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Future Directions
Considering the lower levels of Botox treatment in non-white CM patients also diagnosed with 

treatment-resistant migraine, future research can target barriers in accessing Botox for chronic 

migraines in minority and non-white communities. A prospective trial implementing lifestyle 

modifications in NHPI communities to treat chronic migraines may also inform future treatment 

plans.

Chronic migraine is a debilitating condition that decreases patients’ quality of life and impairs 

socioeconomic functioning. This disease presents with headache for at least 15 days a month (8 of 

which are migraine-level severity), hypersensitivity to light, smells or sounds, and worsening of 

symptoms with physical activity1,2. The pathophysiology of this disease can be attributed to 

dysfunctions of the trigeminal pain-modulating network, changes in the limbic system, and 

increased patient susceptibility to attack-triggering stimuli such as stressful events, hormone 

changes or sleep pattern disruptions2.

Reviews of race-associated migraine prevalence show that Native Americans, followed by 

Caucasians, Hispanics and African American patients are highest in the United States3. However, 

outcomes of especially severe migraine show significant treatment disparities, and lack of medical 

access in minority communities may cause under-diagnosis of this disorder4.  

Risk factors that predispose patients to chronic migraine include overuse of acute migraine 

medication, ineffective acute treatment, obesity, depression, and stressful life events2. Female sex, 

age, and lower education levels also increase the likelihood of developing migraine2. Chronic 

migraines may be treated with pharmacological treatment, monoclonal antibodies, physical therapy, 

Botulinum toxin, and lifestyle changes2. 

To characterize the patient population of a single neuroscience center for any ethnic correlations 

for risk factors and outcomes of chronic migraine disorder.

Design and setting:

We performed a retrospective chart review on patients diagnosed with chronic migraine at a 

neuroscience institute in Honolulu, Hawai’i. 743 patients with a clinic visit from the date range of 

January 27, 2022 to April 27, 2022 were retrieved from eClinicalWorks. De-identified data of 309 

patients were used for the statistical analysis. Patients without self-identified ethnicity or with 

missing data were excluded from the statistical analysis, yielding 298 patients who fulfilled inclusion 

criteria of a) ICD -10 code diagnosis of chronic migraine b) lack of secondary migraine etiology c) 

fulfilling IHCD-3 (International Classification of Headache Disorders, third edition) standards of 

chronic migraine and d) complete data. 

Variables:

Socioeconomic and demographic variables: sex, race, age at diagnosis, and public/private health 

insurance. ‘Race’ was aggregated into White, Natïve Hawaiian/Pacific Islander (NHPI), Asian, 

and Other (American Indian/Alaskan Native/Black/Patient-identified Other 

Category/Hispanic). Patient treatment : Botox, Pharmacologic Treatment, Monoclonal Antibodies, 

and Physical Therapy. Other variables: BMI, Obesity, Duration of migraines in years, number of 

medications, Number of headache days in 28 days, Number of migraine days in 28 days and 

Treatment-resistant migraine. Treatment-resistant migraine was defined as migraine that failed 

typical or aggressive migraine treatment4. Due to lack of consistent recording in patient charts, 

number of headache days and number of migraine days in 28 days variables were excluded from 

the analysis. Comorbidities such as smoking history; alcohol use; history of past/present 

depression and other psychiatric conditions; medical history of hypertension, hyperlipidemia, 

insomnia, cervalgia, temporomandibular joint issues/teeth grinding, diabetes, and sleep apnea; and 

other medical issues were also recorded.  

Statistical Analysis:

Descriptive statistics was generated with means and standard deviations for the continuous 

variables and frequencies and percentages for the categorical variables. Multi-variate analyses 

were conducted to evaluate the associations between Race and other variables using Pearson’s 

Chi-squared tests and Fisher’s exact tests for the categorical variables, while Kruskal-Wallis rank 

sum tests for the continuous variables. Bivariate analyses were conducted to evaluate the 

associations between Treatment resistant migraine and other variables using Pearson’s Chi-

squared tests and Fisher’s exact tests for the categorical variables while Wilcoxon rank sum tests 

for the continuous variables. Statistical analyses were performed in R version 4.0.2, and the 

significance level was 0.05. 

A noteworthy finding in our study was that Botox treatment was more prevalent in white patients 

versus patients of other ethnicities. This finding could be explained by cultural differences in 

accepting Western medicine as well as barriers in awareness and to pharmacologic treatment. We 

also found that NHPI patients with chronic migraine presented with significantly higher BMI, 

hypertension, diabetes as compared to other races. This correlation of chronic migraine and 

comorbidities points to a difference in etiology that could inform treatment approaches of patients 

from this demographic. This result is consistent with our knowledge that metabolic syndrome 

contributes to the pathophysiology of migraine1.
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• Most patients were female (82.9%), had a mean age of 45.4 years at diagnosis, public insurance 

(47.3%), and treatment-resistant migraine (83.7%) (Table 1).

• Significantly more females than males across all race groups in this cohort (p=0.04) (Table 2).

• Public Insurance was significantly more common in NHPI patients (59.4%), followed by Other 

minorities (57.1%), 9-11 percentage points higher than remaining race groups (p= 0.02) (Table 2).

• Obesity (60.9%) significantly more common in NHPI and more than 30 percentage points higher in 

NHPI patients (mean:32.5; standard deviation (SD): 8.3) than any other race groups (p<0.001) (Table 

2).

• BMI also significantly higher in NHPI patients (mean:32.5; standard deviation (SD): 8.3) than any other 

race groups (p<0.001) (Table 2).

• History of diabetes is less common across all race groups (7.7%). However, significantly more NHPI 

patients had a history of diabetes (14.5%) than any of the other racial categories. (p= 0.004) (Table 2).

• Significantly more NHPI patients reported a history of hypertension (37.7%), at least 13 percentage 

points higher than any of the other race groups (p= 0.01) (Table 2).

• Significantly more White patients received Botox as therapy for their chronic migraine (73.9%), 

showing at least 15 percentage point difference in comparison to any of the other race groups (p= 

0.02) (Table 3).

Characteristic
White, N = 

119

NH/PI, N = 

69

Asian, N = 

70

Other, N = 

28

p-

value1

Sex 0.037

Male 19 (16.0%) 6 (8.7%) 19 (27.1%) 5 (17.9%)

Female 100 (84.0%) 63 (91.3%) 51 (72.9%) 23 (82.1%)

Age at Diagnosis (years) 0.5

Mean (SD) 45.7 (13.3) 42.8 (12.7) 46.5 (14.9) 44.8 (11.1)

Ethnicity <0.001

Non-Hispanic 119 (100.0%) 63 (91.3%) 68 (97.1%) 22 (78.6%)

Hispanic 0 (0.0%) 6 (8.7%) 2 (2.9%) 6 (21.4%)

Insurance 0.024

Private/Military Insurance 74 (62.2%) 28 (40.6%) 36 (51.4%) 12 (42.9%)

Public Insurance 45 (37.8%) 41 (59.4%) 34 (48.6%) 16 (57.1%)

Body Mass Index (kg/m^2) <0.001

Mean (SD) 26.7 (6.5) 32.5 (8.3) 27.0 (6.2) 28.4 (8.5)

Obese <0.001

No 92 (77.3%) 27 (39.1%) 51 (72.9%) 20 (71.4%)

Yes 27 (22.7%) 42 (60.9%) 19 (27.1%) 8 (28.6%)

Smoking 0.051

Non-smoker 101 (84.9%) 47 (68.1%) 53 (75.7%) 23 (82.1%)

Current/Former smoker 18 (15.1%) 22 (31.9%) 17 (24.3%) 5 (17.9%)

Alcohol Use 0.12

No 88 (73.9%) 50 (72.5%) 61 (87.1%) 20 (71.4%)

Yes 31 (26.1%) 19 (27.5%) 9 (12.9%) 8 (28.6%)

History of Depression 0.6

No 97 (81.5%) 61 (88.4%) 61 (87.1%) 23 (82.1%)

Yes 22 (18.5%) 8 (11.6%) 9 (12.9%) 5 (17.9%)

Depression at the Time of Diagnosis 0.2

No 103 (86.6%) 60 (87.0%) 54 (77.1%) 21 (75.0%)

Yes 16 (13.4%) 9 (13.0%) 16 (22.9%) 7 (25.0%)

History of Insomnia 0.12

No 103 (86.6%) 58 (84.1%) 53 (75.7%) 20 (71.4%)

Yes 16 (13.4%) 11 (15.9%) 17 (24.3%) 8 (28.6%)

History of Diabetes 0.004

No 117 (98.3%) 59 (85.5%) 64 (91.4%) 25 (89.3%)

Yes/Borderline 2 (1.7%) 10 (14.5%) 6 (8.6%) 3 (10.7%)

History of Hypertension 0.011

No 99 (83.2%) 43 (62.3%) 53 (75.7%) 23 (82.1%)

Yes 20 (16.8%) 26 (37.7%) 17 (24.3%) 5 (17.9%)

History of Hyperlipidemia 0.2

No 105 (88.2%) 67 (97.1%) 62 (88.6%) 26 (92.9%)

Yes 14 (11.8%) 2 (2.9%) 8 (11.4%) 2 (7.1%)

History of Cervalgia/Neck Pain >0.9

No 96 (80.7%) 55 (79.7%) 58 (82.9%) 23 (82.1%)

Yes 23 (19.3%) 14 (20.3%) 12 (17.1%) 5 (17.9%)

History of TMJ Problems/Teeth 

Grinding
>0.9

No 113 (95.0%) 66 (95.7%) 68 (97.1%) 27 (96.4%)

Yes 6 (5.0%) 3 (4.3%) 2 (2.9%) 1 (3.6%)

History of Concussion/TBI 0.10

No 108 (90.8%) 68 (98.6%) 68 (97.1%) 27 (96.4%)

Yes 11 (9.2%) 1 (1.4%) 2 (2.9%) 1 (3.6%)

History of Sleep Apnea 0.11

No 114 (95.8%) 62 (89.9%) 61 (87.1%) 27 (96.4%)

Yes 5 (4.2%) 7 (10.1%) 9 (12.9%) 1 (3.6%)

Duration of Migraine (years) 0.5

Mean (SD) 2.6 (2.7) 3.1 (2.5) 2.8 (2.3) 2.8 (2.5)

Number of Medications 

(Polypharmacy)
0.046

Mean (SD) 6.3 (4.5) 8.5 (5.6) 7.5 (5.6) 7.3 (5.8)

Polypharmacy: 5 or more medications 0.3

No 51 (42.9%) 21 (30.4%) 22 (31.4%) 10 (35.7%)

Yes 68 (57.1%) 48 (69.6%) 48 (68.6%) 18 (64.3%)

Polypharmacy: more than 3 

medications
0.9

No 35 (29.4%) 17 (24.6%) 19 (27.1%) 7 (25.0%)

Yes 84 (70.6%) 52 (75.4%) 51 (72.9%) 21 (75.0%)

Migraine Treatment: Botox 0.023

No 31 (26.1%) 29 (42.0%) 31 (44.3%) 13 (46.4%)

Yes 88 (73.9%) 40 (58.0%) 39 (55.7%) 15 (53.6%)

Migraine Treatment: Monoclonal 

Antibodies
0.2

No 89 (74.8%) 56 (81.2%) 58 (82.9%) 18 (64.3%)

Yes 30 (25.2%) 13 (18.8%) 12 (17.1%) 10 (35.7%)

Migraine Treatment: Pharmacologic 0.2

No 3 (2.5%) 4 (5.8%) 6 (8.6%) 0 (0.0%)

Yes 116 (97.5%) 65 (94.2%) 64 (91.4%) 28 (100.0%)

Migraine Treatment: Physical Therapy 0.067

No 114 (95.8%) 61 (88.4%) 60 (85.7%) 26 (92.9%)

Yes 5 (4.2%) 8 (11.6%) 10 (14.3%) 2 (7.1%)

Treatment Resistant Migraine 0.081

No 13 (10.9%) 16 (23.2%) 11 (15.7%) 7 (25.0%)

Yes 106 (89.1%) 53 (76.8%) 59 (84.3%) 21 (75.0%)
1Fisher's exact test; Kruskal-Wallis rank sum test; Pearson's Chi-squared test

Results (continued)

Characteristic No, N = 47 Yes, N = 239
p-

value1

Sex 0.7

Male 9 (19.1%) 40 (16.7%)

Female 38 (80.9%) 199 (83.3%)

Age at Diagnosis (years) 0.12

Mean (SD) 42.3 (12.0) 45.7 (13.6)

Race 0.081

White 13 (27.7%) 106 (44.4%)

NH/PI 16 (34.0%) 53 (22.2%)

Asian 11 (23.4%) 59 (24.7%)

Other 7 (14.9%) 21 (8.8%)

Ethnicity 0.3

Non-Hispanic 43 (91.5%) 229 (95.8%)

Hispanic 4 (8.5%) 10 (4.2%)

Insurance 0.8

Private/Military Insurance 24 (51.1%) 126 (52.7%)

Public Insurance 23 (48.9%) 113 (47.3%)

Body Mass Index (kg/m^2) 0.2

Mean (SD) 30.0 (8.4) 28.0 (7.3)

Obese 0.2

No 27 (57.4%) 163 (68.2%)

Yes 20 (42.6%) 76 (31.8%)

Smoking 0.6

Non-smoker 38 (80.9%) 186 (77.8%)

Current/Former smoker 9 (19.1%) 53 (22.2%)

Alcohol Use 0.4

No 38 (80.9%) 181 (75.7%)

Yes 9 (19.1%) 58 (24.3%)

History of Depression >0.9

No 40 (85.1%) 202 (84.5%)

Yes 7 (14.9%) 37 (15.5%)

Depression at the Time of Diagnosis 0.4

No 37 (78.7%) 201 (84.1%)

Yes 10 (21.3%) 38 (15.9%)

History of Insomnia 0.5

No 40 (85.1%) 194 (81.2%)

Yes 7 (14.9%) 45 (18.8%)

History of Diabetes >0.9

No 44 (93.6%) 221 (92.5%)

Yes/Borderline 3 (6.4%) 18 (7.5%)

History of Hypertension 0.12

No 40 (85.1%) 178 (74.5%)

Yes 7 (14.9%) 61 (25.5%)

History of Hyperlipidemia 0.6

No 44 (93.6%) 216 (90.4%)

Yes 3 (6.4%) 23 (9.6%)

History of Cervalgia/Neck Pain 0.093

No 34 (72.3%) 198 (82.8%)

Yes 13 (27.7%) 41 (17.2%)

History of TMJ Problems/Teeth Grinding 0.12

No 43 (91.5%) 231 (96.7%)

Yes 4 (8.5%) 8 (3.3%)

History of Concussion/TBI 0.14

No 47 (100.0%) 224 (93.7%)

Yes 0 (0.0%) 15 (6.3%)

History of Sleep Apnea 0.14

No 46 (97.9%) 218 (91.2%)

Yes 1 (2.1%) 21 (8.8%)

Duration of Migraine (years) 0.3

Mean (SD) 2.4 (2.1) 2.9 (2.6)

Number of Medications (Polypharmacy) 0.032

Mean (SD) 5.9 (4.8) 7.5 (5.3)

Polypharmacy: 5 or more medications 0.009

No 25 (53.2%) 79 (33.1%)

Yes 22 (46.8%) 160 (66.9%)

Polypharmacy: more than 3 medications 0.3

No 16 (34.0%) 62 (25.9%)

Yes 31 (66.0%) 177 (74.1%)

Migraine Treatment: Botox 0.001

No 27 (57.4%) 77 (32.2%)

Yes 20 (42.6%) 162 (67.8%)

Migraine Treatment: Monoclonal 

Antibodies
0.031

No 42 (89.4%) 179 (74.9%)

Yes 5 (10.6%) 60 (25.1%)

Migraine Treatment: Pharmacologic >0.9

No 2 (4.3%) 11 (4.6%)

Yes 45 (95.7%) 228 (95.4%)

Migraine Treatment: Physical Therapy >0.9

No 43 (91.5%) 218 (91.2%)

Yes 4 (8.5%) 21 (8.8%)
1Pearson's Chi-squared test; Wilcoxon rank sum test; Fisher's exact test

Figure 1: Race vs. Public/Private Insurance Figure 2: Race vs. Sex

Characteristic N = 298

Sex

Male 51 (17.1%)

Female 247 (82.9%)

Age at Diagnosis (years)

Mean (SD) 45.4 (13.3)

Race

White 121 (40.6%)

NH/PI 75 (25.2%)

Asian 71 (23.8%)

American Indian/Alaskan Native/Black 15 (5.0%)

Other 16 (5.4%)

Ethnicity

Non-Hispanic 283 (95.0%)

Hispanic 15 (5.0%)

Insurance 

Public 141 (47.3%)

Private 132 (44.3%)

Military 25 (8.4%)

Body Mass Index (kg/m^2)

Mean (SD) 28.4 (7.4)

Obese

No 197 (66.1%)

Yes 101 (33.9%)

Smoking

Non-smoker 232 (78.6%)

Current smoker 26 (8.8%)

Former smoker 37 (12.5%)

Missing 3

Alcohol Use

No 228 (77.3%)

Yes 67 (22.7%)

Missing 3

History of Depression

No 253 (84.9%)

Yes 45 (15.1%)

Depression at the Time of Diagnosis

No 243 (83.5%)

Yes 48 (16.5%)

Missing 7

History of Insomnia

No 243 (81.5%)

Yes 55 (18.5%)

History of Diabetes

No 275 (92.3%)

Yes 20 (6.7%)

Borderline 3 (1.0%)

History of Hypertension

No 224 (75.2%)

Yes 74 (24.8%)

History of Hyperlipidemia

No 271 (90.9%)

Yes 27 (9.1%)

History of Cervalgia/Neck Pain

No 241 (80.9%)

Yes 57 (19.1%)

History of TMJ Problems/Teeth Grinding

No 284 (95.3%)

Yes 14 (4.7%)

History of Concussion/TBI

No 282 (94.6%)

Yes 16 (5.4%)

History of Sleep Apnea

No 275 (92.3%)

Yes 23 (7.7%)

Duration of Migraine (years)

Mean (SD) 2.7 (2.5)

Number of Headache Days in 28 days

Mean (SD) 24.4 (5.5)

Missing 77

Number of Migraine Days in 28 days

Mean (SD) 16.9 (7.0)

Missing 202

Number of Medications (Polypharmacy)

Mean (SD) 7.2 (5.2)

Polypharmacy: 5 or more medications

No 108 (36.2%)

Yes 190 (63.8%)

Polypharmacy: more than 3 medications

No 80 (26.8%)

Yes 218 (73.2%)

Migraine Treatment: Botox

No 110 (36.9%)

Yes 188 (63.1%)

Migraine Treatment: Monoclonal Antibodies

No 230 (77.2%)

Yes 68 (22.8%)

Figure 3: Race vs. BMI Figure 4: Race vs Ethnicity

Figure 5: Race vs. Botox Treatment
Figure 6: Race vs. Obesity

Figure 7: Race vs. Diabetes Figure 8: Race vs. Hypertension

Table 1: Overall Patient Characteristics Table 2: Patient Characteristics by Race
Table 3: Patient Characteristics by Treatment 

Resistant Migraine

Characteristic N = 298

Migraine Treatment: Pharmacologic

No 15 (5.0%)

Yes 283 (95.0%)

Migraine Treatment: Physical Therapy

No 273 (91.6%)

Yes 25 (8.4%)

Treatment Resistant Migraine

No 48 (16.3%)

Yes 247 (83.7%)

Missing 3

Table 1 (continued): Overall Patient Characteristics
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Figure 2. Therapy Utilization Frequency by Race
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Future Directions

Traumatic Brain Injury (TBI) is a significant cause of mortality 
and disability worldwide, occurring when external trauma 
damages the brain causing physical, cognitive, or psychological 
defects. Exercise recommendations following a TBI remains a 
highly debated topic with long-standing literature and 
conventional approaches to recovery suggesting that return to 
strenuous exercise should be avoided following a TBI. However, 
emerging literature indicates that some level of mild to moderate 
exercise may enhance a patient’s recovery time. Majority of this 
research, however, focuses on closely monitored, sub-symptom, 
aerobic treadmill exercise in a laboratory setting in younger, 
more neuroplastic patients. Given that this is likely an unrealistic 
plan for the average person, this study aims to survey Hawaii’s 
diverse population in a community setting to identify trends in 
exercise and recovery for TBI patients to shape recommendations 
on return to exercise. Furthermore, advanced age has been 
associated with delayed or incomplete recovery, thereby 
prompting a more generalizable study for ages beyond those 
previously researched. This study also aims to identify health 
inequities and factors contributing to different outcomes, which 
will inform efforts to address said inequities.

● To investigate the relationship between exercise modalities, 
intensities, and patterns following TBI and recovery

● To identify health inequities and barriers to recovery that 
may negatively impact recovery

● Retrospective chart 
review of patients at 
Hawaii Pacific 
Neuroscience (HPN) 
with TBI between 
January 2020 and 
January 2022

● Data collected from 
patients included 
demographics, 
etiologies, ICD-10 
codes, and symptoms 
at diagnosis

● Phone surveys were performed using a self-generated 
questionnaire evaluating symptom duration, recovery 
methods, employment, barriers to recovery, exercise 
patterns post-TBI, and perceptions on exercise and recovery

● Statistical analyses were performed using RStudio

Figure 1. Patient selection and study design

Emerging research focusing on recovery recommendations for 
traumatic brain injury has shed new light on conventional literature. 
However, these studies included younger participants and their 
results are not generalizable to other ages.

The mean age of our study cohort was 46 years old. No significant 
differences between time-to-exercise, exercise modalities, 
frequencies, durations, and intensities with recovery times were 
found, suggesting that exercise was not a significant predictor of 
recovery time, and that exercise would not negatively impact 
patients’ recovery. If encouraged to exercise following a TBI, it 
appears that patients will self-regulate a regimen that will not 
exacerbate their symptoms or recovery time. Additionally, most 
patients expressed satisfaction with their decision to exercise 
following TBI (90.9%) and nearly all patients said that they would 
recommend exercise to others recovering from a TBI (98.9%). 

This research also highlights worrying trends in access to TBI 
recovery resources, such as psychotherapy, rehabilitation, and 
medications (Figures 2 and 3). The study found clear inequalities in 
access to resources when comparing both race and insurance type. 
Our research also indicates a notable trend of employment status 
change following TBI, with 64% of patients employed at the time of 
TBI but only 38% currently employed.

This study has a few limitations. Our research only includes TBI 
patients seen in a neuroscience clinic, which are possibly those who 
have suffered TBIs of greater than average severity, limiting the 
generalizability of the study. Additionally, retrospectively surveying 
patients may induce recall bias. However, this risk was minimized by 
only collecting data on TBIs occurring since 2020. 

Table 1. Demographics
Table 2. Summary of TBI Symptoms of the Study Population 
by Symptom Duration

● The long recovery group (LRG) (2+ years) was 
significantly older than the short recovery group (SRG) 
(<2 years). Otherwise, demographic characteristics 
between the two groups were similar (Table 1)

● There were no significant differences in etiology and 
symptoms at diagnosis, indicating that TBI severity was 
similar for the groups (Table 2)

● LRG patients were more likely to walk/hike as their 
primary mode of exercise vs. SRG patients. No 
significant differences in exercise modality, intensity, 
frequency, or duration (Table 3)

● There were no significant differences between recovery 
groups and worsening symptoms with exercise (Table 4)

Conduct a prospective study of recovering TBI patients who 
exercise, and use exercise monitors such as apple watch and other 
technology to better track exercise, vitals, and recovery.
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Table 3. Descriptive Summary of Patients’ TBI Recovery by 
Symptom Duration

Table 4. Symptom Change by Patients’ Exercise Intensity Figure 3. Therapy Utilization Frequency by Insurance Type

mailto:kliow@hawaiineuroscience.com


Barriers & Methods to Improve Alzheimer’s Disease Clinical Trial Participation Among Asian American and Native Hawaiian Populations
Anson Y Lee1,2, Darrell Guittu1,3, Rexton Suzuki1,4, Lauren Pak1,5, Kyle M Ishikawa, MS2,6, Connor Goo1,2, John J Chen, PhD2,6, Enrique Carrazana, MD1, Jason Viereck, MD, PhD1, Kore K Liow, MD, 

FACP, FAAN1,2

1Memory Disorders Center & Alzheimer’s Research Unit, Hawai'i Pacific Neuroscience, Honolulu, HI, 2John A. Burns School of Medicine, University of Hawai'i, Honolulu, HI, 3University of Hawai'i at Mānoa, Honolulu, HI, 4Creighton University, Omaha, NE, 5University of Oregon, Eugene, OR, 6JABSOM 
Biostatistics Core Facility, Department of Quantitative Health Sciences, University of Hawaii John A. Burns School of Medicine, Honolulu, HI

References

Objectives

Methods

ResultsBackground

Understanding barriers to Alzheimer’s Disease (AD) clinical trial participation 
in Asian and Native Hawaiian (NH) patients diagnosed with AD or mild 
cognitive impairment (MCI) at a single institution.

Methods (Continued)Conclusions/Discussion

This retrospective study included 187 (134 AD, 53 MCI) patients with a Mini-
Mental State (MMSE) score ≥14 between 01/2022-06/2022. A 15-question 
telephone survey was conducted assessing demographics, barriers to 
participation, and improvement methods. Descriptive statistics were performed 
using Wilcoxon rank-sum test for continuous variables and Fisher’s exact test for 
categorical variables. Incomplete surveys were included for analysis.
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Future research should look into a larger cohort spanning a wider range of time to 
better generalize results and provide a more complete dataset.
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49 patients responded (29 AD, 20 MCI) with 47 surveys incomplete having one or more questions unanswered. 
The mean patient age was 77 years with 51% being male and the mean MMSE score being 23.2. Surveys 
identified that the decision to participate in trials to help others differed by race (91% White, 80% NH, 29% 
Asian; p=0.023). Additionally, 5.6% of Asian, 22% of NH, and 32% of White patients surveyed were in an 
active AD clinical trial. The main reported barriers to participation were a lack of information about clinical 
trials and logistical complications (30% Asian, 80% NH, 45% White  and 30% Asian, 20% NH, 27% White 
respectively). The top two most popular improvement methods were additional trial information given to family 
members (64% Asian, 88% NH) and patients (64% Asian, 88% NH). However, Asian patients chose increased 
financial compensation to be the third most important trial change (36%) whereas NH patients chose additional 
clinical trial hours (50%). White patients on the other hand listed additional patient trial information as their top 
change (62%) with a tie between additional trial information provided to family, complimentary transportation, 
and financial compensation (46%) as the second most important trial adjustment.

The results of this study reflect that Asian and NH patients feel they are often lacking 
information and face logistical obstacles when it comes to AD clinical trial participation. 
Previous research to increase minority trial participation had similar findings listing lack 
of information, lack of trial awareness, and time and resource constraints as among the 
top five barriers.9 Interestingly, White patients shared similar barriers indicating that all 
three groups had similar impediments to involvement potentially indicating similar 
priorities and problems with how trials are run across across all three races. 

The top two trial improvement methods were consistent across Asian and NH 
populations (additional information provided to family members and patients), but White 
patients were equally concerned with financial burdens, transportation logistics, and 
information provided to family members when considering their second most important 
trial change. Past studies which identified preferred incentives in aging AD trial patients, 
found transportation as the most popular incentive overall and financial compensation as 
being especially important in minority populations.12 Both of these conclusions were 
contrary to the findings of this study.

Overall, a deficiency in information about AD clinical trials is the primary barrier to 
participation amongst Asian and NH patients followed by difficulty with coordinating 
transportation and time for trials. Increased outreach, education, and assistance with trial 
logistics in these communities should be pursued to improve rates of participation.

Alzheimer's disease (AD) is the most common neurodegenerative disorder in the 
United States and disproportionately burdens minority populations.1 Yet, clinical AD 
trials regularly face a shortage of eligible participants numbering in the thousands and 
this number is set to increase in the next several years.2,3 More than a quarter of 
clinical trials in the U.S. fail to recruit even a single participant, and only one-third of 
multicenter trials achieve their planned enrollment goals oftentimes leading many to 
prematurely close citing insufficient recruitment.4,5 As such, recruitment barriers have 
been noted as the primary factor negatively impacting AD clinical research progress.6

While research has been conducted to assess the primary reasons for the lack of 
clinical trial participation in minority groups, most of these studies investigated 
African American patients.7-9 Amongst minority populations, Asians and Native 
Hawaiians are the most understudied.2,7,10 This study explores the barriers to AD 
clinical trial participation in patients diagnosed with AD or mild cognitive 
impairment (MCI) in Hawai'i, the state with the largest relative population of Asian 
and NHPI individuals in the U.S.

Table 1.
Overall 
characteristic
s of surveyed 
patients

Table 2. 
Select survey 
results by 
patient race

Figure 1. Diagram of surveyed patient breakdown
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Our results showed that comorbid ADs in MS were more prevalent in female 
and older patients, but did not seem to be associated with other factors such 
as socioeconomic status, health insurance type, and alcohol use.

Overall, depression was found in a significantly higher proportion of MS 
patients with comorbid ADs. And although anxiety was not significantly more 
prevalent in MS patients with comorbid ADs, it still presented in a higher 
proportion. These results support previous studies about the positive 
associations between autoimmune diseases and depression but also suggest 
the increased risk of depression beyond the risks already posed by MS, by 
having comorbid ADs.

Other health disparities were also found in MS patients with comorbid ADs. 
Asthma and coronary artery diseases were significantly more common in the 
AD group, while hypertension and stroke, although not significantly more 
prevalent in the AD group, were found to be in a higher proportion.

Our research elucidates the need of addressing comorbid ADs in MS, given 
the higher prevalence of debilitating psychiatric disorders and cardiovascular 
diseases it is associated with. By showing these adverse health disparities, we 
hope to influence the treatment choices and cross-specialty care management 
of these patients, to help increase their treatment outcomes.

There are several limitations to this study. The small sample size may not 
represent the population as a whole and may have skewed or obscured 
trends. Another limitation is due to the retrospective chart review nature of this 
study. Our data relied on the information that is often self-reported by patients 
and depended on accurate patient charting. There may be instances where 
charting was incomplete or varied between different physicians.

Multiple Sclerosis (MS) is an autoimmune inflammatory disease that affects the 
central nervous system. It is also the most common chronic disabling 
neurological disease in young adults, affecting nearly 1 million people in the US. 

Recent studies have highlighted the high prevalence of comorbidities in patients 
with MS, in particular, autoimmune diseases such as immune thyroiditis, 
rheumatoid arthritis, and Sjogren’s syndrome, and psychiatric disorders such as 
depression and anxiety. These comorbidities are important to consider because 
they may drastically impact the outcomes and quality of life of patients with MS. 

Previous studies have found positive associations between autoimmune 
diseases and psychiatric disorders, but have not looked at how co-existing 
autoimmune diseases in patients with MS may further influence their risks of 
having psychiatric disorders. By collecting information such as demographics, 
socioeconomic factors, and clinical characteristics, our study hopes to analyze 
how environment factors may influence the prevalence of comorbid autoimmune 
diseases in MS and the types of health disparities associated with comorbid 
autoimmune diseases in MS.

This study aims to understand the relationship between comorbid autoimmune 
diseases and psychiatric disorders in patients with MS, and to elucidate 
associated environment and health disparities within this relationship. 

A retrospective chart review was conducted on patient records using the 
eClinicalWorks software at the Hawaii Pacific Neuroscience (HPN) in Honolulu,
Hawaii, from January 2000 to June 2022. 147 patient records were identified
using the ICD-9 (340) and ICD-10 (G35) codes for MS. 38 patients were
excluded due to insufficient medical information or unclear MS diagnoses. 

Information collected includes demographics such as sex, race, employment
status, zip codes, and health insurance type; social history such as tobacco use, 
alcohol use, illicit drug use, and occupation status; and clinical characteristics 
such as co-existing cardiovascular conditions, autoimmune diseases, and 
psychiatric conditions. The zip codes were classified by socioeconomic need 
based on the 2021 Health Equity Index created by the Conduent Healthy 
Communities Institute. Autoimmune diseases considered include psoriasis, 
autoimmune thyroiditis, Sjogren’s syndrome, inflammatory bowel disease, celiac 
disease, systemic lupus erythematosus, rheumatoid arthritis, myasthenia gravis, 
vasculitis, and immune thrombocytopenia purpura. Psychiatric conditions 
collected were classified into depression, anxiety, and others, which included 
conditions such as dysthymic disorder, bipolar disorder, and attention deficit 
disorder.

Information about the MS characteristics such as age at the time of MS 
diagnosis, the patient’s ambulatory status, and the types of MS (Clinically 
isolated syndrome, relapsing-remitting MS, primary-progressive MS, secondary-
progressive MS), were collected. 4 patients were previously diagnosed to have 
MS but later found to have neuromyelitis optica (NMO). NMO is also an 
autoimmune disease of the CNS that presents with clinical manifestations 
similar to that of MS, and was therefore traditionally classified as a type of MS. 
Given this similarity, NMO was added as a variable alongside the types of MS in 
our study.

Socio-demographic characteristics, clinical characteristics, and 
psychiatric/neurological conditions between the autoimmune disease status 
groups were compared using the Wilcoxon rank sum test for continuous 
variables and Pearson’s Chi-squared test or Fisher’s exact test for categorical 
variables. A p-value of less than 0.05 was considered statistically significant. R 
(version 4.0.2) was used for all analyses.

• Of the 109 patients analyzed, 30 (27.5%) patients with MS had co-existing autoimmune 
diseases (ADs). A comparison between patients with and without comorbid ADs was made.

• The AD group was more likely to be female (86.7% vs. 67.1%; p=0.04) and older (median 54y 
vs. 45y; p=0.01). There was also a higher proportion of ADs found in patients with the primary 
progressive type of MS (30.8% vs. 10.5%), however, the difference in MS type did not reach 
statistical significance (p=0.13).

• The AD group had a higher proportion of depression (50.0% vs. 25.3%; p=0.014) and a higher 
proportion of anxiety (30.0% vs. 21.5%), however, the difference between the anxiety groups 
was not statistically significant (p=0.35).

• The AD group was also more likely to have one or more psychiatric/neurological conditions 
than the non-AD group (63.3% vs. 39.2%; p=0.024).

Several factors that were collected, such as race, tobacco use, and frequency 
of exercise, could not be properly analyzed due to missing data from > 10% of 
the patients. Future steps in this study could include surveying patients to 
obtain these missing information to see how these factors influence the health 
disparities in patients. The sample size of the data can also be increased by 
expanding the data set to include MS patients from other health systems. 
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Type of MS or NMO, n (%) Overall
n = 109 (100%)

Without AD
n = 79 (72%)

With AD
n = 30 (28%) p-value

Clinically isolated syndrome 12 (11.8%) 9 (11.8%) 3 (11.5%) 0.13

Relapsing-remitting 54 (52.9%) 41 (53.9%) 13 (50.0%)

Primary progressive 16 (15.7%) 8 (10.5%) 8 (30.8%)

Secondary progressive 16 (15.7%) 14 (18.4%) 2 (7.7%)

Neuromyelitis Optica 4 (3.9%) 4 (5.3%) 0 (0.0%)

(Missing) 7 3 4

Clinical characteristics
Overall

n = 109 (100%)
Without AD

n = 79 (72%)
With AD

n = 30 (28%)
p-value

Asthma 0.038
No 93 (85.3%) 71 (89.9%) 22 (73.3%)
Yes 16 (14.7%) 8 (10.1%) 8 (26.7%)

Coronary Artery Diseases 0.048
No 103 (94.5%) 77 (97.5%) 26 (86.7%)
Yes 6 (5.5%) 2 (2.5%) 4 (13.3%)

Hypertension, n (%) 0.076

No 82 (75.2%) 63 (79.7%) 19 (63.3%)

Yes 27 (24.8%) 16 (20.3%) 11 (36.7%)

Stroke, n (%) 0.063

No 105 (96.3%) 78 (98.7%) 27 (90.0%)

Yes 4 (3.7%) 1 (1.3%) 3 (10.0%)
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Comparison of other clinical characteristics factors between the AD and non-AD groups
• The AD group had a higher proportion of coronary artery disease (CAD) (13.3% vs. 2.5%; 

p=0.048), and as well as asthma (26.7% vs. 10.1%; p=0.038).
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● Investigate patient barriers to PT attendance and follow-up 
appointments

● Measure effect of patient undergoing conservative treatment for 
longer duration

● Evaluate MODI and NRS scores to patients undergoing both 
invasive and conservative treatment

● Cabana, F., Houde, F., Léonard, G. Does Age Affect the Relationship Between Pain and Disability? A 
Descriptive Study in Individuals Suffering from Chronic Low Back Pain. Journal of Geriatric Physical 
Therapy. Published online 2001. 

● Hu, H., Zheng, Y., Wang, X., Chen, B., Dong, Y., Zhang, J.,  Liu, X.,a Gong, D. Correlations between lumbar 
neuromuscular function and pain, lumbar disability in patients with nonspecific low back pain: A 
cross-sectional study. Medicine. Published online 2017. 

● Seferlis, T., Németh, G., Carlsson, A. et al. Conservative treatment in patients sick-listed for acute 
low-back pain: a prospective randomized study with 12 months’ follow-up. E Spine J. Published 1998. 
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● Our findings support prior literature that there is  no 
correlation between pain and functional disability (p<.05)

● Both direction and magnitude of change in pain and functional 
disability widely varied
○ 3 patients had a positive correlation
○ 8 patients had a negative correlation

● Majority of patients had public insurance and/or unemployed 
status

● Nearly half of patients referred to PT were unable to attend PT

● This study emphasize that chronic pain is a multidimensional 
phenomenon, encouraging providers to look beyond isolated 
assessment such as pain intensity

● Our exploratory findings of low PT attendance show that 
although there are established national guidelines for chronic 
back pain treatment, they are often barriers to care and 
providers should take into account patient lifestyle in treatment 
planning

● Limitations of the study include small sample size, short 
duration of treatment, pain can be intermittent

To evaluate the clinical utility of supplementing the traditional NRS 
pain scale with the MODI questionnaire in understanding a patient’s 
chronic pain experience.

● The Numerical Rating Scale (NRS) is one of the most commonly 
used pain scales in medicine and captures pain intensity

● The Modified Oswestry Disability Index (MODI) is a 
self-reported tool score that measures functional status in 
activities of daily living and is used for evaluating disability 
caused by acute or chronic back pain

● National guidelines for conservative management of chronic 
back pain include: patient education, therapeutic exercises,     
+/- pharmacological therapy

Study Design
● Single-centered study conducted at Hawaii Pacific Neuroscience 

from June to July 2022
● Pain measured by NRS, disability measured by MODI
● Baseline NRS and MODIs recorded
● Patients underwent 6 weeks of conservative pain treatment
● 6-week follow-up NRS and MODIs were recorded
● %Δ Pain and %Δ Disability calculated as:

Participants

Analysis
● Partial correlation analysis
● Software: Stata Version 12.1 
● Model adjusted for: age, sex, ethnicity, BMI, insurance type 

Sample Demographics

Correlation

Variable Partial Correlation p-value
ΔMODI -0.9288 0.2417
Age -0.2222 0.8574
BMI -0.865 0.3346
Sex 0.9123 0.5492
Occupation -0.7595 0.4509
Ethnicity 0.8012 0.4084
Insurance 0.7309 0.8239

Table 1. Partial 
correlations of 
ΔNRS 

45% of patients were 
unable to attend PT

Of those who attended, 
each patient attended an 

average of 9.6 hours of PT 

Figure 1. Change in NRS 
and MODI Scores 
Following 6 Week 
Conservative Treatment 
in Low Back Pain Patients

32 total participants
2 patients without radiculopathy or lumbago 

w/ sciatica diagnosis excluded
30 participants

 6 patients lost to follow up excluded

24 participants
10 patients who have not completed 6wks 

conservative treatment 
14 participants

3 patients with prior PT

11 participants

(+) correlation:
Pain and disability increase or decrease 
in same direction
(-) correlation:
Pain and disability change inversely or 
do not change w/ respect to the other

—------------------------------------------------------------------------------------------------------------------------

Current Treatment Guidelines as a Potential Barrier to Care

Δ =
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Seizures are characterized by alterations in behavior or motor abilities and are 
diagnosed with an electroencephalogram (EEG), an ambulatory procedure 
used in the diagnosis of epilepsy.2,5 Video-EEG (vEEG) monitoring is classically 
used to confirm, diagnose, and classify epilepsy.2,3,6 Parnell et al. showed that 
the use of inpatient vEEG monitoring altered the epilepsy classification in 
47.5% of patients, classified previously non-diagnostic studies in 20% of 
patients with epilepsy, and provided useful information in ~72% of patients 
studied.6

Hawaii is a diversified state for which there is limited research available on 
Native Hawaiians and Pacific Islanders. Collecting data from Hawaii 
Comprehensive Epilepsy Center will help to identify risk factors and guide 
diagnoses in these under-represented populations. 

To identify the percentage of patients with vEEG abnormalities and whether 
they experienced an epileptic versus a non-epileptic event. Other factors that 
were considered include age, gender, age at onset, seizure types, MRI findings, 
psychiatric comorbidities, and number of anti-epileptic drugs (AED) used.

We analyzed patient data from Hawaii Comprehensive Epilepsy Center 
between 2015-2022. We selected individuals 18 years or older at the time of 
vEEG. 248 subjects were identified. One was excluded for lack of a report. For 
patients who had multiple vEEG procedures, each report was considered 
independently totalling 294 vEEG reports. IRB exemption was granted by the 
University of Hawai'i at Manoa's Office of Research Compliance (protocol 
number: 2020-01010). 

Data were collected from available medical records. Data included the 
presence of a vEEG abnormality, photic stimulation and hyperventilation 
procedure abnormalities, and the number of AEDs used. Abnormalities were 
considered an epileptic event if there was an EEG anomaly or if it correlated to 
an ictal event. Non-epileptic events were denoted by an event without a 
corresponding change on EEG. Events were subcategorized as focal, 
generalized, non-epileptic, or non-diagnostic. Additionally, magnetic 
resonance imaging (MRI) reports were examined for any structural 
abnormalities.

Epilepsy risk factors were recorded including family history of epilepsy and 
history of head trauma, developmental delay, abuse, and febrile seizures. Pre-
existing epilepsy diagnosis, age at onset, and psychiatric comorbidities were 
noted as well. Psychiatric comorbidities included depressive disorder, anxiety 
disorder, psychosis, bipolar disorder, attention-deficit/hyperactivity disorder, 
post-traumatic stress disorder (PTSD), and somatoform disorder.

Characteristics of the vEEG reports were compared by Wilcoxon rank-sum 
tests for numeric variables and Fisher's exact tests for categorical variables. A 
p-value of <.05 was considered statistically significant for hypothesis testing. 
All analyses were conducted in R version 4.0.2 (R Core Team, 2020).

Of the 294 vEEG reports derived from 247 unique individuals, 209 (84.6%) vEEGs were 
abnormal. Subjects with an abnormal vEEG were significantly more likely to have epilepsy (p < 
0.001) and be taking an AED (p < 0.001). 

Of the abnormal vEEGs, 123 (58.9%) elicited epileptic events which were subcategorized into 
focal onset (69%), generalized onset (4.1%), and non-diagnostic (27%). Those with an epileptic 
event were significantly more likely to have epilepsy (p < 0.001) and be taking an AED (p = 
0.002) than those with a non-epileptic event.

Of the 86 (41.1%) non-epileptic seizures, 6 (7.0%) were psychogenic, 11 (13.0%) were 
physiologic, 59 (69%) were unspecified non-epileptic, and 11 (13%) were non-diagnostic. Those 
with a non-epileptic seizure were significantly more likely to be Asian (p = 0.046) or Other (p = 
0.031) race, have depression (p = 0.003), and have anxiety (p = 0.035). 

-Of the 84.6% abnormal vEEGs, 21% were non-diagnostic and 77.6% of 
diagnosable non-epileptic events were classified as unspecified non-
epileptic. Still, having a non-epileptic diagnosis can prevent the use of 
unnecessary AEDs. 

-Our distribution of epilepsy onset peaks with the 10-19 year old age group 
which differs from epilepsy’s typical bimodal distribution.7 This unimodal 
arrangement could be due to the referral pattern of young adult patients to 
Hawaii Pacific Neuroscience. 

-Our psychiatric comorbidity results align with previously conducted studies 
using EEGs. In a study by Ho et al., significant psychiatric disorder (PTSD, 
anxiety) correlations were found in patients with psychogenic non-epileptic 
seizures (PNES), other non-epileptic seizure disorders, and epilepsy. We 
further identified anxiety as a risk factor for non-epileptic seizures. A review 
by Asadi-Pooyaa and Sperling found individuals with PNES are significantly 
more likely to have major depression.1 The increased likelihood of 
psychiatric comorbidities in non-epileptic seizures could be attributed to the 
increased time taken to attain a non-epileptic seizure diagnosis.4

-Our study was limited by the inclusion of multiple vEEG reports from the 
same patient. As each vEEG report was treated as a unique report, patient 
comorbidities and ethnicity information were duplicated for those patients. 
A second limitation was the use of non-standardized patient charts. Some 
information such as ethnicity was not always available.

Future studies could explore the relationship between PNES and epilepsy, 
risk factors for PNES, or risk factors in psychiatric comorbidities for PNES.

Age at Epilepsy Onset

Types of Seizures

Proportions of Epilepsy Diagnoses by vEEG Results
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Future Directions

Coronavirus disease 2019 (COVID-19) is an acute infectious 
disease caused by the SARS-CoV-2 coronavirus. COVID-19 
patients commonly present with symptoms including fatigue, 
fever, cough, headache, and symptoms of upper respiratory 
tract infection, but reports of neurological manifestations in the 
disease have become increasingly recognized, occurring in one-
third of all COVID-19 patients.

Electromyography (EMG) is a diagnostic procedure commonly 
utilized in the evaluation of patients with neuropathy. Previous 
studies have found associations of myopathic EMG changes in 
critically ill COVID-19 patients, however there is limited 
research detailing the neuropathic EMG changes involved in 
COVID-19 patients. This study aims to evaluate the 
neuropathic EMG findings among previously diagnosed 
COVID-19 patients in Hawaii and identify possible 
correlations.

To investigate the neuropathic EMG findings in patients 
previously infected with COVID-19.

A single-centered, retrospective chart review was performed 
using the eClinicalWorks electronic medical record data of 
patients treated at Hawaii Pacific Neuroscience from 2019-
2022. Patients were identified using the ICD-10 code for 
COVID-19 U07.1 and U09.9. Patients were selected based on 
inclusion and exclusion criteria listed below. Demographics 
including age, sex, and ethnicity were collected for each 
patient. Additionally, information on chief complaint, EMG 
findings, past medical history, and neurological review of 
systems were collected for each patient.

1. Agergaard J, Leth S, Pedersen TH, Harbo T, Blicher JU, Karlsson P, Østergaard L, Andersen H, Tankisi H. Myopathic changes in 
patients with long-term fatigue after COVID-19. Clin Neurophysiol. 2021 Aug;132(8):1974-1981. doi: 
10.1016/j.clinph.2021.04.009. Epub 2021 May 7. PMID: 34020890; PMCID: PMC8102077.

2. Ali AM, Kunugi H. Skeletal Muscle Damage in COVID-19: A Call for Action. Medicina (Kaunas). 2021 Apr 12;57(4):372. doi: 
10.3390/medicina57040372. PMID: 33921429; PMCID: PMC8069858.

3. Bagnato S, Boccagni C, Marino G, Prestandrea C, D'Agostino T, Rubino F. Critical illness myopathy after COVID-19. Int J Infect 
Dis. 2020 Oct;99:276-278. doi: 10.1016/j.ijid.2020.07.072. Epub 2020 Aug 5. PMID: 32763444; PMCID: PMC7403134.

4. Cabañes-Martínez L, Villadóniga M, González-Rodríguez L, Araque L, Díaz-Cid A, Ruz-Caracuel I, Pian H, Sánchez-Alonso S, 
Fanjul S, Del Álamo M, Regidor I. Neuromuscular involvement in COVID-19 critically ill patients. Clin Neurophysiol. 2020 
Dec;131(12):2809-2816. doi: 10.1016/j.clinph.2020.09.017. Epub 2020 Oct 15. PMID: 33137571; PMCID: PMC7558229.

5. Hameed S, Khan AF, Khan S. Electrodiagnostic findings in COVID-19 patients: A single center experience. Clin Neurophysiol. 
2021 Dec;132(12):3019-3024. doi: 10.1016/j.clinph.2021.10.001. Epub 2021 Oct 13. PMID: 34717222; PMCID: PMC8513511.

Future studies should focus on evaluating EMG findings in a larger population. 
Expanding this study to include COVID-19 patients from other hospital systems 
and clinics may more accurately reflect the population of Hawaii. Furthermore, 
thorough assessment of the severity of COVID-19 symptoms experienced by 
patients could provide additional context to the neuropathic EMG changes.

Among the seven patients, evidence of radiculopathy, polyneuropathy, and 
entrapment neuropathy were the most common EMG findings. Interestingly, no 
patients displayed evidence of myopathy, a finding that has previously been 
shown to occur in patients with severe cases of COVID-19. However, this could 
possibly be explained by the timing of when the EMG study was performed. In 
this study, EMG studies were performed in an outpatient setting where patients 
are in the subacute phase of COVID-19 and experiencing symptoms of long 
COVID. This is in contrast with other studies involving critically ill patients who 
are in the acute phase of COVID-19 and may be experiencing muscle breakdown 
due to inactivity as well as possibly taking exogenous steroids which could 
explain the presence of myopathic EMG findings.

Three patients in this study were hospitalized as a result of COVID-19. These 
patients likely experienced more severe cases of COVID-19 compared to patients 
not hospitalized. One patient with an extremely severe case of COVID-19 
displayed several EMG findings including multilevel bilateral lumbar motor 
polyradiculopathy, acute motor and sensory axonal neuropathy, and Guillain-
Barre syndrome (GBS). Other studies have also found evidence of EMG findings 
of GBS linked to COVID-19. Thus, GBS may be a potential EMG finding that 
may be linked to severe cases of COVID-19. However, further research is needed 
to determine the strength of this correlation.

One limitation of this study was the limited sample size. Infrequent ordering of 
EMG studies and the fact that EMG studies are typically not ordered for patients 
aside from those with severe complaints and comorbidities can likely account for 
this. Another limitation was the retrospective nature of this study. This study 
depended on the accurate record-keeping of patient charts. Finally, drug adverse 
effects and comorbid conditions could not be excluded. Some of the neuropathic 
EMG findings could potentially be attributed to pre-existing comorbidities prior to 
and after COVID-19 infection.

Table 2: Neurological Review of Systems (ROS)

Table	1:	Patient	Information

Table 3: EMG Findings

Figure 1: Summary of EMG Findings

Inclusion Criteria

• Patient has COVID-
19 ICD 10 code 
U07.1 or U09.9

• Patient has EMG 
conducted following 
COVID-19 diagnosis

Exclusion Criteria

• Patient has EMG 
conducted prior to 
COVID-19 diagnosis

• Patient has no EMG 
study

• Patient has limited data 
in chart (i.e. did not 
receive full workup)
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Future directions should aim to explore: 
● Differentiating and circumstantial variables affecting poor or suboptimal adherence 

rates to CPAP therapy. Follow-up phone interviews with poor or suboptimal 
adherence to CPAP therapy could potentially provide an explanation for poor 
apposition and pave the way for the development of innovative solutions.  

● Ethnic, social, and economic correlations between CPAP adherence rates. 
Collecting information such as socioeconomic status, education, occupation, 
family/marital status, and cultural identity/background, could potentially present 
symbolic disparities amongst the population, and identify key themes in the 
evaluation of poor adherence rates. 

● The inclusion of CSA, insomnia, and other apnea diagnosed patients. This 
incorporation of a wide-range of sleep disordered patients would increase the 
sample size and representation of patients on CPAP therapy.  

Future Directions

A retrospective chart review was conducted on patients diagnosed with OSA in the 
(HPN) eClinicalWorks database. 600 patients were identified using the ICD 10 code 
for OSA (G47.33). This cross-sectional data was collected from the most recent 
patient chart note between January 1, 2021- December 31, 2021. 

195 observations were made across 22 variables. Variables include sex, age, 
race/ethnicity, social history, cardiac history, BMI, weight, height, severity of OSA, 
type of PAP therapy, PAP adherance rate, and PAP compliance. 

Compliance followed Medicare guidelines and was based around four ratings of 
adherence consistent in Dr. Vajjala’s notes:

Statistical data was analyzed using a Pearson’s Chi Squared, Wilcoxon ranked sum 
test, and Fisher’s exact test. Patients with missing values in any variables were 
excluded from the analysis of that particular variable. Alpha = 0.05 determined 
statistical significance.

● To investigate and evaluate the CPAP adherence and compliance of patients 
diagnosed with OSA in Hawaii

● To determine any associations between variables - namely OSA severity - and 
CPAP adherence.

This was the first study that evaluated CPAP adherence rates in Hawaiʻi. Our main 
finding showed that OSA severity was directly associated with improved adherence to 
CPAP therapy; this is consistent with similar studies done globally.⁸ We found a 
significant difference in adherence rates among those who experience mild/moderate 
OSA, in comparison to those with severe cases of OSA. Likewise, previous studies have 
reported that having a higher frequency of observed interrupted breathing correlated with 
better adherence to CPAP therapy.10

The unique and ethnically diverse demographics of Hawaiʻi led the study to investigate 
possible correlations between factors such as BMI and social history, as they relate to 
CPAP adherence. The data collected showed no significant correlation between CPAP 
therapy compliance and BMI. The data also reports no significant correlation between 
social history, weight, or cardiac history when determining patient CPAP adherence. This 
data remains consistent with other retrospective chart review studies done in Singapore, 
and across the U.S.⁹

Because this was a single center and single physician case study, we had limited 
accessibility to medical records for any treatment done outside of HPN. Additionally, 
because we used a retrospective case review methodology, information of CPAP 
adherence could not be accurately reported if patients did not come in for their routine 
compliance check. Thus, many patients were excluded from the dataset. This study 
provides valuable insight into CPAP compliance across the population of Hawaiʻi, while 
paving way towards understanding how we may begin improving adherence rates 
amongst apnea patients. 

   

Obstructive sleep apnea (OSA) is a condition characterized by the obstruction or 
collapse of the upper airway while still maintaining respiratory effort during sleep.1-3 
Sleep-related breathing disorders like OSA increase all-cause mortality and negatively 
impact people’s quality of life.4,5 Implementing positive airway pressure (PAP) therapy is 
commonly used to treat patients with OSA and improve respiration.6 The Hawaii Pacific 
Neuroscience (HPN) clinic utilizes three types of machines: continuous (CPAP), bi-level 
(BiPAP), and automatic (APAP). 

It is important to continually assess patient adherence to PAP therapy. A patient is 
generally considered compliant to their therapy when they use the device at least 4 hours 
a night and 70% of the time.7,8 Understanding the CPAP adherence rates in Hawaiʻi will 
improve therapeutic approaches and ensure that OSA patients receive optimal and 
manageable treatment.  

This study establishes a foundational understanding of CPAP adherence rates of OSA 
patients in Hawaiʻi, while offering an opportunity to investigate other social, 
environmental, economic, and health-related correlations.

1. Punjabi NM. The epidemiology of adult obstructive sleep apnea. Proc Am Thorac Soc. 2008;5(2):136-143. 
doi:10.1513/pats.200709-155MG

2. Ho ML, Brass SD. Obstructive sleep apnea. Neurology international. 2011;3(3):e15. doi:10.4081/ni.2011.e15
3. Rundo JV. Obstructive sleep apnea basics. Cleve Clin J Med. 2019;86(9 Suppl 1):2-9. doi:10.3949/ccjm.86.s1.02
4. Chang HP, Chen YF, Du JK. Obstructive sleep apnea treatment in adults. Kaohsiung J Med Sci. 2020;36(1):7-12. 

doi:10.1002/kjm2.12130
5. Yeghiazarians Y, Jneid H, Tietjens JR, et al. Obstructive Sleep Apnea and Cardiovascular Disease: A Scientific Statement From the 

American Heart Association [published correction appears in Circulation. 2022 Mar 22;145(12):e775]. Circulation. 
2021;144(3):e56-e67. doi:10.1161/CIR.0000000000000988
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10. Jacobsen AR, Eriksen F, Hansen RW, et al. Determinants for adherence to continuous positive airway pressure therapy in obstructive 
sleep apnea. PLoS One. 2017;12(12):e0189614. Published 2017 Dec 18. doi:10.1371/journal.pone.0189614

Figure 2: Adherence rates of patients on CPAP therapy based 
on determined compliance. N=126

Figure 3: Association between CPAP adherence rate and 
severity of OSA

Table 1: Adherence rates of patients on CPAP 
therapy based on determined compliance. N=126

Table 2: Association between CPAP adherence rate and severity of OSA

Patient Demographics:  Dataset compares adherence rates to patient 
demographics. Study reports 67.5% male representation, an average age of 
59 y/o, and an ethnically well represented sample set. 

Patient Social and Cardiac History: : Dataset compares patient social and cardiac 
history to CPAP adherence rates. Study reports 78.2% of patients were non-smokers, 
64.5% do not drink alcohol, 96.8% were not drug users, and 85.2% had no known 
history of cardiac complications. 

Patient Body Composition: : Dataset compares patient body composition to 
CPAP adherence rates. Study reports an average BMI of 32.4, an average 
weight of 94.6 kgs, and an average height of 1.7 m. 

Patient Characteristics vs CPAP Adherence
 Patient characteristics were collected and reported by differentiating CPAP Adherence rates amongst OSA patients. The 
three key categories for data collection of patient characteristics were Patient Demographics, Patient Social and Cardiac 
History, and Patient Body Composition. 

Adherence to CPAP Therapy 
Approximately 65% of patients (n= 126) with OSA (obstructive sleep apnea) were on CPAP (continuous 
positive airway pressure) therapy (Table 1), out of which almost 41% of patients (n = 51) showed 
excellent adherence to CPAP therapy (Figure 2). 

Adherence to CPAP Therapy vs Severity of OSA
CPAP adherence was significantly associated with severity of OSA (p = 0.02). A reported 49% of patients 
with severe OSA has excellent compliance, while 85.7% of patients with mild/moderate OSA had poor 
compliance.

Compliant 
● Excellence 

○ use machine over 4 hours a night for 
over 70% all nights night

● Very Good 
○ use at least 4 hours a night for only 

70% of all nights

Not Compliant
● Good 

○ use machine over 4 hours a night for less 
than 70% all nights night

● Suboptimal 
○ uses less than 4 hours a night for less 

than  70% of all nights

Exclusion Criterion:
● Patients with coexisting diagnosis/ICD-10 codes for:

○ Unspecified Insomnia (G47.00)
○ Insomnia due to a medical condition (G47.01)
○ Central Sleep Apnea (G47.37)

● Patients not treated by Dr. Sriharsha Vajjala
● Patients with unclear or insufficient compliance ratings
● Patients with a compliance rating that fell outside of the 2021 timeframe

● No significant association was 
observed between CPAP therapy 

adherence and patient characteristics

● CPAP therapy adherence was 
significantly associated with severity 

of OSA (p = 0.02)

mailto:kliow@hawaiineuroscience.com
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● More research is needed to determine the effectiveness of the LMA and stroke risk 
scorecard in lowering stroke recurrence.

● More patients would be needed to be recruited overtime in future study to 
determine statistical significance and move this study past the pilot stage. Possibly 
recruit patients outside HPN community and of racial diversity (racial minorities) 

1. Bailey RR. Lifestyle modification for secondary stroke prevention. American Journal 
of Lifestyle Medicine. 2016;12(2):140-147. doi:10.1177/1559827616633683 

2. Boehme AK, Esenwa C, Elkind MSV. Stroke risk factors, genetics, and prevention. 
Circulation Research. 2017;120(3):472-495. doi:10.1161/circresaha.116.308398 

3. George MG, Fischer L, Koroshetz W, et al. CDC Grand Rounds: Public Health 
Strategies to Prevent and Treat Strokes. MMWR Morb Mortal Wkly Rep. 
2017;66(18):479-481. Published 2017 May 12. doi:10.15585/mmwr.mm6618a5

4. Karatepe A, Gunaydin R, Kaya T, Turkmen G. Comorbidity in patients after stroke: 
Impact on functional outcome. Journal of Rehabilitation Medicine. 
2008;40(10):831-835. doi:10.2340/16501977-0269 

5. Lifestyle assessment - what an assessment tells your doctor - J. flowers. J. Flowers 
Health Institute. https://jflowershealth.com/lifestyle-assessment/. Published July 8, 
2022. Accessed July 25, 2022. 

6. Lifestyle Medicine Assessment - AAFP HOME. 
https://www.aafp.org/dam/AAFP/documents/patient_care/lifestyle-medicine/lifestyle-
medicine-assessment-color-codes.pdf. Accessed August 3, 2022. 

7. Nakagawa K, Koenig MA, Asai SM, Chang CW, Seto TB. Disparities among Asians 
and Native Hawaiians and Pacific Islanders with ischemic stroke. Neurology. 
2013;80(9):839-843. doi:10.1212/wnl.0b013e3182840797 

8. Phillips EM, Frates EP, Park DJ. Lifestyle medicine. Physical Medicine and 
Rehabilitation Clinics of North America. 2020;31(4):515-526. 
doi:10.1016/j.pmr.2020.07.006 

Future Directions

● Lifestyle medicine can be defined by health and behavioral modifications which improve a 
patient’s disease state, a few examples of these modifications could include implementing 
behaviors such as exercise, smoking cessation, and/or a healthier diet.

● The aim was to determine if certain lifestyle modifications reduced the high risk factors 
associated with stroke and thus, possibly reduce the chances of stroke recurrence.

● Studies such as this one are important because they raise awareness for secondary 
cardiovascular risk prevention as a topic needed to be explored more in a larger 
randomized setting. 

● In contrast to our study, other small, nonrandomized studies have shown an improvement 
in lifestyle behaviors and risk factors.¹
○ However, sample sizes have been too small to finalize conclusion on a reduction in 

stroke recurrence.
● Currently, few large-scale randomized controlled trials that examine secondary stroke 

reduction as their main objective have been conducted. Most have focused on primary 
cardiovascular stroke prevention for obvious reasons.¹

● The present study was limited by a lack of patient data available due to the strict eligibility 
criteria and time needed to recruit more eligible participants. 

● The leading cause of long term adult disability and fifth leading cause of death in the 
United states is stroke. Incidence of stroke may be rising again due increased risk factors 
in the population including obesity and diabetes mellitus. Healthcare costs estimated with 
this rise are $34 billion per year (for medications, healthcare services, and missed days of 
work).¹

● Lifestyle medicine is a rapidly expanding field that concerns a patient’s lifestyle-related 
contributors to noncommunicable diseases, like stroke, by modifying their health 
behaviors. Examples of these health behavior modifications could be exercising more or 
quitting smoking, which should potentially lessen negative health outcomes.²⁻³ ⁸

● A lifestyle medicine assessment (LMA) is a tool that collects and analyzes a patient’s 
health information in order to measure and alter modifiable risk factors. The health 
information provided to the clinician includes dietary habits, substance use, physical 
exercise, and more to examine a patient’s health and health risks in order to prevent non 
communicable disease. ⁵

● Modifiable risk factors for stroke include hypertension, diabetes mellitus, atrial fibrillation 
and atrial cardiopathy, dyslipidemia, sedentary behavior, obesity, diet/nutrition, substance 
use, inflammation, and infection. ¹⁻²

● Patients who have survived stroke typically experience an average of 2.38 comorbidities 
that are stroke-related. The 3 most common comorbidities observed are hypertension, 
cardiac related comorbidities such as arrhythmias or coronary artery disease, and 
diabetes. On average, according to Karatepe et al, patients experienced on average 3.9 
complications, the most common of which was depression. ⁴

● Patients with history of a prior stroke have an increased risk for future strokes as well as 
concomitant disability and mortality. The estimated risk for stroke recurrence is 
approximately 13-16% within the first year and an additional 4% for every subsequent 
year. Meaning that patients will have a 30% likelihood of recurrent stroke after five years 
and up to 43% after ten years. ¹

● Lifestyle modification can potentially lead to improvements in stroke related factors.¹

To determine if Hawaii Pacific Neuroscience (HPN) stroke patients who have had two or 
more lifestyle visits will have an improved LMA score (or improvement in one or more of 
the domains). Also, to investigate whether changes in LMA scores are correlated with 
changes in high risk factors for stroke (blood pressure, cholesterol, diabetes, smoking 
status, atrial fibrillation, diet/weight, exercise, and family history for stroke). 

● Pre-survey data was taken from 8 patients from HPN’s database who met the following 
criteria: had a previous stroke and had two lifestyle visits with Dr. Smith between October 
2021 to July 2022. 

● On initial and final visits, patients were given an LMA and PHQ-2 assessment. The stroke 
risk scorecard data was also taken from charts. 
○ Final visits were administered in-person or over the phone. 

● Stroke risk card assessment: 8 modifiable risk factors prevalent in stroke cases 
measured in three different categories: high risk, caution, and low risk. The three 
categories are assigned a score from 0-8. The higher the score in the “high risk” means a 
the patient was more likely at risk for stroke, the higher the score in the “low risk” 
category meant the patient was less likely at risk for stroke.

● LMA: consists of five different lifestyle categories: connection (time spent outdoors, 
socializing, mental health assessment), movement (amount of exercise the patient gets 
on weekly basis), substance use (control over usage of drugs, alcohol, etc), recovery 
(sleep patterns and how they deal with stressors), and nutrition (daily diet). 
○ Total scores for the LMA and the stroke risk scorecard were calculated twice: once 

during the initial visit and another during the final assessment.

● Of the 8 patients, 5 (62.5%) are female and 3 (37.5%) are male. Furthermore, 4 participants (50%) responded and 
answered survey over the phone.

● Average body mass index (BMI) is 26.89 and the average body weight is 154.22 lbs. 
● There is no significance when comparing the scores of the five individual LMA domains (connection, movement, 

substance, recovery, and nutrition) over time. 
● There is no significance in the overall LMA scores over time (p-value = 0.2072).
● There is no significance in the overall LMA scores when patients were categorized into low risk (p-value=0.125) or 

high risk (p-value=1) groups. 
● There is no significance when comparing the individual LMA domains when patients were categorized in the low 

risk or high risk (connection high risk: NaN, connection low risk p-value=0.0947, movement high risk: p-value=1,   
movement low risk p-value=0.414, nutrition high risk p-value=1, nutrition low risk p-value=0.269, recovery high 
risk= NaN, recovery low risk p-value=1 substance high risk p-value=1 substance low risk p-value=0.181)     
○ Although not significant, the low risk group showed an increased their individual domain scores after the initial 

visit.
○ The mean scores of individual LMA domains in the high risk group remained relatively unchanged after the 

initial visit.
● There is no statistically significant changes in LMA scores due to lifestyle interventions. 

Table 2: Comparing 
total LMA mean 
scores in low and 
high risk groups. 

Table 1: Comparing 
the total LMA mean 
scores.  

Figure 1: 
Comparing 
individual domain 
LMA mean scores. 

Table 3: Comparing 
individual domain 
LMA mean scores 
in low and high risk 
groups. 

1Mean (SD)
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