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Abstract 78 

 79 

Background: Poor adherence to inhaled corticosteroids (ICS) and overuse of short-acting 80 

beta2-agonists (SABA) are associated with increased asthma morbidity. 81 

Objective: To assess whether patient self-monitoring via electronic medication monitoring 82 

(EMM) and smartphone application plus remote clinician feedback influences ICS and SABA 83 

use. 84 

Methods: Adults with uncontrolled asthma and prescribed ICS and SABA were enrolled in this 85 

14-week study. Inhalers were fitted with EMM to track real-time usage. After a 14-day baseline, 86 

participants were randomly assigned to the treatment group where they received reminders and 87 

feedback on ICS and SABA use via a smartphone application and clinician phone calls, or 88 

control group without feedback. Linear mixed models compared the baseline percent of SABA-89 

free days and ICS adherence to the last 14 study days. 90 

Results:  Participants (n=100) had a mean age of 48.5 years, 80% were female, 68% 91 

Caucasian and 80% privately insured. The percent of SABA-free days increased significantly in 92 

the treatment group (19%, 95% CI: 12, 26; P < 0.01) and non-significantly in the control group 93 

(6%, 95% CI: -3, 16; P = 0.18), representing a 13% (95% CI: 1, 26; P = 0.04) difference. ICS 94 

adherence changed minimally in the treatment group (-2%, 95% CI: -7, 3; P = 0.40), but 95 

decreased significantly (-17%, 95% CI: -26, -8; P < 0.01) in the control group, representing a 96 

15% (95% CI: 4, 25; P < 0.01) difference.  97 

Conclusions: Patient self-monitoring via a digital platform plus remote clinician feedback, 98 

maintained high baseline ICS adherence and decreased SABA use. ClinicalTrials.gov 99 

(NCT03860519). 100 

 101 

What is already known about this topic? Poor adherence to inhaled corticosteroids and 102 

overreliance on short-acting beta2-agonists are risk factors for uncontrolled asthma. 103 
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What does this article add to our knowledge? Compared to a control group, patient self-104 

monitoring via electronic medication monitors and a smartphone app plus remote clinician 105 

feedback helped maintain baseline adherence to inhaled corticosteroids and decrease short-106 

acting beta2-agonist use. 107 

How does this study impact current management guidelines? While asthma guidelines 108 

endorse self-monitoring and feedback to increase or maintain adherence, most strategies are 109 

resource intensive. This intervention is delivered remotely via a digital platform and clinician 110 

phone calls thereby increasing flexibility and reducing costs. 111 

 112 

Keywords: Asthma; mhealth; health outcomes; adherence; self-management; Apps; ICS; 113 

SABA  114 

Abbreviations: Inhaled Corticosteroids (ICS): Short-Acting Beta2-Agonists (SABA); Electronic 115 

Medication Monitors (EMMs);  Expert Panel Report 3 (EPR-3); Minimal Clinically Important 116 

Difference (MID); Asthma Control Test (ACT); Emergency Department (ED); Electronic Medical 117 

Record (EMR); Odds Ratio (OR); Confidence Intervals (CI)  118 

 119 

Introduction 120 

Asthma affects more than 18 million adults in the US,1, 2 and accounts for nearly 500,000 121 

hospitalizations and 1.8 million emergency department visits3 each year. The US spends 122 

approximately $82 billion annually on asthma related costs,4 including medical expenditures and 123 

missed work and school days. The 20% of patients with asthma who have uncontrolled 124 

moderate-to-severe persistent asthma account for over 80% of asthma-related health care 125 

costs.5-10 126 

 127 

Poor adherence to inhaled corticosteroids (ICS) containing medications and over-reliance on 128 

short-acting beta2-agonists (SABA) are well-known risk factors for uncontrolled asthma.11-23 129 
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However, patient self-report and clinician assessment often over-estimate ICS adherence 130 

leading to costly treatment regimens that may not be appropriate.24-34 Rather than focusing on 131 

objectively assessing adherence and implementing strategies to promote medication taking 132 

behavior, clinicians will often prescribe additional controller medications, oral corticosteroids, or 133 

costly biologics (estimated cost of $30,000/year).16, 34, 35  134 

 135 

Since 2012, the FDA has cleared platforms featuring electronic medication monitors (EMMs), 136 

patient-facing smartphone apps, and secure, HIPAA compliant clinician dashboards. These can 137 

be used to provide patients and clinicians with real time feedback on ICS adherence and SABA 138 

use, empowering patients with tools for asthma self-management and clinicians with accurate 139 

data to provide patients feedback on medication taking behavior and on which to make 140 

treatment decisions. The aim of this randomized behavioral controlled trial was to assess 141 

whether patient self-monitoring via a smartphone app plus remote clinician feedback on ICS and 142 

SABA use influences ICS adherence and SABA usage compared to a control group.  143 

 144 

Methods 145 

Recruitment and eligibility 146 

Patients with uncontrolled asthma, 25 to 65 years of age, were recruited between April 2018 147 

and April 2019. Patients were required to be prescribed a daily inhaled corticosteroid (ICS) 148 

containing controller medication and a short-acting beta2 agonist (SABA) inhaler. Patients were 149 

recruited from allergist/immunologist or pulmonologist practices at NorthShore University 150 

HealthSystem and needed to have an active patient portal account (NSConnect) and own a 151 

smartphone. Patients were excluded if their prescribed inhalers were not compatible with the 152 

study protocol at the time of the study (e.g. Symbicort, Xopenex and/or nebulizers) or if other 153 

co-morbidities (e.g., severe psychiatric disorder) could interfere with study participation.   154 

 155 
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Eligible participants were identified through electronic medical records (Epic, Verona, WI) 156 

review. Letters were mailed out to potentially eligible participants informing them about the study 157 

and inviting them to opt in or out. Those that were interested received a follow up phone call 158 

inviting them for an enrollment visit where they provided written informed consent. The protocol 159 

was approved by the NorthShore University HealthSystem IRB and was registered at 160 

ClinicalTrials.gov (NCT03860519). 161 

 162 

Intervention description 163 

Treatment and control group participants attached a small electronic medication monitor (EMM) 164 

(Propeller Health, USA) on their ICS and SABA asthma inhalers to passively track date and time 165 

of inhaler use. Propeller Health has a live support team that is available to help both patients 166 

and clinicians with technical issues as they arise. This can range from helping a patient to enroll, 167 

set up a new password, or trouble-shoot syncing issues. The battery life for Propeller Health 168 

sensors is 12-18 months.36 The Propeller smartphone application (“app”) was used to collect 169 

and share data with the participants and study staff. Participants could view their data in real 170 

time on their smartphones and study staff remotely through a secure, password protected 171 

dashboard. During the run-in period, the EMM and app were set to data collection mode so that 172 

no usage data or notifications were shared with the participants or staff.  173 

Following the 14-day run-in period, participants were block randomized (3:1) to the treatment 174 

group or control group for the 12-week active treatment period. The block size in the 175 

randomization was 4. The randomization schedule was generated a priori by the study 176 

statistician using a random number generator and implemented by a study research assistant 177 

who was blinded to the full randomization list. The principal investigator was blinded to the 178 

participant study arm assignment. The study nurse conducting monthly phone calls only 179 

interacted with the treatment group participants to deliver the intervention, but was not involved 180 

in data collection. 181 

Jo
urn

al 
Pre-

pro
of



 

 

8 

Treatment group participants received audio-visual ICS medication reminders for missed or late 182 

doses and had access to their ICS and SABA inhaler usage data on the app. Additionally, 183 

patients were contacted through NSConnect if study staff review of the dashboard noted the 184 

patient had poor adherence (missed four consecutive days of ICS doses) or had worsening 185 

control (defined by EPR3 guideline criteria).37 An asthma nurse practitioner (trained and 186 

supervised by an allergist/immunologist) called patients at months 1, 2 and 3 to review current 187 

asthma status and provide feedback on ICS adherence and SABA usage. 188 

 189 

The control group also had EMM attached to their ICS and SABA inhalers, but did not receive 190 

audio-visual medication reminders, have access to ICS and SABA inhaler usage data, receive 191 

monthly nurse phone calls to provide adherence feedback nor additional study interventions 192 

beyond the standard of care. Of note, both the treatment and control participants were 193 

aware that their ICS and SABA inhalers were fitted with EMM and that the study team 194 

was monitoring their ICS adherence and SABA usage. The treatment group received 195 

feedback on their ICS and SABA use in real time on the Propeller Health Asthma app 196 

on their mobile phone. Immediately after randomization, the control group participants 197 

were notified that they would have access to view their ICS and SABA use data for the 198 

duration of the 3-month study on the Propeller Health Asthma app on their mobile 199 

phone after completion of the study. All patients received $50 at the end of the enrollment 200 

and randomization visits, and $50 if they completed the final study visit.  201 

 202 

Population Characteristics 203 

Self-reported demographics including age, gender, race and ethnicity, verified by EMR review, 204 

were collected at the enrollment visit.  205 

 206 
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Primary and Secondary Outcome Measures 207 

The primary outcome was the difference in SABA-free days from run-in to the final 14 days of 208 

the study between groups. The percent of SABA-free days during run-in and final 14 days of 209 

study was calculated from remote EMM data.  210 

 211 

The secondary outcome was the difference in mean ICS adherence from the run-in to the final 212 

14 days of the study between groups. Daily adherence was calculated as the total number of 213 

ICS puffs recorded on the EMM divided by puffs prescribed, capped at 100%. Adherence was 214 

then averaged over the run-in and final 14 days of study.  215 

 216 

Of note, the final 14 days was defined as either the last 14 days of the study or the last 14 days 217 

of inhaler use if the syncing ended prior to the final study visit. 218 

 219 

Exploratory Outcomes 220 

Two exploratory outcomes were evaluated. The first was improvement in asthma control, 221 

defined as a 10% (i.e. 10 point) increase in SABA free days, and/or minimal clinically important 222 

difference (MID = three points) improvement on the Asthma Control Test (ACT) and/or change 223 

from ACT score ≤ 19 to ≥ 20 from the run-in compared to the final 14-days of the study between 224 

groups.38, 39  225 

 226 

The second was the difference in the proportion of patients with at least one asthma 227 

exacerbation (self-reported by the participant and verified by EMR review) during the active 228 

treatment period between the two groups. Exacerbations were defined as having an asthma-229 

related oral systemic corticosteroid prescription, emergency department visit and/or 230 

hospitalization.  231 

 232 

Statistical Methods 233 
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The changes in outcomes from the run-in to the final 14 days of study were estimated using 234 

linear mixed effects models that included a random intercept for participant to account for within-235 

participant variability (i.e., repeated measures). An interaction term between the study group 236 

and study period was included to estimate the differences in outcomes between groups. Effect 237 

estimates, 95% confidence intervals (CI) and P values were reported, with the threshold for 238 

statistical significance at alpha = 0.05.  239 

 240 

In the analyses of SABA-free days, three participants did not have inhaler data by the final study 241 

visit and in analyses of ICS adherence, two participants did not have inhaler data by the final 242 

study visit. As such, the last 14 days of sensor use were used in the analyses. 243 

 244 

The difference in asthma control improvement from the run-in to the final 14 days by study 245 

group was estimated using linear regressions in participants with less than 90% of SABA-free 246 

days during run-in or an ACT less than 23. Specific analyses of SABA-free days included 247 

patients with less than 90% of SABA-free days during run in; of ACT improvement included 248 

patients with an ACT score less than 23; and of ACT ≤ 19 to ≥ 20 included participants with an 249 

ACT less than 20. The occurrence of asthma exacerbations by study group during the active 250 

treatment period was estimated using a Fisher’s exact test. All analyses were run in R version 251 

3.6.1.  252 

 253 

Results 254 

Enrollment and Follow-up 255 

Of 423 eligible participants identified by EMR review, 101 met inclusion/exclusion criteria and 256 

completed enrollment. (Figures 1 and 2). The participants were randomized (75 to the treatment 257 

group and 25 to the control group, and one patient was withdrawn for administrative reasons). 258 

There were 68 treatment and 23 control patients reporting SABA-free day data and 73 treatment 259 
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and 23 control participants with ICS data. Of the five participants that did not have ICS data, 260 

three were due to early withdrawals, one was due to loss to follow up, and one was due to 261 

multiple prescription changes during the study from supported to unsupported controller 262 

medications and resulting lack of ICS containing medication data capture. 263 

 264 

Baseline Characteristics  265 

Baseline characteristics are presented in Table I. The study population was on average 48.5 266 

years of age, largely female (80%), Caucasian (68%) and without Hispanic ethnicity (95%). 267 

Most patients had private insurance (80%), a college, baccalaureate or post-graduate degree 268 

(60%), had never smoked (71%) and obtained asthma specialist care from an 269 

allergist/immunologist (81%). Baseline patient characteristics were balanced with the exception 270 

that asthma exacerbation requiring ≥ 2 oral systemic corticosteroids in the year prior was higher 271 

in the treatment group compared to control group (68% vs. 40%, P = 0.03).  272 

 273 

Primary Outcome 274 

The percentage of SABA-free days in the treatment and control group was 58% and 75% at 275 

baseline and 77% and 81% at study end, respectively (Figure 3; Table II). The absolute change 276 

in the percent of SABA-free days from run-in to study end in the treatment group was 19% (95% 277 

CI: 12%, 26%; P < 0.01) and in the control group was 6% (95% CI: -3%, 14%; P = 0.18). The 278 

increase in the percentage of SABA-free days in the TG was 13% (95% CI: 1%, 26%; P = 0.04) 279 

higher than in the control group.  280 

 281 

Secondary Outcome 282 

Adherence (%) to daily ICS for the treatment group and control group was 70% and 68% at 283 

baseline and 68% and 51% at study end, respectively (Figure 4; Table II). ICS adherence 284 

changed minimally from the run-in to study end in the treatment group (-2%, 95% CI: -7, 3; P = 285 
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0.40), but decreased significantly (-17%, 95% CI: -26, -8; P < 0.01) in the control group. The 286 

decrease in ICS adherence was 15% (95% CI: 4%, 25%, P < 0.01) greater in the control group 287 

vs. treatment group.  288 

 289 

Exploratory Outcomes 290 

Patients in the treatment group were more likely to have improved asthma control at the end of 291 

the study (OR: 2.3, 95% CI: 0.7, 7.7; P = 0.20), however these associations were not 292 

statistically significant (Table III). The proportion of patients with asthma exacerbations did not 293 

differ by study group (P = 0.80) (Table IV). 294 

 295 

Discussion 296 

This randomized behavioral controlled trial demonstrated that patient self-monitoring via an 297 

EMM and smartphone app plus remote clinician feedback on inhaler use helped maintain 298 

baseline adherence to ICS-containing controller medications and decrease the percent of days 299 

with SABA use compared to the control group. These results are encouraging given that ICS 300 

adherence typically declines over time and this, in addition to overreliance on SABA, are 301 

consistently associated with increased asthma morbidity, mortality and costs.11-23, 31, 32 302 

The decline in adherence noted in the control group might reflect either an initial increase at the 303 

time of enrollment and placement of the sensor on the controller or the effect of time on 304 

adherence.40-44 The decrease in SABA use is consistent with prior research by Merchant et al. 45 305 

 306 

The positive outcomes may be due to the combination of patient self-monitoring and remote 307 

clinician feedback, or one of these intervention components. The EPR3 and GINA guidelines 308 

both endorse asthma self-management, and current interventions to improve asthma self-309 

management demonstrate efficacy.37, 46, 47 Studies of clinician feedback on medication taking 310 
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behavior also show positive outcomes.44, 48 However, most of these interventions are resource 311 

intensive, requiring multiple in-person visits with physicians, nurses, social workers, asthma 312 

educators and/or community health workers.44, 47, 48 The current intervention is delivered 313 

remotely via a digital platform (passive EMM data collection plus smartphone app feedback) and 314 

clinician phone calls, increasing flexibility and reducing indirect costs to the patient (e.g. time 315 

away from work, travel costs) and health care system.  316 

 317 

The COVID-19 Pandemic has accelerated the adoption of telemedicine.49-51 As such, there is 318 

increased reliance on wearables and remote monitoring technologies to provide objective 319 

physiologic data despite previously slow adoption due to patient (privacy), clinician (liability, 320 

administrative burden, lack of reimbursement for remote monitoring) and payer (cost) obstacles 321 

to implementation.52 To address these implementation barriers, the Propeller Health platform is 322 

designed to minimize user burden. Clinicians are only alerted to those patients who have 323 

worsening asthma control or prolonged periods of controller non-adherence. Clinicians can then 324 

decide if the patient needs any follow-up. Clinicians are not required to monitor the system 325 

around-the-clock. Patients in this study were informed that the Propeller Health system should 326 

not be used for urgent care, and that they should follow standard protocol and follow their 327 

personalized asthma action plan should urgent care be required. In this study, remote capture of 328 

increased SABA use and poor ICS adherence triggered automated (algorithm based) patient 329 

portal messaging that may indicate asthma control worsening and directing participants to follow 330 

their asthma action plan. Clinician real time monitoring of the web dashboard also allowed the 331 

study team to reach out to patients with dramatic increases in SABA use to schedule a same-332 

day urgent visit with their asthma specialist, thereby potentially avoiding an ED visit or 333 

hospitalization.  334 

 335 
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Furthermore, in the era of costly biologic therapies for the treatment of moderate to severe 336 

asthma, patient self-monitoring and clinician feedback on ICS and SABA use are key for optimal 337 

patient selection. The five biologic medications currently FDA-approved have demonstrated 338 

greatest efficacy in patients with T2 high asthma, a phenotype which has been found to be 339 

responsive to daily ICS therapy.53-55 Digital monitoring of medication use can serve as a 340 

diagnostic tool to understand which patients, despite being adherent to daily ICS, are still 341 

experiencing moderate-severe asthma and warrant a biologic medication. Patients non-342 

adherent to daily ICS may need more intensive self-monitoring and clinician feedback on ICS 343 

and SABA use before considering the addition of a biologic. 344 

 345 

This study has several limitations. First, with regard to the exploratory outcomes, while patients 346 

in the treatment group were more likely to demonstrate improved asthma control at the end of 347 

the study compared to the control group, these associations were not statistically significant. 348 

There was no difference across study groups regarding the proportion of patients with asthma 349 

exacerbations, however the 3-month study period may be too short to observe an adequate 350 

number of events. Second, date and time of ICS and SABA actuation were collected, but inhaler 351 

technique was not assessed. For inhaled medications to be effective, both adherence and 352 

proper technique for optimal lung delivery are required.56-59 Third, this study population was 353 

largely well-educated, privately insured, middle-aged, white, female, and received asthma 354 

specialist care from an allergist/immunologist or pulmonologist, thus limiting generalizability.  355 

Prior work by Mosnaim et. al. with low-income, urban, minority adolescents with uncontrolled 356 

asthma also demonstrated positive outcomes utilizing patient self-monitoring and clinician 357 

feedback, but this was an uncontrolled pilot study.60 Future, large-scale multi-center randomized 358 

controlled trials testing this intervention with diverse groups of participants are needed. Fourth, 359 

in this study, the team viewed a separate dashboard to review participant data. However, this 360 

mobile platform can be integrated into the EMR to streamline clinician workflows.36 361 
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 362 

In conclusion, patient self-monitoring via an EMM and smartphone app plus remote clinician 363 

feedback on ICS and SABA use helped maintain baseline ICS adherence, and decreased 364 

SABA usage in adult patients with uncontrolled asthma. As poor adherence to ICS and 365 

overreliance on SABA demonstrate significant morbidity, mortality and cost, this is a novel 366 

approach to these challenges. To date, the implementation of these technologies has been 367 

fraught with obstacles. However, the accelerated uptake of telemedicine and demand for 368 

associated remote technologies and wearables to measure physiologic parameters may 369 

overcome these barriers. These technologies may also help clinicians to be more ethical 370 

stewards of costly biologic therapies, focusing on measuring and improving adherence to ICS 371 

before prescribing a biologic. 372 

  373 
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Figure Legends 523 

Figure 1. Consort Diagram The consort diagram illustrates the flow of participants from 524 
eligibility evaluation to treatment completion. 525 
 526 
 527 
Figure 2. Study Timeline: The study timeline illustrates the run-in and active treatment phases. 528 
Data collection occurred in real time throughout the study using the Propeller Health medication 529 
sensor, mobile phone application and health care professional dashboard. In-person data 530 
collection occurred at the 0-week and 3-month study visits. 531 
 532 
 533 
Figure 3. Change in SABA-free days. Control vs. treatment group difference P = 0.04: This 534 
figure illustrates the change in SABA-free days from run-in to study end in the treatment and 535 
control groups.  536 
 537 
 538 
Figure 4. Change in ICS adherence. Control vs. treatment group difference P < 0.01: This 539 
figure illustrates the change in ICS adherence from run-in to study end in the treatment and 540 
control groups.  541 
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Table I. Baseline characteristics of 100 randomized participants 
 

 

  Overall 
n = 100 

Attention Control 
n = 25 

Treatment 
n = 75 

P value 

Age, mean years (SD) 48.5 (12.3) 46.06 (14.29) 49.30 
(11.63) 

0.26 

Male gender, n (%) 20 (20) 5 ( 20.0) 15 ( 20.0) 1.00 
Ethnicity, n (%)    1.00 
   Hispanic 5 (5) 1 (4) 4 (5)  
   Non-Hispanic 95 (95) 24 ( 96.0) 71 ( 94.7)  
Race, n (%)    0.31 
   Black or African American 26 (26) 7 ( 28.0) 19 ( 25.3)  
   Asian 6 (6) 3 ( 12.0) 3 (4.0)  
   White or Caucasian 68 (68) 15 ( 60.0) 53 ( 70.7)  
BMI, mean (SD) / median (IQR) kg/m2* 33.6 (10.0) 32.20 (6.77) 34.11(10.97) 0.45 
Health insurance type, n (%)    0.71 
   Medicaid 9 (9) 3 ( 12.0) 6 (8.0)  
   Medicare 9 (9) 3 ( 12.0) 6 (8.0)  
   Medicaid & Medicare 2 (2) 0 (0.0) 2 (2.7)  
   Private 80 (80) 19 ( 76.0) 61 ( 81.3)  
Highest degree, n (%)    0.16 
   High school or GED 13 (13) 2 (8.0) 11 ( 14.7)  
   Some college or associates degree 27 (27) 6 ( 24.0) 21 ( 28.0)  
   College graduate or baccalaureate 27 (27) 11 ( 44.0) 16 ( 21.3)  
   Post-graduate degree 33 (33) 6 ( 24.0) 27 ( 36.0)  
ICS containing medications, n (%)     
   ICS monotherapy 18 (18)† 7 ( 28.0) 11 ( 14.7) 0.23 
   ICS and LABA combination therapy 81 (81) 18 ( 72.0) 63 ( 84.0) 0.30 
   ICS and LABA and LAMA combination 
therapy 

1 (1) 1 (4.0) 0 (0.0) 0.56 

Other asthma controller medications, n (%)     
   LAMA 23 (23) 5 ( 20.0) 18 ( 24.0) 0.89 
   LTRA 47 (47) 13 ( 52.0) 34 ( 45.3) 0.73 
   Biologic 2 (2) 1 (4.0) 1 (1.3) 1.00 
Baseline ACT categories, n (%)     

   < 15 47 (47) 12 ( 48.0) 35 ( 46.7) 0.99 
   15-19 20 (20) 5 ( 20.0) 15 ( 20.0)  
   ≥ 20 33 (33) 8 ( 32.0) 25 ( 33.3)  
Asthma healthcare utilization in the prior 12 
months, n (%) 

    

   Unscheduled or same-day doctor visit     

      1 21 (21)‡ 5 ( 20.0) 16 ( 21.3) 1.00 
      ≥ 2 4 (4)§ 0 (0.0) 4 (5.3) 0.56 
   Immediate care center visit     

      1 10 (10) 1 (4.0) 7 (9.3) 0.67 
      ≥ 2 2 (2) 0 (0.0) 2 (2.7) 1.00 
   Requiring oral systemic corticosteroids 
for asthma exacerbation 

    

      1 27 (27) 5 ( 20.0) 22 ( 29.3) 0.52 
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      ≥ 2 47 (47) 17 ( 68.0) 30 ( 40.0) 0.03 
Uncontrolled asthma defined by≥ 1 criteria 
below‖ 

100 (100)    

   EPR3 asthma guidelines, n (%) 81 (81) 19 (76) 62( 82) 0.66 
   ACT score ≤ 19 67 (67) 17 ( 68.0) 49 ( 65.3) 1.00 
   ≥ 2 oral systemic corticosteroids for 
asthma exacerbation 

47 (47) 17 ( 68.0) 30 ( 40.0) 0.03 

   ≥ 1 ED visit or hospitalization for asthma 
exacerbation 

28 (28) 10 ( 40.0) 18 ( 24.0) 0.20 

Asthma specialist, n (%)     

   Allergist/immunologist 81 (81) 21 (84) 60 (80) 0.88 
   Pulmonologist 19 (19) 4 ( 16.0) 15 ( 20.0) 0.88 
Smoking behavior reported by participant, 
n (%)* 

   0.73 

   Current smoker 5 (6) 1 (4.5) 4 (6.7)  
   Former 19 (23) 4 ( 18.2) 15 ( 25.0)  
   Never 58 (71) 17 ( 77.3) 41 ( 68.3)  
Enrollment in EMR Patient Portal, n (%) 99 (99)¶ 25 (100) 74 (99) 1.00 
iPhone iOS (vs. Android), n (%) 74 (74) 18 ( 72.0) 56 ( 74.7) 1.00 

 

Body Mass Index (BMI); Interquartile Range (IQR); Inhaled corticosteroids (ICS); Long-acting beta-
adrenoceptor agonist (LABA); Long-acting muscarinic antagonist (LAMA); Leukotriene receptor antagonist 
(LTRA); Expert Panel Report 3 (EPR3); Asthma control test (ACT); Emergency Department (ED); Electronic 
Medical Record (EMR) 
*1 participant missing BMI data and 18 participants did not consent to share BMI or smoking status 
†10 participants were also on ICS but were not sensored as they were also using ICS/LABA inhalers that were 
sensored, 1 participant had two ICS sensors, but only their primary ICS use was measured 
‡7 to a primary care provider, 12 to an allergist/immunologist, and 2 to a pulmonologist  
§All visits were to allergists/immunologists 
‖Uncontrolled asthma criteria verified by view of EMR 
¶1 participant did not activate NorthShore Connect 
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Table II. Change in SABA-free days and ICS-containing controller medication adherence from baseline to study end (last 14 days of the study or 
synca if last sync occurs before the final visit).  
 

 

 

 

Short-Acting Beta2-Agonists (SABA); Standard deviation (SD); Inhaled corticosteroids (ICS); Confidence Interval (CI); Δ, change 
aSync is defined as the successful communication between the Propeller electronic medication monitor and the paired smartphone app 

*Estimated using linear mixed models that accounted for repeated measures 
†Δ (95% CI) and P value is for the interaction term between the intervention group and study period 
§Sum of N does not equal 100 due to early withdrawal (n=1), lacked a final study visit (n=2), or first synced their inhaler sensor after baseline (n=2) 
or did not have a sensor for their SABA inhaler (n=4) 
¶Sum of N does not equal 100 due to early withdrawal (n=1), lacked a final study visit (n=2), or first synced their inhaler sensor after baseline (n=1) 

 

 

 

 

 

 

 

 

 

 

  

Baseline 
(pre-

randomization) 

Study end 
(last 14 days of 
study or sync) Δ (95% CI)* P value* 

Treatment vs. 
Control  

Δ (95% CI)*† 

Treatment vs. 
Control Δ 
P value*† N 

SABA-free days, mean 
(SD) %       

   Control group 75 (32) 81(34) 6 (-3, 14) 0.18 
13 (1, 26) 0.04 

23§ 

   Treatment group 58 (37) 77 (30) 19 (12, 26) < 0.01 68§ 
Daily ICS adherence, 
mean (SD) %        

   Control group 68 (30) 51 (37) -17 (-26, -8) 0.01 
15 (4, 25) < 0.01 

23¶ 

   Treatment group 70 (27) 68 (32) -2 (-7, 3) 0.40 73¶ 
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Table III. Improvement in asthma from baseline to study end, as defined as a 10% increase in SABA-free days and/or ACT improvement by three 
points and/or change from ACT score <20 to ≥20. 
 

 

Metric Control 
total n 

Treatment 
total n  

Control 
n outcome (%) 

Treatment 
n outcome 

(%) 

Odds ratio  
(95% CI)* 

P value Adjusted† odds 
ratio  

(95% CI)* 

P value 

Asthma control improvement 21 64 13 (62) 48 (75) 1.8 (0.6, 5.3) 0.25 2.3 (0.7, 7.7) 0.20 
   10% increase in SABA-free 
days 

10 50 5 (50) 32 (64) 1.8 (0.5, 7.0) 0.41 1.8 (0.5, 7.2) 0.39 

   ACT improvement by ≥3 
points 

20 62 11 (55) 41 (66) 1.6 (0.6, 4.5) 0.37 1.9 (0.6, 6.1) 0.30 

   ACT score from <20 to ≥20 17 49 8 (47) 26 (53) 1.3 (0.4, 3.8) 0.67 1.3 (0.4, 4.0) 0.64 

 

Short-Acting Beta2-Agonists (SABA); Asthma Control Test (ACT); Confidence interval (CI); Δ, change; N, sample size 
*Estimated using logistic regression models 
†Adjusted for baseline value of each metric 
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  Table IV. Number (%) of patients with at least one asthma exacerbation during the active treatment period by intervention group.  
 

 

  Control 
n = 25 

Treatment 
n = 74 

P value* 

Any asthma exacerbation 6 (24) 14 (19) 0.80 
   ≥ 1 course of oral systemic corticosteroids, n (%) 6 (24) 13 (18) 0.68 
   ≥ 1 ED visit or hospitalization, n (%) 1 (4) 5 (7) 0.99 

 

  Emergency Department (ED) 

*Fisher's exact test 
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73 – Participants Completed ≥ 1 asthma 

nurse phone calls 

53- Participants Received ≥ 1 patient 

portal messages for decline in ACS (sent 

by asthma nurse) 

14- Participants Received ≥ 1 Patient 

portal messages for 4 missed doses (sent 

by asthma nurse) 

47 – Participants read ≥ 1 patient portal 

messages 

 

423 – Eligible Participants 

 361 – Allergy and Immunology 

 62 – Pulmonary and Critical Care 

322 – Did not meet study criteria 

109 - Unable to make phone contact 

5 – Declined phone screener 

117 – Failed Screener  

72 – Declined to participate  

19 – Declined consent 

  

101 – Signed Consent  

100 - Randomized 

1 – Administrative withdrawal  

75 – Allocated to Treatment  25 – Allocated to Control 

1 – Administrative withdrawal  

1 – Lost to follow up 

 
1 – Administrative withdrawal  

73 - Per Protocol Analysis 

75- Intent to Treat Analysis  

23- Per Protocol Analysis 

25- Intent to Treat Analysis 

54 – Continuous ICS or ICS/LABA 

20 - Non-continuous ICS or ICS/LABA 

5- Technology issues 

7 - Ran out of ICS or ICS/LABA 

      2 - Hospitalized 

      5 – Sensor Detachment  
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Figure 2. 
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