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Warm temperatures are associated with health care encounters for asthma and chronic obstruc�ve 

pulmonary disease (COPD).[1-8] Temperature affects the spread of infec�ous diseases and increases 

air pollu�on levels, pollen counts, and allergenicity—all elevate risks of asthma exacerba�ons—

resul�ng in hospitalisa�ons.[9] Rising global temperatures possibly escalate effects on respiratory 

health worldwide. Yet, mapping synerge�c effects of daily temperatures, air pollu�on, allergens, and 

virus spread is fundamental for understanding causal pathways and mechanisms. Such mapping helps 

iden�fy vulnerable groups—an essen�al ac�vity for planning structural and behavioral interven�ons 

for minimizing climate change effects on respiratory health. 

However, available literature on warmer summer temperature effects on respiratory morbidity 

remain deficient with many open ques�ons. Some findings suggest higher risk of asthma 

hospitalisa�on with higher mean temperatures,[6-8] others disagree;[4, 5] studies differed regarding 

temperature metrics, confounder selec�ons, mediators, effect modifiers, and outcome defini�ons. 

A large innova�ve study from the United Kingdom 

Konstan�noudis et al.—published in the present issue of Thorax [10]—used sophis�cated analyses on 

a large dataset to inves�gate effects of daily mean temperature on hospitalisa�on risks for asthma in 

the United Kingdom. They analysed na�onal data from more than 260,000 people 5 years and older 

between 2002–2019; linked residen�al informa�on with high-resolu�on daily temperature data and 

meteorology during summer months (June– August); and used Interna�onal Classifica�on of Diseases-

10th revision (ICD-10) main diagnos�c groups J45 (asthma) and J46 (status asthma�cus) as outcome. 

The case-crossover design—where each person is its own control—accounts for �me-stable, 

individual-level confounders, such as sex and ethnicity. They adjusted for meteorology and na�onal 

holidays as possible confounders and studied effect modifica�on by age, sex, �me period, and region. 

Since they assumed pollen counts and air pollu�on levels mediated effects, they excluded these from 

the model. They found an overall 1.11% increase in risk of asthma hospitalisa�on for every 1°Celsius 

increase in ambient summer temperature. The risk was highest among males aged 16–64, while older 
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adults were not at risk. Also, the risk was largest during 2002–2007 with no effect between 2008–2013 

or 2014–2019. They found some spa�al varia�on between regions, yet mainly among males. 

What does the study tell us? 

The study by Konstan�noudis et al. adds valuable evidence about temperature and asthma morbidity, 

but some challenges remain, which if addressed in future studies, could help us beter design 

strategies to prevent heat-related asthma hospitaliza�on. These challenges relate to the use of rou�ne 

outcome data, clarifica�on of mechanisms and pathways, and iden�fica�on of vulnerable groups.  

The outcome: asthma diagnosis as subgroup of lower airway disease 

First, in the present study only isolated ICD-10 codes for asthma (J45; J46) are included as outcome. 

An earlier study from the same group—also published in Thorax [11]—focused only on COPD (J40-44). 

With rising awareness about asthma-COPD overlap syndrome [12, 13] and billing rules influencing 

hospital diagnos�c code choices, dis�nc�ons between asthma and COPD remain ambiguous. The 

propor�on of people receiving either diagnosis varies over �me and by pa�ent age, region, and 

possibly temperature.[14] The same applies to children diagnosed with asthma, acute bronchi�s, or 

viral pneumonia dependent on physician, region, and �me period [15, 16]. For future research, we 

recommend including overall admissions for lower airway disease broken down by all diagnos�c 

groups—asthma, COPD, acute bronchi�s, influenza, and pneumonia—and describing how 

temperature affects broader diagnos�c categories. 

Selec�ng single diagnos�c subgroups as study outcomes possibly biases results and makes 

interpreta�ons difficult. For instance, Konstan�noudis et al. found an increase in COPD hospitalisa�ons 

with rising temperatures during the exact �me period when observing no effect for asthma (2007–

2018), and they found the strongest effects for COPD among older adults and females—the unaffected 

subpopula�ons in the asthma paper.[10, 11] We suggest ar�ficial fluctua�ons from 1) changes in 

diagnos�c prac�ce over �me and by region and 2) different diagnos�c labeling for males and females 
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and by age-group possibly explain the seemingly contradictory results found for asthma and COPD. 

Analysing all obstruc�ve airway disease diagnoses together could illuminate apparent contradictory 

findings. 

Tes�ng pathways and mechanisms 

Second, explora�on of mechanisms and pathways could help in the design of interven�ons. We agree 

air pollu�on, pollen counts, and respiratory epidemics can mediate effects from temperature and be 

on the causal pathway. In fact, the COPD paper found that adjustment for air pollu�on atenuated 

effects of temperature on hospitalisa�ons. However, other studies showed effects of pollen and air 

pollu�on independent of temperature.[17, 18] Exploring direct effects—and effects of possible 

mediators—would prepare clinicians and policy makers for transla�ng mechanisms into preven�ve 

ac�ons. Further, the authors had analysed maximum temperatures for the COPD analysis and mean 

temperatures for asthma. Using different exposure metrics in parallel —through sensi�vity analyses—

within the same study popula�on and for the same outcomes – could teach us whether extreme or 

rather mean temperatures increase risk, and thus inform counselling and policy more precisely.  

Vulnerable groups and effect modifiers 

Third, the case-cross-over design is an analysis model that elegantly corrects for confounding by 

individual characteris�cs, such as asthma controller treatment or socioeconomic status. Yet 

systema�cally exploi�ng individual characteris�cs – as effect modifiers rather than as confounders – 

would help to iden�fy vulnerable groups. For instance, the larger effect on working-age males found 

in the asthma paper could in future studies be further explored using linked rou�ne data on occupa�on 

and thus inform whether males working outdoors are par�cularly affected. Evidence for effect 

modifica�on by socioeconomic characteris�cs—area-based or individual proxies—or ethnicity 

possibly elucidate pathways leading to extra hospitalisa�ons and promote concise ac�on. For example, 

some regions have high propor�ons of inhabitants of South Asian ethnic origin, a popula�on with 
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increased risk of metabolic and allergic diseases,[19] which could lead to preventa�ve ac�ons. Or, if 

air pollu�on was found to be the main mediator, laws could limit traffic flow on warm days.  

Conclusions 

Konstan�noudis et al. bring us an important step closer to understanding the rela�onship between 

heat and respiratory morbidity. Yet we suggest future research digs deeper into understanding 

pathways (table 1). We recommend curious explora�on and close collabora�on between 

environmental epidemiologists and clinicians and analysing large datasets of several diagnos�c groups 

in one paper rather than spli�ng them up into mul�ple papers. This could help us reach a higher level 

of understanding for taking informed ac�ons and reducing future harm. 
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Table 1: Sugges�ons for future research on temperature and respiratory health, to help iden�fying 

causal pathways as founda�on for designing future preven�ve strategies. 

Study design 
element  

Next step Knowledge gain 

Outcome  Use a unified sta�s�cal framework for 
studying all ICD-10 codes for airway 
diseases in one model (e.g. asthma, 
COPD, acute respiratory infec�ons).  

Beter understanding of combined and  
disease-specific effects and reduc�on of 
effect of possible coding bias; more robust 
results; larger numbers and improved 
sta�s�cal power and precision. 

Exposure Compute sensi�vity analysis of effect of 
different exposure metrics (e.g. daily 
minimum, maximum, or mean 
temperatures, different lag �mes) within 
same study popula�on. 

Beter understanding of effects; easier 
comparison with results from other 
studies; elucida�on of mechanisms; beter 
informa�on on poten�al interven�ons. 

Pathways Conduct media�on analysis of the 
pathway between temperature, pollen, 
air pollu�on, infec�ous disease 
epidemics, and hospitaliza�on for lower 
airway disease. 

Understanding whether hospitalisa�ons 
are triggered directly by the heat itself or 
mediated via exposures to allergens, air 
pollu�on, infec�ous agents, or other 
mechanisms.  

Effect modifiers Study how the effect of heat on 
respiratory hospitalisa�ons is modified 
by individual-level factors such as health 
behaviour (e.g. smoking), occupa�on, 
treatment, diet, or socioeconomic 
status. 

Beter understanding of vulnerable groups 
to target preven�ve strategies.  

External 
comparison 

Study whether the effect of high 
temperatures on asthma and COPD 
hospitalisa�ons decreased over �me 
also in other countries, or whether 
findings are specific for the UK. 

Inves�ga�ng the causality of the effect 
and whether the effect—if causal—can be 
influenced by adap�ve mechanisms in 
individual behavior (e.g. smoking, avoiding 
heat), public policy (e.g. traffic restric�ons 
on hot days) or changes in health care 
(beter primary care to reduce 
hospitalisa�ons).  

Abbrevia�ons: ICD-10; Interna�onal Classifica�on of Diseases-10th revision, COPD; Chronic 
Obstruc�ve Pulmonary Disease 
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