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Abstract: Incense burning is a very popular activity in daily life among many parts all over the 
world. A growing body of both epidemiological and experimental evidences has reported the 
negative effects of incense use on human well-being, posing a potential threat at public 
significance. This work is a comprehensive review that covers the latest findings regarding 
the adverse impact of incense smoke on our health, providing a panoramic visualization ranging 
from mechanisms to implications. The toxicities of incense smoke come directly from its 
harmful constituents and deposition capacity in the body. Besides, reactive oxygen species- 
driven oxidative stress and associated inflammation seem to be plausible underlying mechan-
isms, eliciting various unfavorable responses. Although our current knowledge remains many 
gaps, this issue still has some important implications. 
Keywords: incense burning, oxidative stress, inflammation, cancer, toxicants

Introduction
The word incense comes from Latin incendere meaning “to burn”. In fact, incense 
is an entity that can be burned to release aromatic smoke. Incense burning has been 
a traditional and common practice in many parts across the world, especially in 
Eastern region, for various purposes since ancient time. Incense burning has 
become a daily routine and an indispensable ritualistic practice in some religions, 
such as Buddhism, Taoism, and Hinduism.1 Thus, there has been an extensive 
practice of incense burning in temples, monasteries, mosques, and household 
settings, for divine worshipping and ancestor veneration. Furthermore, the burning 
of incense has been adopted into human daily life for other purposes, such as 
deodorant, aromatherapy, and meditation, among others.2,3 Collectively, these prac-
tices lead to the pervasive uses of incense in modern societies up to date. The global 
consumption of incense was estimated to exceed 200 million tons per year, where 
Asia is the largest market.4,5 A report by Taiwan Environmental Protection Agency 
in 2003 indicated that a total of 28.7 metric tons of incense were burned in 92 
temples in Kao-Hsiong City,6 contributing to approximately 3580 tons of annual 
consumption of incense in temples in Taiwan.7 It is even expected that larger 
quantities of incense may be burned during the climax of religious rituals, big 
festivals, and special ceremonies and occasions. Beyond the religious and public 
places, it was reported that nearly 80% among Chinese burn the incense at home 
every day and over 90% of population has been practicing the incense burning for 
more than 20 years.8 Similarly, it was calculated that incense is burned at least once 
a week in 86% of households in United Arab Emirates.9 These data suggest that the 
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domestic incense burning also dominates a huge amount of 
consumed incense. Unfortunately, it was stated that 
incense undergoes a slow continuous burn with incomplete 
combustion,10 leading to the emission of smoke whose 
harmful constituents would be discussed later.11 With the 
significant consumption of incense as mentioned above, 
incense burning may represent a major source of both 
outdoor and indoor air pollution. In addition, incense 
smoke released during the burning process can be inhaled 
into the human body, and it is considered as comparable as 
or even more harmful than passive smoking.2 In fact, there 
have been growing evidences indicating the association 
between exposure to incense smoke and the increased 
risk of numerous health issues, such as respiratory pro-
blems, cardiovascular diseases, and even cancer.12–14 Now 
that most people in the world aware of the deleterious 
impact of smoking, it is time for us to consider another 
potential threat to public health and comfort risen from the 
old-age custom of burning incense in ritual places and at 
homes. However, still much more inquiries about the 
adverse effects of incense burning on human health 
remain, particularly the underlying mechanisms. 
Therefore, the objectives of this work are to shed light 

on the detrimental constituents of smoke derived from 
incense burning, and to summarize the current status of 
knowledge on the association between incense burning 
and health risks, with a focus on oxidative stress and 
associated inflammation as possible underlying mechan-
isms. Also, plausible implications for public health man-
agement are discussed. Through the current review, it is 
expected to unveil the remaining gaps and further steps 
required for the illumination of this emerging issue in the 
future.

The Health Risks from Incense 
Burning: The Consonance of 
Harmful Constituents in the Incense 
Smoke
There is a variety of commercially available forms of 
incense, including sticks, joss sticks, cones, coils, pow-
ders, rope, rocks or charcoal, and smudge bundles.2 

Among them, incense sticks, whose base is a slender 
piece of wood or bamboo to which incense powder is 
attached,2 have been widely and commonly used in many 
parts worldwide, such as the Indian subcontinent, Asian 
countries, and the United States.15,16 Incense stick powder 
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is generally made from a combination of fragrance mate-
rial, wood chips, coal powder or potassium nitrate, and 
adhesives.10,16 During its burning process, incense gener-
ates smoke whose characterization has indicated that the 
gaseous phase consists of carbon dioxide, carbon monox-
ide, sulfur dioxide, formaldehyde, nitrogen dioxide, poly-
cyclic aromatic compounds, volatile organic compounds, 
as well as particle phase defined as particulate matter.17–19 

The incense emission of deleterious concern can be clas-
sified into inorganic gaseous products, particulate matter, 
and organic compounds, as presented following. 
Individuals who are under the exposure to incense burning 
may inhale the whole complex mixture of irritants and 
toxicants, posing a significant risk for human health. On 
the other hand, as coal powder whose function is to facil-
itate the smoother burning is an ingredient for the manu-
facturing of incense sticks, incense can leave a gray to an 
earthen color leftover called incense sticks ash when it is 
lighted.3,16,20 The complete combustion of an incense stick 
can produce the ash up to one-tenth of its weight.10 

Importantly, the analysis of incense sticks ash has revealed 
the presence of many toxic heavy metals as well as oxides 
including calcium oxides, silica, alumina, ferrous, potas-
sium oxide, phosphorus oxide, magnesium oxide, and 
oxides of trace elements. Further observation of elemental 
composition has shown the highest percentage of carbon, 
possibly due to the incomplete burning, soots, and volatile 
organic matters present in the incense sticks.10 The struc-
tural, chemical, and elemental properties as well as the 
potential applications of incense sticks ash have been well 
reported in some recent studies.10,16,20 However, the 
research regarding the characteristics and implications of 
incense sticks ash is still ongoing, and it is beyond the 
theme of the current review.

Inorganic Gaseous Products
According to existing evidences regarding the emission 
characterization of incense burning, three major inorganic 
gases identified in the incense smoke include carbon mon-
oxide (CO), nitrogen oxides (NOx), and sulfur dioxide 
(SO2). Firstly, CO which is a colorless, odorless, tasteless, 
yet deleterious gas is an inevitable consequence of 
combustion.21 Thus, it is not uncommon to detect this 
gaseous product during incense burning as an incomplete 
combustion. By using the experimental test chamber, CO 
emission factor was calculated to vary between 110– 
120 mg/g of incense.22 Moreover, the peak levels of CO 
emitted from several common types of incense with 

different origins were found to exceed the Recommended 
Indoor Air Quality Objectives for Office Buildings and 
Public Spaces in Hong Kong (HKIAQO) standard, two 
of which were even greater than National Ambient Air 
Quality Standards (NAAQS) established by the United 
States Environmental Protection Agency (US EPA) for 
1-h CO of 35 ppm. The highest emission rate and emission 
factor for CO were observed up to 794.7 mg/h and 
227.7 mg/g of incense, respectively, depending on the 
type of incense.18 So far, the concerns about the potential 
health effects of exposure to CO have been well studied 
through numerous epidemiological and experimental 
investigations. The signs and symptoms of CO poisoning 
are generally non-specific among individuals, that range 
from headache, nausea and vomiting, vertigo, alteration in 
consciousness, and subjective weakness to confusion, 
myocardial infarction, respiratory failure, loss of con-
sciousness, and even death, as mainly determined by the 
concentration and duration of exposure.23 The major 
mechanism of CO toxicity is attributed to its greatly high 
affinity for hemoglobin in the blood which is the vital 
oxygen deliver in the body, resulting in the deprivation 
of adequate oxygen supply called hypoxia. Thus, tissues 
with a greater requirement for oxygen such as the brain 
and heart tissues are much more vulnerable to the hypoxic 
state.24 Secondly, nitric oxide (NO) and nitrogen dioxide 
(NO2), also known as the most harmful NOx with respect 
to human health, are referred to as two major NOx asso-
ciated with combustion. As NOx are low water-soluble 
irritants, they thus do not produce the mucous membrane 
irritation upon the deposition in the upper airways, and 
recipients may be unaware of ongoing exposure with little 
or even no warning symptoms. A few early signs consist 
of mild cough or nausea. Prolonged exposure may allow 
higher cumulative concentrations of NOx to penetrate 
deeper into the lower airways, resulting in delayed-onset 
respiratory problems. In cases of severe acute exposure, 
patients may present with shortness of breath, cough, or 
symptoms consistent with acute respiratory distress syn-
drome. Exceptionally, eye irritation may occur following 
accidental contact between the eyes or associated mem-
branes with relatively high NO2 concentrations.25 In gen-
eral, around 90–95% of NOx are emitted as NO and 5– 
10% as NO2 during combustion. However, NO is then 
rapidly oxidized into NO2 in the ambient conditions, and 
this oxidization is slower under the indoor settings. Thus, 
NO2 levels can be considered as standard values for NOx 
in certain scenarios. The measurements of NO2 emitted 
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from incense burning in two shrines in Chiang Mai, 
Thailand showed that the concentrations were significantly 
higher on special occasions than during normal periods 
due to the increased amount of incense burned. 
Nevertheless, the NO2 levels did not exceed the 
HKIAQO 8 h-average good class concentration of NO2 

(<0.080 ppm),26 as comparable as data in previous study.18 

In contrast, the peak concentrations for NOx emitted from 
two different types of Arabian incense were recorded as 
high as from 0.1 to 0.3 ppm. Furthermore, NOx levels 
were observed with a time-weighted average of 150–200 
ppb/h that were not only greater than previous data from 
environmental tobacco smoke but also over the govern-
ment regulation values in United Arab Emirates.11 This 
may be due to the distinguishing feature that Arabian 
incense requires charcoal briquettes as combustion aid, as 
opposed to other self-burning forms commonly used 
around the world. Finally, it was reported that SO2 emis-
sion rate was of 25.5 mg/h from a cone of incense burned 
in a 30-m3 environmental chamber for 38 min, and esti-
mated peak concentration was of 0.45 mg/m3. In compar-
ison to the outdoor concentrations stated in US EPA 
NAAQS for SO2 are of 1.3 mg/m3, 0.365 mg/m3, and 
0.080 mg/m3 for a(n) 3-h average, 24-h average, and 
annual arithmetic mean, respectively, SO2 concentrations 
emitted from incense burning could surpass the standards 
under certain conditions.2 Several reviews regarding the 
health effects of acute and chronic low- or high-dose SO2 

exposure on humans and animals have been published 
during recent years. Briefly, SO2 has been not only docu-
mented as a respiratory irritant and bronchial constrictor 
but also associated with cardiovascular conditions, leading 
to the increased admissions, morbidity and mortality with 
respect to cardiopulmonary issues.27

Particulate Matter
Particulate matter (PM) is referred to all the dust, smoke, 
and haze particles suspended in the ambience. In the other 
words, PM can be described as a complex mixture of 
physically and chemically diverse particles as solids and/ 
or liquid droplets suspended in the atmosphere.28 The 
major sources of PM result from human life, particularly 
combustion-related activities. Given incense burning is 
a slow and incomplete combustion process, the burning 
process of incense is able to produce significant quantities 
of PM. Indeed, an investigation conducted in a temple in 
central Taiwan found that the concentrations of different 
PM fractions were significantly increased during heavy 

incense burning episodes,29 consistent with other 
studies.30–32 Likewise, incense burning in the indoor set-
tings was found to generate an average of greater than 
45 mg of PM per gram of incense burned, as opposed to 
approximately 10 mg/g for the cigarette.33 Similarly, the 
characterization of PM emissions from incense burning 
reported that emission rates and emission factors of the 
PM fine fraction ranged from 7 to 202 mg/h and from 5 to 
56 mg/g of incense burned, respectively.2 Notably, the 
levels of PM emitted from 10 common types of incense 
manufactured in different regions were found to signifi-
cantly surpass the HKIAQO regardless of the type of 
incense.18 From the viewpoint of health effects, PM can 
be categorized according to its aerodynamic diameter, 
since the smaller the particles are, the deeper they can 
penetrate and the more damage they might cause. There 
are typically two basic particle metrics of PM, a so-called 
coarse fraction and a fine fraction. In addition, the smallest 
particles identified up to date are termed ultrafine particles 
that are generally lesser than a few hundred nanometers.34 

Compelling evidences have reported the association 
between exposure to these particles, especially fine and 
ultrafine fractions, with increased hospital admission, mor-
bidity, and mortality, mainly due to respiratory problems 
and cardiovascular diseases.28,35 Remarkably, the specia-
lized cancer agency of World Health Organization (WHO) 
namely International Agency for Research on Cancer 
(IARC) has stated that exposure to PM causes lung cancer, 
leading to its classification as carcinogenic to humans 
since 2013.36 So far, a growing body of studies has also 
demonstrated the positive correlation between the increas-
ing level of exposure to PM with the increasing risk of 
cancers of other sites, which was summarized in our recent 
work.37

Organic Compounds
The fragrance material presenting in the incense is gener-
ally originated from plant extracts. Many types of fragrant 
woods, resins, herbs, and essential oils can be used alone 
or together to provide the aroma to the incense products 
which generates the fragrant smoke when the incense is 
burned.16 As this major constituent is composed of organic 
matters, incense typically gets volatilized during its 
combustion.20 In fact, a wide range of toxic organic com-
pounds has been identified in the incense smoke, among 
which carbonyls, volatile organic compounds (VOCs), and 
polycyclic aromatic hydrocarbons (PAHs) have been com-
monly reported. The emissions of carbonyls from the 

https://doi.org/10.2147/JIR.S332771                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2021:14 5454

Lee et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


burning of ten different incense types in a large environ-
mental test chamber detected a total of eight carbonyl 
compounds, predominantly aldehydes. Remarkably, the 
formaldehyde concentrations of six types were higher 
than the 8-h average formaldehyde concentration recom-
mended by HKIAQO (100 μg/m3), and the highest burning 
level of formaldehyde even surpassed the standard value 
by twice.18 Likewise, previous study that collected air 
samples from a home and a temple in Hong Kong where 
incense burning had occurred on a daily basis also 
detected a significant emission of carbonyls with formal-
dehyde as the most abundant carbonyl compound. In addi-
tion, the total mixing ratios of the carbonyls were higher 
inside the temple than outside the temple by 11–23 times, 
and the formaldehyde concentrations in both places were 
measured to exceed the WHO air quality guideline.38 

Regarding VOCs, their emission from incense burning at 
different temples in China were measured and analyzed as 
well. The results found that there were twelve kinds of 
VOCs identified in the air samples, among which benzene, 
toluene, and xylene were the abundant species whose 
concentrations surpassed the recommended levels of 
0.05 mg/m3 by WHO.39 Similarly, the identification and 
quantification of VOCs in the gaseous phase from the 
burning of three incense types detected from 14 to 17 
kinds of VOCs in incense smoke, where benzene followed 
by toluene were the major VOCs emitted during incense 
smoldering in aspects of emission rate and emission factor 
regardless the incense type.40 Recent data regarding the 
emission from burning of nine incense products in 
a specific room of experimental house dedicated to indoor 
air research also observed VOCs, including benzene and 
toluene, at highly significant concentrations.41 Besides, 
there might be a wide variety of PAHs found in the incense 
smoke such as naphthalene, acenaphthene, acenaphthy-
lene, fluorene, phenanthrene, anthracene, fluoranthene, 
pyrene, chrysene, benzo[a]anthracene, benzo[b]fluor-
anthene, and benzo[a]pyrene. It was indicated that the 
total mean concentration of PAHs in the Arabian incense 
samples was 2.79 mg/m3, greater than the recommendation 
levels given by different environmental agencies.42 In 
another study in Taiwan, the mean total-PAH concentra-
tions in the indoor air inside the temple was 6258 ng/m3, 
approximately 27 times higher than that found outside the 
temple and 11.6 times greater than that at the urban site. 
This measurement also reached nearly 80% of the concen-
tration at the traffic source, indicating the high PAH con-
centrations inside the temple. While around 90% of the 

indoor airborne PAHs detected in the temple were in the 
gaseous phase, the mean value of particle-bound PAH 
concentrations inside the temple was twice and 1.2 times 
as high as that found outside the temple and at the urban 
site, respectively.43 Consistently, significant amounts of 
PAHs released into the ambience during the incense burn-
ing were reported in other investigations.44,45 Importantly, 
it was observed that the PAHs concentrations of incense- 
burning homes were higher than those found in non- 
incense-burning homes, and the indoor levels of PAHs 
were significantly greater than the outdoor 
concentrations.43 Collectively, incense smoke contains 
considerable concentrations of multiple organic com-
pounds that present in gaseous phase and can be absorbed 
into PM particles. Among the compounds, formaldehyde, 
benzene, toluene, and a mixture of PAHs have aroused the 
concerns of researchers not only for their high levels but 
also for their detrimental effects on human health and the 
whole environment. Notably, these compounds have been 
well-established as human carcinogens by IARC.46 In 
addition to carcinogenicity, short-term and long-term 
exposure to such toxicants might result in a series of 
adverse effects from mild to severe such as eye, nose, 
throat or skin irritation, narcosis, neurotoxicity, aplastic 
anaemia, cardiovascular conditions, respiratory problems, 
and kidney or liver damage, among others.47–49

To sum up, chemicals produced by incense burning can 
be divided into two categories: particulate phase and gas-
eous phase, that are emitted simultaneously. Due to the 
variations of incense composition and experimental 
design, the characterization of incense smoke that has 
been reported remains highly variable, as presented in 
Table 1.

Evidence-Based Associations 
Between Incense Burning and 
Health Effects
Considering incense smoke is a complex mixture of sus-
pended particulates and harmful gases, the identification of 
adverse effects associated with incense smoke on human 
health has captured the concerns of scholars from multiple 
disciplines all over the world. To date, associations 
between incense burning and an array of conditions have 
been suggested (Figure 1). However, findings regarding 
this issue remain elusive, demanding further 
investigations.
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Table 1 Summary of Emission Characterization from Incense Burning

Study Design CO NOx SO2 PM Carbonyls VOCs PAHs Ref

Peak concentration (mg/m3)

02 Types of Arabian incense; 22 m3 test chamber 122.1 ppm 0.3 ppm -/- 1.42 85.2 ppb -/- -/- 11

10 Types of different incense kinds; 18.26 m3 test chamber 38.77 ppm 0.427 ppm -/- 38.351c 

46.285d

-/- 0.117f 

0.096g

-/- 18

Air sampling at 2 shrines, Thailand -/- 0.075b ppm -/- 0.764c -/- -/- -/- 26

Air sampling at temple, central Taiwan -/- -/- -/- 0.181c 

0.253d

-/- -/- -/- 29

Air sampling at temple, central Taiwan -/- -/- -/- 0.108c 

0.151d

-/- -/- -/- 30

Air sampling at 2 temples, central Taiwan -/- -/- -/- 0.444c 

0.583d

-/- -/- -/- 31

Air sampling at temple, central Taiwan -/- -/- -/- 200.0c 

219.7d

-/- -/- -/- 32

03 Types of stick incense; 4 m3 clean room 71.5 2.8 -/- 36.6 -/- -/- -/- 33

Air sampling at a home and a temple, Hong Kong -/- -/- -/- -/- 678 ppb (temple) 

179.2 ppb (home)

-/- -/- 38

Air sampling at 3 temples, China -/- -/- -/- -/- 0.97e 2.72 -/- 39

03 Types of different incense kinds; incense combustion system -/- -/- -/- -/- -/- 18.474 -/- 40

Oud incense; test chamber -/- -/- -/- -/- -/- -/- 5.72 42

Air sampling at temple, southern Taiwan -/- -/- -/- 0.188 -/- -/- 0.009 43

Incense joss stick; 78.3 m3 room under 2 conditions -/- -/- -/- 0.723d -/- -/- 0.0005 44

Air sampling at temple, Thailand -/- -/- -/- 0.406c -/- -/- 0.00005 45

Emission rate (mg/min)

23 Types of different incense kinds; 30 m3 test chamber 8.85 0.073a 0.425 3.367c 

3.350d

-/- -/- -/- 2

02 Types of Arabian incense; 22 m3 test chamber 23.1–67.6 0.094–0.134 -/- 5.9 0.028 -/- -/- 11

10 Types of different incense kinds; 18.26 m3 test chamber 13.245 0.163 -/- 36.005c 

42.277d

-/- -/- -/- 18

03 Types of different incense kinds; incense combustion system -/- -/- -/- -/- -/- 0.050f 

0.041g

-/- 40

Emission factor (mg/g incense burned)

23 Types of different incense kinds; 30 m3 test chamber -/- -/- -/- 55.7c 

59.4d

-/- -/- -/- 2

02 Types of Arabian incense; 22m3 test chamber 331.7–509.3 1.5–2.2 -/- 174.7–187.0 12.3 -/- -/- 11

10 Types of different incense kinds; 

18.26 m3 test chamber

277.7 3.3 -/- 205.4c 

241.2d

-/- 1.786f 

0.707g

-/- 18

Indian musk incense stick; test chamber under 4 conditions 110–120 -/- -/- 2.5–3.0c 

32–33d

-/- -/- -/- 22

03 Types of stick incense; 4 m3 clean room -/- -/- -/- 45.6 -/- -/- -/- 33

03 Types of different incense kinds; 

incense combustion system

-/- -/- -/- -/- -/- 1.771f 

1.482g

-/- 40

Notes: The data displayed in the table are the highest values measured in each study. -/- not measured; aNO; bNO2; 
cPM2.5; dPM10; eformaldehyde; fbenzene; gtoluene.
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Irritation
Since incense smoke contains a number of irritants, it is 
possible to result in several irritative responses, including 
allergic reactions, in many parts of body such as eyes, nose, 
throat or skin. In fact, a series of clinical case reports have 
indicated that incense smoke can cause allergic contact 
dermatitis in various sites of the human body. For instance, 
a 63-year-old man who had practiced the incense burning 
for about 15 years was presented with itchy depigmented 
macules on his left dorsum manus, left shoulder and abdo-
men, and the perfume in the incense was identified as the 
culprit.50 Another case was that a woman who had burned 
incense every day for approximately 5 years developed 
airborne pigmented contact dermatitis due to musk ambrette 
in incense.51 On the other hand, the prevalence of acute 
irritative symptoms was cross-sectionally investigated 
among a group of temple workers in Kao-Hsiung, Taiwan, 
in comparison to a group of church workers. The results 
showed that a set of acute adverse symptoms including 
irritation of the eyes, nasal secretions, dryness or conges-
tion, irritation or dryness of the throat, and nausea was 
evidently more prevalent among temple workers than 
church workers. Moreover, as observed in the models con-
trolled for potential confounders, working in temples 
seemed to relate to 45% and 41.4% greater chance of 
acquiring throat irritation and nose irritation, respectively, 
as compared to working in churches, suggesting the asso-
ciation between occupational exposure to incense burning 

and the increased risk for the development of acute 
irritation.52 Similarly, in another cross-sectional popula-
tion-based study that consisted of a total of 36,541 adults 
from 6 big cities across China, around 15.1% of the homes 
had burned incense, and incense burning was associated 
with weekly symptoms of eyes (itching, burning or irrita-
tion of the eyes), throat (hoarse or dry throat), and skin (dry 
or flushed facial skin, scaling/itching skin in scalp or ears, 
dermal symptoms in hands such as dry, itching or red 
skin).53 Importantly, according to a Taiwanese birth cohort, 
regular incense burning was the most critical risk factor 
among housing characteristics on health status of children 
from 3 to 5 years old regardless of parental history of 
allergic and respiratory diseases. In particular, regular 
incense burning was found to associate with diagnosed 
childhood asthma and allergy, and the level of significance 
was double in the presence of paternal heredity.54 

Altogether, current literature has favored the clues concern-
ing the association between the exposure to incense burning 
and the development of irritative and/or allergic symptoms 
in ages.

Respiratory Problems
Smoke, regardless of sources, is well-believed to exert deleter-
ious effects on the respiratory system upon inhalation. Thus, 
when the incense is burned, the emitted smoke is likely to be 
inhaled into the body, possibly resulting in respiratory pro-
blems. In fact, multiple epidemiological studies have indicated 

Figure 1 Possible adverse effects of incense smoke on human health. Individuals who expose to incense burning may inhale a complex mixture of deleterious chemicals, 
resulting in a wide variety of conditions ranging from irritation to cancer. The potential impact of incense burning has been observed in many vital organs.
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the effects of incense burning on the respiratory system. 
However, the results remain elusive. In a prospective cohort 
study among more than 4000 school children in Hong Kong 
from 2012 to 2014, the adverse effects of incense burning on 
lung function and lung function development of children were 
evidenced. Moreover, exposure to domestic incense burning 
was found to associate with the increased risks of bronchitis 
and bronchiolitis in both sexes, and so were pneumonia and 
wheeze but only in boys. The reasons for such gender sensi-
tivity were unknown. One plausible explanation was that 
respiratory problems were more prevalent in boys than in 
girls at the baseline.55 Consistently, previous cross-sectional 
population-based studies among children also indicated that 
incense burning was associated to the increased risk of various 
respiratory diseases and symptoms such as asthma, cough, and 
wheeze in an exposure-response manner.56–58 On the other 
hand, the opposite finding, that is, there was no significant 
relationship between incense burning with prevalence of 
respiratory problems including chronic cough, chronic sputum, 
chronic bronchitis, runny nose, wheezing, asthma, allergic 
rhinitis or pneumonia was reported in a cross-sectional inves-
tigation among 346 primary school children in Hong Kong.59 

The lack of such association may be due to several reasons. 
Firstly, the personal exposure to household incense smoke may 
be relatively low in terms of concentration and duration. 
Secondly, the competitive effects of other air pollutants may 
neglect the impact of incense smoke on respiratory system. 
Finally, the high rates of respiratory diseases and their etiolo-
gical factors in reality may overshadow the effects of incense 
smoke. Likewise, the association between exposure to incense 
smoke and respiratory problems among adolescents and adults 
have also been documented with inconsistent results. Based on 
the data from asthma-screening program for adolescents in 
Taiwan, over 5000 students of 14–16 years of age were 
recruited, and around 71% of them were likely to expose to 
incense burning at home. Approximately 10% of participated 
students were randomly selected for lung function examina-
tion. As analyzed by multivariable linear regression analysis 
with controlling of potential confounders, lung functions were 
significant decreased among students with daily exposure to 
domestic incense burning as compared to those living in house-
holds without incense burning. Besides, there was no signifi-
cant association between lung function impairment and 
exposure to incense burning twice a month.12 In addition, 
a cross-sectional health survey among 109 temple workers 
(as exposure group) and 118 church workers (as control 
group) in Kao-Hsiung, Taiwan showed that chronic respiratory 
symptoms including cough, phlegm, wheezing or dyspnea 

were more common among temple workers than church work-
ers. In particular, the rates of cough, phlegm, and dyspnea were 
evidently higher in exposure group. Remarkably, cough symp-
toms remained significantly more prevalent in temple workers 
after potential confounders controlling, suggesting that expo-
sure to incense smoke may increase the risk for the develop-
ment of respiratory symptoms.52 In contrast, the lack of 
significant association between incense burning and increased 
respiratory problems in adults was reported as well.59 

Furthermore, a Taiwanese cohort study indicated that short- 
term exposure to incense burning may not influence lung 
function and respiratory symptoms in patients with chronic 
obstructive pulmonary disease (COPD), which is an incurable 
disease characterized by chronic airflow blockage and worsen-
ing lung function.60 Similarly, previous case-control study in 
Saudi Arabia also did not found the use of incense burners as 
a risk factor of COPD.61 However, the small sample sizes and 
non-longitudinal study design may have influenced the results 
and may not be generalizable to the COPD population. 
Experimentally, evidences attained from animal studies have 
linked incense burning with adverse ultrastructural pulmonary 
changes.62,63 For instance, rats were exposed to a type of 
Arabian incense for 14 weeks at the rate of 4 grams/day in 
the exposure chamber exhibited evident ultrastructural changes 
in alveolar pneumocytes of exposed animals as compared to 
those of non-exposed controls. Such alterations included 
alveolar cell hyperplasia and subsequent alveolar septal hyper-
cellularity, neutrophil cell infiltration in the alveolar lumena, 
degenerative and necrotic changes of alveolar lining cells, 
erythrocyte extravasation from the distended alveolar capil-
laries, and collagen fibril deposition and subsequent alveolar 
walls thickening.62 Taken together, existing evidences have 
indicated the potential linkage between the exposure to incense 
burning and the development of various respiratory problems. 
However, the findings remain inconsistent due to the variations 
regarding concentration, frequency, and duration of exposure 
among different populations, requiring further investigations.

Cardiovascular Conditions
Numerous epidemiological and biomedical studies have 
indicated the ability of incense smoke to induce various 
cardiovascular conditions. Importantly, the strong relation-
ship between incense use and death due to cardiovascular 
diseases (CVDs) was reported.13 A cross-sectional study 
conducted among 132 Thai-Vietnamese adults aged more 
than 35 years in Thailand demonstrated the positive asso-
ciation between household incense burning and carotid 
artery intima-media thickness (CIMT) in multivariable 
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regression analysis after controlling potential confounding 
factors.64 Since CIMT generally identifies the levels of 
atherosclerosis and thus estimates the risk of CVDs,65 

such findings suggest that incense burning at home may 
be a risk factor for the development of cardiovascular 
conditions. In addition, through an analysis among 50 
housewives living in 50 homes in the Taipei metropolitan 
area, it was showed that 48% of homes had practiced 
incense burning, and incense burning could increase the 
indoor levels of PM2.5, thus modify the association 
between household PM2.5 and heart rate variability 
indices.66 This effect modification may also link incense 
burning to the increased risk of CVDs. Notably, in a large 
population-based cohort of middle-aged and elderly 
Chinese in Singapore, chronic exposure to daily incense 
burning at home for over 20 years was found to associate 
with the increased risk of cardiovascular mortality. In 
particular, current incense users may have a 12% increased 
risk of cardiovascular mortality, including a 10% and 19% 
increased risk for coronary heart diseases and stroke, 
respectively, as compared to former and never users. 
Furthermore, up to 7% of coronary heart disease deaths 
and 12% of stroke deaths in this study population could be 
attributed to long-term incense use.13 Although some lim-
itations still remained in the study, such cohort investiga-
tion provided strong evidence regarding the causal 
relationship in which the exposure of incense smoke pre-
ceded the cardiovascular mortality as health outcome. In 
line with epidemiological investigations, an experimental 
study on rats found that exposure to incense smoke was 
associated with adverse metabolic changes of increased 
triglycerides and decreased high-density lipoprotein cho-
lesterol concentrations over time.67 Another animal experi-
ment also observed that incense smoke-exposed rats 
exhibited pronounced ultrastructural changes in heart mus-
cle tissue, cardiac hypertrophy which correlated with the 
increased hypertrophic gene expression, and cardiac tissue 
damages characterized by significant elevation of creatine 
kinase-myocardial bound and lactate dehydrogenase.68 

The endothelial function was investigated by flow- 
mediated dilation in pigs, and the significant impairment 
of flow-mediated dilation was observed following a 30- 
min exposure to incense smoke. Interestingly, such impair-
ment was well correlated with CO levels in the exposure 
chamber but neither total particulates nor venous CO- 
hemoglobin, implying that the gaseous phase of incense 
smoke that accompanied CO rather than CO itself was 
responsible for acute endothelial dysfunction upon 

exposure to incense smoke.69 Similarly, the relationship 
between endothelial dysfunction with temple particles was 
demonstrated through the findings that exposure of human 
coronary artery endothelial cells to particles collected at 
a major Chinese temple led to the remarkably increased 
endothelin-1 and decreased nitric oxide synthesis.70 While 
the underlying mechanisms remain unclear, those experi-
mental evidences have supported the concern about the 
increased CVD risk in individuals exposed to incense 
smoke. On the other hand, as a major risk factor for 
CVDs, the association between incense burning and hyper-
tension was investigated. Based on the data from a cross- 
sectional survey in China, a population-based study was 
conducted, and a significant association between the fre-
quency of incense burning with the risk of hypertension 
and the increase of blood pressure was observed with 
a clear exposure-response relationship. Subsequent gen-
der-specific analyses indicated that larger effects were 
found among women than men.71 This could be due to 
the fact that Chinese women spend more time at home and 
engage in more ritual activities than men do, leading to 
higher personal exposure to incense smoke. Similarly, the 
association between frequent exposure to household 
incense burning with higher risk of hypertensive disorder 
and higher levels of blood pressure was also demonstrated 
in a large Chinese birth cohort study but among pregnant 
population.72 Collectively, incense burning should be con-
sidered as a risk factor for a variety of adverse cardiovas-
cular outcomes and associated conditions, with frequency 
and duration may be important determinants.

Neuropsychological Disorders
A few pieces of current evidence have indicated a plausible 
linkage between incense burning and several neuropsycholo-
gical disorders. In a 3-year prospective longitudinal case– 
control study among 515 stroke- and dementia-free adults 
aged ≥65 years in Hong Kong, incense users were found to 
associate with poorer cognitive performance and decreased 
brain connectivity as compared to non-users. Moreover, sig-
nificant interactions were observed between indoor incense 
burning with diabetes mellitus, hyperlipidemia and white mat-
ter hyperintensities, predisposing poorer cognitive functions 
caused by incense burning in the presence of vascular risk 
factors.73 Notably, exposure to incense burning during preg-
nancy may have profound neural effects in offspring. 
According to a Chinese cohort study comprising nearly 
43,000 participants, it was calculated that prenatal exposure 
to incense burning was significantly and positively associated 
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with early-onset hyperactive behaviors in preschoolers.74 

Similarly, by using nationwide data set from Taiwan Birth 
Cohort Study, delayed gross motor milestone achievement 
was found among infants born in homes with incense burning. 
Remarkably, the association was more apparent in mother- 
infant pairs under persistent exposure category, suggesting 
a possible dose–response effect.75 Also based on Taiwan 
Birth Cohort Study, the negative relationship between prenatal 
incense burning with infant birth outcomes as measured by 
birth weight and head circumference was established in 
another investigation. In particular, incense was found to 
associate with lower birth weight in boys but not in girls, 
and so was smaller head circumference.76 The poor infant 
health at birth has been documented to associate with higher 
risk of neurodevelopmental abnormalities.77,78 Therefore, 
despite the paucity of published data, the potential adverse 
effects of personal and maternal exposure to incense burning 
on neuropsychological development and function should not 
be overlooked.

Cancers
Experimentally, incense smoke has been demonstrated to 
be mutagenic and/or genotoxic by different assays in ear-
lier in vitro studies,79–81 possibly resulting in DNA adduct 
generation which is a pivotal step in the process of carci-
nogenesis. In fact, incense burning can emit large amounts 
of toxicants, many of which are recognized or suspected as 
human carcinogens, particularly associated with lung can-
cer. So far, the association between incense burning and 
lung cancer remains a contentious issue. One of the ear-
liest evidences for positive association was a hospital- 
based case-control study in Singapore in 1970s, where 
univariate analysis reported a strong relationship between 
lung cancer and incense use while sleeping with overall 
relative risk of 4.11 (p < 0.01).82 The lack of adjustment of 
potential confounders such as age, gender, and smoking 
status was a major drawback of that study. Following the 
adjustment for smoking and confounding demographic 
variables, another hospital-based case-control investiga-
tion with 331 lung cancer cases and 331 matched controls 
in Hong Kong indicated that exposure to incense burning 
during festivals was associated with a significantly higher 
risk of lung cancer among women (adjusted Odd ratio 
(OR) = 2.95; 95% confidence interval (CI): 1.10–7.87) 
but not daily exposure (adjusted OR = 1.58; 95% CI: 
0.77–3.26). Meanwhile, neither daily exposure (adjusted 
OR = 0.94; 95% CI: 0.56–1.56) nor festival (adjusted OR 
= 1.03; 95% CI: 0.47–2.26) showed an association with 

the increased risk of lung cancer among men.83 The stron-
ger association found among women might be due to their 
higher tendency of incense use. However, in a Chinese 
population-based case-referent study with 1208 male lung 
cancer cases and 1069 matched referents, the uncondi-
tional multivariable logistic regression analysis demon-
strated that lung cancer risk in the whole population was 
significantly increased among men who had exposed to 
frequent incense burning (≥ 2 times/day; OR = 1.26; 95% 
CI: 1.01–1.58) or experienced high cumulative incense 
exposure (≥ 60 day-years; OR = 1.38; 95% CI: 1.10– 
1.75) as compared to those who had never done after 
potential confounder adjustment. Moreover, synergy 
index for either smoking and frequent incense use or 
smoking and high cumulative use both indicated that the 
joint effect of these exposures on lung cancer risk was as 
twice much as expected assuming additive effects, sug-
gesting more pronounced association between incense use 
and lung cancer in male smokers.14 Similar interaction 
between smoking and exposure to incense or mosquito 
coils (p = 0.016) was reported as well. In particular, ORs 
for smokers with and without daily use of incense or 
mosquito coils were 4.61 and 2.80, respectively.84 

Nonetheless, the combination between daily use of incense 
and mosquito coils as exposure of interest rather than 
single incense exposure may misjudge the linkage between 
incense use and lung cancer risk. On the other hand, the 
null association between incense use and lung cancer has 
also been documented. A Singapore Chinese population- 
based prospective cohort study was unable to observe the 
overall effect of incense use on lung carcinoma develop-
ment regardless the smoking status.15 Besides, the impact 
of incense use on the risk of other respiratory tract cancers 
other than lung cancer has been commonly investigated as 
well, and most of existing evidences have been in respect 
with nasopharyngeal carcinoma (NPC). A case-control 
study among Hong Kong Chinese with 352 incident 
cases of NPC and 410 controls observed an increased 
risk of NPC among women who had burned incense 
daily at home (adjusted OR = 2.49; 95% CI: 1.33–1.46) 
but not among men (adjusted OR = 0.96; 95% CI: 0.63– 
1.45). Remarkably, evident exposure-response relationship 
was found, where the risk for NPC in women who had 
practiced daily domestic incense burning for 40 years or 
more was over four times that in non-users.85 Similarly, 
a Chinese large-scale case-control study with 1845 cases 
and 2275 controls also reported a positive association 
between incense burning and NPC risk. After adjusting 
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for potential confounding factors, frequent incense users 
had approximately 73% higher risk of NPC than those 
who never burn incense.86 In contrast, a prospective cohort 
study of Singapore Chinese was unable to observe the 
association between current use of incense and the 
increased risk of NPC. Instead, incense use was found to 
associate with an increased risk of non-NPC upper respira-
tory tract carcinoma in dose-dependent manner.15 Apart 
from respiratory tract cancers, the relationship between 
incense use and other malignancies such as leukemia and 
brain tumors has also been reported. Through a case- 
control study of children of ages 10 years and under in 
Los Angeles County, a significant increased risk of leuke-
mia was found among children whose parents had burned 
incense more than once a week at home during pregnancy 
or nursing period (OR = 2.7; 95% CI:1.18–7.14; p = 
0.007), which still remained after adjusting for confound-
ing variables such as parental occupational exposure, par-
ent use of garden sprays, or parent use of household 
pesticides.87 On the other hand, as a source of nitrosamine 
and other N-nitroso compounds, incense burning has been 
hypothesized as a risk factor for brain tumors since the 
early 1980s. A case-control study with 209 young brain 
tumor patients and 209 controls observed a significant 
association between maternal exposure to incense during 
the index pregnancy and the increased risk of brain tumors 
(OR = 3.3; p = 0.005).88 As opposed, such association was 
not found in other case-control investigations.89,90 

Although two later studies did not confirm the previous 
finding, the frequency of case mothers who had burned 
incense was equivalent or slightly greater than control 
mothers. Collectively, the possible association between 
personal or gestational exposure to incense with the 
increased risk of cancers has been documented albeit it 
remains controversial. Such conflicting findings may be 
due to the differences in terms of referent selection, con-
founder controlling, and sample size. Therefore, larger 
prospective cohorts in the future with proper referent 
selection and appropriate adjustment in analyses are highly 
warranted.

Other Conditions
Scatter pieces of evidence regarding other adverse effects 
of incense burning on human health have been documen-
ted. In a case report, a 65-year-old female homemaker who 
had exposed to a large amount of smoke from daily use of 
incense for over 30 years presented with dizziness, fatigue, 
severe anemia, pitting edema of the lower legs, sore limbs, 

abdominal pain, and exertional dyspnea. Remarkably, the 
blood lead levels of patient and all her family members 
were as high as lead poisoning.91 Besides, a large-scale 
cross-sectional investigation among Taiwanese preschoo-
lers identified domestic incense burning as a significant 
factor for the increased blood lead levels (p < 0.0003), in 
which a dose-dependent relationship with frequency of 
incense burning was established (p = 0.0022).92 These 
preliminary findings suggest the greater risk of lead expo-
sure for the families with the custom of incense burning. 
On the other hand, a recent population-based prospective 
cohort of middle-aged and older Singapore Chinese found 
that current users of incense had 23% higher risk of 
developing end-stage renal disease as compared to non- 
users after adjustment for potential confounders. This risk 
further increased in cases of daily users with more than 20 
years of incense burning.19 Consistently, the adverse 
effects of chronic exposure to incense smoke on kidney 
function and architecture were observed in previous 
experimental study. In particular, exposed rats exhibited 
significantly persistent inflammation as well as abnormal 
functions and ultrastructural changes of kidney.93 Current 
limited information may send some signals to the research-
ers for taking further steps in order to build-up a more 
comprehensive panorama about all possible hazards from 
incense burning.

The Involvement of Oxidative 
Stress in Health Effects Associated 
with Incense Burning
Oxidation-reduction (redox) homeostasis is vital to life 
since redox processes involve all fundamental processes 
from bioenergetics to metabolism to other functions.94 The 
global concept of oxidative stress is “an imbalance 
between oxidants and antioxidants in favor of the oxidants, 
leading to a disruption of redox signaling and control and/ 
or molecular damage”.95 The field of oxidative stress 
research has captured the interest of scientific communities 
in the world since oxidative stress may provide 
a prominent contribution to the human diseases.96 In the 
context of adverse health effects associated with incense 
burning, while the underlying mechanisms remain unclear, 
several lines of evidences have supported the role of 
oxidative stress as a possible intermediary pathway. This 
section aims to analyze available evidences that may shed 
light on this issue. To summarize, the health outcomes 
associated to incense burning are assumed to be driven 
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by oxidative stress, which in turn leads to aberrant inflam-
mation and irreversible DNA impairment (Figure 2). 
However, there are still many gaps, therefore requiring 
further investigations to provide more in-depth 
understanding.

Sources of Reactive Oxygen Species 
Generation in Response to Exposure to 
Incense Burning
Reactive oxygen species (ROS) refer to as a term for 
a group of derivatives of molecular oxygen, which are 
produced by redox reactions or electronic excitation.97 

The successive intermediate steps of oxygen reduction 
are the formation of superoxide anion radical, hydrogen 
peroxide, and hydroxyl radical, representing three major 
ROS of significance. In addition, ground-state molecular 

oxygen can be electronically excited into singlet molecu-
lar oxygen.98 A wealth of information has indicated the 
importance of ROS for the physiology as functional sig-
naling entities.97 In contrast to the physiological levels, 
high concentrations of ROS can yield damages to cellular 
macromolecules and other cellular consequences, result-
ing in oxidative stress and associated pathological states.96 

It is now clear that ROS generation comes from both 
endogenous and exogenous sources. The former sources 
generally include mitochondria, peroxisomes, endoplas-
mic reticulum, and NADPH oxidase complex, while the 
latter may be the result of cumulative environmental expo-
sure such as smoking, air pollution, chemicals, xenobio-
tics, and radiation.99 Recently, micro- and nano-soot 
particles, also known as platforms of ROS 
generation,100,101 have been dominantly found in the 
incense smoke. These particles could exhibit strong 

Figure 2 Possible oxidative stress mechanism underpinning the health effects of incense burning. Following the introduction into the body, constituents of incense smoke 
can enhance ROS generation through some ways, leading to oxidative stress and associated consequences. Carcinogenesis may occur as a result from oxidative DNA damage 
and improper DNA repair. Besides, oxidative stress and inflammation may be interconnected, contributing to the pathogenesis of cardiopulmonary conditions. 
Abbreviations: COX-2, cyclooxygenase-2; CYPs, cytochrome P450 enzymes; ET-1, endothelin-1; IL-6, interleukin-6; IL-8, interleukin-8; NADPH oxidase, nicotinamide 
adenine dinucleotide phosphate oxidase; NO, nitric oxide; PAHs: polycyclic aromatic hydrocarbons; PM, particulate matter; ROS, reactive oxygen species.
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oxidative capacity with higher ROS generation and greater 
oxidative DNA damage as compared to both diesel 
exhaust particles and carbon black.102 Also, incense par-
ticles were reported to alter the mitochondrial function and 
NADPH oxidase activity, leading to a second wave of 
ROS production.102 In addition, a broad spectrum of oxy-
genates including polar organic compounds, highly reac-
tive carbonyls, redox-cycling quinones, and transient 
metals, among others, have been identified in the whole 
incense smoke through several investigations.102–104 

These compounds have been recognized to generate free 
radicals in biological systems.105–107 In fact, incense burn-
ing has been reported to trigger Phase I xenobiotic- 
metabolizing enzymes, such as cytochrome P450 (CYP) 
system which is known for catalytic action for the genera-
tion of reactive metabolites from PAHs and other 
chemicals.68,108,109 Altogether, the excessiveness of ROS 
induced by exposure to incense burning may arise from 
mixed sources, including (1) incense particles and other 
oxygenates, (2) mitochondria and NADPH oxidase dys-
functions, and (3) CYP induction. Therefore, incense 
burning is implicitly the favorable setting for ROS over-
production which possibly in turn mediates the progres-
sion to human diseases through oxidative stress.

Oxidative Stress in Response to Exposure 
to Incense Burning
The other side of the redox balance is the cellular defenses 
that counterbalance the deleterious levels of oxidants 
through enzymatic and nonenzymatic antioxidants, forming 
an antioxidant network at three fundamental levels of pre-
vention, interception, and repair.97,110 The first-line antiox-
idant defense typically includes three key enzymes: 
superoxide dismutase (SOD), catalase (CAT), and glu-
tathione peroxidase (GPX), which act to inhibit or prevent 
the generation of reactive species.111 The second line is 
generally referred to as scavengers that neutralize or sca-
venge free radicals, among which γ-L-glutamyl- 
L-cysteinyl-glycine, known as glutathione (GSH), is of 
importance.111,112 The third line is a group of enzymes, 
which repair the damages caused by oxidants to protect 
the body from their harmful effects.111 In this sight, oxida-
tive stress can be considered as a cellular state emerging 
from the excessive generation of oxidants overwhelming 
the levels that antioxidant defenses can cope with.113 So far, 
there have been three different lines of evidence reporting 
the capacity of incense smoke to induce oxidative stress, 

both in vitro and in vivo, as summarized in Table 2. First, it 
was reported that incense particles could dose-dependently 
induce intracellular ROS generation in vitro.114 Second, the 
markedly decreased levels of antioxidants, including SOD, 
CAT, and GSH, were observed in rats exposed to incense 
smoke.68,93,109,115 Third, the levels of malondialdehyde 
(MDA), which is a widely used biomarker for oxidative 
stress assessment,116 were significantly increased in 
response to incense smoke in vivo.68,93,109,115 In addition, 
the expression of heme oxygenase 1 (HO-1), an important 
marker of oxidative stress, was also induced by incense 
smoke using cell models.108 The findings obtained from 
existing studies are although useful to suggest the oxidative 
stress induced by exposure to incense burning, the extra-
polation to human remains difficult. Therefore, studies in 
humans along with the analysis of antioxidant activity/ 
capacity and/or oxidative stress markers may provide the 
insights into the actual ability of incense smoke at exposure 
concentrations to induce oxidative stress.

Oxidative Stress as Underlying Basis of 
Genetic Toxicities Induced by Incense 
Smoke
It is acknowledged that oxidative stress can provoke damages 
to vital molecules such as proteins, lipids, and nucleic 
acids.96 Literature has reported that DNA may be one of 
critical targets for ROS induced by incense burning, resulting 
in oxidative DNA lesions and even impediment of the ensu-
ing transcription, replication, and repair processes.117 In fact, 
temple workers were found to have a twofold increase in the 
levels of biomarker of oxidative DNA damage namely 
8-oxo-2ʹ-deoxyguanosine (8-OHdG) than those of control 
workers, and so was DNA strand breaks.118 Similarly, oxida-
tive DNA damage in human alveolar epithelial A549 cells 
was also triggered by exposure to PM generated from incense 
burning, as characterized by the levels of 8-OHdG.117 To 
cope with the consequences of DNA lesions, living beings 
are equipped with the tools that serve to remove or tolerate 
DNA damages called DNA repair mechanisms/pathways.119 

Unfortunately, a significant reduction in DNA repair capacity 
was observed among temple workers by using cytogenetic 
challenge assay.118 These preliminary data suggest that expo-
sure to incense burning may result in oxidative environment 
that can threaten the DNA stability. Importantly, the mani-
festation of oxidative DNA damage along with insufficient 
DNA repair may be indication for carcinogenesis and other 
pathologies.120,121
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Table 2 Summary of Evidences About the Capacity of Incense Smoke to Induce Oxidative Stress

Author, 
Year

Experimental 
Model

Experimental Design Results

Al-Attas 

et al, 

201568

Male Wistar 

Albino rats

Rats were randomly divided into three groups: control, bakhour, 

and oudh, with 24 rats per group. 

Rats from bakhour and oudh groups were subjected to the 

whole-body smoke exposure in inhalation chambers by burning 4 

g of respective incense on charcoal daily; while control rats were 

only exposed to smoke from burning charcoal. 

Eight rats from each group were sacrificed after 30, 60, or 90 

days from the commencement of exposure.

Exposure to incense smoke led to a significant increase in MDA 

levels and evident decrease in CAT activity and GSH levels in 

heart tissues as compared to the sham-operation. 

The levels of oxidative stress markers were comparable among 

the studied time points.

Chuang 

et al, 

2013114

Alveolar 

epithelial A549 

cells

The aqueous stock samples were diluted into four 

concentrations by volume, generating 10 vol%, 25 vol%, 50 vol%, 

and 100 vol% fresh incense PM2.5 suspension. 

Cell were incubated with 10–100 vol% incense PM2.5 suspension 

for 1 h, or with 10 vol% incense PM2.5 suspension for 1, 4, 8, 16, 

and 24 h.

Incense PM2.5 induced intracellular ROS generation in 

a significant dose-dependent manner. 

The increased levels of ROS caused by incense PM2.5 were 

significantly reduced by the addition of N-acetyl cysteine (a 

pharmacological antioxidant).

Hussain 

et al, 

2014109

Male Wistar 

Albino rats

Rats were randomly divided into three groups: control, bakhour, 

and oudh, with 24 rats per group. 

Rats in bakhour and oudh groups were subjected to the whole- 

body exposure to incense smoke generated from the burning of 

4 g of respective incense for 60 min daily in an inhalation 

chamber (72 x 43×35 cm); while control rats were maintained in 

fresh air. 

Eight rats from each group were sacrificed after 30, 60, and 90 

days from the commencement of exposure.

The levels of MDA and GSH were significantly increased in the 

lung and liver tissues of rats exposed to incense as compared to 

unexposed controls after 30, 60, or 90 days. 

No statistical difference was found in the lung CAT activity 

between exposed and non-exposed rats, but CAT activity was 

remarkably altered in the liver tissues of exposed rats after 60 

days as compared to controls.

Hussain 

et al, 

201693

Male Wistar 

Albino rats

Rats were randomly divided into three groups: charcoal, 

bakhour, and oudh, with 24 rats per group. 

Rats in bakhour and oudh groups were subjected to the whole- 

body exposure of incense smoke generated from the burning of 

4 g of respective incense on self-burning charcoal for 60 min 

daily, while rats in charcoal group were exposed only to 

emissions from the burning charcoal. 

Eight rats from each group were sacrificed after 30, 60, and 90 

days from the commencement of exposure.

Rats exposed to incense smoke exhibited remarkable MDA 

increase and apparent GSH and CAT decrease in kidney tissues 

as compared to unexposed controls.

Hussain 

et al, 

2018115

Male Wistar 

Albino rats

Rats were randomly divided into three groups: control (n=8), 

bakhour (n=16), and oudh (n=16). 

Rats in bakhour and oudh groups were subjected to the whole- 

body exposure of incense smoke generated from the burning of 

4 g of respective incense for 60 min daily for 30 days; while 

control rats were maintained in fresh air. Eight rats from each 

group were then sacrificed at the end of 30-day exposure. 

Remaining eight rats from two exposed groups were suspended 

to exposure of incense smoke, then sacrificed at 30 days after 

the cessation of exposure.

Rats exposed to incense smoke showed pronounced increase in 

MDA and significant decrease in SOD as compared to unexposed 

controls. 

Cessation of incense smoke exposure yielded significant reversal 

in the levels of markers after 30 days.

Kobayashi 

et al, 

2010108

Human 

monocytes- 

macrophages 

U937 

Human Clara 

cells NCI-H441

Cells were treated with concentrations of 1, 2.5, and 10 µg/mL 

particle equivalent organic extracts from incense source PM 

samples for 24 h.

Incense PM could induce strong effect on mRNA expression of 

HO-1 in U937 macrophages. 

Dose–response relationship between incense PM exposure and 

HO-1 mRNA expression was found in both cell lines.

Abbreviations: CAT, catalase; GSH, glutathione; HO-1, heme oxygenase 1; PM, particulate matter; PM2.5, the fine fraction of PM with aerodynamic diameter ≤ 2.5 μm; 
MDA, malondialdehyde; SOD, superoxide dismutase.
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Pulmonary Oxidative Stress and Adverse 
Effects of Respiratory System Induced by 
Incense Smoke
Air pollution refers to a heterogeneous mixture of gases 
(eg, carbon oxides, nitrogen oxides, and sulfur dioxide), 
particulate matter, and organic volatiles.122 Oxidative stress 
is one of pathophysiological mechanisms in response to air 
pollution exposure in animal models and humans.123 

Considering the fact that air pollution is primarily intro-
duced into the body through inhalation, the initial locus of 
oxidative stress is generally airways and lungs, known as 
pulmonary oxidative stress, subsequently triggering pul-
monary inflammation and promoting lung damages.124 

Indeed, there is a plethora of evidences linking air pollu-
tion-induced pulmonary oxidative stress with adverse out-
comes of respiratory system.122,125 Since incense burning 
generally generates smoke consisting of constituents simi-
lar to air pollution, the paradigm of pulmonary oxidative 
stress can be the plausible basis of incense smoke-mediated 
toxicities. In fact, several exposure studies using different 
models have demonstrated the increased oxidative stress in 
pulmonary compartment that can further trigger inflamma-
tion and regulate downstream signaling pathways. It was 
reported that exposure to incense particles could induce 
oxidative stress that altered cell cycle regulation and cytos-
keleton assembly, leading to apoptosis and cellular dys-
function in human alveolar epithelial A549 cells.114 

Incense smoke has also been shown to trigger the expres-
sion of cytokines and chemokines in the respiratory epithe-
lium, resulting in damages in the respiratory system. 
Interestingly, the upregulation of inflammatory molecules 
has been reported along with the pronounced alterations of 
oxidative stress markers.108,109 The significant generation 
of inflammatory markers, including interleukin-8 (IL-8) 
and cyclooxygenase-2 (COX-2), was found in both macro-
phage model and lung-derived cell lines following expo-
sure to PM extracts from different types of incense. In 
accordance, the genes encoding these molecules were also 
upregulated.108 IL-8, as a potent neutrophil recruiting fac-
tor, has been implicated in the development of many 
respiratory diseases,126 whereas COX-2 has also long 
been regarded as a key factor in the pathogenesis of airway 
inflammation.127 Similarly, emissions from Arabian 
incense was found to induce inflammatory response in 
human epithelial A549 cells, as shown by the significant 
increase in relative expression levels of IL-8.11 Similarly, 
the markedly increased levels of several inflammatory 

markers in lung tissues were also observed in incense 
smoke-exposed rats.109 Neutrophils have been implicated 
in the pathogenesis of asthma and lung diseases,126 and 
Arabian incense exposure was found to induce the infiltra-
tion of neutrophils in pulmonary alveoli in rats.63 

Collectively, the adverse effects of incense smoke on 
respiratory system appear to be driven by the induction of 
pulmonary oxidative stress. Clearly, the mechanisms by 
which pulmonary oxidative stress triggers inflammation 
and mediates downstream signaling pathways are yet to 
be fully understood, requiring further investigations. 
Moreover, in humans, the responses are complex which 
vary depending on many variables such as concentration, 
duration, deposition, distribution, sequestration, and host 
susceptibility, among others.128 By using the International 
Commission on Radiological Protection (ICRP) model, the 
deposition of metallic particles in the human respiratory 
tract from incense burning at temples was determined. It 
was observed that the total deposited flux ranged from 83% 
to 84.82% of total atmospheric metal concentration, with 
the highest rate was found in the head airway.100 Likewise, 
the personal exposure dose rates in the human respiratory 
tract due to incense burning were calculated using time- 
activity and particle size distribution data collected from 
a traditional Taiwanese residence by modified ICRP model. 
The results found that the deeper lung region had a lower 
average particle mass lung/indoor ratio; meanwhile, the 
average integrated deposition dose rates were highest in 
the extrathoracic region, followed by the bronchiolar and 
bronchial regions. Importantly, the major deposition 
mechanism was suggested through the inertial impaction 
rate, by which the deposition rate increased with increased 
particle sizes and decreased airway diameters.101 The 
development of mechanistic dosimetry models is highly 
desirable to discover the deposition pattern and exposure– 
dose–response relationships for incense smoke, thereby 
providing reliable tools for health risk assessment.

Vascular Oxidative Stress and 
Cardiovascular Toxicities Induced by 
Incense Smoke
The vascular endothelium is an essential barrier that mod-
ulates a multitude of exposures and prevents vascular 
inflammation and injuries through a diversity of paradigm, 
among which the generation of nitric oxide (NO) is the 
principal pathway.123 In the vasculature, ROS are pro-
duced by a number of sources such as mitochondria, 
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NADPH oxidase, xanthine oxidase, and uncoupled 
endothelial nitric oxide synthase. Fortunately, the vascula-
ture is prevented from deleterious effects of ROS by anti-
oxidant defenses. However, cardiovascular risk factors 
may enhance ROS generation, resulting in oxidative stress 
if it exceeds the counteract capacity of antioxidant 
systems.129 The major ROS generated in response to sti-
muli is superoxide anion, which quickly combines with 
NO to produce peroxynitrite, decreasing NO bioavailabil-
ity and leading to endothelial dysfunction.130 In this con-
text, vascular oxidative stress may play pivotal roles in the 
initiation and progression of endothelial dysfunction which 
precedes many cardiovascular pathologies. Additionally, 
dysregulation of NO release may represent an important 
link between risk factors and cardiovascular diseases. 
Exposure to particle extracts from a temple in Taiwan 
was found to significantly increase interleukin 6 (IL-6) 
and endothelin-1 (ET-1) generation as well as to evidently 
decrease NO synthesis in human coronary artery endothe-
lial cell model.70 Similar significant ET-1 increase and NO 
decrease were also observed in vascular tissues obtained 
from rat models that exposed to smoke emitted from 
incense burning.115 The proinflammatory molecule IL-6 
has been well-documented to play central role in the 
pathophysiology of cardiovascular diseases,131 whereas 
ET-1 is a vasoconstrictor secreted by endothelial cells 
and acts as the natural antagonist of NO.132 Dysfunction 
of endothelium may result from ET-1 increase and/or NO 
decrease, ultimately leading to vascular morbidity and 
mortality.132 In vivo experiments have shown that the 
whole-body exposure of smoke emanated from incense 
burning may result in oxidative stress in rat heart tissues, 
as determined by the significant increase in the levels of 
oxidative stress marker along with the evident decrease in 
the levels of antioxidants. Moreover, the remarkably ele-
vated levels of various chemokines and inflammatory 
mediators were also detected in heart tissues of rats 
exposed to incense smoke as opposed to unexposed con-
trols, suggesting the increased infiltration of inflammatory 
mediators in heart tissues through direct immunologic 
response to incense smoke or indirect regulation by oxida-
tive stress. The authors proposed that the increased gene 
expression of CYP1A1 and CYP1A2 may be instrumental 
in the incense smoke-induced oxidative stress and 
inflammation.68 All these evidences suggest that vascular 
oxidative stress and inflammation are direct sequelae of 
exposure to incense burning. It is clear that many gaps still 
exist. First, the routes by which constituents presenting in 

the incense smoke may enter the blood stream and affect 
the vasculature are unknown. Second, in-depth informa-
tion on the regulation and expression of oxidant sources as 
well as antioxidant defenses in exposure models remains 
sparse. Third, the signaling pathways underlying vascular 
oxidative stress and cardiovascular effects of incense 
smoke are understudied.

Future Studies in the Elucidation of the 
Role of Oxidative Stress in Systemic 
Toxicities Induced by Incense Smoke
Early observation demonstrated that the whole-body expo-
sure to incense smoke could trigger systemic oxidative 
stress and enhance systemic inflammation in rats. 
Interestingly, the cessation of exposure can lead to the 
significant reversal of examined markers.115 This finding 
highlights the potential that adverse health outcomes fol-
lowing exposure to incense burning may attribute to sys-
temic oxidative stress. While the involvement of oxidative 
stress in pulmonary and vascular compartments have been 
gradually documented in literature, the role of this cellular 
state in mediating systemic effects induced by exposure to 
incense burning are yet to be elucidated.

Implications for Public Health 
Management
The adverse effects of incense burning on human health 
may have some important public health implications. The 
multi-aspect endeavor at various levels is required to be 
implemented for restricting the growing menace derived 
from this common practice.

Guidelines for Safer Incense Use
It is undoubtful that no individual and organization can 
invade the religious and spiritual freedom. A good way 
should be the cooperation between government and stake-
holders, such as religious leaders and media, to dissemi-
nate the knowledge concerning potential effects of incense 
burning to the users, thereby increasing the awareness 
about this risk. Another option is that incense can be 
taxed by government to reduce the amount of incense 
use. In that case, however, the incense market can be 
flooded by contraband products made of cheap and 
unfriendly materials. Rather, the situation can be improved 
by establishing the guidelines for safer practice of incense 
burning. For instance, it was reported that the emission 
and health risk may differ among housing conditions, 
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particularly ventilation.17,133,134 Thus, in cases where 
incense burning is unavoidable, every attempt must be 
made to improve the indoor air quality, such as reducing 
the amount of incense burned, enlarging the space, facil-
itating the ventilation, and selecting health-friendly 
incense products.

Alternatives for Conventional Incense
Since it is relatively impractical to discourage the incense 
use, the development of alternatives with less health risk is 
a potential approach. Under the same burning conditions, 
there was a positive correlation between the total metallic 
content with the burning rate, whereas it was a negative 
correlation between the total metallic content and the 
particulate matter emission.135 These results suggest that 
higher metallic content in the incense would effectively 
foster the combustion and reduce the harmful particulate 
emission. Indeed, it was calculated that when the total 
metallic content increased from 0.5% to 2%, the particu-
late emission would be reduced by up to 40%.135 

Therefore, incense manufacturers can optimize the raw 
materials in quantity and quality, such as total metal, to 
fabricate safer products. In addition to traditional incense 
burning, alternative electronic solutions can be introduced 
and adopted as an action for risk reduction. There are 
currently three main categories of electronic incense pro-
ducts, including 1) visual appearance simulation of tradi-
tional incense but no fire, smoke, and aroma; 2) visual and 
aromatic simulation but no smoke; and 3) health-friendly 
simulation of visual appearance and burning-like smoke 
and aroma emission.1 Through the application of electro-
nic simulation of incense burning, users may still experi-
ence similar religious practice, setting up a bridge between 
spiritual life and physical health. However, religiosity can 
be the primary reason that incense users feel reluctant to 
use these alternative products.1 Interestingly, in the current 
4.0 era, virtual incense practice through mobile apps might 
be expected to be applicable as a promising alternative. 
Clearly, the exploration of effective alternative solutions to 
promote health-friendly incense practice is a long and 
challenging journey.

Antioxidant-Based Strategies
Since oxidative stress is postulated as a major mechanism by 
which incense smoke elicits adverse effects on biological 
systems, antioxidants can be used as an adjuvant to reduce 
this risk. The clinical implications of oxidative stress and 
antioxidant-based strategies in many types of diseases have 

been documented.136–138 While the efficacy of antioxidants 
on the reduction of incense burning-related adverse effects 
still lack empirical findings, the positive role of healthy diet 
on the association between incense use and health risks has 
been suggested. In a cross-sectional investigation from 
Hong Kong, it was found that incense burning had no sig-
nificant effect on lung cancer risk among non-smokers and 
even remarkably reduced risk among smokers after confoun-
der adjustment. This unexpected finding was attributed to the 
information that incense use was associated with dietary 
habits with more fresh fish, more retinol, and less alcohol.59 

Similarly, an earlier epidemiological study among Chinese 
female in Hong Kong attained the same observation, which 
was also explained by the relative better diets with higher 
intake of fresh fruits, vegetables, and fish.139 These prelimin-
ary data should have given idea to perform further investiga-
tions to explore the effectiveness of antioxidants on the 
impediment of health risks associated to incense burning, 
thereby providing a feasible and effective approach.

Conclusion
As a part of human culture and religion, incense is burned 
in many parts all over the world, especially in Asia. 
However, the use of incense was noticed as a potential 
risk to human well-being since the 1990s because of 
a research that indicated the higher genotoxicity of some 
incense smoke condensates in relation to that of tobacco 
smoke in mammalian cells.81 Moreover, earlier experiment 
found that burning per gram of incense led to a twice the 
emission rate of particulate matter as compared to 
cigarettes,140 while aerosols originated from incense burn-
ing were similar to those condensed from environmental 
tobacco smoke.141 Considering the popularity of incense 
practice worldwide, these preliminary data may have raised 
a concern about the threat of incense burning to human 
health in addition to tobacco smoking and air pollution. 
Now many evidences suggest that incense burning might 
affect all stages of lives, from pre-conception to old age, 
with multiple health effects. Much work has been done in 
order to explore the toxicities status of burning incense in 
association with human health. Although underlying 
mechanisms remain still in the primary stages of study, 
oxidative stress and associated inflammatory responses 
seem to be the plausible pathophysiological pathways 
underlying the adverse effects of incense smoke. Notably, 
tobacco smoking has been also well recognized an oxida-
tive stressor that induces the accumulation of reactive oxy-
gen species, which in turn leads to damages to the body.142 
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Since both incense smoke and tobacco smoke may affect 
the biological systems through the same pathway, it would 
not be surprising that the effects of incense smoke in ever or 
current smokers are different from those in never smokers, 
but in varying ways. For instance, more pronounced asso-
ciation between incense use and lung cancer in male smo-
kers was documented in the literature.14 In contrast, lesser 
effects of incense burning on kidney function was observed 
in smokers who were already exposed to the strong and 
harmful substances from cigarette smoking as compared to 
non-smokers.19 In addition to incense smoke, incense stick 
ash is also of health concern as a product of burning process 
that needs more understanding. Summing up all the poten-
tial effects of incense use on human health and environ-
mental ambience, further investigations in the future are 
desirable to be implemented. The more evaluation of 
incense products, the better measures to reduce their con-
sequences. Clearly, this is an issue in which multi- 
disciplinary effort is demanded.
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