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Abstract
To study variables associated with Emergency Department (ED) utilization among pediatric patients with asthma in a Feder-
ally Qualified Health Center (FQHC). We analyzed Electronic Health Record (EHR) data in a retrospective cohort study of 
patients with asthma between ages 2 and 18 who received primary care at a FQHC. The primary outcome studied was a visit 
to the ED at Ann and Robert Lurie’s Children’s Hospital (LCH) for an acute visit related to asthma. Univariate analyses and 
a multiple logistic regression were performed to study the effect of demographic and clinical variables on ED utilization. Of 
the 286 patients in the initial EHR query, 200 were included in the final analysis. The median age of subjects in the study 
cohort was 8.73 years. Patients in the cohort with ED visits averaged 1.32 ED visits in the 15-month period of analysis. The 
multivariable logistic regression model demonstrated the significant predictors of ED utilization were (1) younger age (OR 
0.977, 0.968–0.984, P < 0.001), (2) proximity of patient residence to the hospital when compared with their primary care 
medical home (OR 0.907, 95% CI 0.828–0.992, P < 0.05), and (3) absence of an asthma action plan (OR 0.079, 95% CI, 
0.016–0.283, P < 0.001). Younger age, closer relative proximity of the patient’s home to the hospital compared with the clinic, 
and absence of an asthma action plan were all identified as significant predictors of ED utilization. Sex, ethnicity, language, 
passive smoke exposure, and insurance status were not statistically significant predictors of ED utilization.
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Background

Asthma is the most common chronic disease of childhood, 
and a significant cause of Emergency Department (ED) uti-
lization among children [1, 2]. Asthma is a chronic condition 

with acute, episodic exacerbations where preventive strate-
gies may enhance symptom control and disease self-manage-
ment. The Center for Disease Control and Prevention (CDC) 
estimated that in 2015, approximately 6.2 million children 
in the United States had a diagnosis of asthma, and in 2017, 
there were over 1.6 million ED visits where asthma was 
the primary diagnosis [1]. Several aspects of acute asthma 
care can be provided in primary care settings, rather than in 
the ED. Recent studies identify a need for improvement in 
efforts to reduce preventable asthma-related ED visits, in 
part by increasing our knowledge of variables associated 
with increased ED usage, particularly in populations expe-
riencing disparities [3]. Improved knowledge of the factors 
associated with ED visits in pediatric patients with asthma 
may improve strategies to address modifiable risk factors.

Prior studies examining ED utilization have demonstrated 
higher ED usage associated with two demographic vari-
ables—younger age and worse asthma severity [4–7]. Some 
studies suggest females are more likely to return to the ED 
within 30 days of a previous visit, while males may be more 
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likely to be seen in the ED for non-emergent reasons [4, 8]. 
Patient residential proximity to hospitals has been shown to 
be an important driver of adult ED utilization in patients with 
cardiovascular disease, but knowledge on the magnitude of 
this effect remains limited in pediatric populations [9].

Asthma education with families is a modifiable risk factor 
which has been shown to decrease the rates of ED utiliza-
tion [10]. Asthma action plans (AAP) have been integrated 
in clinical care recommendations and are used widely in 
practice [11, 12]. However, some studies have shown that a 
written AAPs may not change the frequency of ED utiliza-
tion for asthma in certain populations [13]. Additionally, 
the efficacy of an AAP in lower-income populations has not 
been extensively studied, despite literature suggesting that 
these populations have a higher prevalence of asthma and 
more frequently utilize ED services for acute care regardless 
of diagnosis [14, 15]. Another risk factor for an asthma exac-
erbation is second hand smoke exposure [16, 17]. Research 
shows passive exposure in a child’s home impairs recovery 
after hospitalization for an asthma exacerbation, thus poten-
tially contributing to increased ED visit frequency [18].

This study addresses gaps in knowledge about these asso-
ciations between patient, system, and environmental vari-
ables with ED usage in children with asthma who receive 
primary care at a Federally Qualified Health Center (FQHC). 
In our study, we examined variables among two cohorts of 
patients receiving care at the same FQHC with a diagnosis of 
asthma: one group included patients who utilized the ED for 
an asthma exacerbation, and the other group included patients 
who were only seen at their location of primary care for 
asthma exacerbations. We then compared these two cohorts 
to identify variables that increased the likelihood of a child 
having an ED visit for acute asthma care. Our hypothesis was 
that the following variables would be correlated with higher 
ED utilization: (1) younger age, (2) absence of an AAP, (3) 
patient home address that is closer proximity to the hospital 
when compared with the clinic, (4) asthma severity, as dem-
onstrated by the presence of an active controller medication, 
(5) history of second-hand smoke exposure.

Methods

Patient Recruitment

Our study involved retrospective data analysis of children 
receiving primary care at an FQHC in Chicago. Clinical data 
was extracted from an Electronic Health Record (EHR) via 
manual chart review of visits to the clinic and to the Ann and 
Robert Lurie Children’s Hospital (LCH). The study popula-
tion included patients between the ages of 2 and 18 years, and 
the retrospective analysis included data extracted from clinical 
encounters occurring over a 15-month period from May 2016 

to August 2017. Patients were identified through a query for 
the diagnosis of asthma by ICD-10 lead code J45.X. Addi-
tional eligibility criteria included each patient having an office 
visit to the FQHC within the 15-month study period. Eighty-
six patients who fit the criteria above were excluded either 
due to preexisting pulmonary conditions as listed in Appendix 
Table 1 or because they were not registered as a patient of the 
FQHC for a full year as of August 2017. We also excluded 
patients if they had documented clinical advice in the EHR, 
whether in-person or via telephone, to seek medication atten-
tion in the ED immediately before the patient presented to the 
LCH ED. Due to variations in documentation of asthma sever-
ity classification of intermittent or persistent asthma, we used 
the presence of a controller medication as listed in Appendix 
Table 2 as a variable to capture severity; this metric is sup-
ported by asthma management guidelines that recommend 
controller medications for children with an asthma classifica-
tion that is higher severity than mild intermittent [19]. A total 
of 200 subjects were included in the study, with 100 patients 
in each study cohort—one cohort that utilized the ED at LCH 
during the timeframe of May 2016 to August 2017 for an 
acute visit, and one cohort that utilized the FQHC but did not 
utilize the ED at LCH in that same timeframe. The study was 
approved by the LCH Institutional Review Board as well as 
the FQHC’s Research Evaluation Committee.

Data Collection

The following data elements were collected from the EHR 
to compare cohort characteristics: (1) age, (2) distance to the 
clinic identified as the medical home, (3) distance to LCH, 
(4) ethnicity, (5) sex, (6) active prescription for a controller 
medication as demonstrated in Appendix Table 2, (7) pres-
ence of an AAP in the EHR that had been updated within 
the past year, (8) insurance coverage, (9) second hand smoke 
exposure, (10) ED utilization within the timeframe of May 
2016–August 2017. We also collected descriptive data ele-
ments regarding the time of ED visit to describe the propor-
tion of ED visits that occurred after clinic hours. This was 
accomplished by comparing the time that the ED provider’s 
encounter note was first opened with the operating hours 
of the primary care clinic, considering federally recognized 
holidays. Relative distance from the ED was calculated by 
subtracting the distance of the patient’s residence to the 
clinic from the distance of the patient’s residence to LCH.

Data Analysis

We defined our primary outcome as a visit to the ED for an 
asthma exacerbation. As a first step, we conducted univari-
ate analyses using t-tests and Chi square tests, as demon-
strated in Appendix Table 3. A multiple logistic regression 
was then performed to account for confounding variables and 
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further explore predictors of LCH ED visits, which is shown 
in Appendix Table 4. A LASSO regression was then com-
pleted, which demonstrated that the variables of secondhand 
smoke exposure and insurance status were non-significant and 
were candidates for removal. Thus, we did not include these 
variables in our final regression. Results of the final LASSO 
regression are shown in Appendix Table 5. All analyses were 
performed using RSTUDIO and R version 0.99.878.

Results

In our study, 60.5% of participants were male and 39.5% 
were female. 69% of patients were Hispanic, and 38% of 
patients identified Spanish as their primary language. Med-
icaid was the insurer of 96.5% of patients. Over half (51%) 
of ED visits occurred outside of operating business hours of 
the FQHC. In patients who had utilized the ED during the 
study period, 63% had been to the ED previously that year. 
The majority, 63.5%, of the study population were between 
the ages of 3 and 9 years of age. Less than 1% of the study 
population were between the ages of 2 and 3.

As summarized in Appendix Table 3, univariate analyses 
demonstrated significant differences between age, relative 
distance from LCH, sex, Hispanic ethnicity, presence of an 
active controller medication prescription, and presence of 
an asthma action plan amongst the two cohorts. Identifying 
Spanish as a primary language did not show a significant 
association with ED utilization.

The results of the final multiple regression are summa-
rized in Appendix Table 5. The regression had a Nagalkerke 
Pseudo-R2 value of .517. Older age (OR 0.977; 95% CI 
0.968–0.984), location of the patient’s residence being closer 
to the hospital when compared with the clinic (OR 0.907; 95% 
CI 0.828–0.992), absence of an asthma action plan (OR 0.079; 
95% CI 0.016–0.283), and presence of an active prescription for 
a controller medication (OR 2.556; 95% CI 1.215–5.558) were 
all significantly associated with increased ED utilization at the 
5% confidence level. Sex (OR 0.579; 95% CI 0.270–1.232) and 
Hispanic ethnicity (OR 1.927; 95% CI 0.778–4.870), despite 
being significant in the original univariate testing, were not sig-
nificant predictors of ED utilization in the multiple regression 
once after controlling for other variables.

Discussion

In this study, we aimed to describe variables associated with 
increased ED utilization in pediatric patients who receive 
primary care services at an FQHC. Our study identified sev-
eral variables that could impact the frequency of ED utiliza-
tion in this study cohort. We examined the presence of an 
AAP among patients who use the same FQHC and associa-
tion with ED utilization. Notably, studies across disparate 

health systems have previously indicated that poor education 
about asthma may impact the frequency and nature of uti-
lization of ED services in patients with asthma [20]. A key 
finding of our study was that the presence of an AAP was 
significantly associated with fewer ED visits. This suggests 
that a written plan of symptom management may enhance 
asthma self-management and knowledge on asthma symp-
toms that warrant emergent care. Also, an asthma action 
plan may assist families in promoting better control of symp-
toms and preventing exacerbations by informing key steps in 
managing exacerbations before deterioration to a stage that 
requires an ED level of care [21]. Future studies are needed 
to understand how patients perceive and use AAPs provided 
by their primary care providers.

The finding that over half of visits occurred outside of 
office hours may highlight a potential role for expanded access 
through virtual visits or expanded office hours to address 
patient questions regarding acute illness and provided guid-
ance on the criteria for seeking care in an ED. As younger 
age was associated with higher utilization, targeted education 
efforts for families with younger children who are diagnosed 
with asthma on the indications for ED utilization may enhance 
acute service utilization in the primary care setting.

Having a controller medication on the problem list was 
significantly correlated with higher ED use in the logistic 
regression; given that controller medications are prescribed 
to patients with higher asthma severity, this could be an indi-
cation that children with more severe asthma have higher 
utilization of the ED. Of note, the presence of a control-
ler medication was not significant in the original univari-
ate analysis; it was only significant when all other variables 
were considered in the logistic multiple regression.

Among patients with persistent asthma, there may be a role 
for education about the importance of consistent and correct 
use of controller medications in preventing asthma exacerba-
tions. In clinical practice, there may also be a benefit to imple-
menting processes for scheduled preventive visits for symptom 
surveillance in patients who have been prescribed a controller 
medication. Such visits for symptom surveillance are recom-
mended by asthma guidelines to monitor symptoms and edu-
cate patients and caregivers [22]. Our study also revealed that 
several individuals utilized the ED multiple times for asthma-
related care within the same calendar year. This finding dem-
onstrates the potential benefit of more extensive asthma educa-
tion for individuals who frequently utilize ED services.

In our study, the relative proximity of the family’s residence 
to the ED at LCH, when compared with their primary care 
location, was correlated with higher ED utilization. Although 
household proximity is not a modifiable variable that can be 
impacted by the primary care team or clinic, patients who 
do live farther from the clinic might benefit from additional 
touch points or diversified outreach efforts to support asthma 
care such as use of asthma educators, health coaches, or 
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virtual visits for asthma education and symptom surveillance 
and identification of children with more severe asthma [23]. 
Although previous studies identified Hispanic ethnicity as a 
risk factor for asthma severity, in our cohort, Hispanic ethnic-
ity was not identified as a significant factor in the multiple 
regression [24]. Future studies should include a larger cohort 
to better understand the association of demographic variables 
such as race/ethnicity and sex with ED utilization.

Limitations

Retrospective data capture from an EHR system presented lim-
itations. It was not possible to identify dissemination of AAP 
in the variety of modes in which they exist; we were only able 
to identify AAP’s captured digitally in the HER platform of the 
FQHC. We were not able to capture AAP’s that may have been 
developed and disseminated outside of the clinic’s EHR. Some 
clinicians provide AAP’s in non-digitized formats outside of 
the EHR, and some patients may have had been connected 
to subspecialty services such as Allergists and Pulmonolo-
gists who provided them AAP’s. This study did not evaluate 
the severity of asthma exacerbation as a variable predicting 
presentation to the ED. Since retrospective data was analyzed 
from clinical settings rather than research settings, the use of 
standardized documentation codes to identify asthma severity 
and control was limited. Additionally, a unifying measure of 
asthma severity was not identifiable among our study cohort; 
asthma severity classification by ICD codes were not included 
as a variable in the study due to differences in provider docu-
mentation practices and severity. We therefore could only use 
the presence of a controller as an additional analytic variable 
as one marker of severity. The same limitation was true for 
identifying asthma control. Future studies should could include 
asthma symptom control as well measures of patient adherence 
to controller medications. Lastly, we could only account for 
visits to the LCH ED. From past analyses done at this clinic, 
however, it has been established that the majority of pediatric 
patients within this FQHC system seek ED services at Lurie 
Children’s Hospital. We were not able to capture ED visits that 
might have occurred at other hospitals due to lack of available 
data in the EHR. Future research should also include variables 
to capture social determinants; data on poverty, transporta-
tion, and stress may have provided insights regarding social 
variables that may be related to ED utilization in underserved 
pediatric populations.

Conclusion

This study uniquely identifies variables associated with 
ED utilization among patients who receive primary care at 
the same FQHC. Our study indicates that variables such as 

younger age and closer relative proximity of the patient’s 
home to the hospital are associated with higher ED utiliza-
tion in children with asthma. Documentation of an admin-
istered AAP was significantly associated with fewer ED 
visits in this population. Patients who are younger, live far-
ther from clinic, and who have been prescribed a controller 
medication may require more frequent outreach than other 
patients with asthma. Further research including variables 
such as asthma control and asthma exacerbation severity 
are needed to better understand additional variables that 
may drive ED utilization in populations receiving care at 
FQHCs.
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Appendix

See Tables 1, 2, 3, 4 and 5.

Table 1  Summary of exclusion criteria

Criteria (ICD-10 codes)
Large airway obstruction (T81.X)
Congenital defects of the lung or trachea (Q32. X, Q33.X)
Benign or malignant tumors of bronchus and lung (C7A.X, D3A.X)
Benign neoplasm of bronchus and lung (D14.3, D38.1)
Bronchiolitis (J21.X)
Cystic fibrosis (E84.X)
Bronchopulmonary dysplasia (P27.1)
Registration as EFHC patient for < 1 year
Age below 2 or above 18
Placed call to FQHC or visited FQHC on day of ED visit

Table 2  Summary of controller medications by drug class

Drugs are displayed as: generic name (trade name)

Inhaled corticosteroids (ICS)
 Beclomethasone propionate (QVAR)
 Budesonide (Pulmicort Turbuhaler or Flexi haler, Pulmicort 

Respules)
 Fluticasone propionate (Flovent HFA, Flovent Diskus)

ICS and long-acting beta agonist combinations
 Fluticasone-salmeterol (Advair HFA, Advair Diskus)

Leukotriene antagonists
 Montelukast (singulair)
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