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Abstract 

 

Medication Utilization, Adherence and Use of Relief Agents among 

Texas Medicaid Patients with Persistent Asthma 

 

Tatiana Victorovna Makhinova, M.S. Phr. 

The University of Texas at Austin, 2014 

 

Supervisor:  Jamie C. Barner 

 

Asthma is a prevalent chronic disease with high health care utilization and 

excessive costs. Adherence to asthma long-term controller medications is one of the key 

drivers to improve asthma management. The purpose of this study was to investigate how 

patient characteristics and medication regimens, including adherence, impact asthma-

related outcomes, which was represented by the use of quick-relief medications: oral 

corticosteroids (OCSs) and short-acting β2-agonists (SABAs).    

Texas Medicaid prescription claims from July 1, 2008 to August 31, 2010 were 

retrospectively analyzed. Patients aged 5-63 years with a primary diagnosis of asthma 

(ICD-9 code 493) and four or more prescription claims for any asthma medication in one 

year (persistent asthma) were included. The primary outcomes were adherence to asthma 

long-term controller medications estimated by Proportion of Days Covered (PDC) and 

asthma control defined by the number of OCS and SABA claims.  
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A total of 32,172 patients were included in the study. The majority of the patients 

were on monotherapy (58.9%), with leukotriene receptor antagonists (LTRAs) being 

most commonly prescribed (65.6%). Among patients on combination therapy (41.1%), 

fixed dose combinations of inhaled corticosteroids (ICSs) plus long-acting β-agonists 

(LABAs) were most commonly prescribed (51.9%). Mean (±SD) adherence to controller 

therapy was 32.2% (±19.7). Patients on LTRAs were 7.7% more adherent compared to 

patients on ICS therapy, and patients on fixed dose combination therapy were 4.5% more 

adherent compared to patients on concurrent therapy, while controlling for covariates 

(age, gender, race, number of non-study medications) (p<0.0001). The likelihood of 

having 6 or more claims for SABA in one year was significantly higher for adherent 

(PDC≥50%) patients (p<0.0001). However, the likelihood of OCS use was significantly 

higher for nonadherent (PDC<50%) patients compared to those who were adherent 

(p<0.0001).    

In conclusion, adherence to long-term controller medications was low among 

patients with asthma. Healthcare providers should emphasize adherence to controller 

therapy among patients with asthma. Being adherent is critical in prevention of asthma 

exacerbations requiring OCS use. As frequent SABA use signals poor asthma control, 

healthcare providers and patients (both adherent and nonadherent) should be educated/re-

educated about SABA inhaler use.        
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INTRODUCTION 

Asthma, one of the most prevalent chronic diseases worldwide, is characterized 

by a complex interrelation of airflow obstruction, bronchial hyperresponsiveness and 

underlying airway inflammation [1]. Based on severity level, asthma can be classified as 

intermittent or persistent. Patients with intermittent asthma usually have minimal asthma 

symptoms and no interference with normal activity, whereas patients with persistent 

asthma have more severe symptoms and limitations in normal activity due to reduced 

lung function [1]. Patients with persistent asthma are the focus of the present study. 

In 2011 asthma prevalence in the US reached 24.6 million (8.6%) [2] and the 

mortality rate for asthma was 1.1 per 100,000 in 2007. According to the National Center 

for Health Statistics, approximately 25 percent of all emergency department (ED) visits 

in the US were due to asthma-related events [3].
 
Nearly 500,000 hospitalizations and 

approximately 14 million outpatient visits have also contributed to high asthma morbidity 

[2].
 
Estimated annual direct and indirect costs of asthma were $18.3 billion in 2000, 

which increased to $56 billion in 2011[4, 5]. 

According to the Expert Panel Report 3 (2007): Guidelines for the Diagnosis and 

Management of Asthma published by the National Heart, Lung, and Blood Institute 

(NHLBI), one of the four components of successful asthma management is effective 

long-term therapy of persistent asthma [1]. Ineffective management of asthma 

significantly influences morbidity, mortality and health care utilization, resulting in 

increased health care costs [6].
 

The NHLBI Guidelines for the Diagnosis and 
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Management of Asthma emphasize patients’ individual needs as an important approach 

for treatment selection. In addition, the guidelines have added separate treatment 

recommendations for the five to 11 year old age group [1].  

Adherence to long-term asthma controller medications is an important factor of 

effective asthma management. Therefore, adherence has been studied commonly as a part 

of comparison effectiveness studies.  Adherence and effectiveness of asthma controller 

medications have been analyzed in clinical trials and studies using administrative claims 

data. A number of clinical trial studies [7-9]
 
demonstrated that inhaled corticosteroids 

(ICS) were more effective than leukotriene modifiers (LTRA) among children with 

persistent asthma. However, a study by Tan et al. [10] used administrative claims data 

from commercial health plans and concluded that patients (18-64 years old) using LTRA 

had a lower risk of hospitalizations and ED visits compared to those using ICS. However, 

adherent patients using ICS had lower hospitalizations and ED visit rates compared to 

adherent patients using LTRA. Blais et al. [11] demonstrated that the exacerbation rate 

among asthmatic children using ICS monotherapy was significantly higher than among 

patients using LTRA monotherapy. On average, adherence to once-daily oral therapy 

(LTRA) was higher than adherence to ICS inhalers [12-14] and combined therapies [6].  

Several adverse outcomes related to asthma control have been reported: number 

of hospitalizations, number of ED visits, use of oral corticosteroids (OCSs) and use of 

short-acting β2-agonists (SABAs). Although most studies have focused on 

hospitalizations and ED visits as an indicator of poor asthma control, little has been 
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reported in the literature regarding two other critical asthma control indicators – use of 

OCSs and frequent use of SABAs. Poor adherence to controller medications has been 

found to be associated with an increase in OCS use. Williams et al. found that a 25% 

increase in ICS nonadherence significantly increased the number of fills of OCSs (RR 

(95% CI)=1.49 (1.10-2.02), p<0.05) [15]. Delea et al. found that every 25% improvement 

in adherence was associated with a reduction of OCS use by 3% (OR (95% CI)=0.97 

(0.94-0.996), p=0.027) [16]. Frequent SABA use as an indicator of poor asthma control 

has been found to be significantly associated with the level of adherence: an increase in 

adherence was associated with reduced SABA use. Every 25% increase in adherence was 

associated with a reduction in SABA use by 10% (p<0.001) [16].  However, Smith et al. 

reported opposite results: patients who were highly adherent to controller medications 

were using more SABA inhalers compared to those with low adherence (IRR (95% 

CI)=1.62 (1.26-1.97), p<0.001) [17].  

The proposed study will describe the overall trends in medication management of 

Texas Medicaid beneficiaries with persistent asthma. It will examine whether patients’ 

adherence levels to asthma controller medications are related to the use of quick-relief 

agents (OCSs and SABAs). Analysis of asthma medications use, adherence to asthma 

controller medications and the relationship between adherence to controller medications 

and the use of relief agents, as well as a comparison with previous studies, will supply 

health care providers with information regarding medication adherence and current 

asthma management in light of the latest national guidelines (Expert Panel Report 3: 
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Guidelines for the Diagnosis and Management of Asthma, 2007). Moreover, on average, 

asthma guidelines are revised every 5 years; thus they may currently be under revision 

[18], and the results from the study can potentially add value to the existing literature on 

the patterns of asthma controller medication use. The results from the proposed study can 

provide insight into the real world utilization of asthma controller medications, along 

with adherence levels and outcomes associated with utilization patterns. Updated 

information on medication utilization can be a helpful tool for clinicians and other health 

care providers for developing or strengthening initiatives and programs that can improve 

asthma control.   
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Chapter 1: LITERATURE REVIEW 

1.1 Asthma Definition and Course of Asthma 

Asthma is an inflammatory disorder characterized by airway hyperresponsiveness 

and airway obstruction, and it leads to symptoms such as wheezing, coughing, 

breathlessness and chest tightness [1]. Being aware of the natural course of asthma, 

including factors that are associated with the development of asthma and its exacerbation 

is critical for the determination of strategies aimed to reduce incidence and prevalence of 

asthma. Importantly, most cases of persistent asthma (characterized by more severe and 

frequent symptoms and reduced activity) start during childhood, with 80 to 90 percent of 

patients having onset before six years of age [19-21]. According to Martinez [22], the 

natural course of asthma is characterized by consequent phases (Figure 1.1).  

The course starts with the possible onset of the disease without any clinical 

evidence of the disease itself. After the first manifestation, two pathways of asthma 

development may occur: (A-C) asthma with chronic expression due to physiological or 

anatomical characteristics (congenital or acquired) or (B) initial phase of asthma without 

predisposed factors that can develop into chronic asthma (D) or be reversible (E) [23, 24]. 

Mechanisms underlying the development of early childhood wheezing into either 

outgrown disease or into chronic asthma are still unclear and prospective identification of 

the endophenotype is not known [24].  
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Figure 1.1 Hypothetical Natural Course of Asthma 

 

Adapted from Martinez, F.D., Inhaled corticosteroids and asthma prevention.  

Lancet, 2006. 368(9537): p. 708-10. 

 

Asthma is a disease state where premature deaths, morbidity events and disability 

can be prevented [25]. As was noted by Szefler [26], strategies and efforts aimed to 

reduce asthma morbidity and mortality have demonstrated significant improvements in 

terms of asthma-related hospitalizations and deaths for the last 20 years. However, further 

reduction of asthma burden and prevention of asthma and its exacerbations are the foci 

for the respiratory community. The following section provides information on the 

prevalence, mortality, morbidity, etiology and risk factors of asthma. 



7 
 

1.2 Prevalence of Asthma 

 Asthma prevalence among non-institutionalized US citizens was derived from the 

National Health Interview Survey (NHIS) [2]. Asthma prevalence increased by 12.3% 

from 7.3% (20.3 million) in 2001 to 8.2% (24.6 million) in 2009 [2].  However, among 

asthmatic patients, slightly over one-half (52%) reported at least one attack in the 

previous year. Asthma attack prevalence (the proportion of population with at least one 

asthma attack in the previous year) remained stable between 1997 and 2009, ranging 

from 3.9% to 4.3% [2].  

 Importantly, prevalence levels vary among gender, age, race/ethnicity, and socio-

economic status. In 2009, asthma prevalence was higher for: females compared to males 

(9.3% vs. 7.0%), children compared to adults (9.6% vs. 7.7%), African Americans 

compared to Caucasians (11.1% vs. 7.8%), Caucasians compared to Asians (7.8% vs. 

5.3%) and individuals with low income compared to individuals with high income 

(11.6% vs. 7.3%). Regarding gender prevalence among children, more boys have asthma 

than girls between the ages of 0 – 13; however, for ages 14 - 17 prevalence decreases for 

males and increases for females [2]. 

1.3 Mortality of Asthma 

 The estimated asthma mortality rate in 2009 was 1.1 per 100,000, which 

represents a decline from 1.7 per 100,000 in 1999. Similar to prevalence, the number of 

deaths differs by gender and race. Death (2009) due to asthma was more prevalent among 
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females than males by 50%. A higher mortality rate was observed among African 

Americans compared to Caucasians and Hispanics (2.5 vs. 0.8 and 0.9 per 100,000, 

respectively). The mortality rate among children was lower compared to adults with 

asthma (for 1-4, 5-14, 15-24, 25-34, 35-44, 45-54, 55-64 age groups had 0.2, 0.3, 0.4, 

0.5,0.7, 1.2, 1.4 mortality rate per 100,000, respectively) [27].  

1.4 Morbidity of Asthma 

 Morbidity events such as ED visits and hospitalizations help to characterize the 

severity of asthma in the population. Routine physician visits and appropriate 

pharmacotherapy are keys to successful asthma management, whereas ED visits, 

hospitalizations, frequent usage of emergency medications (e.g., oral 

glucocorticosteroids, short-acting β-agonists) are associated with poor asthma control. In 

2007 there were an estimated 1.75 million asthma-related ED visits and 456,000 asthma-

related hospitalizations in the US. The hospital discharge rate decreased significantly 

from 2003 to 2006 by 25% for patients with asthma as a primary diagnosis. At the same 

time it is important to note that the number of hospitalizations with asthma as a secondary 

diagnosis increased by 113% from 1997 to 2005. In 2005 pneumonia was the most 

common primary diagnosis for hospital admissions among patients with asthma and it 

was reported that asthmatic patients were two times more likely to be hospitalized for 

pneumonia compared to those without asthma [28]. Based on the annual average between 

2005 and 2007, children and adolescents were the leading consumers of asthma health 

care services: 1.6 (SE 0.3) hospitalizations, 9.9 (SE 0.9) ED visits and 77.5 (SE 10.3) 
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office visits per 100 persons with asthma (see Figure 1.2). The leading consumers among 

patients under 18 years old were children 4 years and younger. The extent of asthma 

health care use was highest for children during their first 4 years of life: 8.4 

hospitalizations, 24.6 ED visits and 144.9 office visits per 100 children with asthma. For 

adults (>18 years) with asthma, healthcare utilization was as follows: 1.3 (SE 0.2) 

hospitalizations, 6.5 (SE 0.4) ED visits and 45.4 (SE 5.4) office visits per 100 adults. 

Besides age, race accounts for significant differences in healthcare services utilization. 

Based on the annual average from 2005-2007, there were 18.6 (SE 1.6) ED visits and 2.0 

(SE 0.3) hospitalizations per 100 African American patients with asthma. Caucasian 

patients had 5.6 (SE 0.4) ED visits and 0.9 (SE 0.1) hospitalizations per 100. At the same 

time the number of office visits was lower for African Americans compared to 

Caucasians: 49.4 (SE 9.2) vs. 57.4 (SE 6.3) per 100 persons with asthma [2]. See Figure 

1.2.  
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Figure 1.2 Annual Average Asthma Healthcare Use per 100 Persons, 2005-2007 

 

ED=Emergency department. NOTE: Children=Under 18 years; Adults=18 years and over 

Adapted from Akinbami, L.J., J.E. Moorman, and X. Liu, Asthma prevalence, health care use, and mortality: United 

States, 2005-2009. Natl Health Stat Report, 2011(32): p. 1-14. 
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A study conducted by Boudreoux et al. [29] showed that African American (69%) 

and Hispanic (64%) children were more likely to use ED as a primary source of asthma 

care compared to Caucasian (44%) children (p<0.001). Similar race-based disparities 

among asthma patients were demonstrated for adults as well. ED visits for every 

hospitalized adult patient was: African American (66%), Hispanic (63%) and Caucasian 

(54%) (p<0.001) [30].  

1.5 Etiology and Risk Factors for Asthma 

 It is clear that inflammation is a key component in the development of airflow 

limitations as exhibited by bronchoconstriction, airway hyperresponsiveness and airway 

edema. However, reasons for the transmission of airflow inflammation into airway 

dysfunction leading to clinical symptoms of asthma are still unclear [1]. Nevertheless, a 

number of factors are believed to play an important role in the development of asthma 

[1]. Two main groups of risk factors and their interaction are attributable to asthma 

initiation and/or continuation: host-related (genetics) and environmental (viruses, 

bacteria, tobacco exposure, and allergic sensitization) [24]. Below is a brief discussion of 

these two risk factor groups. 

 Genetics play a significant role in the development of asthma, along with the 

susceptibility and severity of the disease [24, 31]. More than 100 genes have been 

associated with allergy and asthma. Nevertheless, gene-by-environment interactions are 

critical in studies [31], since asthma onset is complex in nature. This research is in 

progress and anticipated results might enable phenotype classification, which will 
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enhance individual treatment approaches [32]. Innate immunity as another host factor 

enhances understanding of underlying factors of asthma development. Hygiene 

hypotheses imply two possible immune responses that develop early in life depending on 

the balance between two immune responses: T helper Type 1 (Th1) and T helper Type 2 

(Th2). Th1 cells are responsible for a defensive mechanism that responds to infection, 

whereas Th2 cells produce cytokines that can moderate allergic inflammation. A balance 

of these two immune responses is critical; for an imbalance shifting toward Th2 response 

is associated with higher prevalence of asthma. People who develop Th2 immunity are 

more likely to develop asthma in their life. Factors associated with Th1 response include 

exposure to other children overcoming certain communicable diseases, rural living, and 

infrequent use of antibiotics, whereas Th2 response is associated with western lifestyle, 

urban environment, frequent use of antibiotics, diet, and sensitization to house-mite dust 

and cockroaches [1].  

Viral and bacterial infections are contributing factors to asthma development and 

persistence [1]. However, analysis of studies on asthma and viruses reveals equivocal 

results [24] indicating that it is not clear whether viral infection is a risk factor for asthma 

development, or if severe reaction to viral infections occurs due to the presence of 

asthma. Findings suggested that genetics determine the response to viral infections [33]. 

Similar to viruses, bacterial infections can play a role of an environmental trigger or, on 

the contrary, bacterial infection can be a consequence of genetic asthmatic constitution 

[24].  
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 Tobacco exposure of children (prenatal and postnatal) was linked to wheezy 

disorders in the first year of life [34]. However, there was less evidence for developing 

asthma later in life. Other factors that have been associated with asthma development, but 

not clearly established are pollution, diet, obesity and occupation [1]. Allergic 

sensitization was found to be a risk factor for asthma development. Higher exposure to 

allergens (e.g., house-dust mite, cockroaches, dog and cat dander) early in life plays an 

important role in asthma development [1]. However, sensitization to allergens can be 

linked to asthma development only in combination with genetic factors (family history) 

[35]. In conclusion, factors that initiate airway inflammation are complex and research is 

ongoing. Gene-by-environment interactions are critical in understanding underlying 

mechanisms for asthma development [1]. 

1.6 Diagnosis, Severity and Control of Asthma 

A diagnosis of asthma can be confirmed with a detailed analysis of medical history, 

physical examination, and objective assessment of lung function using spirometry tests. 

Since asthma symptoms (e.g., wheezing, cough, difficulty in breathing, chest tightness) 

can be associated with other diseases, the Expert Panel Report 3: Guidelines for the 

Diagnosis and Management of Asthma provides differential diagnoses for asthma [1].
 

Association of symptoms with allergens/irritants, family history, and presence of atopic 

diseases can be helpful in asthma identification [36]. The presence of comorbid 

conditions such as allergic rhinitis, sinusitis, obstructive sleep apnea and 
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gastroesophageal reflux disease can exacerbate asthma symptoms, thus comorbidities 

should be taken into consideration while diagnosing asthma [37].  

 Two main factors, severity and control, determine asthma classification, which in 

turn affect the type of therapy initiated (depending on the severity) and how therapy 

should be adjusted over time (based on the control level). Severity and control are critical 

factors in asthma classification and should be assessed separately [36]. Two domains 

underlie severity and control levels – impairment and future risk. Impairment is based on 

the degree of symptoms and functional limitations, whereas risk is based on the 

clinician’s decision about the likelihood of exacerbations based on the current therapy, 

severity and history of asthma [1]. Based on symptoms, nighttime awakening, use of 

short-acting β-agonists (SABAs), activity limitations and spirometry, asthma is classified 

as intermittent or persistent. Persistent asthma, in turn, can be classified as mild, 

moderate or severe (Table 1.1). A risk component of severity is determined by the 

number of exacerbations requiring oral corticosteroid (OCS) use.  

Once therapy is initiated based on the severity level, assessing asthma control 

becomes critical in effective asthma management [1]. The impairment domain includes 

the same characteristics as severity evaluation. In addition to impairment assessment by 

clinicians, patients’ perceptions of their asthma control can be evaluated with several 

validated questionnaires such as: Asthma Therapy Assessment Questionnaire (ATAQ); 

Asthma Control Questionnaire (ACQ); and Asthma Control Test (ACT). Survey scores 
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are categorized into three groups of asthma control: well controlled, not well controlled 

and very poorly controlled (Table 1.2).   

Table 1.1 Classification of Asthma Severity for Patients 12 Years and Older 

Components of severity 

 

Classification of asthma severity 
a
 (≥12 years of age)

 

Intermittent 
Persistent 

Mild Moderate Severe 

Impairment 

 

Symptoms ≤ 2 days per week > 2 days per 

week, 

but not daily 

Daily Throughout the 

day 

Nighttime 

awakenings 

≤ 2 times per 

month 

3 to 4 times 

per 

month 

 

> Once per 

week, 

but not 

nightly 

Often 7 times 

per 

week 

 

SABA use for 

symptom control 

(not for 

prevention 

of exercise-

induced 

bronchospasm) 

≤ 2 days per week > 2 days per 

week, 

but not more 

than once per 

day 

Daily Several times 

per day 

Interference with 

normal activity 

None Minor 

limitation 

Some 

limitation 

Extremely 

limited 

Lung function Normal FEV1
b
 

between 

exacerbations; 

FEV1 > 80% of 

predicted; 

FEV1/FVC normal 

 

 

 

 

FEV1 ≥ 80% 

of predicted; 

FEV1/FVC  

normal 

 

FEV1 > 60% 

but < 80% 

of 

predicted; 

FEV1/FVC 

reduced 5% 

FEV1 < 60% 

of predicted; 

FEV1/FVC 

reduced >5% 

 

Risk 

 

Exacerbations 

requiring 

oral systemic 

corticosteroids 

0 to 1 per year 
c 

≥ 2 per year 
c 

≥ 2 per year
c 

≥ 2 per year 
c 

Consider severity and interval since last exacerbation;  

frequency and severity may fluctuate over time for patients in any 

severity category; relative annual risk of exacerbations may be related 

to FEV1 
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Table 1.1 (continued)  

FEV1=Forced expiratory volume in one second; FVC=Forced vital capacity; SABA=Short-acting β2-agonists. 
a Level of severity is determined by assessment of impairment and risk; assess impairment domain by patient’s or 

caregiver’s recall of previous two to four weeks and spirometry; assign severity to the most severe category in which 

any feature occurs;  

b Normal FEV1/FVC by age is 85% for 8-19 years; 80% for 20-39 years; 75% for 40-59 years; and 70% for 60-80 

years; 
cAt present, there are inadequate data to correspond frequencies of exacerbations with different levels of asthma 

severity. In general, more frequent and intense exacerbations (e.g., requiring urgent, unscheduled care; hospitalization; 

admission to intensive care) indicate greater underlying disease severity. For treatment purposes, patients who had two 

or more exacerbations requiring oral systemic corticosteroids in the past year may be considered the same as patients 

who have persistent asthma, even in the absence of impairment levels consistent with persistent asthma; 

Adapted from National Heart, Lung, and Blood Institute, National Asthma Education and Prevention Program. Expert 

Panel Report 3: guidelines for the diagnosis and management of asthma. Summary report 2007:344. 

http://www.nhlbi.nih.gov/guidelines/asthma/asthgdln.htm. Accessed March 8, 2012.    
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Table 1.2 Assessing Asthma Control and Treatment Adjustment for Patients 12 

Years and Older 

Components of control 

 

Classification of asthma control 
a
 (≥ 12 years of age)

 

Well controlled Not well controlled Very poorly 

controlled 

Impairment 

 

Symptoms ≤ 2 days per 

week 

> 2 days per week Throughout the 

day 

Nighttime 

awakenings 

≤ 2 times per 

month 

1 to 3 times per week ≥ 4 times per week 

Interference with 

normal activity 

None Some limitation Extremely limited 

SABA use 

for symptom 

control (not for 

prevention of 

exercise-induced 

bronchospasm) 

≤ 2 days per 

week 

> 2 days per week Several times per 

day 

FEV1 or peak 

flow 

> 80% of 

predicted/ 

personal best 

60-80% of 

predicted/personal best 

< 60% of 

predicted/ 

personal best 

Validated 

questionnaires 

ACQ 

ACT 

ATAQ 

          

 

≤ 0.75 
b
 

≥ 20 

  0          

 

 

≥ 1.5 

16 to 19 

1 to 2 

 

 

— 

≤ 15 

3 to 4 

Risk 

Exacerbations 

requiring oral 

systemic 

corticosteroids 

0 to 1 time per 

year 
c 

≥ 2 times per year 
c 

≥ 2 times per year 
c 

Consider severity and interval since last exacerbation 

Progressive loss 

of lung function 

Evaluation requires long-term follow-up care 

Treatment-related 

adverse effects 

Medication adverse effects can vary in intensity from none to very 

troublesome and worrisome; the level of intensity does not correlate 

to specific levels of control, but should be considered in the overall 

assessment of risk 
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Table 1.2 (continued) 
 

ACQ=Asthma Control Questionnaire; ACT=Asthma Control Test; ATAQ=Asthma Therapy Assessment 

Questionnaire; FEV1=Forced expiratory volume in one second; SABA=Short-acting β2-agonists. 

NOTE: The stepwise approach is meant to assist, not replace, the clinical decision making required to meet individual 

patient needs. Before step-up therapy: review adherence to medication, inhaler technique, environmental control, and 

comorbid conditions; and, if an alternative treatment option was used in a step, discontinue and use the preferred 

treatment for that step. 
b ACQ values of 0.76 to 1.4 are indeterminate regarding well-controlled asthma; 
cAt present, there are inadequate data to correspond frequencies of exacerbations with different levels of asthma 

control. In general, more frequent and intense exacerbations (e.g., requiring urgent, unscheduled care; hospitalization; 

admission to intensive care) indicate poorer disease control. For treatment purposes, patients who had two or more 

exacerbations requiring oral systemic corticosteroids in the past year may be considered the same as patients who have 

not-well-controlled asthma, even in the absence of impairment levels consistent with not-well-controlled asthma; 

Adapted from National Heart, Lung, and Blood Institute, National Asthma Education and Prevention Program. Expert 

Panel Report 3: guidelines for the diagnosis and management of asthma. Summary report 2007:345. 

http://www.nhlbi.nih.gov/guidelines/asthma/asthgdln.htm. Accessed March 8, 2012. 
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1.7 Guidelines for the Diagnosis and Management of Asthma 

1.7.1 New in 2007 Guidelines 

The most recent National Heart Lung and Blood Institute Expert Panel Report 3 

(EPR 3): Guidelines for the Diagnosis and Management of Asthma place more emphasis 

on control of asthma. Asthma control is incorporated into the classification of asthma. 

Besides, awareness of asthma control allows physicians to assess asthma management 

over time. In addition, regular monitoring of asthma control enhances goal setting and 

therapy adjustments. A more complex approach compared to the previous guidelines is 

integrated into asthma assessment and monitoring, which includes multiple levels of 

current impairment and future risk [1].  

The patient education component highlights the use of a written asthma action 

plan and additional educational recommendations are provided for specific settings (e.g., 

pharmacy, school, community center, patients’ homes). With respect to more efficient 

integration of guidelines into health care practice, clinician education programs are 

addressed in the EPR 3 report. Results of successful programs include delivering clinical 

education using an interactive approach [1].  Influence of environmental factors and other 

conditions on asthma control is discussed in the EPR 3, with comorbidities expanded to 

include: rhinitis, sinusitis, gastroesophageal reflux, obesity, obstructive sleep apnea, 

stress, and depression. Appropriate management of these comorbidities may help in 

asthma management [1].  
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The stepwise approach for asthma therapy management (Figure 1.3), with ICSs as 

a main anti-inflammatory agent for persistent asthma, is still the cornerstone of asthma 

management. However, new treatment recommendations were introduced in the EPR 3 

such as allergy immunology for patients 5 years old or older, leukotriene modifiers, 

cromolyn for long term therapy (steps 2 – 4), and omalizumab for patients with allergic 

asthma (steps 5 – 6). Importantly, new safety information emphasizes that long-acting β2-

agonists (LABAs) can be used only in combination therapy, but not as monotherapy. In 

addition, EPR 3 includes an additional age group (i.e., 5-11 years old) so the 

classification, control and therapy of asthma are presented for three age groups: 0-4 

years, 5-11 years and 12 years and older. This shows a more individualized approach for  

asthma management [1]. The stepwise approach for managing asthma for children 0-4 

and 5-11 years old is similar to asthma management in adults and the main difference is 

the absence of zileutone and omalizumab, which are not approved for the pediatric 

population under 12 years old.   
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Figure 1.3 Stepwise Approach for Managing Asthma for Patients 12 Years and 

Older 

Stepwise Approach for Managing Asthma in Youths ≥12 Years of Age and Adults 

Intermittent 

asthma 

Persistent Asthma: Daily Medication   

Consult with asthma specialist if step care or higher required. 
 

Consider consultation at Step 4. 

  

    
Step 6 

  

   
Step 5 Preferred

 a
:  

Step up if 

       needed   

  

Step 4 

Preferred
 a
:  

High-dose 

ICS + 

  

 

Step 3 

Preferred
 a
:  

High-dose 

ICS + 

LABA + oral 

corticosteroid 

(first, check 

adherence, 

environmental 

control, and 

comorbid 

conditions) 

  Step 2 

 

Medium-dose  LABA 

 Step 1    Preferred
 a
: ICS + LABA 

       AND 

Consider 

Omalizumab 

for patients 

who have 

allergies 

AND 

Consider 

Omalizumab 

for patients 

who have 

allergies 

Preferred 
a
: Preferred: 

Low-dose 

ICS + LABA Alternative: 

SABA PRN Low-dose 

ICS 

OR Medium-dose 

ICS 

  

Alternative: 
Cromolyn, 

LTRA, 

Nedocromil, 

or 

Theophylline 

Medium-dose 

ICS 

+ either 

LTRA, 

  Alternative: Theophylline, Access  

  Low-dose ICS or Zileuton Control 

  

+ either 

LTRA,       Step Down if 

    Theophylline       possible 

    or Zileuton       (and asthma is 

Each Step: Patient education, environmental control, and management of comorbidities 

Steps 2-4: consider subcutaneous allergen immunotherapy for patients who have allergic asthma 

well controlled 

at  

least 3 months) 

Quick-Relief Medication for All Patients 

• SABA as needed for symptoms. Intensity of treatment depends on severity of symptoms: up to 3 

treatments at 20-minute intervals as needed. Short course of oral systemic corticosteroids may be 

needed 

• Use of SABA >2 days a week for symptom relief (not prevention of EIB) generally indicates 

inadequate control   and the need to step up treatment  

 

EIB=Exercise-induced bronchospasm; ICS=Inhaled corticosteroid; LABA =Inhaled long-acting β2-agonist; LTRA=Leukotriene 

receptor antagonist; SABA=Inhaled short-acting β2-agonist. 
a Preferred therapy is based on Expert Panel Report 2 from 1997. 

Adapted from National Asthma Education and Prevention and Prevention Program. Expert Panel Report 3: Guidelines for the 

Diagnosis and Management of Asthma 2007. 

US Department of Health and Human Services. Available at: http:// www.nhlbi.nih.gov/guidleines/asthma/asthgdin.pdf. 

Accessed on: September 21, 2011. 
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 1.7.2 Control as a Key Measure for Asthma Stepwise Management 

 Once the severity of disease is determined and treatment at the corresponding step 

is initiated, assessment of asthma control becomes critical, since the goal of the therapy is 

achieving well-controlled asthma. Along with patient education, control of environmental 

factors and treatment of comorbid conditions, pharmacotherapy is an important 

component in achieving asthma control [1].  

The stepwise approach in asthma management is characterized by a specific 

pharmacotherapy plan for each severity category with preferred and alternative options. 

After assessing control of asthma in 2 to 6 weeks from therapy initiation/modification, it 

can be adjusted by stepping up or down based on the control level. If asthma is “well 

controlled”, then the therapy can be maintained. If asthma is under control for at least 

three months, then stepping down is suggested. Short-acting β2-agonists (SABAs) can be 

used by all patients (Steps 1 to 6) as a quick-relief medication. In every step, patient 

education, environmental control and management of comorbid conditions should be 

addressed (Figure 1.3) [1]. 
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1.8 Pharmacological Therapies in the Management of Asthma 

 Appropriate medical care is among the trifecta of effective asthma management 

along with a systematic care plan and self-management support [38]. Two groups of 

pharmacotherapy agents are used for asthma management: long-term controller 

medications and quick-relief agents [1]. Below is a brief description of the various agents 

used to manage asthma and Table 1.3 provides an overview of asthma agents. 

1.8.1 Long-term Controller Medications 

 Since inflammation is a key component of the asthma disease process, all patients 

with persistent asthma should take anti-inflammatory controller agents on a regular basis 

[1]. Two major anti-inflammatory agents for maintaining asthma control are ICSs and 

leukotriene modifiers. LABAs will be discussed under this section, however LABAs are 

not recommended under EPR 3 as a single controller agent since their use has been 

associated with increases in asthma exacerbations and death [1]. In order to achieve 

appropriate control of asthma, patients should be adherent and persistent with long-term 

controller medications. 

1.8.1.1 Inhaled Corticosteroids (ICSs) 

 ICSs are the first-line therapy for patients with persistent asthma. This group of 

agents effectively targets the airway inflammation in children and adult patients. Among 

all available anti-inflammatory agents that are used for asthma, ICSs have been shown to 

be the most potent and efficacious. The anti-inflammatory effect of ICSs is determined by 
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inhibiting cytokine production, preventing inflammatory cells migration and activation, 

and blocking late reaction to allergens. A number of clinical effects are gained with ICSs 

use such as improvement in asthma control, prevention of exacerbations, and reductions 

in hospitalizations, ED visits and deaths due to asthma [1].   

All five steps (Step 2 through Step 6) of persistent asthma therapy include inhaled 

ICSs as a preferred treatment (monotherapy and in combination with LABAs). Patients 

with persistent asthma using ICSs on a regular basis have had reductions in symptoms 

and exacerbations, improvements in lung function and quality of life [39, 40]. Agents 

from this group do not differ significantly in their clinical characteristics [41, 42].
 
The 

most widely used ICSs as monotherapy or in combination with LABA in one inhaler are 

fluticasone and budesonide [42]. Other examples of ICS agents used for asthma therapy 

are beclomethasone, ciclesonide, and mometasone.  

 The most common local side effects of inhaled ICS therapy are oral candidiasis, 

dysphonia and hoarseness, which can be mitigated by using a spacer device and rinsing 

the mouth after each inhalation. Systematic adverse events (e.g., adrenal suppression, 

change in bone density, cataracts) are rare and are usually associated with chronic use of 

high doses of ICSs [36].
  

Optimal use of ICSs is a key requirement of effective asthma management, 

therefore adherence to therapy regimen and appropriate inhaler technique need to be 

emphasized in communications with the patient. If treatment with ICSs is unsuccessful, 
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health care providers should consider other significant factors (e.g., misdiagnosis, 

presence of comorbid conditions, environmental control) prior to corticosteroid dose 

escalation or adding  concomitant medication [1].
 

1.8.1.2 Long-acting β2-agonists (LABAs) 

 As was noted previously, LABAs should be used only in combination with ICS 

therapy. LABAs have a bronchodilator effect, but do not affect airway inflammation. 

LABAs activate adenylate cyclase and produce functional antagonism of 

bronchoconstriction providing a bronchodilator effect [1].  

If asthma is not well controlled on a low-dose ICS, preferred therapy under Step 3 

is the addition of a LABA or escalating the dose of the inhaled ICS. Steps 4 through 6 

include LABA as the preferred add-on therapy. Combination therapy has been associated 

with reducing asthma symptoms and exacerbations for children over 6 years old and 

adults whose asthma is poorly controlled with ICSs only [1]. Even though adjunct 

therapy with LABAs improves lung function, the FDA Black Box warning was added 

after the results of a large 20-week clinical trial [43], where the salmeterol (LABA) group 

was associated with increased risk of asthma-related deaths (13 deaths/13,176 patients) 

versus control (3 deaths/13,179 patients). However, a recent review of LABA use for 

patients with moderate to severe asthma demonstrated that LABA with mandatory ICS 

use was not associated with a higher risk of adverse events due to asthma [44]. 

Salmeterol and formoterol in a fixed combination with ICS (single inhaler) is more 

convenient, enhances adherence and prevents patients from using LABAs without ICSs  
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[45]. Available combinations of ICS/LABA inhalers are fluticasone/salmeterol, 

budesonide/formoterol and mometasone/formoterol.  Potential life-threatening 

exacerbations associated with LABA use include tachycardia, skeletal muscle tremor and 

hypokalemia.        

1.8.1.3 Leukotriene Modifiers 

 Leukotriene modifiers play an important role in the inflammatory 

pathophysiology of asthma. Anti-leukotriene agents have demonstrated targeted activity 

throughout the entire bronchial tree and they possess an anti-inflammatory effect along 

with modest bronchodilator and broncho-protective properties [46]. Leukotriene 

modifiers include two groups of agents: leukotriene receptor antagonists (LTRAs) (i.e., 

montelukast, zafirlukast) and leukotriene synthesis inhibitors (LTSIs) (i.e., zileuton). 

Leukotriene modifiers provide an alternative therapy option for patients with mild 

persistent asthma (Step 2) who are unable or unwilling to use ICSs [1]. In addition, 

LTRAs or LTSIs can be used in combination with ICSs if asthma is not well-controlled 

(Step 3 and 4) [1]. However, add-on therapy of LABA is the preferred option for poorly 

controlled asthma since it has been shown to be more effective for patients 12 years and 

older [1]. More investigation is needed for adjunct therapy for children with comorbid 

conditions. Research findings have demonstrated that asthma outcomes for patients with 

comorbid allergic rhinitis are better with LTRA add-on therapy than with LABA therapy 

[47]. Montelukast is the most widely used among leukotriene modifiers, whereas zileuton 

is least used because of its unfavorable safety and pharmacokinetics profile [42]. The 
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most common side effects of LTRAs are mild headaches, flu and gastrointestinal 

symptoms.   

1.8.1.4 Anti-IgE 

 Several studies have demonstrated a strong relationship between increased serum 

IgE levels and bronchial hyperresponsiveness/asthma [48, 49]. The first registered 

monoclonal antibody, omalizumab, prevents binding of IgE to high affinity receptors. 

With omalizumab therapy, patients with moderate to severe asthma who demonstrated 

hypersensitivity to inhaled allergens have experienced reductions in exacerbations, and in 

use of oral and inhaled steroids [50]. Omalizumab is used for patients 12 years and older 

with allergic asthma as an add-on therapy for Steps 5 to 6 [1]. It is administered 

subcutaneously every 2-4 weeks. A possible side effect of omalizumab therapy is 

anaphylaxis, so it should be administered in controlled settings and in collaboration with 

an asthma specialist [41]. Omalizumab therapy is the most costly among controller 

medications.    

1.8.1.5 Mast Cells Stabilizers 

Cromolyn and nedocromil can be used as an alternative therapy for mild 

persistent asthma. The mechanism of anti-inflammatory action is determined by blocking 

early and late reactions to allergens and by stabilizing mast cells membranes. The anti-

inflammatory effect and excellent safety profile of these agents provide symptom control, 

along with a decrease in the number of exacerbations compared to placebo. However, 

nedocromil has been found to be significantly less effective compared to ICSs [39]. With 
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other effective options available, the use of cromolyn and nedocromil has decreased 

significantly [41]. Potential side effects are cough and throat irritation. 

1.8.1.6 Methylxanthines 

 Theophylline is an alternative therapy option for mild persistent asthma (Step 2) 

or an add-on therapy option to ICS for patients with moderate to severe asthma (Steps 3 

and 4). It has bronchodilator and mild anti-inflammatory effects. Theophylline provides 

muscle relaxation by inhibition of phosphodiesterase. It is not preferred therapy since it 

can lead to frequent adverse events (e.g., severe headache, tachycardia, nausea, vomiting) 

and it is not as effective in asthma as low dose ICSs. Theophylline is used when asthma is 

not well-controlled with ICSs, LABAs or LTRAs [1].  

1.8.1.7 Allergen-specific Immunotherapy 

 Specific immunotherapy is aimed to mitigate patient reaction to allergens by 

delivering the same specific allergen to the body subcutaneously or sublingually until 

tolerance to the allergen is reached. EPR 3 recommends allergen-specific therapy be 

reserved for when there is a clear evidence of allergic asthma. Due to serious 

anaphylactic reactions, injections have to be administered in specially equipped facilities. 

Immunotherapy is not widely used due to the risk of potential life-threatening events [1]. 

However, allergen-specific immunotherapy has been shown to be effective for patients 

with asthma in symptoms and airway hyperresponsiveness reduction [51].  
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1.8.2 Quick-relief Agents 

1.8.2.1 Short-acting β2-agonists (SABAs) 

 SABAs are the most effective agents for quick symptom relief as they rapidly 

reverse airflow obstruction for all patients with asthma (Steps 1 to 6). Bronchodilation 

occurs due to blocking β2-adrenergic receptors, which antagonize bronchoconstriction. 

The most commonly used SABAs are albuterol, levalbuterol, and pirbuterol [1]. EPR 3 

recommends using SABAs only as needed for symptom relief, but not for regular use. 

Tachycardia, tremor, and anxiety are the most common dose-dependent side effects. The 

use of SABA more than two days per week indicates inadequate asthma control and 

signals the need for therapy adjustment [1].  

1.8.2.2 Oral Corticosteroids (OCSs) 

 OCSs are used for exacerbation management. These medications reverse 

inflammation and decrease relapse occurrences. Systematic corticosteroids have a potent 

anti-inflammatory effect, but should be used with caution due to complex adverse effects 

such as abnormalities in glucose metabolism, fluid retention, weight gain and 

hypertension. Methylprednisolone, prednisolone and prednisone are oral corticosteroids 

used for asthma exacerbations management and severe persistent asthma [1].  

1.8.2.3 Ipratropium Bromide 

Ipratropium bromide is anticholinergic that is used to overcome acute 

bronchospasms by blocking muscarinic cholinergic receptors. Add-on therapy of multiple 
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doses of ipratropium bromide to SABAs has beneficial effects on patients with 

exacerbations in ED settings [1]. It is recommended that patients with severe obstruction 

of airways add ipratropium bromide to their regimen [52]. Common side effects 

associated with ipratropium bromide use are dry mouth, increased wheezing, and blurred 

vision [1]. 
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Table 1.3 Overview of Asthma Medications Classes 

Medication class Agents Mechanism Mode of administration 

Long-term controller medications 

ICSs Budesonide 

Beclomethasone 

Ciclesonide 

Flunisolide 

Fluticasone 

Mometasone 

Triamcinolone 

Anti-inflammatory Inhaled once or twice daily 

LABAs Salmeterol 

Formoterol 

Bronchodilator Inhaled twice daily 

Combination 

LABA/ICS 

Salmeterol/fluticasone 

Formoterol/budesonide 

Combination anti-

inflammatory/ 

bronchodilator 

Inhaled twice daily 

 

Leukotriene modifiers Montelukast 

Zafirlukast 

Zileuton 

Anti-inflammatory and 

bronchodilatory effects 

Oral (once daily for 

montelukast, twice daily 

for zafirlukast and 

zileuton) 

Immunomodulators 

Anti-IgE 

Omalizumab Immunomodulatory/ 

anti-inflammatory 

SC injection once every 2 

or 4 weeks 

Mast cell stabilizers Cromolyn 

Nedocromil 

Anti-inflammatory 

(stabilizes mast cells and 

interferes with chloride 

channel function) 

 

Inhaled 4 times daily 

Methylxanthines Theophylline Bronchodilators; may have 

mild anti-inflammatory 

effects 

Oral (liquid, sustained-

release tablets, and 

capsules) 

Quick-relief agents 

SABAs Albuterol 

Levalbuterol 

Pirbuterol 

Bronchodilator Inhaled every 4-6 h as 

needed 

OCSs Methylprednisolone 

Prednisolone 

Prednisone 

Anti-inflammatory Oral (often given in short-

course bursts during 

exacerbations) 

Anticholinergic Ipratropium bromide Bronchodilator (inhibits 

muscarinic cholinergic 

receptors), reduces intrinsic 

vagal tone of the airways 

Inhaled every 6 h during 

moderate or severe asthma 

exacerbations 

ICS=Inhaled corticosteroid; LABA=Long-acting ß-agonist; OCS=Oral corticosteroids; SABA=Short-acting ß-agonist; 

SC=Subcutaneous 

Adapted from Expert Panel Report 3: Guidelines for the Diagnosis and Management of Asthma. 
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1.9 Adherence to Controller Medications 

1.9.1 Importance, Burden, Consequences of Nonadherence 

One of the key factors that determines successful asthma therapy with minimal 

impairment and risk is adherence to controller medications [1]. Even though other factors 

(e.g., higher income, a written asthma management plan and regular specialty care [53, 

54]) can positively influence asthma control and adherence itself, this study defines 

adherence as “agreement between prescribed medication and patient practice” [55]. 

Asthma nonadherence contributes to poor asthma control in conjunction with 

increased mortality, hospitalizations, ED visits, reduced lung function and decreased 

quality of life [15, 56-61]. Poorly controlled asthma leads to additional health care 

utilization, as well as highly expensive and sometimes inestimable consequences as near-

fatal and fatal cases of asthma [15, 62, 63]. Therefore, addressing adherence to controller 

medication(s) is critical in the management of asthma. In support of this statement, the 

EPR 3 requires adherence assessment before considering step-up therapy. In other words, 

the current therapy cannot be claimed as ineffective until adherence to current control 

medication(s) is satisfactory. 

Despite the emphasis placed on the adherence assessment, medication adherence 

to controller therapy is still shown to be consistently low, ranging between 30% to 70% 

[64-70], with more common values in real-world practice of 30% to 40% [68-70], and 

higher values in monitored clinical trials [71]. Usually, adherence decreases over time, 
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which is why it should be addressed by healthcare professionals on a continual regular 

basis [66, 72-74]. When compared to children enrolled in Medicaid, those enrolled in 

private insurance plans demonstrated significantly (p<0.01) higher adherence 

(MPR≥80%) to controller medications (4.6% vs. 11.8%, respectively) [75]. 

Suboptimal use of controller medications is even more prevalent among patients 

of low socio-economic status and among certain ethnic groups, including African 

Americans and Hispanics [38, 76, 77]. Serving as evidence, results of a recent study 

found that for Texas and Florida Medicaid-enrolled children, mean adherence was 20% 

for ICSs and 28% for LTRAs, and children in the lowest adherence category (0 - 19%) 

were more likely to be Hispanic or non-Hispanic Black patients. The proportions of 

nonadherent children by ethnicity were as follows: White, non-Hispanic 12.8%; Black, 

non-Hispanic 22.4%; Hispanic 52.5%; and Other/Unknown 12.3% [61]. 

1.9.2 Forms of Nonadherence  

Being aware of various forms of nonadherence can enhance therapeutic strategies 

[78, 79]. The World Health Organization Report (2003) [78] distinguishes three forms of 

nonadherence: (1) erratic nonadherence includes forgetfulness, busy lifestyle, changing 

schedules; (2) unwitting nonadherence implies insufficient knowledge of proper 

medication use (regimen, necessity to be adherent); and (3) intelligent nonadherence is 

intentionally missing/reducing/discontinuing therapy due to fears about side effects, 

improvement in symptoms or dislike of medication.  Asthma adherence factors and 
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instruments/interventions to improve asthma management are discussed in the Global 

Initiative for Asthma (GINA) 2008 [80] and the Asthma Personalized Assessment and 

Control Tool published by the Asthma and Allergy Foundation of America [4]. 

1.9.3 Adherence Measurement 

Before implementing interventions, it is important to determine adherence levels. 

Four commonly used methods are: (1) patient self-report (diary), (2) medication 

measurement, (3) electronic medication monitors, and (4) pharmacy claims data [81]. 

Diary and self-report as adherence measurement tools are easy to use and inexpensive; 

however, validity is questionable, since patients tend to overestimate adherence [79]. For 

better representation of true adherence, it is recommended to use other valid instruments 

along with self-reported data [79]. 

The most common adherence measurements used in clinical trials are canister 

weighing and electronic medication monitoring (DOSER, Medilog, Smartinhaler), 

because they objectively demonstrate whether the inhaler was used [79, 82]. Devices for 

measuring dry powder inhaler adherence have become available recently. Electronic 

medication monitoring devices for both types of inhalers (metered dose inhalers and dry 

powder inhalers) are a costly and complex method of adherence monitoring. 

Refill data that have become available with electronic prescription records are an 

important source for adherence measurement. Even though this method does not provide 

information on actual use of medication, it allows evaluation of “broad adherence 

characteristics” of individual patients and the study population in general [79]. With 
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contemporary health information technology breakthroughs, electronic prescription data 

can be utilized even more broadly with other medical claims and outcomes data links. 

Medication Possession Ratio (MPR) and Proportion of Days Covered (PDC) are the most 

commonly used tools to calculate adherence using refill data. MPR is a ratio with the sum 

of total days’ supply for all fills in the numerator and the number of days in the 

observation period in the denominator [83]. PDC is calculated by dividing the number of 

days the drug was available by the number of days in the specific interval or study period 

[83]. PDC is more conservative method of adherence estimation compared to MPR for 

multiple medication use, drug switches, or therapeutic duplication. With monotherapy, 

MPR and PDC result in similar adherence values [83]. Adherence calculation will be 

discussed in more detail in the Methods chapter.  

1.9.4 Studies on Adherence to Asthma Controller Medications 

 A number of studies have reported adherence rates to asthma controller 

medications. This section will summarize the findings on adherence obtained through 

prescription refill data. Adherence rates vary widely from study to study due to a number 

of factors: the medication used (ICS, LTRA, or dual therapy), the population studied 

(children, adults, or both), the adherence measure used (MPR or PDC; continuous or 

categorical), database type (commercial or public), and the country evaluated (US or non-

US). Studies providing adherence rates can be divided into two groups: studies with 

adherence for a single medication/regimen (monotherapy) and studies comparing two or 

more (combination therapy) asthma controllers. These two groups of studies will be 
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discussed separately for (1) children and adolescents, (2) adults, and (3) both. A summary 

of these studies is presented in the appendix (Table A1). 

1.9.4.1 Children and Adolescents   

Inhaled Corticosteroids (ICS) 

 Six studies examined adherence to an ICS regimen among children [11, 60, 61, 

74, 84, 85], four of which measured adherence continuously [11, 60, 74, 84] and two 

used both measures (continuous and categorical) [61, 85]. In the studies that continuously 

reported adherence, the mean MPR varied between 12% and 70%; the median MPR was 

51% and the median PDC was 27% [11, 56, 60, 61, 84, 85]. Mean PDC for children 

registered with the Quebec administrative database ranged from 14.2% to 15.1% [11]. In 

another Quebec study [84], the authors reported median PDC at 27%, which is higher 

than the previous study. This may have occurred because the cohort was comprised of the 

children with mild to moderate asthma [84], whereas in the previous study, the children 

had no prior asthma therapy [11].  

Two studies analyzed medication use for Medicaid beneficiaries and found that 

mean ICS adherence was between MPR 12% and 20% [60, 61]. Of the two studies that 

measured adherence categorically, the first examined the pediatric population with 

asthma enrolled in Texas and Florida Medicaid and found that the majority of patients 

using ICSs (67.8%) were in the low adherence (MPR≤19%) group; approximately one-

quarter (25.8%) were in the middle adherence (MPR 20-49%) group; and only a small 

percentage (6.8%) were in the high adherence (MPR≥50%) group [61]. The second study 
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examined high-risk children covered by Florida Medicaid. Mean MPR was found to be 

16%±15% for budesonide and 12%±10% for nonnebulized ICS [60].     

Another study analyzed pediatric population registered with a primary care 

practice in the UK. This study divided patients into three adherence categories and found 

that 69% of enrollees using ICSs were undersupplied (MPR<80%), 15% of enrollees 

were adequately adherent (MPR 80-120%), and 16% of patients were oversupplied 

(MPR>120%) [85]. A study of children in Brazil from families of low socio-economic 

status found higher levels of adherence with a mean of 62.7% (95% CI 60.7-64.8) [74]. 

Higher levels of adherence may have occurred because included patients regularly made 

their follow-up visits and they received beclomethasone free of charge [74]. These 

studies demonstrated that, overall, adherence to controller ICSs among the pediatric 

population is low, and adherence among US children covered by Medicaid is lower than 

among those outside the US. 
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Table 1.4 Adherence to ICS among Children Measured through Prescription Refill Data 
 

Study Patient 

population 

Adherence measure Results 

Blais et al., 

2011 [11] 

N=27,355 

5-15 years old 

 

 

PDC=Number of days for which the drug was 

dispensed/number of follow-up days (between 4 

months (min) and 12 months (max)) 

Mean PDC=15.1%±12.2% (for patients 

with ≥1 exacerbation prior to treatment 

initiation) 

Mean PDC=14.2%±11.6% (for patients 

with no exacerbation prior to treatment 

initiation) 

Camargo et 

al., 2007 

[60] 

N=10,976 

≤8 years old, 

(mean 3.8±2.2);   

high-risk 

children  

MPR=Number of days medication supplied/ length 

of follow-up; Follow-up=time from the index event 

to a subsequent exacerbation or 365 days (if no 

exacerbation occurred); 

Budesonide 

Mean MPR=16%±15%; 

Nonnebulized ICS 

Mean MPR=12% ±10% 

Ducharme 

et al., 2012 

[84] 

N=227 

2-17 years old 

 

 

 

PDC=Number of days for which the drug was 

dispensed/number of follow-up days (not reported; 

index date=date of visit to Asthma Center; since 

then a patient was followed till the last visit to 

Asthma Center or the end of coverage) 

Median PDC=27% 

Elkout et 

al.,  

2012 [85] 

N=3,172 

0-18 years old 

 

 

MPR= Number of days medication supplied/ 

length of follow-up; 

Follow-up=the interval between first and last 

prescription  

Continuous and categorical: 

Adequate: 80%-120% 

Under supply:<80% 

Over supply: >120%  

Mean MPR=70%±71% 

Median MPR=51% (inter-quartile range 

25-92%) 

Adequate: 15% 

Under supply: 69% 

Over supply: 16% 

 

Herndon et 

al., 2012 

[61] 

N=18,456 

2-18 years old 

 

 

MPR= Number of days medication supplied/365 

days;  

MPR categories: 

(1) 0-19% 

(2) 20-49% 

(3) ≥50% 

Mean MPR=20% (no SD) 

0-19%: 67.4% 

20-49%: 25.8% 

≥50%: 6.8% 

Lasmar et 

al., 2009 

[74] 

N=168 

1-12 years old 

 

  

Adherence=(Number of doses refilled/number of 

doses prescribed)x100 

 

Beclomethasone dipropionate 

Mean adherence=62.7%  

(95% CI 60.7-64.8) 

 

ICS=Inhaled corticosteroids; MPR=Medication procession ratio; PDC=Proportion of days covered; SD=Standard 

deviation  

 

LTRA 

Five studies have reported that adherence to LTRA was higher compared to other 

therapies [11, 60, 61, 84, 85] (p<0.001 for [11], no p-value for other studies). In the 
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studies that reported adherence continuously, mean MPR varied between 20% and 75%, 

mean PDC was between 29.4% and 33.3%; median MPR was found to be 70% and 

median PDC was 52% [11, 60, 61, 84, 85]. The Texas and Florida Medicaid study 

mentioned previously found that the majority of patients (54% of beneficiaries using 

LTRAs) were in the low adherence (MPR≤19%) group; 30.9% of beneficiaries were in 

the middle adherence (MPR 20-49%) group; and 15.2% of beneficiaries were in the high 

adherence (MPR≥50%) group [61]. The UK study found that 52% of enrollees using 

LTRAs were undersupplied (MPR<80%), 39% of enrollees were adequately adherent 

(MPR 80-120%), and 9% of patients were oversupplied (MPR>120%) [85]. These 

studies demonstrated that adherence to controller LTRAs among pediatric populations 

was higher than adherence to ICSs.   
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Table 1.5 Adherence to LTRA among Children Measured through Prescription 

Refill Data 

Study Patient 

population 

Adherence measure Results 

Blais et al., 

2011 [11] 

N=27,355 

5-15 years old 

 

 

PDC=Number of days for which the drug was 

dispensed/number of follow-up days (between 4 

months (min) and 12 months (max)) 

Mean PDC=33.3%±28.3% (for 

patients with ≥1 exacerbation prior to 

treatment initiation) 

Mean PDC=29.4%±28.7% (for 

patients with no exacerbation prior to 

treatment initiation) 

Camargo et 

al., 2007 

[60] 

N=10,976 

≤8 years old, 

(mean 3.8±2.2);   

high-risk 

children  

MPR=Number of days medication supplied/ length of 

follow-up; Follow-up=time from the index event to a 

subsequent exacerbation or 365 days (if no 

exacerbation occurred) 

Mean MPR=20%± 16% 

Ducharme 

et al., 2012 

[84] 

N=227 

2-17 years old 

 

 

 

 

 

PDC=Number of days for which the drug was 

dispensed/number of follow-up days (not reported; 

index date=date of visit to Asthma Center; since then 

a patient was followed till the last visit to Asthma 

Center or the end of coverage)  

Montelukast 

Median PDC=52% 

Elkout et 

al.,  

2012 [85] 

N=3,172 

0-18 years old 

 

 

MPR= Number of days medication supplied/ length 

of follow-up; 

Follow-up=the interval between first and last 

prescription  

Continuous and categorical: 

Adequate: 80%-120% 

Under supply:<80% 

Over supply: >120%  

Mean MPR=75%±40% 

Median MPR =70%(inter-quartile 

range 44-98%) 

Adequate: 39% 

Under supply: 52% 

Over supply: 9% 

 

Herndon et 

al., 2012 

[61] 

N=18,456 

2-18 years old 

MPR= Number of days medication supplied/365 

days;  

MPR categories: 

(1) 0-19% 

(2) 20-49% 

(3) ≥50% 

Mean MPR=28% (no SD) 

0-19%: 54% 

20-49%: 30.9% 

≥50%: 15.2% 

LTRA= Leukotriene receptor antagonists; MPR=Medication procession ratio; PDC=Proportion of days covered; 

SD=Standard deviation  

 

Combination Therapies 

Only one study examined adherence to combination therapies (ICS+LABA in a 

single inhaler (fixed dose) and ICS+LABA that was used concurrently) among a pediatric 

population [85]. The authors found that continuously measured MPR was 91%±89% for 



41 
 

the concurrently used inhalers (large value of SD may be due to the fact that 21% of 

patients had MPR greater than 120% for both fixed and concurrent dose). When 

adherence was dichotomized MPR (≥80% and <80%), 28% of patients were adequately 

adherent to the concurrent therapy with MPR between 80% and 120%. For fixed dose 

regimens, continuously measured MPR was 93%±78% and 25% of patients were 

adequately adherent (MPR between 80% and 120%). The authors speculated on the 

reasons for higher dichotomous adherence with concurrent therapy versus a single fixed 

regimen inhaler. They indicated that confounding by asthma severity, overuse of LABA 

by patients on a concurrent regimen, or switching patients with poor adherence from a 

concurrent regimen to a single inhaler could be a reason for having greater number of 

adherent patients in the concurrent cohort compared to the cohort on a fixed-dose inhaler. 

Studies including both children and adults have yielded more information on adherence 

to combination therapy, which is discussed below. 

Comparison between Therapies 

Pediatric populations with asthma have demonstrated the highest adherence to 

LTRAs compared to other available controller medications. Four studies found that the 

adherence to oral LTRAs on average was higher than to ICSs. Blais et al. reported  PDC 

33.3% for LTRA vs. 15.1% for ICS (p<0.001) [11]. Three other studies have 

demonstrated the same trend, though significance was not reported: MPR 20% vs. 12%, 

PDC 52% vs. 27%, and MPR 75% vs. 70% [60, 61, 84, 85]. In the two studies that 

measured adherence categorically, a higher percentage of LTRA users were more 
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adherent compared to ICS users [61, 85]. Adherence to LTRA was also highest in a study 

comparing four different regimens: more patients were adherent in the LTRA group 

compared not only to the ICS group, but also to ICS combined with LABA (both 

concurrent and fixed dose) groups [85]. 

1.9.4.2 Adults  

 In general, adults had low levels of adherence to controller therapies. Two studies 

examined adherence to four common therapies [10, 86]. The studies were similar in 

design and population selection, and they found that the largest proportion of adherent 

patients (MPR≥80%) were among LTRA users (30.2% [10] and 14.9% [86]) compared to 

ICS users (3.4% [10] and 1.5% [86]). The proportion of adherent patients on combination 

therapies ranged from 3.2% to 15.3%. The reason for such a large difference in the 

proportion of adherent patients in these two studies is not clear. Mean MPR for ICS, 

LTRA, ICS+LABA and ICS+LTRA were 17%±17%, 36%±31%, 25%±22%, and 

28%±22%, respectively [86].  

1.9.4.3 Children and Adults 

Eight studies examined adherence among both children and adults [16, 68, 87-

92]; three of these compared adherence between ICS and LTRA monotherapy [68, 87, 

92], four reported adherence to combination therapies [16, 87, 88, 91], two compared 

adherence between two ICSs [89, 90], and one compared adherence between an ICS 

(mometasone) and fixed dose ICS+LABA [91]. 
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ICSs 

Table 1.6 provides an overview of studies reported adherence to ICSs among 

children and adults. The mean MPR was found to be 33.8% and the mean PDC - 14.5% 

and 23.5% [68, 89] with the median MPR of 15% [92]. When the cut-off value of 

MPR≥80% was applied, 9% of North Carolina Medicaid beneficiaries were adherent 

[87], whereas in a privately insured population, the proportion of adherent (MPR 75-

100%) patients was 54% [92]. A comparison study on adherence to beclomethasone 

dipropionate hydrofluoroalcane (BDP-HFA) and to fluticasone propionate (FP) using 

MedStat’s commercial claims demonstrated that patients with persistent asthma on BDP-

HFA were more adherent than patients on FP; the BDP-HF group was 32% more likely 

to have an MPR of at least 50% (OR (95% CI)=1.324 (1.164-1.506), p<0.0001) and 31% 

more likely to have an MPR of at least 75% (OR (95% CI)=1.311 (1.072-1.604), 

p=0.0083) [90]. When FP was compared to mometasone furoate (MF) among patients of 

12–25 years old, adherence with twice daily FP was significantly lower than with once 

daily MF (PDC 14.5% vs. 23.5%, p<0.0001) [89]. Patients on mometasone were also 

found to be more adherent than patients on fixed-dose fluticasone/salmeterol (MPR 

59.3% vs. 57.2%, p<0.001) [91]. 
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Table 1.6 Adherence to ICS among Children and Adults Measured through 

Prescription Refill Data 

Study Patient 

population 

Adherence measure Results 

Balkrishnan 

et al., 2005 

[87] 

N=710 

Mean age: 

ICS 20.1±17.7 

LTRA 15.2±14.3 

ICS+LABA 

24±18.2 

ICS+LTRA 

22±19.5 

MPR= Number of days medication supplied/ length 

of follow-up; 

Follow-up=the interval between first and last 

prescription 

MPR categories: 

Adherent MPR≥80% 

Nonadherent 80%>MPR>120% 

Flutacasone propionate  

Adherent: 9%  

Friedman et 

al., 2010 

[89] 

N=2,220 

12-25 years old 

PDC=Number of days patient had medication on 

hand/length of follow-up; 

Follow-up=365 days  

Mometasone fuorate 

Mean PDC= 

23.5% (no SD) 

Fluticasone propionate 

Mean PDC= 

14.5% (no SD) 

Hagiwara et 

al., 

2013 [91] 

N=224,608 

12-65 years old 

 

MPR= Number of days medication supplied/ length 

of follow-up; 

Follow-up=the interval between first and last 

prescription 

Mometasone furoate 

MPR=59.3% 

Jones et al., 

2003 [68] 

N=23,225 

6-55 years old 

 

 

MPR= Number of days medication supplied/ length 

of follow-up; 

Follow-up=the interval between first and last 

prescription 

 

Mean MPR=33.8% (no SD) 

Lage et al., 

2009 [90] 

N=13,968 

5-64 years old 

 

 

MPR= Number of days medication supplied/ length 

of follow-up; 

Follow-up=the interval between first and last 

prescription 

MPR categories: 

at least 50% 

at least 75% 

at least 80% 

at least 90% 

50%: BDP 32% more likely to be 

adherent compared to FP (OR(95% 

CI)=1.324 (1.164- 1.506), p<0.0001) 

75%: BDP 31% more likely to be 

adherent compared to FP (OR(95% 

CI)=1.311(1.072-1.604), p=0.0083) 

80% and 90%: not significant 

Mattke et 

al., 2010 

[92] 

N=41,234  

Mean age: 31 

(SD not 

reported) 

 

MPR= Number of days medication supplied/ 365 

days;  

MPR categories: 

Q1: 0-24%  

Q2: 25-49% 

Q3: 50-74% 

Q4: 75-100% 

Median MPR 15% 

Q1: 7%  

Q2: 14% 

Q3: 22% 

Q4: 54% 

 

BDP= Beclomethasone dipropionate; FP= Fluticasone propionate; ICS=Inhaled corticosteroids; MPR=Medication 

procession ratio; PDC=Proportion of days covered; SD=Standard deviation  
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LTRAs 

Three studies (Table 1.7) examined adherence to LTRA and found patients to be 

more adherent compared to other therapies [68, 87, 92]. The mean MPR was 67.7% (no 

SD reported) [68]; the proportion of adherent (MPR≥80%) patients was 18.5% for North 

Carolina beneficiaries [87], whereas 97% of privately insured participants had 

MPR≥75% [92]. 

 

Table 1.7 Adherence to LTRA among Children and Adults Measured through 

Prescription Refill Data 

Study Patient 

population 

Adherence measure Results 

Balkrishnan 

et al., 2005 

[87] 

N=710 

Mean age: 

ICS 20.1±17.7 

LTRA 15.2±14.3 

ICS+LABA 

24±18.2 

ICS+LTRA 

22±19.5 

MPR= Number of days medication supplied/ length 

of follow-up; 

Follow-up=the interval between first and last 

prescription 

MPR categories: 

Adherent MPR≥80% 

Nonadherent 80%>MPR>120% 

Montelukast 

Adherent 18.5% 

Jones et al., 

2003 [68] 

N=23,225 

6-55 years old 

 

 

MPR= Number of days medication supplied/ length 

of follow-up; 

Follow-up=the interval between first and last 

prescription 

Mean MPR=67.7% (no SD) 

Mattke et 

al., 2010 

[92] 

N=41,234  

Mean age: 31 

(SD not 

reported) 

 

MPR= Number of days medication supplied/ 365 

days;  

MPR categories: 

Q1: 0-24%  

Q2: 25-49% 

Q3: 50-74% 

Q4: 75-100% 

Median MPR 39% 

Q1: 14%  

Q2: 39% 

Q3: 70% 

Q4: 97% 

LTRA= Leukotriene receptor antagonists; MPR=Medication procession ratio; PDC=Proportion of days covered; 

SD=Standard deviation  

 

Combination Therapies 

Four studies (Table 1.8) analyzed adherence to combination therapies [16, 87, 88, 

91]. The mean MPR was reported for the pre-index period and was 35.3%±25.5% for 

concurrent use of ICS+LABA and 36%±26.4% for fixed dose ICS+LABA (in a single 
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inhaler) [16, 91]. The proportion of adherent (MPR≥75%) patients for fixed dose 

ICS+LABA was 20% [88]. When adherence to ICS was compared for three combination 

therapies (ICS+LABA in a single inhaler, ICS+LABA in separate inhalers, and 

ICS+LTRA), the highest adherence level was found for ICS+LABA in a single inhaler: 

52%, 38% and 37% respectively [16]. Balkrishnan et al. analyzed adherence to 

salmeterol+ICS and montelukast+ICS among North Carolina Medicaid beneficiaries. 

They found that the percentage of adherent patients with a Med-Total Index (days of 

prescription supply dispensed/ (days between prescription refills – number of days person 

was hospitalized)) of 80% and higher was 21.6% for the salmeterol group and 29.7% for 

the montelukast group (the difference was not statistically different) [87]. 
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Table 1.8 Adherence to Controller Combination Therapies for Children and Adults 

Measured through Prescription Refill Data 

Study Patient 

population 

Adherence measure Results 

Balkrishnan 

et al., 2005 

[87] 

N=710 

Mean age: 

ICS 20.1±17.7 

LTRA 15.2±14.3 

ICS+LABA 

24±18.2 

ICS+LTRA 

22±19.5 

MPR= Number of days medication supplied/ length 

of follow-up; 

Follow-up=the interval between first and last 

prescription 

MPR categories: 

Adherent MPR≥80% 

Nonadherent 80%>MPR>120% 

ICS+LABA 

Adherent 21.6% 

 

ICS+LTRA 

Adherent 29.7% 
 

Delea et al., 

2008 [16] 

N=12,907 

mean age 40±14; 

patients with 

persistent asthma 

 

 

 

MPR = Total number of days supply during the 

quarter/period from the first day of the quarter to the 

last day of the quarter; 

MPR categories: 

Q1: 0-24%  

Q2: 25-49% 

Q3: 50-74% 

Q4: 75-100% 

ICS+LABA  

Fluticasone/salmeterol in a single 

inhaler 

Mean quarterly MPR=54% (no SD) 

Mean MPR in Q1: 13%  

Mean MPR in Q2: 39% 

Mean MPR in Q3: 28% 

Mean MPR in Q4: 20% 

Delea et al., 

2008 [88] 

N=2,269 

Mean age: 

ICS+LABA 

fixed 35.9±18.1 

ICS+LABA 

37.6±17.5 

ICS+LTRA  

21.7±18 

 

MPR= Number of days medication supplied/ length 

of follow-up; 

Follow-up=the interval between first and last 

prescription 

ICS+LABA 

Fluticasone/salmeterol in a single 

inhaler: 

Mean preindex MPR=36%±26.4% 

MPR for ICS=52% 

 

Concurrent: 

Mean preindex MPR = 35.3%±25.5% 

MPR for ICS=38% 

 

ICS+LTRA 

Mean preindex MPR=37.7%±25.9% 

MPR for ICS=37% 

Hagiwara et 

al., 

2013 [91] 

N=224,608 

12-65 years old 

 

MPR= Number of days medication supplied/ length 

of follow-up; 

Follow-up=the interval between first and last 

prescription 

Fixed-dose fluticasone 

propionate/salmeterol MPR=57.2% 

ICS=Inhaled corticosteroids; LABA=Long-acting β-antagonists; LTRA=Leukotriene receptor antagonists; 

MPR=Medication procession ratio; PDC=Proportion of days covered; SD=Standard deviation                     
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The information on the adherence rates for asthma controller medications 

discussed above leads to the following conclusions: 

1)  Adherence to controller medications is low (generally it does not reach 

50% in clinical practice); 

2)  Adherence to LTRAs is higher than adherence to ICSs when used as a 

monotherapy; 

3)  Generally, adherence is greater when the follow-up period is the interval 

between the first and the last prescription compared when the follow-up 

period is fixed at 365 days, which results in more conservative adherence 

measurement. For example, the median MPR for ICS was 51% when the 

study had a follow-up period as an interval between the first and the last 

prescription, whereas median MPR for ICS was 15% when the study had a 

follow-up period of 365 days; and        

4)  Because the range of adherence values is broad due to different study 

designs, adherence measures, and populations studied, it is difficult to 

compare adherence rates among the studies.
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1.10 Relationship between Adherence to Controller Medications and 

Asthma Outcomes 

It is generally recognized that suboptimal use of asthma controller medications is 

associated with poor outcomes. This section will summarize studies which have 

examined long-term anti-inflammatory asthma medication adherence and outcomes, with 

a focus on health care utilization.  

Prior to discussion with regard to the association between adherence to controller 

medications and asthma outcomes, it is important to emphasize differences between two 

types of studies that have examined this pattern. Adherence to therapy and corresponding 

asthma outcomes can be assessed within two main settings — clinical trials/experimental 

studies and “real world” settings. The main distinctions of asthma adherence evaluation 

for these two settings are in the adherence measurement instruments used and patients’ 

behavior.  Objective adherence measures utilized in clinical trials settings, such as 

canister weighing and electronic medication monitoring, provide valid information on 

patients’ adherence. An advantage of such clinical trials is the objectivity of evaluating 

medication adherence, which aids in our understanding of how medication adherence 

influences asthma control. A disadvantage of such studies, however, is that they do not 

reflect patients’ behavior beyond the clinical trials settings. Asthma outcomes measured 

in clinical settings include clinical parameters and patient-reported outcomes of interest. 

In general, studies conducted within clinical trials settings provide health care specialists 
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with important asthma control parameters: clinical outcomes (e.g., forced expiratory 

volume in one second (FEV1), fraction of exhaled nitric oxide (FeNO)) and asthma 

severity — information which is usually not available from secondary retrospective 

databases. 

 As was stated previously, it is difficult to capture actual adherence outside of the 

clinical trial settings. Thus, retrospective databases are used to reflect the patients’ “real 

world” adherence behavior and asthma outcomes. This method is more efficient and less 

expensive, however the subjective nature of adherence measures (i.e., medication 

possession ratio (MPR), proportion of days covered (PDC)) does not allow researchers to 

verify whether the patient actually took the medication.  Only the date in which the 

pharmacy dispensed the medication is available. Another disadvantage of “real world” 

studies using secondary retrospective databases is, as mentioned earlier, frequent non-

availability of important data on asthma severity and the clinical parameters of asthma 

control. Generally, hospitalizations and ED visits serve as outcomes measures.    

 Studies performed in both clinical and “real world” settings, therefore, have 

limitations in asthma medication adherence measures. Besides, asthma control outcomes 

are dissimilar for different settings. To present a comprehensive view of the relationship 

between asthma adherence and health outcomes, the following will examine both types of 

studies — those conducted within clinical settings or experimental studies, and those that 

measured adherence using secondary retrospective databases. These sections are 
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discussed separately, because the proposed study will analyze a secondary retrospective 

database only.  

1.10.1 Relationship between Adherence and Outcomes in Clinical Settings 

 The following section will discuss ten studies that prospectively evaluated 

patients for their adherence and health outcomes within clinical settings [12, 14, 56, 64, 

93-98] and one study that was retrospectively evaluated [99]. The majority of the studies 

(N=6) were conducted with children. All eleven studies analyzed adherence to ICS 

therapy [12, 14, 56, 64, 93-99] or combined therapy with ICSs [12, 64, 99]. This is not 

surprising, as ICSs are the first-choice for controller therapy [100]. Seven out of the 

eleven studies evaluated adherence objectively — electronic devices [12, 14, 94, 95, 97]; 

canister weighing [94]; dose counting [93]; drug concentration in blood plasma [64]. 

Four studies [56, 64, 98, 99] used refill data for adherence measures, and three studies 

[93, 94, 96] assessed self-reported adherence. (Note: Three studies used more than one 

method of measuring adherence [64, 93, 94], so the total number of adherence measuring 

instruments is greater than eleven.) 

 Within clinical settings, due to the prospective design of the majority of the 

studies and the availability of the patients, the options for possible outcome measures 

were broad. The eleven studies analyzed included seventeen outcome parameters: health 

care utilization (ED visits, hospitalizations, office visits, combination of health care use, 

ventilation for acute severe asthma), clinical tests (FEV1, FeNO, sputum eosinophil 
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count), asthma control and symptoms (self-reported asthma control, self-reported 

symptoms, percent of rescue-free days, need for treatment escalation, 

hyperventilation/dysfunctional breathing), use of quick-relief medications (prednisone 

burst, SABA use), and general self-reported parameters (quality of life, anxiety, and 

depression). Most of the studies addressed several outcome measures. 

 The most prevalent outcome parameter (clinical test) was assessment of patients’ 

lung function (FEV1). Patients with greater adherence consistently demonstrated better 

asthma management (higher FEV1) [14, 93, 99]. Another clinical parameter, fractional 

exhaled nitric oxide (FeNO), indicates airway inflammation. It was found to be increased 

in patients with lower adherence to controller medications (p<0.0001) [96]. Similarly, 

patients with suboptimal adherence had a higher percentage of sputum eosinophil counts 

(inflammation indicator) (p=0.05) [99] (Table 1.9).  

 

Table 1.9 Association between Adherence and Outcomes (Clinical Tests) among 

Patients with Asthma in Clinical Studies 

Study Patient 

Population 

Adherence 

Measurement 

Study Outcomes 

Measurement 

 Findings 

Burgess et 

al., 2010 

[95] 

N=26;  

6-14 years old; 

uncontrolled 

asthma 

Electronic 

monitoring device 

Smartinhaler 

(percentage of 

prescribed doses) 

Lung function 

testing (FEV1) 

With greater adherence FEV1 increased 

over the study period for both groups: 

mean FEV1(baseline)=75 vs. mean 

FEV1(follow-up)=85.2     

Koster et 

al., 2011, 

[96] 

N=527;  

4-12 years old 

Parent-reported 

adherence 

(MARS) 

FeNO  FeNO level was significantly lower for 

adherent patients (adjusted OR(95% 

CI)=0.97(0.96-0.98), p<0.0001)   
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Table 1.9 (continued) 

Study Patient 

Population 

Adherence 

Measurement 

Study Outcomes 

Measurement 

 Findings 

Krishnan et 

al., 2012, 

[93] 

N=140;  

5-12 years old; 

mild or 

moderate 

asthma 

1) Dose counting 

2) Self-reported 

use 

Categories: 

Low (<50%) 

Medium (50-79%) 

High (≥80%) 

1) Postbroncho-

dilator FEV1 

2) Prebroncho- 

dilator FEV1 

1) Improvement in FEV1 was significant 

compared to placebo only for highly 

adherent patients (difference between 

budesonide and placebo is 12.8%(95% 

CI 2.9%, 22.8%), p=0.01); No 

significant differences in FEV1 for 

medium and low adherence groups 

2) Improvement in FEV1 was significant 

compare to placebo only for highly 

adherent patients (difference between 

budesonide and placebo is 16.4%(95% 

CI 4.4%, 28.5%), p=0.01); No 

significant differences in FEV1 for 

medium and low adherence groups 

Murphy et 

al., 2012, 

[99] 

N=115;  

adults (no age 

provided); 

difficult-to 

control asthma   

Rx claims 

Adherence 

(%)=No. of filled 

doses/no. of 

prescribed 

doses*100 

 

Adherence 

categories: 

<80% (suboptimal) 

≥80%   

1) FEV1 

2) % sputum  

eosinophil 

counts  

 

 

 

 

1) FEV1 was significantly lower in 

patients with suboptimal adherence 

(mean±SD 75.5±20.9 vs. 84.3±23.5, 

p=0.049) 

2) Patients with suboptimal adherence 

had greater % sputum eosinophil 

counts compared to ≥80% (mean±SD 

4.6±0.7 vs. 2.3±0.5, p=0.05) 

Rand et al., 

2007 [14] 

N=189;  

15-85 years 

old; mild 

persistent 

asthma     

  

Electronic device 

eDEM for 

montelukast and 

MDILog for 

fluticasone  

 

Change in FEV1 

percent predicted  

 

Montelukast: 

Double-blind  

Not significant 

Open label 

Not significant, however patients whose 

use of rescue medications was higher at 

the baseline demonstrated significant 

change in FEV1 with higher adherence 

(p=0.03) 

Fluticasone: 

Double-blind  

Not significant, however for patients 

with low baseline FEV1(≤86%) 

demonstrated significant change in FEV1 

with higher adherence (p<0.01); by 

analogous patients whose use of SABA 

was >4 days per week at the baseline 

demonstrated significant change in FEV1 

with higher adherence (p<0.01) 

Open Label 

Significant change in FEV1 (improved) 

with greater adherence (p<0.001) 

FeNO=Fraction of exhaled nitric oxide; FEV1=Forced expiratory volume in one second; SABA=Short-acting β2 

agonists;    
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Suboptimal adherence was associated with greater health care utilization. Two 

studies evaluated composite measures of healthcare utilization: McNally et al. found that 

patients from the lower adherence group using ICS or montelukast as a controller 

medication had higher health care utilization rates (p<0.05) [12], and Williams reported 

that every 25% increase in adherence to ICS was associated with an 11% decrease of 

asthma hospitalization/ED visit/OCS use (HR (95% CI)=0.89 (0.81-0.97), p=0.009) [98]. 

In terms of hospitalizations, Gamble’s study [64] showed that patients with less than 50% 

adherence to ICS/LABA combination had significantly (p=0.02) more hospitalizations 

compared to those with adherence ≥ 50%; yet, Murphy did not find any significant 

differences in the number of hospitalizations and ED visits between difficult-to-control 

asthma patients with suboptimal adherence to ICS (<80%) and those who were adherent 

(≥80%) [99]. However, this study found that patients with adherence less than 80% were 

more likely to be in need of mechanical ventilation (p=0.008), which is an indicator of a 

life-threatening asthma event [99] (Table 1.10). 
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Table 1.10 Association between Adherence and Outcomes (Health Care Utilization) 

among Patients with Asthma in Clinical Studies 

Study Patient 

Population 

Adherence 

Measurement 

Study Outcomes 

Measurement 

 Findings 

McNally et 

al., 2009 

[12] 

N=62;  

5-17 years 

old; moderate 

to severe 

asthma  

Electronic device 

eDEM for 

montelukast and 

MDILog for 

fluticasone  

 

Adherence 

categories: 

low (lower 

quartile) 

high (high quartile)  

Healthcare 

utilization 

(combination of 

hospitalizations, 

ED visits, clinic 

visit due to asthma) 

Montelukast: low adherence group was 

associated with higher healthcare 

utilization rates over the study period 

(p<0.05); high adherence group’s 

healthcare utilization did not change 

significantly 

Fluticasone: low adherence group was 

associated with higher healthcare 

utilization rates over the study period 

(p<0.05); high adherence group’s 

healthcare utilization did not change 

significantly 

Gamble et 

al., 2009, 

[64] 

N=182;  

mean age 

42.1±14.5 

years; 

difficult-to-

control asthma 

Prescription refill 

records  

 

Adherence 

categories: 

≤50% 

>50% 

Hospital 

admissions 

 

 

Patients with adherence ≤50% for 

inhaled combination therapy had more 

hospital admissions (3 or more times for 

12 months period) (p=0.02) 

Murphy et 

al., 2012, 

[99] 

N=115;  

adults (no age 

provided); 

difficult-to 

control asthma   

Rx claims 

Adherence 

(%)=No. of filled 

doses/no. of 

prescribed 

doses*100 

 

Adherence 

categories: 

<80% (suboptimal) 

≥80%    

1) Hospitalizations 

2) Admissions to 

intensive 

treatment unit 

3) Ventilation for  

asthma  

1) and 2) Not significant 

3) Patients with suboptimal adherence 

were more likely to have been 

ventilated for asthma (OR(95% 

CI)=0.054(0.01-0.47), p=0.008) 

 

Williams et 

al., 

2011[98] 

N=298; 

12-56 years 

old; 

 

Adherence (%) = 

Cumulative days’ 

supply/no. of days 

of observation 

Composite measure 

of asthma 

exacerbation 

(hospitalization, 

ED visit or OCS 

use)  

Every 25% increase in adherence was 

associated with an 11% decreased risk in 

asthma exacerbation (HR(95% CI)=0.89 

(0.81-0.97), p=0.009); 

Increasing adherence reached a 

significant protective effect at adherence 

>75% (HR(95% CI)= 0.59(0.37-0.95), 

p=0.03)  

ED=Emergency department; OCS= oral corticosteroids; 

Another indicator of poor asthma control is frequent use of reliever medications. 

Bender found that patients with lower adherence to ICS medications were more likely to 

be in need of a    prednisone burst (OR (95% confidence limit)=0.976 (0.956-0.996), 

p=0.019) [97]. This result was consistent with two other studies, where use of reliever 
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medications significantly decreased with greater adherence to ICS (p=0.03 (for SABA) 

and p=0.02, respectively) [64, 95]. However, three studies showed no significant 

difference in OCS [64, 99] and SABA [12] use between high and low adherence groups 

(Table 1.11).  
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Table 1.11 Association between Adherence and Outcomes (Use of Reliever 

Medications) among Patients with Asthma in Clinical Studies 

Study Patient 

Population 

Adherence 

Measurement 

Study 

Outcomes 

Measurement 

 Findings 

Bender et 

al., 2008 

[97] 

N=104;  

8-18 years old 

 

Electronic monitoring 

device MDILog or 

Doser 

 

Adherence (%) = No. 

of puffs taken/total 

no. prescribed for 

each day  

Prednisone 

bursts  

 

Lower adherence was a significant 

predictor of prednisone burst (OR(95% 

CI)=0.976(0.956-0.996), p=0.019) 

 

Burgess et 

al., 2010 

[95] 

N=26;  

6-14 years old; 

uncontrolled 

asthma 

  

Electronic monitoring 

device Smartinhaler 

(percentage of 

prescribed doses) 

Use of reliever 

medication 

(through a 

symptom 

questionnaire)  

 

With greater adherence in the 

intervention group and in the control 

group, use of reliever medication 

decreased (n=15 at the baseline vs. n=2 

follow-up, p=0.02) 

 

Gamble et 

al., 2009, 

[64] 

N=182;  

mean age 

42.1±14.5 

years; 

difficult-to-

control asthma 

Prescription refill 

records  

 

Adherence categories: 

≤50% 

>50% 

1) SABA 

nebules use 

2) Oral 

prednisolone 

courses 

 

1) Less adherent patients were more 

likely to use nebulized SABA 

compared to more adherent patients 

(mean±SD 99±182 vs. 42±87, p=0.03) 

2) Not significant 

 

McNally et 

al., 2009 

[12] 

N=62;  

5-17 years old; 

moderate to 

severe asthma  

Electronic device 

eDEM for 

montelukast and 

MDILog for 

fluticasone  

 

Adherence categories: 

low (lower quartile) 

high (high quartile)  

Use of quick 

relief 

medication 

(albuterol) 

 

Adherence was not statistically 

associated with albuterol use 

 

Murphy et 

al., 2012, 

[99] 

N=115;  

adults (no age 

provided); 

difficult-to 

control asthma   

Rx claims 

Adherence (%)=No. 

of filled doses/no. of 

prescribed doses*100 

 

Adherence categories: 

<80% (suboptimal) 

≥80%    

Rescue courses 

of OCS 

 

Not significant 

 

SABA=Short-acting β2-agonists; OCS= oral corticosteroids; 
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Krishnan et al. used a self-report questionnaire to examine the association 

between asthma control and adherence [94], where authors showed that symptom control 

was significantly (p=0.04) worse in patients whose adherence to ICS in combination with 

OCSs was less than 50%. Similarly, Rand et al. found that more adherent patients on 

ICSs had significantly (p=0.02) more rescue-free days than patients who were poorly 

controlled at the baseline; however, there was no association reported for patients on 

montelukast therapy [14]. Self-reported asthma symptoms were significantly worse and 

more frequent among non-adherent patients compared to adherent patients [12, 56, 64]. A 

detailed summary of analyzed studies is presented in appendix ( Table A 2). 

1.10.2 Relationship between Adherence and Outcomes in Retrospective Database 

Studies 

Evaluation of studies analyzing adherence to long-term controller medications 

and health care utilization based on medical and prescription claims data can add more 

“real world” information on this topic. The following summarizes secondary 

retrospective database studies that examined adherence behavior and its influence on 

asthma control. 

The typical indicators of poor asthma control that can be measured through 

retrospective databases are exacerbations that need hospitalizations or ED visits, frequent 

SABA use, and use of oral corticosteroids [15-17, 60, 61, 92, 101]. These indicators serve 

as asthma outcomes. What are the characteristics of the population whose adherence to 

controller medications and its’ association with asthma outcomes were of interest? All 
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patients had an ICD-9-CM code of 493.XX, which corresponds to a diagnosis of asthma. 

Patients were continuously enrolled for 24 months, with 12 months pre- and post-index 

[61, 92].  Studies analyzed adherence to controller medications and asthma outcomes 

among children [60, 61], adults [15], and all ages [16, 17, 92, 101]. Adherence to 

controller medications and utilization of asthma care has been examined among publicly 

insured patients (Medicaid and CHIP) [17, 60, 61] and privately insured enrollees [15, 

88, 92, 101]. All studies considered in this section are retrospective in nature with sample 

sizes ranging from 405 to 97,743. These studies analyzed several medication regimens: 

ICS monotherapy [15, 17, 60, 61, 92, 101], LTRA monotherapy [17, 60, 61, 92, 101], 

ICS+LABA fixed dose [16, 17, 101], mast cell stabilizers [101], and theophylline [101]. 

Studies utilized several different measures of adherence, and some used more than one. 

The most common measure was MPR [16, 17, 60, 61, 92, 101], other measures include 

continuous multiple interval of medication availability (cumulative days’ supply/total 

number of days between refills during the observation period) and continuous multiple-

interval measures of medications gap (total days of treatment gaps/total number of days 

between refills during the observation period) [15], obtaining controller medication 

within 60 days of the previous fill date [17], and refill rate [101].  Similarly, the studies 

used several different outcome measures, and most used more than one. The outcome 

measures included number of ED visits [15, 61, 92], number of hospitalizations [15, 17, 

61, 92] , combined ED visits/hospitalizations [16, 60, 101], SABA use [16, 17] , OCS use 

[15, 16], and outpatient visits [15].  
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Patients with higher adherence to asthma controller medications are less likely to 

experience ED visits [61, 92]. Herndon et al. and Mattke et al. reported that patients with 

adherence (MPR) ≥50% and ≥75% for two studies, respectively (Table 1.12) to LTRA 

were significantly (p<0.05) less likely to experience ED visits compared to patients in the 

lowest adherence category. However, results of these two studies differed regarding the 

likelihood of ED visits for patients using ICSs. Herndon et al. found that more adherent 

patients were less likely to have ED visits (OR (95% CI) = 0.56 (0.43-0.72), p<0.001), 

whereas Mattke et al. did not find a significant association [61, 92]. Williams et al. used 

two regression models that differed by one covariate: model 1 controlled for number of 

ICS fills and model 2 controlled for prescribed number of ICS fills (medical records for 

ICS use and dosage information was obtained by medical records abstractors). Other 

covariates (i.e., gender, race, age, number of β-agonists fills during 1 year) were the same 

for both models. Both models showed no significant association between ICS adherence 

and ED visits [15]. 
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Table 1.12 Association between Adherence and Outcomes (ED Visits) among 

Patients with Asthma in Retrospective Database Studies 

Study Patient 

Population 

Adherence 

Measurement 

Study Outcomes 

Measurement 

 Findings 

Herndon et 

al., 2012 

[61] 

N=18,456;  

2-18 years old 

 

Database: 

Florida and 

Texas 

Medicaid 

MPR= Number of 

days medication 

supplied/365 days; 

MPR categories: 

(1) 0-19% 

(2) 20-49% 

(3) ≥50% 

ED visits 

 

LTRA: Children in the highest 

adherence category had 32% lower odds 

of an ED visit than those in the lowest 

adherence category (OR(95% 

CI)=0.68(0.53-0.86), p=0.002) 

ICS: Children in the highest adherence 

category had 44% lower odds of ED 

visits than those in the lowest adherence 

category (OR(95% CI)=0.56(0.43-0.72), 

p<0.001) 

Mattke et 

al., 2010 

[92] 

N=41,234;  

mean age 31; 

 

 

Database: 

Medstat 

MarketScan 

MPR= Number of 

days medication 

supplied/ 365 days;  

MPR categories: 

Q1: 0-24%  

Q2: 25-49% 

Q3: 50-74% 

Q4: 75-100% 

ED visits 

 

ED visits were significantly lower 

among patients in the highest adherence 

group for LTRA. Patients in the lowest 

quartile experienced mean of 80 (range 

62–102) ED visits compared to mean of 

36 (range 27–49) ED visits in the 

highest quartile (p<0.05) per 1000 

patient-years; 

Not significant for ICS 

Williams et 

al., 2004 [15] 

N=405;  

18-50 years 

old 

 

 

Database: 

Michigan 

HMO 

Continuous, 

multiple interval of 

medication 

availability  

 

Continuous, 

multiple-interval 

measures of 

medications gap  

ED visits 

 

Not significant  

 

CI=Confidence interval; ED=Emergency department; HMO=Health maintenance organization; ICS=Inhaled 

corticosteroids; LTRA=Leukotriene receptor antagonists; MPR=Medication procession ratio; OR=Odds ratio;  

   

Hospital admission may be a consequence of poor adherence to asthma controller 

medications. However, the results from the studies were found to be inconsistent (Table 

1.13). A significantly lower hospital admission rate was found for patients (using LTRA 

as a controller therapy) whose adherence was greater (MPR≥75%) compared to patients 

with MPR ≤24% (13 vs. 34 admissions per 1000 patient-years, p<0.05) [92]. However, 
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the relationship between adherence to ICS and the number of hospitalizations was not 

significant [92]. Similarly, a study conducted by Herndon et al. found no significant 

difference in number of hospital admissions for patients with low, medium and high 

adherence (both for patients on ICS and LTRA) [61]. However, Williams et al. reported 

that with every 25% increase in ICS nonadherence (gap) the chances of being admitted to 

the hospital become significantly greater (RR (95% CI)=2.01 (1.06-3.79), p<0.05) [15]. 

Interestingly, the study conducted by Smith et al. reported opposite results: patients with 

medium (50-80%) and high (>80%) adherence were 59% and 111%, respectively, at a 

higher risk of hospitalization (OR (95% CI)=1.59 (0.86-2.96), p=0.14 and  

OR (95% CI)=2.11 (1.09-4.12), p=0.03) compared to those whose adherence was <50% 

[17]. The authors did not discuss what covariates were included into the logistic 

regression model and one of the limitations was inability to control for disease severity. It 

could explain why the results were inconsistent with the previously mentioned studies 

[15, 61, 92]. Besides, the rate of hospitalizations due to asthma is low compared to ED 

visits (Figure 1.2) which also might influence the inability to capture significant 

difference in statistical analyses. 
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Table 1.13 Association between Adherence and Outcomes (Hospital Admissions) 

among Patients with Asthma in Retrospective Database Studies 

Study Patient 

Population 

Adherence 

Measurement 

Study Outcomes 

Measurement 

 Findings 

Herndon et 

al., 2012 

[61] 

N=18,456;  

2-18 years old 

 

Database: 

Florida and 

Texas 

Medicaid 

MPR= Number of 

days medication 

supplied/365 days; 

MPR categories: 

(1) 0-19% 

(2) 20-49% 

(3) ≥50% 

Hospital 

admissions 

 

LTRA: not significant (OR(95% 

CI)=0.75(0.42-1.35), no p-value) 

ICS: children in the middle (2) 

adherence category were more likely to 

have a hospital admission than those in 

the lowest (1) adherence category 

(OR(95% CI)=1.27(1.04-1.55), no p-

value) 

Mattke et 

al., 2010 

[92] 

N=41,234;  

mean age 31; 

 

Database: 

Medstat 

Marketscan 

MPR= Number of 

days medication 

supplied/ 365 days;  

MPR categories: 

Q1: 0-24%  

Q2: 25-49% 

Q3: 50-74% 

Q4: 75-100% 

Hospital 

admissions 

 Hospital admissions were significantly 

lower for patients in the highest 

adherence group for LTRA. Patients in 

the lowest quartile experienced mean of 

34 (range 22–52) admissions per 1000 

patient-years compared to the mean of 13 

(range 8–22) admissions in the highest 

quartiles (p<0.05); 

Not significant for ICS. 

Williams et 

al., 2004 [15] 

N=405;  

18-50 years 

old 

 

Database: 

Michigan 

HMO 

Continuous, 

multiple interval of 

medication 

availability  

 

Continuous, 

multiple-interval 

measures of 

medications gap  

Hospital 

admissions  

Increased nonadherence (25% increase in 

CMG) related to increase in 

hospitalizations (RR2(95% 

CI)=2.01(1.06-3.79), p<0.05; RR1 not 

significant) 

 

Smith et al., 

2009 [17] 

N=3,013;  

5-62 years old 

 

 

Database: 

Arizona 

Medicaid 

Adherence: 

obtaining 

controller 

medication within 

60 days of the 

previous fill date. 

Categories: 

low 50% 

medium 50-80% 

high >80% 

Hospital 

admissions 

 

Logistic regression was run for OR of 

exacerbations requiring hospitalization. 

Patients with high adherence were 111% 

at a higher risk of hospitalization 

compared to patients with low 

adherence(OR(95% CI)=2.11(1.09-4.12), 

p=0.03) 

CI=Confidence interval; HMO=Health maintenance organization; ICS=Inhaled corticosteroids; LTRA=Leukotriene 

receptor antagonists; MPR=Medication procession ratio; OR=Odds ratio;  
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ED visits and hospitalizations as a combined outcome was found to be 

significantly associated with adherence and asthma control, which was operationalized as 

a decrease in a number of ED visits or hospital admissions (Table 1.14). Camargo et al. 

reported that the risk of repeat exacerbation was significantly lower for children who 

were adherent (adherence level was dichotomized with the median value as cutoff) to one 

of the three medications: budesonide (OR (95% CI)=0.32 (0.15-0.68), p<0.001), ICS (OR 

(95% CI)=0.25 (0.13-0.47), p=0.003) and LTRA (OR (95% CI)=0.30 (0.14-0.66), 

p=0.003) compared to nonadherent children [60].  Delea et al. showed a significant 

reduction in ED visits/hospitalizations among patients with higher adherence (≥ 25%) to 

fluticasone/salmeterol (FCS) compared to the patients with low adherence (<25%) 

(p<0.001). Each 25% improvement in adherence was associated with a reduction in ED 

visits or hospitalizations by 10% (p<0.001) [16]. Stern et al. who utilized two adherence 

measures (relative MPR: with the median and 75
th

 percentile MPR for controller 

medications as a cutoff point, and refill rate) reported that more adherent patients 

(regardless of the adherence measure) were significantly less likely to have ED visits or 

hospitalizations compared to less adherent patients (p<0.01) [101].  
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Table 1.14 Association between Adherence and Outcomes (ED/Hospital Admissions) 

among Patients with Asthma in Retrospective Database Studies 

Study Patient 

Population 

Adherence 

Measurement 

Study Outcomes 

Measurement 

 Findings 

Camargo et 

al., 2007 

[60] 

N=10,976; 

≤8 years old, 

(mean 3.8);   

high-risk 

children  

 

Database: 

Florida 

Medicaid 

MPR=Number of 

days medication 

supplied/ length of 

follow-up; 

Adherence was 

dichotomized: 

median values 

were the cutoff 

points 

Risk of repeat 

exacerbation: 

Hospitalization/ED 

visit 

 

Adherent patients were less likely to 

experience a subsequent asthma 

exacerbation: 

Budesonide (OR(95% CI)=0.32(0.15-

0.68), p<0.001)  

ICS (OR(95% CI)=0.25(0.13-0.47), 

p=0.003) 

LTRA (OR(95% CI)=0.30(0.114-0.66), 

p=0.003) 

Delea et al., 

2008 [16] 

N=12,907; 

mean age 40; 

patients with 

persistent 

asthma 

 

Database: 

PharMetrics 

MPR = Total 

number of days 

supply during the 

quarter/period 

from the first day 

of the quarter to 

the last day of the 

quarter; 

Adherence was 

presented as a 

categorical 

variable for the 

Model 1 and as a 

continuous 

variable for the 

Model 2. 

MPR categories: 

Q1: 0-24%  

Q2: 25-49% 

Q3: 50-74% 

Q4: 75-100% 

ED visits/ 

hospitalizations 

 

 

Model 1: there were consistent and 

graded reductions in the odds of ED 

visits/hospitalizations with increasing 

MPR: Q1 MPR group had significantly 

more ED visits or hospitalizations than 

Q2, Q3 and Q4 (OR(95% CI)=0.79 

(0.64-0.99), p=0.041; OR(95% 

CI)=0.74(0.58-0.94), p=0.013; OR(95% 

CI)=0.68(0.54-0.87), p=0.002). Model 

2: each 25% improvement of adherence 

was predicted to reduce ED visits or 

hospitalizations by 10% (OR(95% 

CI)=0.90(0.89-0.92), p<0.001) 

Stern et al., 

2006 [101] 

N= 97,743; 

6-98 years old 

(mean 32.8)  

 

Database: 

PharMetrics 

MPR=Number of 

days medication 

supplied/365 days;  

Relative 

compliance: more 

adherent, less 

adherent (median 

and 75th percentile 

MPR were used as 

the cutoff points)  

 

Number of 

prescriptions 

filled, categorical: 

≥2, ≥3, ≥4, and ≥6 

prescriptions  

Acute exacerbation 

within one year (ED 

visit or 

hospitalization) 

 

Multivariate logistic regression: more 

adherent patients were significantly less 

likely to have exacerbations as an 

outcome, regardless of the method of 

measuring adherence (MPR or number 

of prescriptions filled) (OR between 

0.862 and 0.938, p=0.002 when ≥2 

prescriptions filled, for the rest of the 

analyses p<0.01) . In addition, within 

each method, as the criteria for 

adherence became more stringent, 

more-adherent patients became 

increasingly less likely to have 

exacerbations compared with less-

adherent patients 

CI=Confidence interval; ED=Emergency department; MPR=Medication procession ratio; OR=Odds ratio;  
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Frequent use of SABA medications (according to the EPR 3 more than two days 

per week) serves as an indicator of poor asthma control. Thus, better adherence to 

controller medications can improve control and minimize SABA use. A significant 

association between adherence to FCS and frequency of SABA use has been reported: 

increase in FCS adherence consistently reduced SABA use. Patients with low adherence 

(<25%) used more SABA inhalers compared to patients with high adherence (≥75%) 

(p<0.001). Every 25% increase in adherence was associated with reduction in SABA use 

by 10% (p<0.001) [16]. The results from the study conducted by Smith et al. are in 

contrast with the previously reported studies. The bivariate analysis without adjustment 

for covariates found that patients who were highly adherent (>80%) to controller 

medications were using more SABA inhalers compared to those with low adherence 

(>50%) (IRR (95% CI)=1.62 (1.26-1.97), p<0.001) [17]. The authors assumed that the 

counterintuitive results may have been a result of the patient population.  Patients new to 

the controller therapy might have active airway inflammation and hyperresponsiveness 

that requires more rescue medications [17]. 

Poor adherence to controller medications (i.e., ICS [15] and FCS [16]) was found 

to be associated with an increase in oral corticosteroids use in two studies. Williams et 

al. found that a 25% increase in ICS nonadherence (gap) significantly increased the 

number of fills of OCSs (RR (95% CI)=1.49 (1.10-2.02), p<0.05). The same study found 

the association between adherence and total days’ supply of OCS was not statistically 

significant [15]. Delea et al. found that every 25% improvement in continuously 
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measured adherence was associated with a reduction of OCS use by 3% (OR (95% CI)= 

0.97 (0.94-0.996), p=0.027). When adherence was measured categorically no significant 

difference was found in OCS use [16]. Only one study analyzed adherence and the 

number of outpatient visits [15]. However, this relationship was found to be 

nonsignificant.   

In conclusion, the majority of the studies that analyzed relationships between 

adherence to asthma controller therapies and health outcomes utilized ED visits and 

hospitalizations as the indicators of poor asthma control. In most cases, better adherence 

was associated with a lower chance of being admitted to the hospital or ED. Moreover, 

this relationship was significant for nine analyses out of fifteen. Less common asthma 

control indicators were the number of prescriptions for SABA and OCS. Both of these 

medications were used more often for patients who are less adherent to controller 

therapies, however these findings were shown to be inconsistent. A summary of analyzed 

studies is presented in appendix (Table A 3).      

 

1.11 Rationale for Study 

Although asthma incidence has decreased for the last 20 years [26], it is still a 

prevalent disease state with high health care utilization and excessive costs [2]. Many of 

the morbidity events associated with asthma are preventable [25]. One of the key drivers 

to improve asthma management is increased patient adherence to long-term controller 

medications [1]. Several studies have demonstrated that better adherence to controller 
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medications is associated with a decrease in the number of hospitalizations and ED visits 

[12, 15, 16, 60, 61, 64, 92, 98, 101]. In addition, better adherence to controller 

medications is associated with less frequent use of quick-relief agents. More adherent 

patients are less likely to use OCSs [15, 16, 97] and SABA inhalers [16, 64, 95]. 

However, other studies have found a non-significant relationship between adherence and 

the use of relief medications (OCSs [64, 99], SABA [12]). Inconsistency in the reported 

findings confirms the relevance of conducting the proposed research. Based on the recent 

discussion regarding the need for new guidelines [18], it is critical to have an update on 

asthma medication use and factors impacting asthma outcomes. This study will 

investigate how patient characteristics and medication regimens, including adherence, 

impact asthma-related outcomes, which will be represented by the use of quick-relief 

medications (OCSs and SABAs). Findings from this study, along with the previously 

published results, will supply health care providers with additional information regarding 

medication adherence and current asthma medication management. Recent data on 

medication utilization can serve as a tool for clinicians and other health care providers to 

develop or strengthen initiatives and programs that can improve asthma control. 

1.12 Study Objectives and Hypotheses 

 The goal of this study is to describe asthma medication utilization patterns among 

Texas Medicaid recipients with persistent asthma. The following are specific objectives 

and related hypotheses: 
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1. Describe asthma patient demographics and asthma medication utilization. 

2. To determine if medication adherence differs by asthma controller medication use 

(i.e., class: monotherapy controller medications ICS vs. LTRA; therapy: fixed 

dose dual therapy vs. concurrent dual therapy), while controlling for covariates.  

HA1: Patients on monotherapy LTRA are significantly more likely to be adherent 

(PDC ≥80%) compared to patients on monotherapy ICS, while controlling 

for covariates. 

HA2: Patients on fixed dose dual therapy are significantly more likely to be 

adherent (PDC ≥80%) compared to patients on concurrent dual therapy, 

while controlling for covariates. 

HA3: Patients on monotherapy LTRA have significantly higher adherence 

compared to patients on monotherapy ICS, while controlling for covariates. 

HA4: Patients on fixed dose dual therapy have significantly higher adherence 

compared to patients on concurrent dual therapy, while controlling for 

covariates. 

3. To determine if short-acting β2-agonist (SABA) use differs by asthma medication 

class use (i.e., monotherapy controller medications ICS vs. LTRA; fixed dose 

dual therapy vs. concurrent dual therapy), while controlling for covariates. 

H05: There is no significant difference between patients on monotherapy LTRA 

and those on monotherapy ICS and the likelihood of having more than 6 

claims for SABAs, while controlling for covariates. 
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HA6: Patients on fixed dose dual therapy are significantly less likely to have more 

than 6 claims for SABAs compared to patients on concurrent dual therapy, 

while controlling for covariates. 

4. To determine if short-acting β2-agonist (SABA) use differs by asthma long-term 

controller medication adherence. 

HA7: Patients who are nonadherent (PDC <80%) to controller therapy are 

significantly more likely to have more than 6 claims for SABAs compared 

to those who are adherent (PDC ≥80%), while controlling for covariates. 

HA8: As adherence to controller therapy decreases, the likelihood of having 6 or 

more claims for SABAs increases significantly, while controlling for 

covariates. 

5. To determine if oral corticosteroids (OCSs) use differs by asthma medication use 

(i.e., class: monotherapy controller medications ICS vs. LTRA; therapy: 

monotherapy vs. dual therapy), while controlling for covariates. 

H09: There is no significant difference between patients on monotherapy LTRAs 

and those on monotherapy ICSs and the number of claims for OCSs, while 

controlling for covariates. 

HA10: Patients on fixed dose dual therapy have significantly fewer claims for 

OCSs compared to patients on concurrent dual therapy, while controlling 

for covariates. 
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6. To determine if OCS use differs by asthma long-term controller medication 

adherence. 

HA11: Patients who are nonadherent (PDC <80%) to controller therapy have 

significantly more claims for OCSs compared to adherent (PDC ≥80%) 

patients, while controlling for covariates. 

HA12: As adherence to controller therapy decreases, the number of claims for 

OCSs increases significantly. 
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Chapter 2: METHODOLOGY 

2.1 Chapter Overview 

This chapter covers a description of the methods used in the study: design, data 

source, study population, data collection and timeframe, inclusion and exclusion criteria, 

study variables and statistical analysis. In addition, operational definitions of the study 

variables, statistical analyses and sample size calculations will be discussed in this 

chapter.  

 

2.2 Institutional Review Board Approval 

Approval for conducting this study was obtained from The University of Texas at 

Austin Institutional Review Board. The study has minimal risk since the data are de-

identified.  

 

2.3 Study Design and Data Source  

 This study is a retrospective secondary database analysis of Texas Medicaid 

prescription data. Medicaid is a health insurance program that has joint funding through 

federal and state governments. It provides medical coverage to low income individuals, 

non-disabled children, caregivers of dependent children, low income pregnant women 
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and the elderly. For fiscal year 2010, approximately 3.7 million non-elderly individuals 

were covered by Texas Medicaid [102]. A comparison of June enrollment data between 

2010 and 2011 demonstrated a 7% increase in Texas Medicaid enrollment [102]. In terms 

of age and ethnicity, the majority of enrollees were children (74%) and Hispanic (54%) 

[103]. 

2.3.1 Inclusion/Exclusion Criteria 

The following inclusion criteria were implemented:  

(1) aged 5-63 years at the index date;  

(2) continuously enrolled for at least 6 months before and 12 months after the 

index date; 

(3) diagnosis of asthma (ICD-9= 493.XX);  

(4) persistent asthma based on a criterion of having four or more prescription 

claims for any asthma medication in one year (National Committee for 

Quality Assurance) [104];  

(5) no prescription claim for any asthma controller medication within the 6 

months pre-index period;  

(6) at least two claims for the same asthma controller medication (ICS, LABA, 

LTRA, ICS+LABA) in the 12 months post-index period. 

Patients with the diagnoses of chronic obstructive pulmonary disease (COPD) 

(ICD-9=496.00, 496.01, 493.20, 493.21) or cystic fibrosis (ICD-9=277.00, 277.01) were 
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excluded to avoid the presence of patients with chronic respiratory conditions other than 

asthma. 

2.3.2 Index Date 

The index date was defined as the first prescription in a series of four or more 

prescription claims for any asthma medication over a one-year period of observation 

between July 1, 2008 and August 31, 2010. Data extraction and the subject identification 

period are presented schematically in Figure 2.1.  

 

Figure 2.1 Data Extraction and Subject Identification Period 

                                      Identification / index period  
 

 

January 1, 2008    July 1, 2008                                   August 31, 2010       August 31, 2011  

 

 

 

        Pre-index period                                         Post-index period               

                                                        Index Date 

 

2.3.3 Data Extraction 

 Texas Medicaid recipient enrollment and prescription claims files were merged by 

linking the unique recipient identification number. The following variables from the 

enrollment file were included in the study: date of birth, ethnicity, gender and dates of 

eligibility. 
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Prescription claims for asthma-related medications (Table 2.1) were identified by 

the following data: the National Drug Code (NDC), the Generic Code Sequencing 

Number (GCN), the American Hospital Formulary Service (AHFS) code. In addition, 

other data extracted from the prescription claims file were the date the medication was 

dispensed, the quantity of medication supplied and the number of days for which the 

medication was supplied. Prescription claims were analyzed for a total of 18 months: 6 

months pre-index and 12 months post-index (Figure 2.1).  
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Table 2.1 Asthma Medications Available through Medicaid Vendor Drug Program 

Asthma mediation 

class 

Generic Name Trade Name 

Long-term controller medications 

Inhaled 

Corticosteroids 

 

Beclomethasone 

dipropionate 

QVAR
®

 

Budesonide   Pulmicort Flexhaler
®
, Pulmicort Respules

®
 

Ciclesonide Alvesco
®

 

Flunisolide
a 

Aerobid-M
®

 

Fluticasone propionate Flovent
®
 HFA, Flovent

®
 Diskus

®
 

Mometasone furoate Asmanex
®
 Twisthaler

®
 

Triamcinalone acetonide Azmacort
®

 

Leukotriene 

modifiers 

Montelukast Singulair
®

 

Zafirlukast Accolate
®

 

Zileuton Zyflo CR
®

 

Long-acting β2-

agonists 

Formoterol fumorate Foradil
®
 Aerolizer

®
, Perforomist

®
 

Salmeterol  Serevent
® 

Diskus
®

 

Combination 

LABA/ICS 

Salmeterol/fluticasone Advair Discus®, Advair® HFA 

Formoterol/budesonide Symbicort
®
 

Formoterol/mometasone Dulera
®

 

Mast cell stabilizers Cromolyn Cromolyn Nebulizer 

Methylxanthines Theophylline Theo-24
®
, Elixophyllin

®
 Elixir 

Quick-relief agents 

Short-acting β-

antagonists 

Albuterol AccuNeb
®
,Proair

®
 HFA, Proventil

®
 HFA, Ventolin

®
 

HFA, VoSpire ER
®

 

 Levalbuterol Xopenex
®
, Xopenex HFA

TM 

 Pirbuterol Maxair
®
 Autohaler

®
 

Anticholinergics Ipratropium bromide Atrovent
® 

 

Oral corticosteroids Methylprednisolone Depo-Medrol
®
, Medrol

®
 Dosepak, Solu-Medrol

®
    

 Prednisolone Flo-Pred
TM

, Millipred
TM

, Millipred
TM 

DP, Orapred 

ODT
®
, Pediapred

®
, Veripred

TM 

 

HFA=Hydrofluoroalkane; ICS=Inhaled corticosteroids; LABA=long-acting β-antagonists; LTRA=leukotriene 

receptor antagonists; 
aThe Food and Drug Administration has mandated that inhalers containing chlorofluorocarbons may not be 

manufactured, sold or dispensed after June 30, 2011. However the Medicaid formulary updated on December 31,  

2012 includes this medication 

Adapted from Texas Medicaid/CHIP Vendor Drug Program; http://www.txvendordrug.com/formulary/formulary-

search.asp  
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Prescriptions for long-term asthma controller medications and for quick-relief 

agents (SABAs and OCSs) were identified through prescription claims by GCN. Texas 

Medicaid recipients who met the NCQA criterion for persistent asthma were included in 

the study cohort and observed longitudinally for asthma medication use.   

 

2.4 Study Variables 

Below is a description of the study’s dependent and independent variables 

followed by operational definitions. Several of the dependent variables also served as 

independent variables for various objectives. 

2.4.1 Dependent Variables 

The dependent variables include: (1) adherence to asthma long-term controller 

medications; (2) short-acting β2-agonists use; and (3) oral corticosteroids use.  

Adherence to asthma long-term controller medications was measured using 

proportion of days covered (PDC). The two most common approaches for assessing 

adherence in large databases are medication procession ratio (MPR) and PDC. The 

majority of previous asthma controller medication adherence studies [10, 16, 60, 61, 68, 

85-88, 90-92, 101] have used MPR as a measure of adherence. MPR can be defined as 

the sum of total days’ supply for all fills divided by the number of days in the observation 

period (Figure 2.2) [83]. PDC is determined by dividing the number of days the drug was 

available by the number of days in the specific interval or study period. PDC is a more 
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conservative method of adherence estimation compared to MPR for multiple medication 

use, drug switches, or therapeutic duplication. With monotherapy, MPR and PDC result 

in similar adherence values [83]. Since PDC is more conservative and is the more 

contemporary adherence measure, it was utilized in this study. Continuous and 

categorical (i.e., adherent: ≥80% and non-adherent: <80%) measures of adherence were 

implemented. Originally, we proposed to use 80% cut-off point with sensitivity analyses 

at 50% and 70%. However, after running the analysis we found that only 4% of the 

patients were adherent (PDC≥80%). To conduct valid statistical tests, the adherence cut-

off point was changed from 80% to 50%. We grounded our decision on the published 

literature where on average most of the Medicaid patients’ adherence to long-term 

controller medications was less than 20% [60, 61]. Because of the lower cut-off value, 

sensitivity analyses were not conducted.  

 

Figure 2.2 Formula for Calculating Medication Possession Ratio (MPR) and 

Proportion of Days Covered (PDC) 

MPR = Sum of total days’ supply for all fills 
a
 x 100 / Number of days in study period 

PDC = Number of days when all drug(s) are available x 100 / Number of days in the study 

period 

a For dual or triple therapy the numerator is divided by 2 or 3, respectively 

 

Short-acting β2-agonist claims were summed and patients were dichotomized into 

two groups: those who had 6 or more claims in the post-index period and those who had 
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less than 6 claims. Oral corticosteroids use was operationalized as a total number of oral 

corticosteroid claims in the post-index period.  

2.4.2 Independent Variables and Covariates 

 Type of asthma controller medication class (i.e., monotherapy controller 

medications ICS vs. LTRA) and type of asthma controller medication therapy (i.e., fixed 

dose dual vs. concurrent dual ) served as primary independent variables.  Asthma 

controller medications include: ICSs (beclomethasone, budesonide, ciclesonide, 

flunisolide, fluticasone, mometasone, triamcinolone), LTRAs (montelukast, zafirlukast, 

zileuton), ICS+LABA (concurrent use: one of the ICSs + formoterol or salmeterol; fixed 

dose: fluticasone/salmeterol, budesonide/formoterol, mometasone/formoterol), 

ICS+LTRA (one of the ICSs+one of the LTRAs), and ICS/LABA fixed dose+LTRA. 

Monotherapy was defined by two drug classes: ICSs and LTRAs. Dual therapy included 

three possible options: 1) fixed dose medication (fixed dose ICS+LABA), 2) concurrently 

used ICS+LTRA, and 3) concurrently used ICS/LABA fixed dose+LTRA. Dual therapy 

of the fixed dose medication did not involve any additional conditions for data 

manipulation since a single canister contains two medications. However, for concurrently 

used medications, the following strategy was employed to identify dual therapy: 1) the 

two asthma controller medications used must have at least two overlap periods of 15 

days; 2) the window when the patient is on monotherapy only (i.e., between the overlap 

periods), if it exists, must be 30 days or less.   
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As was mentioned previously, to estimate adherence for dual therapy (Figure 2.3), 

the numerator included number of days when both controller medications were available. 

 

Figure 2.3 Formula for Calculating Proportion of Days Covered for Dual Therapy 

             

PDC = 
                                           

        
 

 

Adherence to asthma long-term controller medication served as an independent 

variable for Objectives 4 and 6. 

Covariates were included in the regression analyses since several factors can 

potentially confound the relationship between dependent and independent variables. 

Covariates included the following factors: demographics (age, gender, race), asthma 

long-term controller medication adherence (for Objectives 3 and 5), total number of 

medications on the index date and specialty of prescribing physician (e.g., pulmonologist, 

general practitioner or family practice). Table 2.2 provides a summary of the operational 

definitions of the independent variables and covariates.   
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Table 2.2 Operational Definitions of Study Variables 

Variables Operational Definition 

Dependent Variables 
a
Adherence to asthma long-term 

controller medications
 

Continuous 

PDC  [Number of days when all drugs are available/ 

Number of days in follow-up period] 

Dichotomous 

1=adherent (PDC ≥ 0.8 or 80%)  

0=non-adherent (PDC < 0.8 or 80%)  

Sensitivity analysis: PDC=0.5 and 0.7 

Short-acting β2-agonist (SABA) use  6 or more claims of SABAs in post-index period 

(dichotomous) 

1=Yes 

0=No 

Oral corticosteroid (OCS) use Total number of OCS claims in post-index period (continuous) 

Independent Variables 

Asthma controller medication 
b 

Asthma controller medication class 

 

 

Asthma controller medication 

therapy  

 

1=ICS 

2=LTRA 

 

1=Monotherapy (ICS, LTRA) 

2=Dual therapy (ICS/LABA (FDCT), ICS+LTRA (concurrent 

dual therapy), ICS/LABA FDCT+LTRA) 

Covariates 

Age Age at index date  

1=5-11 

2=12-18 

3=19-40 

4=41-63 

Gender 1=Female 

0=Male 

Race 1=Caucasian 

2=African American 

3=Hispanic 

4=American Indian 

5=Asian 

6=Unknown 

Total number of medications at the index 

date 

Total number of non-study medication at index date 

(continuous variable)  
FDCT=Fixed Dose Combination Therapy; ICS=Inhaled Corticosteroids; LABA= Long-acting β2-antagonists; 

LTRA=Leukotriene receptor antagonists; PDC=Proportion of Days Covered; 
aIndependent variable for Objectives 4, 6  and covariate for Objectives 3, 5    
b Variable Treatment, when all five possible therapy regimens included as a variable/covariate 
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2.5 Statistical Analysis 

Several statistical analyses were used to address the study objectives. All 

statistical tests were performed with SAS version 9.3 (SAS Institute, Cary, NC). 

Statistical tests were two-sided with an a priori significance level of p<0.05. Frequencies 

and histograms were used to check for data abnormalities and normality.   

Descriptive statistics (mean, standard deviation, median, and frequency) were 

used to address Objective 1. Demographic characteristics and medication utilization 

patterns provide a general overview of Medicaid beneficiaries with persistent asthma. 

The results describe asthma pharmacotherapy by age, gender and race characteristics for 

the study period. 

2.5.1 Statistical Tests Assumptions and Sample Size Calculations 

 This section includes the test assumptions and sample size calculations for the 

statistical tests presented in Table 2.3. Objective 1 does not involve sample size 

calculations because it is descriptive. Multiple and logistic regression were used to 

address Objectives 2–6 and sample size calculations for these tests are discussed below. 

Logistic regression was employed for Objectives 2-4. For logistic regression 

analyses the following assumptions are required: 1) independence of observations; 2) 

categorical/nominal dependent variable; and 3) adequate sample size to avoid the 

overestimation of parameter estimates. The logistic regression model is presented in 

Figure 2.4. With G-Power software, the possible largest sample size was obtained based 
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on the varying parameters required for sample size calculations. The literature has limited 

information regarding the values of odds ratios for being adherent on different asthma 

controller classes, and no values of odds ratios for use of more than 6 canisters of SABA 

was found. It was assumed that these odds ratios varied from 1.2 to 1.5. Estimated sample 

size values are presented in Table 2.4. An estimated total sample size of 8,607 patients 

(power=0.8; α= 0.05) is required for the logistic regression analysis [106].  

Figure 2.4 Logistic Regression Model 

1) Likelihood of being adherent (Objective 2) 

Logit [(x)] = [Ө(x)/1-Ө(x)] = α + β1 x1 + β2 x2 + β3x3 + β4x4 + β5x5 + β6x6  

Ө(x)=Likelihood of being adherent;  

α=Constant of the equation  

β=Coefficient of the predictor variables  

x1= Asthma controller medication 

x2=Age  

x3=Gender  

x4=Race  

x5=Total number of medications at the index date 

x6= Specialty of prescribing physician 

 

2) Likelihood of having ≥6 claims for short-acting β2-agonists (Objectives 3-4) 

Logit [(x)] = [Ө(x)/1-Ө(x)] = α + β1 x1 + β2 x2 + β3x3 + β4x4 + β5x5 + β6x6  

Ө(x)=Likelihood of having ≥6 claims for short-acting β2-agonists  

α=Constant of the equation  

β=Coefficient of the predictor variables  

x1=a) asthma controller medication (Objective 3); b) adherence to asthma controller 

medication (Objective 4)  

x2=Age  
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x3=Gender  

x4=Race  

x5=Total number of medications at the index date  

x6= Specialty of prescribing physician 

 

Table 2.3 Estimates of Sample Size for Logistic Regression Analysis 

Odds Ratio 1.2 1.3 1.4 1.5 

Pr(Y=1|X=1)Ho
a 

0.03 0.03 0.03 0.03 

R-squared
b 

0.1 0.1 0.1 0.1 

Total Sample Size 6695 2833 1527 944 

 

Odds Ratio 1.2 1.3 1.4 1.5 

Pr(Y=1|X=1)Ho
a 

0.03 0.03 0.03 0.03 

R-squared
b 

0.2 0.2 0.2 0.2 

Total Sample Size 7531 3187 1718 1062 

 

Odds Ratio 1.2 1.3 1.4 1.5 

Pr(Y=1|X=1)Ho
a 

0.03 0.03 0.03 0.03 

R-squared
b 

0.3 0.3 0.3 0.3 

Total Sample Size 8607   3642 1963 1214 
Y=dependent variable; X= independent variables (IV); α = 0.05 (two tailed), β= 0.20 (power = 80%), a 

poisson distribution was assumed for the IV of interest (X1) 
a Denotes the probability of an event under Ho(lowest possible value which translates to highest possible 

sample size after evaluating the values reported across studies in the literature). The modeled event was rate of 

ED visits, hospitalizations, use of more than 6 canisters of SABA, and being adherent over a 12 month follow-

up period 

 b The value achieved when X1  is regressed on the other IVs or covariates in the regression 

 

Multiple linear regression tests was used for Objectives 2, 5 and 6. Dependent 

variables that were measured continuously include adherence to asthma controller 

medications (Objective 2) and number of claims for oral corticosteroids (Objectives 5-6). 

The following assumptions are required: 1) a linear relationship between the dependent 

and independent variables; 2) a normal distribution and constant variance of the errors; 3) 

independent observations; 4) homoscedasticity of variance; and 5) lack of correlation 

between predictor variables (variance inflation factor values are expected to be less than 

10). The multiple regression model is presented in Figure 2.5. Using G-Power software 
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(power=0.8; α=0.05; small effect size (f)=0.02; number of predictors=6) the estimated 

sample size that was required for multivariate regression analyses was 688 patients [106]. 

 

Figure 2.5 Multiple Regression Model  

Y = a + b1x1 + b2x2 + b3x3 + b4x4 + b5x5+ b6x6  

Y=Value predicted for variable Y  

a=Constant of the intercept  

b=Regression coefficient  

x=Values of independent variables  

x1=Asthma controller medication (Objectives 2 and 5)/adherence to asthma controller 

medication (Objective 6)   

x2=Age 

x3=Gender  

x4=Race  

x5=Total number of medications at the index date 

x6= Specialty of prescribing physician 

 

Based on the sample size estimates calculated for different analyses, a sample size 

of at least 8,607 (from logistic regression) was required to detect a statistically significant 

difference if present. A summary of objectives, hypotheses and statistical tests that were 

used are presented in Table 2.4. 
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Table 2.4 Summary of Objectives, Hypotheses, and Statistical Tests 

Objective Hypotheses Dependent Variable Independent Variable Procedure/Statistical Test 

1. To describe patient  

demographics and asthma 

medication utilization. 

N/A  
a
Age 

(categorical/continuous) 
Descriptive statistics:  

Means, frequencies  

  
a
Gender (nominal) Descriptive statistics: 

frequencies  

  
a
Race (nominal) Descriptive statistics: 

frequencies  

  
a
Total number of 

medications at index 

date (continuous)  

Descriptive statistics: mean 

  
c
Asthma controller 

medication (nominal) 
Descriptive statistics: 

frequencies 

 
b
Adherence to asthma 

long-term controller 

medications 

(dichotomous) 

PDC≥80% 1=Yes, 0=No
 

 Descriptive statistics 

 Short-acting β2-agonists 

use (dichotomous)  

≥6 claim, 1=Yes, 0=No 

 Descriptive statistics 

 Oral corticosteroids use 

(continuous) 

 Descriptive statistics 
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Table 2.4 (continued)  

Objective Hypotheses Dependent Variable Independent Variable Procedure/Statistical Test 

2. To determine if medication 

adherence differs by asthma 

controller medication use 

(i.e., class: monotherapy 

controller medications ICS 

vs. LTRA; therapy: fixed 

dose dual therapy vs. 

concurrent dual therapy), 

while controlling for 

covariates.  

HA1: Patients on monotherapy 

LTRA are significantly more 

likely to be adherent (PDC 

≥80%) compared to patients on 

monotherapy ICS, while 

controlling for covariates. 

 

Adherence to asthma 

long-term controller 

medications 

(dichotomous) 

PDC≥80% 1=Yes, 0=No 

Asthma controller 

medication class 

(nominal ICS vs. 

LTRA) 

 

Covariates 
a 
(see above) 

Logistic regression 

HA2: Patients on fixed dose 

dual therapy are significantly 

more likely to be adherent 

(PDC ≥80%) compared to 

patients on dual therapy, while 

controlling for covariates. 

 

 

 

Adherence to asthma 

long-term controller 

medications 

(dichotomous) 

PDC≥80% 1=Yes, 0=No 

Asthma controller 

medication therapy 

(nominal: fixed dose 

dual therapy vs. 

concurrent dual 

therapy) 

 

Covariates 
a 
(see above) 

Logistic regression 

HA3: Patients on monotherapy 

LTRA have significantly higher 

adherence compared to 

patients on monotherapy ICS, 

while controlling for 

covariates. 

Adherence to asthma 

long-term controller 

medications (continuous) 

Asthma controller 

medication class 

(nominal ICS vs. 

LTRA) 

 

Covariates
 a 

(see above)
 

Multiple regression 

HA4: Patients on fixed dose 

dual therapy  have significantly 

higher adherence compared to 

patients on concurrent dual 

therapy, while controlling for 

covariates. 

Adherence to asthma 

long-term controller 

medications (continuous) 

Asthma controller 

medication therapy 

(nominal: fixed dose 

dual therapy vs. 

concurrent dual 

therapy) 

 

Covariates
 a 

(see above) 

Multiple regression 
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Table 2.4 (continued)  

Objective Hypotheses Dependent Variable Independent Variable Procedure/Statistical Test 

3. To determine if SABA use 

differs by asthma 

medication use (i.e., class: 

monotherapy controller 

medications ICS vs. LTRA; 

therapy: fixed dose dual 

therapy vs. concurrent dual 

therapy), while controlling 

for covariates. 

H05: There is no significant 

difference between patients on 

monotherapy LTRA and those 

on monotherapy ICS and the 

likelihood of having 6 or more 

claims for SABAs, while 

controlling for covariates. 

SABA use (categorical: 

<6 claims vs. ≥6 claims) 

Asthma controller 

medication class 

(nominal: ICS vs. 

LTRA) 

 

Covariates
 a,b 

(see 

above) 

Logistic regression 

HA6: Patients on fixed dose 

dual therapy are significantly 

less likely to have 6 or more 

claims for SABAs compared to 

patients on concurrent dual 

therapy, while controlling for 

covariates. 

SABA use (categorical: 

<6 claims vs. ≥6 claims) 

Asthma controller 

medication therapy 

(nominal: fixed dose 

dual therapy vs. 

concurrent dual 

therapy) 

 

Covariates
 a,b 

(see 

above) 

Logistic regression 

4. To determine if SABA use 

differs by asthma long-term 

controller medication 

adherence. 

 

HA7: Patients who are 

nonadherent (PDC <80%) to 

controller therapy are 

significantly more likely to 

have 6 or more claims for 

SABAs compared to those who 

are adherent (PDC ≥80%), 

while controlling for 

covariates. 

SABA use (categorical: 

<6 claims vs. ≥6 claims) 

Adherence to asthma 

long-term controller 

medications 

(categorical: PDC<80% 

vs. PDC≥80%) 

 

Covariates
 a,c 

(see 

above) 

Logistic regression 

HA8: As adherence to 

controller therapy decreases, 

the likelihood of having 6 or 

more claims for SABAs 

increases significantly, while 

controlling for covariates. 

SABA use (categorical: 

<6 claims vs. ≥6 claims) 

Adherence to asthma 

long-term controller 

medications 

(continuous) 

 

Covariates
 a,c (see above) 

Logistic regression 
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Table 2.4 (continued)  

Objective Hypotheses Dependent Variable Independent Variable Procedure/Statistical Test 

5. To determine if OCS use 

differs by asthma 

medication use (i.e., class: 

monotherapy controller 

medications ICS vs. LTRA; 

therapy: fixed dose dual 

therapy vs. concurrent dual 

therapy), while controlling 

for covariates. 

H09: There is no significant 

difference between patients on 

monotherapy LTRAs and those 

on monotherapy ICSs and the 

number of claims for OCSs, 

while controlling for 

covariates. 

OCS use (continuous: 

number of claims) 

Asthma controller 

medication (nominal: 

ICS vs. LTRA) 

 

Covariates
 a,b 

(see 

above) 

Multiple regression 

HA10: Patients on fixed dose 

dual therapy have significantly 

fewer claims for OCSs 

compared to patients on 

concurrent dual therapy, while 

controlling for covariates. 

OCS use (continuous: 

number of claims) 

Asthma controller 

medication (nominal: 

fixed dose dual therapy 

vs. concurrent dual 

therapy) 

 

Covariates
 a,b 

(see 

above) 

Multiple regression 
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Table 2.4 (continued)  

Objective Hypotheses Dependent Variable Independent Variable Procedure/Statistical Test 

6. To determine if OCSs use 

differs by asthma long-term 

controller medication 

adherence. 

 

HA11: Patients who are 

nonadherent (PDC <80%) to 

controller therapy have 

significantly more claims for 

OCS compared to adherent 

(PDC ≥80%) patients, while 

controlling for covariates. 

OCS use (continuous: 

number of claims) 

Adherence to asthma 

long-term controller 

medications 

(categorical: PDC<80% 

vs. PDC≥80%) 

 

Covariates
 a,c 

(see 

above) 

Multiple regression 

HA12: As adherence to 

controller therapy decreases, 

the number of claims for OCSs 

increases significantly.  

OCS use (continuous: 

number of claims) 

Adherence to asthma 

long-term controller 

medications 

(continuous) 

 

Covariates
 a,c 

(see 

above) 

Multiple regression 

ICS=Inhaled corticosteroids; LABA=Long-acting β-antagonists; LTRA=Leukotriene receptor antagonist; OCS=Oral corticosteroids; PDC=proportion of days covered; 

SABA=Short-acting β2-antagonists  
a Covariates for Objectives 2-6 
b Covariate for Objectives 3,5 
c Covariates for Objectives 4, 
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Chapter 3: RESULTS 

3.1 Chapter Overview 

This chapter presents the results of the study and describes asthma medication 

utilization patterns among Texas Medicaid recipients with persistent asthma. First, the 

patients’ selection steps are presented. Second, patients’ demographic characteristics and 

other study covariates are displayed. Finally, the study objectives and the results of all 

statistical analyses are presented.   

 

3.2 Extraction of Eligible Patients in this Study 

 A total of 325,077 patients taking any asthma medications were identified. After 

employment of the inclusion and exclusion criteria, the final sample size was 32,172 

patients. Table 3.1 depicts the study’s inclusion criteria with the corresponding sample 

sizes after implementation of each criterion.      
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Table 3.1 Patient Attrition among Texas Medicaid Recipients 

Criteria Patients Excluded Patients 

Remaining 

N % N % 

Initial  Sample 

Initial cohort (had a diagnosis of asthma ICD-9=493.XX)   366,012 100 

Had any asthma prescription claim  40,935 11.2 325,077 88.8 

Had any asthma prescription claim within identification period  50,146 13.7 274,931 75.1 

Had asthma controller within identification period 93,970 25.7 180,961 49.4 

Persistent asthma (4 or more of any asthma controller) 48,557 13.3 132,404 36.2 

Had at least two claims for the same controller   24,746 6.8 107,658 29.4 

No claims for asthma controller in pre-index period  32,208 8.8 75,450 20.6 

Age 5-63 at the index date 9,913 2.7 65,537 17.9 

No diagnosis of COPD or cystic fibrosis  865 0.2 64,672 17.7 

Continuously enrolled for 180 days pre- and 365 days post-

index 

30,747 8.4 33,925 9.3 

No claims for 3 or 4 unique controller medications 
a 

1,727 0.5 32,198 8.8 

No claims for LABA only  26 <0.1 32,172 8.8 

Final sample 32,172  

 COPD=Chronic obstructive pulmonary disease; LABA= Long-acting β-antagonists 
a The sample was restricted to patients on mono- and dual therapy  

 

3.3 Descriptive Statistics 

In this section demographic and clinical characteristics of the entire study sample 

are presented (Table 3.2). The majority of the sample (63.1%) was between 5-11 years of 

age, Hispanic (54.7%) and male (51.8%). Overall mean (±SD) age was 15.0 (±14.5). 

Mean age for children (5-18) was 9.1 (±3.4) and mean age for adults (19-63) was 44.6 

(±12.1). Most of the subjects were on asthma monotherapy (58.9%). Dual therapy users 

(41.1%) included patients prescribed fixed dose dual therapy (21.3%) and concurrent 

dual therapy (19.8%). Among the five study asthma controller treatments, most of the 

subjects were prescribed a LTRA at index (38.6%), followed by ICS/LABA fixed dose 

combination (21.3%), ICS (20.3%), ICS/LABA fixed dose plus LTRA combination 
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(11.0%) and then ICS plus LTRA concurrent dual therapy (8.8%). Mean adherence to 

controller therapy was 32.2% (±19.7). When adherence was dichotomized at the cut-off 

points of 80%, 70%, 60% and 50% the following percentage of adherent patients were 

identified: 4.1%, 6.8%, 10.4% and 14.9% respectively.  

Regarding asthma reliever medications, the majority of the sample was prescribed 

SABA inhalers (92.6%): 73.2% received between 1 and 5 SABA inhalers in the 

observation period, and 19.4% received 6 or more inhalers. The mean number of claims 

for SABA inhalers was 3.7 (±3.1).  

A little less than half of the sample (48.9%) did not have a prescription for OCS. 

About one quarter of the sample (26.7%) received one prescription for OCS; the mean 

number of OCS prescriptions was 1.0 (±1.4). At index date, 28.9% of the sample had 

claims for four or more non-study medications with a mean of 2.9 (±3.3). Physician 

specialty was not included into the analyses as a covariate since only 0.5% of all 

prescribers were pulmonologists.      
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Table 3.2 Number, Frequency and Mean of Demographic and Clinical 

Characteristics   

Demographic characteristics N % 

Age groups 

5-11 20,283 63.1 

12-18 6,508 20.2 

Mean (SD) for children 9.1 (3.4) 

19-40 1,763 5.5 

41-63 3,618 11.3 

Mean (SD) for adults 44.6 (12.1) 

Total 32,172 100.1
a
 

       Mean (SD) 15.0 (14.5) 

Race/ethnicity 

       Caucasian 6,034 18.8 

African American 6,746 21.0 

Hispanic 17,603 54.7 

Other 
b 

1,789 5.6 

Total 32,172 100.1
a 

Gender 

Female 15,503 48.2 

Male 16,669 51.8 

Total 32,172 100.0 

Clinical characteristics 

Therapy (Mono, Dual) 

Monotherapy  18,948 58.9 

Fixed dose dual therapy 6,868 21.3 

Concurrent dual therapy 
c 

6,356 19.8 

Total 32,172 100.0 

Index Asthma Controller Therapy 

ICS 6,522 20.3 

LTRA 12,426  38.6 

ICS/LABA fixed dose dual therapy 6,868 21.3 

       ICS+LTRA concurrent dual therapy 2,828 8.8 

       ICS/LABA fixed dose+LTRA 3,528 11.0 

       Total 32,172 100.0 

Controller Therapy Adherence 

PDC ≥ 80%  1,332 4.1 

PDC ≥ 70% 2,200 6.8 

PDC ≥ 60%  3,338 10.4 

PDC ≥ 50% 
 

4,792 14.9 

Mean (SD) 32.2 (19.7) 
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Table 3.2 (continued)   

Demographic characteristics N % 

Asthma Reliever Utilization 

       SABA 

None 2,381 7.4 

1 - 5 23,563 73.2 

6 or more 6,228 19.4 

Total 32,172 100.0 

Mean (SD) 3.7 (3.1) 

OCS 

None 15,725 48.9 

1 8,583 26.7 

2 4,199 13.0 

3 1,952 6.1 

4 or more 1,713 5.3 

Total 32,172 100.0 

Mean (SD) 1.0 (1.4) 

Total number of unique non-study medications at index date 

0 6,005 18.7 

1 6,836 21.2 

2 5,979 18.6 

3 4,059 12.6 

4 or more 9,293 28.9 

Total 32,172 100.0 

Mean (SD) 2.9 (3.3) 
ICS=Inhaled corticosteroids; LABA= Long-acting β-antagonists; LTRA=Leukotriene receptor antagonists; 

PDC=Proportion of days covered 
a Numbers do not add to 100.0 due to rounding 
b American Indian, Asian, Unknown 
c Concurrent dual therapy includes an inhaler and oral medication: ICS+LTRA and ICS/LABA fixed dose 

therapy+LTRA 

 

 

3.4 Objectives 

 This study has six objectives and 12 hypotheses. Objective 1 was to describe 

patients’ demographics and medication utilization and was addressed in the previous 
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section and Table 2. Objectives 2 through 6 are discussed below. A summary table is 

provided at the end of the chapter (Table 3.15).      

3.4.1 Objective 2  

Objective 2 was to determine if medication adherence differs by asthma controller 

medication use (i.e., class: monotherapy controller medications ICS vs. LTRA; therapy: 

fixed dose dual therapy vs. concurrent dual therapy), while controlling for covariates. The 

dependent variable (adherence to long-term controller medication, PDC) was 

dichotomized for the first part of the analysis and was continuous for the second part of 

the analysis. To obtain dichotomized adherence, we used a PDC of 50% as a cut-off 

point: adherence when PDC is greater than or equal to 50%, and nonadherence when 

PDC is less than 50%. Originally, we proposed using the 80% cut-off point, but the 

analysis found that only 4% of the patients were adherent at PDC≥80%. To conduct valid 

statistical tests, the adherence cut-off point was changed from 80% to 50%. We grounded 

our decision on the published literature where, on average, most of Medicaid patients’ 

adherence to long-term controller medications was less than 20% (Herndon, 2012; 

Camargo, 2007). Even with PDC of 50% as the adherence cut-off point, the proportion of 

adherent patients was 85%. Because of the lower cut-off value, sensitivity analyses were 

not conducted.  

The first part of the Objective 2 was to compare the likelihood of being adherent 

between monotherapy treatments: ICS vs. LTRA. Regarding ICS users, only 8.9% of 

patients were adherent, whereas 19.9% of LTRA users were adherent. Logistic regression 
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analysis was used to determine whether patients on LTRA were more likely to be 

adherent compared to patients on ICS while controlling for age, gender, race and total 

number of non-study medications at the index date. Logistic regression was also used to 

identify which of the listed covariates were significantly related to the likelihood of being 

adherent on monotherapy. The overall logistic regression model was statistically 

significant (χ
2
 = 1251.59, p<0.0001). The results (Table 3.3) demonstrated that subjects 

on LTRA were significantly more likely to be adherent to the controller therapy. ICS 

users were 61.3% less likely to be adherent to the controller therapy when compared to 

LTRA users (OR=0.387, [95% CI = 0.350-0.427]).  

Since the covariates were not associated with any of the hypotheses, a brief 

explanation of significance will be included from here forth. Being in the older age group 

(41-63), being Caucasian as compared to African American or Hispanic and higher 

number of non-study medications at the index date were significantly (p<0.0001) 

associated with the likelihood of being adherent to monotherapy.  

HA1: Patients on monotherapy LTRA are significantly more likely to be adherent (PDC 

≥50%) compared to patients on monotherapy ICS, while controlling for covariates. (Not 

rejected) 
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Table 3.3 Logistic Regression Analysis Comparing the Likelihood of Being 

Adherent (PDC≥50%) among Asthma Monotherapy Users (N=18,948) 

 Odds Ratio 95% CI Wald X
2
  p-value 

Medication Class 
a 

ICS 0.387 0.350  0.427 354.6381 <0.0001* 

Covariates 

Age groups 
a 

5-11 0.352 0.300 0.412 165.5590 <0.0001* 

12-18 0.326 0.273 0.389 154.3301 <0.0001* 

19-40 0.654 0.523 0.818 13.8384 0.0002* 

Female 0.929 0.854 1.010 2.9542 0.0857   

Race 
a
  

African American 0.480 0.424 0.544 132.2273 <0.0001* 

Hispanic 0.406 0.367 0.449 307.8560 <0.0001* 

Other 
b 

0.883 0.747 1.043 2.1466 0.1429 

Total number of non-study 

medications 

1.051 1.037 1.065 53.0845 <0.0001* 

ICS=Inhaled corticosteroids; LTRA=Leukotriene receptor antagonists; PDC=Proportion of days covered 

Model Chi-Square=1251.59, df=9, p<0.0001 
a Reference categories: LTRA, 41-63 years old, Caucasian 
b American Indian, Asian, Unknown 

*Significant at p < 0.05 

 

The second part of Objective 2 was to compare the likelihood of being adherent 

between dual therapy treatments: fixed dose dual therapy vs. concurrent use dual therapy. 

In the unadjusted analysis, a higher percentage of  patients on fixed dose dual therapy 

(18%) were adherent, compared to only 6% using ICS and LTRA (concurrent dual 

therapy) and 9% using ICS/LABA fixed dose inhaler in combination with LTRA. 

Logistic regression analysis was used to determine whether patients on fixed-dose dual 

therapy (ICS/LABA fixed dose inhaler) were more likely to be adherent compared to 

patients on concurrent dual therapy (ICS inhaler plus LTRA or ICS/LABA fixed-dose 

inhaler plus LTRA), while controlling for age, gender, race and the total number of non-

study medications at the index date. Logistic regression was also used to identify which 
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of the listed covariates were significantly related to the likelihood of being adherent on 

dual therapy. The overall logistic regression model was statistically significant (χ
2
 = 

953.16, p<0.0001). The results (Table 3.4) demonstrated that subjects on fixed dose dual 

therapy were significantly more likely to be adherent to the controller therapy. 

ICS/LABA fixed dose inhaler users were 60.3% more likely to be adherent to the 

controller therapy when compared to concurrent dual therapy users (OR=1.603, [95% CI 

= 1.417-1.813]).  

Regarding the other covariates, being in the older age group (41-63), being 

Caucasian as compared to African American or Hispanic, being male and a higher 

number of non-study medications at the index date were significantly (p<0.0001) 

associated with the likelihood of being adherent to dual controller therapy. 

HA2: Patients on fixed dose dual therapy are significantly more likely to be adherent 

(PDC ≥50%) compared to patients on concurrent dual therapy, while controlling for 

covariates. (Not rejected) 
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Table 3.4 Logistic Regression Analysis Comparing the Likelihood of Being 

Adherent (PDC≥50%) Among Asthma Dual Therapy Users (N=13,224) 

 Odds Ratio 95% CI Wald X
2
  p-value 

Medication Therapy 
a 

Fixed dose dual therapy 1.603 1.417 1.813 56.3606 <0.0001* 

Covariates 

Age group 
a 

5-11 0.328 0.280 0.384 191.2099 <0.0001* 

12-18 0.291 0.244 0.346 194.8024 <0.0001* 

19-40 0.653 0.548 0.778 22.8175 <0.0001* 

Female 0.787 0.701 0.883 16.4571 <0.0001* 

Race 
a
  

African American 0.673 0.584 0.775 30.3464 <0.0001* 

Hispanic 0.573 0.502 0.655 66.6874 <0.0001* 

Other 
b 

0.950 0.767 1.178 0.2168 0.6415 

Total number of non-study 

medications 

1.043 1.030 1.056 44.2824 <0.0001* 

ICS=Inhaled corticosteroids; LABA=Long-acting β-antagonists; PDC=Proportion of days covered 

Model Chi-Square=953.16, df=9, p<0.0001 
a Reference categories: Concurrent dual therapy, 41-63 years old, Caucasian 
b American Indian, Asian, Unknown 

*Significant at p < 0.05 

 

The third part of Objective 2 was to compare adherence (continuous) between 

monotherapy treatments: ICS vs. LTRA. The mean adherence (PDC) for ICS was lower 

than adherence for LTRA: 28.0% (±16.4) vs. 36.1% (±21.4). Multivariate linear 

regression analysis was conducted to determine whether adherence to LTRA 

monotherapy is significantly higher compared to ICS, while controlling for age, gender, 

race and total number of non-study medications at the index date. Multiple regression 

analysis was also used to identify which of the listed covariates were significantly related 

to controller medication adherence while controlling for the others. The variance inflation 

factor (VIF) test was conducted to detect the presence of multicollinearity among the 

independent variables. None of the variables had a value above 4 (cut-off value is 10) 

indicating there was no multicollinearity among the variables.  
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The overall multiple regression model was statistically significant (p<0.0001); the 

independent variable and covariates accounted for 10.3% of the variance in adherence to 

controller monotherapy. Being in the monotherapy treatment class was a statistically 

significant predictor of adherence while controlling for other variables in the model 

(p<0.0001). Compared to patients on LTRA monotherapy, patients on ICS had 

significantly lower adherence while controlling for other variables in the model. ICS 

monotherapy adherence was 7.7% lower compared to LTRA monotherapy. Table 3.5 

shows the detailed results of the multiple regression model.  

Regarding the covariates, being in the older age group (41-63), being Caucasian 

as compared to African American or Hispanic and a higher number of non-study 

medications at the index date were significantly (p<0.0001) associated with an increase in 

monotherapy medication adherence.  

HA3: Patients on monotherapy LTRA have significantly higher adherence compared to 

patients on monotherapy ICS, while controlling for covariates. (Not rejected) 
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Table 3.5 Multiple Regression Analysis Comparing Medication Adherence among 

Asthma Monotherapy Users (N=18,948) 

 B T p-value 

Medication Class 
a 

ICS -0.077 -26.19 <0.0001* 

Covariates 

Age group 
a 

5-11 -0.12079 -17.57 <0.0001* 

12-18 -0.13289 -18.16 <0.0001* 

19-40 -0.05172 -5.30 <0.0001* 

Female -0.00233 -0.82              0.4147 

Race 
a
   

African American -0.06522 -13.91 <0.0001* 

Hispanic -0.08238 -21.05 <0.0001* 

Other 
b 

-0.00969 -1.41               0.1585 

Total number of non-study medications 0.00463 8.84 <0.0001* 
ICS=Inhaled corticosteroids; LTRA=Leukotriene receptor antagonists 

F=242.55, Adjusted R2=0.1029, p<0.0001 
a Reference categories: LTRA, 41-63 years old, Caucasian 
b American Indian, Asian, Unknown 

*Significant at p < 0.05 

 

The fourth part of Objective 2 was to compare adherence (continuous) between 

dual therapy treatments: fixed dose dual therapy vs. concurrent use dual therapy. The 

mean adherence (PDC) for ICS inhaler plus LTRA and ICS/LABA fixed dose inhaler 

plus LTRA was lower than adherence for ICS/LABA fixed dose dual therapy: 24.8% 

(±14.3) and 27.3% (±16.2) vs. 34.5% (±20.6), respectively. A multivariate linear 

regression was conducted to determine whether adherence to ICS/LABA fixed dose dual 

therapy was significantly higher compared to adherence to ICS plus LTRA or to 

ICS/LABA fixed dose plus LTRA, while controlling for age, gender, race and total 

number of non-study medications at the index date. As in the previous analysis, multiple 

regression was also used to identify which of the covariates were significantly related to 
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controller medication adherence while controlling for the others. The variance inflation 

factor (VIF) test did not detect the presence of multicollinearity among the independent 

variables. None of the variables had a VIF value above 3.  

The overall multiple regression model was statistically significant (p<0.0001); the 

independent variable and covariates accounted for 13% of the variance in adherence to 

controller dual therapy. Type of dual therapy was a statistically significant predictor of 

adherence while controlling for other variables in the model (p<0.0001). Compared to 

patients on concurrent dual therapy, patients on fixed dose dual therapy were 

significantly more adherent to their therapy while controlling for other variables in the 

model. PDC for ICS/LABA fixed dose therapy was greater by 4.5% compared to 

adherence for ICS plus LTRA or ICS/LABA fixed dose plus LTRA dual therapy. Table 

3.6 shows the detailed results of the multiple regression model.  

Similar to the previous monotherapy analysis, being in the older age group (41-

63), male, Caucasian compared to African American or Hispanic and a higher number of 

non-study medications at the index date were significantly (p<0.001) associated with an 

increase in dual therapy medication adherence.  

HA4: Patients on fixed dose dual therapy have significantly higher adherence compared 

to patients on concurrent dual therapy, while controlling for covariates. (Not rejected) 
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Table 3.6 Multiple Regression Analysis Comparing Medication Adherence among 

Asthma Dual Therapy Users (N=13,224) 

 B T p-value 

Medication Therapy 
a 

Fixed dose dual therapy 0.04477 13.39 <0.0001* 

Covariates 

Age group 
a 

5-11 -0.10837 -21.22 <0.0001* 

12-18 -0.11734 -22.21 <0.0001* 

19-40 -0.06274 -9.88 <0.0001* 

Female -0.01152 -3.55 0.0004* 

Race 
a
   

African American -0.02965 -6.54 <0.0001* 

Hispanic -0.04026 -9.85 <0.0001* 

Other 
b 

-0.00896 -1.25 0.2119             

Total number of non-study medications 0.00313 6.88 <0.0001* 
F=212.41, Adjusted R2=0.1258, p<0.0001 
a Reference categories: Concurrent dual therapy, 41-63 years old, Caucasian 
b American Indian, Asian, Unknown 

*significant at p < 0.05 

 

 

3.4.2 Objective 3 

Objective 3 was to determine if SABA use differs by asthma controller 

medication (i.e., class: monotherapy controller medications ICS vs. LTRA and therapy: 

fixed dose dual therapy vs. concurrent dual therapy), while controlling for covariates. The 

dependent variable, SABA use, was dichotomized to less than 6 claims and 6 or more 

claims in the post-index period. Out of all studied subjects, the majority (80.6%) had less 

than 6 claims for SABA, leaving almost 20% of those who had 6 or more SABA claims. 

The first part of Objective 3 was to compare the likelihood of having 6 or more claims for 

SABA by monotherapy treatment group: ICS vs. LTRA. Unadjusted analysis showed that 

the frequency of patients having 6 or more claims was higher for patients on ICS 
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monotherapy compared to patients on LTRA monotherapy: 17.4% vs. 14.1%, 

respectively. Consequently, 85.9% of patients on LTRA monotherapy were in 0-5 SABA 

claims group and 82.6% of patients were on ICS monotherapy. Logistic regression 

analysis was used to determine whether patients on LTRA were more likely to have 6 or 

more claims for SABA compared to patients on ICS, while controlling for adherence, 

age, gender, race, and total number of non-study medications at the index date. Logistic 

regression was also used to identify which of the listed covariates were significantly 

related to the likelihood of having 6 or more claims for SABA. The overall logistic 

regression model was statistically significant (χ
2
 = 356.7404, p<0.0001). The results 

(Table 3.7) demonstrated that subjects on ICS were significantly more likely to have 6 or 

more prescription claims for SABA (p<0.0001). ICS users were 40.8% more likely to 

have 6 or more prescription claims for SABA when compared to LTRA users 

(OR=1.408, [95% CI = 1.294-1.532]). Adherence to controller monotherapy (covariate) 

was a significant predictor (p=0.0001) of the likelihood of having 6 or more claims for 

SABA: patients who were adherent to the controller monotherapy were 66.3% more 

likely to have 6 or more SABA claims in a one-year period (OR=1.663, [95% CI = 1.501-

1.843]).        

Regarding the covariates, being Caucasian as compared to Hispanic, being 

African American as compared to Caucasian or Hispanic and a higher number of non-

study medications at the index date were significantly (p<0.005) associated with the 

likelihood of having 6 or more claims for SABA. 
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H05: There is no significant difference between patients on monotherapy LTRA and those 

on monotherapy ICS and the likelihood of having 6 or more claims for SABAs, while 

controlling for covariates. (Rejected) 

 

Table 3.7 Logistic Regression Analysis Comparing the Likelihood of Having 6 or 

more Prescription Claims for SABA among Asthma Monotherapy Users (N=18,948) 

 Odds Ratio 95% CI Wald X
2
  p-value 

Medication Class 
a 

ICS 1.408 1.294  1.532 63.4268 <0.0001* 

Covariates 

Adherence (PDC≥50%) 
a 1.663 1.501 1.843 94.4931 <0.0001* 

Age group 
a 

5-11 0.865 0.722 1.035 2.5166 0.1127 

12-18 0.923 0.762 1.119 0.6586 0.4171 

19-40 1.085 0.847 1.390 0.4180 0.5180 

Female 0.847 0.779 1.921 15.2712 0.0857 

Race 
a
  

African American 1.328 1.170 1.508 19.1404 <0.0001* 

Hispanic 0.849 0.759 0.950 8.2039 0.0042* 

Other 
b 

0.922 0.760 1.118 0.6816 0.4090 

Total number of non-study 

medications 

1.062 1.048 1.077 76.3693 <0.0001* 

ICS=Inhaled corticosteroids; LTRA=Leukotriene receptor antagonists; PDC=Proportion of days covered; 

SABA=Short-acting β2-agonists;  

 Model Chi-Square=356.74, df=10, p<0.0001 
a Reference categories: LTRA, nonadherence (PDC<50%), 41-63 years old, Caucasian 
b American Indian, Asian, Unknown 

*Significant at p < 0.05 

 

The second part of Objective 3 was to compare the likelihood of having 6 or more 

prescription claims for SABA by dual therapy treatment group: fixed dose dual therapy 

vs. concurrent use dual therapy. Unadjusted analysis (chi-square test) showed that the 

frequency of patients having 6 or more claims for SABA was higher for patients on 

concurrent use dual therapy compared to patients on fixed dose dual therapy: 28.1% vs. 

22.6% respectively. Consequently, 71.9% of patients on concurrent use dual therapy and 
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77.4% of patients on fixed dose dual therapy were in 0-5 SABA claims group. When 

concurrent dual therapy was analyzed separately, the frequency of having 6 or more 

claims for SABA for ICS plus LTRA group and for ICS/LABA fixed dose therapy plus 

LTRA group was 25.0% and 30.7%, respectively. Logistic regression analysis was used 

to determine whether patients on concurrent use dual therapy were more likely to have 6 

or more claims for SABA compared to patients on fixed dose dual therapy, while 

controlling for adherence, age, gender, race and total number of non-study medications at 

the index date. Logistic regression was also used to identify which of the listed covariates 

were significantly related to the likelihood of having 6 or more claims for SABA. The 

overall logistic regression model was statistically significant (χ
2
 = 599.5755, p<0.0001). 

The results (Table 3.8) demonstrated that compared to fixed dose dual therapy users, 

patients on concurrent use dual therapy were significantly more likely to have 6 or more 

claims for SABA. Fixed dose dual therapy users were 43.8% less likely to have 6 or more 

prescription claims for SABA when compared to concurrent use dual therapy users 

(OR=0.562, [95% CI = 0.513-0.615]). Adherence to controller dual therapy (covariate) 

was a significant predictor (p=0.0001) of the likelihood of having 6 or more claims for 

SABA: patients who were adherent to the controller dual therapy were 58.8% less likely 

to have 6 or more SABA claims in a one-year period (OR=0.412, [95% CI = 0.368-

0.461]).        

Regarding the other covariates, being in the youngest group (5-11), being 

Caucasian as compared to Hispanic, being African American as compared to Caucasian 
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or Hispanic and a higher number of non-study medications at the index date were 

significantly (p<0.0001) associated with the likelihood of having 6 or more claims for 

SABA. 

HA6: Patients on fixed dose dual therapy are significantly less likely to have more than 6 

claims for SABAs compared to patients on concurrent dual therapy, while controlling for 

covariates. (Not rejected) 

 

Table 3.8  Logistic Regression Analysis Comparing the Likelihood of Having 6 or 

more Prescription Claims for SABA among Asthma Dual Therapy Users (N=13,224) 

 Odds Ratio 95% CI Wald X
2
  p-value 

Medication Therapy 
a 

Fixed dose dual therapy 0.562 0.513 0.615 155.5790 <0.0001* 

Covariates 

Adherence (PDC≥50%) 
a 0.412 0.368 0.461 242.5030 <0.0001* 

Age group 
a 

5-11 0.800 0.699 0.916 10.4507 0.0012* 

12-18 0.873 0.759 1.004 3.5999 0.0578 

19-40 1.150 0.980 1.350 2.9431 0.0862 

Female 0.842 0.773 0.918 15.3115 <0.0001* 

Race 
a
  

African American 1.312 1.169 1.473 21.3152 <0.0001* 

Hispanic 0.848 0.760 0.945 8.9136 0.0028* 

Other 
b 

1.061 0.882 1.276 0.3959 0.5292 

Total number of non-study 

medications 

1.045 1.033 1.057 59.2440 <0.0001* 

ICS=Inhaled corticosteroids; LABA=Long-acting β2-antagonists; LTRA=Leukotriene receptor antagonists; 

PDC=Proportion of days covered; SABA= Short-acting β2-agonists 

Model Chi-Square=599.58, df=10, p<0.0001 
a Reference categories: Concurrent dual therapy, nonadherence (PDC<50%), 41-63 years old, Caucasian 
b American Indian, Asian, Unknown 

*Significant at p < 0.05 
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3.4.3 Objective 4 

Objective 4 was to determine if SABA use differs by asthma long-term controller 

medication adherence, while controlling for covariates. As in the previous analysis, the 

dependent variable (SABA use) was dichotomized, while adherence was dichotomized 

(with PDC cut-off value of 50%) in the first part of Objective 4 and continuously 

measured in the second part of the Objective 4. In the first part of Objective 4 unadjusted 

analysis (chi-square test) showed that the frequency of patients having 6 or more claims 

for SABA was higher for adherent patients (PDC≥50%), compared to nonadherent 

patients(PDC<50%): 29.2% vs. 17.6% respectively. Logistic regression analysis was 

used to determine whether nonadherent patients were more likely to have 6 or more 

claims for SABA compared to adherent patients, while controlling for treatment, age, 

gender, race and total number of non-study medications at the index date. Logistic 

regression was also used to identify which of the listed covariates were significantly 

related to the likelihood of having 6 or more claims for SABA. The overall logistic 

regression model was statistically significant (χ2 = 1427.5552, p<0.0001). The results 

(Table 3.9) demonstrated that adherent subjects were significantly more likely to have 6 

or more prescription claims for SABA. Similar to an unadjusted analysis, adherent 

patients were 96.7% more likely to have 6 or more prescription claims for SABA when 

compared to nonadherent patients (OR=1.967, [95% CI = 1.826-2.120]). Treatment 

(covariate) was a significant predictor (p<0.005) of the likelihood of having 6 or more 

claims for SABA: patients on LTRA therapy were 30.3% less likely to have 6 or more 
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SABA prescription claims compared to patients on ICS therapy (OR=0.697, [95% CI = 

0.641-0.757]), whereas patients on dual concurrent therapy were 66.2% (for ICS+LTRA) 

and 96.2% (for ICS/LABA+LTRA) more likely to have 6 or more SABA prescription 

claims in a one-year period compared to patients on ICS therapy ((OR=1.662, [95% CI = 

1.492-1.851]) and (OR=1.962, [95% CI = 1.779-2.165]) respectively).        

Regarding the other covariates, being in the older age group (41-63), being male, 

being Caucasian as compared to Hispanic, being African American as compared to 

Caucasian or Hispanic and a higher number of non-study medications at the index date 

were significantly (p<0.005) associated with the likelihood of having 6 or more claims 

for SABA. 

HA7: Patients who are nonadherent (PDC <50%) to controller therapy are significantly 

more likely to have 6 or more claims for SABAs compared to those who are adherent 

(PDC ≥50%), while controlling for covariates. (Rejected) 
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Table 3.9 Logistic Regression Analysis Comparing the Likelihood of Having 6 or 

more Prescription Claims for SABA among Adherent versus Nonadherent Patients 

(N=32,172) 

 Odds Ratio 95% CI Wald X
2
  p-value 

Adherence to Controller Therapy 
a 

Adherence (PDC≥50%) 1.967 1.826  2.120 313.9342 <0.0001* 

Covariates 

Treatment 
a 

LTRA 0.697 0.641 0.757 72.0152 <0.0001* 

ICS/LABA fixed dose dual 

therapy 

1.070 0.975 1.174 2.0141 0.1558 

ICS+LTRA concurrent dual 

therapy 

1.662 1.492 1.851 85.0794 <0.0001* 

ICS/LABA fixed dose +LTRA 1.962 1.779 2.165 181.2997 <0.0001* 

Age group 
a 

5-11 0.832 0.748 0.925 11.5388 0.0007* 

12-18 0.881 0.788 0.985 4.9318 0.0264* 

19-40 1.114 0.975 1.273 2.5148 0.1128 

Female 0.844 0.795 0.896 30.9044 <0.0001* 

Race 
a
  

African American 1.322 1.214 1.440 41.1367 <0.0001* 

Hispanic 0.881 0.788 0.985 15.6113 <0.0001* 

Other
b 

1.114 0.975 1.273 0.0176 0.8943 

Total number of non-study 

medications 

1.052 1.043 1.061 132.3529 <0.0001* 

ICS=Inhaled corticosteroids; LTRA=Leukotriene receptor antagonists; PDC=Proportion of days covered; SABA= 

Short-acting β2-agonists 

Model Chi-Square=1427.56, df=10, p<0.0001 
a Reference categories: Nonadherence (PDC<50%), ICS, 41-63 years old, Caucasian 
b American Indian, Asian, Unknown 

*Significant at p < 0.05 

 

 

In the second part of Objective 4 adherence was entered into the model as a 

continuous variable. The overall logistic regression model was statistically significant   

(χ
2
 = 1703.3954, p<0.0001). The results (Table 3.10) demonstrated that as adherence 

increased, the likelihood of having 6 or more claims for SABA increased as well 

(p<0.0001), which is consistent with the previous analysis where adherence was 

dichotomized. For every one unit increase in adherence, subjects were 5.8 times more 
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likely to have 6 or more prescription claims for SABA in the post-index period  

(OR=5.805, [95% CI = 5.037-6.690]).  

Similar to the previous analysis, patients on LTRA therapy were 35.5% less likely 

to have 6 or more SABA prescription claims compared to patients on ICS therapy 

(OR=0.645, [95% CI = 0.593-0.702]), whereas patients on dual concurrent therapy were 

73.1% (for ICS plus LTRA) and two times (for ICS/LABA plus LTRA) more likely to 

have 6 or more SABA claims in a one-year period compared to patients on ICS therapy 

((OR=1.731, [95% CI = 1.553-1.929]) and (OR=2.024, [95% CI = 1.834-2.234]) 

respectively).  

Regarding the other covariates, being 19-40 years old as compared to the older 

group (41-63), being male, being Caucasian as compared to Hispanic, being African 

American as compared to Caucasian or Hispanic and a higher number of non-study 

medications at the index date were significantly (p<0.005) associated with the likelihood 

of having 6 or more claims for SABA. 

HA8: As adherence to controller therapy decreases, the likelihood of having 6 or more 

claims for SABAs increases significantly, while controlling for covariates. (Rejected) 
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Table 3.10 Logistic Regression Analysis Comparing the Likelihood of Having 6 or 

more Prescription Claims for SABA Based on Adherence to Controller Therapy 

(N=32,172) 

 Odds Ratio 95% CI Wald X
2
  p-value 

Adherence to Controller Therapy 

Adherence (continuous) 5.805 5.037  6.690 589.7063 <0.0001* 

Covariates 

Treatment 
a 

LTRA 0.645 0.593 0.702 103.1030 <0.0001* 

ICS/LABA fixed dose dual 

therapy 

1.051 0.957 1.154 1.1005 0.2942 

ICS+LTRA concurrent dual 

therapy 

1.731 1.553 1.929 98.2806 <0.0001* 

ICS/LABA fixed dose +LTRA 2.024 1.834 2.234 196.3392 <0.0001* 

Age group 
a 

5-11 0.901 0.809 1.003 3.6141 0.0573 

12-18 0.963 0.860 1.078 0.4342 0.5100 

19-40 1.163 1.016 1.330 4.8321 0.0279* 

Female 0.845 0.796 0.897 30.3243 <0.0001* 

Race 
a
  

African American 1.365 1.253 1.487 50.4287 <0.0001* 

Hispanic 0.893 0.826 0.966 7.9567 0.0048* 

Other 
b 

0.992 0.868 1.134 0.0132 0.9085 

Total number of non-study 

medications 

1.050 1.041 1.059 121.7350 <0.0001* 

ICS=Inhaled corticosteroids; LABA=Long-acting β2-antagonists; LTRA=Leukotriene receptor antagonists; SABA= 

Short-acting β2-agonists 

Model Chi-Square=1703.40, df=13, p<0.0001 
a Reference categories: ICS, 41-63 years old, Caucasian 
b American Indian, Asian, Unknown 

*Significant at p < 0.05 

 

 3.4.4 Objective 5 

Objective 5 was to determine if OCS use differs by asthma medication use, i.e., 

class: monotherapy controller medications ICS vs. LTRA (first part of Objective 5) and 

therapy: fixed dose dual therapy vs. concurrent dual therapy (second part of Objective 5), 

while controlling for covariates. The mean number of OCS claims for ICS and LTRA 

was 0.94 (±1.24) and 0.93 (±1.37). The multivariate linear regression analysis was 
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conducted to determine whether the number of OCS claims significantly differs for 

patients on LTRA monotherapy compared to patients on ICS, while controlling for 

adherence, age, gender, race and total number of non-study medications at the index date. 

Multiple regression analysis was also used to identify which of the listed covariates were 

significantly related to OCS use while controlling for the others. The VIF test was 

conducted to detect the presence of multicollinearity among the independent variables. 

None of the variables had a VIF value above 5 (cut-off value is 10) indicating there was 

no multicollinearity among the variables.  

The overall multiple regression model was statistically significant (p<0.0001); the 

independent variable and covariates accounted for 3.0% of the variance in number of 

OCS prescription claims. As in the unadjusted analysis, there was no statistically 

significant difference in the number of claims for OCS between ICS and LTRA 

monotherapy users (p=0.1448). Table 3.11 shows the detailed results of the multiple 

regression model. Adherence to the controller monotherapy was a significant predictor of 

the OCS use: compared to nonadherent patients, adherent patients had 0.017 fewer claims 

for OCS (p<0.0001). 

Being in the youngest group (5-11), being Hispanic and a higher number of non-

study medications at the index date were significantly associated with an increase in the 

number of claims for OCS (p<0.05). Patients in the 12-18 year group, females and Other 

race had significantly fewer OCS claims. 
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H09: There is no significant difference between patients on monotherapy LTRAs and 

those on monotherapy ICSs and the number of claims for OCSs, while controlling for 

covariates. (Not rejected) 

 

Table 3.11 Multiple Regression Analysis Comparing OCS Use among Asthma 

Monotherapy Users (N=18,948) 

 B T p-value 

Medication Class 
a 

ICS 0.02961 1.46 0.1448 

Covariates 

Adherence (PDC≥50%) 
a -0.16902 -6.31 <0.0001* 

Age group 
a 

   

5-11 0.21878 4.63 <0.0001* 

12-18 -0.12527 -2.49 0.0127* 

19-40 -0.09763 -1.46 0.1435 

Female -0.04546 -2.33 0.0198* 

Race 
a
  

African American -0.02701 -0.84 0.4011 

Hispanic 0.13212 4.90 <0.0001* 

Other
b 

-0.11312 -2.41 0.0160* 

Total number of non-study medications 0.05782 16.13 <0.0001* 
ICS=Inhaled corticosteroids; LTRA=Leukotriene receptor antagonists; OCS=Oral corticosteroids; PDC=Proportion 

of days covered 

F=59.11, Adjusted R2=0.0298, p<0.0001 
a Reference categories: LTRA, nonadherence (PDC<50%), 41-63 years old, Caucasian 
b American Indian, Asian, Unknown 

*Significant at p < 0.05 

 

 

The second part of Objective 5 was to determine whether patients on fixed dose 

dual therapy had significantly fewer claims for OCS, compared to concurrent dual 

therapy, while controlling for covariates. The mean number of OCS claims for patients 

on fixed dose dual therapy and patients on concurrent dual therapy was 1.01 (±1.63) and 

1.10 (±1.52), respectively. The multivariate linear regression analysis was conducted to 
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determine whether the number of OCS claims significantly differs for patients on fixed 

dose dual therapy compared to patients on concurrent dual therapy, while controlling for 

adherence, age, gender, race and total number of non-study medications at the index date. 

Multiple regression analysis was also used to identify which of the listed covariates were 

significantly related to OCS use while controlling for the others. The VIF test detected no 

multicollinearity among the variables (VIF values below 3).  

The overall multiple regression model was statistically significant (p<0.0001); the 

independent variable and covariates accounted for 2.3% of the variance in number of 

OCS claims. Patients on fixed dose dual therapy had 0.11 fewer claims for OCS 

compared to patients on concurrent dual therapy (p=0.0001). Table 3.12 shows the 

detailed results of the multiple regression model. Unlike in the previous analysis for 

monotherapy, adherence to the controller dual therapy was not a significant predictor of 

OCS use (p=0.9502).    

Regarding the other covariates, being in the youngest age group (5-11) as 

compared to the older group (41-63), being in the older group (41-63) as compared to 

patients in the 12-18 age group, being Caucasian as compared to Other and a higher 

number of non-study medications at the index date were significantly (p<0.005) 

associated with an increase in the number of OCS claims.  

HA10: Patients on fixed dose dual therapy have significantly fewer claims for OCSs 

compared to patients on concurrent dual therapy, while controlling for covariates. (Not 

rejected) 
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Table 3.12 Multiple Regression Analysis Comparing OCS Use among Asthma Dual 

Therapy Users (N=13,224) 

 B T p-value 

Medication Therapy 
a 

Fixed dose dual therapy -0.11325 -3.80 0.0001* 

Covariates 

Adherence (PDC≥50%) 
a -0.00262 -0.06               0.9502 

Age group 
a 

   

5-11 0.13533 2.95 0.0032* 

12-18 -0.24613 -5.18 <0.0001* 

19-40 -0.00414 -0.07               0.9417 

Female 0.00021 0.01               0.9941 

Race 
a
  

African American -0.04222 -1.05               0.2960 

Hispanic 0.05227 1.43               0.1520 

Other
b 

-0.16433 -2.57 0.0102* 

Total number of non-study medications 0.04766 11.75 <0.0001* 
ICS=Inhaled corticosteroids; LABA=Long-acting β-antagonists; PDC=Proportion of days covered 

F=31.61, Adjusted R2=0.0226, p<0.0001 
a Reference categories: Concurrent dual therapy, Nonadherence (PDC<50%), 41-63 years old, Caucasian 
b American Indian, Asian, Unknown 

*Significant at p < 0.05 

 

 

3.4.5 Objective 6 

Objective 6 was to determine if OCS use differs by asthma long-term controller 

medication adherence. First, adherence was measured as a dichotomous variable (first 

part of Objective 6) and then as a continuous variable (second part of Objective 6), while 

controlling for covariates. The mean number of OCS claims for adherent and 

nonadherent patients was 0.91 (±1.63) and 1.00 (±0.99), respectively. The multivariate 

linear regression analysis was conducted to determine whether the number of claims for 

OCS was significantly higher for nonadherent patients compared to adherent patients, 
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while controlling for treatment, age, gender, race and total number of non-study 

medications at the index date. Multiple regression analysis was also used to identify 

which of the listed covariates were significantly related to OCS use while controlling for 

the others. The VIF test detected no multicollinearity among the variables (none of the 

variables had a VIF value above 4).  

The overall multiple regression model was statistically significant (p<0.0001); the 

independent variable and covariates accounted for 2.8% of the variance in number of 

OCS claims. Adherent patients had 0.11 fewer OCS claims compared to nonadherent 

patients (p<0.0001). Table 3.13 shows the detailed results of the multiple regression 

model. Treatment regimen was a significant predictor of the OCS use: compared to 

patients on ICS therapy, patients on dual therapies (ICS/LABA fixed dose dual therapy, 

ICS plus LTRA concurrent dual therapy and ICS/LABA fixed dose plus LTRA therapy) 

had 0.11, 0.09 and 0.27 more claims for OCS respectively (p<0.05).      

Regarding the other covariates, being in the youngest age group (5-11) as 

compared to the older group (41-63), being in the older group (41-63) as compared to 

patients of 12-18 years old, being Hispanic as compared to Caucasian, being Caucasian 

as compared to African American and Other and a higher number of non-study 

medications at the index date were significantly (p<0.005) associated with an increase in 

the number of OCS claims.  
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HA11: Patients who are nonadherent (PDC <50%) to controller therapy have 

significantly more claims for OCS compared to adherent (PDC ≥50%) patients, while 

controlling for covariates. (Not rejected) 

 

Table 3.13 Multiple Regression Analysis Comparing OCS Use and Adherence 

(PDC≥50%) to Controller Therapy (N=32,172) 

 B T p-value 

Adherence to Controller Therapy 
a 

Adherence (PDC≥50%) -0.11125 -4.83 <0.0001* 

Covariates 

Treatment 
a 

   

LTRA -0.03236 -1.48              0.1391 

ICS/LABA fixed dose dual therapy 0.10715 4.10 <0.0001* 

ICS+LTRA concurrent dual therapy 0.09109 2.85 0.0044* 

ICS/LABA fixed dose +LTRA 0.26946 9.02 <0.0001* 

Age group 
a 

   

5-11 0.17173 5.42 <0.0001* 

12-18 -0.20480 -6.16 <0.0001* 

19-40 -0.04747 -1.14              0.2553 

Female -0.02771 -1.68              0.0923 

Race 
a
  

African American -0.03255 -1.29              0.1976 

Hispanic 0.10294 4.71 <0.0001* 

Other 
b 

-0.13610 -3.56 0.0004* 

Total number of non-study medications 0.05288 19.80 <0.0001* 

ICS=Inhaled corticosteroids; LABA=Long-acting β2-antagonists; LTRA=Leukotriene receptor 

antagonists; OCS=Oral corticosteroids; PDC=Proportion of days covered 

F=72.72, Adjusted R2=0.0282, p<0.0001 
a 
Reference categories: Nonadherence (PDC<50%), ICS, 41-63 years old, Caucasian 

b 
American Indian, Asian, Unknown 

*Significant at p < 0.05 

 

 

The second part of Objective 6 was to determine whether there was a relationship 

between number of OCS claims and adherence (continuous). The multivariate linear 

regression analysis was conducted to determine whether the number of claims for OCS 
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increases significantly with the decrease in adherence to controller therapy, while 

controlling for treatment, age, gender, race and total number of non-study medications at 

the index date. Multiple regression analysis was also used to identify which of the listed 

covariates were significantly related to OCS use while controlling for the others. The VIF 

test detected no multicollinearity among the variables (none of the variables had a value 

above 4). 

The overall multiple regression model was statistically significant (p<0.0001); the 

independent variable and covariates accounted for 2.8% of the variance in number of 

OCS claims. With every unit increase (PDC) (i.e., becoming more adherent) the number 

of claims for OCS decreased by 0.24 (p<0.0001). Table 3.14 shows the detailed results of 

the multiple regression model. All of the significant predictors were the same as for the 

previous model where adherence was dichotomized.    

HA12: As adherence to controller therapy decreases, the number of claims for OCSs 

increases significantly. (Not rejected) 
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Table 3.14 Multiple Regression Analysis Comparing OCS and Adherence 

(continuous) to Controller Therapy (N=32,172) 

 B T p-value 

Adherence to Controller Therapy 

Adherence (continuous) -0.23542 -5.52 <0.0001* 

Covariates 

Treatment
 a 

   

LTRA -0.02565 -1.17              0.2435 

ICS/LABA fixed dose dual therapy 0.10918 4.17 <0.0001* 

ICS+LTRA concurrent dual therapy 0.08681 2.71 0.0067* 

ICS/LABA fixed dose +LTRA 0.26681 8.93 <0.0001* 

Age group 
a 

   

5-11 0.16432 5.16 <0.0001* 

12-18 -0.21361 -6.40 <0.0001* 

19-40 -0.05167 -1.24              0.2158 

Female -0.02747 -1.67              0.0952 

Race 
a
  

African American -0.03455 -1.37               0.1717 

Hispanic 0.09929 4.53 <0.0001* 

Other 
b 

-0.13609 -3.56 0.0004* 

Total number of non-study medications 0.05298 19.85 <0.0001* 
ICS=Inhaled corticosteroids; LABA=Long-acting β2-antagonists; LTRA=Leukotriene receptor antagonists; 

OCS=Oral corticosteroids 

F=73.29, Adjusted R2=0.0284, p<0.0001 
a Reference categories: ICS, 41-63 years old, Caucasian 
b American Indian, Asian, Unknown 

*Significant at p < 0.05 
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Table 3.15 Summary of Objectives, Hypotheses, and Statistical Tests 

Objective Hypotheses Procedure/ 

Statistical 

Test 

Rejected/

Not 

rejected 

2. To determine if 

medication adherence 

differs by asthma 

controller medication use 

(i.e., class: monotherapy 

controller medications 

ICS vs. LTRA; therapy: 

fixed dose dual therapy 

vs. concurrent dual 

therapy), while controlling 

for covariates.  

HA1: Patients on monotherapy LTRA are 

significantly more likely to be adherent (PDC 

≥50%) compared to patients on monotherapy 

ICS, while controlling for covariates. 

Logistic 

regression 

Not 

rejected 

HA2: Patients on fixed dose dual therapy are 

significantly more likely to be adherent (PDC 

≥50%) compared to patients on concurrent 

dual therapy, while controlling for covariates. 

Logistic 

regression 
Not 

rejected 

HA3: Patients on monotherapy LTRA have 

significantly higher adherence compared to 

patients on monotherapy ICS, while 

controlling for covariates. 

Multiple 

regression 
Not 

rejected 

HA4: Patients on fixed dose dual therapy have 

significantly higher adherence compared to 

patients on concurrent dual therapy, while 

controlling for covariates. 

Multiple 

regression 
Not 

rejected 

3. To determine if SABA 

use differs by asthma 

medication use (i.e., class: 

monotherapy controller 

medications ICS vs. 

LTRA; therapy: fixed 

dose dual therapy vs. 

concurrent dual therapy), 

while controlling for 

covariates. 

H05: There is no significant difference 

between patients on monotherapy LTRA and 

those on monotherapy ICS and the likelihood 

of having 6 or more claims for SABAs, while 

controlling for covariates. 

Logistic 

regression 

Rejected 

HA6: Patients on fixed dose dual therapy are 

significantly less likely to have 6 or more 

claims for SABAs compared to patients on 

concurrent dual therapy, while controlling for 

covariates. 

Logistic 

regression 

Not 

rejected 

4. To determine if SABA 

use differs by asthma 

long-term controller 

medication adherence. 

 

HA7: Patients who are nonadherent (PDC 

<50%) to controller therapy are significantly 

more likely to have 6 or more claims for 

SABAs compared to those who are adherent 

(PDC ≥50%), while controlling for 

covariates. 

Logistic 

regression 

Rejected 

HA8: As adherence to controller therapy 

decreases, the likelihood of having 6 or more 

claims for SABAs increases significantly, 

while controlling for covariates. 

Logistic 

regression 
Rejected 
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Table 3.15 (continued)  

Objective Hypotheses Procedure/ 

Statistical 

Test 

Rejected/

Not 

rejected 

5. To determine if OCS use 

differs by asthma 

medication use (i.e., class: 

monotherapy controller 

medications ICS vs. 

LTRA; therapy: fixed 

dose dual therapy vs. 

concurrent dual therapy), 

while controlling for 

covariates. 

 

H09: There is no significant difference 

between patients on monotherapy LTRAs and 

those on monotherapy ICSs and the number of 

claims for OCSs, while controlling for 

covariates. 

Multiple 

regression 

Not 

rejected 

HA10: Patients on fixed dose dual therapy 

have significantly fewer claims for OCSs 

compared to patients on concurrent dual 

therapy, while controlling for covariates. 

Multiple 

regression 
Not 

rejected 

6. To determine if OCSs use 

differs by asthma long-

term controller medication 

adherence. 

 

HA11: Patients who are nonadherent (PDC 

<50%) to controller therapy have 

significantly more claims for OCS compared 

to adherent (PDC ≥50%) patients, while 

controlling for covariates. 

Multiple 

regression 
Not 

rejected 

HA12: As adherence to controller therapy 

decreases, the number of claims for OCSs 

increases significantly.  

Multiple 

regression 
Not 

rejected 

FDCT=Fixed Dose Combination Therapy; ICS=Inhaled corticosteroids; LABA=Long-acting β-antagonists; 

LTRA=Leukotriene receptor antagonist; OCS=Oral corticosteroids; PDC=proportion of days covered; SABA=Short-

acting β2-antagonists;  

 

 

  



124 
 

Chapter 4: DISCUSSION 

4.1 Chapter Overview 

 This chapter addresses the study objectives and provides a discussion of the study 

results. First, a brief review of the study rationale is presented. Second, the study findings 

are discussed, along with the potential explanations and comparison with the results 

previously obtained by other researchers. Finally, the limitations of the present study, the 

conclusions and directions for future research are presented.   

 

4.2 Review of Study Rationale 

 The goal of this study was to describe asthma medication utilization patterns 

among Texas Medicaid recipients with persistent asthma. One of the key drivers in 

improving asthma management is increased patient adherence to long-term controller 

medications [1]. The present study shed light on the association between adherence to 

controller therapy among patients with persistent asthma and the use of quick-relief 

agents (SABA and OCS), serving as an indicator of asthma control.   
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4.3 Study Objectives 

4.3.1 Objective 1 

 Objective 1 was to describe patients’ demographics and the medication utilization 

of Texas Medicaid patients with persistent asthma. The majority of the patients were 

children (83.3%) and male (51.8%). This was expected because asthma is more prevalent 

in males less than 14 years of age. More than half of the patients were Hispanic (54.7%), 

which differentiates the Texas Medicaid population from that of many other states. Most 

of the patients were on monotherapy (58.9%), with almost twice as many patients on 

LTRA (N=12,426; 38.6%) than on ICS (N=6,522; 20.3%). This result was somewhat 

surprising given that the guidelines recommend ICS as first-line therapy with LTRA as 

an alternate for first-line therapy. This study’s results differ from a recent study, that 

examined children with asthma on monotherapy only from Texas and Florida Medicaid, 

where ICS therapy was more prevalent: 10,878 (58.9%) vs. 7,578 (41.1%) patients [61]. 

However, another study that used commercial MarketScan data and included adults and 

children with asthma showed, similarly to the present study, that LTRA monotherapy 

users (N=28,758; 69.7%) were more prevalent than ICS (N=12,476; 30.3%) [92]. 

Although the latter study included commercially-included patients, it is comparable to the 

current study in that both included adults and children, which could potentially be an 

explanation for similar findings. One LTRA, montelukast (Singulair®), became 

generically available in August 2012, which was after the present study’s timeline. Thus, 

it is not likely that it was used more frequently due to lower cost [109]. However, with 
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generic availability, future research may reveal an even higher prevalence of use of 

LTRA therapy. Interestingly, Ducharme et al., when comparing the clinical effectiveness 

of ICS vs. montelukast among children and adolescents found that physicians prescribed 

montelukast significantly more often than ICS; the authors did not provide any 

explanation for higher utilization of oral medication [84].  Regarding dual/combination 

therapy, about 20% of the included population consisted of the ICS/LABA fixed dose 

combination therapy group, with another 11% of patients who added on LTRA to their 

fixed dose inhaler. Almost 9% of patients were on dual therapy, combining individual 

ICS inhalers and LTRA tablets. Only a few patients (less than 100) had claims for LABA 

or LABA in combination with ICS (concurrent use). This was to be expected, since the 

FDA Black Box warning recommended that LABA be used only in combination with 

ICS [43].  

 The present study’s mean adherence (32.2%±19.7) was within the range of 

previous claims database studies [11, 60, 61, 86, 92], with the present studies’ mean 

adherence to LTRA (36.1%± 21.4) being higher than ICS (28.0%±16.4)  Although, when 

compared to the present study, Herndon’s et al. overall mean adherence was lower for 

both LTRA (28%, no SD) and ICS (20%, no SD), the finding of LTRA users being more 

adherent than ICS users was similar [61]. Another study, which used Florida Medicaid 

and included children with asthma, showed that adherence was higher for LTRA as well: 

20% (LTRA) vs.16.5% (ICS) [60]. LTRA is more commonly used because of ease of 
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administration; it also may be that allergic asthma is more prevalent among the studied 

populations, which can contribute to greater LTRA use.  

Because the standard of care recommends that patients with asthma have a rescue 

inhaler at all times, it was expected that a majority (92.6%) of the patients had SABA 

claims, with more than 70%  (73.2%) of patients having between 1 and 5 claims in a one-

year period and 19.4% having 6 or more claims. These results are consistent with 

observations from previous studies using prescription claims databases [15, 101, 110-

112]. However, one study of commercially insured patients with asthma had, on average, 

fewer SABA claims when compared to previously conducted Medicaid studies [86]. 

Regarding the use of OCS, almost half of the patients had no claims for OCS, whereas 

half needed OCS treatment, which typically indicates insufficient asthma control. These 

findings were in line with previously conducted studies [15, 110, 113]; however, 

privately insured populations had lower frequencies of OCS claims (~30%) [86, 112, 

114]. This difference may be driven by the socioeconomic characteristics of the publicly 

insured versus privately insured populations. In summary, the present study sample was 

similar to those of other Medicaid studies in age and asthma medication use. 

4.3.2 Objective 2 

Objective 2 was to determine whether medication adherence differed by asthma 

controller medication use. As mentioned previously, mean adherence to LTRA, on 

average, was significantly higher than mean adherence to ICS. This result was robust 
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whether using continuous or dichotomous adherence. Patients on ICS were 61.3% less 

likely to be adherent (PDC≥50%) and mean adherence was lower by 7.7% than that of 

patients on LTRA. These results are consistent with findings from several other studies 

[6, 10, 11, 68, 84, 85, 87, 92], which concluded that differences may be the result of ease 

of use of tablets compared to appropriate use of inhalers. In addition, montelukast may 

have a better long-term safety profile, whereas the patients’ perceptions of the local and 

systemic adverse events of ICS may contribute to lower adherence [115, 116].   

Several other potential explanations for low adherence to ICS exist. One of them is 

the concept of ICS as an “as needed” treatment. Despite the fact that EPR 3 guidelines 

recommend daily use of ICS for all patients with persistent asthma, several clinical trials 

have acknowledged that ICS can be used ‘as needed’ (when asthma symptoms worsen) 

for mild asthma [117-119]. One of these studies (the BASALT trial) reported that ‘as-

needed’, symptom-based use of ICS and traditional daily use of ICS did not differ in the 

time to clinical worsening of asthma [117]. Nonetheless, there is not enough evidence 

currently for intermittent use of ICS for patients with mild to moderate asthma, even 

though it may be encountered in clinical practice [120]. The finding that less than 10% of 

patients (persistent asthma) in the present study were adherent (PDC≥50%) to ICS 

therapy suggests an opportunity to educate/re-educate Medicaid patients with persistent 

asthma and their providers regarding the need for regular ICS use.   

When asthma is inadequately controlled with monotherapy, combination therapy is 

recommended. LABA or LTRA are predominant add-on agents to ICS. An ICS/LABA 
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fixed dose inhaler is the preferred therapy according to the EPR 3; LTRA is an alternative 

add-on agent to ICS and is commonly used as well. Although not mentioned as a therapy 

option in the EPR 3, 11% of the total sample, or 27% of those who were on combination 

therapy, were using an ICS/LABA fixed dose inhaler with the addition of LTRA. Since it 

is easier to use the two agents in one inhaler, we hypothesized that adherence to fixed 

dose dual therapy is greater than adherence to concurrent dual therapy (ICS plus LTRA 

or ICS/LTRA fixed dose inhaler plus LTRA). This assumption was supported when 

adherence was dichotomous and continuous. ICS/LABA fixed dose inhaler users were 

60.3% more likely to be adherent to the controller therapy than concurrent dual therapy 

users. PDC for ICS/LABA fixed dose therapy was 4.5% higher than ICS plus LTRA or 

ICS/LABA fixed dose plus LTRA dual therapy. Our findings were in line with previously 

reported results, where adherence to fixed dose dual therapy was higher than concurrent 

use therapy [6, 121-124]. This can be explained by the simplicity of dual therapy use 

when both components are in one inhaler. Further, lower adherence to concurrent dual 

therapy use may be associated with higher adherence to the main medication (ICS or 

ICS/LABA inhaler) and lower adherence to add-on agents (e.g., during allergy or 

respiratory infections disease season).  

  Importantly, the present study identifies factors associated with adherence to 

controller therapy. When addressing adherence to asthma controller therapy, health care 

providers should place more attention on younger patients (and their parents), and on 

African-American and Hispanic patients. In this study, these patients were more likely to 
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be nonadherent, which was congruent with earlier reported findings [57]. А higher 

number of medications at the index date was associated with higher adherence.          

4.3.3 Objectives 3 and 4 

Objectives 3 and 4 were to determine whether SABA use differs by asthma 

controller medication therapy and adherence. SABA is used for quick relief of symptoms 

and is not recommended for regular use. Patients with adequately controlled persistent 

asthma should have a minimal number of SABA claims (acceptable use is no more than 

two days per week). Excessive SABA use indicates poor asthma control and increased 

asthma exacerbations and has been associated with adverse asthma events [111, 112, 

125]. Thus, this study hypothesized that excessive SABA use would depend on the 

therapy and adherence to therapy. Although the cut-off value for the number of SABA 

claims related to adverse events is unknown [111, 114, 125], the most frequently used 

and relatively conservative cut-off value is 6 [10, 85, 86, 113, 126]. This means that 

patients who had 6 or more SABA claims per year are not well-controlled and their 

disease management should be reassessed. We hypothesized that there would be no 

significant difference between ICS and LTRA users in their likelihood of having 6 or 

more claims for SABA in a one-year observation period. However, both unadjusted and 

adjusted analyses showed that patients on ICS monotherapy had a significantly greater 

likelihood (40.8% higher) of having 6 or more SABA claims than those on LTRA. The 

present study’s findings were consistent with several published studies [10, 84, 86]. 

However, a study using similar methodology, conducted using children from the United 
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Kingdom (UK), found opposite results: LTRA monotherapy users were prescribed 6 or 

more claims for SABA more frequently than ICS monotherapy users: 25.1% vs. 4.3% 

had 6 or more SABA claims  [85]. In the study by Ducharme et al. [84], LTRAs were 

found to be more effective not only in terms of SABA use, but also regarding the 

frequency of hospital admissions. It may be that there are certain characteristics, which 

are responsible for better clinical outcomes, of populations on LTRA monotherapy that 

cannot be detected through the insurance claims databases.  

Interestingly, patients who were adherent to their monotherapy controller 

medication were more likely to have 6 or more claims for SABA, when compared to 

nonadherent patients. Although we had expected an opposite relationship, other studies 

found similar results [57, 68, 85]. The first explanation that presents itself relates to the 

severity of asthma: it is likely that those who have less severe asthma are not highly 

adherent to the therapy and, at the same time, have no need for excessive SABA use. 

However, in this study, only patients with persistent asthma were included (i.e., 

excluding less severe or mild asthmatics) and variations in severity among persistent 

asthmatics was controlled for by including total number of non-study medications at the 

index date as a proxy for patient’s general health status . However, factors such as 

allergens and other triggers, presence of comorbid conditions, or psychosocial issues may 

contribute to poor asthma control, even among adherent patients [127].  

Next, it may be that some patients fill a prescription for SABA but do not use it at 

all or use it rarely. Additionally, some patients, specifically children, may have an inhaler 
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for home use and another inhaler for school use. Unfortunately, we were unable to 

determine whether the SABA inhaler was dispensed and utilized, or was dispensed for 

“just in case” situations and was rarely or never used. Patients with asthma should have 

access to a SABA inhaler at all times, but additional research should be conducted to 

determine whether they are ‘stockpiling’ these inhalers. Interestingly, Valluri et al. found 

that Ohio Medicaid beneficiaries obtaining medications through mail order pharmacies 

had higher SABA utilization than patients using community pharmacies [128]. 

Furthermore, another study demonstrated that a reduction in SABA over-dispensing 

through mail order pharmacies did not compromise patients’ asthma control [113]. This 

information should be considered by Medicaid in order to effectively address SABA 

utilization when the true need for a SABA inhaler is identified before it is dispensed.     

We also hypothesized that patients on fixed dose dual therapy were less likely to 

have 6 or more claims for SABA than those who were on concurrent dual therapy.   Both 

unadjusted and adjusted analyses supported our hypothesis. Fixed dose dual therapy users 

were 43.8% less likely to have 6 or more prescription claims for SABA than concurrent 

dual therapy users, which was consistent with the study by Tan et al. [10]. In contrast to 

the previous analysis of patients on monotherapy, when patients on dual therapy were 

adherent to the controller therapy, they were less likely to have 6 or more claims for 

SABA (by 58.8%). Further research is needed to understand why monotherapy adherence 

was associated with more frequent SABA use, while adherence to dual therapy was 

associated with a lower rate of SABA overuse.       
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Objective 4 was to determine whether SABA use differs by asthma long-term 

controller medication adherence. Answering this question will help us better understand 

how adherence/nonadherence to any therapy (mono or dual) affects the likelihood of 

having 6 or more claims for SABA, since the previous objective yielded inconsistent 

results for mono and dual therapies when adherence was a covariate in the model. Results 

from both multivariate logistic and linear regression analyses showed that the likelihood 

of having 6 or more SABA claims was higher for more adherent patients. These findings 

were consistent with the UK study, where more adherent patients (MPR ≥ 80%) to ICS, 

LTRA or ICS/LABA fixed dose dual therapy were more likely to have 6 or more SABA 

claims; however, this association was not significant for patients on ICS plus LABA 

concurrent dual therapy [85]. Similarly, Smith et al. reported that adherent patients 

covered by Arizona Medicaid were more likely to have more SABA claims than 

nonadherent patients [17]. However, Broder et al. found no difference in adherence and 

the likelihood of having 6 or more SABA claims [127].  In addition to the reasons given 

above, there are two other possible explanations for the relationship between adherence 

to controller therapy and frequent SABA use. Factors that we were unable to identify 

through the prescription claims database, such as prescription of inadequate doses of the 

controller therapy or inappropriate inhalation technique (for inhaled medications), can be 

associated with poor asthma control and, as a result, with excessive SABA use [127, 129, 

130]. As noted above, mail order pharmacy claims were associated with higher drug 
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utilization, meaning that automated requests for SABA may contribute to repeated 

unnecessary SABA fills [131].  

 In conclusion, even though frequent use of SABA signals poor asthma control [1] 

and serves as a predictor of asthma-related outcomes/subsequent exacerbations [112, 125, 

132, 133], the association between adherence to controller therapy and excessive SABA 

use is still unclear. The present study’s inconsistent findings in this area are similar to 

other studies [16, 17, 57, 68, 129].   

4.3.4 Objectives 5 and 6 

Objectives 5 and 6 were to determine whether OCS use differs by asthma 

controller medication and adherence to controller therapy. OCSs are used for asthma 

exacerbation management, which signals uncontrolled asthma. Consistent with previous 

research [10, 84, 85], we found no significant difference in the number of claims for OCS 

for patients on ICS compared to LTRA. However, some studies have found that patients 

on LTRA have fewer exacerbations and, thus, less of a need for OCS treatment [11, 86]. 

The present study found that patients on more complex multiple therapies (ICS plus 

LTRA and ICS/LABA fixed dose plus LTRA) had more claims for OCS, compared to 

patients on fixed dose dual therapy, which was consistent with the results of Tan et al. 

[10]. In contrast to SABA quick-relief use, better adherence to controller therapy was 

associated with a lower number of OCS claims, which was in line with previous research 
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[15, 16]. Better adherence to controller therapy, especially among patients on dual 

therapy, can prevent future exacerbations and the need for OCS.  

 

4.4 Study Limitations 

 This study has several limitations that may impact the findings. First, adherence 

was operationalized as PDC, which may not reflect actual adherence. The fact that a 

patient filled a prescription does not guarantee that it was used, used as prescribed and, in 

the case of inhalers, used with the correct technique. Second, some dual therapy patients 

could be primarily monotherapy users who added another agent only for specific time 

periods. However, this study defined dual therapy as two 15-day overlapping periods, and 

thus, lends validity to dual therapy use. Third, the use of a retrospective database allows 

only the use of the covariates that are available, and gives no access to other important 

factors, such as clinical parameters, symptoms, and designation of mild, moderate or 

severe asthma. Fourth, adherence to ICS can be underestimated, since a prescription 

reading “1-2 puffs 1-2 times daily” could result in wide variations for days supply. 

However, pharmacists typically assume maximum use which translates in to shorter days 

supply. Unfortunately, the database does not provide the specific physician medication 

directions. Fifth, the severity of asthma can significantly influence adherence and 

outcomes; however, in this study, there was no opportunity to assess this factor directly 

(it was not ascertainable through claims). However, our inclusion criteria targeted 
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patients with persistent asthma only. Finally, all the conclusions of this study are unique 

to the Texas Medicaid population, meaning that they may not be generalizable to 

populations from other healthcare systems or to other state Medicaid programs.     

 

4.5 Conclusions and Future Directions 

1) This study identified major underuse of asthma controller medications, with only 

15% of patients having an adherence rate of 50% or higher. Texas Medicaid providers 

should consider an intervention in order to raise awareness of the importance of regular 

use of controller medications. Children (and their caregivers), African-Americans, and 

Hispanics should be populations of focus.   

2) Patients on LTRA were found to be significantly more adherent than patients on 

inhaled ICS therapy. We have suggested several potential reasons for this, but further 

research is needed to identify characteristics of patients that are related to better 

adherence to LTRA.  

3) Although we expected to find a positive association between nonadherence and 

frequent SABA use as an indicator of poor asthma control, we found the opposite 

association. We suggested several explanations and recommendations, one of which was 

that Medicaid could take steps to prevent SABA overuse. For instance, a screening 

program/intervention for SABA use prior to dispensing may be cost-saving for Medicaid.  



137 
 

4) This study revealed no clear association between adherence to controller therapy 

and the likelihood of excessive SABA use. Even though excessive SABA use is an 

established predictor of future asthma events, it did not have a consistent and 

unidirectional association with adherence. The implication for health care providers is 

that they should be attentive to the frequency of SABA use by both adherent and 

nonadherent patients. Almost 19% of patients had 6 or more instances of SABA use, 

which indicates that controller therapy is not adequate and physicians should address this 

issue.  

5) Higher adherence to controller therapy was associated with a significant reduction 

of exacerbations that required OCS use, meaning that, again, adherence to controller 

therapy is critical for asthma control.   

In summary, patients with asthma need to be made fully aware of the importance of 

regular use of controller medications and role of SABA use. Patients need to understand, 

that even though their albuterol inhaler may provide quick symptom relief, regular use of 

ICS (or combination) therapy is more beneficial for consistent and long-term asthma 

control.   
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Table A 1 Overview of Adherence to Asthma Controller Medications (measured through prescription refill data) 

Study Patient 

population/Database 

Adherence 

measure 

ICS LTRA ICS+LABA ICS+LTRA 

Children/Adolescents 

Blais et al., 

2011 [11] 

N=27,355 

5-15 years old 

 

Database: Quebec 

administrative 

databases (RAMQ, 

MED-ECHO) 

PDC=Number of 

days for which the 

drug was 

dispensed/number of 

follow-up days 

(between 4 months 

(min) and 12 months 

(max)) 

For patients with ≥1 

exacerbation prior to treatment 

initiation: Mean 

PDC=15.1%±12.2%  

For patients with no 

exacerbation prior to treatment 

initiation: Mean 

PDC=14.2%±11.6%  

 

For patients with ≥1 

exacerbation prior 

to treatment 

initiation: Mean 

PDC=33.3%±28.3% 

For patients with no 

exacerbation prior 

to treatment 

initiation: Mean 

PDC=29.4%±28.7% 

  

p<0.001 

Camargo et 

al., 2007 

[60] 

N=10,976 

≤8 years old, (mean 

3.8±2.2);   

high-risk children  

 

Database: Florida 

Medicaid 

MPR=Number of 

days medication 

supplied/ length of 

follow-up; Follow-

up=time from the 

index event to a 

subsequent 

exacerbation or 365 

days (if no 

exacerbation 

occurred); 

 

 

 

 

 

Budesonide 

Mean MPR=16%±15%; 

Nonnebulized ICS 

Mean MPR=12% ±10% 

Mean MPR=20%± 

16% 
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Study Patient 

population/Database 

Adherence 

measure 

ICS LTRA ICS+LABA ICS+LTRA 

Ducharme 

et al., 2012 

[84] 

N=227 

2-17 years old 

 

Database: Quebec 

administrative 

databases (RAMQ, 

MED-ECHO) 

 

 

 

 

 

 

 

 

PDC=Number of 

days for which the 

drug was 

dispensed/number of 

follow-up days (not 

reported; index 

date=date of visit to 

Asthma Center; 

since then a patient 

was followed till the 

last visit to Asthma 

Center or the end of 

coverage; 

observation period 

January 2000 – 

December 2007).  

 

 

 

 

 

 

 

 

 

 

 

 

Median PDC=27% Montelukast 

Median PDC=52% 

  



141 
 

Study Patient 

population/Database 

Adherence 

measure 

ICS LTRA ICS+LABA ICS+LTRA 

Elkout et 

al.,  

2012 [85] 

N=3,172 

0-18 years old 

 

Database: UK primary 

care practice database  

aMPR= Number of 

days medication 

supplied/ length of 

follow-up; 

Follow-up=the 

interval between first 

and last prescription  

Continuous and 

categorical: 

Adequate: 80%-

120% 

Under supply:<80% 

Over supply: >120%  

Adequate: 15% 

Under supply: 69% 

Over supply: 16% 

Mean MPR=70%±71% 

Median MPR=51% (inter-

quartile range 25-92%) 

Adequate: 39% 

Under supply: 52% 

Over supply: 9% 

Mean 

MPR=75%±40% 

Median MPR = 

70%(inter-quartile 

range 44-98%) 

Concurrent:  

Adequate: 28% 

Under supply: 51% 

Over supply: 21% 

Mean 

MPR=91%±89% 

Median MPR=82%  

(inter-quartile range 

49-115%) 

 

Combination(fixed): 

Adequate: 25% 

Under supply: 54% 

Over supply: 21% 

Mean 

MPR=93%±78% 

Median MPR=88% 

(inter-quartile range 

45-112%) 

Herndon et 

al., 2012 

[61] 

N=18,456 

2-18 years old 

 

Database: Florida and 

Texas Medicaid 

MPR= Number of 

days medication 

supplied/365 days;  

MPR categories: 

(1) 0-19% 

(2) 20-49% 

(3) ≥50% 

 

 

 

 

 

 

Mean MPR=20% (no SD) 

0-19%: 67.4% 

20-49%: 25.8% 

≥50%: 6.8% 

Mean MPR=28% 

(no SD) 

0-19%: 54% 

20-49%: 30.9% 

≥50%: 15.2% 
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Study Patient 

population/Database 

Adherence 

measure 

ICS LTRA ICS+LABA ICS+LTRA 

Lasmar et 

al., 2009 

[74] 

N=168 

1-12 years old 

 

Database: prescription 

claims of Brazil 

pediatric pulmonology 

clinic  

Adherence=(Number 

of doses 

refilled/number of 

doses 

prescribed)x100 

 

Beclomethasone dipropionate 

(BDP) 

Mean adherence=62.7%  

(95% CI 60.7-64.8) 

 

   

Adults 

Lee et al., 

2010 [86] 

N=28,074 

18-56 years old 

 

Database: HealthCore 

Integrated Research 

Database  

MPR= Number of 

days medication 

supplied/365 days;  

MPR categories: 

Adherent: 

MPR≥80% 

Nonadherent: 

MPR<80% 

Mean MPR=17%±17% 

Adherent: 1.5% 
Mean MPR = 

36%±31% 

Adherent: 14.9% 

Mean MPR = 

25%±22% 

Adherent: 4.1% 

Mean MPR= 

28%±22% 

Adherent: 3.2% 

Tan et al., 

2009 [10] 

N=56,168 

18-64 years old 

 

Database: US 

commercial health 

plan claims  

MPR= Number of 

days medication 

supplied/ 365 days;  

MPR categories: 

adherent MPR≥0.8 

nonadherent 

MPR<0.8 

 

 

 

 

 

 

 

 

Adherent: 3.4%  Adherent: 30.2%  Adherent: 12.5% Adherent: 15.3% 
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Study Patient 

population/Database 

Adherence 

measure 

ICS LTRA ICS+LABA ICS+LTRA 

Children and adults 

Balkrishnan 

et al., 2005 

[87] 

N=710 

Mean age: 

ICS 20.1±17.7 

LTRA 15.2±14.3 

ICS+LABA 24±18.2 

ICS+LTRA 22±19.5 

 

Database: North 

Carolina Medicaid 

MPR= Number of 

days medication 

supplied/ length of 

follow-up; 

Follow-up=the 

interval between first 

and last prescription 

MPR categories: 

Adherent MPR≥80% 

Nonadherent 

80%>MPR>120% 

Flutacasone propionate  

Adherent: 9%  
Montelukast 

Adherent 18.5% 

Adherent 21.6% Adherent 29.7% 

Delea et al., 

2008 [16] 

N=12,907 

mean age 40±14; 

patients with persistent 

asthma 

 

 

Database: PharMetrics 

MPR = Total 

number of days 

supply during the 

quarter/period from 

the first day of the 

quarter to the last 

day of the quarter; 

MPR categories: 

Q1: 0-24%  

Q2: 25-49% 

Q3: 50-74% 

Q4: 75-100% 

 

 

 

 

 

  Fluticasone/salmeterol 

in a single inhaler 

Mean quarterly 

MPR=54% (no SD) 

Mean MPR in Q1: 

13%  

Mean MPR in Q2: 

39% 

Mean MPR in Q3: 

28% 

Mean MPR in Q4: 

20% 
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Study Patient 

population/Database 

Adherence 

measure 

ICS LTRA ICS+LABA ICS+LTRA 

Delea et al., 

2008 [88] 

N=2,269 

Mean age: 

ICS+LABA fixed 

35.9±18.1 

ICS+LABA 37.6±17.5 

ICS+LTRA  

21.7±18 

 

Database: National 

Managed Care 

Benchmark database 

MPR= Number of 

days medication 

supplied/ length of 

follow-up; 

Follow-up=the 

interval between first 

and last prescription 

  Fluticasone/salmeterol 

in a single inhaler: 

Mean preindex 

MPR=36%±26.4% 

MPR for ICS=52% 

Mean preindex 

MPR=37.7%±25.9% 

MPR for ICS=37% 

Concurrent: 

Mean preindex MPR 

= 35.3%±25.5% 

MPR for ICS=38% 

Friedman et 

al., 2010 

[89] 

N=2,220 

12-25 years old 

 

Database: 

Administrative claims 

database Ingenix 

LabRx 

PDC=Number of 

days patient had 

medication on 

hand/length of 

follow-up; 

Follow-up=365 days  

Mometasone 

fuorate 

Mean PDC= 

23.5% (no SD) 

Fluticasone 

propionate 

Mean 

PDC= 

14.5% (no 

SD) 

   

p<0.0001 

Hagiwara 

et al., 

2013 [91] 

N=224,608 

12-65 years old 

 

Database: National 

Managed Care 

Benchmark database  

MPR= Number of 

days medication 

supplied/ length of 

follow-up; 

Follow-up=the 

interval between first 

and last prescription 

 

 

 

 

 

Mometasone furoate 

MPR=59.3% 

 Fixed-dose 

fluticasone 

propionate/salmeterol 

MPR=57.2% 

 

p<0.001 
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Study Patient 

population/Database 

Adherence 

measure 

ICS LTRA ICS+LABA ICS+LTRA 

Jones et al., 

2003 [68] 

N=23,225 

6-55 years old 

 

Database: Merck-

Medco Managed care 

MPR= Number of 

days medication 

supplied/ length of 

follow-up; 

Follow-up=the 

interval between first 

and last prescription 

Mean MPR=33.8% (no SD) Mean MPR=67.7% 

(no SD) 

  

Lage et al., 

2009 [90] 

N=13,968 

5-64 years old 

 

Database: Medstat 

Marketscan 

MPR= Number of 

days medication 

supplied/ length of 

follow-up; 

Follow-up=the 

interval between first 

and last prescription 

MPR categories: 

at least 50% 

at least 75% 

at least 80% 

at least 90% 

Beclomethasone 

dipropionate 

(BDP) 

Fluticasone 

propionate 

(FP) 

   

50%: BDP 32% more likely to 

be adherent compared to FP 

(OR(95% CI)=1.324 (1.164- 

1.506), p<0.0001) 

75%: BDP 31% more likely to 

be adherent compared to FP 

(OR(95% CI)=1.311(1.072-

1.604), p=0.0083) 

80% and 90%: not significant 

Mattke et 

al., 2010 

[92] 

N=41,234  

Mean age: 31 (SD not 

reported) 

 

Database: Medstat 

Marketscan 

MPR= Number of 

days medication 

supplied/ 365 days;  

MPR categories: 

Q1: 0-24%  

Q2: 25-49% 

Q3: 50-74% 

Q4: 75-100% 

Median MPR 15% 

Q1: 7%  

Q2: 14% 

Q3: 22% 

Q4: 54% 

 

Median MPR 39% 

Q1: 14%  

Q2: 39% 

Q3: 70% 

Q4: 97% 

 

 

 

 

ICS=Inhaled corticosteroids; LABA=Long-acting β-antagonists; LTRA=Leukotriene receptor antagonists; MPR=Medication procession ratio; PDC=Proportion of days 

covered; SD=Standard deviation  
a Adherence to ICS+LABA in different inhalers was calculated based on the days of ICS supply                    
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 Table A 2 Association between Adherence and Outcomes among Patients with Asthma in Clinical Studies 

Study Patient 

Population 

Description 

Study 

Medication(s) 

Adherence 

Measurement 

Study Outcomes 

Measurement 

 Findings 

Children 

Bender et 

al., 2008 

[97] 

N=104;  

8-18 years old 

 

ICS Electronic 

monitoring device 

MDILog or Doser 

 
a Adherence (%) = 

No. of puffs 

taken/total no. 

prescribed for each 

day  

1) Asthma symptoms reported   

by parent and child (six 

symptoms questions) 

2) Prednisone bursts  

 

1) Not significant 

2) Lower adherence was a significant predictor of 

prednisone burst (OR(95% CI)=0.976(0.956-0.996), 

p=0.019) 

 

Burgess et 

al., 2010 

[95] 

N=26;  

6-14 years old; 

uncontrolled 

asthma 

 

Intervention 

group: feedback 

was provided; 

Control group: 

no feedback  

Fluticasone or 

fluticasone/ 

salmeterol 

 

Electronic 

monitoring device 

Smartinhaler 

(percentage of 

prescribed doses) 

1) Use of reliever medication 

(through a symptom 

questionnaire)  

2) Lung function testing 

(FEV1) 

 

1) With greater adherence in the intervention group and 

in the control group, use of reliever medication 

decreased (b n=15 at the baseline vs. n=2 follow-up, 

p=0.02) 

2) With greater adherence FEV1 increased over the study 

period for both groups: c mean FEV1(baseline)=75 vs. 

mean FEV1(follow-up)=85.2     

d Koster et 

al., 2011, 

[96] 

N=527;  

4-12 years old  

 

 

ICS e Parent-reported 

adherence (MARS) 

1) FeNO  

2) f Airway inflammation 

 

1) FeNO level was significantly lower for adherent 

patients (adjusted OR(95% CI)=0.97(0.96-0.98), 

p<0.0001)   

2) Increased FeNO value was independently associated 

with a lower chance of good adherence (adjusted OR 

(95%CI)= 0.25(0.15-0.41), p<0.0001) 
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Study Patient 

Population 

Description 

Study 

Medication(s) 

Adherence 

Measurement 

Study Outcomes 

Measurement 

 Findings 

g Krishnan et 

al., 2012, 

[93] 

N=140;  

5-12 years old; 

mild or moderate 

asthma 

Budesonide 

(twice per 

day) 

1) Dose counting 

2) h Self-reported 

use 
i Categories: 

Low (<50%) 

Medium (50-79%) 

High (≥80%) 

1) Postbronchodilator FEV1 

2) Prebronchodilator FEV1 

1) Improvement in FEV1 was significant compared to 

placebo only for highly adherent patients (difference 

between budesonide and placebo is 12.8%(95% CI 

2.9%, 22.8%), p=0.01); No significant differences in 

FEV1 for medium and low adherence groups 

2) Improvement in FEV1 was significant compare to 

placebo only for highly adherent patients (difference 

between budesonide and placebo is 16.4%(95% CI 

4.4%, 28.5%), p=0.01); No significant differences in 

FEV1 for medium and low adherence groups 
j Lasmar et 

al., 2009 

[56] 

N=122;  

3-12 years old; 

moderate and 

severe asthma 

Beclometha-

sone 

dipropionate 

Prescription refill 

records 

 

Adherence (%)=No. 

of filled doses/no. of 

prescribed 

doses*100 

 

Adherence: 

1) median 

2) at 8th month 

3) at 12th month 

Asthma control: 

1) k Clinical control (nocturnal 

and morning symptoms, 

limitation of physical 

activities, exacerbations) 

Control was dichotomized:  

score ≤2 controlled  

score ≥3 uncontrolled  

2) FEV1 

Control was dichotomized: 

FEV1≥80% controlled   

FEV1<80% uncontrolled 

 

 

 

 

 

 

 

 

l Adherence was significantly higher for patients whose 

asthma was controlled (clinical control+FEV1) 85.5%, 

90.0% and 84.4% vs. 33.8%, 48.0% and 47.0% for 

patients with uncontrolled asthma (p<0.001).  Patients 

with higher adherence had fewer morning and nocturnal 

symptoms (p≤0.003), exacerbations (p≤0.004), 

limitations of physical activities (p≤0.001), and higher 

FEV1 (p≤0.003).   
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Study Patient 

Population 

Description 

Study 

Medication(s) 

Adherence 

Measurement 

Study Outcomes 

Measurement 

 Findings 

McNally et 

al., 2009 

[12] 

m N=62;  

5-17 years old; 

moderate to 

severe asthma  

Montelukast 

(x1daily) plus 

Fluticasone 

(x2 daily) 

Electronic device 

eDEM for 

montelukast and 

MDILog for 

fluticasone  

 
n Adherence 

categories: 

low (lower quartile) 

high (high quartile)  

  

1) Frequency of asthma  

symptoms 

2) Use of quick relief 

medication (albuterol) 

3) Healthcare utilization 

(combination of 

hospitalizations, ED visits, 

clinic visit due to asthma) 

1) Montelukast: low adherence group reported more 

symptoms and their symptoms worsened over time 

(p<0.05); high adherence group’s symptoms did not 

change over time Fluticasone: no effect on symptoms 

was found based on adherence difference 

2) Montelukast and fluticasone adherence was not 

statistically associated with albuterol use 

3) Montelukast: low adherence group was associated 

with higher healthcare utilization rates over the study 

period (p<0.05); high adherence group’s healthcare 

utilization did not change significantly 

Fluticasone: low adherence group was associated with 

higher healthcare utilization rates over the study period 

(t=0.001 (rate of change), p<0.05); high adherence 

group’s healthcare utilization did not change 

significantly 
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Study Patient 

Population 

Description 

Study 

Medication(s) 

Adherence 

Measurement 

Study Outcomes 

Measurement 

 Findings 

Adults 

Gamble et 

al., 2009, 

[64] 

N=182;  

mean age 

42.1±14.5 years; 

difficult-to-

control asthma 

Inhaled 

combination 

therapy(ICS+ 

LABA) 

 

n Prescription refill 

records for ICS+ 

LABA 

 

Adherence 

categories: 

≤50% 

>50% 

 

1) Hospital admissions 

2) SABA nebules use 

3) Lung function 

4) Oral prednisolone courses 

5) Quality of life (EQ-5D) 

6) Anxiety and depression 

1) Patients with adherence ≤50% for inhaled 

combination therapy had more hospital admissions (3 

or more times for 12 months period) (B=-0.036, 

p=0.02) 

2) Less adherent patients were more likely to use 

nebulized SABA compared to more adherent patients 

(mean±SD 99±182 vs. 42±87, p=0.03) 

3) Not significant 

4) Not significant 

5) Symptoms, activity and total score were significantly 

lower for patients with adherence ≤50% compared to 

>50% (mean±SD: 2.83±1.04 vs. 3.52±1.58, p=0.001; 

3.20±1.13 vs. 3.72±1.36,  p=0.02; 3.07±1.03 vs. 

3.59±1.39, p=0.007) 

6) Not significant 

Krishnan et 

al., 2004, 

[94] 

o N=60;  

mean age 42.2 

years; high-risk 

patients 

1) Fluticasone 

2) Prednisone 

3) 

Fluticasone+ 

Prednisone 

p Electronic 

medication monitor 

 

Adherence 

categories: 

<50%  

≥50%  

q ACQ for symptoms control Fluticasone: Symptom control was significantly worse 

in patients with poor adherence (<50%) compared to 

patients with adherence ≥50% (mean±SD symptom score 

2.1±0.2 vs. 1,5±0.2, no p-value provided)     

Prednisone: Not significant 

Fluticasone+ Prednisone: Symptom control was 

significantly worse in patients with poor adherence 

(<50%) compared to patients with adherence ≥50% 

(mean±SD symptom score 2.5±0.2 vs. 1.6±0.2, no p-

value provided)          
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Study Patient 

Population 

Description 

Study 

Medication(s) 

Adherence 

Measurement 

Study Outcomes 

Measurement 

 Findings 

Murphy et 

al., 2012, 

[99] 

N=115;  

adults (no age 

provided); 

difficult-to 

control asthma   

ICS 

 

Rx claims 

Adherence (%)=No. 

of filled doses/no. of 

prescribed 

doses*100 

 

Adherence 

categories: 

<80% (suboptimal) 

≥80%    

1) FEV1 

2) % sputum eosinophil counts  

3) Symptom score (mJACS) 

4) Hospital anxiety  

5) Hospital depression score 

6) Nijmegen score  

7) Rescue courses of OCS 

8) Hospitalizations 

9) Admissions to intensive 

treatment unit 

10) Ventilation for asthma  

1) FEV1 was significantly lower in patients with 

suboptimal adherence (mean±SD 75.5±20.9 vs. 

84.3±23.5, p=0.049) 

2) Patients with suboptimal adherence had greater % 

sputum eosinophil counts compared to ≥80% 

(mean±SD 4.6±0.7 vs. 2.3±0.5, p=0.05) 

3) through 9) Not significant 

10) r Patients with suboptimal adherence were more 

likely to have been ventilated for asthma (OR(95% 

CI)=0.054(0.01-0.47), p=0.008) 

 

Rand et al., 

2007 [14] 

N=189;  

15-85 years old; 

mild persistent 

asthma     

  

1) 

Montelukast 

2) Fluticasone 

Electronic device 

eDEM for 

montelukast and 

MDILog for 

fluticasone  

 

1) Change in FEV1 percent 

predicted  

2) Change in percent asthma 

rescue-free days (RFD) 

3) Nighttime symptoms 

Montelukast: 

Double-blind  

1) Not significant 

2) Not significant 

3) Not significant 

Open label 

1) Not significant, however patients whose use of rescue 

medications was higher at the baseline demonstrated 

significant change in FEV1 with higher adherence 

(p=0.03) 

2) No significant relationship 

3) No significant relationship; however patients whose 

use of SABA was >4 days per week at the baseline 

demonstrated significant change in nighttime 

symptoms with higher adherence (p=0.03) 

Fluticasone: 

Double-blind  

1) Not significant, however for patients with low 

baseline FEV1(≤86%) demonstrated significant change 

in FEV1 with higher adherence (p<0.01); by analogous 
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Study Patient 

Population 

Description 

Study 

Medication(s) 

Adherence 

Measurement 

Study Outcomes 

Measurement 

 Findings 

patients whose use of SABA was >4 days per week at 

the baseline demonstrated significant change in FEV1 

with higher adherence (p<0.01) 

2) Not significant; however patients with low baseline 

FEV1(≤86%) demonstrated significant change in 

%RFD with higher adherence (p=0.02) 

3) Not significant 

Open Label 

1) Significant change in FEV1 (improved) with greater 

adherence (p<0.001) 

2) Not significant; however patients with low baseline 

FEV1(≤86%) demonstrated significant change in 

%RFD with  higher adherence (p=0.02) 

3) Not significant 

Williams et 

al., 2011[98] 

N=298; 

12-56 years old; 

 

 ICS Adherence (%) = 

Cumulative days’ 

supply/no. of days 

of observation 

Composite measure of asthma 

exacerbation (hospitalization, 

ED visit or OCS use)  

Every 25% increase in adherence was associated with an 

11% decreased risk in asthma exacerbation (HR(95% 

CI)=0.89 (0.81-0.97), p=0.009); 

Increasing adherence reached a significant protective 

effect at adherence >75% (HR(95% CI)= 0.59(0.37-

0.95), p=0.03)  

ACQ=Asthma control questionnaire; CI=Confidence interval; ED=Emergency department; eDEM=Electronic drug exposure monitor; FeNO=Fraction of exhaled nitric 

oxide; FEV1=Forced expiratory volume in one second; ICS=Inhaled corticosteroids; LABA=Long-acting β2-agonists; MARS=Medication Adherence Report Scale; 

mJACS=Modified Juniper asthma control score; MDILog= Electronic asthma medication monitor; OCS= oral corticosteroids; OR=Odds ratio; SABA=Short-acting β2-

agonists;    
a Each participant’s adherence score represented average daily adherence over the previous month  
b n=number of subjects using reliever medication 3 or more times per week 
c % predicted 
d This study investigated factors associated with adherence to ICS, so adherence was an outcome variable, however determinants that significantly associated with 

adherence are presented for the readers 
e MARS includes five questions on medication use behavior, the values were dichotomized with MARS score  ≥21 – highly adherent;  
f FeNO value >25ppb 
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g The main goals of this study was to compare subjective and objective adherence measurements and to compare clinical outcomes for budesonide vs. placebo, however 

effect of adherence on FEV1 was presented, therefore it is included into this section 
h Daily diary cards 
i Mean adherence over the 4-year treatment period. No information provided on what adherence measurement was used in the multivariate analysis of adherence effect on 

FEV1 
j The main objective of the study was to evaluate association of adherence and asthma control, however researchers dichotomized asthma control (outcome) variable and 

assessed adherence within 2 groups (controlled and uncontrolled asthma) 
k Clinical control total score was 16 
l Median adherence rates of two groups were compared by Mann-Whitney test 
m African American youth 
n Adherence measured as a percentage of prescribed doses 
o Inner-city patients admitted to the hospital 
p Adherence was measured for 2 weeks after discharge 
q Symptom control during the past 7 days recorded at the 2-week follow-up visit 
r Adherence to ICS was the only independent predictor of previous need for ventilation in a multivariate logistic regression model 
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Table A 3 Association between Adherence and Outcomes among Patients with Asthma in Retrospective Database 

Studies 

Study Patient 

Population 

Description/ 

Database 

Study 

Medication(s) 

Adherence 

Measurement 

Claims Database Outcomes 

Measurement 

Findings 

Children 

Camargo et 

al., 2007 

[60] 

N=10,976; 

≤8 years old, 

(mean 3.8);   

high-risk children  

 

 

Database: Florida 

Medicaid 

1) Budesonide 

suspension 

for 30 days 

after ED 

visit/hospi-

talization 

2) ICS 

3) LTRA 

 

MPR=Number of 

days medication 

supplied/ length of 

follow-up; Follow-

up=time from the 

index event to a 

subsequent exacer-

bation or 365 days (if 

no exacerbation 

occurred); 

Adherence was 

dichotomized: 

median values were 

the cutoff points 

 

 

 

 

 

 

 

 

 

 

 

Risk of repeat exacerbation: 

Hospitalization/ED visit 

 

a Adherent patients were less likely to experience a 

subsequent asthma exacerbation: 

Budesonide (OR(95% CI)=0.32(0.15-0.68), p<0.001)  

ICS (OR(95% CI)=0.25(0.13-0.47), p=0.003) 

LTRA (OR(95% CI)=0.30(0.114-0.66), p=0.003) 
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Study Patient 

Population 

Description/ 

Database 

Study 

Medication(s) 

Adherence 

Measurement 

Claims Database Outcomes 

Measurement 

Findings 

Herndon et 

al., 2012 

[61] 

N=18,456;  

2-18 years old 

 

 

Database: Florida 

and Texas 

Medicaid 

1) ICS 

2) LTRA 

MPR= Number of 

days medication 

supplied/365 days; 

MPR categories: 

(1) 0-19% 

(2) 20-49% 

(3) ≥50% 

1) ED visits 

2) Hospital admissions 

 

1)b LTRA: Children in the highest adherence category 

had 32% lower odds of an ED visit than those in the 

lowest adherence category (OR(95% CI)=0.68(0.53-

0.86), p=0.002) 

ICS: Children in the highest adherence category had 

44% lower odds of ED visits than those in the lowest 

adherence category (OR(95% CI)=0.56(0.43-0.72), 

p<0.001) 

2) LTRA: not significant (OR(95% CI)=0.75(0.42-1.35), 

no p-value) 

ICS: children in the middle (2) adherence 

    category were more likely to have a hospital admission 

    than those in the lowest (1) adherence category 

(OR(95% CI)=1.27(1.04-1.55), no p-value) 
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Study Patient 

Population 

Description/ 

Database 

Study 

Medication(s) 

Adherence 

Measurement 

Claims Database Outcomes 

Measurement 

Findings 

Adults 

Williams et 

al., 2004 [15] 

N=405;  

18-50 years old 

 

 

Database: 

Michigan HMO 

ICS Continuous, multiple 

interval of 

medication 

availability (CMA), 

CMA=Cumulative 

days’ supply/total 

number of days 

between refills 

during the 

observation period; 

 

Continuous, 

multiple-interval 

measures of 

medications gap 

(CMG), 

CMG=Total days of 

treatment gaps/ total 

number of days 

between refills 

during the 

observation period; 

 

 

 

 

 

 

 

1) Outpatient visits 

2) ED visits 

3) Hospitalizations 

4) Number of OCS fills 

5) Total days’ supply of OCS 

c Regression analyses:  

1) Not significant  

2) Not significant  

3) Increased nonadherence (25% increase in CMG) 

related to increase in hospitalizations (RR2(95% 

CI)=2.01(1.06-3.79), p<0.05; RR1 not significant) 

4) Increased nonadherence (25% increase in CMG) 

related to increase in fills of oral steroids (RR1(95% 

CI)=1.49(1.10-2.02), p<0.05; RR2 not significant) 

5) Not significant 
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Study Patient 

Population 

Description/ 

Database 

Study 

Medication(s) 

Adherence 

Measurement 

Claims Database Outcomes 

Measurement 

Findings 

Children and Adults 

Delea et al., 

2008 [16] 

N=12,907; 

mean age 40; 

patients with 

persistent asthma 

 

 

Database: 

PharMetrics 

Fixed dose 

combination 

fluticasone 

propionate/ 

salmeterol 

(FCS) 

MPR = Total number 

of days supply 

during the 

quarter/period from 

the first day of the 

quarter to the last 

day of the quarter; 

Adherence was 

presented as a 

categorical variable 

for the Model 1 and 

as a continuous 

variable for the 

Model 2. 

MPR categories: 

Q1: 0-24%  

Q2: 25-49% 

Q3: 50-74% 

Q4: 75-100% 

1) SABA use 

2) OCS use 

3) ED visits/hospitalizations 

 

 

d Regression analyses 

1) Model 1: there were consistent and graded reductions 

in the odds of SABA use with increasing MPR: Q1 

MPR group used significantly more SABA than Q3 

and Q4 (OR(95% CI)=0.92(0.86-0.97), p=0.006; 

OR(95% CI)=0.83(0.77-0.89), p<0.001). Model 2: 

each 25% improvement of adherence was predicted to 

reduce SABA use by 10% (OR(95% CI)=0.90(0.89-

0.92), p<0.001) 

2) Model 1: not significant; Model 2: each 25% 

improvement of adherence was predicted to reduce 

OCS use by 3% (OR(95% CI)=0.97(0.94-0.996), 

p=0.027) 

3) Model 1: there were consistent and graded reductions 

in the odds of ED visits/hospitalizations with 

increasing MPR: Q1 MPR group had significantly 

more ED visits or hospitalizations than Q2, Q3 and Q4 

(OR(95% CI)=0.79 (0.64-0.99), p=0.041; OR(95% 

CI)=0.74(0.58-0.94), p=0.013; OR(95% 

CI)=0.68(0.54-0.87), p=0.002). Model 2: each 25% 

improvement of adherence was predicted to reduce ED 

visits or hospitalizations by 10% (OR(95% 

CI)=0.90(0.89-0.92), p<0.001) 
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Study Patient 

Population 

Description/ 

Database 

Study 

Medication(s) 

Adherence 

Measurement 

Claims Database Outcomes 

Measurement 

Findings 

Mattke et 

al., 2010 

[92] 

N=41,234;  

mean age 31; 

 

 

Database: 

Medstat 

Marketscan 

1) ICS 

2) LTRA 

MPR= Number of 

days medication 

supplied/ 365 days;  

MPR categories: 

Q1: 0-24%  

Q2: 25-49% 

Q3: 50-74% 

Q4: 75-100% 

 

 

1) ED visits 

2) Hospital admissions 

1) ED visits were significantly lower among patients in 

the highest adherence group for LTRA. Patients in the 

lowest quartile experienced mean of 80 (range 62–102) 

ED visits compared to mean of 36 (range 27–49) ED 

visits in the highest quartile (p<0.05) per 1000 patient-

years; 

Not significant for ICS 

  2) Hospital admissions were significantly lower for 

patients in the highest adherence group for LTRA. 

Patients in the lowest quartile experienced mean of 34 

(range 22–52) admissions per 1000 patient-years 

compared to the mean of 13 (range 8–22) admissions 

in the highest quartiles (p<0.05); 

Not significant for ICS. 

Smith et al., 

2009 [17] 

N=3,013;  

5-62 years old 

 

 

Database: 

Arizona 

Medicaid 

1) ICS 

2) ICS+ 

    LABA 

3) LTRA 

Adherence: 

obtaining controller 

medication within 60 

days of the previous 

fill date. 

Categories: 

low 50% 

medium 50-80% 

high >80% 

1) SABA use 

2) Hospitalizations 

 

1) e Those with medium adherence obtained 58% more 

SABA inhalers than those with low adherence 

(IRR(95% CI)=Incidence rate low adherence/Incidence rate 

medium adherence= 1.58(1.26-1.97), p<0.001). Patients with 

high adherence obtained 62% more SABA inhalers 

than those with low adherence (IRR(95% 

CI)=1.62(1.25-2.15), p<0.001) 

2) Logistic regression was run for OR of exacerbations 

requiring hospitalization. Patients with high adherence 

were 111% at a higher risk of hospitalization compared 

to patients with low adherence(OR(95% 

CI)=2.11(1.09-4.12), p=0.03) 
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Study Patient 

Population 

Description/ 

Database 

Study 

Medication(s) 

Adherence 

Measurement 

Claims Database Outcomes 

Measurement 

Findings 

Stern et al., 

2006 [101] 

N= 97,743; 

6-98 years old 

(mean 32.8)  

 

 

Database: 

PharMetrics 

1) ICS 

2) LABA 

3) ICS-LABA 

4) LTRA 

5) Mast cell 

stabilizers 

6)Theophyl-

line 

MPR=Number of 

days medication 

supplied/365 days;  

Relative compliance: 

more adherent, less 

adherent (median 

and 75th percentile 

MPR were used as 

the cutoff points)  

 

Number of 

prescriptions filled, 

categorical: ≥2, ≥3, 

≥4, and ≥6 

prescriptions  

Acute exacerbation within 

one year (ED visit or 

hospitalization) 

 

f Multivariate logistic regression: more adherent patients 

were significantly less likely to have exacerbations as an 

outcome, regardless of the method of measuring 

adherence (MPR or number of prescriptions filled) (OR 

between 0.862 and 0.938, p=0.002 when ≥2 prescriptions 

filled, for the rest of the analyses p<0.01) . In addition, 

within each method, as the criteria for adherence became 

more stringent, more-adherent patients became 

increasingly less likely to have exacerbations compared 

with less-adherent patients 

CI=Confidence interval; ED=Emergency department; FCS=Fluticasone/Salmeterol; HMO=Health maintenance organization; ICS=Inhaled corticosteroids; 

IRR=Incidence rate ratio; LABA=Long-acting β-antagonists; LTRA=Leukotriene receptor antagonists; MPR=Medication procession ratio; OCS=Oral corticosteroids; 

OR=Odds ratio; RR=Risk ratio; SABA=Short-acting β-antagonists;  
a Regression model was adjusted for patient demographics, any hospitalizations/ED visits in the 12 months pre-index period, type of index event, and pre-index asthma 

medication use 

 b Regression model was adjusted for  age, gender, race/ethnicity, geographic location, health status classification, co-morbidities, state, program of enrollment, and pre-

index year 1 asthma care utilization 
c Results presented for 2 models. Model 1 was adjusted for inhaled steroid use, age, sex, race, β-agonists fills, and number of ICS fills, Model 2 was adjusted for inhaled 

steroid use, age, sex, race, β-agonists fills, and prescribed number of ICS fills 
d Regression models was adjusted for patient characteristics at index date, time since index, and season (winter, summer, fall, spring) 
e Results of the negative binomial analysis is presented 
f Logistic regression model was adjusted for patient characteristics (age, sex, geographic region, payer type, plan type, hospitalizations/ED visits/physician visits before 

the index date), pre index severity, asthma medications, and comorbidities 
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