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Purpose: There is a paucity of data on pain diagnoses and analgesic utilization in medically underserved areas (MUAs). This study
compared the prevalence of pain diagnoses and analgesic medication use between MUAs and non-medically underserved areas
(N-MUAs) in Southern Minnesota and Western Wisconsin using the Rochester Epidemiology Project (REP) database.
Methods: Five-year prevalence per 100 people (January 1, 2011 to January 1, 2016) was extracted from the REP database for
multiple pain diagnosis variables and analgesic medications. Primary outcomes included comparison of five-year prevalence of each
pain diagnosis and analgesic between MUA and N-MUA; and association between index of medical underservice (IMU) score and
five-year prevalence for each pain diagnosis and analgesic. Linear regression models were performed to assess associations and
significance thresholds were adjusted per the Bonferroni approach to account for multiplicity.
Results: The prevalence per 100 people for a diagnosis of chronic pain was similar betweenMUAs and N-MUAs (13.8 ± 2.5 vs 14.6 ± 2.0,
P = 0.543). Similarly, prevalence per 100 people for other specific pain diagnoses including nonspecific chest pain, abdominal pain,
lumbago, somatoform disorder, and painful respiration did not differ based on MUA status. In terms of analgesic use, prevalence per 100
people for use of opioids, non-opioid analgesics, salicylates, and NSAIDs did not differ based on MUA status. An association between
higher IMU scores and lower prevalence of painful respiration was identified, although this was not significant after significance threshold
adjustment per the Bonferroni method.
Conclusion: Our data suggest that there are no differences in several pain diagnoses and analgesic utilization between MUAs versus
N-MUAs, and that the IMU score did not predict changes in prevalence of pain diagnoses or analgesic utilization. Future powered and national
database studies are warranted to increase validity of findings to other populations outside of Southern Minnesota and Western Wisconsin.
Keywords: medically underserved area, vulnerable populations, chronic pain, opioid, analgesia, pain management

Introduction
Chronic pain continues to place a significant burden on the United States’ healthcare system1 with a prevalence ranging
between 11% and 40%.1 The Global Burden of Disease Study (2017) reported that low back pain and headache disorders
are the prevailing etiologies of non-fatal health loss over the last three decades,2 contributing to morbidity, disability, and
increasing demands on the healthcare system. Accompanying high chronic pain prevalence, studies also highlight that
inadequate and ineffective pain management pose a serious public health crisis particularly in this era of the opioid
epidemic.3 Thus, there has been an increasing emphasis on multimodal analgesia4–6 with use of non-opioid analgesics in
addition to implementing personalized approaches to treating pain based on type, location, severity, and chronicity.4

Obstacles to effective pain management may include provider level of education and comfort with prescribing analgesics,
cultural barriers in pain assessment, stringency and inconsistency across state prescription drug monitoring programs, and
importantly lack of healthcare access.7–10

While it is undeniable that pain is ubiquitous and access to painmanagement may be challenging, these factors may impose
a differential burden to different populations. There is strong evidence from the social determinants of health (SDOH)
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framework demonstrating an association between healthcare outcomes and social domains of economic stability, education
quality, healthcare access and quality, neighborhood environment, and community context.10 In the context of pain, substantial
disparities in pain prevalence and under-treatment exist across vulnerable populations such as older adults,11 children,12

patients with mental health problems,12 and ethnic minorities.13 Similarly, delivery of pain care may be disproportionately and
inexplicably poor if a geographical area carries a designation of “medically underserved area” (MUA). It is known that
patients who reside in MUAs are disadvantaged in terms of affordability, accessibility, and availability when seeking
healthcare, yet there remains a paucity of data on prevalence of pain and analgesic utilization in MUAs.14

The primary aim of this study was to compare the prevalence of pain diagnoses and analgesic medication usage
between MUAs and non-medically underserved areas (N-MUAs) in southern Minnesota and western Wisconsin using the
Rochester Epidemiology Project (REP) database.15 This database captures summary-level information for approximately
680,000 individuals and related health conditions that have been addressed at participating healthcare providers for 27
counties in those respective regions.16 As aforementioned, evidence from the SDOH framework highlights that certain
disadvantaged, vulnerable, and financially deprived subpopulations live in more degraded environments and experience
a higher exposure of risk factors for adverse healthcare outcomes.17 Thus, we hypothesized that there would be an
association between MUA status and higher prevalence of pain disorders and lower rates of analgesic prescriptions.

Methods
Ethics
The project was approved by the Mayo Clinic Institutional Review Board and conformed to principles per the Declaration
of Helsinki. All patients who are part of the REP provided written informed consent for use of their medical records.

Source of Data
TheREP database has been previously utilized to perform population-level epidemiological studies.15 The REP is a collaboration
of clinics, hospitals, and other healthcare systems in Southern Minnesota and Western Wisconsin consisting of approximately
680,000 individuals across 27 counties. The database abstracts information including demographics, diagnostic and procedure
codes, health services data, drug prescriptions, laboratory tests, imaging reports, and other clinical variables. The population
comprising the REP database is representative of a large segment of the United States population based on demographic, racial,
ethnic, and socioeconomic composition.16 We accessed the database using the REP data exploration portal (REP-DEP) which is
publicly accessible on the following website: https://www.rochesterproject.org/portal/.18

Data Extraction
The authors queried the REP-DEP and abstracted data on September 9, 2021. At the time of data abstraction, the latest
five-year period data available on the REP-DEP was from January 1, 2011 to January 1, 2016. Five-year prevalence per
100 people (January 1, 2011 to January 1, 2016) were extracted for the following “pain diagnosis” variables: chronic
pain, nonspecific chest pain, abdominal pain, lumbago, somatoform disorder, and painful respiration. Similarly, five-year
prevalence per 100 people (January 1, 2011 to January 1, 2016) were extracted for the following “analgesic use”
variables: opioid, non-opioid analgesic, salicylate, and non-steroidal anti-inflammatory drug (NSAID). For the secondary
subgroup analysis, five-year prevalence per 100 people (January 1, 2011 to January 1, 2016) were extracted for the
following “pain diagnosis” variables related to spine-related pain only: lumbago, spondylosis, intervertebral disc
disorder, cervical radiculitis, lumbar spinal stenosis, sciatica, thoracic/lumbosacral radiculitis, and backache.

The authors queried Health Resources and Services Administration (HRSA) website (https://data.hrsa.gov/tools/
shortage-area/mua-find) by searching each of the 27 counties that comprise the REP database. The Index of Medical
Underservice (IMU) was abstracted for each of the 27 counties from the HRSAwebsite. The IMU scale ranges from 0 to
100, where 0 signifies “completely underserved” while 100 signifies “least underserved” or “best served.” The IMU score
incorporates the following weighted variables into its calculation: ratio of primary medical care physicians per
1000 persons, infant mortality rate, percent of population with incomes below poverty level, and percent of population
age 65 or older. An IMU score threshold of 62.0 or less was used to designate MUA status (MUA status if IMU score
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≤62, N-MUA status if IMU score >62). Based on established criteria, the HRSA specified this IMU threshold of 62.0 to
designate MUA status.19

Primary Outcomes of Interest
The primary outcome of interest was comparison of five-year prevalence of pain diagnoses and analgesic use between
MUA and N-MUA. Another primary outcome of interest was to determine if there was any association between IMU
score and five-year prevalence for pain diagnoses and analgesic use.

Secondary Outcomes of Interest
A subgroup analysis, which was planned a priori, was also performed for pain diagnoses specific to spine-related issues.
The motivation for this secondary analysis stems from the high prevalence and morbidity from back and neck pain. Low
back pain is the most common musculoskeletal problem globally.20 The Global Burden of Disease Study reported that
back and neck pain were ranked the fourth leading cause of disability-adjusted life years (DALYs) globally following
ischemic heart disease, cerebrovascular disease, and lower respiratory infection.21 Specifically, one secondary outcome
was comparison of five-year prevalence of spine-related pain diagnoses between MUA and N-MUA. Another secondary
outcome was association between IMU score and five-year prevalence for spine-related pain diagnoses.

Statistical Analysis
Mean and standard deviations are provided for all continuous variables and stratified based on MUA status. Linear
regression analysis was performed to compare outcomes based on MUA status. Linear regression analysis was also
performed to identify the association between the IMU score and variables related to pain symptoms and analgesic use.
Beta-coefficient (β) and 95% C.I. (confidence interval) are reported for each association. A p<0.05 was considered the
threshold for statistical significance. Given that multiple comparisons and statistical tests were performed, we adjusted
significance thresholds based on the Bonferroni method.22 All analyses were performed using SPSS (IBM SPSS Statistics
for Windows, Version 21.0; Armonk, NY: IBM Corp.).

Results
Study Cohorts Based on MUA Status
Based on the pre-specified threshold to define MUA status from the IMU score (≤62), we stratified the 27 counties
from the REP database (Figure 1) to those that are N-MUA (5 counties: Le Sueur, Steele, Goodhue, Olmsted, La
Crosse) and those that are MUA (22 counties: Brown, Watonwan, Martin, Nicollet, Blue Earth, Faribault, Waseca,
Freeborn, Rise, Dodge, Mower, Wabasha, Fillmore, Winona, Houston, Barron, Dunn, Pepin, Buffalo, Trempealeau,
Chippewa, and Eau Claire). Descriptive statistics for the overall study population are displayed in Table 1. The mean
IMU score for MUA counties was 55.6 ± 8.6 (range 30.3–62.0). The HRSA database does not provide IMU scores for
N-MUA counties.

Primary Outcomes
The prevalence per 100 people for a diagnosis of chronic pain was similar between MUAs and N-MUAs (13.8±2.5 vs
14.6±2.0, P=0.543; Table 2). Similarly, prevalence per 100 people for other specific diagnoses of pain including
nonspecific chest pain, abdominal pain, lumbago, somatoform disorder, and painful respiration did not differ based on
MUA status. In terms of analgesic use, prevalence per 100 people for use of opioids, non-opioid analgesics, salicylates,
and NSAIDs did not differ based on MUA status (Table 2).

The associations between prevalence of variables and IMU score are presented in Table 3. A significant association
between higher IMU scores and lower prevalence of painful respiration was identified, although this association was no
longer significant when the significance threshold was adjusted per the Bonferroni method.22
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Secondary Outcomes
There was no statistical difference in prevalence of spine-related pain disorders based on MUA status (Supplemental
Table 1). Similarly, no significant associations between IMU score and prevalence of spine-related pain disorders were
identified (Supplemental Table 2).

Discussion
In this REP database study comparing five-year prevalence data, we highlighted that there was no difference in several
pain diagnoses and analgesic utilization between MUAs versus N-MUAs. Furthermore, the IMU score did not predict
changes in prevalence of pain diagnoses or analgesic utilization. This was unexpected as the authors hypothesized that
while the prevalence of pain diagnoses may be similar, MUAs would have lower prevalence of analgesic medication use
due to reduced accessibility to healthcare. For instance, studies have highlighted that patients who reside in MUAs face
health professional shortages and are less likely to receive medications to treat cardiovascular disease, such as statins and
warfarin.23 In the field of pain medicine, severe chronic pain may disproportionately impact medically underserved
patients, particularly those with low socioeconomic status and educational level.24 Studies have further highlighted that
patients in underserved areas may face increased vulnerability to chronic pain and experience poor quality of life as
a result of limited access to treatment, misunderstanding of pain presentation, and misaligned or unrealistic outcome
expectations between healthcare professionals and patients.24

The authors propose several potential reasons for the absence of differences between MUA and N-MUA in this study.
The prevalence for opioid misuse is higher in rural and underserved areas, suggesting that there may be less surveillance
from healthcare authorities and monitoring programs.25 Healthcare professionals in MUAs may be more willing to
prescribe analgesics, particularly opioid analgesics which in turn may increase risk for chronic opioid use. The absence of

Figure 1 Medically Underserved Area Status of All Counties in the Rochester Epidemiology Project (REP) Database. Medically underserved area was indicated by red color,
and non-medically underserved area was indicated by blue color. Index of Medical Underservice (IMU) scores are provided for all counties with MUA status. The Health
Resources and Services Administration (HRSA) database does not provide IMU scores for non-medically underserved areas. Map was amended from the Rochester
Epidemiology Project Data Exploration Portal with permission. April 2019, version 3.0. [Accessed 9 September 2021]: https://www.rochesterproject.org/portal/.27

Abbreviation: MUA, medically underserved area.
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significant differences may also reflect limited external validity to MUAs in other states. For instance, while the vast
majority of counties in the REP database were assigned MUA status, a major quaternary referral center that attracts
patients from distant states and countries is located in Olmsted county which is centrally located within surrounding REP
counties with MUA status. The most distant county from Olmsted county was only 132 miles (Brown County, MN)
suggesting feasibility of accessing analgesic medication prescriptions and having chronic pain complaints addressed by
a specialized healthcare professional.

Table 1 Baseline Variables of Overall Study Population

Variable n/N (%) or Mean ± SD

Status of Medical Underservice
MUA 22/27 (81.5)

N-MUA 5/27 (18.5)

Mean IMU Scorea 55.6 ± 8.6
Pain Symptoms (prevalence per 100 people)
Chest Pain 14.0 ± 2.4

Nonspecific Chest Pain 11.6 ± 2.2
Abdominal Pain 19.0 ± 3.6

Lumbago 11.1 ± 2.0
Somatoform Disorder 0.8 ± 0.3

Painful Respiration 2.4 ± 0.6

Analgesic Use (prevalence per 100 people)
Opioid Use 24.6 ± 3.9

Non-opioid analgesic use 10.2 ± 8.2

Salicylates 1.4 ± 1.0
Non-steroidal anti-inflammatory drug 18.7 ± 5.8

Notes: Number of observations per total (n/N) and percentage are provided for categorical
variables, and mean and standard deviation (SD) are provided for all continuous variables.
These descriptive statistics were performed for five-year prevalence data (January 1, 2011 to
January 1, 2016). These prevalence values were directly standardized based on age and sex to
the total United States 2010 population. P-value<0.05 is considered statistically significant.
aIMU: index of medical underservice. Note that this score is only applicable to MUA.
Abbreviations: MUA, medically underserved area; N-MUA, non-medically underserved area.

Table 2 Comparison of Pain Prevalence and Analgesic Use Between Underserved and Non-Underserved Counties

Five-Year Prevalence

Pain Symptoms (prevalence per 100 people) MUA (n=22) Not MUA (n=5) P value

Chronic Pain 13.8 ± 2.5 14.6 ± 2.0 0.543
Nonspecific Chest Pain 11.6 ± 2.2 11.8 ± 2.4 0.879

Abdominal Pain 18.9 ± 3.6 19.4 ± 4.2 0.775

Lumbago 10.9 ± 2.1 11.8 ± 1.9 0.381
Somatoform Disorder 0.8 ± 0.4 0.7 ± 0.2 0.848

Painful Respiration 2.4 ± 0.6 2.6 ± 0.7 0.486

Analgesic Use (prevalence per 100 people)

Opioid Use 24.5 ± 3.8 24.9 ± 4.7 0.846
Non-opioid Analgesic Use 9.5 ± 7.7 13.1 ± 10.5 0.389

Salicylates 1.3 ± 1.0 1.6 ± 0.9 0.547

Non-steroidal Anti-inflammatory Drug 18.2 ± 5.6 20.6 ± 6.9 0.430

Notes: Mean and standard deviation are provided for all continuous variables and stratified based on medically underserved area (MUA) status. Linear
regression analysis was performed to compare outcomes based on MUA status. These analyses were performed for five-year prevalence data (January 1, 2011
to January 1, 2016). These prevalence values were directly standardized based on age and sex to the total United States 2010 population. P-value<0.05 is
considered statistically significant.
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While the prevalence of pain diagnoses or analgesic medications are similar across MUA and N-MUA, this does not
necessarily imply similar quality of healthcare delivery. This concept is particularly imperative to elucidate in the field of
pain medicine, which has experienced an increasing shift and emphasis on procedural options that may provide
substantial pain relief compared to pharmacologic options. For instance, neuromodulation options may offer substantial
analgesia for a wide array of pain indications that are superior in efficacy compared to standard medical therapy with
pharmacological agents.26 Thus, quality of healthcare delivery overall is a hard metric to capture from large database
studies.

This study has several notable limitations. Given that there were only 5 N-MUAs and 22 MUAs, our study may lack
the statistical power to detect true differences. The HRSA database does not provide IMU scores for N-MUA countries
and thus it is not possible to determine how close IMU scores were between MUA and N-MUA. The REP database
provides aggregate data and thus patient-level covariates were unable to be adjusted in our regression analysis models.
The REP database categorizes pain disorders into generic categories which lack specificity and may not be similar across
patients with the same designation. For instance, a diagnosis of “chronic pain” does not capture the duration, severity, or
type of pain. Similarly, categories of analgesic use do not quantify dosage or number of prescriptions. While Olmsted
County has a coverage rate of 99.9% in the REP database, the expanded REP that included a total of 27 counties has
about a 60% overall coverage rate. Thus, the possibility of selection bias is real and a study performed with the entire
cohort may differ significantly in age, race, insurance availability, and other unknown attributes. Lastly, the data on the
REP-DEP are not static. These data are updated every year and data from a previous version do not remain accessible.

Future studies should investigate pain diagnosis and management in MUAs from national databases to establish more
generalizable findings. Health authority agencies such as the Centers for Disease Control and Prevention should utilize
resources to reach out to vulnerable and underserved populations to disseminate information about prevention and self-
management strategies in pain medicine. While rural versus urban status does not distinguish MUA status, studies should
assess if these variables mediate any associations. Data should also be abstracted on dosage and number of analgesic
prescriptions filled. It would also be informative to assess if prevalence of various pain procedures (eg, spinal cord
stimulators, peripheral nerve stimulators, fluoroscopic or ultrasound-guided injections for pain) differ based on MUA
status.

Table 3 Association Between IMU Score and Outcomes of Pain Prevalence and Analgesic Use

Five-Year Prevalence

Pain Symptoms (prevalence per 100 people) Β-coefficient (95% C.I.) P value

Chronic Pain −0.06 (−0.20–0.07) 0.343

Nonspecific Chest Pain −0.10 (−0.21–0.01) 0.081
Abdominal Pain −0.09 (−0.28–0.10) 0.328

Lumbago −0.05 (−0.16–0.06) 0.379
Somatoform Disorder −0.01 (−0.03–0.01) 0.168

Painful Respiration −0.04 (−0.07 – −0.01) 0.021*

Analgesic Use (prevalence per 100 people)

Opioid Use −0.06 (−0.26–0.14) 0.551
Non-opioid Analgesic Use 0.00 (−0.43–0.42) 0.979

Salicylates −0.01 (−0.06–0.05) 0.806

Non-steroidal Anti-inflammatory Drug −0.02 (−0.32–0.28) 0.907

Notes: Linear regression analysis was performed to identify any association between the Index of Medical Underservice (IMU) score
and variables related to pain symptoms and analgesic use. Beta-coefficient and 95% C.I. (confidence interval) are reported for each
association. These analyses was performed for five-year prevalence data (January 1, 2011 to January 1, 2016). These prevalence values
were directly standardized based on age and sex to the total United States 2010 population. The association between IMU score and
painful respiration was no longer significant after significance threshold adjustment per the Bonferroni method. *P-value<0.05.
Abbreviation: MUA, medically underserved area.
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Conclusion
We identified no differences in several pain diagnoses and analgesic utilization based on MUA status. Furthermore, there was
no association between IMU score and prevalence of pain diagnoses or analgesic utilization. Future-powered studies in other
locations are warranted to increase external validity of findings to other populations not captured by the REP database.
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