mammography among

women in need of screening. Cancer 2005, 103, 2473–2480. [CrossRef] [PubMed]
8. Gathirua-Mwangi, W.; Cohee, A.; Tarver, W.L.; Marley, A.; Biederman, E.; Stump, T.; Monahan, P.; Rawl, S.; Skinner, C.S.;

Champion, V.L. Factors Associated with Adherence to Mammography Screening Among Insured Women Differ by Income
Levels. Women’s Health Issues 2018, 28, 462–469. [CrossRef]

https://www.cdc.gov/cancer/dcpc/research/update-on-cancer-deaths/index.htm
https://www.cdc.gov/nchs/hus/data-finder.htm?year=2019
https://www.cdc.gov/nchs/hus/data-finder.htm?year=2019
http://doi.org/10.1001/jamanetworkopen.2021.28000
https://health.gov/healthypeople/objectives-and-data
https://health.gov/healthypeople/objectives-and-data
https://www.ers.usda.gov/topics/rural-economy-population/rural-poverty-well-being/#geography
https://www.ers.usda.gov/topics/rural-economy-population/rural-poverty-well-being/#geography
http://doi.org/10.1002/cncr.21068
http://www.ncbi.nlm.nih.gov/pubmed/15884097
http://doi.org/10.1016/j.whi.2018.06.001


Cancers 2022, 14, 4354 11 of 12

9. Berchick, E.R.; Barnett, J.C.; Upton, R.D. Health Insurance Coverage in the United States: 2018; U.S. Department of Commerce, United
States Census Bureau: Lakewood, CO, USA, 2019; pp. 60–267.

10. Onega, T.; Hubbard, R.; Hill, D.; Lee, C.I.; Haas, J.S.; Carlos, H.A.; Alford-Teaster, J.; Bogart, A.; DeMartini, W.B.;
Kerlikowske, K.; et al. Geographic Access to Breast Imaging for US Women. J. Am. Coll. Radiol. JACR 2014, 11, 874–882.
[CrossRef] [PubMed]

11. Jewett, P.I.; Gangnon, R.; Elkin, E.; Hampton, J.M.; Jacobs, E.A.; Malecki, K.; LaGro, J.; Newcomb, P.A.; Trentham-Dietz, A.
Geographic access to mammography facilities and frequency of mammography screening. Ann. Epidemiol. 2017, 28, 65–71.e2.
[CrossRef]

12. Champion, V.; Huster, G. Effect of interventions on stage of mammography adoption. J. Behav. Med. 1995, 18, 169–187. [CrossRef]
[PubMed]

13. Champion, V.; Foster, J.L.; Menon, U. Tailoring interventions for health behavior change in breast cancer screening. Cancer Pract.
1997, 5, 283–288. [PubMed]

14. Ryan, G.L.; Skinner, C.S.; Farrell, D.; Champion, V.L. Examining the boundaries of tailoring: The utility of tailoring versus
targeting mammography interventions for two distinct populations. Health Educ. Res. 2001, 16, 555–566. [CrossRef]

15. Champion, V.L.; Skinner, C.S.; Menon, U.; Seshadri, R.; Anzalone, D.C.; Rawl, S.M. Comparison of tailored mammography
interventions at two months post intervention. Ann. Behav. Med. 2002, 24, 211–218. [CrossRef]

16. Champion, V.; Maraj, M.; Hui, S.; Perkins, A.J.; Tierney, W.; Menon, U.; Skinner, C.S. Comparison of tailored interventions to
increase mammography screening in nonadherent older women. Prev. Med. 2003, 36, 150–158. [CrossRef]

17. Champion, V.L.; Springston, J.K.; Zollinger, T.W.; Saywell Jr, R.M.; Monahan, P.O.; Zhao, Q.; Russell, K.M. Comparison of three
interventions to increase mammography screening in low income African American women. Cancer Detect. Prev. 2006, 30,
535–544. [CrossRef] [PubMed]

18. Champion, V.; Skinner, C.S.; Hui, S.; Monahan, P.; Juliar, B.; Daggy, J.; Menon, U. The effect of telephone versus print tailoring for
mammography adherence. Patient Educ. Couns. 2007, 65, 416–423. [CrossRef]

19. Champion, V.; Skinner, C.S.; Hui, S.; Monahan, P.; Juliar, B.; Daggy, J.; Menon, U. Randomized trial of DVD, telephone, and usual
care for increasing mammography adherence. J. Health Psychol. 2016, 21, 916–926. [CrossRef] [PubMed]

20. Champion, V.L.; Christy, S.M.; Rakowski, W.; Lairson, D.R.; Monahan, P.O.; Gathirua-Mwangi, W.G.; Stump, T.E.; Biederman, E.B.;
Kettler, C.D.; Rawl, S.M. A randomized control trial to increase breast and colorectal cancer screening. Am. J. Prev. Med. 2020, 59,
e69–e78. [CrossRef] [PubMed]

21. Torres, E.; Richman, A.R.; Schreier, A.M.; Vohra, N.; Verbanac, K. An Evaluation of a Rural Community-Based Breast Education
and Navigation Program: Highlights and Lessons Learned. J. Cancer Educ. 2019, 34, 277–284. [CrossRef]

22. Davis, T.C.; Rademaker, A.; Bennett, C.L.; Wolf, M.S.; Carias, E.; Reynolds, C.; Liu, D.; Arnold, C.L. Improving mammography
screening among the medically underserved. J. Gen. Intern. Med. 2014, 29, 628–635. [CrossRef]

23. Falk, D.; Cubbin, C.; Jones, B.; Carrillo-Kappus, K.; Crocker, A.; Rice, C. Increasing Breast and Cervical Cancer Screening in Rural
and Border Texas with Friend to Friend Plus Patient Navigation. J. Cancer Educ. 2016, 33, 798–805. [CrossRef]

24. USDA. Rural-Urban Continuum Codes; Cromartie, J., Ed.; USDA: Washington, DC, USA, 2020.
25. U.S. Preventive Services Task Force. Recommendations. Available online: https://www.uspreventiveservicestaskforce.org/

uspstf/ (accessed on 17 August 2022).
26. Champion, V.L.; Christy, S.M.; Rakowski, W.; Gathirua-Mwangi, W.G.; Tarver, W.L.; Carter-Harris, L.; Cohee, A.A.; Marley, A.R.;

Jessup, N.M.; Biederman, E.; et al. A Randomized Trial to Compare a Tailored Web-Based Intervention and Tailored Phone
Counseling to Usual Care for Increasing Colorectal Cancer Screening. Cancer Epidemiol. Biomark. Prev. 2018, 27, 1433–1441.
[CrossRef] [PubMed]

27. U.S. Department of Agriculture, Economic Research Service. Rural-Urban Commuting Area Codes. 2020. Available online:
https://www.ers.usda.gov/data-products/rural-urban-commuting-area-codes/ (accessed on 17 August 2022).

28. University of Wisconsin, Area Deprivation Index. 2019. Available online: https://www.neighborhoodatlas.medicine.wisc.edu/
(accessed on 17 August 2022).

29. National Cancer Institute. Time-Dependent County Attributes. 1990–2019, SEER: NCI. Available online: https://seer.cancer.gov/
seerstat/variables/countyattribs/time-dependent.html (accessed on 17 August 2022).

30. Yost, K.; Perkins, C.; Cohen, R.; Morris, C.; Wright, W. Socioeconomic status and breast cancer incidence in California for different
race/ethnic groups. Cancer Causes Control 2001, 12, 703–711. [CrossRef]

31. Menon, U.; Champion, V.; Monahan, P.O.; Daggy, J.; Hui, S.; Skinner, C.S. Health Belief Model Variables as Predictors of
Progression in Stage of Mammography Adoption. Am. J. Health Promot. 2007, 21, 255–261. [CrossRef]

32. Biederman, E.; Baltic, R.; Katz, M.; Rawl, S.; Vachon, E.; Monahan, P.; Stump, T.; Kettler, C.; Carter, L.; Young, G.; et al. Increasing
Breast, Cervical, and Colorectal Cancer Screening among Rural Women: Baseline Characteristics of a Randomized Control Trial; Ohio State
University: Columbus, OH, USA, 2022.

33. Champion, V.; Paskett, E.; Monahan, P.; Stump, T.; Biederman, E.; Vachon, E.; Katz, M.; Rawl, S.; Xu, W.; Baltic, R.; et al.
Comparative Effectiveness of Two Interventions to Increase Breast, Cervical and Colorectal Cancer Screening in Rural Women; Ohio State
University: Columbus, OH, USA, 2022.

34. Senn, S. Testing for baseline balance in clinical trials. Stat. Med. 1994, 13, 1715–1726. [CrossRef]

http://doi.org/10.1016/j.jacr.2014.03.022
http://www.ncbi.nlm.nih.gov/pubmed/24889479
http://doi.org/10.1016/j.annepidem.2017.11.012
http://doi.org/10.1007/BF01857868
http://www.ncbi.nlm.nih.gov/pubmed/7563045
http://www.ncbi.nlm.nih.gov/pubmed/9341350
http://doi.org/10.1093/her/16.5.555
http://doi.org/10.1207/S15324796ABM2403_06
http://doi.org/10.1016/S0091-7435(02)00038-5
http://doi.org/10.1016/j.cdp.2006.10.003
http://www.ncbi.nlm.nih.gov/pubmed/17110056
http://doi.org/10.1016/j.pec.2006.09.014
http://doi.org/10.1177/1359105314542817
http://www.ncbi.nlm.nih.gov/pubmed/25070967
http://doi.org/10.1016/j.amepre.2020.03.008
http://www.ncbi.nlm.nih.gov/pubmed/32690203
http://doi.org/10.1007/s13187-017-1298-0
http://doi.org/10.1007/s11606-013-2743-3
http://doi.org/10.1007/s13187-016-1147-6
https://www.uspreventiveservicestaskforce.org/uspstf/
https://www.uspreventiveservicestaskforce.org/uspstf/
http://doi.org/10.1158/1055-9965.EPI-18-0180
http://www.ncbi.nlm.nih.gov/pubmed/30181203
https://www.ers.usda.gov/data-products/rural-urban-commuting-area-codes/
https://www.neighborhoodatlas.medicine.wisc.edu/
https://seer.cancer.gov/seerstat/variables/countyattribs/time-dependent.html
https://seer.cancer.gov/seerstat/variables/countyattribs/time-dependent.html
http://doi.org/10.1023/A:1011240019516
http://doi.org/10.4278/0890-1171-21.4.255
http://doi.org/10.1002/sim.4780131703


Cancers 2022, 14, 4354 12 of 12

35. Hastie, T.; Tibshirani, R.; Friedman, J. The Elements of Statistical Learning: Data Mining, Inference, and Prediction; Springer: New York,
NY, USA, 2001.

36. Li, C.; Liu, Y.; Xue, D.; Chan, C.W. Effects of nurse-led interventions on early detection of cancer: A systematic review and
meta-analysis. Int. J. Nurs. Stud. 2020, 110, 103684. [CrossRef] [PubMed]

37. Bernardo, B.M.; Zhang, X.; Beverly Hery, C.M.; Meadows, R.J.; Paskett, E.D. The efficacy and cost-effectiveness of patient
navigation programs across the cancer continuum: A systematic review. Cancer 2019, 125, 2747–2761. [CrossRef] [PubMed]

38. Hamilton, E.C.; Saiyed, F.; Miller, C.C., III; Eguia, A.; Fonseca, A.C.; Baum, G.P.; Tsao, K.; Austin, M.T. The digital divide in
adoption and use of mobile health technology among caregivers of pediatric surgery patients. J. Pediatr. Surg. 2018, 53, 1478–1493.
[CrossRef] [PubMed]

39. Kind, A.J.; Buckingham, W.R. Making Neighborhood-Disadvantage Metrics Accessible—The Neighborhood Atlas. N. Engl. J.
Med. 2018, 378, 2456–2458. [CrossRef] [PubMed]

40. Kurani, S.S.; McCoy, R.G.; Lampman, M.A.; Doubeni, C.A.; Rutten, L.J.F.; Inselman, J.W.; Giblon, R.E.; Bunkers, K.S.; Stroebel, R.J.;
Rushlow, D.; et al. Association of Neighborhood Measures of Social Determinants of Health with Breast, Cervical, and Colorectal
Cancer Screening Rates in the US Midwest. JAMA Netw. Open 2020, 3, e200618. [CrossRef] [PubMed]

41. Ohio Department of Health. Breast & Cervical Cancer Home. Indiana Breast and Cervical Cancer Program 2020. 2020.
Available online: https://www.in.gov/health/cdpc/in-wisewoman-indiana-well-integrated-screening-and-evaluation-for-
women-across-the-nation/bccp/ (accessed on 17 August 2022).

42. Ohio Department of Health. Breast & Cervical Cancer Project. 2022. Available online: https://odh.ohio.gov/know-our-
programs/breast-cervical-cancer-project/welcome-to (accessed on 17 August 2022).

43. Nair, R.G.; Lee, S.J.C.; Berry, E.; Argenbright, K.E.; Tiro, J.A.; Skinner, C.S. Long-term Mammography Adherence among
Uninsured Women Enrolled in the Breast Screening and Patient Navigation (BSPAN) Program. Cancer Epidemiol. Biomark. Prev.
2022, 31, 77–84. [CrossRef]

44. Rural Health Information Hub. United States Selected Social Determinants of Health. 2022. Available online: https:
//www.ruralhealthinfo.org/states/united-states#:~{}:text=According%20to%20the%20Economic%20Research,per%20capita%
20income%20at%20%2445%2C917 (accessed on 17 August 2022).

http://doi.org/10.1016/j.ijnurstu.2020.103684
http://www.ncbi.nlm.nih.gov/pubmed/32702568
http://doi.org/10.1002/cncr.32147
http://www.ncbi.nlm.nih.gov/pubmed/31034604
http://doi.org/10.1016/j.jpedsurg.2017.08.023
http://www.ncbi.nlm.nih.gov/pubmed/28927983
http://doi.org/10.1056/NEJMp1802313
http://www.ncbi.nlm.nih.gov/pubmed/29949490
http://doi.org/10.1001/jamanetworkopen.2020.0618
http://www.ncbi.nlm.nih.gov/pubmed/32150271
https://www.in.gov/health/cdpc/in-wisewoman-indiana-well-integrated-screening-and-evaluation-for-women-across-the-nation/bccp/
https://www.in.gov/health/cdpc/in-wisewoman-indiana-well-integrated-screening-and-evaluation-for-women-across-the-nation/bccp/
https://odh.ohio.gov/know-our-programs/breast-cervical-cancer-project/welcome-to
https://odh.ohio.gov/know-our-programs/breast-cervical-cancer-project/welcome-to
http://doi.org/10.1158/1055-9965.EPI-21-0191
https://www.ruralhealthinfo.org/states/united-states#:~{}:text=According%20to%20the%20Economic%20Research,per%20capita%20income%20at%20%2445%2C917
https://www.ruralhealthinfo.org/states/united-states#:~{}:text=According%20to%20the%20Economic%20Research,per%20capita%20income%20at%20%2445%2C917
https://www.ruralhealthinfo.org/states/united-states#:~{}:text=According%20to%20the%20Economic%20Research,per%20capita%20income%20at%20%2445%2C917

	Introduction 
	Materials and Methods 
	Sample 
	Interventions 
	Measures 
	Statistical Approach 

	Results 
	Discussion 
	Strengths 
	Limitations 
	Conclusions 
	References

