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1.0 Introduction

The Centers for Disease Control and Prevention (CDC) estimate that nearly 25 million 

Americans have asthma, and nearly 16 million Americans have chronic obstructive 

pulmonary disease (COPD) or bronchitis.1 Acute exacerbations of asthma, COPD, and 

bronchitis result in worsening symptoms which can lead to emergency department visits 

and hospitalizations. Management of asthma, bronchitis, and COPD and the associated 

morbidity and mortality from acute exacerbations cost the United States (US) healthcare 

system over $10 billion annually.2

Acute respiratory exacerbations are influenced by both intrinsic and extrinsic factors. A 

large body of literature has examined the effects of various environmental factors, including 

air pollution and allergens in inciting exacerbations for adults with asthma or COPD.3–7 In 

children with asthma, studies have identified associations between environmental exposures 

and asthma exacerbations; some of those exposures overlap with adult triggers, while others 

are distinct.8–10 For bronchitis, in addition to the risk from smoking, previous work has 

elucidated the effects of indoor pollutants and mold exposure on increasing exacerbation 

risk.11,12

However, translating the current knowledge of environmental triggers of acute respiratory 

exacerbations to preventative clinical practice has been limited mostly to allergen avoidance 

in children with asthma.13 Additionally, it is crucial to understand how environmental 

triggers affect different races and ethnicities, given that there are known racial, ethnic, and 

sex disparities in the severity of both chronic symptoms and acute exacerbations.14–18 In 

fact, conflicting results on pollutants’ effects from different studies could be explained by 
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racial and ethnic differences, as well as the effects of different seasons, specifically the effect 

modifiers of temperature and heat index.

Therefore, the objective of this study was to leverage a large collection of real-world data 

(RWD) from the OneFlorida Data Trust, a repository of RWD with robust linked and 

longitudinal patient-level data for over 15 million (> 60%) Floridians. Linking OneFlorida 

with a well-curated external exposome database,19,20 we analyzed triggers for asthma, 

bronchitis, and COPD exacerbations by air pollution and extreme temperatures taking into 

account seasonal, sex, and race/ethnicity variables. Our hypothesis was that the effect of 

particulate matter exposure on respiratory exacerbations would be modified by temperature, 

either in magnitude and/or directionality of effect, especially at extremes of temperature. 

Leveraging those big data sources, our aim is to inform future precision medicine-based 

approaches to mitigation of environmental triggers of asthma, bronchitis, and COPD 

exacerbations.

2.0 Material and Methods

2.1 Study design

A case-crossover design was used to examine the associations of asthma, bronchitis, and 

COPD exacerbations with exposures to elevated heat index, PM2.5, and O3 prior to the 

outcome (acute exacerbation). This design allows us to control for many potential individual 

confounders (e.g., socioeconomic status, body mass index, tobacco use), since each case 

serves as its own control (e.g., assuming someone smoked throughout the time of the study, 

their inclusion as a case and their own control then controls for their tobacco use).21–23 

We defined the outcome of interest as an acute care encounter for an asthma, bronchitis, 

or COPD exacerbation. We used a symmetric bidirectional approach to hazard and washout 

periods, as this is shown in the literature to better control for confounding.24 The hazard 

period was defined as starting from the day when the exacerbation occurred (lag day 0) 

through six days preceding the event (lag day 6). To account for the changes in exposures 

over time, we used a symmetric bidirectional approach with a two-week wash-out period 

to define two control periods: 1) starting from 15 days after the exacerbation through 21 

days after the exacerbation, and 2) starting from 27 days preceding the exacerbation through 

21 days preceding the exacerbation (Figure I). Previous studies have used similar lags in 

examining pollution exposure and exacerbations of COPD and asthma, and also found a 

minimum of 5–7 days exposure to high amounts of PM2.5 to be significant for bronchitis 

exacerbations.25–27

2.2 Study population

Electronic health records (EHR) data during 2012–2017 were obtained from the OneFlorida 

Clinical Research Consortium. The OneFlorida network is a clinical data research network 

in Florida and part of the national Patient Centered Clinical Research Network (PCORnet) 

funded by the Patient-Centered Outcomes Research Institute (PCORI).28 Partnered with 12 

healthcare organizations, the OneFlorida network contains longitudinal patient-level EHRs 

linked with other data sources (e.g. administrative claims from Medicaid and Medicare 

(United States government health insurance programs), vital statistics, and cancer registries) 
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of approximately 15 million individuals, covering over 60% of Florida’s population.29 

OneFlorida follows the PCORnet Common Data Model (CDM) and is a Health Insurance 

Portability and Accountability Act (HIPAA) limited data set (i.e. except dates and locations, 

all other identifiers are removed). The University of Florida is the data coordinating center 

for OneFlorida, where the data are maintained and updated regularly with rigorous quality 

checks. A validated privacy-preserving record linkage process was employed to eliminate 

duplicate records of the same individuals obtained from different partners within the 

network.30

Acute care encounters for exacerbations of asthma, bronchitis and COPD were identified 

from OneFlorida based on the International Classification of Diseases, 9th/10th Revision, 

Clinical Modification (ICD-9/10-CM) codes for visits in a priori-defined settings (primary 

care visit, urgent care visit, ED visit, hospitalization). Codes indicating an asthma or 

COPD exacerbation were used for all those settings– see eTable I. If a patient had more 

than one encounter within the same hazard period, we counted that as one exacerbation. 

Unlike asthma and COPD, which have several ICD codes specific for acute exacerbations, 

bronchitis has very few exacerbation-specific codes. Additionally, clinicians often use 

the term acute bronchitis in real-world clinical settings (reflected by the OneFlorida real

world dataset) to represent non-specific bronchial inflammation, which can range from 

acute on chronic bronchitis, acute COPD exacerbations, or in younger patients, asthma 

exacerbations.31 Therefore we chose more broad bronchitis codes in combination with the 

selection of only healthcare encounters that would likely represent acute exacerbations of 

bronchitis (i.e., urgent care, ED visit, hospitalization). That approach was also used by 

Kowalska, et al to examine acute exacerbations of bronchitis.27 This study was approved by 

the authors’ institutional review board (UF IRB 202002779).

2.3 Exposure assessment

Well-validated gridded surface meteorological data, gridMET, from University of Idaho 

were obtained to estimate average daily temperature and relative humidity with a 2.5 arc 

minute (~4 km) spatial resolution.32, 33 For each 5-digit ZIP Code tabulation area (ZCTA5) 

in Florida, area-weighted daily average temperatures and relative humidity were calculated. 

To reflect the physiological effects of heat more accurately, we calculated the mean daily 

heat index (or apparent temperature) for each ZCTA5 using the formula from the National 

Weather Service based on average daily temperature and relative humidity.34 Daily PM2.5 

and O3 data were obtained from the U.S. Environmental Protection Agency (EPA) and 

CDC National Environmental Public Health Tracking Network,35 which fuses monitoring 

data from the National Air Monitoring Stations/State and Local Air Monitoring Stations 

with 12 km gridded output from the Models-3/Community Multiscale Air Quality model. 

Daily estimates were obtained at the Census Tract level and area-weighted averages were 

calculated to estimate daily PM2.5 and O3 levels for each ZCTA5 in Florida. We then 

spatiotemporally linked the heat index, PM2.5 and O3 to each exacerbation based on ZIP 

code to generate the average exposure during the hazard and control periods.
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2.4 Covariates

To assess whether the associations of extreme temperature, PM2.5 and O3 with exacerbations 

of asthma, bronchitis and COPD varied across patient groups, we considered age (i.e. 

<18 and >/=18 years which traditionally defines pediatric and adult research, clinical 

practice, including assessment, treatment, and risk prevention), sex (i.e. female and 

male), race/ethnicity (i.e. non-Hispanic Whites, non-Hispanic Blacks, and Hispanics), and 

neighborhood deprivation index (NDI) as potential effect modifiers.3, 36–38 The NDI is 

derived from 20 ZCTA5-level items from the 2013–2017 American Community Survey 

(ACS), reflecting wealth and income, education, occupation, and housing conditions as a 

summarized measure, which has been shown to reveal populations vulnerable to respiratory 

exacerbations.37, 39 The NDI was then spatiotemporally linked to each individual and 

categorized into quartiles. A higher NDI indicates a greater degree of socioeconomic 

deprivation, i.e., a more deprived neighborhood.

2.5 Statistical analysis

Characteristics of each exacerbation were examined. Each year was categorized into 

three periods: Florida’s hot period (i.e. with monthly average heat index >80°F, June to 

September), warm period (i.e. 70–80°F, April, May, and October), and cool period (i.e. 

≤70°F, November to March). Stratified by the weather period, average heat index, PM2.5 and 

O3 exposures were calculated during the hazard and control periods for each outcome. We 

divided exposure to heat index, PM2.5, and O3 by quartile to account for potential non-linear 

associations between exposures and the exacerbation outcome, especially for temperature 

where non-linear associations are expected.40,41 Conditional logistic regression models were 

used to assess the associations between exacerbations and exposures of heat, PM2.5, and 

O3 in lag day 0 through lag day 6. Models for each exposure were adjusted for the other 

two exposures, with odds ratios (ORs) and 95% confidence intervals (95% CIs) reported. To 

examine whether the associations varied by season, we stratified the analyses by the three 

periods defined above. In addition, we also examined potential effect modifications by age, 

sex, race/ethnicity and NDI. We performed comparisons within strata (e.g., male vs. female), 

but not across strata and thus did not adjust for multiple comparisons. All statistical analyses 

were conducted using R 3.6.1 (Vienna, Austria).

3.0 Results

3.1 Sample population

A total of 1,204,312 exacerbations among 561,591 patients were identified from 2012–2017 

OneFlorida data. We excluded 1,444 patients and 35,696 exacerbations with missing ZIP 

code information or ZIP codes outside Florida, respectively. We further excluded 18,666 

hazard periods and 49,266 control periods of exacerbations with missing information 

on exposure. In total, 1,148,506 exacerbations among 533,446 patients were finally 

included in the analysis. Bronchitis had the highest number of exacerbation encounters 

(N=512,204; 44.6%), followed by asthma (N=351,365; 30.6%) then COPD (N=284,937; 

24,8%). However, in the pediatric population, asthma exacerbations constituted 65.3% of 

encounters (N= 174,097). Overall, the demographics of patients with relevant encounters 

had a female predominance (59.1%) but was diverse with regards to race and ethnicity (25% 
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non-Hispanic Black and 21.7% Hispanic). See Table I for complete patient demographics for 

the included asthma, bronchitis, and COPD exacerbation encounters.

3.2 Heat Index

The average exposures to heat index, PM2.5, and O3 were very similar between hazard and 

control periods for asthma, bronchitis, and COPD exacerbations during the three weather 

periods measured for the duration of the study time period (2012–2017) (Table II). Overall, 

the highest average heat index was observed during June to September, while the highest 

exposure to PM2.5 was during November to March, and for O3, during the April, May, 

and October months. Given the similarity of the exposures between hazard and control 

periods, we then examined the association of average heat index, PM2.5, and O3 each 

separately with asthma, bronchitis, and COPD exacerbations, respectively, while controlling 

for the other two environmental variables, without taking into account those three weather 

periods. As continuous variables, there were no significant associations (Table III). However, 

examination of average heat index, PM2.5, and O3 as quartiles revealed that as average heat 

index rose, the odds of asthma, bronchitis, and COPD exacerbations decreased, and some 

of those comparisons were statistically significant (Table III). For example, increasing from 

the reference coldest heat index quartile, the odds of asthma exacerbations were 0.92 (95% 

confidence interval (CI) 0.90 – 0.93) for quartile 2, 0.87 (95% CI 0.86 – 0.89) for quartile 

3, and 0.86 (95% CI 0.84 – 0.88) for quartile 4. The other significant finding shown in 

Table III was that as exposure to O3 increased, there was a slight increased odds of asthma 

exacerbations (from 1.01 (95% CI 1.00 – 1.03 for quartile 2 to 1.06 (95% CI 1.05 – 1.07) for 

quartile 3).

3.3 Weather Periods

We present all unstratified associations and associations stratified by NDI, age, sex, and 

race/ethnicity for the three environmental exposures from each of the three different weather 

periods for asthma, bronchitis, and COPD in eTables II, III, and IV, respectively. Across all 

three conditions in June to September and April, May, and October, the heat index rising 

from Quartile 1 to Quartile 2 to Quartile 3 conferred increasing odds of exacerbations in the 

unstratified analysis (eTables II–IV). Interestingly, in the extreme Quartile 4 of heat index 

the odds of exacerbation were often lower relative to Quartile 3. In the unstratified analysis 

of the November to March weather period, as heat index rose, the odds of exacerbations 

decreased. For example, the unstratified odds of a COPD exacerbation decreased from the 

quartile 1 reference to 0.63 (95% CI 0.62–0.65) in quartile 4, with all decreases by quartile 

statistically significant (eTable IV).

In unstratified analyses for PM2.5, increased exposure was associated with decreased odds 

of exacerbations for all three conditions except again during the colder weather period of 

November through March, when increasing exposure was associated with increased odds of 

an exacerbation. For unstratified analyses of O3 exposure, there was not a strong significant 

association with exacerbations except for the temperate April, May, and October months, 

where for all three diseases had increased odds of an exacerbation with increased O3 

exposure.
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3.4 PM2.5 & O3

Analyses stratified by age revealed differences between asthma and bronchitis exacerbations 

after exposure to PM2.5 in the three different weather periods (eTables II and III, grey 

shading), with pediatric patients’ odds of exacerbations significantly lower than adults (e.g., 

for asthma during June – September, pediatric odds 0.71 (95% CI 0.68–0.74) and adult 

odds 0.82 (95% CI 0.79–0.85). The only difference between exacerbations stratified by 

sex was lower female odds of bronchitis exacerbations in response to higher O3 exposure 

during the period of November through March (for quartile 3 odds were 0.92 (95% CI 

0.91–0.94) for females and 0.98 (95% CI 0.61–1.01) for males, eTable III, grey shading). 

There were few statistical differences found between NDI subgroups (eTables II and III, 

grey shading). Interestingly, although NDI quartile 4 represents areas of high deprivation, 

we found decreased odds of asthma exacerbations in quartile 4 compared to quartiles 1–3 

in April, May, and October (1.43 (95% CI 1.34–1.53) vs. 1.62 (95% CI 1.57–1.68)), and 

the same phenomenon was also observed for bronchitis exacerbations in the same weather 

period (eTables II and III).

3.5 Race / Ethnicity

There were several statistically significant differences in exacerbations with rising heat index 

for all three diseases when stratified by race and ethnicity (Figure IIa). For asthma, there 

were increasing odds of exacerbations for Non-Hispanic Blacks compared to Non-Hispanic 

Whites, and for Hispanics compared to both Non-Hispanic Whites and Non-Hispanic Blacks 

for the fourth heat index quartile during the April, May, and October months (Figure IIa 

and eTable II shaded areas). For bronchitis there were differences based off exposure to the 

heat index in all the weather periods, again with increasing odds of exacerbations for Non

Hispanic Blacks compared to Non-Hispanic Whites, and for Hispanics compared to both 

Non-Hispanic Whites and Non-Hispanic Blacks (eTable III shaded areas). For bronchitis 

exacerbations there were higher odds of exacerbations for Non-Hispanic Blacks compared 

to Non-Hispanic Whites and Non-Hispanic Blacks for quartile 3 of O3 exposure during 

November – March (eTable III shaded areas and Figure IIb). Lastly for COPD exacerbations 

there were multiple significant differences in odds of exacerbations by race/ethnicity in 

response to heat index and PM2.5 in various weather periods, all again with the same 

direction of effect – increasing odds of exacerbations for non-Hispanic Blacks and Hispanics 

compared to non-Hispanic Whites (eTable IV shaded areas and Figure IIc).

4.0 Discussion

This study presents a comprehensive analysis of temperature and air pollution related to 

acute exacerbations for asthma, COPD, and bronchitis patients. In a diverse study population 

from the OneFlorida network, we found actionable information (e.g., useful for patients and 

clinicians) stratified by weather period, age, sex, race, and ethnicity that could aid in primary 

preventative care and exacerbation trigger avoidance. If validated in settings beyond Florida, 

these results could lead to future design of real-time or near real-time warning systems to 

those with chronic respiratory diseases of potentially dangerous environmental conditions 

with regards to heat index, PM2.5, and O3.
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Our findings help clarify the potential cause of conflicting results from other studies. For 

example, a previous systematic review and meta-analysis found that O3 and PM2.5 exposure 

was associated with increased odds of an asthma-related ED visit or hospitalization (1.006–

1.0009, 95% CI 1.006–1.011, and 1.023, 95% CI 1.015–1.031, respectively).3 That review 

did not account for seasonality or control for temperature, which we found to be particularly 

important in the directionality of particulate matter exposures’ effect. Specifically, we found 

increasing PM2.5 exposure was associated with decreased odds of asthma exacerbations 

(that decrease was more significant for children versus adults in the June to September 

period), except during November through March, where PM2.5 exposure was associated 

with increased odds of exacerbation (adults with more significant increases than children). 

Therefore, temperature may have a significant modifying (even “protective” during warmer 

temperatures) effect on particulate matter exposure consequences. Indeed, researchers in 

Taiwan found that increasing temperature had a seemingly protective effect for pediatric 

asthma exacerbations when examining the effects of PM2.5 exposure and that of four other 

pollutants.42 However, much larger geographic validation of that observation would need to 

be conducted before drawing conclusions.

It is well known that children have differential responses to environmental triggers than 

adults, and our asthma analysis stratified by age is further evidence of that.10 In addition, 

given that exposure to PM2.5 in Florida is much lower than that in other southeastern 

states,43 our findings are consistent with previous studies showing adverse health effects of 

PM2.5 exposure, even at very low levels.44–46 As for O3 exposure, we found association 

with increased odds of asthma exacerbations only in the April, May, and October months. 

Although O3 is an exposure of great interest, like PM2.5, its effects may be muted when 

considering other exposures, like temperature. Of note, a French study of 599 adults over 20 

years identified 21 environmental factors associated with baseline lung function, but none 

were significant when controlling for multiple exposures.47 Our study controlled for other 

exposures and found significant associations with acute exacerbations of asthma. Future 

work to combine predictors of baseline pulmonary function and risk of acute exacerbations 

would be help take this and other more environmental research and individualize its 

implications to patients, caregivers, and clinicians.

To our knowledge this is the one of the largest studies of environmental triggers of 

COPD exacerbations. As with asthma, it has long been known that weather changes 

and environmental pollution, especially traffic-related air pollution, can trigger COPD 

exacerbations.4,6 More granular data from a case cross-over study of 168 patients with 

COPD from Massachusetts found strong associations of exacerbations with self-reported 

car/truck exhaust exposure, and more modest exposures with swings in outdoor temperature, 

with warmer weather less associated with exacerbations.5 Our study of 284,937 COPD 

exacerbation encounters revealed that higher heat index had increased association with 

exacerbations for the late spring, summer, and early fall months, but a decreased association 

during the relatively mild Florida winter. Increased heat index may be protective during 

colder seasons as a lower temperature at that time of year would indicate a more extreme 

cold, and it is widely recognized that extremely cold (and hot) temperatures are associated 

with exacerbations.48
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Similar to COPD, this is the largest study to our knowledge of environmental triggers of 

acute bronchitis. Bronchitis lies on the reactive airway disease spectrum, and thus it is not 

surprising that we found mostly the same associations with heat index as we did with COPD 

and asthma. However, unlike COPD, which is a disease mostly of adults, bronchitis can 

afflict pediatric patients, and we found differential response by age to the effects of PM2.5 

exposure, with children significantly less affected than adults during the April, May, and 

October months.

Of note, the associations of exacerbations with higher heat index exposure were significantly 

different by race/ethnicities, with Non-Hispanic Black and Hispanics having increased 

odds of exacerbations compared to Non-Hispanic whites. Although that effect’s statistical 

significance varied by month (eSupplement Tables II–IV), it was consistent in that the 

odds of exacerbations were always higher for Non-Hispanic Blacks and Hispanics than 

whites (and higher odds for Hispanics than Non-Hispanic Blacks). It is known that 

bronchodilator response (key to all three conditions studied because bronchodilators are 

first-line medications for exacerbations) varies by race/ethnicity. Various studies have found 

lower bronchodilator response in Non-Hispanic Black and Hispanic adults and children 

with asthma compared to Non-Hispanic Whites with asthma.49–51 A lower bronchodilator 

response can result in failure of outpatient treatment of an exacerbation, resulting in a 

healthcare visit that would be noted by our study. However, one would expect any difference 

in bronchodilator response to affect response to pollutants as well, not just increasing 

heat index. Yet we only found one statistically different response between Non-Hispanic 

Blacks and Non-Hispanic Whites in odds of bronchitis exacerbations after O3 exposure 

in November through March (eSupplement Table III). Other studies have found that early 

exposure to pollutants affects the development of asthma in minority children, therefore 

there may be a selection bias in the particulate matter results.52 An alternative is that total 

cumulative exposure to pollutants such as PM2.5 and O3 (likely to be higher in minority 

communities) affects epigenetic changes which result in less pulmonary resilience against 

heat index changes, thus when the effects of PM2.5 and O3 are controlled for (as we did in 

this study), racial/ethnic disparities are revealed.53, 54

Although we explored a limited number of environmental factors, this study supports the 

broad push to include more than just genomics in precision medicine and incorporate a 

host of environmental factors into future evidence-based advisements for individuals with 

asthma, bronchitis, and COPD.55 Specifically, our results have applications to the revolution 

in mHealth technology and wearable devices that measure a host of physiologic real-time 

variables, including silicone wristband technology that can measure environmental toxic 

exposures.56,57 More than current ‘pollen alerts’ and ‘heat index warnings,’ our results 

could provide the basis for personalized alerts for susceptible individuals based their age, 

sex, and race/ethnicity incorporating not just heat index and pollen, but also pollutants 

and the weather period. Specifically, our results showing significantly different effects 

in certain weather periods of heat index and PM2.5 and O3 exposure by race/ethnicity 

validates supports the large body of evidence of disparate impacts of respiratory diseases 

on Non-Hispanic Blacks and Hispanics compared to Non-Hispanic Whites for both chronic 

asthma and acute exacerbations.58 Further work to incorporate other external exposome 

factors (psychosocial, socioeconomic/social determinants of health, and other non-allergic 
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environmental influences),59–62 combined with the internal exposome could be even more 

impactful in preventing exacerbations or reducing their frequency.61 Additionally, the 

growing body of evidence for environmental risk factors in the face of climate change could 

help spur future public health policy decision-making.63

This study has limitations to note. It is a study of patient encounters in Florida, and thus 

variations in the heat index will not be as cold or as variable from 1st to 4th quartile as other 

areas in the United States or the world. However, by dividing our results into three weather 

periods, other areas could attempt external validation of our results by comparing weather 

periods with similar absolute temperatures. Air pollution exposures (i.e., O3 and PM2.5) 

can be heterogeneously dispersed even within a smaller area (e.g., based on the location 

of a highway or factory), and in the absence of data on individual patient exposure to air 

pollution daily averages.

Additionally, we did not have information on both short-term and long-term exposure to 

allergens such as pollen, dust mites, and other chemicals (e.g., smoking) that can also play 

a role in triggering respiratory exacerbations. The hazard and washout/control periods were 

defined based on previous studies and our own clinical and research experience, but some 

patients may be symptomatic for greater than 6 days preceding an emergency encounter. Our 

identification of a healthcare encounter for a respiratory exacerbation was contingent upon 

ICD 9/10 codes by healthcare providers, which introduces a degree of uncertainty in whether 

the visit was truly for an exacerbation. However, we attempted to mitigate this as much as 

possible through our inclusion criteria which used both type of encounter (e.g., emergency 

department visit) and type of ICD code (e.g., ICD 9 493.92: Asthma, unspecified type, with 

(acute) exacerbation).

5.0 Conclusion

In conclusion, to our knowledge this is the largest study to date linking temperature and 

air pollution exposures to acute exacerbations of asthma, bronchitis, and COPD. We found 

new and nuanced information on how exposure to heat index, PM2.5 and O3 varies in 

magnitude and directionality by weather period, age, and especially race/ethnicity. These 

results represent a foundational step towards a future precision medicine beyond more static 

genomic data to incorporate race, ethnicity, sex, and seasonality to alert patients, caregivers, 

and clinicians of environmental conditions that can trigger acute exacerbations of respiratory 

disease, thereby decreasing future morbidity and mortality.
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Highlights

• Environmental factors can trigger asthma, bronchitis, and COPD 

exacerbations

• We used the OneFlorida clinical database has data from over 15 million 

Floridians

• Hispanics and Blacks had higher odds of exacerbations with higher heat 

indices

• Children had less odds of exacerbations with exposure to PM2.5 than adults
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Figure I. 
Graphical illustration of symmetric bidirectional approach to define hazard, control, and 

wash-out periods for each exacerbation.

Legend: Hazard Period = 6 days; Each wash-out period = 14 days; Each control period = 6 

days

Fishe et al. Page 16

Sci Total Environ. Author manuscript; available in PMC 2023 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure IIa. 
Odds of acute exacerbation of asthma, bronchitis, and COPD by heat index quartile stratified 

by race/ethnicity in different weather periods.
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Figure IIb. 
Odds of acute exacerbation of asthma, bronchitis, and COPD by O3 quartile stratified by 

race/ethnicity in different weather periods.
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Figure IIc. 
Odds of acute exacerbation of asthma, bronchitis, and COPD by PM2.5 quartile stratified by 

race/ethnicity in different weather periods.
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Table I.

Characteristics of exacerbations of asthma, bronchitis and COPD in OneFlorida, 2012–2017, total 

n=1,148,506

Asthma exacerbation 
(n=351,365)

Bronchitis exacerbation 
(n=512,204)

COPD exacerbation 
(n=284,937) Overall

n (%)

Age at admission date (years)

<18 174,097 (49.5) 92,103 (18.0) 290 (0.1) 266,490 (23.2)

18–29 41,648 (11.9) 62,703 (12.2) 733 (0.3) 105,084 (9.1)

30–39 35,187 (10.0) 60,203 (11.8) 4,685 (1.6) 100,075 (8.7)

40–49 32,130 (9.1) 56,907 (11.1) 23,059 (8.1) 112,096 (9.8)

50–59 32,026 (9.1) 89,973 (17.6) 86,385 (30.3) 208,384 (18.1)

60–69 19,282 (5.5) 71,132 (13.9) 81,369 (28.6) 171,783 (15.0)

70–79 10,157 (2.9) 44,204 (8.6) 50,816 (17.8) 105,177 (9.2)

≥80 6,838 (1.9) 34,978 (6.8) 37,600 (13.2) 79,416 (6.9)

Missing 0 (0.0) 1 (0.0) 0 (0.0) 1 (0.0)

Sex

Female 199,343 (56.7) 317,694 (62.0) 162,091 (56.9) 679,128 (59.1)

Male 152,021 (43.3) 194,470 (38.0) 122,804 (43.1) 469,295 (40.9)

Missing 1 (0.0) 40 (0.0) 42 (0.0) 83 (0.0)

Race/ethnicity

Non-Hispanic White 79,573 (22.6) 238,676 (46.6) 175,100 (61.5) 493,349 (43.0)

Non-Hispanic Black 131,148 (37.3) 113,024 (22.1) 43,428 (15.2) 287,600 (25.0)

Hispanic 103,031 (29.3) 110,256 (21.5) 36,210 (12.7) 249,497 (21.7)

Others 16,385 (4.7) 21,328 (4.2) 9,471 (3.3) 47,184 (4.1)

Missing 21,228 (6.0) 28,920 (5.6) 20,728 (7.3) 70,876 (6.2)

Regions

Northwest 12,450 (3.5) 28,913 (5.6) 18,715 (6.6) 60,078 (5.2)

North Central 24,963 (7.1) 39,152 (7.6) 25,842 (9.1) 89,957 (7.8)

Northeast 30,439 (8.7) 44,419 (8.7) 26,872 (9.4) 101,730 (8.9)

Central 112,449 (32.0) 160,790 (31.4) 81,082 (28.5) 354,321 (30.9)

West Central 47,232 (13.4) 76,734 (15.0) 47,971 (16.8) 171,937 (15.0)

East Central 19,901 (5.7) 39,785 (7.8) 20,216 (7.1) 79,902 (7.0)

Southwest 13,507 (3.8) 20,221 (3.9) 12,147 (4.3) 45,875 (4.0)

Southeast 90,424 (25.7) 102,190 (20.0) 52,092 (18.3) 244,706 (21.3)

Abbreviations: COPD, chronic obstructive pulmonary disease.
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