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Introduction

The Sickle Cell Data Collection Program (SCDC) is a multi-state initiative utilizing multiple data sources to estimate population prevalence of Sickle Cell Disease (SCD) with the goal of improving quality of life and health outcomes among those affected. SCDC in Tennessee operates as a multi-site, interdisciplinary team using multiple sources of data to learn more about SCD in Tennessee.





Methods

This analysis characterizes the number, demographics, and proximity to specialty care of individuals living with SCD in Tennessee who have been covered by Medicaid or identified by newborn screening. We compared demographic patterns of individuals with SCD living in rural areas with those living in urban areas, as well as those living in counties contributing more than 50 individuals to the cohort, respectively, to demographic patterns of individuals with SCD in the rest of the state, using Chi-Square or Fisher’s exact tests.





Results

Findings show that overall, 66.1% of all SCD patients identified through newborn screening were residents of Davidson and Shelby counties at the time of birth, and 81.8% of those identified through Medicaid claims lived in Davidson, Hamilton, Knox, Madison, Montgomery, Rutherford, or Shelby County. In total, 8.6% of the cohort lived in rural settings and 91.4% in urban settings. Of the 95 counties in Tennessee, 75 (78.9%) had at least 1 to 40 residents with SCD, yet of these 75 counties, less than half had a hematology/oncology trained provider practicing within them.





Discussion

This analysis brings us closer to understanding how many people with SCD live in rural areas of Tennessee and the challenges they face in seeking the care needed to adequately manage their disease. Acute healthcare utilization remains highest in the young adulthood years. This analysis provides insight into how healthcare utilization patterns among individuals with SCD vary by age group and over time.
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Introduction

Sickle cell disease (SCD) is a hereditary condition affecting the shape and structure of the red blood cells causing anemia and risk for pain, infection, and organ disfunction and leading to pain, serious health problems (1), shortened life expectancy (2), and vast increases in the need for acute healthcare relative to those without SCD (3). Although SCD is most common among people whose ancestry is from regions where malaria is or has been common (4), sickle cell trait affects people from many racial and ethnic backgrounds, and it is most common among people of African, Hispanic, South Asian, white from southern Europe, and Middle Eastern descent (5). In the US, the Centers for Disease Control and Prevention (CDC) estimate that roughly 100,000 persons live with SCD (4). Nationally, birth prevalence for SCD is estimated to be about 1 in 365 live births among individuals who are Black (4). In Shelby County, the most populous county in Tennessee, however, the estimates from 2002-2012 data are approximately 1 in 287 live births among individuals who are Black (6). While regional SCD prevalence data may be available for some areas in the US, current national prevalence estimates are subject to several limitations, including lack of nationally representative data and use of surveillance definitions that have not been fully validated and may vary by region.

The lack of complete understanding of the burden of SCD in the US contributes to ongoing gaps in care and disparities in care access and delivery for individuals with SCD, especially as persons with SCD need specialized care by experts for optimal outcomes. In addition, notable disparities exist with respect to SCD, which is significantly more prevalent in individuals who are Black compared to other racial groups in the US (7, 8). The CDC Sickle Cell Data Collection (SCDC) program is a multistate initiative that collects data from multiple sources to characterize how many people live with SCD in the United States and to understand better their health outcomes and their healthcare utilization patterns to improve health, quality of life, and life expectancy of those who are living with SCD (9). Using the SCDC data infrastructure in Tennessee (TN), we evaluated the numbers of individuals born or living with SCD in TN between 2008 and 2019 and describe their characteristics and proximity to specialty care. We assess county-wise differences between areas with high SCD prevalence with respect to demographics and access to care. We also report demographic and care access differences between rural and urban settings in TN.





Methods

The SCDC team in Tennessee (SCDC-TN) operates as an interdisciplinary collaboration with the Tennessee Department of Health (TDH), Vanderbilt University, University of Tennessee Health Science Center, University of Memphis School of Public Health, Meharry Medical College, The Sickle Cell Foundation of TN, and St. Jude Children’s Research Hospital (SJCRH) (10). To construct the SCDC-TN, we have merged Tennessee Medicaid claims with newborn screening (NBS) records, birth records, and mortality data of individuals affected by SCD in Tennessee to assemble the surveillance observational cohort. SCDC-TN is a population-based retrospective observational cohort study updated annually. Our approach uses data from multiple sources, including state NBS records, NBS laboratory confirmation data, all-payer claims data, and state mortality data. Medicaid data sources include enrollment, pharmacy, inpatient, and outpatient records. The following data sources comprise the SCDC-TN cohort:

	NBS and Confirmatory Data: For children born in Tennessee, the first screening for SCD is done at birth and analyzed at the Public Health Laboratories by the State’s NBS program utilizing high-performance liquid chromatography of dried NBS blood samples. If dried blood specimens are positive for hemoglobinopathies, including SCD or trait, notification for confirmatory testing is sent to the parents, the child’s primary care provider, and the State designated sickle cell center for the region. Fresh blood samples are collected for confirmatory testing, and once confirmed, these data are deposited into a database housed by the NBS Follow-Up and Childhood Lead Poisoning Prevention Program within the TDH. Meharry Sickle Cell Center in Nashville, TN is the confirmatory and reference laboratory for hemoglobinopathies for the TDH’s Newborn Screening Program.

	State Vital Statistics: All information related to births and deaths in TN, i.e., dates, demographics, and cause of death are collected by the TN vital statistics program under the TDH and linked to cases in the cohort.

	Medicaid enrollment records: The Medicaid enrollment file, a central registry of all enrollees, includes identifiers (Medicaid ID, social security number, name, address), date of birth, sex, race, county of residence, beginning and ending dates of each enrollment period, and the Medicaid managed care organization.

	Medicaid outpatient file: The outpatient file consists of records for emergency department visits, hospital outpatient departments, and outpatient surgical facilities. Each record includes recipient ID, facility ID, date of visit, primary and secondary diagnoses (ICD-9- or ICD-10-CM), and procedure codes (CPT codes).

	Medicaid inpatient file: The inpatient file contains records of hospitalizations. This record includes recipient ID, hospital ID, admission and discharge dates, primary and secondary diagnoses (ICD-9-CM or ICD-10-CM), and up to six surgical procedures (ICD-9-CM or ICD-10-CM).

	Medicaid physician file: The physician file consists of records for physician encounters in all settings. Each record includes recipient ID, physician ID, date of visit, primary and secondary diagnoses (ICD-9- or ICD-10-CM), and procedure codes (CPT codes).






Data linkage and de-duplication

Claims data from the files mentioned above are combined into healthcare “encounters”, using the from and through dates on the claims. For example, all facility and professional claims occurring within a certain time period are combined to create a single hospitalization encounter. For each study year, a flag is set if there are healthcare encounters that align with the SCDC probable case definition. A flag is also set indicating if there were any encounters (SCD or non-SCD) in the previous year, the year itself, and/or the following year.

TennCare enrollment records are then obtained for each potential cohort member and an enrollment flag is set for each study year indicating enrollment in the previous year, the year itself, and/or the following year. Finally, a recipient is included in the cohort for a given study year if the SCD flag is set and there were any encounters (including non-SCD encounters) and/or enrollment in that year or both the previous and following years. Non-SCD encounters are included as a means to provide confirmation that the individual still resides in Tennessee, even if they do not have a SCD-specific encounter in that timeframe. These data sources have been used extensively by members of our team in other work, including SCD-related studies (11–15).





Confirmed and probable case definition

We identify individuals with confirmed and probable SCD for each year of data covered by SCDC based on NBS results and Medicaid claims data. SCDC-TN currently identifies confirmed cases of SCD as those who have Clinical Laboratory Improvement Amendments (CLIA)-certified laboratory result of SCD reported by a state newborn screening program with confirmatory testing. The SCDC confirmed case definition also includes those who have a clinical diagnosis by a physician with documented confirmatory CLIA-certified laboratory testing after the newborn period. These data will be added to the SCDC-TN database in the future but are not currently available, so individuals who meet this criteria for a confirmed case are assessed and included in the cohort based on their alignment with the probable case definition. Probable cases are defined as those who do not have a laboratory-confirmed diagnosis available in the dataset but have three or more inpatient, emergency department (ED), or outpatient healthcare encounters including ICD-9 or ICD-10 diagnosis codes indicating SCD within a 5-year period of each applicable report year (16). (Specialty care providers were identified through the National Provider Identifier (NPI) Registry as hematology-oncology trained providers listing a self-identified hematology-related taxonomy code (207RH0000X, 207RH0003X, or 2080P0207X) and a business practice location in Tennessee).





Statistical analysis

Using analytical datasets containing data through 2019 created through the process described above, we included in the 12-year analysis all individuals identified by NBS or covered by Medicaid and meeting the probable or confirmed case definition between 2008 and 2019. We report demographic characteristics of the cohort, including sex, race, ethnicity, age, location (rural/urban defined using county Rural-Urban Continuum Codes (RUCC) (17); urban counties defined by RUCC = 1-3, and rural counties defined by RUCC > 3), and proximity to specialty care. Results are reported for the entire cohort and separately for the cohort identified through NBS and the cohort identified through Medicaid records. For the Medicaid cohort, we report demographic variables for the entire cohort stratified by age group and reported for the adult Medicaid cohort (age 18 +) and the pediatric cohort. For both the NBS cohort and the Medicaid cohort, the counties contributing more than 50 individuals to each cohort were analyzed separately and demographic patterns are compared statistically to the rest of the state. We compared demographic patterns of individuals with SCD in the respective county to demographic patterns of individuals with SCD in the rest of the state, excluding those in the respective county, using Chi-Square tests and Fisher’s exact tests, where necessitated by small cell sizes (18). Similar analyses compare demographic patterns of SCD patients living in rural areas with those living in urban areas. P-values are reported and evaluated using an alpha level of 0.05. All analyses were conducted in SAS Version 9.4 (Cary, NC). The SCDC-TN cohort is compiled, maintained, and analyzed with approval of the institutional review board of the Tennessee Department of Health and the Division of TennCare.






Results

From 2008 to 2019, the SCDC-TN cohort included 3,439 individuals with SCD in Tennessee. Of all cases identified through the most recent year they met the case definition for cohort inclusion, 33.8% (N = 1,164) were children under 18 (pediatric), and 66.2% (N = 2,275) were adults. Among pediatric cases, 50.3% were female, 92.4% were Black, and 98.1% were non-Hispanic or of unknown ethnicity, and among adults, 60.6% were female, 92.0% were Black, and 60.6% were non-Hispanic ethnicity.

From NBS, we identified 552 infants born with SCD in Tennessee from 2008 to 2019. Of these, 53.6% were female, over 95% were Black, and 92.9% were non-Hispanic (Table 1). In the same period, 3,334 confirmed and probable SCD cases were identified across all age groups via Medicaid claims data. Of these cases, 57.3% were female, 92.1% were Black, 80.9% were of unknown ethnicity. Of the 552 individuals diagnosed through NBS, 447 (81.0%) were also included in Medicaid over the timeframe assessed. Table 2 shows the number of infants with SCD identified through NBS in Tennessee annually from 2008 to 2019. Of 3,334 cohort members with medical claims records available from 2008 to 2019, 1,995 (59.8%) last met the case definition for cohort inclusion in 2019, 220 (6.6%) last met the case definition for cohort inclusion in 2018, and 78.2% last met the definition in 2015 or later, collectively. Supplementary Table 1 shows cohort members by most recent year of inclusion.


Table 1 | Individuals with SCD identified via NBS and TennCare (2008 – 2019).




Table 2 | Infants with SCD identified through NBS per year.






Cases by county

We identified and mapped the numbers of individuals by county in the full cohort and separately for NBS and Medicaid (Figure 1, Supplementary Figures 1, 2). Overall, 66.1% of all SCD patients identified through NBS from 2008 to 2019 were residents of Davidson and Shelby counties at the time of birth (Supplementary Table 2). The demographic makeup of individuals with SCD residing in Davidson and Shelby Counties identified through NBS was similar to that of the rest of the state, except for the distribution of the race of the cohort in Shelby County, the distribution of SCD type in Davidson County, and the distribution of rural versus urban location in both counties, as shown in Supplementary Table 3. In Shelby County, a higher proportion of the cohort was Black compared to the overall NBS cohort, though both were over 95% (p-value = 0.0091). In Davidson County, 50% of the cohort was SCD type HbS/S or HbS/B0-thalassemia, compared to 62.7% in the overall NBS cohort (p-value = 0.012), and in both Davidson and Shelby counties, 100% of the cohort lived in urban areas, compared to 92.6% in the overall NBS cohort (p-values = 0.0012 and <0.0001, respectively). Of all individuals identified through Medicaid claims from 2008 to 2019, 81.8% lived in the following seven counties at the time of their most recent cohort inclusion: Davidson, Hamilton, Knox, Madison, Montgomery, Rutherford, and Shelby (Supplementary Table 4). These counties contain the 6 most populous cities in Tennessee (21). The demographic makeup of SCD patients identified via Medicaid in these seven key counties is shown in Supplementary Table 5. Several demographic differences were seen in these key counties compared to the Medicaid cohort across the entire state. In the overall cohort, 5.2% of patients were of a race other than Black, whereas more than 10% of individuals were of races other than Black in Knox (p-value = 0.0282) and Montgomery (p-value = 0.0006) counties, and less than 2% (p-value < 0.0001) of patients were of races other than Black in Shelby County. Differences also exist with respect to age of the cohort at the last year of inclusion. In the overall cohort, 56.4% of patients were under the age of 30, compared to 67.0% (p-value = 0.0345) in Madison County. Further differences exist with respect to rurality, where in the overall Medicaid population, 91.51% lived in urban areas compared to 100% in each of the 7 key counties with p-values ranging from < 0.0001 to 0.002.




Figure 1 | Map of Hematology/Oncology Trained Providers and SCD Patients Identified via TennCare Claims and Newborn Screening Records from 2008-2019 in Tennessee by County. Hematology/Oncology providers identified via NPI registry.







Rural vs. urban residence

In addition to differences in demographic patterns in key counties compared to the rest of the state, differences also exist in the cohort with respect to residential location, delineated as rural or urban. In total, 8.6% of the cohort lived in rural settings and 91.4% in urban settings. Among those identified through Medicaid claims, 91.2% lived in urban areas, and among those identified via NBS, 91.6% lived in urban areas.

Of cohort members identified through NBS and Medicaid claims records, 83.4% of patients in rural areas were Black, compared to 92.9% in urban areas (p-value < 0.0001), and 51.5% of the patients in rural areas were under the age of 30, compared to 58.3% in urban areas (p-value = 0.0242). Additionally, access to physicians with training in hematology-oncology differs substantially between urban and rural settings. In the rural setting, 69.2% lived in a county with no practice locations of physicians who are trained in hematology-oncology, compared to only 3.0% of those who lived in urban settings (p-value < 0.0001) (Table 3).


Table 3 | Individuals with SCD identified via TennCare and newborn screening (2008 – 2019) by rurality1.







Specialty care providers

We identified 431 hematology/oncology specialty care providers, practicing in 34 counties in Tennessee. Providers practiced in urban counties (96.8%, N = 417) more frequently than rural counties (3.2%, N = 14). Specialty care provider locations by zip code center are descriptively compared with SCDC-TN cohort members’ county of residence in Figure 1, demonstrating that 75 of the 95 counties in Tennessee (78.9%) had at least 1 to 40 residents with SCD over the study period, yet of these 75 counties, less than half had a hematology/oncology trained provider practicing within them.





Emergency department and hospital utilization

These 3,334 individuals incurred 63,788 emergency department treat-and-discharge (EDTD) visits and 36,360 hospital admissions from 2008 to 2019. From 2008 - 2019, the cohort averaged between 2.54 and 3.21 EDTD visits and 1.41 and 1.73 hospital admissions per person per year (Table 4). Marked differences are seen by age group with respect to annual acute healthcare utilization. Both ED utilization and hospitalization were generally highest among cohort members in their 20s and 30s and acute healthcare utilization trends by age group were generally consistent across time (Figures 2, 3). Over the period from 2008 through 2019, the annual percentage of the Medicaid cohort that did not have any acute healthcare claims ranged from 20.2% in 2009 to 25.7% in 2018 (Table 4).


Table 4 | Total people included in Medicaid cohort, Emergency Department Treat and Discharge (EDTD) visits, and hospital admissions per year.






Figure 2 | EDTD visits per person by age group and year. Cells are shaded based on value. Darker shade denotes higher value.






Figure 3 | Hospitalizations per person by age group and year. Cells are shaded based on value. Darker shade denotes higher value.








Discussion

Using a validated algorithm and established data infrastructure, the SCDC-TN program identified 3,439 individuals living with SCD (2008 to 2019) and demonstrated important differences in access to specialty care and demographic make-up of the population living with SCD by county compared to the state overall. Differences in demographic characteristics and access to care also exist between the population living with SCD in rural and urban settings in Tennessee. Out of the 95 counties in Tennessee, 75 (78.9%) had at least 1 – 40 people with SCD living within them over the study period, yet the majority of counties with residents affected by SCD do not have hematology-oncology trained providers practicing within them. Our findings align with previously published estimates of prevalence of SCD in Tennessee (22). Of those identified as having SCD in Tennessee, more than 65% of rural SCD patients do not have hematology-oncology trained providers practicing in their home county. Improving access to appropriate specialty care for those with SCD across the state and especially in rural areas could improve health outcomes in this population.

Lack of access to healthcare providers in rural areas is not a problem that is unique to those living with SCD in Tennessee. More than 75% of America’s rural counties are considered health professional shortage areas (23), and Americans living in rural settings are more likely to be older, uninsured or underinsured, and living in poverty, compared to those who live in urban settings (23, 24). These factors, along with increased travel required to reach the nearest health facilities compared to their urban counterparts (23), contribute to poorer health outcomes among rural Americans (23, 25), including increased risk of death due to heart disease, cancer, unintentional injury, chronic lower respiratory disease, and stroke (25). Increasing access to specialty care appropriate to SCD in rural areas could be an opportunity to improve SCD-related health outcomes in Tennessee.

Various strategies have been employed by state governments and universities (26) for incentivizing physicians to practice in rural settings, including loan repayment programs, J-1 visa waivers, and scholarships (27). However, these incentive programs tend to focus more on recruiting new physicians to underserved areas than on retaining existing physicians and are often not combinable; for example, a physician who is under obligation to practice in an underserved area in connection to a scholarship program is generally not eligible to receive loan repayment assistance through a state loan repayment program, or other available incentives, applicable to the area of practice at the same time (27). A recent systematic review of factors associated with physicians practicing in physician shortage areas found positive associations with financial factors, including scholarships, loan repayment programs, and funding exposure from other streams (28). However, mixed associations were reported with respect to educational debt. Differences in income between urban and rural settings may drive this mixed result, given that physicians who are not committed due to scholarship programs they received during their education may be weighing loan repayment packages offered in exchange for work in healthcare shortage areas with those offered in the private sector (27). Prior research has shown that growing up or training in a rural setting is associated with practicing in rural settings (28, 29), and that high prices for malpractice insurance are a factor that may lead physicians who have practiced in rural settings to leave (29). To increase the catchment and retention of physicians, including specialty physicians trained in hematology/oncology, to rural settings, existing programs should be expanded to allow physicians practicing in rural areas to benefit from all available incentive programs offered in that area. This should include extending incentives designed for recruitment to physicians already practicing in rural areas. Beyond immediate incentives to capture physicians currently practicing, increased efforts should be made to recruit children from rural areas to college and medical school and to train more physicians in the rural setting. Additional incentives for physicians practicing in rural areas may also be needed, to offset high prices of malpractice insurance to improve retention.

This analysis found that acute care utilization, including EDTD visits and hospital admissions, in the SCD cohort was consistently highest among those aged 20-29 and 30-39 years old. These findings are consistent with prior research related to acute care utilization in SCD patients using data from 2005-2006 in Arizona, California, Florida, Massachusetts, Missouri, New York, South Carolina, and Tennessee which found that over 30% of the patients with healthcare encounters related to SCD were age 18-30 years old and that rates of ED visits and inpatient stays per year were highest in the 18-30 year old age group (ED = 1.59 (95% CI: 1.50-1.68) and admissions = 2.02 (1.94-2.10)) followed by the 31-45 year old age group (ED = 1.29 (1.20-1.38) and admissions = 1.65 (1.55-1.75)) (30). Additionally, a recent 3-year study of 449 hospitalizations among 63 patients that investigated vaso-occlusive pain in SCD found that the median age at first hospitalization in the study window was 26 years (interquartile range: 22, 29) (31). Acute healthcare utilization is drastically higher for those with SCD than for the general public. In the general US population in 2019, ED visit rates were highest for infants under 1 year old at 1.23 visits per infant (32). Children aged 1–17 years had 0.43 visits per person, and adults aged 18–44 had 0.47 visits per person. The ED utilization rate was lowest among the 45–74 year old group at 0.41 visits per person, and the ≥75 years group had 0.66 visits per person. Among our study cohort, annual EDTD visits were highest in those aged 20 – 39, ranging from 4.21 – 5.91 visits per person and usually lowest in those 19 and younger, ranging from 0.95 – 1.43 visits per person. In our study cohort, annual EDTD visits in those aged 60 and older ranged from 0.63 visits to 2.62 visits per person. In 2015, rates of non-neonatal, nonmaternal inpatient stays among the general population were highest among those aged 65 and older at 0.26 stays per person and decreased sequentially with age, at 0.10 per person among those age 45-64, 0.04 per person among those aged 18-44, and 0.02 per person among those less than 18 years old (33). As with EDTD, annual hospitalizations in our study cohort are also highest among those aged 20 – 39, ranging from 2 - 2.97 stays per person and lowest among those under age 19, ranging from 0.62 – 1.15 stays per person. Among those aged 60 and older, annual hospital stays ranged from 1.22 – 2.38 visits per person.

As part of the SCDC program, collaborative projects with other SCDC state programs have been established allowing for investigation of more specific questions beyond the scope of standard surveillance. We have established a common data model for SCDC (16), designed to strengthen our distributed data network by standardizing and streamlining analysis and reporting of results, for both surveillance activities and specific projects, across multiple states. Utilization and extension of the common data model will allow us to increase capacity to expand analyses like this to include and compare results across multiple SCDC states, to better understand the burden of SCD and patterns of health care utilization among those affected by the disease, nationally. We work with the Sickle Cell Foundation of Tennessee to disseminate our findings, in layman’s terms, with the SCD community. These efforts include a website, a newsletter, periodic webinars, and other methods.

A limitation of this study is that those included in the cohort are identified only through newborn screening results or through Medicaid claims records from 2008 through 2019. For that reason, it is not inclusive of all individuals living with SCD in Tennessee as it does not capture those who do not have Medicaid enrollment history. Further, in addition to those identified via NBS, the SCDC confirmed case definition also includes those with a clinical diagnosis by a physician with documented confirmatory CLIA-certified laboratory testing after the newborn period. Because these data are not currently available, individuals who would meet this criteria to be considered a confirmed case are assessed and included in the cohort based on their alignment with the probable case definition. This analysis brings us closer to understanding the prevalence of SCD and the population cohort of people living with SCD in Tennessee, but the total number of people living with SCD in Tennessee has not been fully determined. Hospital and clinic-based electronic medical records are not currently included but we designed the SCDC-TN cohort to incorporate these data in the future. Incorporating these data sources will bring us closer to estimating the true prevalence of SCD in Tennessee. An additional limitation of this study is that specialty care provider locations were geocoded based on zip code using SAS’s built-in geocoding references and functionality, in which locations are plotted based on the center of the zip code referenced. Because it is not uncommon for zip codes to be split between county lines, plotted locations of specialists shown in map Figures do not perfectly reflect the actual physical locations (including county in some cases) of their business practice.





Conclusion

SCDC-TN merges data from multiple sources to better understand the number of people with SCD who are living in TN, their demographics, their geographic distribution across the state, and their health care utilization patterns with the goal of improving the quality of life of those who suffer from SCD in our state. This analysis brings us closer to understanding how many people with SCD live in rural areas of TN and the challenges they face in seeking the care needed to adequately manage their disease. Acute care utilization remains highest in the young adulthood years. This analysis also provides insight into how healthcare utilization patterns among individuals with SCD vary by age group and over time.
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!For TennCare, information at most recent year each individual met the case definition is used to calculate variable demographic factors. For NBS, information at birth is used to calculate variable

demographic factors.
Bold indicates significance.

* indicates Monte-Carlo estimate for exact p-value, all other p-values shown are chi-square.
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*County specialty care: A physician with Hematology/Oncology training has a business practice address in the patient’s county of residence.





