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Methods
Population and study periods
Data from Canadian Cohort Obstructive Lung Disease (CanCOLD), a prospective longitudinal cohort study in nine Canadian cities across 6 provinces, were utilized. Comprehensive demographic information including smoking history and self-reported co-morbid disease status, detailed clinical test results including gold-standard diagnostic spirometry1, 2 and bloodwork (including peripheral blood eosinophil count), and prospectively collected self-reported exacerbations were available from study participants. 
Air pollution exposure and covariates 
Concentrations of NO2, PM2.5 and O3 from fixed monitoring stations were aggregated from the National Air Pollution Surveillance (NAPS) database into city-level daily estimates, as reported previously.3 The sum of NO2 and O3 yielded Ox estimates.4, 5 Mean temperature and relative humidity (weather covariates) were acquired from the Applied Climatology Services/Meteorological Service of Canada, generating city-level averages. 
Additional pandemic-specific covariates
From May 2020 onwards, a monthly ‘COVID-19 Questionnaire’ was administered to collect relevant behaviors, symptoms, and events directly or indirectly related to the COVID-19 pandemic. Instances of contracting the virus, time spent outdoors, regional quarantine and travel status, and individual-level steps taken to reduce the risk of transmission, were obtained through the COVID-19 Questionnaire (see Figure S1).  A modified InFLUenza Patient-Reported Outcome (FLU-PRO) questionnaire6 was included within the COVID-19 Questionnaire with a mean-based scoring algorithm, computing means across 17 symptoms and their severity with a score of 1 signifying mild flu symptoms and ≥1 indicating escalating severity.
Statistical analysis
During both the pre-pandemic and COVID-19 pandemic periods, city-specific air pollutant concentrations were presented as medians with interquartile range (IQR). Differences between the two study periods were compared using generalized estimating equations (GEE) with normal distribution. Models were adjusted for season, and for temperature and humidity (restricted cubic splines, with knots at 25th, 50th, and 75th percentiles), which allowed for a flexible representation of these nonlinear relationships within each model. Differences in symptom-based and event-based exacerbation rates between the two study periods were compared using GEE models with negative binomial distribution. Models accounted for repeated measures (individual participant exacerbation clusters) and were unadjusted as well as adjusted (for age and gender, as well as for season and for temperature and humidity spline terms). 
The association between air pollutant concentrations and exacerbation rates across both study periods were estimated by fitting GEE models, first adjusted only for period and secondly adjusted for period, age, gender, season, and temperature and humidity (spline terms). These two sets of models were then fitted within each of the two distinct study periods. Offset was used to account for differing period follow-up durations.
Given potential confounding factors characteristic of the COVID-19 pandemic period, sensitivity analyses were conducted in the subgroup of participants with COVID-19 Questionnaire responses available to estimate the association between behavioral ‘protective’ measures and markers of viral infection status with exacerbations. Confounding variables were inserted into COVID-19 pandemic period models to retest the associations between each air pollutant and exacerbation rates within this period.  
Finally, the determination of relevant individual-level susceptibilities (risk factors) across air pollutant-exacerbation relationships was investigated using multivariable analyses with a stepwise approach. All variables in univariable (adjusted only for period) analyses with P<0.05 were considered in the multivariable model (adjusted for period, season, and temperature and humidity spline terms). Subgroup differences by self-reported gender (female/male), co-morbid asthma status (present/absent), and blood eosinophil count (Eos: <300/≥300 counts/microliter, as well as <3%/≥3%) were analyzed separately, with the use of the Wald test to assess for effect modification. 
Exchangeable correlation structure was used for all GEE models. Results are presented as point estimates, or as rate ratios (RRs), as appropriate, with 95% confidence intervals (95% CIs). Adjustments for multiple comparisons were not made. All statistical analyses were conducted using SAS statistical software, version 9.4 (SAS Institute, Cary, North Carolina, USA).  
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	Univariable analysis

	 
	Symptom-based exacerbations
	Event-based exacerbations

	 
	Adj. RR (95% CI)
	P-values
	Adj. RR (95% CI)
	P-values

	Gender, female vs. male
	1.39 (1.15, 1.68)
	<0.001*
	1.71 (1.33, 2.20)
	<0.001*

	Age, per 1-year increase
	0.99 (0.98, 1.00)
	0.053
	1.00 (0.98, 1.01)
	0.543

	BMI, per 1-unit increase
	1.01 (1.00, 1.03)
	0.119
	1.02 (1.00, 1.05)
	0.063

	Pack-years, per 1-unit increase
	1.01 (1.00, 1.01)
	<0.001*
	1.01 (1.01, 1.02)
	<0.001*

	Biomass exposure  10 years
	1.17 (0.90, 1.52)
	0.239
	1.20 (0.85, 1.69)
	0.300

	Asthma, yes vs. no
	2.14 (1.79, 2.56)
	<0.001*
	2.70 (2.12, 3.43)
	<0.001*

	Eos counts
	 
	 
	 
	 

	    <300 Eos/microliter
	REF
	-
	REF
	-

	    ≥300 Eos count/microliter
	1.19 (0.96, 1.48)
	0.111
	1.40 (1.06, 1.85)
	0.019*

	Eos percentage
	 
	 
	 
	 

	        <3%
	REF
	-
	REF
	-

	        ≥3%
	1.33 (1.06, 1.66)
	0.013*
	1.61 (1.20, 2.15)
	0.002*

	FEV1, % predicted, per 5% increase
	0.90 (0.88, 0.93)
	<0.001*
	0.86 (0.84, 0.89)
	<0.001*

	NO2, per IQR increase (ppb)
	1.33 (1.20, 1.48)
	<0.001*
	1.21 (1.07, 1.37)
	0.002*

	PM2.5, per IQR increase (g/m3)
	1.01 (0.91, 1.12)
	0.839
	1.06 (0.93, 1.22)
	0.381

	O3, per IQR increase (ppb)
	0.96 (0.87, 1.06)
	0.418
	0.99 (0.88, 1.12)
	0.914

	Ox, per IQR increase (ppb)
	1.23 (1.10, 1.37)
	<0.001*
	1.16 (1.01, 1.35)
	0.039*


Table S1: Associations Between Individual-Level Factors and Exacerbation Rates
Note: Univariable analysis, adjusted only for period.
Abbreviations: BMI, body mass index; Eos, eosinophil; FEV1, forced expiratory volume in one second; NO2, nitrogen dioxide; PM2.5, fine particulate matter; O3, ozone; Ox, total oxidant; IQR, interquartile range; Adj, Adjusted; CI, confidence interval; RR, rate ratio; ppb, parts per billion; g, microgram; m3, meter cubed. Symbols: %, percent; *, P<0.05.

Figure S1. CanCOLD telephone interview COVID-19 Questionnaire.
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COVID-19 Recovery

4. Have you retumned to your usual state of health since your COVID-19 diagnosis?
O Yes O No O Unsure

a. If yes, how long did it take for you to recover?

COVID-19 and/or respiratory symptoms

5. Atthe time of this call:
a. Doyouhave afever>37.8C/100F? [ Yes O No

=> If yes, instruct participant to contact local/provincial COVID-19 telephone line

b. Do you feel short of breath, more than usual? O Yes [0 No

> If yes, instruct participant to contact local/provincial COVID-19 telephone line.

28-May-2020 CanCOLD COVID-19 Questionnaire
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6. Now we will ask about symptoms that have been associated with COVID-19 iliness. We will ask whether you have had the
symptom, when the symptom started, how many days it lasted and how much the symptoms bother you, on a scale of 1 to 5
where 1 means “not at all,” 2 means “a little bit,” 3 means “somewhat,” 4 means “quite a bit,” and 5 means “very much.” If you
have chronic daily symptoms, please focus on symptoms that are worsening compared to your usual symptoms.

Note: for initial contact - i.e. first monthly questionnaire - recall period for symptoms should since early March 2020

Modified InFLUenza Patient-Reported Outcome (FLU-PRO) Questionnaire

A. Have you
had this B. When was the D. When the F. If so, how
symptom at approximate date that symptom was at much is the
any time the symptom started its worst, how E. Do you symptom
since the last  (or, for individuals with much did it have the bothering you
telephone chronic symptoms, bother you, on a symptom now, ona
interview? when did it worsen)? scale of 1to 5? now? scale of 1to 5?7
1. Fever (>37.8C/100 F) Oy ON Click here to enter a date. Choose an item. OYON Choose an
item.
2. Feltshort of breath or OY ON Click here to enter a date. Choose an item. OYON | Choose an
trouble breathing item.
3. Sneezing or Oy onN Click here to enter a date. Choose an item. OYON Choose an
running/dripping or item.
congested/stuffy nose
4. Scratchylitchy/painful or gy ON Click here to enter a date. Choose an item. OYON | Choosean
swollen throat item.
5. Teary/watery/sore/painful oy oN Click here to enter a date. Choose an item OYON Choose an
or light-sensitive eyes item.
6. Chest congestion or gy ON Click here to enter a date. Choose an item OYON | Choosean
tightness item.
7. Cough (hacking/dry or LY-EIN Click here to enter a date. Choose an item. OYON | Choosean

productive with mucus or
phlegm)

item.

28-May-2020 CanCOLD COVID-19 Questionnaire
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A. Have you
had this B. When was the C. How D. When the F. If so, how
symptom at approximate date that many symptom was at much is the
any time the symptom started days did  its worst, how E. Do you symptom
since the last  (or, for individuals with the much did it have the bothering you
telephone chronic symptoms, symptom botheryou,ona  symptom  now,ona
interview? when did it worsen)? last? scale of 1 to 57 now? scale of 1 to 57
8. Headache, head by oN Click here to enter a date. Choose an item. OYON | Choosean
congestion, or sinus item.
pressure?
Oy onN Click hes ter a daty ean i
9. Felt dizzy or lightheaded jelhere foentera date Choose an item. OYON ‘gl::rzosc an
10. Partial or complete loss oY oN Click here to enter a date. Chooseanitem. | DOYON | Choosean
of smell or taste item.
§ Oy oN Click here to enter a date. Choose an item. OYON Choose an
11. Lack of appetite
item.
12. Felt nauseous or Oy ON Click here to enter a date. Choose an item. OoYoON Choose an
vomited item.
13. Stomach ache or had Uy ON Click here to enter a date Choose an item. OYON| Choosean
diarrhea item.
14. Difficulty falling asleep Oy ON Click here to enter a date. Choose an item. OYON | Choosean
or staying asleep item.
15. Felt weakitired or had DY ON Click here to enter a date. Choose an item. OYON | Choosean
body ache/pain item.
16. Chills or shivering or oy onN Click here to enter a date. Choose an item. OYON | Choosean
feeling cold more than usual item.
17. Felt hot or sweating Oy onN Click here to enter a date. Choose an item. OYON | Choosean

more than usual

item.
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7. Comments on self-reported symptom (e.g. participant has seasonal allergies):
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If you answered no to all of the above symptoms, skip to question 11 (Potential
Exposures to COVID-19). If you answered yes to any symptom(s), continue to
question 8.

8. Did a health care provider evaluate you for these symptoms? [ Yes [0 No

9. If yes, did the health care provider think these symptoms were due to COVID-19 illness?
a. Yes, definitely COVID-19 illness

Yes, possibly COVID-19 iliness
No, probably not COVID-19 iliness
No, definitely not COVID-19 illness

b. If probably not or definitely not COVID-19 illness, what was the alternative
explanation for your symptoms?

10. If you answered yes to any symptom, did you take any medicines for symptoms?

Acetaminophen, O Yes O Yes O No | Click here to
Tylenol O No enter a date.
Ibuprofen, Motrin, O Yes O Yes O No | Click here to
Advil, Alleve O No enter a date.
Cough medicine, O Yes O Yes O No | Click here to
Robitussin O No enter a date.
“Cold and Flu” O Yes O Yes O No | Click here to
medicine O No enter a date.
Antibiotic (e.g, O Yes O Yes O No | Click here to
azithromycin, O No enter a date.
augmentin,
ciprofloxacin)
Oral corticosteroids | (] Yes O Yes O No | Click here to
(e.g., prednisone) O No enter a date.
Inhaled O Yes O Yes O No | Click here to
corticosteroids O No enter a date.
(e.g., flovent,
symbicort, Advair,
others)
Other medicines O Yes O Yes O No | Click here to
O No enter a date.

28-May-2020 CanCOLD COVID-19 Questionnaire
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Potential exposures to COVID-19
Note: for follow up questionnaire ask about changes in residence or living situation since last
telephone interview. If change of residence, ask questions 11 to 14. If no, skip to question 15.

11. In what town/city and province are you currently residing?

12. How long have you been residing there?

13. In what type of household are you currently residing?
a. Athome
b. In another home that is not your home
c. Inan assisted living facility
d. In a nursing facility

Other:
14. How many people are staying with you at this time:

None (I live alone)

Children 0 — 18 years old:
Adults 19 — 29 years old:
Adults 30 - 59 years old:
Adults 60 years old or older:
Comments:

m~eooop

If participant lives alone skip to question 17
15. Has anyone in your household (or, the placed you are residing) at any time been tested
for COVID-19, or the disease associated with the novel coronavirus?
OYes O No O Unsure

a. Ifyes:
What was the result of that (those) test(s)? [ positive Clnegative CJunsure

When was/were the test(s) conducted?
If no, skip to question 17.

16. If your household contact had a positive COVID-19 test:
a. Do you wear a mask athome? [ Yes O No O Unsure
b. Do(es) the infected person(s) wear a mask at home? [ Yes [0 No O Unsure
c. Do(es) the infected person(s) stay away from you? I Yes [0 No O Unsure

28-May-2020 CanCOLD COVID-19 Questionnaire
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17. In the past week, how often did you leave your current residence (i.e. leaving the house
for any reason - e.g. for a walk)?
a. Never b. Once c. Two to three times d. Aimost every day

18. In the past week, how often did you go to a public place (e.g., the grocery store, public
park)?
a. Never b. Once c. Two to three times d. Almost every day

19. Have you tried to change your usual behavior to decrease your risk of COVID-19
illness?

OYes 0O No 0O Unsure

20. Since our last telephone interview, what actions have you taken to reduce your risk?
(check all that apply)

O None

Washing hands and/or using sanitizer frequently
Avoiding large gatherings

Not going out to restaurants or bars

Cancelled planned travel

Wearing a face mask

Not shaking hands or touching people

Staying home when | am sick

Not going to work

Wiping down surfaces with disinfectant
Following government guidelines or rules to shelter in place- that is staying at
home and limiting contacts with other people

oooooooooag

21. Have you traveled since the last telephone interview? (Check all that apply)

a. Travel to another province: [ Yes O No 0O Unsure
If yes, which province:

b. Travel to another country: [ Yes 0O No 0O Unsure
If yes, which country:

c. Travel on a cruise ship: OYes 0O No 0O Unsure

22. Have you been placed under full quarantine by local authorities since our last interview?

OYes O No

28-May-2020 CanCOLD COVID-19 Questionnaire
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Other Health care utilization

Note: this section refers to any health care utilization — not necessarily for COVID-19 related
illness. For initial contact — i.e. first monthly questionnaire — recall period should be since early
March 2020

If a participant answers “yes” to question 1 (+ COVID-19 diagnosis) and therefore
completed the section “COVID-19 health care utilization”, you may proceed to end.

23. Have you at any time tried to contact a doctor or other health care professional?
OYes O No 0O Unsure
- If no or ‘unsure’ skip to question 24

a. If yes, what happened when you tried to contact the doctor or health care
professional?
i. Spoke by telephone? OYes O No O Unsure

ii. Had a video encounter or “televisit'? OYes O No O Unsure

iii. Had an in-person visit with a health care professional?
OYes 0O No 0O Unsure

iv. Unable to make contact with a healthcare professional? [0 Yes O No

24. Have you at any time seen a doctor or other health care professional?
OYes 0O No 0O Unsure
a. Ifyes:
i. Doctor's name:
ii. Doctor’s clinic/hospital/location:
iii. Doctor’'s phone number:

25. Have you had an overnight stay in a hospital or nursing home?
OYes 0O No OUnsure
a. Ifyes:
i. Hospital name:
ii. Hospital location:
Did you require extra oxygen via your nose or a mask? O Yes O No [ Unsure

Did you require treatment in the “intensive care unit’ (ICU)?
OYesO No O Unsure

When were you admitted/discharged from the hospital?
1. Admitted:  Click here to enter a date.
2. Discharged: Click here to enter a date.
If dates are unknown, approx. number of days in hospital:

Completed by ID#

28-May-2020 CanCOLD COVID-19 Questionnaire
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COVID-19 Questionnaire - TELEPHONE INTERVIEW

Subject: Date:

COVID-19 QUESTIONNAIRE — VERBAL CONSENT - FILL OUT ONLY ONCE, AT
INITIAL CONTACT

As a way of monitoring, not only the COVID-19 pandemic, but also the health of our participants,
we are asking additional questions about your possible exposure to the virus.

COVID-19 is the name for a new viral infection that is spreading around the world. It can cause
illness that ranges from mild symptoms to severe breathing problems and pneumonia.

We would like to contact you every 4 weeks over the next 6-12 months to ask questions about
any exposures or illnesses that you have had related to COVID-19. Your participation is voluntary
and you can withdraw from this study at any time.

At each contact, we will ask if you have been diagnosed with COVID-19. If so, we will ask about
how you were treated for COVID-19, and we will ask if we can obtain any medical records of that
treatment.

Even if you were not diagnosed with COVID-19 illness, we will ask you about symptoms that can
occur with COVID-19, and potential risk factors for COVID-19 infection.

This information will be handled in the same way as the other data we have collected by phone.
If you'd like, | can review that information with you now. (Review initial phone consent if participant
says they need it).

Would it be okay to begin this questionnaire and to subsequently contact you approximately every
4 weeks for the next 6-12 months?

OYes ONo

Completed by ID#

28-May-2020 CanCOLD COVID-19 Questionnaire
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COVID-19 QUESTIONNAIRE

COVID-19 Diagnosis
Note: for follow-up questionnaire refer to situation since last phone interview

1. Have you at any time been tested for COVID-19, or the disease associated with the
novel coronavirus?
O Yes O No

a. If yes,

i. How many times were you tested?
ii. Did you ever have a positive test? OYes [ONo

b. if yes, diagnosis date: Click here to enter a date.

=> If No, skip to question 5 (COVID-19 and/or respiratory symptoms), if “yes” go to
question 2.

Confirmed COVID-19 health care utilization

2. Have you at any time seen a doctor or other health care professional for your diagnosis
of COVID-19?
O Yes O No

a. Ifyes:
i. Doctor's name (or health care professional):

ii. Doctor’s clinic/hospital/location:
iii. Doctor’'s phone number:

3. Have you had an overnight stay in a hospital or nursing home for your diagnosis of
COVID-19? O Yes O No

a. Ifyes:
i. Hospital name:
ii. Hospital location:
iii. Did you require extra oxygen via your nose or a mask?
O Yes O No O Unsure

iv. Did you require treatment in the “intensive care unit” (ICU)?
O Yes O No O Unsure

v. When were you
1. Admitted to hospital: Click here to enter a date.
2. Discharged Click here to enter a date.
3. If dates are unknown, approx. number of days in the hospital: ___

28-May-2020 CanCOLD COVID-19 Questionnaire





