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Abstract

Background: Descriptive epidemiological data on incidence rates (IRs) of asthma with recurrent 

exacerbations (ARE) are sparse.

Objective: We hypothesized that IRs for ARE would vary by time, geography, age, race and 

ethnicity, irrespective of parental asthma history.

Methods: We leveraged data from 17246 children born after 1990 enrolled in 59 U.S. and one 

Puerto Rican cohort in the Environmental Influences on Child Health Outcomes consortium to 

estimate IRs for AREs.

Results: The overall crude IR for ARE was 6.07/1000 person-years (95% confidence intervals 

(CI) 5.63, 6.51) and was highest for children age 2–4 years, for Hispanic and non-Hispanic Black 

children and for those with a parental history of asthma. ARE IRs were higher for 2–4 year 

olds in each race and ethnicity category and for both sexes. Multi-variable analysis confirmed 

higher adjusted ARE IRs (aIRR) for children born 2000–2009 compared to 1990–1999 and 

2010–2017, 2–4 versus 10–19 years old (aIRR=15.36; CI 12.09, 2.99), and for males versus 

females (aIRR=1.34; CI 1.16, 1.55). Black children (non-Hispanic and Hispanic) had higher rates 

than non-Hispanic White children (aIRR=2.51; CI 2.10, 2.99 and aIRR=2.04; CI 1.22, 3.39, 

respectively). Children born in the Midwest, Northeast and South had higher rates than the West 

(p<0.01 for each comparison). Children with a parental history of asthma had rates nearly three 

times higher than those without such history (aIRR=2.90; CI 2.43–3.46).
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Conclusions: Factors associated with time, geography, age, race and ethnicity, sex and parental 

history appear to influence the inception of ARE among children and adolescents.

Capsule Summary:

Incidence rates of ARE may vary over time and by demographic factors in addition to the 

influence of a parental asthma history.

Graphical Abstract.

Keywords

Asthma; Recurrent exacerbations; Incidence rates; Environmental and social determinants of 
asthma

Introduction

Childhood asthma is a heterogeneous disease.1 Some children are prone to an asthma 

phenotype associated with experiencing multiple exacerbations,2–6 and therefore represent 

a group with a higher morbidity and greater medical care costs.7–10 Despite the substantial 

health care and family burden, the causal factors driving asthma with recurrent exacerbations 

(ARE) are not well-characterized. Indeed, there are a lack of even basic descriptive 

epidemiological data.11 Biological influences such as molecular endotype and airway 

physiology contribute to exacerbation risk.3, 12, 13 Physical, environmental, social and 

behavioral risk factors including adherence to treatment recommendations and timely access 

to optimal medical care are important as well.2, 3, 14–16

While prevalence ratios for asthma have been reported widely in the U.S. and 

elsewhere,17–20 incidence rates (IRs) for asthma and its phenotypes across the childhood 

age range that better inform on potential risk factors related to disease inception have been 

sparse.10, 11, 21–26 Recent novel work under the auspices of the national Environmental 

Influences on Child Health Outcomes (ECHO) consortium demonstrated that U.S. asthma 

IRs were related to multiple demographic factors.27 In addition to parental history of asthma, 

the year of surveillance, decade of birth, geographical region of residence at birth, age, 
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race and ethnicity were associated with asthma incidence rates. These findings suggested 

that environmental exposures that have changed over time have impacted population sub-

groups differentially and contributed substantially beyond an inherited risk. However, an 

understanding of the IR specifically for ARE persists as a substantial research gap.

We leveraged ECHO’s large and diverse sample size with harmonized data from childhood 

cohorts across the U.S. to overcome limitations from analyses of individual or small groups 

of birth cohorts to determine the IRs for ARE among the ECHO pediatric population. 

We applied recommended criteria for defining an asthma exacerbation, namely an asthma 

episode that is treated with systemic corticosteroids, or, for patients on a stable maintenance 

dose, an increase in the use of systemic corticosteroids.28 Our objective was to provide and 

compare incidence rates of ARE, serving as an initial critical step for identifying potential 

influential factors and causal pathways. We hypothesized that IRs for ARE would vary 

by time of surveillance as well as by decade of birth, geographic region, age, race and 

ethnicity. Although not typically collected in a public health surveillance system, we also 

included the established risk factor parental history of asthma so that we could understand 

the extent to which these other factors acted independently of parental history. Identifying 

the descriptive epidemiological patterns associated with ARE should allow for both an 

improved understanding of ARE as well as point towards research directions to understand 

etiology and eventually intervene against this disease outcome.

Methods

Study Population:

All children in this study were enrolled in the ECHO consortium, a nationwide research 

platform combining data from established cohorts using extant and prospectively collected 

data with the aim of achieving demographic and geographic diversity and a large sample 

size to address hypotheses related to child health, including airway diseases.29, 30 Children 

meeting the following criteria were included in the analyses: a) born 1990–2017, and 

b) had relevant data throughout follow-up, including information on reported healthcare 

provider-diagnosed asthma22 and date of diagnosis and any corticosteroid use. Children 

were followed until age 20 years, the date of last visit or loss to follow-up, or the end of the 

study follow up period. Data for analyses were locked on 8/31/2022.

All reports of systemic corticosteroid use were ascertained. An ARE outcome was 

determined based on at least two reports of systemic corticosteroid use as described 

by Fuhlbrigge et. al28 at any time during the entire follow-up period, and counted as 

a case of ARE at the time of the second occurrence. To exclude children solely with 

bronchiolitis,31, 32 a corticosteroid event prior to age 2 years was counted as an asthma 

exacerbation but the second event needed to occur after age 2 years. Use of systemic 

corticosteroids were required to be at least 30 days apart to be counted as separate events; in 

46 cases (6.1%) a reported use was therefore combined with the previous occurrence. There 

were only 16 children treated with corticosteroids at least twice before age 2 years who did 

not have evidence of an asthma diagnosis during follow-up and were therefore not classified 

as a child with ARE.
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To be ascertained as having ARE, a child also had to have a reported healthcare provider 

diagnosis of asthma during follow-up. The date of asthma diagnosis could be at any time, 

irrespective of the ascertained date of ARE. Asthma diagnoses before age 5 years were 

required to have confirmation after 5 years, either by parent/caregiver or adolescent self-

report of asthma symptoms, hospitalization/emergency department (ED)/urgent care visit for 

asthma, provider visits due to asthma, or asthma medication use.22

We calculated incidence rates of ARE for the study population overall and by standard 

surveillance demographics: calendar time of surveillance, decade of birth (1990–1999, 

2000–2009, 2010–2017), child age and sex, self-reported race and ethnicity and the census 

region of residence at birth, as well as by the established risk factor of parental history 

of asthma (from either or both biological parents). We categorized age at ARE into 3 

strata: ≥2–4 years, ≥5–9 years and ≥10–19 years. Race and ethnicity were categorized 

as non-Hispanic White, Hispanic White, non-Hispanic Black, Hispanic Black and Other 

(including multiple races, unknown race or ethnicity). Geographic region was identified as 

the location of the enrollment site, categorized by regions as defined by the U.S. Census.33

The institutional review boards of records for each cohort site as well as the host institution 

of the Data Analysis Center (Johns Hopkins Bloomberg School of Public Health) approved 

all activities associated with this study.

Statistical Analyses:

Data from all participating cohorts were pooled prior to analysis. IRs were calculated and 

then stratified by the above-mentioned demographic variables using a Poisson regression 

model with a fixed effect to account for the clustering of research site location. For analyses 

by calendar time of surveillance, a bootstrapped confidence interval that included a cluster 

term for site location was used for the 1990–1999 stratum due to model convergence 

issues. We examined the demographic variation in the underlying population over time 

to identify heterogeneity that we subsequently accounted for using stratified analyses. 

Finally, we implemented a multivariable Poisson model, also controlling for clustering on 

research site location by the inclusion of a fixed effect, to calculate incidence rate ratios 

(IRRs) and adjusting for birth decade, age, race and ethnicity, census region, and parental 

history of asthma. Sociodemographic data were evaluated for missingness (30% threshold) 

where multiple imputation may be considered. Where determined not reasonable to multiply 

impute, covariates with >30% missingness included a separately coded “missing” category 

to allow for comparison to the referent group. No missingness was resolved using multiple 

imputation.

All analyses were performed using Stata Version 16 (College Station, TX, USA).

Results

Of the 62,165 children in ECHO, 17,246 children from 59 geographically diverse ECHO 

cohorts from the U.S. and Puerto Rico met study eligibility criteria and provided 121,340 

person-years of follow-up. (Figures 1 and 2, Table 1 and Supplemental Table 1). Of the 

4,114 children ever diagnosed with asthma, there were 2,061 children with at least one 
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asthma exacerbation and 734 children with ≥2 exacerbations who met the definition of ARE. 

The latter represents 1.2% of the studied ECHO population, almost 18% of those with an 

asthma diagnosis and 35% of those with at least 1 exacerbation. Supplemental Figure 1a 

displays the number of asthma exacerbation episodes among the 2,061 children with at least 

one episode, showing the distribution of up to eleven episodes. Supplemental Figure 1b 

displays the variable time in between exacerbations for children with ARE, with a median 

(IQR) time between their first two exacerbations of 18.4 months (11.76, 34.99).

As shown in Table 1, the overall crude ARE IR was 6.07 per 1000 person-years (95% 

confidence interval (CI) of 5.63, 6.51). Crude rates of ARE increased over calendar time 

from the 1990s (IR=2.06; CI 0, 4.17) to 2000–2009 (IR=5.35; CI 4.34, 6.35) and were 

lowest among children born 1990–1999 (IR=4.18; CI 2.97, 5.40). Crude ARE rates peaked 

among children aged 2–4 years (IR=18.55; CI 16.59, 20.52) and diminished with age. ARE 

rates were highest among non-Hispanic and Hispanic Black children (IR=11.99; CI 10.59, 

13.40 and IR=11.42; CI 5.81, 17.03, respectively). ARE rates were almost 3 fold higher 

among non-Hispanic Black compared to non-Hispanic White children (IR=4.10; CI 3.60, 

4.60), and among Hispanic Black compared to Hispanic White children (IR=3.85; CI 2.69, 

5.00). Crude rates for ARE were 3.8 fold higher in the Northeast (IR=8.57; CI 7.32, 9.82) 

compared to the West (IR=2.27; CI 1.80, 2.74). Rates for males were approximately 1.3 

fold higher than for females (IR=6.90; CI 6.26, 7.55 versus IR=5.14; CI 4.56, 5.73) and 

over three times greater for children with a parental history of asthma (IR=11.82; CI 10.74, 

12.90) compared to no such history (IR=3.69; CI 3.15, 4.23).

Changes in crude rates over surveillance years and by birth decade would be affected by 

demographic changes in the underlying ECHO population as new cohorts were established 

and aged over time. Supplemental Figures 2 and 3 demonstrate that the percentage 

distribution of the ECHO population did vary over time with respect to race and ethnicity 

and region (both p<0.001). For example, substantially more ECHO children that were 

born from 2000–2009 reported Black race. Therefore, further analyses considering calendar 

time (year of surveillance and birth decade) accounted for these changes over time in the 

underlying study population.

ARE incidence rates by calendar year of surveillance.

Cases were ascertained from 1990 to 2022. Stratifying by race and ethnicity, the ARE IRs 

decreased slightly over time for non-Hispanic White children but remained relatively the 

same for Non-Hispanic and Hispanic Black children, although the samples sizes were small 

in some subgroups (Supplemental Tables 2a, b). The rates over time remained consistently 

highest for Non-Hispanic and Hispanic Black children. IRs were highest in the Northeast 

during the 1990s (IR=19.84, 2.45, 37.23) and 2000’s (IR=19.61; 14.83, 24.38) compared to 

2010–2022 (IR=5.90; 4.76, 7.03) calendar years of surveillance. In the South and Midwest, 

the IR was higher during the 2010–2022 (South: IR=8.38; CI 7,16, 9.61; Midwest: IR=7.84; 

6.70, 8.98) compared to 2000–2009 decade (South: IR=1.67; 0, 4.08, Midwest: IR=3.20; 

1.89, 4.51), with insufficient cases to calculate during the earlier 1990s years of surveillance. 

In the West, there were insufficient numbers of ARE cases to calculate IRs until after 2010 

when the IR (IR=2.72; CI 2.11, 3.32) was lower than the other census regions (data not 
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shown). Children with a parental history of asthma had higher rates across all three decades 

of surveillance (Supplemental Tables 2a, b).

ARE incidence rates by birth decade.

Sample size limited analyses by birth decade to Non-Hispanic White and Black children 

(Supplemental Table 3; Supplemental Figure 4). Results varied by age group. ARE rates 

increased for 2–4 year olds from the two race and ethnic groups born in the 2000–2009 

decade compared to the 1990s, and then declined among those born from 2010 to 2017. For 

5–9 year olds, IRs declined with successive birth decades in both groups. For those 10–19 

years of age, ARE rates declined for non-Hispanic White children over the birth decades but 

increased for non-Hispanic Black children. For children born in the 1990s, ARE rates were 

higher for non-Hispanic White children age 10–19 years. For all other decades, rates were 

higher for non-Hispanic Black children in every age group. Non-Hispanic Black children 

and Hispanic Black children also had higher rates compared with children who identified as 

White or other races and ethnicities born from 2000–2009 (Supplemental Figure 4). The IRs 

for AREs displayed similar trends for census region by birth decade as years of surveillance, 

except that during 2010–2017 the IRs in the Northeast (IR=3.21, 2.20, 4.22) were also lower 

compared to the other regions (data not shown).

ARE incidence rates by age, race and ethnicity.

ARE rates were highest for non-Hispanic Black and Hispanic Black children in all age 

groups (Table 2). The highest rates were found for non-Hispanic Black children (IR=52.33; 

CI 42.70–61.97) and Hispanic Black children (IR=26.89; CI 6.96–46.82) 2–4 years of age.

ARE incidence rates by sex.

Differences in ARE rates by sex were statistically significant in the 2–4 and 5–9 year old 

children but of small magnitude (Table 3). IRs of ARE were over 1.3 fold higher among the 

male 2–4 year olds (IR=20.89; CI 18.04, 23.74) and 5–9 year olds (IR=5.66; CI 4.79, 6.52) 

compared to females of the same ages (IR=15.84; CI 13.18, 18.50 and IR=4.09; CI 3.33, 

4.85, respectively). ARE rates were 1.3– 2.1 fold higher in males compared to females for 

every race and ethnic group (data not shown).

ARE incidence rates by parental history of asthma

Children with a parental history of asthma experienced higher ARE rates. Children in 

all three age groups with a parental history of asthma had three times higher ARE rates 

(Supplemental Table 4). Parental history of asthma increased the ARE IR approximately 3 

fold for both boys and girls (Supplemental Table 5). In addition, parental history of asthma 

increased the ARE IRs 1.6 to 7.8 fold across the race and ethnicity categories (Supplemental 

Table 2).

Multivariable analyses displayed in Table 4, with estimates adjusted for every other variable 

on the table, confirmed the stratified results. ARE rates were significantly higher for children 

born 2000–2009 (adjusted incidence rate ratios (aIRR)=1.62; CI 1.13, 2.32) compared to 

1990–1999 and 2010–2017 (aIRR=2.12; CI 1.77–2.53), 2–4 and 5–9 compared to 10–19 

years of age (aIRR=15.35; CI 12.09, 19.52 and aIRR=3.69; CI 2.89, 4.70 respectively), Non-
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Hispanic Black (aIRR=2.51; CI 2.10, 2.99), Hispanic Black (aIRR=2.04; CI 1.22, 3.39), 

and Other (race and ethnicity) children (aIRR=1.67; CI 1.36, 2.07), born in the Northeast 

(aIRR=3.34; CI 2.52, .43), Midwest (aIRR= 3.66; CI 2.75, 4.86) or South (aIRR=2.90; CI 

2.16, 3.88) compared to West, males (aIRR=1.34, CI 1.16, 1.55) and those with a parental 

history of asthma (aIRR=2.90; CI 2.43, 3.46).

Finally, we repeated the analyses using the date of outcome based on the first rather than 

the second exacerbation. Despite variations in the calculated IRs, the relative differences by 

child age on ARE did not materially differ (Supplemental Table 6). In sensitivity analyses, 

we excluded 6 cohorts (n=2,834; 16%) whose recruitment criteria required a positive family 

or personal history of asthma or bronchiolitis. This led to N = 14,412 children with an 

overall IR 4.31 per 1000 person-years (CI 3.90, 4.71) and a loss of all cases during the 

1990s. There was a reduced but still relatively large incidence among non-Hispanic Black 

and Hispanic Black race and ethnic groups (IR=6.99, CI 5.75, 8.24; IR=6.96, CI 1.80, 12.12; 

respectively).

Discussion

ARE is a major health care burden in the U.S. but incidence rate data have been lacking for 

asthma in general and more so for this more burdensome outcome. By leveraging ECHO’s 

harmonized, diverse and large sample size of children with data from over three decades 

across the U.S. and in some areas of Puerto Rico,34 we calculated ARE incidence rates 

overall and by key demographic variables. Here we report time-dependent and demographic 

differences in ARE suggestive of a large influence of environmental and social factors 

beyond parental history of asthma. The rates we calculated are difficult to compare with 

other studies that have reported IRs across a wide range of 1.6 to 97 per 1000 person 

years as they covered less diverse populations and relied on methods that differed according 

to the length of follow-up, time period, determination of incidence of recurrence at the 

second event, and age group.10, 11, 35 Nonetheless, the increase in IRs in the U.S. in 

the 2000s compared to the earlier decade followed by a decline in rates suggests that 

shifting environmental and/or socio-behavioral exposures (such as chemical toxicants, those 

resulting from climate change and its consequential extreme weather events and prolonged 

allergy seasons) may be contributing risk factors.36 Changes in IRs of ARE over time also 

could have followed disproportionate access to optimal asthma care.37

IRs for ARE were highest in preschool children (IR= >15 cases per 1000 person years in 

adjusted analyses, Table 4) and declined by age 10–19 years, even though our ARE case 

definition excluded transient wheeze cases that did not develop into confirmed asthma. The 

early onset, high incidence rates of ARE mirrors the incidence rates for childhood asthma in 

general, that were highest at age 0–4 years with an IR of 39.6 (95% CI 37.2, 42.1).27 Our 

data also are consistent with the prevalence of emergency department (ED) and urgent care 

center visits for asthma, that are highest among children aged 0–4 years (34.9%), followed 

by those aged 5–11 years (19.3%) and 12–17 years (11.4%).38

The heightened susceptibility to ARE in preschoolers implicates environmental exposures 

that are more common or more damaging in that age group, such as acute respiratory 
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tract infections, air pollution, indoor allergens, and altered diversity of the microbiome, 

as potential root causes of more burdensome asthma.39–41 Research from a population 

cohort of over 16,000 Hispanics/Latinos demonstrated that immigration to NYC, San Diego, 

Chicago or Miami at age 1–5 years instead of older was associated with a higher prevalence 

of reported ever asthma, strongly implicating early exposures to environmental factors as 

important.42 ED and urgent visits nationally have been more prevalent among boys in the 

0–4 year old age group,38 consistent with our observation that ARE IR as well were highest 

among the boys age 2–4 years (Table 3). Mechanistically, the combined young age and 

male sex effect (1.3 fold) suggest that developmental or physiological differences between 

the sexes may contribute. Mismatches between the size of the airways and the lungs in 

relation to airway flow rates were greater in boys than girls,43 presumably increasing their 

susceptibility to worse symptoms when exposed to asthma triggers.

Previous research on the incidence of asthma from meta analyses of ECHO data collected 

1980–2018 similarly showed that among children with any parental history of asthma, 

asthma incidence was not only consistently higher than among children without any parental 

history of asthma, but also highest in infancy (IR= 33 cases per 1000 person years) and 

declined (IR=10 cases per 1000 person-years) by age 17 years.22 Children with a parental 

history of asthma had a nearly 2 fold higher incidence rate through age 4 years (incidence 

rate ratio [IRR]= 1.94; 95%CI, 1.76–2.16) after which the rates converged with those 

without a parental history of asthma. For the latter group, the asthma rates remained 

relatively constant over the ages. For ARE, the higher contribution of parental asthma 

history reported both after meta analyses of ECHO data and also after pooled analyses over 

a similar time period was replicated.27 However, we report the novel findings that children 

with any parental history of asthma had an even higher (approximately 3 fold) IR for 

ARE at age 2–4 years compared to those without a parental history of asthma. This 3 fold 

increase by parental history persisted among children 10–19 years old, although the ARE 

IR decreased almost 7.8–8.3 fold since age 2–4 years (Supplemental Table 4). While the 

etiology of these findings is unclear, past genome-wide association studies have identified 

several genes associated with a higher odds of childhood asthma-related hospitalizations44 

or severe asthma exacerbations.45

We also observed trends for IRs by age that varied across race and ethnicity. IRs for ARE 

were highest among the non-Hispanic Black and Hispanic Black children in the 2–4 year old 

age groups, compared to other races and ethnicities during that age. The higher incidence 

rates of ARE among non-Hispanic Black and Hispanic Black children are in agreement 

with prior reports of associations with asthma prevalence and incidence.38 46, 47 27 Race is 

a social construct designed to create a power hierarchy and the resulting structural racism 

is manifested through impact on public policies and institutional/societal practices that 

may influence health directly or through social, educational, or economic determinants of 

health. Thus, the observed racial and ethnic differences are likely mediated by multilevel 

socioeconomic and environmental exposures that may operate prenatally through maternal 

exposures that influence child development or impact access to optimal treatment for the 

prevention of asthma exacerbations.3, 48 These adverse exposures could include higher 

maternal and child stress and adversities, adverse environmental and toxicant exposures 

such as air pollution, allergens, nutritional inadequacies, inadequate healthcare/medication 
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access or adherence, and comorbid mental or physical health conditions. Interestingly, the 

stress of systemic racism has been shown to increase bronchial hyperactivity and airway 

inflammation therefore modulating asthma biology.3

IRs for ARE were lowest in the West. Previously, a recent analysis of U.S. medical and 

pharmacy claims found that severe uncontrolled asthma was more common east of the 

Mississippi River.49 National Vital Statistics System (NVSS) data demonstrated asthma 

mortality was more prevalent in the Northeast.38 Others have noted similar geographical 

variations in asthma hospitalizations.50 There are many possible explanations for the 

geographic variation in ARE including: regional variations in socioeconomic or ethnic 

identity; proportions of urban, suburban and rural participants; regional differences in the 

density of physicians and their prescribing patterns, vitamin D status, time spent in- and 

outdoors related to outdoor weather, seasonal changes in air humidity, concentrations and 

types of allergens and pollutants. Evaluating the effect of residential location requires much 

more geographical precision and analysis of person-level exposure data to make inferences 

about causation.

We acknowledge several limitations. First, because the ECHO consortium began after many 

protocols for data collection were in place, we harmonized systemic corticosteroid use 

and other responses to questionnaires from the data collected across cohorts with variable 

methodology and timing including across seasons.28 Second, our geographical categories 

were broad and politically defined as higher resolution residential data were not available 

at the time of data analysis. Future studies that consider residential addresses and use 

geospatial and other tools will be better suited to examine the impact of urbanicity and 

other environmental factors. Third, ECHO combined birth cohorts, while large and diverse 

in numerous respects, are not a representative sample of US children or pediatric patients. 

Further, the ECHO cohort race and ethnicity compositions did not permit optimal analyses 

for the impact of more specific Hispanic groups and additional race and ethnicity categories 

classified as ‘Other’. Fourth, sample sizes were more limited in some subgroups, such as 

Hispanic Black and adolescent age children, diminishing statistical power in analyses of 

these groups. Fifth, different patterns of prescribing systemic corticosteroids over time could 

have biased our outcome criteria.51

In conclusion, the importance of time of surveillance, decade of birth, very young age, 

race and ethnicity, and census region detected here all suggest substantial impacts of 

environment exposures that may change over time in the etiology of ARE. These do not 

occur independent of parental history of asthma. The susceptibility to ARE especially 

during the younger ages suggests that risk factors such as genetic predisposition as well 

as environmental exposures that are more prominent during young ages (e.g. respiratory 

viruses, those related to acculturation, other early lifestyle preferences) may be influential.52 

Severe childhood asthma has been shown to predict asthma at age 50 years as well, 

suggesting long-term consequences of these early childhood morbidities.53 Preventative 

strategies require detailed understanding of the determinants of this complex disorder and 

their exposure time windows. Interventions to reduce the incidence of ARE which appear 

particularly needed at a very young age could improve short-term morbidity and perhaps 

Miller et al. Page 11

J Allergy Clin Immunol. Author manuscript; available in PMC 2024 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



improve long-term respiratory outcomes. These epidemiological data should be used to 

provide leads for studies of the etiology of ARE.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Messages

• The overall crude incidence rate for asthma with recurrent exacerbations 

from 1990–2022 was 6.07/1000 person-years (95% confidence intervals 5.63, 

6.51).

• Asthma with recurrent exacerbation incidence rates were highest among 

children born 2000–2009 compared to 1990–1999 (aIRR=1.62; CI 1.13, 2.32) 

and 2010–2017 (aIRR=2.12; CI 1.77, 2.53).

• Asthma with recurrent exacerbations incidence rates were highest among 

children 2–4 years of age and among non-Hispanic Black and Hispanic Black 

children and males.

• Incidence rates were lowest in the West and 2.9 times greater among children 

with a parental history of asthma compared to no parental history.
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Figure 1: 
Consort diagram.

N=4,114 children from the general ECHO population of n=17,246 who were determined 

to report healthcare provider diagnosis of ever asthma, and among these children, n=2,061 

had at least one use of corticosteroids. N=278 children received corticosteroid prescriptions 

without determination of an asthma diagnosis prior to age 5 years.
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Figure 2: 
Participating ECHO cohort recruitment sites.

59 cohort recruitment sites across the United States and one from Puerto Rico, with coloring 

to indicate the 4 census regions, are displayed.
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Table 1.

Univariate incidence rates of asthma with recurrent exacerbations (ARE) per 1000 person-years among 

children in the U.S. ECHO program

Characteristic N Person-years Number of cases IR (95% CI)

All subjects 17246 121340 734 6.07 (5.63, 6.51)

Time of surveillance

1990–1999 1432 2428 5 2.06 (0, 4.17)*

2000–2009 5795 20115 108 5.35 (4.34, 6.35)

2010–2022 14640 98238 569 5.84 (5.36, 6.32)

Decade born

1990–1999 1750 10966 47 4.18 (2.97, 5.40)

2000–2009 5170 51426 311 5.96 (5.29, 6.62)

2010–2017 10326 58948 376 6.4 (5.75, 7.04)

Child age (years)

2–4 17246 73282 346 18.55 (16.59, 20.52)

5–9 11466 34891 277 4.90 (4.32, 5.47)

10–19 3369 13167 111 2.41 (1.96, 2.86)

Child race and ethnicity

Non-Hispanic White 8996 63157 259 4.10 (3.60, 4.60)

Non-Hispanic Black 3069 23456 280 11.99 (10.59, 13.40)

Hispanic White 1703 10586 43 3.85 (2.69, 5.00)

Hispanic Black 214 1412 16 11.42 (5.81, 17.03)

Other 3264 22729 136 6.13 (5.09, 7.16)

Census region

West 5198 37598 88 2.27 (1.80, 2.74)

Northeast 3149 21334 183 8.57 (7.32, 9.82)

Midwest 3802 29877 224 7.51 (6.52, 8.49)

South 3500 225101 190 8.17 (7.00, 9.34)

Child sex

Female 8129 57567 295 5.14 (4.56, 5.73)

Male 9117 63774 439 6.90 (6.26, 7.55)

Parental history of asthma

None 6941 49031 179 3.69 (3.15, 4.23)

Either or both 5688 38929 459 11.82 (10.74, 12.90)

Abbreviations: CI=confidence interval; ECHO= Environmental influences on Child Health Outcomes; IR=incidence rates

Epidemiological characteristics were determined at birth except for Time of surveillance and Child age. N=1597 participants were missing data on 
Census region; N=4617 participants were missing data on Parental history of asthma. N= 3577 (63%) of the participants with either or both parents 
reporting history of asthma were from maternal historical data only. Child age and Time of surveillance is at time of ascertainment. Other child race 
and ethnicity refers to all categories that do not fit into the mutually exclusive categories described. This includes children who list race as anything 
other than White or Black, list multiple races, or self-select “don’t know” or “other” on their forms. Geographical representation is demonstrated in 
Figure 2.
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*
Indicates bootstrapped confidence interval and no fixed effect controlling for cohort due to lack of model convergence.
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Table 2.

Race and ethnicity-specific IRs of asthma with recurrent exacerbations (ARE) per 1000 person-years, stratified 

by child years at follow-up.

N Person-years Number of cases IR (95% CI)

2 – 4 years 17246 73282 346 18.55 (16.59, 20.52)

Non-Hispanic White 8996 38386 135 14.83 (12.31, 17.34)

Non-Hispanic Black 3069 12829 123 52.33 (42.70, 61.97)

Hispanic White 1703 7150 16 5.78 (2.95, 8.62)

Hispanic Black 214 902 7 26.89 (6.96, 46.82)

Other 3264 14015 65 15.40 (11.65, 19.16)

5 – 9 years 11466 34891 277 4.90 (4.32, 5.47)

Non-Hispanic White 6184 18241 90 2.80 (2.22, 3.37)

Non-Hispanic Black 2163 7617 101 10.88 (8.76, 13.00)

Hispanic White 923 2503 22 4.68 (2.72, 6.64)

Hispanic Black 135 405 7 9.80 (2.52, 17.04)

Other 2061 6126 57 5.87 (4.34, 7.39)

10 – 19 years 3369 13167 111 2.41 (1.96, 2.86)

Non-Hispanic White 1587 6530 34 1.58 (0.19, 2.96)

Non-Hispanic Black 882 3009 56 4.82 (3.56, 6.09)

Hispanic White 230 934 5 1.58 (0.19, 2.96)

Hispanic Black 33 105 <5 4.81 (0, 11.49)

Other 637 2589 <19 1.63 (0.77, 2.48)

Abbreviations: CI=confidence interval; IR=incidence rates

Other child race and ethnicity refers to all categories that do not fit into the mutually exclusive categories described. This includes children who list 
race as anything other than White or Black, list multiple races, or self-select “don’t know” or “other” on their forms.
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Table 3.

Child sex-specific IRs of asthma with recurrent exacerbations (ARE) per 1000 person-years, stratified by child 

age during follow-up.

Child age N Person-
years

Number of cases IR (95% CI)

2–4 years 17246 73282 346 18.55 (16.59, 20.52)

Female 8129 34744 137 15.84 (13.18, 18.5)

Male 9117 38538 209 20.89 (18.04, 23.74)

5–9 years 11466 34891 277 4.90 (4.32, 5.47)

Female 5496 16788 112 4.09 (3.33, 4.85)

Male 5970 18103 165 5.66 (4.79, 6.52)

10–19 years 3369 13167 111 2.41 (1.96, 2.86)

Female 1593 6034 46 2.13 (1.52, 2.75)

Male 1776 7133 65 2.65 (2.00, 3.29)

Abbreviations: CI=confidence interval; IR=incidence rates
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Table 4.

Adjusted incidence rate ratios of asthma with recurrent exacerbations (ARE) by multivariate regression model

aIRR (95% CI) P value

Decade born

1990–1999 reference

2000–2009 1.62 (1.13, 2.32) <0.01

2010–2017 0.76 (0.54, 1.08) 0.13

Child age (years)

10–19 reference

5–9 3.69 (2.89, 4.70) <0.01

2–4 15.36 (12.09, 19.52) <0.01

Child race and ethnicity

Non-Hispanic White reference

Non-Hispanic Black 2.51 (2.10, 2.99) <0.01

Hispanic White 1.30 (0.93, 1.82) 0.12

Hispanic Black 2.04 (1.22, 3.39) <0.01

Other 1.67 (1.36, 2.07) <0.01

Census region

West reference

Northeast 3.34 (2.52, 4.43) <0.01

Midwest 3.66 (2.75, 4.86) <0.01

South 2.90 (2.16, 3.88) <0.01

Child sex

Female reference

Male 1.34 (1.16, 1.55) <0.01

Parental history of asthma

None reference

Either or both 2.90 (2.43, 3.46) <0.01

Abbreviations: aIRR=adjusted incidence rate ratios; CI=confidence interval

N=17246. Model included a fixed effect for the research site location (aIRR: 1.00; 95% CI: 1.00–1.01) to control for any clustering effect. Children 
born during 2000–2009 had 2.12 times greater incidence of ARE than those born during 2010–2017 (95% CI: 1.77, 2.53). Other child race and 
ethnicity refers to all categories that do not fit into the mutually exclusive categories described. This includes children who list race as anything 
other than White or Black, list multiple races, or self-select “don’t know” or “other” on their forms.

J Allergy Clin Immunol. Author manuscript; available in PMC 2024 July 01.


	Abstract
	Capsule Summary:
	Graphical Abstract.
	Introduction
	Methods
	Study Population:
	Statistical Analyses:

	Results
	ARE incidence rates by calendar year of surveillance.
	ARE incidence rates by birth decade.
	ARE incidence rates by age, race and ethnicity.
	ARE incidence rates by sex.
	ARE incidence rates by parental history of asthma

	Discussion
	References
	Figure 1:
	Figure 2:
	Table 1.
	Table 2.
	Table 3.
	Table 4.

