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Abstract
Burning	 candles	 at	 home	 emit	 small	 particles	 and	 gases	 that	 pollute	 indoor	 air.	
Exposure	to	fine	particles	 in	outdoor	air	has	been	convincingly	 linked	to	cardiovas-
cular and respiratory events, while the associations with fine and ultrafine particles 
from	candle	burning	remain	unexplored.	We	examined	the	association	between	the	
use	of	candles	and	incident	cardiovascular	and	respiratory	events.	We	collected	data	
on	6757	participants	of	the	Copenhagen	Aging	and	Midlife	Biobank	cohort	recruited	
in 2009 and followed them up for the first hospital contact for incident cardiovascu-
lar	 and	 respiratory	events	until	2018.	We	 investigated	an	association	between	 the	
self-	reported	frequency	of	candle	use	in	wintertime	and	cardiovascular	and	respira-
tory	events,	using	Cox	regression	models	adjusting	for	potential	confounders.	During	
follow-	up,	1462	and	834	were	admitted	for	cardiovascular	and	respiratory	events,	re-
spectively.	We	found	null	associations	between	candle	use	and	a	hospital	contact	due	
to	cardiovascular	and	respiratory	events,	with	hazard	ratios	(HRs)	and	95%	confidence	
intervals	(CI)	of	0.97	(95%	CI:	0.84,	1.11)	and	0.98	(95%	CI:	0.81,	1.18),	respectively,	
among those using candles >4 times/week compared with <1	time/week.	For	cause-	
specific	cardiovascular	diseases,	HRs	were	1.10	(95%	CI:	0.85,	1.43)	for	ischemic	heart	
disease	and	1.18	(95%	CI:	0.77,	1.81)	for	myocardial	infarction.	For	chronic	obstructive	
pulmonary	disease,	HR	was	1.26	(95%	CI:	0.81,	1.97).	We	found	no	statistically	signifi-
cant associations between candle use and the risk of cardiovascular and respiratory 
events.	Studies	with	improved	exposure	assessments	are	warranted.

K E Y W O R D S
candle,	cardiovascular	disease,	cohort,	environmental	exposure,	indoor	air	pollution,	
respiratory disease

www.wileyonlinelibrary.com/journal/ina
mailto:
https://orcid.org/0000-0002-1290-5814
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:younhee.lim@sund.ku.dk


2 of 10  |     LOFT et al.

1  |  INTRODUC TION

Exposure	to	outdoor	air	pollution	is	a	major	environmental	stressor	re-
sponsible	for	790 000	deaths	in	Europe,	the	majority	of	which	are	due	to	
ischemic	heart	disease	(40%)	and	stroke	(8%).1	Long-	term	exposure	to	
outdoor	particulate	matter	(PM)	with	a	diameter	less	than	2.5	μm	(PM2.5),	
black	 carbon	 (BC),	 and	 nitrogen	 dioxide	 (NO2)	 has	 been	 convincingly	
linked to the increased risk of cardiovascular and respiratory events2– 5 
and mortality.6,7 Likewise, household air pollution due to the combustion 
of polluting fuels for heating and cooking is responsible for 1.8 million 
deaths	and	61	million	disability-	adjusted	life	years	globally.8 This burden 
is	by	far	greatest	in	low-		and	middle-	income	countries.	However,	the	as-
sociation	between	indoor	sources	of	fine	and	ultrafine	particles	(PM	with	
a diameter less than 0.1 μm,	UFP)	in	high-	income	countries,	such	as	can-
dle use, and cardiovascular and respiratory events, is much less studied.

In	Nordic	countries,	indoor	candle	use	is	an	inherent	part	of	the	
lifestyle, especially in dark winter months. Denmark has some of the 
highest	at-	home	candle	use,	with	more	than	60%	of	Danes	reporting	
burning candles more than twice a week in wintertime.9 Combustion 
of	candles	emits	toxic	substances,	including	PM2.5,	NO2, varieties of 
volatile organic compounds, and polycyclic aromatic hydrocarbons, 
which are similar to emissions from traffic and other unclean fuels 
emissions.10– 15	A	large	proportion	of	the	PM	emitted	by	candles	 is	
ultrafine and accumulation mode particles.14

Experimental	animal	studies	showed	that	exposure	to	candle	emis-
sions leads to similar health effects as those found with ambient air pol-
lution	and	diesel	exhaust	particles:	pulmonary	inflammation,16 impaired 
endothelial function,17 shortening of telomere lengths in the lungs and 
spleen,	and	progression	of	atherosclerotic	plaques	in	the	aorta.18	Human	
exposure	studies	found	that	candle	emissions	caused	a	transient	decrease	
in lung function19 and cognitive function,20 as well as increases in arterial 
stiffness	and	high-	frequency	heart	rate	variability.21	However,	epidemi-
ological	studies	on	long-	term	at-	home	candle	use	are	scarce.	A	Danish	
cross-	sectional	study	found	no	association	between	self-	reported	use	of	
candles and lung function or diagnosis of asthma or chronic obstructive 
pulmonary	disease	(COPD),22	while	another	Danish	cross-	sectional	study	
found	lower	lung	function	and	higher	HbA1c	(prediabetic	biomarker)	and	
leukocyte	counts	associated	with	UFP	counts,	mainly	attributed	to	the	
candle	burning	in	48-	h	indoor	home	measurements.23

Here,	we	aimed	to	examine	 the	association	of	candle	use	with	
cardiovascular	and	respiratory	events	and	examine	potential	effect	
modification	 of	 these	 associations	 by	 lifestyles	 and	 pre-	existing	
health conditions using a cohort study following the participants 
prospectively	over	up	to	10 years.

2  |  METHODS

2.1  |  Study population

The	Copenhagen	Aging	and	Midlife	Biobank	(CAMB)	is	a	cohort	and	
biobank established between 2009– 2011. The purpose was two-
fold:	 to	research	age-	associated	changes	 in	health	and	to	research	

the life course (biological, cognitive, physical, and social factors 
in	 childhood,	 adolescence,	 and	 early	 adulthood)	 on	 early	 indica-
tors of aging.24	 CAMB	 is	 based	 on	 three	 established	 cohorts:	 the	
Metropolit	1953	Danish	Male	Birth	Cohort	 (MP),	 the	Copenhagen	
Perinatal	Cohort	(CPC),	and	the	Danish	Longitudinal	Study	on	Work,	
Unemployment,	 and	 Health	 (DALWUH).	 The	MP	 cohort	 included	
11 532	boys	born	in	1953	in	the	Copenhagen	Metropolitan	area,	in-
cluding	the	counties	of	Copenhagen,	Frederiksberg,	Gentofte,	and	
Roskilde.25	The	CPC	cohort	included	all	children	born	at	the	National	
University	Hospital	 in	Copenhagen	between	1959	and	1961	(9125	
children).26	The	DALWUH	cohort	consisted	of	a	random	sample	of	
10%	of	Danish	men	and	women	born	in	either	1949	or	1959,	result-
ing	in	7588	individuals	included	in	the	cohort.27

Among	 the	 three	 existing	 cohorts	 from	which	we	pulled	 data,	
participants	were	aged	48–	60 years,	and	a	 total	number	of	17 938	
people	 living	 in	 the	 eastern	 parts	 of	Denmark	 (Zealand)	 less	 than	
100 km	from	the	study	clinic	were	invited	to	participate	in	the	study	
(7750	 from	 the	MP	cohort,	5282	 from	 the	CPC	cohort,	 and	4906	
from	 the	 DALWUH	 cohort).28 Recruitment to the study included 
both	a	self-	administrated	questionnaire	and	an	invitation	to	clinical	
tests,	 cognitive	 tests,	 and	 blood	 samples.	 The	 questionnaire	 con-
sisted	of	96	questions	on	health,	major	life	events,	and	working	and	
family	life.	Of	the	invited,	7189	answered	the	postal	questionnaire	
between	April	20,	2009,	and	March	2,	2011.24	All	participants	were	
linked	to	the	Danish	Civil	Registration	System	(DCRS)29 and followed 
up until either date of death, emigration, or disappearance from the 
DCRS,	or	the	end	of	the	study	(December	31,	2018),	whichever	came	
first.

The local ethical committee and the Danish Data Protection 
Agency	 have	 approved	 the	CAMB	 as	 a	 database	 combining	 three	
cohorts:	 approval	 No.	 H-	A-	2008-	126	 and	 No.	 2013-	41-	1814,	
respectively.

2.2  |  Candle Use Definition

The	 use	 of	 candles	 was	 assessed	 with	 the	 following	 question	 at	
baseline: “In winter, how often do you have candles lit in the eve-
nings?”	(Never,	<1 time/week, 1– 2 times/week, 3– 4 times/week, or 
>4	times/week)	(Table	S1).	The	use	of	candles	was	categorized	into	

Practical Implications

•	 Frequent	candle	users	were	more	physically	active	and	
had	a	higher	socioeconomic	status	than	non-	users	and	
those who used candles rarely.

• Candle use was not associated with the occurrence of 
cardiovascular and respiratory events.

•	 Studies	with	more	 detailed	 information	 on	 candle	 use	
are	warranted	to	investigate	the	adverse	effects	of	ex-
posure	to	the	candle-	burning	particles	on	cardiovascu-
lar and respiratory events.
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three levels: never or <1 time/week, 1– 4 times/week, and >4 times/
week	for	an	assessment	of	exposure.

2.3  |  Outcome

We	obtained	information	on	the	participants'	hospital	contacts	(in-		
and	outpatient	and	emergency	room	visits)	from	the	Danish	National	
Patient Register that contains information on nationwide historical 
data when a person has been in contact with Danish hospital service 
as	part	of	examinations	or	treatment	since	1977.30	We	defined	car-
diovascular events (the International classification of diseases [ICD]: 
40×, 41×, 42×, 43×, 44×, and 45×	for	the	8th	revision	[ICD-	8]	before	
1994	 and	 I00–	I99	 for	 the	 10th	 revision	 [ICD-	10])	 and	 respiratory	
events	(ICD-	8:	46×,	47×, 48×, 49×, 50×, and 51×;	ICD-	10:	J00–	J99)	
when	 the	participants	had	 the	hospital	 contacts	during	 follow-	up.	
In addition to all cardiovascular events, we defined specific cardio-
vascular	events	that	might	be	linked	to	exposure	to	ambient	air	pol-
lution: ischemic heart disease31	(ICD-	8:	410–	414;	ICD-	10:	I20–	I25),	
cerebrovascular	disease	(ICD-	8:	430–	438;	ICD-	10:	I60–	I69),32 myo-
cardial	infarction	(ICD-	8:	410;	ICD-	10:	I21),	and	other	cardiovascular	
diseases (CVD events other than ischemic heart disease, cerebro-
vascular	disease,	and	myocardial	infarction).5,33,34	We	also	examined	
specific	respiratory	diseases,	including	asthma	(ICD-	8:	493;	ICD-	10:	
J45–	46),	COPD	(ICD-	8:	490,	491,	492;	ICD-	10:	J40–	J44),	pneumonia	
(ICD-	8:	480–	486;	ICD-	10:	J12–	J18),	and	other	respiratory	diseases	
(respiratory	disease	other	than	asthma,	COPD,	and	pneumonia).	We	
defined a previous history of cardiovascular or respiratory disease 
when the first cardiovascular or respiratory admission, respectively, 
occurred before the enrollment of the study.

2.4  |  Covariates

To identify the minimal sufficient covariate adjustment set, we used 
a	directed	acyclic	graph	(DAG).	We	evaluated	all	possible	covariates	
for	associations	with	both	exposure	and	health	outcomes	to	deter-
mine	potential	 confounders:	cohort,	baseline	year,	age,	 sex,	 smok-
ing	status,	alcohol	consumption,	physical	activity,	body	mass	index	
(BMI),	 income,	marital	 status,	 previous	history	of	 the	disease,	 and	
ambient	PM2.5	and	NO2.	As	there	appear	to	be	no	published	studies	
on associations between candle use and most covariates, we iden-
tified	 the	direct	paths	between	exposure	and	potential	 confound-
ers	 from	empirical	evidence	 in	 the	present	study.	Similarly,	 cohort	
and baseline year were also empirically identified as confounders in 
the	present	study.	A	literature	review	was	conducted	in	PubMed	to	
identify authoritative guidelines or systematic reviews for the as-
sociations between health outcomes and potential confounders, as 
indicated in Table S2.	The	DAG	model	identified	air	pollutants	(PM2.5 
and	NO2)	as	the	ancestors	of	the	outcome;	however,	we	did	not	con-
sider the air pollutants as confounders because the pollutants were 
not associated with candle use in the previously published study 
based on 5199 participants in the present cohort.35	We	included	the	

potential confounders in the final model: cohort, baseline year, age, 
sex,	smoking	status,	alcohol	consumption,	physical	activity,	BMI,	in-
come,	marital	status,	and	previous	history	of	the	disease	(Figure	S1).	
Code	 in	 the	DAGitty	 (http://www.dagit ty.net/)	 is	 also	 available	 in	
Text	S1.

At	 baseline,	 information	 on	 age,	 sex,	 smoking	 status,	 alcohol	
consumption,	 physical	 activity,	 and	 BMI	 was	 obtained	 from	 the	
questionnaire.	 The	 variable	 on	 smoking	 status	 was	 derived	 from	
the	question	on	smoking	and	categorized	into	three	groups:	current	
(daily	or	occasional),	former,	and	never	smokers.	The	variable	regard-
ing	alcohol	consumption	was	based	on	the	Danish	Health	Authority's	
current	recommendation	at	that	time	of	collection	on	the	maximum	
weekly consumption of any type of alcoholic beverage per week: 
21 units	for	men	and	14 units	for	women.36 The variable on alcohol 
consumption	was	divided	into	four	levels:	never	(0	unit/week),	low	
risk (<14 units/week	 for	 women	 and	 <21	 for	 men),	 elevated	 risk	
(more	than	14–	35 units/week	for	women	and	21–	35	for	men),	and	
high risk (>35 units/week).	Physical	activity	was	defined	as	the	total	
time	 spent	 on	 physical	 activity,	 including	 sports,	 exercise,	 house-
work, gardening, and walks and cycling trips between home and 
work,	on	a	weekly	basis:	≤2	h/week,	3–	6	h/week,	and	≥7	h/week.	
BMI	was	calculated	based	on	self-	reported	weight	 (kg)	and	height	
(cm)	and	used	to	define	obesity	(BMI > 30 kg/m2).

We	 additionally	 linked	 the	 CAMB	 participants	 to	multiple	 na-
tional registers37	 by	 the	 Danish	 individual	 unique	 identification	
number to obtain annual disposable household income (amount in 
Danish	Kroner)	and	marital	status	(widowed	or	divorced,	married	or	
had	a	registered	partner,	and	single)	at	baseline.

2.5  |  Statistical analysis

Analyses	 were	 performed	 using	 Cox	 proportional	 hazard	 models,	
with age as the underlying time scale, and two models were defined 
a	priori.	In	Model	1,	we	examined	the	associations	between	candle	
use (<1 [reference], 1– 4, and >4	 times/week)	 and	 cardiovascular	
events (all, ischemic heart disease, cerebrovascular disease, myocar-
dial	infarction,	and	other	cardiovascular)	and	respiratory	events	(all,	
asthma,	COPD,	pneumonia,	and	other	respiratory)	after	adjusting	for	
age	(time	scale),	cohort	indicator,	sex,	and	calendar	year	at	baseline.	
In	Model	2,	we	additionally	adjusted	for	a	minimum	set	of	covariates	
that	were	determined	by	the	DAG:	obesity	status,	smoking	status,	
alcohol consumption, physical activity, marital status, and house-
hold	income.	Estimated	associations	were	expressed	as	hazard	ratios	
(HRs)	with	95%	confidence	 intervals	 (CI).	Cox	proportional	 hazard	
assumptions for the use of candles (<1, 1– 4, and >4	 times/week)	
and	covariates	(Model	2)	were	met	in	a	statistical	test	based	on	the	
scaled	Schoenfeld	residuals.	We	conducted	several	sensitivity	analy-
ses.	First,	we	estimated	HRs	of	incidence	of	the	outcome	of	interest	
after	excluding	any	events	of	the	respective	disease	before	baseline.	
Second,	 instead	of	 excluding	participants	with	prevalence,	we	ad-
justed for the previous history of the disease in the model. Third, we 
estimated	the	Fine	and	Gray's	sub-	distribution	HR	after	considering	

http://www.dagitty.net/
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a	competing	risk	of	all-	cause	mortality	on	outcomes	(cardiovascular	
and	respiratory	events).38	Fourth,	we	examined	the	associations	be-
tween	candle	use	(never-		and	ever-	candle	users)	and	cardiovascular	
and respiratory events.

To	explore	potential	effect	modifiers	of	the	association	between	
candle use and cardiovascular and respiratory events, we stratified 
the data and estimated the associations by characteristics known 
or suspected to modify the effects of ambient air pollution on car-
diovascular	and	respiratory	events,	including	sex,	obesity	status,	al-
cohol consumption, smoking status, physical activity, hypertension, 
previous histories of cardiovascular, and respiratory disease.39,40	We	
used	the	chi-	squared	test	to	examine	the	statistically	significant	dif-
ference	of	 the	associations	by	subgroups	 (e.g.,	male	vs.	 female)	by	
including	 an	 interaction	 term	 (e.g.,	 candle	 use × sex)	 in	 the	model.	
Separate	models	were	run	for	each	interaction	term	after	adjusting	
for	the	same	covariates	as	the	main	model.	All	analyses	were	con-
ducted	using	SAS	version	9.4	(SAS	Institute	Inc.)	and	the	R	4.0.3	(R	
Foundation	for	Statistical	Computing).

3  |  RESULTS

A	 total	 of	 6757	 participants	 were	 analyzed	 after	 excluding	 those	
with	missing	 information	on	 exposure	 (n =	 35)	 and	 covariates,	 in-
cluding obesity status, smoking status, alcohol consumption, physi-
cal activity, marital status, and household income (n =	397).	Of	6757	
participants,	31%	were	female	(n =	2097),	mean	follow-	up	for	study	
populations	 was	 8.7 years,	 and	mean	 age	 of	 participants	 at	 base-
line	 was	 54.4 years	 (SD:	 4.0 years).	 Among	 the	 participants,	 40%	
(n =	 2733)	 lit	 candles	>4 times/week during wintertime (Table 1).	
Those using candles >4 times/week were more likely to be female, 
obese, former smokers, more physically active, and to have reported 
higher household income and higher alcohol consumption, com-
pared	with	 those	 using	 candles	 less	 frequently	 (<1 or 1– 4 times/
week).	Those	using	candles	moderately	(1–	4	times/week)	were	more	
likely to have hypertension before baseline, compared with other 
candle-	use	groups	(<1 or >4	times/week).

Among	 the	participants,	1462	and	834	suffered	a	new	cardio-
vascular	and	 respiratory	event,	 respectively,	during	 follow-	up,	and	
of those, 512 and 243 had a previous history of cardiovascular and 
respiratory disease, respectively, before baseline. Those who had ei-
ther of these events were more likely to be older, more overweight, 
and current smokers, and have less household income than those 
who did not suffer a cardiovascular or respiratory event during the 
follow-	up	(Table 2).

The	HRs	of	all	cardiovascular	events	for	those	using	candles	1–	4	
and >4	 times/week	were	0.91	 (95%	CI:	0.80,	1.05)	and	0.97	 (95%	
CI:	0.84,	1.11),	respectively,	compared	with	those	using	candles	<1 
time/week in the adjusted model (Table 3).	The	HRs	of	cause-	specific	
cardiovascular	 events	 also	 showed	 null	 associations.	 For	 example,	
the risk of ischemic heart disease was not significantly different by 
candle	 use:	HR:	 1.10	 (95%	CI:	 0.85,	 1.43)	 for	 those	 using	 candles	
>4 times/week compared with those using candles <1 time/week. 

The	HR	of	myocardial	 infarction	was	1.18	 (95%	CI:	0.77,	1.81)	 for	
those with candle use at >4 times/week compared with those using 
candles	rarely.	For	all	respiratory	events,	we	found	HRs	close	to	1	
related	to	the	use	of	candles.	We	also	observed	non-	significant	as-
sociations between candle use and COPD, asthma, and pneumonia 
incidence	(HR:	1.26	[95%	CI:	0.81,	1.97],	0.85	[95%	CI:	0.52,	1.37],	
and	0.83	[95%	CI:	0.62–	1.12],	respectively)	for	those	using	candles	
>4 times/week compared with those <1 time/week (Table 3).	The	
associations	 remained	 null	 when	we	 excluded	 participants	 with	 a	
previous history of the respective disease or adjusted for the pre-
vious history in the model (Tables S3 and S4).	The	Fine	and	Gray's	
sub-	division	HRs,	considering	the	competing	risk	of	all-	cause	mor-
tality	on	cause-	specific	outcomes,	were	similar	to	the	main	results	
(Table S5).	When	we	compared	the	risk	of	cardiovascular	or	respi-
ratory	events	among	never-		and	ever-	candle	users,	we	observed	no	
significant differences (Table S6).

Stratified	 analyses	 showed	 minor	 differences	 with	 respect	 to	
HRs,	 although	 none	 of	 these	 modifiers	 or	 any	 of	 the	 interaction	
terms were statistically significant (Figure 1; Table S7).	The	previous	
history of cardiovascular and respiratory disease did not modify the 
associations between candle use and incident cardiovascular and re-
spiratory events.

4  |  DISCUSSION

Based	on	a	Danish	cohort	of	6757	participants,	we	found	that	can-
dle use was not associated with the occurrence of cardiovascular 
and	respiratory	events.	We	also	observed	that	frequent	candle	users	
were more physically active and had a higher socioeconomic status 
(SES)	than	non-	users	and	those	who	used	candles	rarely.

The	exact	level	of	exposure	to	PM2.5 derived from candle emis-
sions	cannot	be	estimated	from	our	data.	However,	we	can	roughly	
estimate the level based on a study, which predicted the contribution 
from	candle	use	to	total	personal	exposure	to	PM2.5 and black smoke 
based	on	data	on	48 h	of	monitoring	during	each	of	the	four	seasons	
in	Copenhagen,	Denmark.	Extrapolating	regression	estimates	from	
that study would indicate that candle use for 1 h per day would be 
equivalent	to	5.8	and	4.0	μg/m3	personal	PM2.5	exposure	from	can-
dle emission in the cold and warm parts of the year, respectively. 
Thus, candle use more than 4 times per week could easily contribute 
more than 5.0 μg/m3	PM2.5	as	average	exposure.	One	could	argue	
that	long-	term	exposure	to	candle	use	emitting	non-	trivial	concen-
trations	of	PM2.5	may	have	similar	adverse	effects	as	ambient	PM2.5 
on	 cardiovascular	 and	 respiratory	 events.	 A	 recent	 meta-	analysis	
found	an	overall	HR	of	1.19	(95%	CI:	1.09,	1.30)	for	ischemic	heart	
disease	and	1.12	(95%	CI:	1.05,	1.19)	for	stroke	per	each	10	μg/m3 
increase	in	long-	term	exposure	to	PM2.5.

41	However,	our	study	found	
non-	significant	HRs	of	0.97,	1.09,	and	1.16	for	overall	cardiovascular	
disease, ischemic heart disease, and myocardial infarction, respec-
tively, comparing candle use of >4/week to <1 time/week.

Biological	 effects	 which	 could	 mechanistically	 lead	 to	 ischemic	
heart disease and myocardial infarction related to burning candles 
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were	found	in	previous	animal	and	human	experimental	studies.16– 18,42 
Soppa	 et	 al.42	 suggested	 that	 short-	term	exposure	 to	 candle	 flames	
may	 increase	 arterial	 stiffness,	 attributable	 to	 the	UFPs	 from	 using	
candles	at	home.	Long-	term	exposure	to	UFPs	in	outdoor	air	was	as-
sociated with cardiovascular disease risk.43,44	Given	the	evidence	from	
the	previous	studies,	it	is	plausible	that	exposure	to	UFPs	from	a	candle	

burning in indoor air may also contribute to the development of car-
diovascular	disease.	However,	we	did	not	observe	any	significant	as-
sociations	between	overall	and	cause-	specific	cardiovascular	hospital	
contacts and candle use in this study population.

We	found	no	evidence	of	any	particular	subgroup	being	suscep-
tible to candle emissions with respect to the risk of cardiovascular 

TA B L E  1 Characteristics	of	the	study	participants	at	baseline	(n =	6757)

Variables

All Candle use

(n = 6757) <1/week (n = 1418)
1– 4/week 
(n = 2606)

>4/week 
(n = 2733) p- valuea

Follow-	up	years,	mean	(sum) 8.7	(46 887.9) 8.7	(9605.7) 8.7	(18 267.6) 8.7	(19 014.5) 0.146

Sex,	n	(%)

Female 2097	(31.0) 373	(26.3) 785	(30.1) 939	(34.4) <0.001

Male 4660	(69.0) 1045	(73.7) 1821	(69.9) 1794	(65.6)

Age	(years,	mean ± SD) 54.4 ± 4.0 54.7 ± 3.9 54.3 ± 4.0 54.3 ± 4.0 0.002

Obesity, n	(%)

BMI	>30 kg/m2 1035	(15.3) 254	(17.9) 398	(15.3) 383	(14.0) 0.004

BMI	≤30 kg/m2 5722	(84.7) 1164	(82.1) 2208	(84.7) 2350	(86.0)

Alcohol	consumption,	n	(%)

None 822	(12.2) 266	(18.8) 259	(9.9) 297	(10.9) <0.001

Low risk 3379	(50.0) 708	(49.9) 1424	(54.6) 1247	(45.6)

Elevated	risk 1302	(19.3) 196	(13.8) 493	(18.9) 613	(22.4)

High	risk 1254	(18.6) 248	(17.5) 430	(16.5) 576	(21.1)

Smoking	status,	n	(%)

Current 1754	(26.0) 396	(27.9) 1044	(40.1) 681	(24.9) 0.001

Former 2684	(39.7) 497	(35.1) 885	(34.0) 1143	(41.8)

Never 2319	(34.3) 525	(37.0) 396	(27.9) 909	(33.3)

Physical activity, n	(%)

≥7	h+/week 3292	(48.7) 671	(47.3) 1029	(39.5) 1413	(51.7) <0.001

3– 6 h/week 2505	(37.1) 508	(35.8) 369	(14.2) 968	(35.4)

≤2	h/week 960	(14.2) 239	(16.9) 671	(47.3) 352	(12.9)

Household	income	(1000	DKK,	
mean ± SD)

319.5 ± 238.4 290.8 ± 144.8 323.5 ± 268.3 330.5 ± 246.0 <0.001

Marital	status,	n	(%)

Widowed/divorced 1025	(15.2) 267	(18.8) 367	(14.1) 391	(14.3) <0.001

Married/registered	partner 4840	(71.6) 818	(57.7) 1916	(73.5) 2106	(77.1)

Single 892	(13.2) 333	(23.5) 323	(12.4) 236	(8.6)

Previous history of hypertension, n	(%)

Yes 1785	(26.4) 399	(28.1) 638	(24.5) 748	(27.4) 0.015

No 4972	(73.6) 1019	(71.9) 1968	(75.5) 1985	(72.6)

Previous history of cardiovascular disease, n	(%)

With 1226	(18.1) 265	(18.7) 451	(17.3) 510	(18.7) 0.367

Without 5531	(81.9) 1153	(81.3) 2155	(82.7) 2223	(81.3)

Previous history of respiratory disease, n	(%)

With 1088	(16.1) 233	(16.4) 411	(15.8) 444	(16.3) 0.832

Without 5669	(83.9) 1185	(83.6) 2195	(84.2) 2289	(83.8)

Abbreviations:	BMI,	body	mass	index;	SD,	standard	deviation.
ap-	value	for	the	difference	in	continuous	or	categorical	variables	by	candle	use.
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events, although in particular, those with overweight, obesity, or hy-
pertension may be more vulnerable to ambient air pollution.39,45– 49

We	 found	 a	 null	 association	 of	 candle	 use	 with	 the	 risk	 of	
COPD,	 although	 long-	term	 exposure	 to	 ambient	 air	 pollution	 is	
associated	with	an	HR	estimate	for	COPD	of	1.18	(95%	CI:	1.13–	
1.23)	 based	 on	 a	 meta-	analysis.50	 Furthermore,	 for	 asthma,	 the	

association with candle use we found was inverse, in contrast 
to	 several	 cohort	 studies	 indicating	 associations	 between	 long-	
term	exposure	to	ambient	air	pollution	and	asthma	incidence.4,51 
Indeed,	lung	function	may	be	affected	by	short-	term	exposure	to	
candle	 emissions,	 as	 shown	 in	 a	 controlled	 exposure	 study	with	
human volunteers.19	 Moreover,	 in	 a	 cross-	sectional	 study	 of	 78	

TA B L E  2 Characteristics	of	the	study	participants	who	contacted	hospitals	due	to	a	cardiovascular	or	respiratory	event	during	follow-	up	
(n =	6757)

Variables

Participants with cardiovascular event Participants with respiratory event

Yes (n = 1462) No (n = 5295) p- valuea Yes (n = 834) No (n = 5923) p- valuea

Sex,	n	(%)

Female 319	(21.8) 1778	(33.6) <0.001 240	(28.8) 1857	(31.4) 0.132

Male 1143	(78.2) 3517	(66.4) 594	(71.2) 4066	(68.7)

Age	at	baseline	(years,	
mean ± SD)

55.4 ± 3.7 54.1 ± 4.0 <0.001 54.7 ± 4.0 54.3 ± 4.0 0.008

Obesity, n	(%)

BMI	>30 kg/m2 288	(19.7) 747	(14.1) <0.001 163	(19.5) 872	(14.7) <0.001

BMI	≤30 kg/m2 1174	(80.3) 4548	(85.9) 671	(80.5) 5051	(85.3)

Alcohol	consumption,	n	(%)

None 191	(13.1) 631	(11.9) 0.351 147	(17.6) 675	(11.4) <0.001

Low risk 735	(50.3) 2644	(49.9) 358	(42.9) 3021	(51.0)

Elevated	risk 261	(17.9) 1041	(19.7) 151	(18.1) 1151	(19.4)

High	risk 275	(18.8) 979	(18.5) 178	(21.3) 1076	(18.2)

Smoking	status,	n	(%)

Current 452	(30.9) 1302	(24.6) <0.001 278	(33.3) 1476	(24.9) <0.001

Former 578	(39.5) 2106	(39.8) 335	(40.2) 2349	(39.7)

Never 432	(29.6) 1887	(35.6) 221	(26.5) 2098	(35.4)

Physical activity, n	(%)

≥7	h+/week 722	(49.4) 2570	(48.5) 0.060 377	(45.2) 2915	(49.2) 0.013

3– 6 h/week 510	(34.9) 1995	(37.7) 313	(37.5) 2192	(37.0)

≤2	h/week 230	(15.7) 730	(13.8) 144	(17.3) 816	(13.8)

Household	income	(1000	
DKK,	mean ± SD)

308.4 ± 220.5 322.5 ± 243.1 0.045 302.4 ± 248.8 321.9 ± 236.9 0.027

Marital	status,	n	(%)

Widowed/divorced 229	(15.7) 796	(15.0) 0.835 148	(17.8) 877	(14.8) 0.057

Married/registered	
partner

1042	(71.3) 3798	(71.7) 571	(68.5) 4269	(72.1)

Single 191	(13.1) 701	(13.2) 115	(13.8) 777	(13.1)

Previous history of hypertension, n	(%)

Yes 579	(39.6) 1206	(22.8) <0.001 277	(33.2) 1508	(25.5) <0.001

No 883	(60.4) 4089	(77.2) 557	(66.8) 4415	(74.5)

Previous history of cardiovascular disease, n	(%)

With 512	(35.0) 714	(13.5) <0.001 207	(24.8) 1019	(17.2) <0.001

Without 950	(65.0) 4581	(86.5) 627	(75.2) 4904	(82.8)

Previous history of respiratory disease, n	(%)

With 269	(18.4) 819	(15.5) 0.007 243	(29.1) 845	(14.3) <0.001

Without 1193	(81.6) 4476	(84.5) 591	(70.9) 5078	(85.7)

Abbreviations:	BMI,	body	mass	index;	SD,	standard	deviation.
ap-	value	for	the	difference	in	continuous	or	categorical	variables	by	cardiovascular	and	respiratory	events.
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healthy	middle-	aged	Danes,	high	levels	of	UFP	derived	from	can-
dle use at home were associated with reduced lung function.23 
However,	in	another	cross-	sectional	study	with	3471	participants,	
lung	 function	 and	 self-	reported	 respiratory	 symptoms	were	 not	
associated with candle use.22	A	possible	explanation	for	a	poten-
tial inverse association between asthma and the use of candles 

could	 be	 that	 the	 latter	 results	 in	 the	 emission	 of	NO2	 and	PM,	
which might elicit overt symptoms in people with asthma who 
then might refrain from candle use, although this has yet to be 
addressed in the literature.

The main strength of this study is the availability of the data 
on	exposure	to	candle	use	in	the	CAMB	cohort	as	well	as	detailed	

Events (n)

Hazard ratio (95% confidence intervals)

<1/week 1– 4/week >4/week

All	cardiovascular	disease	(1462) 1 0.91	(0.80,	1.05) 0.97	(0.84,	1.11)

Ischemic	heart	disease	(433) 1 1.03	(0.80,	1.33) 1.10	(0.85,	1.43)

Cerebrovascular	disease	(190) 1 0.99	(0.68,	1.44) 1.04	(0.71,	1.52)

Myocardial	infarction	(153) 1 0.85	(0.55,	1.31) 1.18	(0.77,	1.81)

Other	cardiovascular	diseases	(854) 1 0.85	(0.71,	1.02) 0.90	(0.75,	1.07)

All	respiratory	disease	(834) 1 0.96	(0.80,	1.16) 0.98	(0.81,	1.18)

Asthma	(115) 1 0.85	(0.52,	1.37) 0.85	(0.52,	1.37)

Chronic obstructive pulmonary disease 
(136)

1 0.84	(0.52,	1.36) 1.26	(0.81,	1.97)

Pneumonia	(328) 1 0.94	(0.71,	1.24) 0.83	(0.62,	1.12)

Other	respiratory	diseases	(329) 1 1.06	(0.78,	1.44) 1.08	(0.79,	1.47)

Note:	Model	adjusted	for	age	(time	scale),	sex,	baseline	year,	cohort	indicator,	marital	status,	
household income, obesity status, alcohol consumption, smoking status, and physical activity.

TA B L E  3 Hazard	ratios	of	hospital	
contacts due to cardiovascular and 
respiratory events associated with candle 
use (reference: <1/week)	(n =	6757)

F I G U R E  1 Associations	between	
candle use (>4/week vs. <1/week)	and	
cardiovascular and respiratory events 
by	potential	effect	modifiers.	Model	
adjusted	for	age	(time	scale),	sex,	baseline	
year, cohort indicator, marital status, 
household income, obesity status, alcohol 
consumption, smoking status, and physical 
activity.
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information on risk factors of cardiovascular and respiratory disease, 
including	SES	(e.g.	household	income)	and	lifestyle	(smoking,	alcohol	
consumption,	 and	 physical	 activity).	 Second,	 this	 study	 benefited	
from the objective and validated definitions of cardiovascular and 
respiratory events30	 obtained	 through	 a	 10-	year-	follow-	up	 of	 the	
participants	 in	 internationally	unique	population-	based	nationwide	
Danish	 health	 registries.	 Furthermore,	 this	 outcome	 assessment	
method is likely to capture nearly all relevant outcomes.

The	present	study	also	has	several	limitations.	First,	the	expo-
sure	was	defined	by	the	self-	reported	frequency	of	candle	use	in	
the wintertime only at the cohort baseline, without information 
on	 the	historical	use	of	 candles	or	variations	 in	exposure	during	
the	 follow-	up	 time.	 Furthermore,	 we	 lacked	 information	 on	 the	
detailed intensity of candle use, such as the number of candles, 
hours of using candles, types of candles, and ventilation (e.g., 
window	opening	and	use	of	air	purifiers	at	home).	Therefore,	the	
weekly	frequency	of	candle	use	may	not	be	sufficient	to	capture	
the	 exposed	 group	 to	 the	 emissions	while	 burning	 candles.	 The	
non-	differential	exposure	misclassification	due	to	the	inability	to	
include	 time-	varying	 exposure	 data	 and	more	 detailed	 exposure	
measures can bias the results toward the null (Rothman, 2012).52 
Second,	we	lacked	information	on	changes	in	the	covariates	(life-
style	 and	 SES)	 during	 the	 follow-	up	 time,	 leading	 to	 migration	
bias.	Moreover,	some	of	the	individual	characteristics	collected	at	
baseline,	including	physical	activity	and	BMI,	were	based	on	self-	
reported	questionnaires,	which	may	cause	misclassification	of	co-
variates and insufficient adjustment for confounding. Third, there 
is a possibility for spatial confounding if candle use is associated 
with ambient air pollution, which we did not consider in the pres-
ent	study.	However,	we	recently	reported	that	2-	year	NO2 levels 
modeled at the residential address were not correlated with can-
dle use using a subset of the present cohort.35	Fourth,	the	CAMB	
study was limited to the participants living in eastern parts of 
Denmark,	and	40%	of	eligible	participants	responded	to	the	ques-
tionnaires, which may give rise to selection bias in the study.24 
Although	 the	 CAMB	 participants	 had	 similar	 characteristics	 as	
non-	participants	 in	 terms	of	educational	 level,	more	participants	
were	 employed	 at	 follow-	up	 than	 the	 non-	participants,	 suggest-
ing	 that	 the	 CAMB	 study	 participants	 represented	 a	 somewhat	
socially selected group.28	 Furthermore,	 frequent	 candle	 users	
were more physically active than those who used candles rarely. 
Although	we	tried	to	address	this	issue	in	stratified	analyses	and	
inclusion as a confounder, we might not have been able to control 
sufficiently for a “healthy candle user effect,” which may influence 
our	results	toward	the	null,	and	possibly	explain	the	weak	associ-
ations observed between candle use and cardiovascular and re-
spiratory	health.	Fifth,	the	study	used	health	outcomes	from	both	
outpatient	clinics	and	hospital	admission.	However,	those	patients	
who were only treated by their general physician and not referred 
to a hospital physician were not included in the study. This may 
have	 underestimated	 the	 incidence	 of	 clinical	 events.	 However,	
there is a reasonable assumption that this is not different for 

those who burn candles and those who do not, making bias un-
likely.	Finally,	we	made	a	large	number	of	comparisons	(10	overall	
and	cause-	specific	cardiovascular	and	respiratory	events	and	nine	
potential	effect	modifiers),	which	could	lead	the	associations	to	be	
identified	as	significant	due	to	chance.	However,	we	observed	no	
associations between candle use and cardiovascular and respira-
tory events.

5  |  CONCLUSION

In	 a	 prospective	 cohort	 study	 of	 middle-	aged	men	 and	women,	
we did not find evidence of an increased risk of cardiovascular 
and	respiratory	events	associated	with	candle	use.	We	also	found	
that candle users were more physically active and had a higher 
socioeconomic	status	than	non-	users,	which	may	explain	null	as-
sociations	 in	 this	 study.	 Studies	 with	more	 detailed	 information	
on candle use are warranted to investigate the adverse effects of 
exposure	 to	 the	 candle-	burning	 particles	 on	 cardiovascular	 and	
respiratory events.
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