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Abstract

Background: Breast reconstruction (BR) is the reconstructive surgical technique that focuses on 

restoring normal form and function to the breast following oncologic resection. The goal of this 

study was to determine if BR disparities exist among rural female patients in Kentucky.

Methods: A retrospective (2006 – 2015), population-based cohort study was conducted on breast 

cancer patients (stages I-III) treated with mastectomy with or without BR. We used 2013 Beale 

codes to stratify patients according to geographic status. Chi-square tests were used to examine the 

association of BR along the rural-urban continuum. A multivariate logistic regression model 

controlling for patient, disease, and treatment factors was used to predict BR. The likelihood of 

BR was reported in odds ratios (OR) using a 95% confidence interval (CI).

Results: Overall, 10,032 patients met study criteria. Of those, 2,159 (21.5%) underwent BR. The 

rate of BR among urban, near-metro, and rural patients was 31.1%, 20.4%, and 13.4%, 

respectively (P < .001). Multivariate analysis revealed that women from near metro (OR 0.54, CI: 

0.47–0.61; P < .001) and rural areas (OR 0.36, CI: 0.31–0.41; P < .001) were less likely to undergo 

BR than women from urban areas.

Conclusion: Although BR benefits are well documented, women from rural Kentucky undergo 

BR at lower rates and are less likely to receive BR than their urban counterparts. Efforts should 

seek to promote equitable access to BR for all patients, including those from rural areas.

For further information, contact: Dr. Ryan C. DeCoster, Lucille P. Markey Cancer Center, University of Kentucky Medical Center, 800 
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Breast cancer is the most common type of cancer in women regardless of age or ethnicity.1 

The treatment for breast cancer is multidisciplinary in nature and may include the need for 

chemotherapy, radiation, hormonal therapy, immunotherapy or extirpative therapy, such as 

breast conserving surgery (eg, lumpectomy) or oncologic resection (eg, mastectomy). The 

negative sequalae of mastectomy includes significant psychosocial issues such as a negative 

self-image, anxiety, and depression.2–5 Post-mastectomy breast reconstruction (BR) is the 

reconstructive surgical technique that focuses on restoring normal form and function to the 

breast following oncologic resection (eg, mastectomy).6 Reconstructive approaches focus on 

the utilization of autologous tissue or may be implant-based.7,8 Regardless of the 

reconstructive technique, it is well established that BR is associated with significant 

improvements in body image, self-esteem, sexuality, quality of life, and psychosocial 

functioning.9,10

The Women’s Health Care and Cancer Rights Act of 1998 mandated that all insurers, 

including Medicare and Medicaid, cover the cost associated with BR.11 Coverage also 

includes surgery on the contralateral or non-diseased breast in order to achieve symmetry. 

More recently, the Breast Cancer Patient Education Act of 2015 was signed into law which 

mandates the Secretary of Health and Human Services to implement an education campaign 

to inform breast cancer patients about the availability and coverage of BR postmastectomy.12 

Yet, less than half of women that require mastectomy are even offered BR, despite the 

documented benefits of BR and federally mandated coverage and education efforts.13 This 

suggests that more than health care coverage is a factor in receiving BR. As such, significant 

disparities in BR utilization have been reported, particularly with respect to age, race, insurer 

type, and distance to a plastic surgeon. Recent but limited evidence has also suggested that 

geographic area (eg, rural vs urban status) may also play an important role in receiving BR.
14

According to the U.S. Health Resources and Services Administration, 88 of the 120 counties 

in Kentucky carry a health professional shortage area (HSPA) designation and are classified 

as non-metro.15 While HSPA does not take into account physician subspecialists including 

reconstructive surgeons, it highlights the fact that much of non-metro Kentucky lacks access 

to routine medical services. Furthermore, Appalachia Kentucky, a region that is challenged 

by socioeconomic and health care disparities, comprises 54 of Kentucky’s 120 counties.16 

As such, existing studies on breast reconstruction disparities in rural populations may not be 

generalizable to rural Kentuckians. Therefore, the overall goal of this study was to determine 

if a disparity in BR utilization exists in women from rural Kentucky. We hypothesized that 

women from rural areas of the state undergo BR at lower rates and are less likely to undergo 

BR following oncologic resection for breast cancer relative to their urban and suburban 

counterparts.
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Patients and Methods

To test our hypothesis, a retrospective population-based study was conducted from January 

1, 2006, to December 31, 2015. This study was approved by the Institutional Review Board 

at the University of Kentucky.

Data Sources

The Kentucky Cancer Registry (KCR) was used to identify patients diagnosed with breast 

cancer and treated with mastectomy within the study timeframe. KCR is a prospectively 

maintained database and 1 of 18 cancer registries that report aggregated cancer data to the 

National Cancer Institute’s Surveillance, Epidemiology and End Results (SEER) database. 

The limitations of SEER with regards to reporting of BR have previously been described.17 

KCR has received the highest level of certification (Gold) from the North American 

Association of Central Cancer Registries regarding the quality of data found within the 

registry. De-identified patient-level data were abstracted from KCR. Data included patient 

age at diagnosis, race (white, African American, all other), primary payer status (private, 

Medicaid, Medicare, uninsured, TRICARE/VA, unknown), American Joint Committee on 

Cancer (AJCC) pathologic stage (I-III, unknown), radiation status, BR status, and U.S. 

Department of Agriculture (USDA) rural-urban continuum codes (1–9).

Statistical Analysis

The primary outcome of this study was BR utilization rates across the rural-urban continuum 

in the state of Kentucky. Secondary outcomes included the likelihood of receiving BR and 

factors associated with the receipt of BR. Patients were divided into mastectomy-only and 

mastectomy plus BR groups. The 2013 USDA rural-urban continuum codes were used to 

stratify patients according to urban (1–2), near-metro (3–6) or rural (7–9) status. Chi-square 

tests were used to examine the association of BR along the rural-urban continuum. A 

quintile-ish breakdown of BR rates across the continuum was used to construct a heat map 

depicting BR rates by geographic status. A multivariate logistic regression model controlling 

for patient, disease, and treatment factors was used to predict BR. The likelihood of 

undergoing BR was reported in odds ratios (OR) using a 95% confidence interval (CI). 

Model goodness-of-fit was tested using the Hosmer-Lemeshow goodness-of-fit test. Patient 

characteristics were compared by geographic region (urban, near-metro, rural). Categorical 

variables were reported as frequencies (N) and column percentages (%) and were compared 

using chi-square tests. Continuous variables were tested for normality using the Shapiro-

Wilk test for normality and histograms. Normally distributed continuous variables were 

reported using means and standard deviations (SD) and compared using t-tests and 

ANOVAs. Significance was set at a P value of P ≤ .05. All statistical analyses were 

performed using R programming language, version 3.4.3 (Austria, Vienna: R Core Team).

Results

Patient Demographics and Case Characteristics

Patient demographics and case characteristics are summarized in Table 1. Overall, 10,032 

patients met study criteria and were included in the final analysis. Briefly, the mean age was 
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highest in rural patients (62.1 years), followed by near-metro (61.3 years) and urban (60.8 

years) (P < .001). Not surprisingly, differences (P < .001) in racial distribution across the 

rural-urban continuum were observed. White was the predominate race, followed by African 

American and all other races. As expected, private insurance was most common among 

urban patients, followed by near metro and rural (P < .001). Conversely, Medicare, 

Medicaid, and being uninsured was more common in women from near metro and rural 

areas. Finally, differences (P < .001) with respect to pathologic stage were also observed 

across the continuum.

Rural Women Undergo BR at Lower Rates Than Their Urban Counterparts

Overall, 2,159 (21.5%) patients underwent BR over the study timeframe. The individual 

rates of BR for urban, near-metro, and rural areas were 31.1%, 20.4%, and 13.4%, 

respectively (P < .001). A heatmap showing BR rates across the rural-urban continuum is 

shown in Figure 1.

Rural Women Are Less Likely to Receive BR

Results from the multivariate logistic regression model are summarized in Table 2. When 

holding all other variables constant, the regression model showed that rural-urban status was 

highly predictive of BR. Rural patients were 64.0% less likely (OR 0.36, CI: 0.31–0.41; P 
< .001) to undergo BR, while near-metro patients were 46.0% less likely (OR 0.54, CI: 

0.47–0.61; P < .001) to undergo BR when compared to patients from urban areas. When 

comparing patients according to race, African American women (OR 0.76, CI: 0.60–0.95; P 
< .016) were less likely to undergo BR than their white counterparts. Payer type was also 

found to be predictive of BR. More specifically, patients with Medicaid (OR 0.11, CI: 0.09–

0.13; P < .001), Medicare (OR 0.47, CI: 0.39–0.57; P < .001), or no insurance (OR 0.22, CI: 

0.13–0.36; P < .001) were less likely to receive BR than patients with private insurance. Not 

surprisingly, advancing AJCC pathologic stage (stage II [OR 0.69, CI: 0.61–0.77], stage III 

[OR 0.33, CI: 0.27–0.40]) decreased the likelihood of receiving BR (P < .001). As expected, 

radiation status (OR 0.77, CI: 0.66–0.91; P < .002) was found to be a negative predictor of 

BR. Although increasing age is a negative predictor of BR, it was excluded from the model 

given the high correlation between age greater than the median and Medicare eligibility.

BR Rates Increase Over Time Across the Continuum

Trends in BR over the study period (2006 – 2015) were also examined and a positive 

correlation between year of diagnosis and BR utilization was found across the rural-urban 

continuum (Figure 2). However, the strength of the correlation differed significantly for 

urban (r = 0.229; P < .001), near-metro (r = 0.078; P < .001), and rural patients (r = 0.11; P 
< .001). BR in urban patients increased from 15.5% at the outset of the study to 50.7%, 

while near-metro increased from 20.4% to 24.9%, and rural increased from 6.3% to 17.8%.

Discussion

Mastectomy is a life-saving treatment and an essential part of breast cancer care.18 However, 

it does not come without a cost. Post-mastectomy patients experience significant 

psychosocial issues including a negative self-image, anxiety, and depression—all of which 
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have been shown to improve with BR.19 The WHRCA mandated that all health care plans, 

including Medicare and Medicaid, provide coverage for BR. Despite this mandate and the 

benefits of BR, disparities still exist in the utilization of BR, particularly among African 

American women, Hispanic women, and women from rural areas.14,20,21

To further examine our original hypothesis regarding BR utilization within Kentucky, we 

conducted a population-based cohort study using a prospectively maintained, high-quality 

cancer database. Consistent with the stated hypothesis, this study found significant 

differences in BR utilization among women from rural Kentucky. Women from rural areas 

underwent BR at lower rates and were less likely to undergo post-mastectomy BR than 

women from urban areas. These data are reinforced by the heatmap primarily showing 

clustering of county-level BR rates around metropolitan areas. Collectively, these data 

highlight a significant disparity in BR practices for women in rural Kentucky. It is important 

to note that significant differences in baseline characteristics were observed in our sample. 

To control for these differences and to examine the likelihood of undergoing BR across the 

continuum, we constructed a multivariate logistic regression model as described above. 

Consistent with prior studies,20,22–26 our model showed that patients who were of white 

race, lived in urban or near-metro areas, and were privately insured were more likely to 

undergo BR than those that were not. Other negative predictors of BR in our study included 

advancing pathologic stage and receipt of post-mastectomy radiation therapy.

Tseng and colleagues retrospectively reviewed 3,552 mastectomy cases from a SEER 

database in order to examine BR utilization in the greater Sacramento area.14 They found 

that rural area breast cancer patients were 27% less likely to undergo BR than their urban 

counterparts. Our study demonstrated that BR occurs at a much lower rate (13.4%) in 

women from rural Kentucky and that they were 64% less likely to undergo BR. While our 

findings coincide with that of Tseng and colleagues, our data show that rural Kentuckians 

undergo BR at much lower rates than what is reported in the literature for other rural areas. 

This suggests that additional factors specific to rural Kentucky patients may be contributory 

and this highlights the importance of focused, rural-urban research and that rural health care 

data from other parts of the country may not always be generalizable.

Interestingly, our study also found that BR utilization increased across the continuum over 

the study timeframe (2006 – 2015). Lang and associates investigated nationwide BR rates 

using SEER following enactment of WHCRA.27 They found that the rate of immediate BR 

increased over the study timeframe (1998 – 2008) from 11.7% to 21.7% However, their 

study did not take into account rural-urban differences. The observed changes in our study 

may be attributed in part to legislative efforts including Medicaid expansion under the 

Affordable Care Act. Mahmoudi and associates studied BR rates following Medicaid 

expansion in New York from 1998 – 2006 and found that the rate of BR was most 

pronounced for Medicaid enrollees.28 It is important to note, however, that Medicaid 

expansion in our study did not occur until the end of the study period (2014). While it may 

be responsible for some of the sustained increases in BR, it does not account for the initial 

inflections in BR rates that occurred around 2009 – 2010.
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The Institute of Medicine has defined a safety net hospital as a hospital that “delivers a 

significant level of both health care and other health-related services to the uninsured, 

Medicaid, and other vulnerable populations.”29 Although a disparity in BR rates exists 

between safety net and private hospitals, Ballard and colleagues found that BR rates at safety 

net hospitals have continued to increase over time.30 The University of Kentucky is a safety 

net hospital located in Lexington, Kentucky, that provides medical care including 

comprehensive breast cancer care for a large part of the state. In 2013, the University of 

Kentucky’s Markey Cancer Center received a designation from the National Cancer Institute 

(NCI), becoming the only NCI-designated cancer center in the state. NCI designation carries 

with it access to experimental cancer treatments and among many other things, access to 

reconstructive breast services for a large portion of the state.31 This may also be responsible 

for some of the latter trends in the data. Nevertheless, despite the overall increase in BR, 

disparities in BR utilization remained for women in rural Kentucky. Collectively, these data 

suggest that while expanded health insurance coverage in conjunction with other factors may 

have improved access to care, there are other barriers that still remain.

Several barriers to BR have been well-documented in the literature. Distance to a 

reconstructive surgeon has recently been shown to negatively impact BR rates. Roughton 

and associates found that greater than a 20-mile travel distance was a negative predictor of 

BR.32 While our study did not include travel distance as a covariate, many patients from 

rural Kentucky travel distances much greater than that in order to receive their breast cancer 

care, including BR. Collectively, the lack of access to a reconstructive surgeon and travel 

distance may be responsible in part for the disparity in BR between rural and urban patients 

in our study. Interventions focused on increasing BR surgeon density, referrals, and 

education could aid in resolving some of the disparities seen between rural and urban 

patients.

Breast cancer treatment including BR is a multidisciplinary process.33 Spyrou and 

colleagues showed the breast surgeons and surgical oncologists have negative views towards 

BR.34 Unfortunately, much of this is a result of dogma taught to surgeons who underwent 

training decades ago. At that time, it was thought that BR, whether autologous tissue or 

implant-based, could interfere with tumor surveillance. While this idea has since been 

refuted, clinical practice has been slow to accept this. Referral patterns to a reconstructive 

surgeon have also been shown as a barrier to BR. Patient referrals to a reconstructive 

surgeon may come from a rural community surgeon, a community surgeon in an urban 

environment, or within a comprehensive breast cancer care center. For the surgeon in the 

rural community, availability of a reconstructive surgeon is often a limiting factor. When no 

reconstruction is available, many times the community surgeon is responsible for educating 

patients on BR options and referring to a reconstructive plastic surgeon if the patient desires. 

Studies of referral patterns have shown that general surgeons who frequently involve 

reconstructive surgeons prior to mastectomy typically work in high-volume breast centers, 

while other general surgeons who do not involve reconstruction surgeons perceive higher 

patient barriers (ie, geography, cost).33 Furthermore, the timeline of referral to a 

reconstructive surgeon is also important, as it has been shown that patients are more likely to 

undergo BR if they receive education and undergo BR consultation pre-operatively.
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BR is ultimately a patient decision. Interestingly, Lee and associates found that women are 

not well-informed about their BR options following mastecomty.35 Morrow and associates 

evaluated patients undergoing treatment for breast cancer and factors influencing their 

decisions for BR.36 They showed that patient decision tools, which include information 

about BR options, breast implant safety, and the impact of reconstruction on follow-up 

surveillance, address many patient-identified barriers to BR. Yet, while identifying 

modifiable factors to increase education and access to BR, there will always remain a cohort 

of patients who desire to limit their surgical procedures and decline reconstructive 

procedures. Nevertheless, patients must first be given the option of BR; the lack of a choice 

in the matter greatly threatens patient beneficence and autonomy, which are foundational 

principles of medical ethics.

Limitations

This study has several limitations that should be considered when interpreting results. First, 

the retrospective design limited the breadth of variables that could be examined. For 

example, we were unable to examine reconstruction type (implant vs. autologous) or the 

timing of BR (immediate vs. delayed). As such, it is possible that some patients underwent 

delayed reconstruction after the final date of data collection, which could have affected the 

reconstruction rates in our sample. Secondly, it did not take into account socioeconomic 

factors which have also been associated with BR. Additionally, our aggregated data 

represent BR in a single state. As a result, the rural-urban differences observed in this study 

may not be generalizable to other areas of the country, particularly those with differing 

patient demographics. This study did not examine the effect of Appalachian status on BR 

across the continuum. Additionally, the present study did not investigate the density or 

geographic distribution of reconstructive surgeons, which has also been shown to be 

predictive of BR.37 Another limitation was that the cancer registry was unable to provide the 

location where the mastectomy and/or BR was performed; this would have provided much 

more information regarding practice patterns. The ASPS database only identifies US board-

certified plastic surgeons. As such, there may be other reconstructive surgeons offering 

reconstructive breast services that are either not board-certified or not members of ASPS. 

Finally, this study did not examine the relative importance that women across the rural-urban 

continuum place on BR, which could have affected study results.

Conclusion

Despite the increasing number of women diagnosed with breast cancer and undergoing 

mastectomy, and despite its benefits, rates of women undergoing BR remain relatively low. 

This study found a disparity in the utilization of BR in women from rural areas of Kentucky, 

which is significantly lower than what has been reported in the literature for patients from 

other rural areas. Breast cancer patients in urban and near-metro areas were more likely to 

undergo BR compared to their rural counterparts. Future research should seek to identify 

potential barriers to BR in this patient population. Finally, efforts should also seek to 

promote equitable access to BR for all patients, including those from rural areas.
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Figure 1. 
County-level Breast Reconstruction Rates in Kentucky (2006 – 2015)
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Figure 2. 
Breast Reconstruction Rates by Geographic Region (N = 10,032)
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Table 1.

Patient Demographics and Case Characteristics Stratified by Geographic Area.

Overall

Geographic Area

PUrban Near-Metro Rural

Total Number of Cases, n 10,032 3,215 3,506 3,311

Age at Diagnosis

 Mean ± SD 61.4 ± 13.6 60.8 ± 13.9 61.3 ± 13.4 62.1 ± 13.3 < .001

Race, n (%) < .001

 White 9,332 (93.0) 2,844 (88.5) 3,266 (93.2) 3,222 (97.3)

 African American 617 (6.2) 341 (10.6) 204 (5.8) 72 (2.2)

 Other 83 (0.8) 30 (0.9) 36 (1.0) 17 (0.5)

Payer Status, n (%)

 Private 4,544(45.3) 1,681 (52.3) 1,628 (46.4) 1,235 (37.3)

< .001

 Medicaid 4,316 (43.0) 1,275 (39.7) 1,478 (42.2) 1,563 (47.2)

 Medicare 829 (8.3) 190 (5.9) 260 (7.4) 379 (11.4)

 Uninsured 186 (1.9) 35(1.1) 67 (1.9) 84 (2.5)

 TRICARE/VA 99 (1.0) 28 (0.9) 45 (1.3) 26 (0.8)

 Unknown 58 (0.6) 6 (0.2) 28 (0.8) 24 (0.7)

AJCC Stage, n (%)

 Stage I 3,952 (39.4) 1,289 (40.1) 1,446 (41.2) 1,217 (36.8)

< .001
 Stage II 4,029 (40.2) 1,310 (40.7) 1,379 (39.3) 1,340 (40.5)

 Stage III 1,838 (18.3) 574 (17.9) 603 (17.2) 661 (20.0)

 Unknown 213 (2.1) 42 (1.3 78 (2.2) 93 (2.8)

Radiation Status, n (%) 1,991 (19.8) 721 (22.4) 633 (18.1) 637 (19.2) < .001

Breast Reconstruction, n (%) 2,159 (21.5) 1,001 (31.1) 715 (20.4) 443 (13.4) < .001
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Table 2.

Multiple Logistic Regression Model for Breast Reconstruction Controlling for Race, Primary Payer Status, 

AJCC Stage, Radiation Status and Geography. N = 10,032.

Variable OR 95% CI P

Race

 White ref. ref. ref.

 Black 0.76 0.60 – 0.95 .016

 Other 1.57 0.96 – 2.54 .068

Primary Payer

 Private ref. ref. ref.

 Medicaid 0.11 0.10 – 0.126 < .001

 Medicare 0.47 0.39 – 0.57 < .001

 Uninsured 0.22 0.13 – 0.36 < .001

 TRICARE/VA 1.27 0.83 – 1.92 .275

 Unknown 0.25 0.09 – 0.54 .001

AJCC Stage

 I ref. ref. ref.

 II 0.69 0.61 – 0.77 < .001

 III 0.33 0.27 – 0.40 < .001

 Unknown 0.56 0.37 – 0.85 < .007

Radiation Used 0.77 0.66 – 0.91 .002

Geography

 Urban ref. ref. ref.

 Near-Metro 0.54 0.47 – 0.61 < .001

 Rural 0.36 0.31 – 0.41 < .001
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