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Background

Mammograms are a cost-effective method of detecting 
breast cancer early and reducing mortality from the  
disease.1,2 When people are diagnosed at earlier stages, 
treatment success and survivorship rates are high.2 For 
example, the 5-year relative survival rate for cancer 
localized to the breast is 99% while that for cancer that 
has spread from the breast to distant parts of the body 
such as the lungs is 27%.3 The United States Prevention 
Services Task Force (USPSTF) recommends that women 
who are 50–74 years old, and women aged 40–49 years 
who have average risk for breast cancer or placed a higher 
value on the potential benefits than harms should receive 
a mammogram every 2 years.4 Other cancer organiza-
tions, such as the American Cancer Society, recommends 
that for women at average risk of breast cancer have the 
option to begin annual mammography at 40–44 years of 
age; while women 45–54 years should undergo annual 
mammography; and those 55 years of age or older may 

transition to biennial mammography or continue with 
annual mammograms.5 Screening recommendations for 
high-risk women, such as those with a family history of 
cancer, include annual mammograms beginning at age 30.6

Medicare provides health insurance coverage for eligi-
ble individuals 65 and older, and Medicare Part B covers 
most preventive services.7 Mammography has been cov-
ered under the Medicare program since 1991,8 and women 
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over 65 make up a third of all mammograms conducted 
each year.9 Even in this insured population, preventive ser-
vices use, including mammogram receipt, is low. 
According to the American Cancer Society (2009), only 
68% of women age 55 years and older received a mammo-
gram consistent with recommended guideline.5 Previous 
studies have identified a number of factors that predict 
lower rates of mammography use among the elderly. 
Minority women, women with less education, those not 
having a usual source of care, or those in poverty are all 
less likely to receive a mammogram.10-12 In addition, avail-
ability of transportation, distance from metropolitan areas, 
a limited number of health care visits, a lack of related 
physician recommendations, and fewer available health 
care professionals have all been cited as barriers to cancer 
screening in Appalachia.13-14

About half of US adults have at least one chronic  
disease,15,16 while 25% have two or more chronic  
conditions.17,18 The percentage of adults with multiple 
chronic diseases (both 2 and ⩾3) increased with age as 
90% of those age 65 and older have at least one chronic 
condition.15,19 Similar to preventive services, challenges to 
accessing chronic disease care are widespread in rural 
areas due to limited numbers of health care specialists and 
transportation barriers.20,21 Research on the association of 
between chronic disease and cancer screening have pro-
duced mixed results. Some studies have shown a negative 
association between the presence of chronic diseases and 
cancer screening.22–24 Lipscombe et al.22 in a retrospective 
cohort study of Canadian women found that women with 
diabetes had significantly fewer mammograms (with the 
previous 2 years) than those without diabetes even if the 
diabetic woman visited a primary care physician several 
times during the year. Liu et al.23 also found that an increase 
in the number of chronic conditions was associated with 
decreased breast, cervical, and colorectal screening rates 
in a population in two rural Oregon communities. 
Conversely, other studies found that the presence of 
chronic diseases was associated with compliance with can-
cer screening guidelines.25–27 Yasmeen et al.27 found an 
increased uptake in mammography among women with 
more than three chronic diseases. Fleming et al.25 exam-
ined the relationship between multiple chronic diseases 
and the prevalence of colorectal screening among residents 
in Appalachian Kentucky and found that individuals with 
more chronic diseases were more likely to have received 
colorectal screening.

These conflicting results may be due to the different 
study settings, geographic locations, and time periods, 
during which recommendations for breast cancer screen-
ing (BCS) and awareness about the disease changed. The 
65 and older age group is the fastest growing segment of 
the US population, and cancer screening decreases with 
increasing patient age.24,28 Although an extensive body of 
literature exists on the determinants of BCS, little is 

known about how the presence of chronic disease affects 
screening behavior, especially among people with ele-
vated cancer mortality risk and comorbidity, such as those 
living in Appalachia.

This study examines the associations between the 
number and prevalence of chronic health conditions and 
having received a mammogram according to screening 
guidelines among older women in four Appalachian 
states. We focus on receipt of a mammogram within a sin-
gle time period and geographic location and specifically 
examined the impact of different chronic conditions on 
being up to date for BCS, while adjusting for potential 
confounders. The increasing older adult population, the 
escalating rate of chronic disease in the Appalachian 
region, and the unresolved relation between chronic dis-
ease care and cancers screening enhance the significance 
of this focus. This study addresses the following research 
questions: (1) is the presence of a chronic disease after 
controlling for other correlates of BCS independently 
associated with having received a mammogram and (2) is 
the number of chronic conditions after controlling for 
other correlates of BCS independently associated with 
having received a mammogram.

Methods

Data

Data from cancer registries in four Appalachian states, 
Kentucky, Ohio, Pennsylvania, and North Carolina, were 
analyzed to identify women diagnosed with breast cancer 
from 2006 to 2008 and living in Appalachian counties as 
defined by the Appalachian Regional Commission (ARC). 
Patients were linked to Medicare fee for service files avail-
able from the Center for Medicare and Medicaid Services 
for 2005–2009 using patient identifiers. Patient informa-
tion was also geocoded and linked to the Area Resource 
File (2007–2009). A total of 3306 women were included in 
the sample.

Sample

Women 65 and older, having a positive breast cancer diag-
nostic histology, cytology, or microscopic confirmation 
(excluding autopsies) were included in the study sample. 
Only women who could be linked to Medicare data and 
were enrolled at least 2 years prior to and 1 year after diag-
nosis were included. Respondents were also restricted to 
those with a first ever diagnosed breast cancer tumor. 
Women with multiple or concurrent tumor, mismatched 
gender and birth dates, and without complete Medicare 
Parts A and B insurance, or with some managed care (e.g. 
health maintenance organization) coverage during the 
24-month period before and including the month of cancer 
diagnosis were excluded.
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Measures

The outcome variable of interest was BCS adherence. 
Women were examined for compliance with mammogra-
phy guidelines prior to their breast cancer diagnosis. 
Adherence to BCS was based on 2009 USPSTF29 guide-
lines, and women were categorized as adherent (or received 
a timely mammogram) to mammography screening if they 
reported having a mammogram in the previous 2 years. A 
90-day to 24-month window prior to breast cancer diagno-
sis was used to classify prior use of mammography.30 The 
90-day restriction was put in place to reduce the chances 
that diagnostic mammograms would be erroneously 
counted as screening mammograms.

The primary independent variable included the pres-
ence of one of the following chronic conditions: arthritis, 
musculoskeletal disease, degenerative joint disease, 
asthma, emphysema, chronic obstructive pulmonary dis-
ease, chronic lung disease, cardiovascular disease, hyper-
tension, chronic digestive disease, chronic pain, low-back 
pain, diabetes mellitus, depression, anxiety, and substance 
abuse. All chronic diseases identified from diagnostic 
codes in Medicare data from the 2-year period prior to 
breast cancer diagnosis were included in this analysis. 
Each chronic condition was coded as a binary variable 
(1 =condition present, 0 = condition absent) and catego-
rized to 0, 1–2, 3–4, and 5+ number of chronic diseases. 
Other patient factors known to influence BCS were 
included as covariates as follows:

•• Demographic variables. Race was categorized as 
either non-Hispanic White or non-White. Marital 
status was coded as single or married. Age was 
included as a continuous variable in multivariate 
analyses.

•• Health care access and utilization variables. The 
number of visits to a primary care provider (PCP) in 
the 2 years prior to diagnosis to 90 days prior to 
diagnosis time window was included as an indicator 
of medical need. The health care access and utiliza-
tion variable describe encounters of PCP for pre-
ventive or chronic disease management. The 
number of PCP visits was identified from the 
Medicare Physician/Supplier Part B claims file. 
PCP visits were only PCP medical specialty care 
and consultation services in an office or ambulatory 
facility.

•• Environmental variables. County-level economic 
statutes defined by 2009 ARC were included. The 
index used the 3-year average unemployment rate, 
per capita income, and poverty rate to create five 
levels of county deprivation: distressed, at risk, 
transitional, competitive, and attainment.31 No 
county in this study was at the attainment level dur-
ing study time window. In addition, counties were 
categorized based on rurality as determined by the 

United States Department of Agriculture (USDA) 
rural/urban continuum code.32 Finally, state of resi-
dence at the time of diagnosis was also included to 
control for unmeasured differences among states.

Analyses

Descriptive statistics were estimated to examine the char-
acteristics of the study sample. Bivariate analyses exam-
ined the associations among BCS adherence, chronic 
diseases, and the covariates representing sample character-
istics. Multiple logistic regression models were used to 
determine the association between BCS adherence and (1) 
the presence of a chronic disease and (2) the number of 
chronic diseases present. In each regression model, each 
independent variable was entered to obtain the unadjusted 
estimate on mammography. Next, each set of covariates 
were sequentially added to the model to develop a logistic 
regression model for each independent variable. The fully 
adjusted models examined the unique associations of the 
independent variables and BCS adherence after control-
ling for each set of covariates. All analyses were carried 
out using Stata 14.

Results

Table 1 shows the characteristics of the sample and results 
of bivariate tests of associations among the independent 
variables, covariates, and BCS adherence. The mean age 
of women in the sample was 76 years with a minimum of 
65 and a maximum of 99 years (not shown). Ninety-seven 
percent of the sample was non-Hispanic White and a little 
over half of the sample lived in Pennsylvania at the time 
of diagnosis. About half of the sample (50.2%) had 
received a preventive mammogram before being diag-
nosed with breast cancer, while nearly 16% of the sample 
had no chronic disease. The percentage of women who 
adhered to BCS was higher among those 70–74 and 75–
79 years than among younger or older women. More than 
half (59%) of women had 1 or 2 chronic diseases; 19% 
had 3 or 4 chronic diseases; and 6% of women had 5 or 
more chronic diseases. Having a mammogram within the 
past 2 years was associated with having at least one 
chronic disease, having one or two chronic diseases, being 
married, having seen a physician within the past 2 years, 
and living in a transit county.

Table 2 shows the association between having a chronic 
disease and BCS adherence, estimated in four models. In 
the unadjusted model, the presence of a chronic disease 
was associated with BCS adherence. Women with at least 
one chronic disease had 35% (confidence interval (CI): 
1.122–1.637) higher odds of BCS adherence compared to 
women who did not have a chronic disease. This signifi-
cance level remained (odds ratio (OR): 1.40, CI: 1.159–
1.696) in the presence of county-level variables (model 2), 
but with the addition of demographic variables (model 3), 
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Table 1. Characteristics of sample by breast cancer screening status.

Received timely mammogram

 No Yes Total

 No. % No. % No. %

Total sample 1646 49.79 1660 50.21 3306 100
Presence of chronic disease
 No 291 17.68 227 13.67 518 15.67
 Yes 1355 82.32 1433 86.33 2788 84.33
 Total 1646 100 1660 100 3306 100
Number of chronic diseases
 0 291 17.68 227 13.67 518 15.67
 1–2 896 54.43 1058 63.73 1954 59.10
 3–4 335 20.35 286 17.23 621 18.78
 5+ 124 7.53 89 5.36 213 6.44
 Total 1646 100 1660 100 3306 100
Age category
 65–69 288 17.50 318 19.16 606 18.33
 70–74 390 23.69 479 28.86 869 26.29
 75–79 360 21.87 414 24.94 774 23.41
 80–84 347 21.08 319 19.22 666 20.15
 85+ 261 15.86 130 7.83 391 11.83
 Total 1646 100 1660 100 3306 100
Race/ethnicity
 Non-Hispanic White 1595 96.90 1607 96.81 3202 96.85
 Not White 51 3.09 53 3.19 104 3.14
 Total 1646 100 1660 100 3306 100
Marital status
 Single 962 60.24 815 50.37 1777 55.27
 Married 635 39.76 803 49.63 1438 44.73
 Total 1597 100 1618 100 3215 100
Number of PCP visits in previous 2 years
 0 152 9.23 19 1.14 171 5.17
 1–4 337 20.47 204 12.29 541 16.36
 5–10 537 32.62 656 39.52 1193 36.09
 11+ 620 37.67 781 47.05 1401 42.38
 Total 1646 100 1660 100 3306 100
State of residence at diagnosis
 KY 204 12.39 149 8.98 353 10.68
 NC 297 18.04 354 21.33 651 19.69
 OH 313 19.02 300 18.07 613 18.54
 PA 832 50.55 857 51.63 1689 51.09
 Total 1646 100 1660 100 3306 100
Rural/urban category
 Metro 915 55.59 903 54.40 1818 54.99
 Urban 642 39.00 676 40.72 1318 39.87
 Rural 89 5.41 81 4.88 170 5.14
 Total 1646 100 1660 100 3306 100
ARC class
 Completive 335 20.35 296 17.83 631 19.09
 Transit 1004 61.00 1127 67.89 2131 64.46
 At-risk 171 10.39 136 8.19 307 9.29
 Distress 136 8.26 101 6.08 237 7.17
 Total 1646 100 1660 100 3306 100

PCP: primary care provider; ARC: Appalachian Regional Commission.
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the coefficient for chronic disease was no longer statisti-
cally significant. In the fully adjusted model (model 4), 
having a chronic disease was not a strong predictor for 
BCS adherence. The number of PCP visits was a strong 
predictor of BCS adherence, and the strength of the asso-
ciation increased as the number of PCP visits increased. 
Being married also increased that odds of BCS adherence 
(OR: 1.29, CI: 1.066–1.450). Finally, the odds of BCS 
adherence decreased with increasing patient age.

Table 3 shows the association between number of 
chronic diseases and BCS adherence. The unadjusted 
model showed that having one or two chronic diseases 

was associated with an increased likelihood of BCS 
adherence (OR: 1.51, CI: 1.25–1.84). This significance 
remained when country-level variables were added to the 
model (model 2). When demographic variables were 
added to models 3 and 4, women with more than three 
chronic diseases were less likely to adhere to BCS guide-
lines. Model 4 shows that women with 3–4 chronic condi-
tions had odds that were 33% (CI: 0.51, 0.88) lower than 
the reference group to adhere to BCS guidelines, while 
women with 5 or more chronic diseases had odds that 
were 41% (CI: 0.42, 0.86) lower. As in the previously 
analyses, BCS adherence decreased with increasing 

Table 2. Logistic regression showing association between the presence of a chronic disease and having received timely 
mammogram.

Model 1 Model 2 Model 3 Model 4

The presence of at least one 1.356** 1.402*** 0.938 0.976
Chronic disease (ref = none) [1.122, 1.637] [1.159, 1.696] [0.756, 1.165] [0.784, 1.214]
Urban/rural (ref = metro)
 Urban 1.145 1.135

 [0.973, 1.348] [0.956, 1.349]
 Rural 1.191 1.313

 [0.821, 1.727] [0.873, 1.975]
ARC class (ref = competitive)
 Transit 1.236* 1.1846

 [1.020, 1.499] [0.969, 1.452]
 At-risk 0.872 0.833

 [0.626, 1.214] [0.586, 1.184]
 Distress 0.928 0.979

 [0.593, 1.453] [0.606, 1.582]
State (ref = PA)
 NC 1.217* 1.074

 [1.010, 1.467] [0.881, 1.310]
 OH 0.94 0.854

 [0.771, 1.146] [0.693, 1.052]
 KY 0.776 0.705

 [0.559, 1.076] [0.495, 1.006]
Age 0.965*** 0.956***

 [0.946, 0.968] [0.945, 0.968]
Race
 Non-White (ref = White) 1.071 1.17

 [0.750, 1.737] [0.764, 1.791]
Marital status
 Married (ref = single) 1.319** 1.269**

 [1.102, 1.495] [1.089, 1.479]
Number of primary care visits in previous 2 years (ref = 0)
 1–4 4.590*** 4.452***

 [2.737, 7.698] [2.650, 7.478]
 5–10 10.76*** 10.42***

 [6.483, 17.85] [6.270, 17.33]
 11+ 11.24*** 10.82***

 [6.765, 18.66] [6.502, 18.00]

ARC: Appalachian Regional Commission.
Exponentiated coefficients; 95% confidence intervals in brackets.
*p < 0.05, **p < 0.01, ***p < 0.001.
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patient age, whereas being married (OR: 1.24, CI: 1.07, 
1.45) and an increasing number of doctor visits was asso-
ciated with greater BCS adherence.

Discussion

This study aimed to determine the relationship between 
the presence and number of chronic diseases and BCS 
adherence among Medicare beneficiaries who reside in 

Kentucky, Pennsylvania, North Carolina, and Ohio. By 
controlling for factors known to predict BCS, results from 
this study highlight the presence of multiple chronic dis-
eases as an additional barrier preventing elderly women 
from adhering to clearly beneficial screening recommen-
dations. Half of the sample was being screened for breast 
cancer. Screenings rates of 50% are low given that this 
population of women has health insurance that covers 
mammograms. Contrary to this finding, Vyas et al.33 

Table 3. Logistic regression showing association between numbers of chronic diseases and having received timely mammogram.

Model 1 Model 2 Model 3 Model 4

The number of chronic diseases (ref = 0)
 1–2 1.514*** 1.556*** 1.055 1.09

[1.245, 1.840] [1.279, 1.894] [0.846, 1.315] [0.872, 1.361]
 3–4 1.094 1.131 0.644** 0.669**

[0.866, 1.384] [0.893, 1.433] [0.492, 0.843] [0.510, 0.878]
 5+ 0.92 0.971 0.559** 0.597**

[0.666, 1.271] [0.701, 1.345] [0.390, 0.802] [0.415, 0.859]
Urban/rural (ref = metro)
 Urban 1.145 1.134

 [0.972, 1.349] [0.953, 1.348]
 Rural 1.181 1.311

 [0.813, 1.715] [0.870, 1.976]
ARC class (ref = competitive)
 Transit 1.235* 1.188

 [1.018, 1.498] [0.969, 1.456]
 At-risk 0.856 0.829

 [0.614, 1.193] [0.582, 1.179]
 Distress 0.917 0.975

 [0.585, 1.437] [0.602, 1.579]
State (ref = PA)
 NC 1.199 1.045

 [0.994, 1.445] [0.856, 1.276]
 OH 0.963 0.871

 [0.789, 1.175] [0.707, 1.074]
 KY 0.793 0.724

 [0.571, 1.102] [0.506, 1.035]
Age 0.958*** 0.957***

 [0.947, 0.970] [0.946, 0.969]
Race
 Non-White (ref = White) 1.078 1.087

 [0.762, 1.773] [0.781, 1.838]
Marital status
 Married (ref = single) 1.255*** 1.243**

 [1.077, 1.463] [1.066, 1.450]
Number of primary care visits in previous 2 years (ref = 0)
 1–4 4.532*** 4.421***

 [2.703, 7.600] [2.633, 7.426]
 5–10 10.80*** 10.53***

 [6.510, 17.91] [6.336, 17.50]
 11+ 12.90*** 12.45***

 [7.751, 21.47] [7.464, 20.76]

ARC: Appalachian Regional Commission.
Exponentiated coefficients; 95% confidence intervals in brackets.
*p < 0.05, **p < 0.01, ***p < 0.001.
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found that Appalachian women age 65 years and above 
living in West Virginia have higher likelihood of being 
adherent to mammography screening guidelines due to 
the regular access to screening services. In addition to low 
screening rate, 84% of the sample reported the presence of 
at least one chronic disease, highlighting the importance 
of considering preventive services when patients are man-
aging chronic conditions.

An association between the presence of a chronic dis-
ease and BCS adherence was not observed. However, 
adherence to BCS was inversely related to the number of 
chronic diseases, whereby women with three or more con-
ditions had half the odds of having guideline-concordant 
screening compared to those without a chronic condition 
after controlling for socio-demographic, health, and county 
characteristics. These results confirm previous findings that 
having several chronic diseases presents a barrier to achiev-
ing guideline-concordant mammography screening.22–24 
Other studies have found that higher burden of chronic dis-
eases was associated with increased rates of late stage can-
cer diagnosis,27,31 further highlighting the importance of 
preventive screening for patients managing chronic dis-
eases. BCS strategies can be aimed specifically at increas-
ing the number of screenings among vulnerable individuals 
who do not have a regular medical provider for the treat-
ment of chronic conditions.

This study also found that women with more primary 
care visits were more likely to adhere to BCS guidelines. 
Since people with more chronic disease, theoretically, 
have more contact with health care providers throughout 
the year than those without chronic diseases, our results 
would have been expected to show that women with 
more chronic diseases were also more likely to be 
screened. There are several possible explanations for this 
discrepancy. Life-threatening or difficult to control 
chronic conditions were associated with increased uptake 
of screening mammography, while non-life-threating 
conditions were associated with decreased uptake of 

screening mammography.34 This suggests that the type of 
chronic disease or the severity of each condition may 
have an indirect influence on screening adherence and 
not just the presence of a chronic disease. Future studies 
will need to consider if the presence of certain chronic 
condition or the severity of a disease predicts the number 
of provider visits. Another possible explanation is that 
Appalachian women with more chronic diseases are less 
likely to visit a PCP. Appalachia is an underserved region 
with a relative shortage of PCPs.21

Having a chronic disease may further act as barrier that 
prevents women from seeking care from a provider due to 
lack of accessibility or high cost of care.20 To investigate 
these points further, the study sample was stratified by 
number of PCP visits and the relationship between the 
presence, and number of chronic diseases, adjusted for 
other covariates, was re-examined (Table 4). Among 
women with no primary care visits, those with a chronic 
disease were more likely to adhere to BCS guidelines. This 
effect grew stronger as the number of chronic diseases pre-
sent increased. Women in the category with the highest 
number of primary care visits (11 or more) were less likely 
to adhere to BCS guidelines. This implies that among 
women with chronic diseases, those without PCP visits 
adhere to BCS guidelines while those with primary care 
visits did not adhere to BCS guidelines. Despite having 
more PCP visits, some women may not follow through 
with cancer screening recommendations.

Alternatively, women without a regular PCP may rely 
more on urgent treatment centers, public health clinics, or 
emergency rooms for treatment for chronic conditions, and 
women do not always need a referral from a PCP to receive 
a mammogram. Suter and Elmore34 found that some woman 
refer themselves for mammograms without a physician rec-
ommendation. In addition, among three of the major health 
insurers in Kentucky, only one of them required a mam-
mogram referral from a doctor. In many cases, once an ini-
tial screening was conducted, subsequent appointments 

Table 4. Adjusted logistic regression showing association between the presence- and number of chronic diseases and having 
received timely mammogram within each PCP category.

Model 1 Model 2 Model 3 Model 4

 No PCP visits 1–4 PCP visits 5–10 PCP visits 11+ PCP visits

The presence of at least one chronic 
disease (ref = none)

7.725** 1.142 1.029 0.444***
[2.036, 29.31] [0.769, 1.697] [0.719, 1.474] [0.276, 0.715]

The number of chronic diseases (ref = 0)
 1–2 7.010** 1.261 1.152 0.523**

[1.785, 27.52] [0.844, 1.884] [0.801, 1.657] [0.322, 0.851]
 3–4 27.02* 0.415 0.647 0.375***

[1.518, 480.8] [0.168, 1.021] [0.405, 1.034] [0.226, 0.619]
 5+ 18.35* 0.944 0.44 0.327***

[1.034, 325.6] [0.157, 5.662] [0.191, 1.014] [0.186, 0.574]

PCP: primary care provider.
Exponentiated coefficients; 95% confidence intervals in brackets.
*p < 0.05, **p < 0.01, ***p < 0.001.
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could be made at the screening center by the patient.26 In 
addition, various local health departments offer free breast 
cancer services to those who are uninsured and less likely 
to have a usual source of care.

These findings are not consistent with other studies that 
show the level of rurality and county-level economic status 
act as a barrier to seeking health services among 
Appalachian residents. The observed associations seem to 
be explained by the individual-level factors, race, marital 
status, and primary care visits rather than the county-level 
variables included. One possible explanation is that 
chronic disease management is enough to overcome geo-
graphic barriers and leads women to seek care wherever 
they are, despite living in remote regions.

These results should be interpreted with a few limita-
tions. As previously stated, an indicator for the severity of 
each chronic disease was not included. Future studies could 
use this variable to assess each woman’s probability of death 
from non–breast cancer causes or their risk of developing 
breast cancer and the possible influence that would have on 
screening decisions. Half of the women sampled were from 
Pennsylvanian counties. The level of heterogeneity within 
the Appalachian region and the fact that the sample was 
largely non-Hispanic White implies these results may not be 
generalizable to other parts of Appalachia or the rest of the 
country. Finally, the screening interval used to determine 
adherence to screening guidelines may be different in differ-
ent parts of the states analyzed and does not necessarily rep-
resent long-term screening patterns for individuals resulting 
in misclassification between screening and diagnostic mam-
mograms. Longitudinal studies that follow women over 
time to capture long-term screening patterns are to better 
classify mammograms but also determine whether regular 
screening help women with chronic diseases have lower 
morbidity and mortality from breast cancer.

Despite these limitations, this study has several strengths. 
It uses claims data and not self-reported use of mammo-
grams or chronic disease diagnosis. This improves validity 
since the accuracy of self-reported information about cancer 
screening practices varies by patient characteristics and 
screening test and may differ from actual practice as indi-
viduals tend to over report their use of screening.35 Having a 
homogeneous sample served as an advantage as lack of 
health insurance, screening costs and race/ethnicity have 
been found to be barriers for preventive services for women 
living in Appalachia. Results from this study may also help 
identify underserved, elderly populations that are under-
screened for breast cancer based on health status yet face the 
highest rates of diseases. It may be important for specific 
age groups to be targeted for screening interventions espe-
cially those without a usual source of care, an important 
driver of screening.31 Finally, having a physician recom-
mendation is an important predictor of BCS utilization 
among women, even with regular visits.36 Therefore, physi-
cians need to be aware of any conscious or unconscious bias 
they may have toward screening recommendations for 

women with chronic conditions and also to understand 
barriers preventing women from following through with 
screening.

Public health implication

This study has considerable public health importance, con-
sidering that many more people are living into their 9th 
and 10th decades. Life expectancy will continue to increase 
through steady improvements in delaying the onset of and 
progression of chronic conditions and reducing mortality 
from chronic disease. With benefit declining during 
advancing age, screening older people should be more 
likely to lead to reduced disease-specific mortality, and 
increased quality of life. Older people are faced with 
increasingly burdensome, such as multiple chronic dis-
eases, sensory, cognitive, and physical problems. Closing 
gaps in the delivery of clinical preventive services is one 
of the public health strategies for improving the health and 
quality of life of older adults. Considering an increase in 
the percentage of the population 65 or older by 2050, this 
study provides evidence to assist the nation’s efforts to 
prevent and control chronic diseases so that these added 
years translate into quality years.
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