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Abstract
Background and Objectives
The primary objective is to examine potential racial and ethnic (R/E) disparities in ambulatory
neurology quality measures within the American Academy of Neurology Axon Registry. R/E
disparities in neurologic US morbidity and mortality have been clearly documented. Despite
these findings, there have been no nationwide examinations of how ambulatory neurologic care
affects these negative health outcomes.

Methods
This was a retrospective nonrandomized cohort study of patients in the AAN Axon Registry.
The Axon Registry is a neurology-specific outpatient quality registry that collects, reports, and
analyzes real-world deidentified electronic health record (EHR) data. Patients were included in
the study if they contributed toward one of the selected quality measures for multiple sclerosis,
epilepsy, Parkinson disease, or headache during the study period of January 1, 2019–December
31, 2019. Descriptive analyses of patient demographics were performed and then stratified by
race and ethnicity.

Results
There were a total of 633,672 patients included in these analyses. Separate analyses were
performed for race (64% White, 8% Black, 1% Asian, and 27% unknown) and ethnicity (52%
not Hispanic, 5%Hispanic, and 43% unknown). Themean age ranged from 18 to 55 years, with
61% female and 39% male. Quality measures were chosen based on completeness of R/E data
and were either process or outcomes focused. Statistically significant differences were noted
after controlling for multiple comparisons.

Discussion
The large proportion of missing or unknown R/E data and low overall rate of performance on
these quality measures made the relevance of small differences difficult to determine. This
analysis demonstrates the feasibility of using the Axon Registry to assess neurologic disparities
in outpatient care. More education and training are required on the accurate capture of R/E
data in the EHR.

Neurologic diseases are common in the United States and are a major cause of morbidity,
mortality, and health inequities.1,2 Despite these findings, there have been no nationwide
examinations of how ambulatory neurologic care affects these negative health outcomes. By
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far, stroke carries the highest disparate burden in negative
health outcomes by race-ethnicity.3 However, many other
neurologic diseases, such as traumatic brain injury, epilepsy,
multiple sclerosis (MS), Alzheimer disease, Parkinson dis-
ease (PD), and pain syndromes, affect the lives and well-
being of many Americans. Appropriately trained neurologic
care providers are paramount to optimizing medical treat-
ment and care for all across the spectrum of race and eth-
nicity. Measuring the ability of neurologists to implement
quality measures at the point of care, without creating or
exacerbating disparities, is critical.

In 2015, the American Academy of Neurology Institute (AAN)
created the Axon Registry to leverage real-world patient data to
help neurologists and neurologic care providers improve di-
agnosis and treatment. The AxonRegistry contains curated and
validated ambulatory neurology quality performance data.4-7

The initial analysis of US neurologic quality of care using the
Axon Registry data found performance variability across pro-
viders and measures and intrinsic characteristics of measure
design that affected measure performance.8

Large clinical quality databases like the AxonRegistry are well
positioned to examinemany types of disparities in the United
States. The specific goals of this work were to examine the
utility of the Axon Registry in identifying racial and ethnic
(R/E) disparities in the provision of ambulatory neurologic
care in the United States and describe R/E disparities in
quality measure performance.

Methods
Source: 2019 Axon Registry Quality Measures
This is a retrospective, nonrandomized cross-sectional study
of patients in the American Academy of Neurology Axon
Registry, which is a neurology-specific patient registry that
collects, reports, and analyzes real-world deidentified elec-
tronic health record (EHR) data. In 2019, there were 49
quality measures in the Axon Registry. Because the goal of
this analysis was to evaluate quality performance based on
race and ethnicity, we reviewed all quality measures for
completeness of patient race and ethnicity data and selected
measures for MS, epilepsy, PD, and headache based on a 50%
threshold for completeness of race and ethnicity data and
commonality of these diseases. Patients were included in the
study if they contributed toward one of the selected quality
measures.

Data Availability
The underlying patient or provider identifiable data sub-
mitted to the Axon Registry for health care operations in the
normal course of clinical care are not available due to privacy
and contractual restrictions. The aggregate, deidentified data
used for this study are available on request from authorized
investigators. The Axon Registry measure glossary can be
found online.9

Analyses
Descriptive statistics of demographic information were
conducted on patients who contributed to at least 1 quality
measure for any of the 4 neurologic conditions chosen (MS,
epilepsy, PD, and headache). Relevant characteristics in-
cluded sex, birth year, census region, payer information, race,
and ethnicity. We reported these values by including number
and percentages for count variables and mean and SD or
medians and quartiles for continuous variables, as appropri-
ate. We also report the percent provider performance for the
specific quality measures.

Unadjusted comparisons across race and ethnic groups
were conducted using the patient population described
above. To enable an analysis of the individual quality
measures across both race and ethnicity, patients with in-
complete or unknown sex, age, patient ID number, race, or
ethnicity information were excluded from the study cohort
(n = 1,488,388).

To assess whether there were significant differences in
completion of the quality measures by race and ethnicity,
patients were first stratified by race and then by ethnicity. The
analysis was performed in 2 steps for each stratification. First,
a χ2 analysis was run for each quality measure to determine
whether there was a significant difference between all race or
ethnicity groups (p value = 4.6e-3). Second, if a difference
was found, a pairwise comparison between race (or ethnic-
ity) categories within that quality measure was performed
using a χ2 analysis. Race or ethnicity pairs that showed a
significant difference for each measure were reported. Sig-
nificance was defined as a p value of 1.0e-3 using a Bonferroni
correction for multiple comparisons (0.05/49 hypotheses).
Statistical analysis was performed using Python 3.7 and the
SciPy Stats package version 1.19.5.

Standard Protocol Approvals, Registrations,
and Patient Consents
Patient and provider data are collected, used, and secured in a
lawful manner by the Axon Registry to assist with the health
care operations of the participants. The Privacy Statement for
AAN-Generated Axon Registry Publications is available
online.10 Only deidentified data derived from the Axon
Registry were accessed and analyzed for this study. This
secondary data analysis of deidentified data is exempt from
independent review board review.

Results
Quality and performance measurements for each of the 4
neurologic disease areas are described in Table 1. As shown
in Table 2, 633,672 patients were included in this analysis,
the majority of whomwereWhite (63.7%). Black (8.0%) and
Asian (1.4%) individuals represented a minority of partici-
pants. As summarized in Table 3, 4.7% of patients were
identified as Hispanic. Race was categorized as unknown in
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approximately 26.8% of patients in the Axon Registry, and
ethnicity was unknown in 43%. Slightly over 61% of Axon
Registry patients were female, and a plurality of patients were
aged 65 years or older (43.6%). The geographic analysis
revealed the greatest number of patients in the South region
(37.7%), with the lowest number from the West region
(3.7%). Commercial insurance was the most common type
of coverage at 30.4%, roughly equal to the sum of patients
with Medicare or Medicare Advantage. Medicaid partici-
pants represented 6.7%, and uninsured were 0.2%. Full de-
mographic data are presented in Tables 2 and 3, with
supplementary tables displaying color-coded disease-specific
quality performance measure trends by race in eAppendix 1
and subdivided by neurologic diagnosis in eTables 1B–1E
and 2B–2E, links.lww.com/CPJ/A401.

The analysis of pairwise comparisons across race and eth-
nicity categories revealed a trend toward statistical signifi-
cance by race (Table 4) and ethnicity (Table 5). However,
the number of total patients available by race and ethnicity
for analysis varied widely within and between measures. Race
and ethnicity were captured for more than 50% of patients
for all measures analyzed. Overall numbers of Asian and

Hispanic patients were very small compared with White and
Black patients; therefore, it was difficult to draw conclusions
for those races and ethnicity. Between White and Black pa-
tients, there were trends to suggest that Black patients re-
ceived lower-quality care in headache and some quality
measures of PD, but overall, the effect sizes were small
(Table 4). As shown in Tables 4 and 5, only 2 quality mea-
sures were performed at a rate greater than 50% (Axon 23 and
Axon 13). Other quality metrics were performed less than
25% of the time across all races/ethnicity. The only ethnicity
quality measure analysis that revealed a trend toward statis-
tical significance was Quality Payment Program (QPP) 419,
overuse of imaging in headache (Table 5). White patients
were less likely to receive imaging for primary headache (fa-
vorable). No other statistically significant differences were
identified in quality measure utilization by ethnicity.

Discussion
In this first analysis of the Axon Registry focused on neurologic
health disparities, we examined race and ethnicity data extracted
from theEHR to assess for qualitymeasure differences based on
the long-standing negative effect of these 2 complex social

Table 1 Description of 2019 Axon Registry Quality and Performance Measures

Quality or performance measure Definition

Multiple sclerosis (MS)

Axon 23 Exercise and appropriate physical activity counseling for patients with MS.

Epilepsy

QPP 268 Counseling for women of childbearing potential with epilepsy.

Parkinson disease (PD)

QPP 293 Percentage of all patients with a diagnosis of PD (or caregiver(s), as appropriate) who had rehabilitative therapy options
(i.e., physical occupational and speech therapy) discussed in the past 12 mo.

Axon 47 Percentage of patients with PD prescribed a contraindicated dopamine-blocking agent (i.e., antipsychotic, antinausea,
and anti–gastroesophageal reflux disease [GERD]).

QPP 291 Percentage of all patients with a diagnosis of PD who were assessed for cognitive impairment.

QPP 290 All patients with a diagnosis of Parkinson disease who were assessed for psychiatric symptoms (e.g., psychosis,
depression, anxiety disorder, apathy, or impulse control disorder) in the past 12 mo.

Axon 06 Percentage of all patients with a diagnosis of PD (or caregivers, as appropriate) who were queried about symptoms of
autonomic dysfunction* in the past 12 mo, and if autonomic dysfunction identified, patients had appropriate follow-up.

Headache

Axon 25 Percentage of patients aged 12 y and older with a diagnosis of primary headache who were prescribed opioid- or
barbiturate-containingmedications assessed formedication overuse headache within the 12-momeasurement period,
and if identified as overusing opioid- or barbiturate-containing medications, treated or referred for treatment.

QPP 435 Percentage of patients with a diagnosis of primary headache disorder whose health-related quality of life (HRQoL) was
assessed with a tool(s) during at least 2 visits during the 12-momeasurement period AND whose health-related quality
of life score stayed the same or improved.

QPP 419 Percentage of patients for whom imaging of the head (CT or MRI) is obtained for the evaluation of primary headache
when clinical indications are not present.

Axon 13 Percentage of patients aged 6 y and over with a diagnosis of migraine who were prescribed a guideline-recommended
medication for acute migraine attacks with the 12-mo measurement period.

Abbreviation: QPP = Quality Payment Program.
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constructs on care and health outcomes. We found substantial
levels of EHR data missingness related to patient race and
ethnicity, overall modest or low provider performance scores
for multiple measures across all groups, and modest differences
in the provision of care for several comparisons of performance
among different R/E groups. The clinical importance of these
small differences in provision of care could not be determined.
This analysis demonstrates the feasibility of using real-world
quality metrics to assess disparities in care and corroborates
previous work demonstrating high levels of race and ethnicity
data missingness in the EHR.

As has been noted in analyses of other real-world databases,11

the significant amount of race and ethnicity data missingness in
our analysis places considerable constraints on our insights into
US neurologic disparities. We found that race or ethnicity was
not reported in 46% of encounters, which may be a result of
confusion between the 2 fields at the point of data entry or lack
of consistent data capture at the point of care. Although not a
specific focus of our analysis, other patient characteristics such
as sexual orientation, gender identity, and related social deter-
minants of health are also inconsistently documented in the
electronic medical record.12 There is a clear need to improve

Table 2 Baseline Characteristics of Patients in the Axon Registry, Stratified by Race

Asian Black or African American White Other Unknown All patients

Total

Count 8,797 50,650 403,504 616 170,105 633,672

Percent of population 1.4 8.0 63.7 0.1 26.8 100.0

Age

Mean, SD 56.8–19.6 55.1–18.8 59.6–19.4 48.4–19.6 56.8–20.0 55.0–19.5

Age group, n (%)

<17 y 206 (2.3) 1,638 (3.2) 8,149 (2.0) 30 (4.9) 4,740 (2.8) 14,763 (2.3)

18–44 y 2,268 (25.8) 12,782 (25.2) 84,114 (20.9) 246 (39.9) 43,001 (25.3) 142,411 (22.5)

45–64 y 2,902 (33.0) 18,888 (37.3) 124,686 (30.9) 195 (31.7) 53,684 (31.6) 200,355 (31.6)

>65 y 3,421 (38.9) 17,342 (34.2) 186,555 (46.2) 145 (23.5) 68,680 (40.4) 276,143 (43.6)

Sex, n (%)

Female 5,309 (60.4) 33,879 (66.9) 246,459 (61.1) 382 (62.0) 101,801 (59.9) 387,830 (61.2)

Male 3,488 (39.7) 16,771 (33.1) 157,045 (38.9) 234 (38.0) 68,304 (40.2) 245,842 (38.8)

US census region, n (%)

Midwest 1,192 (13.6) 6,878 (13.6) 103,348 (25.6) 49 (8.0) 57,666 (33.9) 169,133 (26.7)

North 2,039 (23.2) 7,264 (14.3) 94,628 (23.5) 67 (10.9) 32,125 (18.9) 136,123 (21.5)

South 3,452 (39.2) 33,452 (66.1) 161,146 (39.9) 309 (50.2) 40,370 (23.7) 238,729 (37.7)

West 458 (5.2) 1,537 (3.0) 18,459 (4.6) 72 (11.7) 2,731 (1.6) 23,257 (3.7)

Unknown 1,656 (18.82) 1,519 (3.0) 25,923 (6.4) 119 (19.3) 37,213 (21.9) 66,430 (10.5)

Payer type, n (%)

Commercial 3,118 (35.4) 13,752 (27.2) 130,943 (32.5) 244 (39.6) 44,663 (26.3) 192,720 (30.4)

Government 335 (3.8) 2,018 (4.0) 11,853 (2.9) 33 (5.4) 2,821 (1.7) 17,060 (2.7)

Medicaid 445 (5.1) 7,078 (14.0) 24,541 (6.1) 69 (11.2) 10,150 (6.0) 42,283 (6.7)

Medicare 1,441 (16.4) 9,493 (18.7) 92,325 (22.9) 85 (13.8) 25,997 (15.3) 129,341 (20.4)

Medicare advantage 509 (5.8) 4,704 (9.3) 39,449 (9.8) 38 (6.2) 12,031 (7.1) 56,731 (9.0)

Military 120 (1.4) 1,021 (2.0) 5,103 (1.3) 25 (4.1) 1,603 (0.9) 7,872 (1.2)

Misc 142 (1.6) 784 (1.6) 6,263 (1.6) 7 (1.1) 1,819 (1.1) 9,015 (1.4)

No insurance 15 (0.2) 136 (0.3) 834 (0.2) 4 (0.7) 301 (0.2) 1,290 (0.2)

Unknown 2,672 (30.4) 11,664 (23.0) 92,193 (22.9) 111 (18.0) 70,720 (41.6) 177,360 (28.0)
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consistency and accuracy of recording these data for reliable
analysis of neurologic disparities, which itself is a prerequisite
for interventions to address those disparities.

The overall low rates of provider performance on quality
measures mirror findings from a recent global cross-sectional
analysis of Axon Registry data.8 Although there were some
differences in this analysis compared with that report, likely
attributable to differences in methodology, the overall sim-
ilarity is unsurprising given the examination in both studies
of a 2019 cross-section of Axon Registry performance and
use of similar measures. These findings underscore the broad

opportunity to improve provision of ambulatory neurologic
quality in the United States.

In studies such as ours that aim to identify, measure, and
understand disparities in neurologic care, it is crucial to en-
sure accurate and reliable information regarding race and
ethnicity in data sources. Unfortunately, this information
may be missing or incorrect in the medical record. In-
formation on race and ethnicity may be collected in various
ways: self-report during new patient encounters, abstracted
from the medical record of a previous encounter, or entered
by office staff based on physical appearance. The complexities

Table 3 Baseline Characteristics of Patients in the Axon Registry, Stratified by Ethnicity

Hispanic or Latino Not Hispanic or Latino Unknown All patients

Total

Count 29,766 331,294 272,612 633,672

Percent of population 4.7 52.3 43.0 100.0

Age

Mean, SD 52.2–20.4 59.1–19.2 58.3–19.8 58.7–19.5

Age group, n (%)

<17 y 1,541 (5.2) 6,465 (2.0) 6,757 (2.5) 14,763 (2.3)

18–44 y 9,018 (30.3) 70,898 (21.4) 62,495 (22.9) 142,411 (22.5)

45–64 y 10,141 (34.1) 106,117 (32.0) 84,097 (30.9) 200,355 (31.6)

>65 y 9,066 (30.5) 147,814 (44.6) 119,263 (43.8) 276,143 (43.6)

Sex, n (%)

Female 18,791 (63.1) 204,899 (61.9) 164,140 (60.2) 387,830 (61.2)

Male 10,975 (36.9) 126,395 (38.2) 108,472 (39.8) 245,842 (38.8)

US census region, n (%)

Midwest 1,978 (6.7) 87,520 (26.4) 79,635 (29.2) 169,133 (26.7)

North 4,176 (14.0) 88,430 (26.7) 43,517 (16.0) 136,123 (21.5)

South 14,604 (49.1) 111,692 (33.7) 112,433 (41.2) 238,729 (37.7)

West 1,739 (5.8) 19,831 (6.0) 1,687 (0.6) 23,257 (3.7)

Unknown 7,269 (24.4) 23,821 (7.2) 3,5340 (13.0) 66,430 (10.5)

Payer type, n (%)

Commercial 10,839 (36.4) 10,8498 (32.8) 73,383 (26.9) 192,720 (30.4)

Government 1,120 (3.8) 8,338 (2.5) 7,602 (2.8) 17,060 (2.7)

Medicaid 3,571 (12.0) 25,524 (7.7) 13,188 (4.8) 42,283 (6.7)

Medicare 4,039 (13.6) 74,550 (22.5) 50,752 (18.6) 129,341 (20.4)

Medicare advantage 2,886 (9.7) 34,338 (10.4) 19,507 (7.2) 56,731 (9.0)

Military 528 (1.8) 4,424 (1.3) 2,920 (1.1) 7,872 (1.2)

Misc 567 (1.9) 6,186 (1.9) 2,262 (0.8) 9,015 (1.4)

No insurance 102 (0.3) 719 (0.2) 469 (0.2) 1,290 (0.2)

Unknown 6,114 (20.5) 68,717 (20.7) 102,529 (37.6) 177,360 (28.0)
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in defining race and ethnicity can make capturing and mea-
suring them difficult. Perceptions of others are often in-
correct or inconsistent, and the interactions between self-
identification and social identification of race and ethnicity
are complex in their effects on health care. One study found
that being classified by others as White was associated with
significant advantages in health Status, regardless of how the
individual self-identified.

Self-reporting of race and ethnicity is the recommended
manner to collect this information.14 Automated data col-
lection would benefit from additional quality control mea-
sures to verify race and ethnicity information. Examples
include manual review of the data or comparison of auto-
mated data in patients with multiple encounters. In addition,
there are large unmet opportunities to consistently and
uniformly gather other data elements that would inform
important assessments of neurologic disparities, including
sexual orientation, gender identity, socioeconomic data, and
others.

There is a critical need for education and tools supporting the
accurate capture of race and ethnicity data in the EHR. Stake-
holders including specialty societies, patient advocacy organi-
zations, compliance agencies, and EHR vendors should support

the development of educational materials for staff, families, and
patients, in addition to training modules on the reasons and
need to collect this information. There is a need for a uniform
process and clear practice workflowwith clear accountability for
staff training and addressing patient and family concerns. EHR
vendors should establish comprehensive and standardized
choices for race and ethnicity recording.

There are limitations to this work. Extensive race and eth-
nicity data missingness in quality measures limited our ability
to identify differences in ambulatory neurologic quality of
care. The high levels of missingness in race and ethnicity
identification may mask meaningful disparities in provisions
of care. Other work has demonstrated that disparities exist in
specific disease categories,15 and this analysis took a narrowly
scoped view of neurologic disparities based on the available
variables of interest (primarily race and ethnicity). Axon
Registry participants represent a relatively small proportion
of patients from providers delivering neurologic care in the
United States and therefore may not be representative of
how most patients are treated. Also, because these data were
deidentified, we were not able to assess whether regional or
practice-level variances contributed to overall performance
scores or data missingness. The disparities identified in this
analysis presume that missing data would have been equally
distributed among identified race and ethnicity variables,

Table 4 Disease Quality Measures in the Axon Registry,
Stratified by Race

Asian

Black or
African
American White Other

Multiple sclerosis

Axon 23 68 (73.9)a 2,007 (79.8) 11,736 (70.1) 26 (86.7)

Epilepsy

QPP 268 21 (14.5) 60 (6.6) 379 (6.5) 2 (9.5)

Parkinson disease

QPP 293 16 (6.2) 39 (6.5) 839 (7.5) 0 (0.0)

Axon 47 14 (4.4) 33 (4.8) 552 (4.1) 2 (11.1)

QPP 291 61 (19.6) 61 (8.9)b 1,789 (13.8) 3 (17.6)

QPP 290 37 (11.7)b 158 (22.5) 3,101 (23.0) 3 (17.6)

Axon 06 160 (50.3) 351 (48.9) 7,282 (51.4) 7 (41.2)

Headache

Axon 25 3 (9.1) 84 (35.7) 480 (28.7) 6 (60.0)

QPP 435 27 (9.8) 59 (2.9)b 957 (5.4) 4 (11.4)

QPP 419 373 (24.9) 2,234 (25.3) 15,604 (20.4) 48 (31.4)

Axon 13 591 (67.3) 3,114 (62.5) 34,778 (67.6) 61 (62.9)

a X (%) represents counts for that measure (percent performance on that
quality measure).
b Metrics with less favorable performance.

Table 5 Disease Quality Measures in the Axon Registry,
Stratified by Ethnicity

Hispanic or Latinx Not Hispanic or Latinx

Multiple sclerosis

Axon 23 316 (75.8)a 13,540 (71.2)

Epilepsy

QPP 268 26 (6.0) 450 (6.9)

Parkinson disease

QPP 293 38 (10.1) 865 (7.4)

Axon 47 29 (6.8) 576 (4.1)

QPP 291 67 (16.0) 1,850 (13.6)

QPP 290 105 (24.90) 3,204 (22.7)

Axon 06 216 (50.7) 7,592 (51.2)

Headache

Axon 25 11 (18.3) 561 (29.6)

QPP 435 26 (4.5) 1,020 (5.3)

QPP 419b 782 (26.7) 17,454 (20.7)

Axon 13 1,204 (65.5) 37,372 (67.0)

a X (%) represents count for that measure (percent performance on that
measure).
b This trend suggests that Hispanic patients were more likely to receive
imaging for headaches.
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which may not have been the case. A more definitive un-
derstanding of disparities will require more completeness of
data. Another limitation in these analyses is the low number
of Medicaid and uninsured patients. These populations are
known to be at high risk for health disparities.

Future analyses could consider examining the trends in
measure performance identified in this analysis, specifically
potential variables that could account for group differences.
Examples could include geographic, payer, or other factors
that may be associated with differences in performance across
different race or ethnic categories. A deeper understanding of
the factors associated with disparities in care is a prerequisite
for developing strategies to close disparities in care at the
patient, practice, community, and national level.

This analysis demonstrates the feasibility of using the Axon
Registry quality measures to assess neurologic disparities in care.
These results from a real-world clinical quality database dem-
onstrate considerable data missingness and highlight the im-
portance of accurately capturing race, ethnicity, and other patient
variables to facilitate future research and closure of gaps in care.
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