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Abstract

Objective: To evaluate the variation in long-term opioid use in osteoarthritis patients by 

geography and healthcare access.

Methods: We designed an observational cohort study among osteoarthritis patients undergoing 

total joint replacement (TJR) in the Medicare program (2010–2014). State of residence and 

healthcare access quantified at the primary care service area (PCSA) level as categories of number 

of practicing primary care providers (PCPs) and categories of rheumatologists per 1,000 Medicare 

beneficiaries were the independent variables of interest. The percentage of osteoarthritis patients 

using long-term opioids (≥ 90 days in the 360-day period immediately preceding TJR) within each 

PCSA was the outcome variable in a multi-level generalized linear regression model adjusting for 

case-mix at PCSA-level and policies including rigor of prescription drug monitoring programs and 

legalized medical marijuana at state-level.

Results: A total of 358,121 advanced osteoarthritis patients with mean age of 74 years were 

included from 4,080 PCSAs. The unadjusted mean % of long-term opioid users varied widely 

across states, ranging from 8.9% (Minnesota) to 26.4% (Alabama), and this variation persisted in 
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the adjusted models. Access to PCPs was only modestly associated with rates of long-term opioid 

use (adjusted mean difference (95% CI) between PCSAs with highest (>8.6) versus lowest (<3.6) 

concentration: 1.4% (0.8%−2.0%)); while access to rheumatologists was not associated with long-

term opioid use.

Conclusion: We noted substantial statewide variation in rates of treatment with long-term opioid 

therapy in osteoarthritis, which was not fully explained by differences in access to healthcare 

providers, varying case-mix, or state-level policies.
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INTRODUCTION

Long-term use of prescription opioids to treat chronic non-cancer pain has received intense 

scrutiny due to accumulating evidence of uncertain clinical benefit and well-recognized risks 

associated with their use (1). A comprehensive systematic review summarizing evidence 

from 40 studies concluded that evidence demonstrating the effectiveness of long-term opioid 

therapy for improving chronic pain and functioning was insufficient and available evidence 

supported potentially dose-dependent risk for serious harms including overdose, abuse, 

fractures, and cardiac events (2). Recently, a large randomized trial demonstrated equivalent 

outcomes between prescription opioids and non-opioid treatments at 12 months in patients 

with chronic back pain or hip or knee osteoarthritis pain (3). In light of all available 

evidence, the Centers for Disease Control (CDC) has recommended that in chronic pain 

patients, clinicians should assess risk benefit tradeoffs of long-term opioid therapy every 

three months or more frequently and gradually taper or discontinue when harms outweigh 

benefits (4).

Osteoarthritis of hip or knee is one of the most common reasons for chronic pain in the US, 

affecting nearly 30 million US adults and the prevalence is expected to rise with aging of the 

population (5). Moderate-to-severe pain in patients with osteoarthritis is often managed with 

non-steroidal anti-inflammatory drugs, steroids, and opioid analgesics (6), and in patients 

with severe pain that is inadequately controlled with medications, total joint replacement 

(TJR) is considered to improve quality of life (7, 8). Although two previous studies have 

investigated the cross-sectional prevalence of prescription opioid use in osteoarthritis 

patients, neither of them studied long-term use (9, 10). Studies conducted to describe 

patterns and predictors of opioid use on a societal level, without focusing on patients with 

chronic pain, have noted geographic variation in opioid prescribing practices and healthcare 

access to be important determinants of prescription opioid use (11, 12). However, patients 

with chronic pain is a population of special interest for studying prescription opioid use as 

the need for effective pain management in these patients can lead to long-term opioid use. 

Careful examination of long-term opioid use patterns in routine care patient populations 

affected by chronic pain is urgently needed to effectively disseminate opioid prescribing 

guidelines and target policy interventions minimizing harm. Therefore, we conducted an 

observational cohort study in a nationwide sample of Medicare enrollees with severe 
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osteoarthritis to describe long-term opioid use and to evaluate the role of geography and 

healthcare access in determining long-term opioid use. We restricted the study sample to 

TJR recipients and evaluated opioid use in the year leading up to the TJR to include a 

homogenous patient population with advanced osteoarthritis and a clinical indication for 

pain control.

METHODS

Data sources

Medicare claims from Parts A (inpatient services), B (outpatient services), and D (pharmacy 

claims) between 2010 and 2014 were used in this study. These data sources contain 

longitudinally traceable information for their enrollees’ medical diagnoses recorded with 

International Classification of Disease, 9th Clinical Modification (ICD-CM) codes, medical 

procedures recorded as Current Procedure Terminology (CPT) or ICD-9 procedure codes, 

and medication dispensing recorded using National Drug Codes (NDC). In addition, we 

retrieved information regarding patient demographics including race, gender, age, and 

geography of their residence at ZIP code level from Medicare enrollment files.

Further, we used Primary Care Service Area (PCSA) data files (2010) available from the 

Health Resources & Services Administration (HRSA) Data Warehouse to quantify access to 

primary care providers (13). A PCSA is a discrete service area defined for Medicare 

beneficiaries based on receipt of primacy care services and contains one or more contiguous 

ZIP code tabulation areas (14). PCSA data files include information on the total number of 

Medicare enrollees in each PCSA along with a wide range of information related to 

healthcare services, for instance number of clinically active primary care providers, 

physician assistants, or federally qualified health centers, as well as socioeconomic status 

indicators derived from the American Community Survey conducted by the US Census 

Bureau (13). PCSA data files do not contain information on number of practitioners by 

specialty. Therefore, we obtained a comprehensive de-identified list of all practicing US-

based rheumatologists as of 2010 and their corresponding business addresses from the 

American College of Rheumatology (15). Medicare files were linked with PCSA files and 

the list of rheumatologists using ZIP codes to assign a PCSA to each patient in this study. 

The institutional review board (IRB) of Brigham & Women’s Hospital approved the protocol 

for this study.

Study Population

We randomly sampled 1 million Medicare beneficiaries undergoing a TJR (identified with 

ICD-9 procedure codes of 81.51 for total hip replacement or 81.54 for total knee 

replacement) between 2010 and 2014 with no record of a TJR in the year prior. Of these, we 

excluded patients who were younger than 65 years of age, who did not have continuous 

enrollment in Medicare Parts A, B, and D for a 12-month baseline period immediately 

preceding their TJR, who had both hip and knee replacement performed on the same date, or 

who had a diagnosis of cancer during the baseline period. We further restricted the study 

population to osteoarthritis patients by excluding patients with hip fracture (which could be 

the reason for THR) as well as patients without diagnosis codes for osteoarthritis during the 
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baseline period. For patients undergoing multiple TJR procedures in the study period, we 

only included the first procedure. Patients meeting all our inclusion criteria were grouped by 

their PCSA, and the data were analyzed with PCSA as the unit of analysis. To reliably 

estimate the outcome, which is measured as percentage (see the next Section for details) in 

each PCSA, we excluded PCSAs with ≤ 25 patients from the analysis.

Outcome variable

We defined long-term opioid use for each patient in a 360 day period immediately preceding 

TJR based on prescription dispensing for any opioid with day supply totaling ≥ 90 days in 

accordance with the long-term opioid use definition outlined by the CDC (4). The opioids 

considered in our analysis included hydrocodone, dihydrocodeine, oxycodone, 

propoxyphene, tramadol, meperidine, hydromorphone, morphine, fentanyl, methadone, 

pentazocine, tapentadol, levorphanol, and oxymorphone. The percentage of patients on long-

term opioid therapy within each PCSA was the main outcome variable of interest.

Independent variables of interest

1. Primary care provider (PCP) access: We quantified PCP access on PCSA level 

based on the total number of clinically active PCPs per 1,000 Medicare 

beneficiaries. This variable was categorized variable into 4 quartiles (Q1: 0–3.6, 

Q2: 3.6–5.5, Q3: 5.5–8.6, Q4:>8.6).

2. Rheumatologist access: The total number of rheumatologists in each PCSA was 

determined based on the ZIP code recorded on their business addresses listed in 

the list received from American College of Rheumatology. We quantified 

rheumatologist access on PCSA level based on the total number of practicing 

rheumatologists per 1,000 Medicare beneficiaries as a categorical variable. As 

>70% of the included PCSAs did not have any practicing rheumatologists, we 

created one category of no rheumatologist access and created three additional 

categories from PCSAs with at least 1 practicing rheumatologist based on tertiles 

(<0.15, 0.15–0.29, >0.29).

3. Geographic region: We identified states for each PCSA from the PCSA data 

files and used state indicator as an independent variable of interest. New York 

was selected as the reference state because of a large sample size and 

consistently low opioid use reported in previous investigations (12, 16).

Covariates

PCSA level case-mix adjustment: To account for varying case-mix from one PCSA to 

another, we aggregated patient demographics at the PCSA-level, including age, race (white 

or non-white), and gender; dual enrollment in Medicare-Medicaid; type of joint replacement 

surgery (total knee or hip replacement); prevalence of other pain-related and co-morbid 

condition diagnoses that may influence prescription opioid use including back pain, 

neuropathic pain, migraine, rheumatoid arthritis, fractures, falls, depression, anxiety, bipolar 

disorder, drug abuse, and alcohol abuse. Further, as a marker for patients’ general health, we 

accounted for a comorbidity score that combines 20 chronic conditions from the Charlson 

and Elixhauser systems including metastatic cancer, congestive heart failure, dementia, renal 
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failure, weight loss, hemiplegia, alcohol abuse, any tumor, cardiac arrythmias, chronic 

pulmonary disease, coagulopathy, complicated diabetes, deficiency anemias, fluid and 

electrolyte disorders, liver disease, peripheral vascular disorders, psychosis, pulmonary 

circulation disorders, HIV, and hypertension (17). Additionally, we included two indicators 

for socioeconomic status in each PCSA: percentage of population living under the federal 

poverty limit and percentage of population older than 25 years with less than high school 

education, to account for aggregate poverty and literacy levels in PCSAs.

State level policy interventions: It is important to consider various state-level policies 

in the analysis to isolate the unexplained variation in long-term opioid use by state from the 

effect of these policies. Therefore, we accounted for the rigor of prescription drug 

monitoring programs (PDMP) and presence of medical marijuana policies in a state, both of 

which could have an impact on long-term prescription opioid use. Operationally, we 

identified the dates of implementation of these policies within each state. Additionally, for 

PDMPs, we identified program rigor and categorized state programs into three categories: 1) 

high rigor- included states that required prescribers to check PDMP database each time prior 

to prescribing opioids to all patients or to chronic pain patients, 2) low rigor- included states 

where an operational PDMP was available, but no requirement for checking PDMPs was 

implemented or checking PDMP was only required prior to prescribing opioids for the first 

time, 3) no operational PDMP. For medical marijuana, we only created a binary variable 

indicating presence or absence of state-laws for legally obtaining medical marijuana. To 

account for implementation of these policies over time during our study period (2010–2014), 

we first identified whether the concerned policy had been implemented by the time we 

started measuring each patients’ long-term opioid use to define policy-exposed patients. We 

then aggregated this information at the PCSA level by assigning each PCSA to a specific 

level of policy exposure when a majority of the patients (>50%) within that PCSA were 

exposed to that specific level of the policy. Policy implementation dates and details 

regarding the rigor of PDMPs were derived from the Prescription Drug Abuse Policy System 

(PDAPS) web portal (18), which is an National Institute on Drug Abuse supported initiative 

to track key state laws related to prescription drug abuse.

Statistical analysis

Patient characteristics were reported using descriptive statistics among opioid non-users, 

short-term users (<90 days), and long-term users (≥90 days) in the year leading up to TJR. 

Characteristics of opioid use, including total day supply, average daily dose in morphine 

milligram equivalents (MME), total number of different agents used, and frequency of the 

most frequently used agents, were described for short-term and long-term opioid users. The 

average daily dose was also reported in categories of <50, 50–90, and ≥90 MME. These 

categories were selected based on the CDC guidelines, which define average daily dose of 

50–90 MME as the range where a careful assessment of risk-benefit is suggested and ≥90 

MME as the range that should be avoided (4). We also described the case-mix across 4,080 

PCSAs using descriptive statistics.

The proportion of long-term opioid users and density of clinically active PCPs and 

rheumatologists within each PCSA were plotted on the US map to visually demonstrate 
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geographic variation in opioid use and healthcare access. To quantify the impact of access 

and geography on long-term opioid use rates, a generalized linear regression model with 

identity link was constructed with PCSA as the unit of analysis and percentage of long-term 

opioid users in each PCSA as the dependent variable. To account for the hierarchical 

structure of the data where PCSAs are clustered within states, we used a multi-level model. 

Level 1 variables included PCSA-level variables to adjust for case-mix and were modeled as 

fixed effects. Level 2 variables included state effects, which were modeled as random-

effects, and policy interventions, which were modeled as fixed effects. The statistical 

analysis was conducted in SAS with PROC GLIMMIX in Version 9.4 (SAS Institute, Cary, 

NC).

Role of the Funding Source

The funding agency played no role in design or conduct of this study.

RESULTS

Study population

A total of 358,121 osteoarthritis patients with an average age of 74 years who underwent 

TJR met all our inclusion criteria and contributed to this analysis (Figure 1). A majority of 

the patients had white race (91.9%) and were females (67.8%). A total of 59,387 (16.5%) 

patients were identified as long-term opioid users (≥ 90 days) and 152,308 (42.3%) were 

identified as short-term users (<90 days). Over the study years from 2011 to 2014, the 

proportion of TJR patients using long-term opioids remained relatively stable (16.8% in 

2011, 16.8% in 2012, 16.6% in 2013, and 16.3% in 2014). Table 1 summarizes patient 

characteristics across non-users, short-term users, and long-term users. The prevalence of 

pain-related conditions as well as the comorbidity burden were substantially higher among 

long-term opioid users compared to short-term and non-users.

Table 1 further provides details regarding opioid use characteristics in long-term and short-

term opioid users. The median (interquartile range) day supply for prescription opioids was 

218 (142–307) among long-term users and 15 (6–34) among short-term users. A total of 

19.0% of the long-term users and 15.9% of the short-term users consumed average daily 

dose of ≥ 50 MME. Compared to short-term opioid users, a notably higher use of tramadol 

(45.8% versus 36.8%), oxycodone (32.2% versus 21.7%), and fentanyl (6.2% versus 0.5%) 

was noted among long-term users.

A total of 4,080 PCSAs or 57.1% of the 7,144 total PCSAs defined in the US by HRSA 

were represented in our analysis. Average number of patients in each PCSA was 87.7 and 

ranged from 26 to 1,038. The case-mix across included PCSAs was heterogeneous with 

varying proportions of pain-related diagnoses, a wide range of socioeconomic status as well 

as access to healthcare providers (Table 2). Across the 4,080 included PCSAs, the average % 

of long-term opioid users was 17.2 (SD 7.8) and ranged from a low of 0% to a high of 60%. 

Appendix Figure 1 shows the distribution of the percentage of long-term opioid users across 

included PCSAs.
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Association of geographic region and access to healthcare providers with long-term 
opioid use

Figure 2 summarizes long-term opioid use by PCSAs in our study population across the US. 

PCSAs with a higher proportion of long-term opioid users were generally in the South, and 

PCSAs with a lower proportion of long-term opioid users were typically from the Northeast 

and the Midwest. Appendix Figure 2 summarizes healthcare provider access by PCSAs in 

our study population across the US. The distribution of PCPs and rheumatologists was noted 

to be more concentrated in the Northeast and the Midwest.

The unadjusted mean % of long-term opioid users increased monotonically from the PCSA 

categories representing highest to lowest concentration of PCPs (16.0% to 18.3%) and 

rheumatologists (15.4% to 17.6%) (Table 3). Variation in the unadjusted mean % of long-

term opioid users was substantial across states, ranging from a low of 8.9% in Minnesota to 

a high of 26.4% in Alabama (Appendix Table 1 provides this information for all states and 

DC).

In the regression model adjusted for case-mix, the variation across states in long-term opioid 

use rates persisted. Compared to the reference state (New York), the mean difference in 

long-term opioid users in percentage points was more than 10 for West Virginia and 

Alabama (Table 3 provides mean difference for 10 states with the highest mean differences). 

A total of 31 states had statistically significantly higher rates of long-term opioid users 

compared to New York, and in 19 states, the rates were similar (see Appendix Table 2 for 

results from the full regression model). The adjusted mean difference (95% CI) in long-term 

opioid users between PCSAs with highest (>8.6) versus lowest (<3.6) concentration of PCPs 

per 1,000 beneficiaries was 1.4% (0.8%−2.0%) and highest (>0.29) versus lowest (0) 

concentration of rheumatologists was 0.6% (−0.1%−1.3%) (Table 3).

DISCUSSION

In this large observational cohort study of Medicare enrollees with osteoarthritis undergoing 

TJR, we noted that one in six patients used long-term prescription opioids (≥ 90 days) for 

pain management in the year leading up to the TJR, with an average duration of 

approximately 7 months. Nearly 20% of the long-term users consumed an average daily 

dose of ≥50 MME, a range that is identified by the recent CDC guidelines as potentially 

imparting a high risk of opioid-related harms (4). Long-term opioid use varied substantially 

by state and had only a modest association with low access to primary care providers.

Although osteoarthritis is one of the most common reasons for chronic pain in the US, long-

term prescription opioid use is not well studied in this population. One previous study using 

self-reported medication use data from the Medicare Current Beneficiary Surveys noted that 

40% of osteoarthritis patients interviewed in 2009 used opioids at least once, but this study 

did not investigate the length of opioid use in these patients (9). Among all Medicare part D 

enrollees; the prevalence of long-term prescription opioid use was reported to be 7.3% in 

2012 (19). The estimates for long-term opioid use observed in this study of Medicare 

patients with severe osteoarthritis from 2010–2014 are more than two-fold higher than this 

previously reported estimate. Thus, our study identifies patients with advanced OA as a 

Desai et al. Page 7

Arthritis Rheumatol. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



patient population with substantially high rates of long-term prescription opioid use 

compared to an average Medicare enrollee. Further, we noted that one in five long-term 

users consumed an average daily dose of ≥50 MME and the average length of treatment with 

opioids was approximately 7 months in the year prior to TJR among long-term users. These 

observations are important to consider in light of results from a recent randomized 

controlled trial suggesting questionable effectiveness of long-term prescription opioids in 

treatment of chronic pain (3). In patients with severe OA, a special emphasis on periodically 

monitoring prescription opioid use is required to ensure benefits outweigh risks at prescribed 

doses.

We noted a substantial geographic variation in use of long-term prescription opioids in this 

study. This finding is in line with earlier studies, which also report wide geographic variation 

in prescribing of opioids with lower rates on average in the Northeast and Midwest and 

generally higher rates in the South (12, 16, 19–21). Using a comprehensive risk-adjustment 

approach, we further evaluated whether this geographic variation could be explained by 

differences in access to healthcare providers, differences in patient populations, differences 

in socioeconomic characteristics, or differences in policy interventions across states. We 

observed that state of residence had an independent association with rates of long-term 

opioid use after adjusting for these differences, suggesting that regional prescribing practices 

play a key role in determining rates of long-term opioid use in this population. This finding 

suggests that geographically targeted interventions to ensure widespread dissemination and 

implementation of safe opioid prescribing guidelines are necessary to make a meaningful 

impact on prescribing practices. While our study did not observe an association between 

state-level policies, including PDMPs and legal medical marijuana, and rates of long-term 

prescription opioid use (Appendix Table 2), this finding should not be interpreted as causal. 

Evidence regarding the impact of these policies on overall opioid prescribing is mixed with 

some studies indicating a modest reduction (22, 23), while some suggesting no consistent 

reduction in opioid prescribing rates as a result of implementation of these policies (24, 25). 

However, it must be noted that our study was not designed to evaluate the direct impact of 

these policies on rates of long-term prescription opioid use. Instead, our focus was on ruling 

out variation in these policies as a potential explanation for state to state variation in long-

term prescription opioid rates. Future research employing more suitable methods for policy 

evaluations such as a controlled interrupted time-series design (26) should be considered to 

evaluate the impact of introduction of specific policies on long-term prescription opioid use 

in patient with severe osteoarthritis.

Further, our study also adds information to the literature regarding the complex association 

between healthcare access and use of prescription opioids in patients with chronic pain. 

Some previous studies have reported a positive correlation between number of clinically 

active practitioners in a geographic area and amount of opioids prescribed (11, 12), 

suggesting that higher access to multiple providers may make it easier for patients to find a 

provider readily willing to prescribe opioids or to seek opioid prescriptions from more than 

one providers. On the contrary, we noted a modestly negative association between the 

number of active PCPs in a PCSA and long-term opioid use rates and no association 

between number of rheumatologists and long-term opioid use rates in this patient population 

of elderly individuals suffering from severe osteoarthritis. Although, the magnitude of the 
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association between higher PCP concentration and lower long-term opioid use was small, 

the contrast from previous studies suggests that factors driving long-term opioid use in 

chronic pain patients may be unique and easier access may not be a risk factor for higher 

opioid use in these patients.

There are some important strengths of this study. First, it describes rates of long-term opioid 

use in a nationally representative population of Medicare enrollees with severe osteoarthritis. 

We conducted comprehensive risk-adjustment based on patient demographics, co-morbid 

conditions, as well as variation in state-level policies. Next, since all patients included in this 

study had full pharmacy and medical benefits under fee for service Medicare during the 

study period, confounding by patient-level financial factors, such as differential health plan 

coverage of medications or differences in copays, is likely to be limited. However, there are 

some limitations that deserve mention. First, we did not have data on pain severity or pain 

related functioning for patients in this cohort, which makes residual confounding possible. 

However, restricting the study population to TJR recipients may have limited such 

confounding by ensuring inclusion of a somewhat homogenous population seeking pain 

relief for knee and hip osteoarthritis. Further, the data used in this study are not recent due to 

lag in release of Medicare claims by CMS. Therefore, our study may not have captured more 

recent shifts (after 2014) in prescription opioid use patterns in this population in response to 

the growing awareness about the opioid epidemic in the US. Another limitation of the 

current study is that we did not evaluate whether TJR changes opioid use in these patients. 

Future research should address the impact of pre-TJR opioid use on post-surgical functional 

outcomes as well as the impact of TJR on post-surgical opioid use. Next, we did not have 

complete information on access to other healthcare services such as physical therapy which 

precluded evaluation of the impact of access to these services on long-term opioid use in this 

population. An additional limitation is that we did not focus on variation in prescribing 

practices across individual providers, which may be important to consider while designing 

interventions. Finally, by including a population of TJR recipients and evaluating the opioid 

use prior to TJR, our study may underestimate the extent of prescription opioid use in this 

population due to exclusion of severe OA patients who may die without ever getting TJR. 

Further, there exists a substantial racial disparity in the use of TJR, with rates among blacks 

approximately 40% lower compared to whites (27); therefore, the restriction of study 

population to TJR recipients also limits the generalizability of our estimates.

In conclusion, we observed frequent use of long-term opioids in elderly patients with severe 

knee or hip osteoarthritis prior to TJR. Importantly, substantial statewide variation in rates of 

treatment with long-term opioid therapy was noted in this population, which was not fully 

explained by differences in access to PCPs or rheumatologists, variation in patient 

characteristics, or state-level policies including PDMPs and legalized medical marijuana. 

These findings suggest that geographically targeted dissemination strategies for safe opioid 

prescribing guidelines may be required to address the high use observed in certain states.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1- 
Cohort selection flow-chart
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Figure 2- 
Long-term opioid use rates prior to total join replacement in primary care service areas 

across the United States, Medicare data 2010–2014

* Footnote- Primary care service areas in white did not contribute patients to this analysis.
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