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Abstract
Rationale

Extremes of temperature and humidity are associated with adverse respiratory
symptoms, reduced lung function, and increased exacerbations among individuals living
with chronic obstructive pulmonary disease (COPD).

Objectives

To describe the reported effects of temperature and humidity extremes on the health
outcomes, health status and physical activity (PA) in individuals living with COPD.

Methods

A cross-sectional self-reported survey collected the effects on health status (COPD
Assessment Test [CAT]), PA, and health outcomes in 1) moderate/ideal (14 to 21°C, 30 to
50% relative humidity [RH]), 2) hot and humid (> 25°C, > 50% RH) and 3) cold and dry (<
5°C, < 30% RH) weather conditions. Participants were > 40 years old with COPD or related
chronic respiratory diseases (e.g., asthma, sleep apnea, interstitial lung disease, lung
cancer) and residing in Canada for > 1 year. Negative responders to weather extremes
were a priori defined as having a change of > 2 points in the CAT.

Main Results

Thirty-six participants responded; the mean age (SD) was 65 (11) years, and 23 (64%)
were females. Compared to ideal conditions, 23 (66%) and 24 (69%) were negatively
affected by cold/dry and hot/humid weather, respectively. Health status was significantly
lower, and PA amount and difficulty level were reduced in hot/humid and cold/dry
conditions compared with ideal conditions. The number of exacerbations in hot/humid
was significantly higher compared to ideal conditions.

Conclusions

More participants were negatively affected by extremes of weather: health status
worsened, PA decreased, and frequency of exacerbations was higher compared to ideal.
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A cross-sectional survey on the effects of ambient temperature and humidity on health outcomes in indivi...

Future prospective studies should directly and objectively investigate different
combinations of extreme temperature and humidity levels on symptoms and PA to

understand their long-term health outcomes.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a pro-
gressive respiratory disorder.1:2 COPD is the fourth leading
cause of death3 in Canada and is the third worldwide.*
The Public Health Agency of Canada® reported about 4% of
Canadians (approximately 780,000) aged 35 years and older
were diagnosed with COPD in 2009 to 2010. In Canada,
there is a substantial economic and humanistic burden
from COPD.3 Individuals living with COPD experience
many pulmonary and extra-pulmonary symptoms, affect-
ing their overall quality of life and limiting their daily ac-
tivities.3.

There is increased attention on the impact of climate
change on weather exposures and the effects on chronic
lung diseases’ and their global health burden.® Global cli-
mate change has increased the mean yearly ambient tem-
perature, frequency and intensity of variable weather con-
ditions.? Increasing concentrations of atmospheric
greenhouse gases have increased climatic temperatures,
causing events of severe and prolonged heat waves, in-
creased air pollution, and temperature variabilities.!0 In
Canada, the frequency and intensity of extreme weather
events are predicted to increase as a result of climate vari-
ability.11

Poor air quality and extreme temperatures (both hot and
cold) have been found to directly damage the lungs by in-
ducing inflammatory responses, which may increase sus-
ceptibility to infections and risk of exacerbations.!? As a
result, temperature and humidity extremes affect the lung
function of individuals with COPD!3 Sama et al.l* com-
pleted a cross-sectional survey examining environmental
influences in individuals with COPD in Massachusetts, USA.
They found that 78% of study participants were affected
by hot/humid and cold/dry weather, 81% “finding it harder
to breathe” in hot/humid weather, and 67% in cold/dry
weather. Weather was only one of several different expo-
sure variables they investigated; however, their impact on
health outcomes was not assessed. Extremes of temper-
ature and humidity have been associated with increases
in adverse respiratory symptoms,%15.16 reduced lung func-
tion,%16-18 decreased health status,'>17 increased use of
rescue inhalers16:19.20 decreased physical activity (PA),5
21,22 and increased exacerbations!®17:1920 and hospital-
izations.1523-25 Of these studies, one conducted across
Canada focused only on the effects of daily variation of
weather on PA,2! and another in Northwestern, USA col-
lected information on respiratory symptoms, exacerba-
tions, and rescue inhaler use in cold temperatures only.?
There is a lack of evidence describing both the burden of
extreme weather conditions on individuals with COPD and
the impact on important health outcomes.!7-25 There is
also a lack of research conducted in Canada, limiting the
generalizability of past results to individuals with COPD
living in Canada.

The primary objective of this study was to determine
what proportion of individuals with COPD were affected
by extremes of weather (hot/humid and cold/dry) regarding
their health status and respiratory symptoms. The sec-
ondary objective of this study was to determine the associ-
ations between extremes of weather and health status, res-
piratory symptoms, PA, frequency of exacerbations, rescue
inhaler use, and healthcare utilization in individuals with
COPD.

MATERIALS AND METHODS
STUDY DESIGN

A cross-sectional self-reported survey was developed to
collect information on the effects of temperature and hu-
midity on the health status, respiratory symptoms, PA, fre-
quency of exacerbations, rescue inhaler use, and healthcare
utilization in individuals with COPD in three weather con-
ditions: moderate or “ideal” conditions (14 to 21°C and 30
to 50% relative humidity [RH]), cold/dry conditions (< 5°C
and < 30% RH), hot/humid conditions [(> 25°C and > 50%
RH) see Supplementary Information]. Two individuals with
COPD piloted the survey and did not suggest changes to the
content.

SURVEY CONTENTS: REPORTED HEALTH OUTCOMES

We have developed our survey based on previous research
that has measured COPD symptoms. The COPD Assessment
Test (CAT)26 assessed both symptoms and health status.
Total scores ranged from 0-40, with higher scores repre-
senting worse health status. The minimum clinically im-
portant difference (MCID) of the CAT is 2 points.2” The
Daily-PROactive and Clinical visit-PROactive Physical Ac-
tivity (D-PPAC)28 assessed PA. Each question uses a 0 to
4-point scale; total scores normally range from 0 to 37, with
a lower score indicating poorer PA (lower amount and/or
higher difficulty). Because we did not measure step count
and vector magnitude units, scores in this study ranged
from 0 to 28. Sub-scores, D-PPAC total amount and D-PPAC
difficulty were also calculated. The CAT and the D-PPAC are
both valid and reliable tools that demonstrate strong inter-
nal consistency and test-retest reliability, showing the abil-
ity to measure the construct they intend to measure.26:28
Frequency of exacerbations, rescue inhaler use, health-
care utilization (doctor visits, emergency department, hos-
pitalizations), and response actions to the weather condi-
tions were collected. The end of the survey included items
to describe our study population and identify potential con-
founders to weather exposure.2%30 This included demo-
graphics, daily activity and symptoms (modified Medical
Research Council dyspnea scale (mMRC),3! attendance in
PR and self-management program, International Physical
Activity Questionnaire Short Form (IPAQ),32 respiratory
medications), exacerbation history, comorbidities, prog-
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nostic indicators (e.g., smoking status, home oxygen use),
and environmental variables (type of community, city size,
rainfall).

Participants were asked to recall answers from the prior
year (including all four seasons), not including restrictions
due to the COVID-19 pandemic. The survey was completed
anonymously online (SurveyMonkey® platform, San Mateo,
California),33-34 by telephone or mail. Individuals received
a $20 gift card for completing the survey. Ethics approval
was obtained from the University (REB #: 16029).

PARTICIPANTS

Participants were eligible to answer the survey if they were:

1. 40 years and older,35

2. Diagnosed with COPD as per GOLD criteria [2, 21]
(FEV1/FVC ratio < 0.7) by a physician of any severity
(mild, moderate, severe, very severe),

3. Resided in Canada for at least one year (not including
times related to COVID-19),

4. Capable of providing informed consent.

Due to a poor response rate, we did not exclude individ-
uals if they reported diagnoses of other chronic respiratory
diseases or disorders, including asthma, sleep apnea, inter-
stitial lung disease, or lung cancer. We recruited individu-
als from 267 pulmonary rehabilitation (PR) programs across
Canada, advocacy groups, and professional respiratory or-
ganizations. We provided study posters to them and waited
for individuals to contact us. Additionally, we employed
snowball sampling techniques and social media (e.g., Twit-
ter/X39) to identify potential participants.

DATA ANALYSIS

For our primary objective, individuals affected by extreme
weather conditions (hot/humid or cold/dry) were defined
as “responders” using the CAT score MCID3%; negative re-
sponders had CAT scores > 2 points compared to the ideal/
moderate CAT score. Data analysis consisted of descriptive
statistics, including means and standard deviations (SD)
for continuous variables, median and interquartile range
(IQR) for skewed data and counts and percentages for nom-
inal variables. For open-ended questions, text feedback was
grouped into overarching themes based on the correspond-
ing weather conditions.

For the secondary objective, repeated-measures ANOVA
for interval data (CAT, D-PPAC) and Cochran’s Q test for
categorical dependent variables (frequency of exacerba-
tions, rescue inhaler use, healthcare utilization) for each
weather condition were performed. Due to the limited sam-
ple size, we could not adequately adjust for potential con-
founders. For significant results for parametric data, Bon-
ferroni corrected pairwise post-hoc analyses were
performed. IBM® SPSS Statistics was used, with a p-value <
0.05 considered significant.

RESULTS

Initially, our survey link was publicly shared and received
over 400 responses; it raised suspicions of the potential
responses from spambots and/or non-eligible individuals
seeking the $20 gift card.3” The survey was closed, and each
response was reviewed closely. Responses that included
characteristics of chronic lung disease (e.g., age, smoking
duration, diagnoses, and comorbidities), and/or included
sensible open-text comments were included (only n=12).
We changed specific questions to filter out bot responses
and did not publicly share the survey link before re-releas-
ing the survey. Subsequently, this yielded 25 additional re-
sponses to our final dataset of n=37 (online n=31, phone
n=5, mail *n=*1). One participant did not complete the sur-
vey in its entirety and was excluded.

PARTICIPANT CHARACTERISTICS

Out of 36 participants, n=29 (81%) participants reported
COPD as their primary diagnosis, with the remainder re-
porting asthma (11 [31%]), sleep apnea (4 [11%]), intersti-
tial lung disease (2 [6%]), or lung cancer (1 [3%]) as their
primary diagnosis. Mean (SD) age was 64.5 (11), and 23
(64%) were female with mean Body Mass Index (BMI) 27.8
(8.4%). Twenty-five (69%) were formerly smoking, and 6
(17%) were currently smoking, with a mean (SD) pack per
year of 39.5 (25.6). Participants lived primarily in an urban
community [14 (39%)]. Many reported a precipitation level
some days of the month (27 [75%]). Mean (SD) of chronic
lung disease duration was 12.4 (11.2) years. With respect to
PA and dyspnea, 75% (n=27) were minimally active (based
on the IPAQ), with a mean (SD) Metabolic equivalent of
task (MET) minutes per week of 3688.8 (3306.6) ml/kg/min.
Most participants identified themselves as mMRC Grade 1
(13 [36%]) or Grade 2 dyspnea level (12 [33%]).

Tables 1 and 2 provide additional details of daily activity
and symptoms, exacerbation-related variables, comorbidi-
ties, prognostic indicators, and environmental factors.

INFLUENCE OF EXTREME WEATHER CONDITIONS

Most responders to the two weather extremes were nega-
tive or worse compared to ideal: 23 (66%) in cold/dry and 24
(69%) in hot/humid. Only 9 (25%) were positive responders,
and 14 (40%) were non-responders (Table 3).

Mean (SD) CAT score was significantly different between
the three weather conditions (p < 0.001), Table 4. Health
status in ideal weather conditions (17.2 [7.8]) was signifi-
cantly higher compared to hot/humid (22.4 [7.4] p< 0.001)
and cold/dry conditions (21.4 [8.3], p< 0.001). Both ex-
tremes of weather resulted in clinically important decreases
in health status (MCID > 4 points).

Mean (SD) D-PPAC total score significantly differed be-
tween each weather condition (p< 0.001), Table 4. Post hoc
tests revealed a significant increase in overall PA in the hot/
humid conditions, 14.7 (3.9) compared to ideal conditions,
13.0 (3.1), p=0.008. There was a decrease in PA in cold/dry
conditions 12.2 (4.5) compared to ideal conditions, but it
was not statistically significant (p=0.364).
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Table 1. Participant Characteristics.

Characteristics Value
Age (years) 64.53(11.07)
Mean (SD)
Sex, n (%) 23(63.9)
Female 11(30.6)
Male
Primary Respiratory Diagnosis® n (%) 29 (80.6)
COPD 11(30.6)
Asthma 4(11.2)
Sleep Apnea 2(5.6)
ILD 1(2.8)
Lung Cancer
Respiratory Disease Duration 12.40(11.18)
Mean (SD) 9.75(17.00)
Median (IQR)
Comorbidities, n (%) 10(27.8)
Bone Disorder 7(19.4)
Cardiovascular Diseases 5(13.9)
Type 1 or Type 2 Diabetes 4(11.1)
Neuropsychiatric Disorders** 3(8.3)
Cancert 3(8.3)
Congestive Heart Failure 2(5.6)
Hypercholesteremia 2(5.6)
PAD 1(2.8)
Cirrhosis 1(2.8)
Complex Migraines 1(2.8)
Coronary Heart Disease 1(2.8)
DVT 1(2.8)
GERD 1(2.8)
Musculoskeletal Disorders 1(2.8)
Pulmonary Embolism
BMI (kg/m?) 27.77 (8.35)
Mean (SD) 25(69.4)
Smoking History, n (%) 6(16.7)
Formerly Smoking 4(11.1)
Currently Smoking 39.5(25.6)
Never Smoked
PPY
Mean (SD)
Living Arrangement, n (%) 15(41.7)
Lives with spouse/partner 11(30.6)
Lives alone 5(13.9)
Lives with children 2(5.6)
Lives with roommates 1(2.8)
Lives with parents/guardians
Marital Status, n (%) 19(52.8)
Married/Common Law 7(19.4)
Divorced/Separated 5(13.9)
Single/Never Married 3(8.3)
Widowed
Level of School, n (%) 15(41.7)
College or vocational school 11(30.6)
Any university training 7(19.4)
Highschool or less 1(2.8)
Any postgraduate training
Employment Status, n (%) 18 (50.0)
Retired 7(19.4)
Disability 4(11.1)
Full-Time 4(11.1)
Self-Employed 1(2.8)
Not employed
Household Income, n (%) 7(19.4)
< $25,000 8(22.2)
$25,001-$45,000 8(22.2)
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Characteristics Value
45,001-$65,000 9(25.0)
> $65,000
Community, n (%) 14 (38.9)
Urban 11 (30.6)
Suburban 9(25.0)
Rural
Community Population Size, n (%) 16 (44.4)
Large (= 100,000) 8(22.2)
Medium (30,000-99,999) 10(27.8)
Small (1,000-29,999)
Precipitation Level, n (%) 1(2.8)
Most days of the month 27 (75.0)
Some days of the month 4(11.1)
Few days of the month 2(5.6)
Very few days of the month
Respiratory Medications, n (%) 30(83.3)
SABA 27(75.0)
Combination Inhalerst 12(33.3)
LABA 7(19.4)
Oral Corticosteroid Pills 6(16.7)
Antibiotics 6(16.7)
Other: Nebulizer, Mucolytics, P-4 Inhibitors
Vaccines, n (%) 27 (75.0)
Influenza 18 (50.0)
Pneumococcal
O, Therapy, n ((%) 14 (38.9)
CPAPor NIV, n ((%) 6(16.7)
Acute exacerbation in last year, n ( (%) 19(52.8)
ER visits in last year, n ( (%) 10(27.8)
Bone Fracture in last year, n ( (%) 3(8.3)
Swelling (ankles, legs, feet), n ( (%) 13(36.1)
PR Attendance, n ( (%) 22(61.1)
Self-Management Education Program, n ( (%) 13(36.1)

Total sample size n=36 (n=2 did not complete demographics but were included in the denominator). *Some individuals identified more than one primary respiratory diagnosis. **Neu-
ropsychiatric disorders: Anxiety, Depression TCancers: Lung and Breast ¥Combination Inhalers: salbutamol, fluticasone, vilanterol, budesonide, aclidinium bromide. BMI: Body Mass
Index; CPAP: Continuous positive airway pressure therapy; COPD: chronic obstructive pulmonary disease; DVT: Deep Vein Thrombosis; ER: Emergency Room; GERD: Gastroe-
sophageal Reflux Disease; ILD: Interstitial Lung Disease; IQR: interquartile range; LABA: Long-acting beta-agonists; NIV: Non-invasive ventilation; P-4 Inhibitors: Phosphodi-
esterase-4 Inhibitor; PAD: Peripheral Artery Disease; PPY: Packs smoked per year; PR: Pulmonary Rehabilitation; O,: Oxygen; SABA: Short-acting beta-agonists; SD: standard devia-
tion.

Table 2. Physical Activity and Dyspnea Baseline Measurements.

Measurements Value

IPAQ level of physical activity, n (%)

Inactive 2(5.6)
Minimally Active 27 (75.0)

HEPA Active 5(13.9)

Total METs minutes, n=36

Mean (SD) 3688.8 (3306.6)
Median (IQR [25%-75%)) 2099.5(1264.6-6824.3)
mMRC Scale, n (%)

Grade O 2(5.6)

Grade 1 13(36.1)

Grade 2 12(33.3)

Grade 3 7(19.4)

Grade 4 1(2.8)

Total sample size n=36 (n=2 did not complete demographics but were included in the denominator). HEPA: health-enhancing physical activity; a high active category; IPAQ: Interna-
tional Physical Activity Questionnaire; IQR: interquartile range; MET: Metabolic equivalent of task; mMRC: modified Medical Research Council; SD: standard deviation.
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Table 3. Proportion of CAT Score Responders in Extreme Weather Conditions.

Weather Responder Type n (%)
Negative Responder 23(65.7)
Cold & Dry vs Ideal Not Responder 8(22.9)
Positive Responder 4(11.4)
Negative Responder 24 (68.6)
Hot & Humid vs Ideal Not Responder 6(17.1)
Positive Responder 5(14.3)
Total sample size n=36 (missing n=1). CAT: COPD Assessment Test.CAT negative/positive responder= score increased/decreased by 2
Table 4. Weather Conditions and Outcomes.
Variable Ideal Conditions Hot/humid Conditions Cold/dry Conditions p-value
CAT? n=36 n=35 n=36 p<0.001
Mean (SD) 17.2(7.8) 22.4(7.4) 21.4(8.3)
D-PPAC total® n=36 n=36 n=36 p<0.001
Mean (SD) 13.0(3.1) 14.7 (3.9) 12.2 (4.5)
D-PPAC amount © n=36 n=36 n=36 p< 0.001
Mean (SD) 4.4(1.4) 2.3(2.0) 2.2(1.4)
D-PPAC difficultyd n=36 n=36 n=36 p<0.001
Mean (SD) 8.6(3.6) 12.4(4.0) 10.1 (4.6)
Exacerbations®, n (%) p=0.002
No 15(41.7) 5(12.9) 7(19.4)
Yes 21(58.3) 30(83.3) 29(80.6)
Rescue inhaler use, n (%) p=0.05
No 12(33.3) 7(19.4) 7(19.4)
Yes 24 (66.7) 28(77.8) 29(80.6)
Family doctor visit, n (%) p=0.148
No 32(88.9) 27 (75.0) 27 (75.0)
Yes 3(8.3) 8(22.2) 9(25.0)
Respirologist specialist, n (%) p=0.761
No 31(86.1) 28(77.8) 30(83.3)
Yes 5(13.9) 7(19.4) 6(16.7)
ED visit, n (%) p=0.307
No 34(94.4) 30(83.3) 30(83.3)
Yes 2(5.6) 5(13.9) 6(16.7)
Hospitalization, n (%) p=0.034
No 35(97.2) 31(86.1) 29(80.6)
Yes 1(2.8) 4(11.1) 7(19.4)

Total sample size n=36. Mild exacerbation = no change in prescribed medications, Moderate exacerbation = required prescribed antibiotic and/or oral corticosteroid, Severe exacerba-
tion = required a hospital admission or emergency department visit. Higher CAT scores represent poorer health status. Lower D-PPAC scores represent reduced physical activity.

ajdeal vs hot/humid, p=0.0005; ideal vs cold/dry, p=0.0001. bideal vs hot/humid, p=0.008; hot/humid vs cold/dry, p=0.00002. Cideal vs hot/humid, p< 0.001; ideal vs cold/dry, p< 0.001.
dideal vs hot/humid, p< 0.001; ideal vs cold/dry, p< 0.001. €ideal vs hot/humid, p=0.002. CAT: COPD Assessment Test; D-PPAC: Daily-PROactive Physical Activity in COPD; ED: Emer-

gency Department; SD: standard deviation.

Mean (SD) D-PPAC amount score was significantly worse
in both cold/dry (2.2 [1.4]) and hot/humid (2.3 [2.0]), com-
pared to ideal conditions (4.4 [1.4]), p < 0.001. D-PPAC dif-
ficulty score was significantly better in both cold/dry at 10.1
(4.6), and hot/humid at 12.4 (4.0) compared to ideal condi-
tions, 8.6 (3.6), p< 0.001.

Exacerbations and health utilization were higher in ex-
tremes of weather, with the frequency of exacerbations
(p=0.002), rescue inhaler use (p=0.05) and hospitalizations
(p=0.034) significantly different between each of the three
weather conditions, as shown in Figure 1 and Table 4. The
only significant pairwise post-hoc result was the number of
exacerbations between ideal/moderate and hot/humid con-
ditions, p=0.002. In ideal/moderate conditions, n=15 (42%)

did not have an exacerbation, and n=21 (58%) did have an
exacerbation. In hot/humid conditions, n=30 (83%) had an
exacerbation.

Most participants reported taking no action during ideal
conditions, 21 (58%). In cold/dry conditions, 15 (42%) re-
ported avoiding going outside or stayed indoors, 9 (25%)
and 7 (19%) limited time outside or used medications. Dur-
ing hot/humid conditions, 27 (75%) avoided going outside
or stayed indoors.

PARTICIPANTS’ PERCEPTIONS AND MITIGATION
STRATEGIES IN DIFFERENT WEATHER CONDITIONS

At the end of the survey, some participants (n=12) elabo-
rated on how specific weather conditions affected them. Ex-
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Figure 1. Type and Frequency of Healthcare Utilization
Between Weather Conditions.

p-values <0.05 = significant. GP: General Practitioner; ED: Emergency Department.

treme weather conditions, whether hot or cold, were trou-
blesome for their health, with four participants reporting
more problematic effects from hot/humid weather condi-
tions than cold/dry weather. These conditions were per-
ceived as “very big factors in my overall health.” Higher tem-
peratures and humidities were found to make it difficult
for participants to "breathe and function.” One participant
described extreme heat and humidity as causing a “very
definite decrease in quality of life.” Another participant de-
scribed cold weather conditions as “tearing their lungs.” One
participant found cold and humid conditions problematic,
as “extreme cold and humidity play a very big factor in their
overall health.”

Common strategies participants used to prevent the con-
sequences of different weather conditions were avoidance,
inhalers, oxygen therapy, and humidification. In ideal tem-
peratures or humid (cold or hot) conditions, participants
reported minimal interventions were needed. However,
some individuals spent limited time outside despite ideal
weather conditions and still needed inhalers and oxygen
therapy. In both extreme conditions, participants expressed
limited time outside or avoidance. For hot and humid days,
many participants conveyed using air conditioning or fans
to stay cool. However, some participants noted problems in
breathing when air conditioning was set too high (cold). In
cold and dry conditions, participants expressed they would
also dress warmer. Additionally, participants noted they
would use their rescue inhalers before leaving the house for
both weather extremes.

DISCUSSION

This study examined the effects of extremes of temperature
and humidity on health outcomes in individuals with COPD
living in Canada, the majority expressing clinically impor-
tant decreases in their health status and increased health-
care utilization in both extreme weather conditions. Exac-
erbation frequency was higher in hot/humid weather. PA
score was lower in cold/dry conditions but increased in hot/
humid conditions; the amount and difficulty level of PA was
reduced in both extreme conditions. There were no signif-
icant differences in rescue inhaler use, family doctor and
respiratory specialist visits, hospitalizations, or emergency
department visits across the three weather conditions.

COLD/DRY VS. IDEAL WEATHER CONDITIONS

In cold/dry weather conditions, we found that participants
experienced a lower health status in comparison to ideal
conditions. Our findings correlate with those of Miravitlles
et al.39, who found worsened health status in the winter
compared to the spring and summer seasons. There may
be a threshold below which colder temperatures adversely
impact respiratory health1%:38 as Scheerens et al.3? found
in participants with COPD, each 5°C increase in temper-
ature was associated with worsening breathing symptoms
and each 5°C decrease in outdoor temperature was associ-
ated with worsening cough.

In terms of PA, our study found associations between
cold/dry conditions and lower PA, both in the amount and
difficulty level. We did not collect data on the types of
activities, but we believe during cold/dry conditions, par-
ticipants decreased their PA and engaged in less vigorous
activities. These results align with past studies that re-
ported associations between colder weather and lower PA
levels.4041 Thorpe et al.4Z found that some patients would
not leave their homes because cold weather made them ex-
perience more respiratory symptoms, such as excess cough-
ing, sneezing, and shortness of breath. This is similar to
the open-text feedback we received in our survey. With re-
spect to difficulty levels, the literature does support our as-
sociation of decreased level of activity in colder conditions.
Hoaas et al.#! conducted a study in Norway, Denmark and
Australia and showed individuals living with COPD walked
less and decreased their PA in cooler seasons compared to
summer.

The decrease in health status and PA in cold/dry weather
may be due to a number of reasons. First, several studies
have identified 18°C as a potential threshold of indoor tem-
perature below which adverse health effects may occur.!®
384344 These adverse health effects include increased
blood pressure and risks of blood clots,#3 and increased sus-
ceptibility to lung infections and vulnerability to the com-
mon cold.23 With respect to PA, colder temperatures may
lead to increased bronchoconstriction,*> which has been
associated with decreased PA.46
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HOT/HUMID VS. IDEAL WEATHER CONDITIONS

In hot/humid conditions, there was an association with
lower health status and adverse respiratory symptoms. Pa-
tients in previous studies reported the summer heat to be
an uncontrollable trigger, causing increased morning dysp-
nea, reduced peak expiratory flow rates and poorer health
status. 1547

Participants in our study also reported increased exacer-
bations during hot/humid conditions. Higher temperatures
have been associated with an increase in exacerbations,20
hospitalizations due to exacerbations (5.4% for every 1°C
increase),23 and a risk of death due to COPD up to 25%.48
49 Additionally, for individuals with chronic disease, heat
waves have been associated with increased morbidity and
frequency of hospitalizations.>0 In terms of humidity, high
relative humidity is associated with worsening of COPD
symptoms and increased hospitalizations due to acute ex-
acerbations.®! Jevti et al.>2 found for each 10% increase in
relative humidity, hospitalizations due to acute exacerba-
tions increased by 0.8%.52

The pathophysiological mechanisms of the association
between heat exposure and exacerbation of COPD symp-
toms leading to hospitalizations are not well understood.24
The heat exposure may induce cytokine release, triggering
inflammatory responses causing hyperventilation.53-54 Hy-
perventilation may lead to acute bronchoconstriction in in-
dividuals with pre-existing COPD, exacerbating their dysp-
nea.>>>>7 Lin et al.!8 speculated that higher temperatures
could induce bronchoconstriction8 and elevate concentra-
tions of biological aerosols, which can cause inflammatory
and allergic responses in the respiratory tract.>?

Our study found hot/humid conditions were associated
with higher overall PA, compared to ideal conditions. Al-
though the amount of PA was significantly lower, the over-
all D-PPAC score was higher due to the decrease in the level
of activity difficulty. Prior research conflicts with our results,
mainly reporting increases in the amount and difficulty of
PA in hot and/or humid weather conditions. Previous stud-
ies have found an increase in temperature was associated
with a higher amount of PA.2122 Hoaas et al.4! found indi-
viduals with COPD had increased difficulty levels of PA in
warmer weather conditions. Although our PA results during
higher temperatures contrasted with prior research, they
were similar when considering the humidity level. Studies
found higher humidities were associated with a decrease in
PA.22,60,61 We could not find studies supporting our results
of decreased PA difficulty in hot and humid conditions. It is
recommended that both the amount and magnitude of PA
be measured when investigating the impact of different ex-
tremes of weather conditions on individuals with COPD.62

STRENGTHS AND LIMITATIONS
STRENGTHS

Our study is one of the few that collected information of
the effects of temperature and humidity on health out-
comes in individuals with COPD living in Canada. Our study
used measures (CAT and D-PPAC) that were reliable and

valid26,28,31,32,63-65 anqd defined positive and negative re-
sponders27:36:63 to weather extremes. We utilized good re-
cruitment strategies, despite the challenges associated with
the COVID-19 pandemic. Our sample had representation
from various parts of Canada from different communities of
large, medium, and small population sizes. We conducted
the survey using multi-modal methods (online/phone/mail)
to optimize timeliness and accessibility.%¢6 We collected
contextual feedback from participants that would not have
been revealed through the close-ended questions, such as
other problematic weather conditions and strategies to mit-
igate negative consequences of weather conditions.

LIMITATIONS

Several limitations include the sample size and the gen-
eralizability of these results. Our study may have suffered
from recall bias and/or under- or over-estimations.®? We
included individuals with any illness severity level and di-
agnoses of other chronic respiratory conditions, possibly
influencing the results. However, the overlap of these res-
piratory disorders is common for individuals with COPD.®8:
69 The overall survey was not validated; however, as men-
tioned above, it contained validated instruments. Addition-
ally, the number of questions on the survey may have
caused answer fatigue and resulted in more neutral an-
swers. Finally, our survey was anonymous and was affected
by bots; results from the first dataset (n=12) and second
dataset (n=25) may have differed because we changed spe-
cific questions to filter out bot responses before re-releas-
ing the survey. Nevertheless, we were conservative when
deciding on legitimate responses, and each item was re-
viewed closely.

Our study was open to individuals across Canada, and
the weather in individual provinces differs. For example,
British Columbia experiences cold and humid weather
based on participant text feedback, and in our study, we
only assessed cold and dry weather conditions. In addition,
we likely did not have any French-speaking participants be-
cause we did not have the resources to translate the survey.
Our sample may not be generalizable to the entire COPD
population in Canada due to these limitations; however,
this study serves as a pilot study to provide important im-
plications for future research studies.

FUTURE RESEARCH

To better understand the impact of weather on individuals
with COPD, minimizing the influence of other confounding
factors is required. This includes using prospective designs,
incorporating individuals with homogenous respiratory
disease, and targeting regional weather conditions rather
than generalizing for all of Canada. We recommend using
objective measurements to identify responders to extreme
weather conditions, such as the CAT and D-PPAC, and mea-
suring both PA quantity and magnitude. Studies should
consider all spectrums and combinations of temperature
and humidity, such as hot and cold temperatures with high
and low humidity. The experiences of individuals with
COPD in different weather conditions using a qualitative
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approach should be considered, especially given the varied
open-text responses in this study. Other meteorological
factors, such as barometric pressure, solar radiation, wind,
and even air quality, could also be considered. Finally, fu-
ture research should involve the development and evalua-
tion of management and coping strategies to help alleviate
adverse symptoms and the limitations of individuals with
COPD in extreme weather conditions.

CONCLUSION

This study showed that individuals with COPD living in
Canada may be negatively affected by both extremes of
hot/humid and cold/dry conditions. This negative response
was associated with decreased health status, decreased PA
(amount and difficulty level), and increases in exacerba-
tions, rescue inhaler use, and hospitalizations. The devel-
opment of preventative and management programs is nec-
essary to help individuals with COPD cope with different
weather conditions as climate change is a driving factor of
increased extreme weather conditions.
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