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Abstract

Background: Exacerbation of asthma symptoms increases the likelihood of emergency 

department (ED) visits and hospitalizations. Because the ED is an important healthcare resource 

for immediate asthma care with acute exacerbations, we identify those populations most likely to 

seek ED treatment for asthma and describe the asthma burden for post-ED visit hospitalizations 

and critical care units.

Methods: We examined the characteristics of asthma-related ED visits and hospital admissions 

and assessed the association between them using multivariable logistic regression models by 

analyzing data from the National Hospital Ambulatory Medical Care Survey (NHAMCS) during 

2010–2015.

Results: Of all ED visits, 1.32% were asthma-related; of all ED visits that resulted in 

hospitalization, 1.12% were asthma-related and, of all ED visits that resulted in admission to 

a critical care unit, 1.20% were asthma related. The percentages of asthma-related ED visits and 

post-ED hospitalizations (H) were greater among children (adjusted prevalence ratio: ED: 2.28 

[1.96.29–2.65]; H: 8.75 [5.93–12.92]) than among adults and greater for blacks (ED: (2.26 [1.97–

2.60]; H: 3.25 [2.07–5.12]) and Hispanics (ED: (1.74 [1.47–2.08]; H: 2.424 [1.46–4.00]) than 

for whites. The percentage of ED visits was also greater for those covered by Medicaid or the 

Children’s Health Insurance Program (CHIP) than by private insurance.

Conclusions: Both asthma-related ED visits and post-ED hospitalizations were greater for 

children, blacks, and Hispics. ED visits were also greater for Medicaid/CHIP. These findings 

might help prompt future studies on identifying additional potential risk factors for frequent ED 

visits among disproportionally affected subpopulations.
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Introduction

In 2016, asthma affected approximately 20 million adults and 6 million children in the 

United States (1). Approximately half of children (54%) and adults (45%) with current 

asthma had at least one asthma attack in the past 12 months (1). Exacerbation of asthma 

symptoms increases the risk for emergency department (ED) visits and hospitalizations, 

especially among children (2,3). The ED is an important healthcare resource for immediate 

asthma care for people with acute exacerbations, especially for those who might not have 

a primary care physician or usual place for primary care (4). Children with asthma use 

healthcare resources significantly more than do children without asthma. Greater healthcare 

resource use (e.g.ED visits, hospitalizations, stays in critical care facilities) is associated 

with higher treatment costs (5,6).

During 2015, ED visits for all causes in the United States totaled 137 million (7). Of 

those, about 0.1% (195,000) died in the ED and 9% (12 million) resulted in hospital 

admissions. Of those hospitalized, 1.1% (1.5 million) were admitted to a critical care unit 

(7). Considering ED visits for all causes, adults aged ≥65 years were more likely to be 

hospitalized after an ED visit than were younger adults. Of all-cause ED visits, 1.7 million 

ED visits were asthma-related (7). During 2014–2015, 9.5% of all-cause ED visits in the 

U.S. were made by patients with documentation in the medical record of a diagnosis of 

asthma, regardless of the diagnosis for the current visit (8). The percent-age was highest for 

children aged 5–17 years (13.6%), compared with 6.6% for children aged 0–4 years, 9.9% 

for adults aged 18–64 years, and 6.5% for those aged ≥65 years. Among those aged 0–4 

years, boys were more likely than girls to have an ED visit with asthma diagnosis in their 

medical record (8). Conversely, women were more likely than men to have an ED visit with 

asthma diagnosis among adults (ages ≥18 years).

Considering the higher cost of ED visits and hospitalizations (5,6), identifying 

characteristics of patients who were frequent healthcare resource users for asthma 

exacerbations could lead to targeted interventions that could reduce the economic burden 

to patients and the healthcare system. We examined characteristics of asthma-related ED 

visits, asthma-related post-ED hospital, and critical care unit admissions by analyzing 6 

years of nationally representative ED data from the National Hospital Ambulatory Medical 

Care Survey (NHAMCS). Thereby, the study adds contributions to the existing body of 

knowledge about asthma-related healthcare use.

Our objective for this study was to identify characteristics of those populations most 

likely to seek ED treatment for asthma and to describe the asthma burden for post-ED 

visit-related hospitalizations and critical care units. Although the percentages of ED visits 

and hospitalization after an ED visit for all causes were greater for older adults (7), we 

hypothesized that the percentages of asthma-related ED visits and hospitalization would be 

higher for children given that asthma prevalence is higher among children (aged 0–7 years) 

(1,2,9) and that they are more vulnerable to environmental allergens and irritants (e.g.mold, 

pollens, house dust mites, cockroaches, rodents, animal allergens, environmental tobacco 

smoking [ETS], and other ambient air pollutants such as particulate matters (PM 2.5, ozone, 
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sulfur dioxide, and nitrogen oxides) (10–12) that exacerbate asthma symptoms, and thereby 

increasing the likelihood of emergency department (ED) visits and hospitalizations.

Methods

Survey data description

Our analyses included 2010–2015 data from the ED public use data file of the National 

Hospital Ambulatory Medical Care Survey (NHAMCS). NHAMCS is a national probability 

sample survey of visits to hospital outpatient departments, EDs, and hospital-based 

ambulatory surgery centers, conducted by the National Center for Health Statistics (13). 

We included all ED visits, even if the same person had more than one visit (unit of analysis 

is the visit). Detailed information on the survey design and analytic methods is provided in 

the NHAMCS public use data file documentation for each year (14). ED data from 2010 to 

2015 were combined to achieve a sufficient sample size for reliable estimates on the use and 

provision of ambulatory care services in hospital EDs. Asthma-related visits were selected 

based on an ICD-9-CM code of 493.0. The 2016 NHAMCS data were not included in the 

analysis because coding changed from ICD-9-CM in 2015 to ICD-10-CM in 2016. The 

hospital sampling response rate was around 70% in 2015, but the rate varied each year (14).

The ED survey form asks the provider to list up to 5 causes of an ED visit in sequence 

(from primary cause to 5th cause). For this study, an ED visit was defined as asthma-related 

if the primary diagnosis for the visit was asthma (ICD-9-CM code 493.0). We analyzed 

asthma-related emergency department (ED) visits and post-ED visit hospital and critical care 

admissions. We examined the distribution of ED visits and post-ED visit hospital admissions 

by selected patient characteristics. However, because of few (n = 29) asthma-related ED 

visits that resulted in a critical care admission, we were unable to do sub-group analysis 

focusing on critical care admissions.

Those characteristics included sex (male, female), children (ages 0–17 years) vs. adults 

(ages ≥18 years), age group (0–4, 5–17, 18–34, 35–64, and ≥65 years), and race/ethnicity 

(non-Hispanic white, non-Hispanic black, non-Hispanic other, and Hispanic or Latino). We 

also considered hospital location by U.S. Census region (Northeast, Midwest, South, and 

West) and the primary expected source of payment (private insurance, Medicare, Medicaid, 

Children’s Health Insurance Program [CHIP], or other [workers’ compensation, no charge, 

charity, self-pay, or other]). Missing values for age, sex, and race/ethnicity variables were 

imputed and imputed variables were included in the dataset. We used the imputed age, sex, 

and race/ethnicity variables for the analyses (14).

Statistical methods

All statistical procedures were conducted using SAS software version 9.4 and SAS-Callable 

SUDAAN version 11.0.1 to account for complex sampling design (14). Patient visit 

weights were used to produce unbiased national annual estimates from sample data. We 

examined the distribution of ED visits and ED visits resulting in hospitalization with 

asthma as primary diagnosis by the selected characteristics (sex, age, race/ethnicity, U.S. 

Census regions for hospital locations, and primary expected source of payment). We used 
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chi-square tests to determine statistically significance differences in ED visit distribution 

between subgroups. Multi-variable logistic regression models were used to examine the 

association between the dichotomous outcome variable(s) (i.e.asthma-related ED visits and 

hospitalizations after an ED visit) and covariates (age, sex, race/ethnicity, U.S. Census 

region for hospital location, and expected source of payment). Considering that this is 

a secondary data analysis of a cross-sectional dataset with complex survey design, usual 

variable selection techniques (e.g.step-wise, forward, or backward selection) cannot be 

applied to select covariates for the statistical models used in this study. Authors used prior 

knowledge drawn from previous publications to identify variables that were associated with 

healthcare use (1–3,8,9). We created two age variables including five-age group (0–4, 5–17, 

18–34, 35–64, and 65 years and over) and two-age group (children vs. adults) variables. 

For each outcome variable, we used two separate models including only one of the two age 

variables as a covariate with all other covariates to calculate adjusted prevalence ratios and 

95% confidence intervals.

NHAMCS collected data on ED and outpatient department visits by sampling hospitals 

(e.g. hospital outpatient departments, EDs, and hospital-based ambulatory surgery centers). 

Therefore, sampling survey design variables (strata and primary sampling unit) were 

based on both ED and outpatient department (OPD) components of NHAMCS. NHAMCS 

recommends that if only ED data, without the accompanying OPD data are analyzed, 

testing for significant differences should be at the alpha = 0.01 level, rather than the more 

commonly used alpha = 0.05, to decrease the possibility of a Type I error. For this study, 

we only analyzed ED data because OPD public-use data were not available for the years 

studied. An estimate was considered unreliable if it had a relative standard error (RSE) 

>30% or was based on fewer than 30 records, regardless of the magnitude of the RSE (14).

Results

During 2010–2015, about 134,287,679 (SE = 3,498,708) ED visits for all causes in the 

United States were reported in NHAMCS. About 10.38% of ED visits for all causes 

resulted in hospital admission and 13.01% of ED visits resulting in hospital admissions were 

admitted to critical care units. About 1.20% of all ED visits that resulted in an admission 

to a critical care unit were asthma-related (primary diagnosis for the admission was asthma 

(ICD-9-CM code of 493.0) (Figure 1, Table 1).

Asthma-related ED visits among all-cause ED visits

Overall, 1.32% (n = 1,770,769) of all ED visits were asthma-related. Among all ED 

visits, the percentage of asthma-related visits was similar for males (1.41%) and females 

(1.24%) but differed by age, race/ethnicity, geographic location of the hospital, and source of 

payment (Table 2).

The percentage of asthma-related visits among children (2.63%) was significantly greater 

than the percentage among adults (0.94%) (adjusted prevalence ratio [PR]: 2.28 [1.96–

2.65]). In addition, the percentage of asthma-related ED visits was greater for children 

aged 5–17 years (3.14%) than for children aged 0–4 years (2.00%). Among adults, the 

percentage of asthma-related ED visits was similar for adults aged 18–34 years and 35–64 

Qin et al. Page 4

J Asthma. Author manuscript; available in PMC 2022 February 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



years but lower for aged ≥65 years (18–34 years, 1.03%; 35–64 years, 1.12%; ≥65 years, 

0.39%) (Table 2). The percentage of asthma-related ED visits for non-Hispanic blacks 

(2.17%; PR: 2.26 [1.97–2.60]), non-Hispanic other race (1.42%; PR: 1.54 [1.09–2.17]), 

and Hispanics (1.86%; PR: 1.74 [1.47–2.08]) were greater than for non-Hispanic whites 

(0.85%). A greater percentage of asthma-related ED visits was reported from hospitals in the 

Northeast (1.84%; PR: 1.60 [1.30–1.97]) than the West (1.10%). Among source of payment 

groups, reported ED visits was lower for those covered by Medicare (0.59%), higher for 

those covered by Medicaid/CHIP (2.03%), and in between for those covered by private 

insurance (1.21%). However, after adjusting for covariates, differences in reported ED visits 

remained significant only between those covered by Medicaid/CHIP (2.03%; PR: 1.23[1.05–

1.43]) and those covered by private source of payment (1.21%) (Table 2).

Asthma-related hospital admissions among all-cause hospital admissions after an ED visit

About 10.38% (13.9 million) of ED visits from all causes resulted in admission to a treating 

hospital (Figure 1, Table 3). Of those admissions, 1.12% (n = 155,891) was asthma-related. 

Among all ED visits resulted in a hospital admission, the percentage of asthma-related 

admissions was greater among children (6.92%; PR: 8.75 [5.93–12.92]) than among adults 

(0.76%).

The percentage of asthma-related hospital admission was similar for children ages 0–4 

years and 5–17 years. However, among adults, the percentage of asthma-related ED visits 

resulting in a hospital admission decreased as age increased (18–34 years, 1.19%; 35–64 

years, 1.03%, and ≥65 years, 0.40%) (Table 3). The percentage of asthma-related ED visits 

resulting in hospital admission was significantly higher among females (1.30%; PR: 1.60 

[1.08–2.36]), non-Hispanic blacks (2.46%; PR: 3.25 [2.072–5.12]), and Hispanics (2.35%; 

PR: 2.42 [1.46–4.00]) than the corresponding references (percentage among males (0.92%) 

and non-Hispanic whites (0.56%), respectively). The percentage of asthma-related ED visits 

resulting in hospital admission did not differ by hospital’s geographic location and source of 

payment (Table 3).

Discussion

The findings in this study are based on large samples of nationally representative ED visits 

from the National Hospital Ambulatory Medical Care Survey (NHAMCS) (13). About 

10.38% of all ED visits resulted in a hospital admission of which 1.12% were asthma-

related. About 13.01% of hospital admissions resulted in an admission to a critical care unit, 

of which 1.20% were asthma-related. The low percentage of critical care unit admissions 

may reflect the nature of asthma: asthma exacerbations are episodic and reversible by 

appropriate treatment and management (10).

Of all ED visits, the percentages of asthma-related ED visits and asthma-related hospital 

admission were greater for children than adults and for blacks and Hispanics than whites, 

non-Hispanic. These findings are similar those reported in the literature. For example, 

children with asthma have higher healthcare resource use (5), especially those who might 

not have a primary care physician or usual place for primary care (4). The percentage of 

all-cause ED visits by patients with asthma was the highest for children aged 5–17 years 
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compared with all other age groups, including adults (8). Black children with asthma from 

low-income families were more likely to return to the ED within 12 months than were white 

children with asthma. Among families whose primary language was not English, Hispanic 

and Asian/Pacific Islanders with asthma were more likely to be hospitalized at the first ED 

visit (15). In this study, we could not assess other risk factors for asthma-related ED visits or 

hospitalizations because related information was not available in the database, such as those 

factors identified by other studies. Stanford and colleagues (16) showed that the risk for a 

recurrent asthma-related ED visit or inpatient stay increases as the time to initiate an asthma 

controller medication increased. Children of lower income families were more likely to have 

ED re-visits, and younger children and those with severe asthma were more likely to have 

ED re-visits and hospitalizations (17).

These study findings also reveal that the percentage of asthma-related ED visits was higher 

in hospitals located in the Northeast than the West. Identifying reasons for higher asthma-

related ED visits in hospitals located in the Northeast is beyond the scope of this study, 

although asthma prevalence is usually higher in the Northeast (9). In addition, percentage 

of asthma-related ED visits were higher for persons with Medicaid or CHIP healthcare 

coverage than for persons with private healthcare coverage. This might partly be explained 

by characteristics of enrollees, given that Medicaid or CHIP enrollees are more likely to be 

poor, less educated, and minorities (18), and they are more likely to have high healthcare 

resource use because of asthma (4,5,15–17).

These findings are based on large samples of nationally representative ED visits from 

National Hospital Ambulatory Medical Care Survey (NHAMCS). By analyzing the data, we 

were able to obtain reliable estimates for asthma-related ED visits and hospital admission 

after an ED visit by demo-graphic characteristics, hospital locations, and primary source 

of payments. A limitation, however, is that the data are cross-sectional: information is 

not on patients but on visits, which could include more than one visit per patient. The 

database also has limited information on most of the possible risk factors for ED visits 

and hospital admissions after an ED visit. However, these limitations should not affect the 

accuracy of the study findings, which describe the distribution of asthma-related ED visits 

and ED visits resulting in hospitalization by selected characteristics. These characteristics 

may serve as a proxy for the other possible risk factors for healthcare use that were 

not assessed (e.g.environmental triggers, low income, appropriate medical care including 

medication adherence, and access to primary care and specialty care), because of lack of 

related information in the database (2–4,11,12,15–18). Finally, because our study focused 

on ED visits and hospitalizations for which asthma was listed as the primary diagnosis and 

excluded all other none-primary asthma diagnoses, our results suggest an underestimate of 

asthma-related visits in ambulatory care settings.

Conclusions

The percentages of asthma-related ED visits and hospital admissions after an ED visit were 

higher for children than for adults, and higher for blacks and Hispanics than for whites. 

These findings might prompt future studies on identifying additional potential risk factors 

for frequent ED visits among disproportionally affected subpopulations and promoting 
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targeted public health strategies to reduce preventable asthma-related ED visits. Additional 

investigation about asthma-related admissions to critical care units from post-ED visits could 

inform healthcare providers about the overall burden of asthma.
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Figure 1. 
Percentagea of emergency department (ED) visitsb for asthmac admitted to a critical care 

unit (CCU)—National Hospital Ambulatory Medical Care Survey, United States, 2010–

2015.
aPercentage of emergency department (ED) visits with asthma as the primary diagnosis that 

were admitted to a critical care unit (CCU).
bBased on a sample of visits to EDs in noninstitutional general and short-stay hospitals, 

exclusive of federal, military, and Veterans administration hospitals, located in the 50 states 

and the District of Columbia.
cDefined as ED visits with a diagnosis of asthma (ICD-9-CM 493.0) as the primary 

diagnosis for the current visit.
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