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ABSTRACT  

Background: Although shared decision making (SDM) is a promising approach for improving 

outcomes for patients with chronic diseases, no evidence currently supports the use of SDM to 

delay asthma exacerbations. We evaluated the impact of an SDM intervention implemented by 

providers in a real-world setting on time to exacerbation in children with asthma. 

Methods: This study used a prospective cohort observed between 2011-2013 at five primary 

care practices that serve vulnerable populations (e.g. Medicaid and uninsured patients) in 

Charlotte, NC. Patients aged 1 to 17 receiving SDM were matched to those receiving usual care 

using propensity scores. Time to asthma exacerbation (asthma hospitalization, emergency 

department visit or oral steroid prescription in the outpatient setting), was compared between 

groups using Kaplan Meier curves and conditional Cox proportional hazards models.  

Results: The cohort included 746 children, 60.5% male and 54.2% African American, with a 

mean age of 8.6 years. Of these, 625 received usual care and 121 received SDM. The final 

analysis included 100 matched pairs of children. Kaplan Meier curves showed longer 

exacerbation-free time for patients in the SDM intervention compared to those in usual care 

(p=0.005). The difference in risk of experiencing an exacerbation was marginally significant 

between the two groups (HR = 0.56, 95% C.I. = 0.29-1.08, p=0.08). 

Conclusions: SDM was found to delay exacerbations among children with asthma. Clinicians 

should consider incorporating patient preferences in treatment decisions through SDM as a 

means for longer exacerbation free time among children with poor asthma control.  
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Keywords: Practice-based research, Survival Analysis, Propensity Score Matching, Emergency 

Department, Hospitalization, Oral Steroid  

 

INTRODUCTION  

Asthma is a chronic airway disease that negatively impacts children as well as adults (1). 

Approximately 1 in 8 children in the United States will be diagnosed with asthma at some point 

in their life (2). The economic burden of asthma is high, with average annual costs of $1,039 per 

child. Nearly 50% of children with asthma miss at least one day of school per year (3) and over 

20% of children with the disease have an asthma-related emergency department (ED) visit 

annually (4). While there is no cure for asthma, appropriate medication and lifestyle management 

can reduce exacerbations of this disease such as a hospitalization, an ED visit, or the need to take 

an oral steroid medication.  

Established in the mid-1990s, the chronic care model aims to provide better chronic 

illness care and to improve health outcomes through care delivery redesign, use of clinical 

information systems, coordination of healthcare and community resources, provision of self-

management support and individualization of care based on patient needs and values (5,6). 

Shared decision making (SDM), a model of care in which patients and providers jointly 

participate in the treatment decision and agree on a treatment plan and targeted outcome based 

on individual patient needs, aligns with the goals of the chronic care model (7). The U.S. 

Institute of Medicine recommends using SDM for management of chronic diseases like asthma 

in outpatient settings (8). SDM is also advocated as an ideal model for decisions that impact 

daily management of chronic diseases (9). The SDM process consists of negotiating and 
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compromising between patients and providers on the proper treatment to benefit the patient. 

Providers offer expertise on the best evidence and treatment options for patients and their 

families, while patients share their culture, values, and lifestyle to find the optimal treatment plan 

that will meet their goals (10).  

SDM is particularly effective for management of chronic illnesses, including 

schizophrenic disorders, depression, and cancer, where multiple potential evidence-based 

interventions exist (11). Moreover, an SDM approach for patients with asthma has been shown to 

improve control, adherence to medications, and quality of life (12–14), and to reduce 

exacerbations (15). However, whether SDM delays exacerbations in asthma patients is unknown. 

The purpose of this study was to determine the impact of an SDM intervention on time to 

exacerbation in a cohort of patients attending primary care clinics.  

METHODS 

Study setting and participants 

This study included patients from five Carolinas HealthCare System primary care 

practices that serve a high-risk patient population (e.g. Patients with Medicaid, Medicare, or who 

lack insurance) in Charlotte, NC. This study was part of a larger study implemented across 95 

primary care practices that was designed to evaluate the effectiveness of three asthma 

interventions including: (i) an integrated approach to care using the chronic care model; (ii) 

shared decision making, and (iii) a school-based care delivery model (16). The chronic care 

model includes providing providers and patients with tools designed to optimize asthma care 

provision and patient self-management (6). These tools were integrated into the practices 

including electronic medical record prompts for providers to assess patient symptoms, provide 
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flu vaccination, and prescribe controller medication when appropriate. In addition, an asthma 

action plan was generated through either electronic or paper record that provided guidance for 

patients to manage their symptoms when outside of the clinical environment (17). A subset of 

five practices (three family medicine clinics and two pediatrics clinics) from within the larger 

study implemented both the asthma management tools based on the chronic care model and the 

SDM intervention that was evaluated in this study. The study site selection was based on the 

population of asthma patients who are at the greatest risk for poor outcomes. 

The SDM intervention implementation occurred between March 2011 and September 

2013, and patient outcomes were examined through December 2014. The SDM intervention 

involved the use of an evidence-based asthma SDM toolkit (available at 

https://asthma.carolinashealthcare.org), with step-by-step instructions including an assessment of 

asthma control, a review of treatment goals and medication preferences, and education on asthma 

medications, inhaler technique, and triggers. During a specialized asthma visit, the patient 

(and/or caregiver) met with a health coach (a specially trained pharmacist, nurse or patient 

educator involved in asthma care at the practice) to utilize the toolkit to discuss goals and 

preferences prior to meeting with their provider to negotiate a treatment plan. Practice-level 

adoption of the SDM intervention was reinforced through monthly meetings with representatives 

from participating practices and one a refresher training at the end of year one (17). Additional 

details of the intervention implementation and roll-out process, which involved a 12-week 

training period at each practice location, is described elsewhere (15). 

Patients were recruited into the SDM intervention via provider referral, which was 

facilitated by asthma patient population reports that the research team developed by querying the 
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electronic medical record using ICD-9-CM codes (493.xx). Patients had to meet one of the 

following criteria in the prior 18 months to be included in the patient population reports: 1) two 

outpatient asthma visits; 2) one outpatient asthma visit and one asthma ED visit; or 3) one 

outpatient asthma visit and one asthma hospitalization visit. Providers used the report to identify 

patients with poor asthma control or recent history of asthma exacerbations. Referred patients 

were scheduled for an upcoming SDM intervention visit. The intervention targeted children aged 

2 to 17 with poor asthma control (i.e. history of exacerbations or symptoms) determined by the 

referring provider. Similar patients who met the inclusion criteria but did not receive the 

intervention formed the usual care group (comparison). This study was approved by the 

Carolinas HealthCare System Institutional Review Board. 

Measures 

Asthma exacerbation was defined as an asthma-related (i.e. with a primary diagnosis of 

asthma, ICD-9-CM: 493.xx) hospitalization, emergency department (ED) visit or outpatient visit 

where an oral steroid prescription (prednisone, prednisolone, methylprednisolone, 

dexamethasone) was provided. The primary outcome was time from the first SDM visit to 

asthma exacerbation, measured in months. For patients in the comparison group, time to 

exacerbation was measured from the patients’ first clinic visit during the study period. Additional 

measures in the study included patient age, gender, race/ethnicity, insurance status, 

comorbidities, and neighborhood characteristics. Patients were categorized into four racial/ethnic 

categories: Caucasian, African American, Hispanic/Latino, and other. Although more than 80% 

of patients were insured with Medicaid, patients with commercial insurance generally have 

different demographics than patients with other health insurance. Therefore, insurance was 
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defined as a binary variable indicating commercial or Medicaid/other insurance (Medicaid, other 

public insurance, and uninsured). Comorbidities including obesity, upper respiratory infection, 

and rhinitis were defined as binary variables. Information about these measures was obtained 

from Carolinas HealthCare System billing data and electronic medical records.  

Because of the lack of information regarding patient-level socioeconomic status, area 

level poverty and education were used as proxy measures. Patients’ street addresses were 

geocoded to the census tract level and corresponding census tract measures for percentage of 

residents living in poverty and percentage of residents with less than a high school education 

were used to represent neighborhood income and education levels respectively. Census tract data 

were obtained from the 2005-2009 American Community Survey (U.S. Census Bureau).  

Analysis 

Sample characteristics were reported as means or percentages as appropriate. Propensity 

score matching was used to achieve balance between the SDM intervention and usual care 

groups. Propensity scores were calculated as the probability of receiving the SDM intervention 

based on age, race/ethnicity, gender, insurance, comorbidities, index month, baseline 

exacerbations, and neighborhood characteristics using a generalized estimating equation (GEE) 

model. Propensity score matching was conducted using an established macro (18) with nearest 

neighbor matching algorithm (distance = 0.05). Standardized differences were calculated to 

assess the balance between the SDM and usual care groups, with values greater than 0.2 

indicating imbalance. All variables were balanced between the matched SDM intervention and 

usual care groups and were not included in the further analysis. Time to asthma exacerbation was 

assessed using Kaplan Meier curves. Risk of asthma exacerbation over time for comparison vs. 
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intervention patients was computed using conditional Cox proportional hazards regression. P-

values less than 0.05 were considered statistically significant. All analyses were performed using 

SAS
®
 version 9.4 (SAS Institute Inc., Cary, NC). 

RESULTS 

The baseline sample included 746 children, of which 625 (83.8%) received usual care 

and 121 (16.2%) received the SDM toolkit intervention (Table 1). The mean age was 8.6 years, 

60.5% were male, 54.2% were African Americans, 13.1% were commercially-insured, and 9.5% 

were obese. Race/ethnicity, obesity, and baseline ED visits were not balanced between the usual 

care group and SDM toolkit intervention group at baseline (p < 0.001, p = 0.035, and p = 0.005, 

respectively). However, the groups were balanced after propensity score matching, which 

resulted in 100 pairs of matched children in the SDM and usual care groups (Table 2). The mean 

age of the matched sample was 9.0 (±4.5) years. Characteristics of the matched sample mirrored 

those of the larger sample with the majority being male (56.0%), and African American (59.0%), 

and 8.0% being commercially-insured.  

Almost one-fourth (22.5%) of children in the matched sample had an asthma 

exacerbation in the follow up period, with higher rates in the usual care group (31.0%) than in 

SDM toolkit group (14.0%) (Figure 2). Children in usual care had twice as many oral steroid 

prescription orders than children receiving SDM (30.0% and 14.0%, respectively, standardized 

difference = 0.42). The median time to exacerbation was 27.98 months (27.65 months in the 

SDM group; 29.35 months in the usual care group, p = 0.59). Results from Kaplan-Meier curves 

showed that SDM was associated with delayed incidence of exacerbations with significantly 

lower probability of experiencing an exacerbation in patients who received SDM compared to 
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those who received usual care over time (p-value = 0.005). Results from the conditional Cox 

proportional hazards model showed a lower risk of exacerbation in patients receiving SDM over 

time (hazard ratio [HR] = 0.56, 95% confidence interval [CI]: 0.29-1.08, p-value = 0.08) (Figure 

3), which was marginally significant.   

DISCUSSION 

This study evaluated the impact of an SDM intervention on the time to exacerbation in 

children with asthma in a real-world setting. Our study found that SDM is associated with a 

delay in experiencing acute exacerbations among children with asthma. Children with persistent 

symptoms have a higher risk of having severe exacerbations (19). By affirming the results of 

previous studies that found that SDM interventions may improve adherence to asthma 

pharmacotherapy (12,20), self-management, clinical outcomes (15,21), and quality of life 

(12,13), our findings provide further support for incorporating SDM in asthma management. The 

results from our study add to the evidence regarding the effectiveness of implementing SDM 

among pediatric patients with asthma to address this increasingly prevalent disease.  

SDM has been widely used to enhance patient satisfaction, treatment adherence, and 

health outcomes among patients with chronic conditions, such as schizophrenic disorders, 

depression, cancer, and asthma (11,12,15,21,22). Aside from those studies targeting adult asthma 

patients (12,22), two studies of children with asthma also examined healthcare utilization 

outcomes including ED visits, hospitalization, and oral steroids (15,21). SDM has also been 

found to be associated with reduced number of exacerbations and reduced prevalence of 

exacerbations (15). Our results extend these previous findings by demonstrating that SDM can 

delay these deteriorating outcomes. 
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Asthma exacerbations also impose significant economic burden. Ivanova and colleagues 

(23) found higher total health care costs and asthma-related medical costs among asthma patients 

with exacerbations than patients with well-managed asthma (23). Our study found that SDM 

delays exacerbations among children, which can result in savings for families and payers in 

terms of both direct and indirect costs. However, the only study that followed patients for more 

than one year found that medication adherence increased in the first year of follow up after an 

SDM intervention and decreased in the second year of follow up, which may potentially increase 

the risk of exacerbation (12). In addition, whether SDM improves long-term outcomes and 

decreases long-term risk on exacerbation is unknown. Future longitudinal time-to-event studies 

should investigate these questions. 

Despite the positive health impact of SDM (9), it has been reported that SDM is 

underused among children, particularly in non-metropolitan areas. One study used 2009-2010 

National Survey of Children with Special Health Care Needs found that prevalence of SDM 

utilization was only 10% or less in non-metropolitan areas, especially among minority groups 

and lower income families (24). Another study conducted in five pediatric practices in non-urban 

North Carolina found that physicians obtained children’s input in only 6% of encounters, and 

caregivers’ input in only 10% of the visits (25).  Strategies aimed at increasing the adoption of 

SDM in pediatric clinical practice need to be planned and implemented. 

Although satisfaction with the SDM intervention was not measured in this study, a prior 

process evaluation study found that satisfaction with the SDM intervention was universally 

positive and that adoption of the intervention was good, with all practices planning to continue 

the intervention beyond the study period (17). In addition, survey data showed that nearly 90% 
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of SDM visits resulted in a shared decision between the patient and the provider (15). Lack of 

resources, time constraints and other barriers to the implementation of SDM in clinical practice 

may be addressed using a participatory approach that engages providers, patients and clinical 

staff in the implementation process (17). Benefits of SDM among children including decreased 

healthcare use and improved health outcomes (12,15,26) suggest that consideration of these and 

other approaches to incorporating SDM into clinical practice may be useful. 

There were a few limitations in this study. First, selection bias may have occurred in this 

non-randomized study design, as patients exposed to SDM may have been more likely to be 

engaged in preventative care. To address this issue, we used propensity score matching to control 

for the observable differences in terms of demographics, insurance, comorbidities, and 

neighborhood characteristics between the intervention and comparison groups. Although there 

may still be unobservable factors that could not be assessed, this approach minimized potential 

biases. Second, children with other respiratory illnesses might have been misdiagnosed with 

asthma. However, any potential misclassification should be nondifferential between the 

intervention and comparison groups. Third, our sample size was reduced after the propensity 

score matching process. The result of our conditional Cox proportional hazard model was at the 

margins of statistical significance, suggesting that the results may be underestimated because of 

the smaller sample size. Lastly, our study was conducted in an urban setting in Charlotte, North 

Carolina, among patients who were primarily disadvantaged with low incomes and low 

education levels and results may not be generalizable to other practice settings. 
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CONCLUSION 

The implementation of an evidence-based SDM intervention was found to delay 

exacerbations among children with asthma. This is the first study examining the association 

between SDM and time to asthma exacerbation. In the context of other evidence, it is clear that 

incorporating patient preferences in treatment decisions through SDM is a helpful strategy to 

improve outcomes in children with asthma. Additional research is still needed to examine 

different modes and settings whereby SDM could be effectively implemented as well as the 

potential impact of SDM on asthma-related health disparities. 
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Table 1. Baseline characteristics of the study sample before matching 

  Total Usual Care SDM Toolkit 
P-value

†
 

  n % n % n % 

Total 746 
 

625 83.8 121 16.2  

Age, mean(SD) 8.55 4.2 8.52 4.1 8.74 4.5 0.596 

Race/Ethnicity 
      

< 0.001 

Caucasian 58 7.8 55 8.8 3 2.5 
 

African American 404 54.2 338 54.1 66 54.5 
 

Hispanic/Latino 158 21.2 113 18.1 45 37.2 
 

Other 126 16.9 119 19.0 7 5.8 
 

Insurance       0.105 

Commercial 98 13.1 88 14.1 10 8.3  

Medicaid/Other
‡
 648 86.9 537 85.9 111 91.7  

Gender 
      

0.295 

Male 451 60.5 383 61.3 68 56.2 
 

Female 295 39.5 242 38.7 53 43.8 
 

Comorbidities 
       

Obesity 71 9.5 55 8.8 16 13.2 0.035 

Development delay 9 1.2 8 1.3 1 0.8 1.000 

Upper respiratory tract infection 23 3.1 17 2.7 6 5.0 0.243 

Rhinitis 27 3.6 24 3.8 3 2.5 0.601 

Baseline ED visits, mean(SD) 0.23 0.6 0.20 0.6 0.39 0.7 0.005 

Baseline inpatient visits, mean(SD) 0.14 0.5 0.14 0.5 0.13 0.4 0.821 

Baseline oral steroid use, mean(SD) 0.43 0.9 0.42 0.9 0.50 0.9 0.336 

Percentage of patients with poverty, 

mean(SD) 
0.24 0.1 0.23 0.1 0.24 0.1 0.654 

Percentage of patients with education less 

than high school, mean(SD) 
0.21 0.1 0.21 0.1 0.22 0.1 0.258 

Median follow-up (month) 30.45  31.60  27.10  < 0.001 
†
Based on Student's t-test, Wilcoxon rank sum test, and Chi-square/Fisher's exact test. 

‡
Other includes other public insurance and uninsured. 
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Table 2. Matched children sample characteristics by intervention
* 

  Total Usual Care SDM Toolkit Standardized 

difference
†
   n % n % n % 

Total 200 
 

100 50.0 100 50.0 
 

Age, mean(SD) 8.96 4.5 9.03 4.2 8.89 4.7 0.03 

Race/Ethnicity 
      

0.00 

Caucasian 6 3.0 3 3.0 3 3.0 
 

African American 118 59.0 62 62.0 56 56.0 
 

Hispanic/Latino 62 31.0 27 27.0 35 35.0 
 

Other 14 7.0 8 8.0 6 6.0 
 

Insurance 
      

0.07 

Commercial 16 8.0 7 7.0 9 9.0 
 

Medicaid/Other
‡
 184 92.0 93 93.0 91 91.0 

 
Gender 

      
0.04 

Male 112 56.0 57 57.0 55 55.0 
 

sFemale 88 44.0 43 43.0 45 45.0 
 

Comorbidities 
       

Obesity 32 16.0 18 18.0 14 14.0 0.11 

Upper respiratory tract 

infection 
7 3.5 3 3.0 4 4.0 0.05 

Rhinitis 5 2.5 2 2.0 3 3.0 0.06 

Baseline ED visits, mean(SD) 0.36 0.7 0.35 0.8 0.36 0.6 0.01 

Baseline inpatient visits, 

mean(SD) 
0.09 0.3 0.08 0.3 0.10 0.4 0.06 

Baseline oral steroid use, 

mean(SD) 
0.53 1.0 0.54 1.1 0.51 0.9 0.03 

Percentage of patients with 

poverty, mean(SD) 
0.24 0.1 0.24 0.1 0.24 0.1 0.06 

Percentage of patients with 

education less than high school, 

mean(SD) 

0.23 0.1 0.23 0.1 0.22 0.1 0.08 

Median follow-up (months) 27.98  29.35  27.65  0.05 
*
Matched with age, race/ethnicity, gender, insurance, comorbidities (developmental delay, obesity, 

upper respiratory infection, and rhinitis), baseline exacerbations (asthma-related inpatient and ED 

visits and oral steroid prescription orders during 12 months prior to intervention date), and 

neighborhood characteristics (poverty and education level) 
†
Standardized difference = difference in means or proportions divided by standard error; imbalance 

defined as value greater than 0.20 (small effect size). 
‡
Other includes other public insurance and uninsured. 

SDM, shared decision making; SD, standard deviation 
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Figure 1. Patients inclusion criteria for propensity scoring  
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Figure 2. Box plot of time to any asthma exacerbation (2a) and percentage of each asthma 

exacerbation event (2b) among matched sample of children with asthma (n=200) 
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Figure 3. Survival time until exacerbation among children patients with asthma using Kaplan-

Meier curve 
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