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Abstract:  44 

Background: Little is known about how patient-level factors and care settings relate to 45 

asthma outcomes in real-world settings.  46 

Objective: We therefore examined the rates and relative contributions of co-morbidities and 47 

care settings in terms of asthma severity and control among pediatric and adolescent/adult 48 

patients in a large national sample. 49 

Methods: We examined de-identified patient data from 28,508 unique encounters 50 

documented in the Asthma IQ database, obtaining patient level factors (demographics, 51 

asthma characteristics, co-morbidities), care setting (primary care physician [PCP] versus 52 

specialist physician [Allergist or Pulmonologist]), and guideline-defined levels of asthma 53 

control/severity. Rates of co-morbidities were identified by asthma severity and control and 54 

by care setting. We calculated odds ratios (ORs) for asthma control and severity based on 55 

each co-morbidity.  56 

Results: Baseline demographic data indicated that patients seen by specialists versus 57 

PCPs, were older, and had more severe and poorly controlled asthma (p<0.05). Patients 58 

cared for by specialists also had more comorbid conditions, including gastroesophageal 59 

reflux disease (GERD; p<0.01), rhinosinusitis (p<0.01) and obstructive sleep apnea (OSA; 60 

Adolescents/Adults only: p<0.01). GERD, smoke exposure, depression (adolescents/adults), 61 

rhinosinusitis (children) and African American race, were associated with uncontrolled 62 

asthma. Smoke exposure (children), rhinosinsitis, and African American race, were 63 

associated with severe disease. 64 

Conclusions: We identified several demographics and co-morbidities that are 65 

independently associated with the specialist care setting, persistent asthma and poor 66 

asthma control. Awareness of these relationships may be helpful for clinicians caring for 67 

asthma patients.  68 



 

 

 69 

Highlights Box:  70 

• What is already known about this topic?  Patient-level factors and care settings 71 

impact asthma outcomes but evidence is lacking in a real world setting.  72 

• What does this article add to our knowledge?  We have confirmed the association of 73 

specific demographic and co-morbid conditions associated with uncontrolled asthma 74 

and greater asthma severity in a real world population.  75 

• How does this study impact current management guidelines?  An understanding of 76 

these associations in a real world population will help clinicians manage their patients 77 

with asthma and aid in the development of interventions that target the co-morbidities 78 

associated with greater asthma severity and poor asthma control.   79 



 

 

Abbreviations 80 
ACT: Asthma Control Test 81 
ANOVA: Analysis of Variance models 82 
Asthma IQ: Asthma Specialist Tool to Help Manage Asthma and Improve Quality  83 
BMI: Body Mass Index 84 
CI: Confidence Interval  85 
FVC: Forced Vital Capacity 86 
FEV1: Forced Expiratory Volume in 1 second  87 
FeNO: Fractional exhaled nitric oxide 88 
GERD: Gastroesophageal Reflux Disease 89 
OR: Odds ratio 90 
OSA: Obstructive Sleep Apnea 91 
PCP: primary care physicians  92 
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Background 94 

Asthma is a common chronic disease that affects approximately 26.5 million Americans.1 95 

The disease has a significant impact on the quality of life (QOL) of those afflicted and on 96 

their caregivers.2 In the United States, an estimated 12.6 million Americans had at least one 97 

asthma exacerbation in 2016; children with asthma missed over 13 million school days in 98 

2013.1 The yearly cost of asthma in the United States is estimated at over $50 billion.1 Much 99 

of the morbidity associated with asthma is due to inadequate asthma control and severe 100 

disease.  101 

 102 

Asthma is managed by both primary care physicians (PCPs) and specialty physicians 103 

(Allergists, Pulmonologists), although most patients with asthma are seen in primary care 104 

settings. There is evidence to suggest that patients treated by specialty physicians report 105 

greater improvements in asthma control and a reduction in asthma exacerbations.3-4 Practice 106 

differences between PCPs and asthma specialists that may relate to outcomes of care have 107 

been identified. This includes specialty physicians’ additional training and self-reported 108 

expertise in treating asthma have been found to contribute to better patient-reported care 109 

and outcomes.5 Further, adherence to the national asthma guidelines may also be a factor; a 110 

recent study by Cloutier and colleagues found greater adherence to the national asthma 111 

guidelines by specialty physicians compared to PCPs.6 It is important to investigate the 112 

knowledge, attitudes, and practices of PCPs with regard to asthma care.7 Referral to 113 

specialists or modifying the approach to asthma care by PCPs may improve the degree to 114 

which the care of patients with asthma is consistent with the national guidelines.8 No study to 115 

date has examined the patient-level factors that might contribute to the outcomes differences 116 

found among primary care and specialist physicians in a real-world setting and using 117 

guideline-defined tools.  118 

 119 

To better understand the differences in patients cared for by PCPs and by specialists in a 120 

real-word setting, we utilized the Asthma IQ (Asthma Specialist Tool to Help Manage 121 



 

 

Asthma and Improve Quality). Asthma IQ is a web-based tool (www.asthmaiq.org) to help 122 

primary care providers and asthma specialists track and manage patients with asthma. It not 123 

only collects and stores de-identified patient data such as the Asthma Control Test, 124 

spirometry values, medications, and other medical conditions, but provides a guideline-125 

derived assessment of the patient’s asthma severity and control level in a real-world setting. 126 

We examined individual patient records from the Asthma IQ database and compared 127 

demographic information, rates of common co-morbidities associated with worse asthma, 128 

and asthma severity and control, among pediatric and adolescent/adult patients of 129 

specialists versus patients of primary care physicians. Additionally, we evaluated the 130 

relationships between co-morbiities and uncontrolled and more severe asthma in these 131 

patients. 132 

 133 

Methods 134 

Asthma IQ was developed by the American Academy of Allergy, Asthma and Immunology 135 

(AAAAI) as a unique, comprehensive and easy-to-use tool for clinicians who treat asthma 136 

patients. The Web-based Asthma IQ helps clinicians to: 1. Use evidence-based medicine to 137 

make treatment decisions; 2. Graph and report patients’ asthma status over time; 3. Analyze 138 

statistics for the asthma patients in their practice; and 4. Report quality improvement 139 

measures for Pay for Performance and Maintenance of Certification (MOC). Ultimately, the 140 

goal of the Asthma IQ program is to provide quality care for asthma patients by helping 141 

clinicians learn and apply the key components of the NAEPP Expert Panel Report 3: 142 

Guidelines for the Diagnosis and Management of Asthma (EPR-3) (1) with patients in 143 

everyday practice to improve the quality of asthma care. The AAAAI also developed a 144 

primary care version of the Asthma IQ program in conjunction with the American Academy of 145 

Family Physicians and the AAFP National Research Network. The Asthma IQ database is 146 

not publicly available and the researchers obtained access to the data by written request to 147 



 

 

the AAAAI. This study was deemed not to require informed consent or formal IRB approval 148 

by an Institutional Review Board as all data accessed and analyzed was de-identified.   149 

The Asthma IQ database contained 43,537 encounters from 28,508 unique patients from 150 

March 2008 to March 2017 (See Online Repository Figure E1). Only data from the first 151 

encounter was used analysis. Pediatric patients included those <12 years old and 152 

adolescent/adult patients included those ≥12 years old.  Data entered by providers included 153 

current asthma status (asthma control test–ACT, current exacerbation, taking long-term 154 

controller medication), asthma history (history of medication use, medication side effects, 155 

past exacerbations, tobacco smoke exposure, family history of allergic diseases), vital signs, 156 

asthma tests (spirometry: Forced Vital Capacity–FVC; Forced Expiratory Volume in 1 157 

second– FEV1, peak flow; immunoglobulin E, and fractional exhaled nitric oxide–FeNO) and 158 

co-morbidities evaluated (rhinosinusitis [RS], obesity, obstructive sleep apnea [OSA], 159 

gastroesophageal reflux disease [GERD, and depression]). Operationalized definitions of 160 

guideline-derived asthma control and severity in the Asthma IQ database were taken directly 161 

from the EPR-3 guidelines for every age group. As suggested by the guidelines, severity 162 

was assessed in patients not currently on controller medication, and control was assessed 163 

for patients on controllers. The Asthma Control Test, a five question validated tool with 164 

scores ranging from 5-25, with higher scores indicating better control, was included in the 165 

assessment.9 Continuous variables are presented as mean ± standard deviation, whereas 166 

categorical variables are presented as frequency and percent.  167 

 168 

Guideline asthma control was separated into three categories: very poorly controlled, not 169 

well controlled. and well controlled. Guideline asthma severity was categorized into 170 

intermittent, and persistent (mild, moderate, severe). 171 

 172 

In bivariate analyses, Chi-square tests were performed to examine associations between 173 

ordinal outcomes (guideline-derived control or severity), and categorical predictors such as 174 

co-morbidities, race, and healthcare provider. T-tests (for dichotomized outcomes) and 175 



 

 

Analysis of Variance models (ANOVA), were employed to examine the association between 176 

the ordinal outcome variables and continuous predictors.  177 

 178 

The rates of co-morbidities were compared across categories of guideline asthma control or 179 

guideline asthma severity by multivariate logistic regression models for ordinal outcomes, 180 

controlling for demographic variables. Backward elimination method of model selection was 181 

used. Proportional odds assumption was evaluated for all multivariate logistic ordinal 182 

models. No evidence of model assumption violation was found. All statistical tests were 2-183 

sided tests controlling for Type I error probability of 0.05. SAS® 9.4 (SAS Inc., Cary, NC) 184 

was used for all analyses; p < 0.05 was used to indicate statistical significance. 185 

 186 

Results 187 

Patient Characteristics 188 

Pediatric patients 189 

We analyzed 13,479 pediatric patients entered into the Asthma IQ database by primary care 190 

physicians (PCPs) (n = 7505) and asthma specialists (n = 5974) (Table 1). Children seen by 191 

asthma specialists were older compared to those seen by PCPs (7.0±2.7 vs. 6.1±2.9, 192 

p<0.01). PCPs cared for a larger proportion of Hispanic/Latino patients than asthma 193 

specialists (p<0.01). We found no difference in FEV1% predicted and ACT in children cared 194 

for by PCPs vs. asthma specialists (Table 1). Differences were found in smoking status, with 195 

higher rates of passive smoke exposure in those cared for by PCPs (14.97% vs. 10.01%, 196 

p<0.01).  197 

 198 

Data were available for asthma severity in 2661 children (PCP group: n=1387, Specialist 199 

group: n=1274), and asthma control in 5477 children (PCP group: n=2037, Specialist group: 200 

n=3440). Children cared for by asthma specialists were more likely to have severe persistent 201 

asthma, and poorly controlled asthma, compared to those seen by PCPs (10.5% vs 3.8%; 202 

10.0% vs. 7.3%, p<0.01; Table 1). Asthma Control Test score was positively associated with 203 



 

 

the level of guideline-derived asthma control in all children regardless of the provider type 204 

(p<0.001; Figure 1). Differences in the prevalence of co-morbid conditions were also found 205 

based on care setting. Children seen by specialists had a greater prevalence of GERD 206 

(4.7% vs. 2.4%, p<0.01) and rhinosinusitis (46.5% vs. 19.3%, p<0.01; Table 1).  207 

 208 

Adolescent and adult patients 209 

We analyzed 15,029 adolescent and adult patients entered into the Asthma IQ database. Of 210 

these adolescents and adults, 3530 were seen by PCPs, and 11,499 were seen by 211 

specialists (Table 2). Adolescent and adult patients who were seen by PCPs were on 212 

average 15 years younger than patients seen by specialists (24.3±18 vs. 39.1±19.9, 213 

p<0.01). The majority of adolescents and adults were white, but PCPs saw a more racially 214 

and ethnically diverse patient population with greater number of Hispanic/Latino and African 215 

American patients compared to asthma specialists (Hispanic/Latino: 19.5% vs. 8.8%, African 216 

American: 17.2% vs. 11.7%, p<0.01). Patients in both groups were overweight and had 217 

similar FEV1% predicted and ACT scores.  218 

 219 

Data were available for 1) asthma severity, in 3088 adolescents and adults (PCP group: 220 

n=878, Specialist group: n=2210), and 2) asthma control, in 7740 adolescents and adults 221 

(PCP group: n=1290, Specialist group: n=6450). Compared to PCPs, asthma specialists 222 

cared for a greater percentage of patients with severe persistent asthma (17.0% vs. 6.0%, 223 

p<0.01) and poorly controlled asthma (12.3% vs. 10.3%, p<0.01) (Table 2). PCPs 224 

overwhelmingly cared for patients with intermittent asthma, while asthma specialists cared 225 

for an equal mix of intermittent and persistent asthma patients (p<0.01). Specialists cared for 226 

twice as many patients with moderate and severe persistent asthma than PCPs (Moderate: 227 

21.0% vs. 10.6%, Severe: 17.0% vs. 6.0%, p<0.01). Similar to the pediatric population, the 228 

ACT score was positively associated with the level of asthma control in adolescents and 229 

adults (p<0.01; Figure 2). Differences were found in tobacco smoke exposure between 230 

patients seen by PCPs and asthma specialists, with over twice the rate of passive smoke 231 



 

 

exposure in those cared for by PCPs (9.11% vs. 4.08%, p<0.01). Adolescents and adults 232 

cared for by specialists had higher rates of co-morbid conditions including GERD (14.8% vs. 233 

4.8%, p<0.01), rhinosinusitis (44.8% vs. 22.0% p<0.01) and OSA (2.5% vs. 1.3% p<0.01; 234 

Table 2). 235 

 236 

Characteristics and co-morbidities associated with asthma control and severity  237 

Pediatric patients (Table 3) 238 

African American race (OR=1.41 95% CI 1.19-1.67, p<0.01,), GERD (OR=1.36 95% CI 1.02-239 

1.81, p=0.04), OSA (OR=2.23 95% CI 1.23-4.03, p=0.01),  rhinosinusitis OR=1.15 95% CI 240 

1.01-1.31, p=0.04), tobacco smoke exposure (OR=1.37 95% CI 1.12-1.68, p<0.01) and seen 241 

by a specialist (OR=1.28 95% CI 1.11-1.48, p<0.01) were associated with uncontrolled 242 

asthma. African American race (OR=1.50 95% CI 1.17-1.93, p<0.01), rhinosinusitis 243 

(OR=1.28 95% CI 1.07-1.53, p<0.01), tobacco smoke exposure (OR=1.62 95% CI 1.23-244 

2.13, p<0.01) and seen by a specialist (OR=3.03 95% CI 2.51-3.65, p<0.01) were 245 

associated with greater guideline-derived asthma severity.  246 

 247 

Adolescent and Adult patients (Table 4) 248 

Adolescent and adult patients who were African American (OR=2.22 95% CI 1.85-2.65, 249 

p<0.01), older (OR=1.01 95% CI 1.01-1.02, p<0.01), had a high BMI (OR=1.02 95% CI 1.01-250 

1.03, p<0.01), GERD (OR=1.20 95% CI 1.02-1.40, p<0.05), depression (OR=1.48 95% CI 251 

1.07-2.05, p=0.02), or were current smokers (OR=1.81 95% CI 1.29-2.56, p=0.05), were 252 

associated with uncontrolled asthma. When compared to white patients, African American 253 

patients (OR=1.65 95% CI 1.28-2.14, p<0.001) patients were more likely to have guideline-254 

derived severe asthma. Hispanic patients (OR=0.80 95% CI 0.59-1.08) were less likely to 255 

have guideline-derived severe asthma compared to their white counterparts but the finding 256 

was not statistically significant. Seeing a specialist provider and having rhinosinusitis were 257 

also with greater guideline-derived asthma severity in our model (OR=2.16 95% CI 1.73-258 

2.70, p<0.01; OR=1.31 95% CI 1.09-1.58, p=0.004).  259 



 

 

 260 

Discussion 261 

This is the first cross-sectional study to date that examined patient characteristics that may 262 

contribute to outcomes differences found among primary care and specialist physicians 263 

(Allergists and Pulmonologists) in a real-world setting. We found that patients seen by 264 

specialists were different in several important ways. One of the main differences was that 265 

asthma patients cared for by asthma specialists had more severe disease and uncontrolled 266 

asthma; they were also more likely to have co-morbid conditions such as rhinosinusitis, 267 

GERD, and OSA, as compared to patients cared for by PCPs. Common co-morbidities 268 

(GERD, smoke exposure, depression, rhinosinusitis), and African American race were 269 

associated with uncontrolled asthma, while smoke exposure, BMI, rhinosinusitis and African 270 

American race were associated with severe disease. Taken as a whole, these findings 271 

indicate that primary care and specialist physicians care for different segments of the asthma 272 

population. These differences should be taken into consideration to understand variations in 273 

practice patterns and outcomes. 274 

 275 

Our results add to a growing body of literature examining differences in asthma care among 276 

PCPs and specialists. In this study, we examined differences in characteristics of patients 277 

cared for by these two groups of physicians. We used data collected from a unique database 278 

(Asthma IQ database) of both primary care and specialist providers, from across the United 279 

States (Online Respository Figure E2). Previous work in this area has looked at differences 280 

only within a specific healthcare organization or geographic location.10-12  281 

 282 

We found an increase in asthma severity and poorer asthma control in patients cared for by 283 

asthma specialists, which is likely due to several factors. One important factor is that national 284 

asthma guidelines recommend referral of patients with more severe disease to specialists.13 285 

A recent study conducted by Price and colleagues assessed national and international 286 

asthma guidelines for specialist referral recommendations. Four common themes emerged 287 



 

 

in all the guidelines regarding when to consider specialist referral: 1) diagnostic uncertainty, 288 

2) asthma severity and high-risk patients, 3) use of corticosteroid treatment (high doses, 289 

long-term use and side effects), and 4) the use of add-on specialist therapy (biologics).14 290 

Asthma severity and high-risk patients as indications for referral to a specialist are in line 291 

with our findings. Other studies examining patients seen by asthma specialists have found 292 

similar findings of greater disease severity.15,16 One could also speculate from our findings 293 

that care provided by specialists is inferior to that provided by PCPs, resulting in more 294 

uncontrolled asthma. Unfortunately, we were not able to determine if patients entered by 295 

physicians into the Asthma IQ database were established or new patients and therefore 296 

cannot evaluate the quality of care provided by specialists. In our patients, we saw some 297 

demographic differences between patients that were seen by specialists. In both age groups, 298 

the patients were older, which is consistent with previous studies of patients with more 299 

severe disease.15 Patients seen by specialists in both the child and adolescent/adult 300 

populations, were more likely to be white. This is similar to previous studies that specialty 301 

care was lower among minorities.17-18  302 

 303 

While other studies have characterized patients seen by specialists, none used a guideline-304 

derived tool as was done in this study.16 Previous studies used physician report to determine 305 

asthma control and severity.19 This may be due to the low adoption of asthma assessment 306 

tools in the clinical setting by both primary care and asthma specialist physicians.6 As 307 

physicians were required to use our Asthma IQ tool as a part of their MOC and used the 308 

asthma guidelines to determine patient asthma control and severity, our results may provide 309 

a better estimate of the characteristics of asthma patients as seen in the real world. Previous 310 

studies show that an integrated and structured diagnostic and therapeutic management 311 

protocol consistent with the recommendations of GINA international guidelines and 312 

supported by new technologies significantly reduces the impact of asthma and improves 313 

QOL.5 As longitudinal data were not assessed in this study, it is difficult to know if the 314 



 

 

guidelines-derived assessment of asthma control and severity in the Asthma IQ program 315 

impacts asthma outcomes.  316 

 317 

In our study, we found the control level to be strongly associated with the Asthma Control 318 

Test (ACT), which is a validated questionnaire used to assess asthma control.20 In a clinical 319 

setting, the ACT is a useful tool to help physicians identify patients with uncontrolled asthma 320 

and facilitate their ability to follow patients' progress with treatment.21 A recent study of over 321 

1500 primary care and asthma specialists found that more than half utilized these tools 322 

either sometimes or never.6 While we found use of this tool to be closely associated with 323 

asthma control, studies that focus on the implementation of the regular use of these tools by 324 

physicians are needed.  325 

 326 

One major component of the NAEPP asthma guidelines is a focus on identifying and treating 327 

co-morbid conditions known to affect asthma control, such as OSA, obesity, depression, 328 

tobacco exposure, GERD, and rhinitis.13 In our pediatric population, we found GERD, OSA, 329 

rhinosinusitis and tobacco smoke exposure were associated with uncontrolled asthma. 330 

Similarly, in adolescents and adults, GERD and current tobacco use were associated with 331 

uncontrolled asthma, along with older age, high BMI, and depression. Fewer data were 332 

available on the presence of depression in our pediatric cohort, which may account for the 333 

lack of association of depression on asthma control. Our findings confirm previous studies 334 

that have shown uncontrolled asthma is negatively associated with GERD, OSA, BMI, 335 

rhinosinusitis, tobacco exposure, and depression. Obesity is a major risk factor for the 336 

development of GERD and OSA22. We also examined if this held true in our real-world 337 

dataset and found a close association between BMI with GERD and OSA in adolescents and 338 

adults (data not shown).  339 

 340 

Many of the co-morbid conditions associated with asthma control were also associated with 341 

asthma severity, including tobacco smoke exposure (children only) and rhinosinusitis 342 



 

 

(children only). Our findings of increased asthma severity in those children exposed to 343 

tobacco smoke are consistent with the findings of several studies examining this 344 

association.23 In our study, rhinosinusitis was more prevalent in patients seeing a specialist 345 

and was associated with increased asthma severity and uncontrolled asthma. Several 346 

studies have demonstrated the association of rhinosinusitis with greater asthma severity and 347 

poor asthma control.24-25 Effective interventions that target reduction of tobacco smoke 348 

exposure and identify and treat rhinosinusitis in children should be supported and 349 

implemented.26 It is not clear why some of the co-morbid conditions (GERD, OSA, 350 

depression) associated with poor asthma control were not associated with asthma severity. 351 

The components of asthma control are mostly symptom based,  and the co-morbid 352 

conditions of GERD, OSA, BMI and depression may be more closely associated with asthma 353 

symptoms but not asthma severity (exacerbations, lung function). Further, we utilized a 354 

guideline-based severity tool which may be more sensitive in determining asthma severity. 355 

Additional studies are needed to identify the reasons for this lack of association with asthma 356 

severity.  357 

 358 

African American race in both children and adolescents/adults was associated with greater 359 

asthma severity, confirming previous reports.27 The reasons for the greater severity in 360 

African Americans are varied and occur at levels ranging from individuals, institutions, 361 

communities, and a broader sociopolitical context.28 Interestingly, Hispanic/Latino ethnicity 362 

was not associated with greater asthma severity in children and was associated with lower 363 

asthma severity in adolescents and adults. Hispanics/Latinos are frequently studied as one 364 

group, when in fact they are a heterogeneous population. Rates and severity of asthma are 365 

very different among the Hispanic/Latino population, with lower rates and less severe 366 

asthma found in Mexicans and Argentinians and some of the highest rates and greater 367 

asthma severity found in Puerto Ricans and Cubans.29 Our study did not account for these 368 

variations within the Hispanic/Latino population, and this may account for the less severe 369 

asthma we found in adolescents and adults and the lack of association of asthma severity in 370 



 

 

Hispanic/Latino children.  371 

 372 

There are some potential limitations of our findings. The information for this database was 373 

entered by individual physicians and therefore information about the patient’s asthma and 374 

co-morbidities may be inconsistently reported. While physicians were able to use the 375 

patient’s chart to enter the required information, it is not known if they used their recall 376 

memory or relied on the findings in the chart. In the tool, the encounter type was not listed. It 377 

was not known if the patient entered into the system was a new patient versus an 378 

established patient. This should not have impacted the assessment of control or severity. 379 

However, if the patient was new or newly established, the physician may not have had 380 

access to the patient’s complete records which may document the presence of co-morbid 381 

conditions. Finally, only 20% of our study sample had data available on guideline asthma 382 

control and severity. This low rate of available data may be due to poor adoption of asthma 383 

assessment tools in the clinical setting by both primary care and asthma specialist 384 

physicians.6 Identification of barriers and facilitators to the use of these tools in different care 385 

settings is needed. 386 

 387 

Conclusion 388 

Our findings describe the characteristics of asthma patients seen by primary care providers 389 

and specialists (allergist and pulmonologists) using a guideline-derived assessment tool. 390 

This is the first time that patient data collected from Part IV of Maintenance of Certification 391 

has been utilized to help understand the characteristics of patients in different care settings.  392 

This provides a real-world confirmation of the relationships of co-morbidities to asthma 393 

severity and control in adolescents/adults and children and identifies the differences found in 394 

patients cared for by primary care and specialty providers. This information will be useful to 395 

healthcare providers managing asthma, especially if a structured approach that addresses 396 

the co-morbid conditions (e.g., BMI, rhinosinusitis, tobacco exposure) is used. Differences in 397 



 

 

asthma management between specialists and PCPs identify gaps in care that can be targets 398 

for futures studies that aim to improve asthma guideline implementation. 399 

 400 
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Figure Legends: 488 

Figure 1. c-ACT score based on guideline control level in children 489 

Figure 2. ACT score based on guideline control level in adults 490 

 491 



Table 1. Pediatric Patient Characteristics (n=13479) 
 Primary Care (n=7505) Specialist (n=5974) p-value 
Age at visit (mean ±SD)  6.1±2.9  7.0±2.7  <0.01 

Race/ethnicity  
White 
African American 
Hispanic/Latino 
Other 

 
41.2 
17.0 
21.6 
20.3 

 
53.6 
18.2 
14.0 
14.23 

 
 
<0.01 

FEV1% predicted  90.1±18.8 (n=641) 91.4±16.5 (n=3146) 0.12 
FEV1/FVC 84.7±12.3 (n=643) 85.0±11.2 (n=2991) 0.64 
Asthma Control Test  22.0 (n=1394) 22.2 (n=2318) 0.33 
Smoking History (%)  
Never 
Former 
Current 
Passive/second hand 
exposure 

(n=4882) 
84.99 
0 
0.04 
14.97 

(n=4235) 
89.82 
0.02 
0.14 
10.01 

 
 
 
<0.01 

Co-morbid conditions (%)  
Depression 
GERD 
OSA 
Rhinosinusitis 

(n=7505) 
0.23 
2.4 
0.6 
19.3 

(n=5974) 
0.15 
4.7 
0.7 
46.5 

 
0.43 
<0.01 
0.65 
<0.01 

Guideline Control (%)  
Poorly Controlled 
Not well controlled 
Well controlled  

(n=2037) 
7.3 
24.3 
68.4 

(n=3440) 
10.0 
27.0 
63.0 

 
 
<0.01 

Guideline Severity (%)  
Intermittent 
Mild Persistent 
Moderate Persistent 
Severe Persistent 

(n=1383) 
68.8 
18.3 
9.2 
3.8 

(n=1269) 
44.6 
23.1 
21.8 
10.5 

 
 
 
<0.01 

GERD=Gastroesophageal Reflux Disease; OSA=Obstructive Sleep Apnea 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



Table 2. Adolescent and Adult Patient Characteristics 
 Primary Care (n=3530) Specialist (n=11499) p-value 
Age at visit (mean ±SD)  24.3±18  39.1±19.9  <0.01 
Race/ethnicity  
White 
African American 
Hispanic/Latino 
Other 

 
49.2 
17.2 
19.5 
14.1 

 
68.9 
11.7 
8.8 
10.7 

 
 
<0.01 

Body Mass Index (BMI) 
kg/m 2 

26.1±7.8 (n=2275) 27.9±9.4 (n=8034) <0.01 

FEV1 % predicted  85.2±19.9 (n=678) 85.2±17.9 (n=7347) 0.19 
Asthma Control Test  21.1±3.7 (n=1139) 21.1±3.8 (n=5411) 0.83 
Smoking History (%)  
Never 
Former 
Current 
Passive/second hand 
exposure 

(n=2492) 
77.01 
8.11 
5.78 
9.11 

(n=8662) 
80.82 
10.90 
4.20 
4.08 

 
 
<0.01 

Co-morbid conditions (%)  
Depression 
GERD 
OSA 
Rhinosinusitis 

(n=3530) 
2.5 
4.8 
1.3 
22.0 

(n=11499) 
2.4 
14.8 
2.5 
44.8 

 
0.85 
<0.01 
<0.01 
<0.01 

Guideline Control (%)  
Poorly Controlled 
Not well controlled 
Well controlled 

(n=1290) 
10.3 
24.3 
65.4 

(n=6450) 
12.3 
27.5 
60.3 

 
 
<0.01 

Guideline Severity (%)  
Intermittent 
Mild Persistent 
Moderate Persistent 
Severe Persistent 

(n=878) 
66.4 
16.9 
10.6 
6.0 

(n=2210) 
50.7 
11.3 
21.0 
17.0 

 
 
 
<0.01 

GERD=Gastroesophageal Reflux Disease; OSA=Obstructive Sleep Apnea 
  



Table 3. Co-morbidities associated with Guideline-Derived Control and Severity in Children with 
Asthma (Odds ratio, 95% Confidence Interval) 
 Guideline Control (n=2939) Guideline Severity (n=1433) 
Age N/A N/A 
Race 
  African American vs. Caucasian 
  Hispanic/Latino vs. Caucasian 
  Other vs. Caucasian 

 
1.41 (1.19-1.67)**  
1.21 (1.01-1.46) 
1.04 (0.84-1.29) 

 
1.50 (1.17-1.93)** 
0.98 (0.76-1.27) 
1.14 (0.90-1.44) 

GERD 1.36 (1.02-1.81)* N/A 
OSA  2.23 (1.23-4.03)** N/A 
Depression N/A N/A 
Rhinosinusitis 1.15 (1.01-1.31)* 1.28 (1.07-1.53)** 
Tobacco Smoke Exposure 1.37 (1.12-1.68)** 1.62 (1.23-2.13)** 
Specialist Provider vs. Primary Care 1.28 (1.11-1.48)** 3.03 (2.51-3.65)** 

GERD= Gastroesophageal Reflux Disease; OSA= Obstructive Sleep Apnea; N/A: Not 
applicable as removed by backward elimination method of model selection; *p<0.05; **p<0.01 
  



Table 4. Co-morbidities associated with Guideline-Derived Control and Severity in Adolescents and 
Adults with Asthma (Odds ratio, 95% Confidence Interval) 
 Guideline Control (n=4337) Guideline Severity (n=1906) 
Age 1.01 (1.01-1.02)*** N/A 
BMI 1.02 (1.01-1.03)*** N/A 
Race 
  African American vs. Caucasian 
  Hispanic/Latino vs. Caucasian 
  Other vs. Caucasian 

 
2.22 (1.85-2.65)***  
1.34 (1.09-1.65) 
1.59 (1.30-1.96) 

 
1.65 (1.28-2.14)** 
0.80 (0.59-1.08) 
1.31 (0.99-1.72) 

GERD 1.20 (1.02-1.40)** N/A 

OSA N/A N/A 
Depression 1.48 (1.07-2.05)** N/A 

Rhinosinusitis N/A 1.31 (1.09-1.58)** 
Tobacco smoke exposure 
  Former smoker vs. never smoker 
  Current smoker vs. never smoker 
  Passive/secondhand smoke vs.  
  never smoker 

 
1.62 (1.29-2.03) 
1.81 (1.29-2.56)* 
1.30 (0.99-1.71) 

 
1.52 (1.1-2.1) 
1.28 (0.86-1.9) 
1.5 (1.03-2.22) 

Specialist Provider vs. Primary Care N/A 2.16 (1.73-2.70)** 
BMI= Body mass index; GERD= Gastroesophageal Reflux Disease; OSA= Obstructive Sleep 
Apnea; N/A: Not applicable as removed by backward elimination method of model selection; 
*p=0.05; **p<0.05; ***p<0.01 
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