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Abstract
Background: Epidemiological studies show that cigarette smoking increase the risk of nasopharyngeal carcinoma
(NPC), however, whether other common, potentially adverse household inhalants increase NPC risk remains uncertain.
Methods: We conducted a large case-control study to explore the effects of household inhalants, such as incense,
mosquito coil, cooking fumes, and wood combustion, on NPC risk. We recruited 1,845 cases and 2,275 controls from
Guangdong province, a high-risk area for NPC in China, to obtain the demographic data and relevant exposure
information through face-to-face interviews.
Results: We found that incense burning was associated with NPC risk by comparing frequent incense use with
never using incense [OR and 95 % confidence interval (CI) = 1.73, (1.43, 2.09)]. Wood fuel use was also associated
with NPC risk compared with non-wood fire use [OR and 95 % CI = 1.95, (1.65, 2.31)]. More intriguingly, we observed
a significant addictive interaction between frequent incense burning and heavy cigarette smoking on NPC risk
[synergistic index (SI) = 1.67; 95 % CI: 1.01, 2.76]. We also found a significant joint effect between wood fuel use and
NPC family history for NPC risk (SI = 1.77; 95 % CI: 1.06, 2.96). However, neither mosquito oil nor cooking fumes were
associated with NPC risk.
Conclusions: Our study shows that incense smoke is not only the potential independent risk factor but also
co-contributes with cigarette smoking to NPC risk. Moreover, wood combustion is another potential environmental risk
factor and exerts a joint effect with NPC family history on NPC.
Keywords: Incense burning, Mosquito coil, Cooking fumes, Wood fuel using, NPC risk

Background
According to the latest WHO report, there were 4.3
million deaths in 2012 due to household air pollution
globally, which reflects a large increase over the estimated 2 million deaths in 2004 (http://www.who.int/
phe/health_topics/outdoorair/databases/FINAL_HAP_
AAP_BoD_24March2014.pdf?ua=1). This is especially
an issue for Southeast Asia, where environmental issues
have become increasingly prominent and which bears
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the greatest share of the burden worldwide at 1.69
million deaths. Short-term effects of indoor air pollution
can cause acute mucosal irritation of the eyes, nose and
throat. For long-term exposure, indoor air pollution can
lead to pneumonia, stroke, ischemic heart disease, chronic
obstructive pulmonary disease (COPD), lung cancer and
other issues. Most people spend more than half of their
lives in the house, so it is extremely urgent to pay ample
attention to the health effects of household air pollution.
Nasopharyngeal carcinoma (NPC) shows a distinctive
geographic distribution, with an incidence of 20–50 per
100,000 in southern China and southeast Asia compared to most of the world, where it is a rare occurrence [1–3]. Its apparent racial clustering and regional
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differences indicate that genetic traits play a large role in
the pathogenesis of NPC. Furthermore, we have seen a
decreasing incidence of NPC in some high risk areas in
recent decades, likely due to changes in traditional lifestyles and enhanced health consciousness, such as lower
consumption of preserved food and salted fish, a decline
in cigarette smoking, the increasing westernization of
dietary habits, and early screening for EBV antibodies,
which suggest that external environmental factors are
significant as well in the occurrence of NPC and are
increasingly capturing people’s attention [4–7].
For centuries, Buddhism and Taoism have been the
principal religions in Southeast Asia, with approximately
half of the populations paying homage to deities for
good fortune through the traditional practice of incense
burning. Burning incense releases enormous quantities
of fine particulate matters and high concentrations of
harmful gases and volatile organic compounds. Previous
studies have indicated that incense compounds include
several mutagenic and genotoxic materials, such as formaldehyde and carbonyls, which greatly influence the
environment and would be inhaled by those in the vicinity [8, 9]. Researchers have conducted studies to assess
the association between incense burning and NPC risk
in Hong Kong and Singapore with inconsistent results.
Several case-referent studies performed in Hong Kong
found a positive effect of incense burning on NPC risk
[10–12], while the only population-based cohort study
to date, conducted by Friborg et al. found a null association between incense burning and NPC risk among
Singapore Chinese [13].
It is estimated that nearly 40–50 billion mosquito coils
are consumed worldwide each year by almost 2 billion
people to repel mosquitos, which are a nuisance and carry
diseases [14]. According to a large-scale survey conducted
in Shanghai, China, more than half of individuals use
mosquito-repellent at home [15]. Mosquito coils, which
mainly consist of the active ingredient pyrethrum combined with biomass base materials, emit insecticides fumes
to prevent mosquitos from biting through slow and steady
combustion. Reports have indicated that burning mosquito coils can release large amounts of fine particles,
polycyclic aromatic hydrocarbons (PAHs), volatile organic
compounds (VOCs), and carbonyl compounds and can
have immediate and long-term health effects [16, 17].
Burning mosquito coils has been demonstrated to have
a strong positive association with respiratory diseases,
such as chronic obstructive pulmonary disease and lung
cancer [18–20].
Cooking oil fumes are another common, everyday household inhalant that includes more than two types of carcinogens [21]. Furthermore, studies have demonstrated that
cooking fumes can induce a type of apoptosis of protein
inhibitors that participate in lung cancer cell survival and
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proliferate to increase the risk of lung cancer [22–26].
Additionally, cooking at high temperatures, poor ventilation and using certain fuel types will increase lung cancer
risk [22, 27, 28]. In addition, the use of wood fuel for
cooking and heating, which may release quantities of fine
particulates and harmful fumes, is considered to be a
potential adverse inhalant. It is estimated that almost 2
million people die globally every year from using solid
fuel, and several studies have been conducted to assess the
association between wood fuel use and NPC risk among
Guangxi Chinese [29] and Singapore Chinese [30]. However, these studies have been limited by small sample size
and inconsistent results.
Hazardous indoor inhalants, such as incense burning,
mosquito coils, cooking fumes and wood combustion,
which contain numerous potentially harmful substances,
are inhaled into the body and can lead to acute or chronic
health issues. As the nasopharynx is the first place where
these unhealthy inhalants enter the body, it is important
to determine whether these indoor inhalants will result in
long-term harm to the nasopharynx, including causing
tumors.
Given the inadequate epidemiological evidence for the
association between potentially harmful household inhalants such as incense burning, mosquito coils, cooking
fume and wood fuel exposures and NPC in high-risk areas
of southern China, we performed a case-control study to
investigate the association between these household air
pollutants and NPC risk.

Methods
The case-control study described in this paper has been
previously reported in detail [31–34]. In summary, pathologically diagnosed NPC cases were recruited from the
Sun Yat-Sen University Cancer Center, the largest cancer
prevention and treatment center in southern China,
between October 1, 2005 and October 1, 2007. Meanwhile, healthy controls from all 21 municipalities in
the Guangdong province were enrolled from the general
hospital’s physical examination center and frequencymatched by sex and age (±5 years). All of those recruited
were local residents who had lived there for at least 5 years
and were able to complete the interview. An informed
consent was obtained from every subject before the interview, and our study was approved by the human ethics
committee of the Sun Yat-Sen University Cancer Center.
In total, 1948 electable NPC cases were identified and
1845 (94.7 %) completed the interview. Of the 2381
healthy candidates, 2275 (95.5 %) eligible controls finished
the questionnaire and were enrolled in our study as well.
The main reason for the drop-out of 103 cases and 106
controls was refusal to complete the questionnaire.
Well-trained investigators administered to every subject through face-to-face interviews by well-designed,
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structured questionnaires which have been previously
reported. The collected information for social demographic characteristics includes items such as age, sex,
education level and so on.
We defined those who smoked at least one cigarette
every 3 days for at least 6 months as smokers, including
current smokers and ex-smokers; those who smoked
more than 20 pack-years were defined as heavy smokers.
For incense burning, participants were asked to choose
from four categories of burning incense frequency: never
burn incense, burn incense during festivals, burn incense
on the first and fifteenth of the lunar calendar per month,
and burn incense daily. We pooled the singular categories
together to form successive frequencies to improve the
statistical power of the corresponding stratums. We defined those who burn incense during festivals as occasional incense and defined those who burn incense on the
first and fifteenth of the lunar calendar and daily incense
as frequent incense. For cooking status, we had four categories: never cook at home, cook monthly, cook weekly
and cook daily or more. We defined those who cook
monthly and weekly as occasional cook, and cook daily or
more as frequent cook. For wood fuel use for cooking,
subjects chose between the two options of “yes” and “no”.
Finally, for use of mosquito coils, we defined those who
burn mosquito coils at least three times per week in the
summer as “frequently using”, users who burn mosquito
coils less than three times per week in the summer as
“occasionally using”, and those who never burn mosquito
coils as “never using”. In addition, other potential risk
factors were also included and have been reported previously, such as the traditional Cantonese diet of salted fish,
preserved vegetables, herbal tea, slow-cooked soup [35],
alcohol and tea [34], as well as a family history of NPC in
first-degree relatives [31].
T tests and Chi-square tests were used to characterize
the case-control frequency distributions of the demographic information and potential risk factors for NPC.
Multivariable unconditional logistic regression was used
to evaluate the odds ratios (ORs) and corresponding
confidence intervals (95 % CIs) after adjusting for the
potential confounding factors of age (years, continuous
variable), sex (male, female), education (high school or
less, college or more), housing type (block, bungalow),
cigarette smoking pack-years (never smoker, less than 20
pack-years, more than 20 pack-years), salted fish (less
than monthly, monthly, weekly or more), preserved
vegetables (less than monthly, monthly, weekly or more),
tea (less than monthly, monthly, weekly or more), herbal
tea (less than monthly, monthly, weekly or more), slowcooked soup (less than monthly, monthly, weekly or more)
and family history of NPC (no, yes). Linear-trend tests
were used to evaluate the associations between continuous variables and NPC risk. Rothman’s additive
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interaction effect of tobacco smoking and incense burning
was analyzed with the following equation: S = (OR11 − 1) /
(OR10 + OR01 − 2). All of the statistical analyses were carried out using STATA 10.0 (Stata Corp, College Station,
TX), and P-values less than 0.05 with two-sided tests were
regarded as statistically significant.

Results
Social-demographic characteristics of the study population
and potential risk factors of NPC are described in Table 1.
There was no significant difference in age (cases: 46.11 ±
10.99 vs. controls: 46.42 ± 11.74, P = 0.387) and sex distribution (P = 0.096) between the 1845 cases and 2275 controls. Significant differences between cases and controls
were observed for cigarette smoking, with cases being
more likely to be heavy smokers of more than 20 packyears (31.25 % vs. 21.51 %). Compared with controls, cases
tend to have less consumption of tea, herbal tea and slowcooked soup (less than monthly frequency for tea: 35.96 %
vs. 21.80 %; for herbal tea: 25.85 % vs. 18.96 %; for slowcooked soup: 14.43 % vs. 3.55 %). They also may have
more salted fish and preserved vegetables (weekly or more
frequency for salted fish: 8.72 % vs. 5.44 %; for preserved
vegetables: 13.10 % vs. 6.60 %). In addition, cases had
a higher rate of family history of NPC than controls
(16.51 % vs. 5.29 %).
As presented in Table 2, there is a positive association
between incense burning and NPC risk. Compared with
those who never use incense, an elevated risk was found
in those who burn incense frequently, with the OR of
1.73 (95 % CI = 1.43, 2.09) after adjusting for the potential confounding factors described in the Methods
section. Furthermore, there is a linear trend (Ptrend <0.001)
between incense frequency and NPC risk among occasional users and frequent users. In addition, wood fuel use
was associated with NPC risk with an OR of 1.95 (95 %
CI = 1.65, 2.31) compared with non-wood fuel users.
However, there was no significant association between
fumes of mosquito coil burning or cooking fumes and
NPC risk (detailed information in Table 2).
Interestingly, we found a statistically significant additive interaction effect between heavy smokers of more
than 20 pack-years and frequent incense burning for
NPC risk (SI = 1.67; 95 % CI: 1.01, 2.76). Given that the
association between tobacco smoking and NPC risk was
discussed in our pioneering study [33], we did not concentrate on the role of cigarette smoking in NPC risk in
this paper. As seen in Table 3, comparing those who
were non-smokers and burned incense frequently with
non-smokers who did not burn incense, the OR and
95 % CI was 1.83 (1.41, 2.38). The OR for those who
smoke heavily and never burn incense compared with
the same reference group was 1.76 (1.16, 2.68). Furthermore, there was a considerably higher risk among those
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Table 1 Characteristics of social-demographics and major risk
factors of NPC cases and controls (%)

Table 2 Association between household inhalants and
nasopharyngeal carcinoma risk

Variables

Cases (n = 1845) Controls (n = 2275) P*

Exposure factors

Age, years

46.11 ± 10.99

Incense use frequency

46.42 ± 11.74

0.387

Sex

Never

Female

496 (26.88)

665 (29.23)

Male

1373 (73.12)

1610 (70.77)

0.096

High school or lower 1558 (84.77)

1554 (68.52)

OR (95 % CI)a

P

287

572

1.00 (reference)

-

Occasionally

405

647

1.03 (0.83, 1.27)

0.812

Frequently

1130

1035

1.73 (1.43, 2.09)

< 0.001

College or above

714 (31.48)

280 (15.23)

Block

671 (37.68)

1070 (47.79)

Bungalow

1110 (62.32)

1169 (52.21)

<0.001

< 0.001

839 (45.75)

1190 (52.56)

<20

406 (22.42)

406 (25.93)

≥20

566 (31.25)

487 (21.52)

< 0.001

495 (21.80)

Monthly

312 (17.18)

634 (27.92)

Weekly or more

851 (46.86)

1142 (50.29)

474 (25.85)

427 (18.96)

725 (39.53)

984 (43.69)

Weekly or more

635 (34.62)

841 (37.34)

Less than monthly

264 (14.43)

80 (3.55)

Monthly

207 (11.32)

232 (10.30)

Weekly or more

1358 (74.25)

1940 (86.15)

1472 (80.22)

2014 (89.15)

841

1.00 (reference)

-

671

816

1.03 (0.88, 1.22)

0.682

Frequently

497

574

0.97 (0.81, 1.17)

0.764

Never

862

1041

1.00 (reference)

-

Less than daily

266

365

0.95 (0.77, 1.17)

0.643

Daily

712

858

1.04 (0.87, 1.23)

0.681

No

585

1135

1.00 (reference)

-

Yes

1260

1140

1.95 (1.65, 2.31)

< 0.001

a

< 0.001

Herbal tea

Monthly

633

Occasionally

Wood stove use

Tea
653 (35.96)

Never

Cooking frequency

Cigarette smoking,
pack-years
Never-smoker

< 0.001

Mosquito coil use frequency

Living type

Less than monthly

Control

Ptrend b

Education

Less than monthly

Case

< 0.001

ORs (odds ratios) were adjusted for age (years, continuous variable), sex
(male, female), education (high school or less, college or more), housing type
(block, bungalow), cigarette smoking pack-years (never smoker, less than 20
pack-years, more than 20 pack-years), salted fish (less than monthly, monthly,
weekly or more), preserved vegetables (less than monthly, monthly, weekly or
more), tea (less than monthly, monthly, weekly or more), herbal tea (less than
monthly, monthly, weekly or more), slow-cooked soup (less than monthly,
monthly, weekly or more), family history of NPC (no, yes)
b
Linear trends tests were performed by treating ordered categorical variables
as continuous variables

Slow-cooked soup

< 0.001

Salted fish
Less than monthly
Monthly

203 (11.06)

122 (5.40)

Weekly or more

160 (8.72)

123 (5.44)

1318 (71.67)

1961 (86.81)

< 0.001

Preserved vegetables
Less than monthly
Monthly

280 (15.23)

149 (6.60)

Weekly or more

241 (13.10)

149 (6.60)

No

1537 (83.49)

2075 (94.71)

Yes

304 (16.51)

116 (5.29)

< 0.001

Family history of NPC

< 0.001

*T-tests and Chi-Square tests were used to describe certain characteristics
between cases and controls

who smoke more than 20 pack-years and use incense
frequently, with an elevated OR and 95 % CI of 3.66
(2.65, 5.06). However, no significant addictive interaction

effect was observed between wood fuel use and heavy
smoking.
Similarly, we found a statistically significant additive
interaction effect between wood fuel use and NPC family
history on NPC risk (SI = 1.77; 95 % CI: 1.06, 2.96). As
shown in Table 4, those who were wood fire users and
had no NPC family history had a higher risk than nonwood fire users without a family history of NPC, ORs
and 95 % CI of 1.94 (1.63 to 2.32). The OR for those
who were non-wood fuel users and had no NPC family
history compared with the same reference group was
3.67 (2.51 to 5.36). Furthermore, there was an obvious
increased risk among those who were wood fuel users
and had a family history of NPC with an elevated OR
and 95 % CI of 7.39 (5.26, 10.37). However, no additive
interaction effect was observed between incense use and
NPC family history.

Discussion
This is the first comprehensive and large-sample casecontrol study to unmask the association between household inhalants and NPC risk in southern China—one of
the highest NPC risk areas in the world. We observed
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Table 3 Joint effects of inhalants and high exposure of cigarette smoking on nasopharyngeal carcinoma
Exposure
factors

Ever smokers ≥20 pack years

Never smokers
Case

Control

OR (95 % CI)a

Never

142

331

1.00 (reference)

72

101

1.76 (1.16, 2.68)

Frequent

489

506

1.83 (1.41, 2.38)

390

247

3.66 (2.65, 5.06)

Case

Control

OR (95 % CI)a

Incense use

Synergistic indexb

SI = 1.67 (1.01, 2.76)

Wood stove use
No

265

629

1.00 (reference)

180

198

2.46 (1.80, 3.37)

Yes

574

561

2.30 (1.82, 2.90)

386

289

3.22 (2.39, 4.34)

Synergistic indexb

SI = 0.81 (0.57, 1.13)

a

ORs (odds ratios) were adjusted for age (years, continuous variable), sex (male, female), education (high school or less, college or more), housing type (block,
bungalow), salted fish (less than monthly, monthly, weekly or more), preserved vegetables (less than monthly, monthly, weekly or more), tea (less than monthly,
monthly, weekly or more), herbal tea (less than monthly, monthly, weekly or more), slow-cooked soup (less than monthly, monthly, weekly or more), and family
history of NPC (no, yes)
b
The synergy index for household inhalant exposure and cumulative cigarette smoking pack-years

a significant association between frequent exposure to
incense smoking and NPC risk. Interestingly, we found a
significant additive interaction between exposure to frequent incense burning and cumulative cigarette smoking
on NPC risk. This suggests that incense burning may not
only associated with NPC independently but also increase
the susceptibility of NPC risk jointly with other unfavorable factors, such as cigarette smoking. In addition, using
wood fuel for cooking at home was also associated with
elevated NPC risk and may co-contribute with NPC family history to NPC risk. This shows that wood combustion
may have a combined effect with NPC family history
for certain similar living environments or shared genetic backgrounds. However, no association between mosquito coil use and cooking fumes and NPC risk has been
observed.
In our study, more than half of the subjects reported
burning incense frequently at home (2165/4076 = 53.12 %).
We observed that people who use incense frequently have

about 70 % higher risk of NPC than those who never burn
incense. The mechanism has been studied before. Incense
burning emits several components similar to cigarette
smoke and even exerts a higher genotoxicity on eukaryotic
cells than tobacco smoke [36]. According to experimental
studies, incense smoke released at least 4.5 times more
particulate matter than an equal weight of cigarette smoke
(45 mg/g vs. 10 mg/g) and caused an analogous amount of
indoor pollution to tobacco smoke [37, 38]. The carcinogenic pollutants of benzenes, PAHs and 1,3-butadiene contained in incense may be involved in the development of
cancer by reactivating the products that can cause DNA
double-strand breakage, reduce base repair capacity, induce DNA adduct formation or trigger oxidative damage.
In addition, a linear trend association (Ptrend <0.001) was
observed between incense frequency and NPC risk which
indicated a long-term dose effect on NPC carcinogenesis.
Similar findings were noted in previous studies conducted
in Hong Kong. Sturton et al. reported a higher proportion

Table 4 Joint effects of inhalants and NPC family history on nasopharyngeal carcinoma
Exposure
factors

Without NPC family history

Without NPC family history
a

OR (95 % CI)a

Case

Control

OR (95 % CI)

Never

249

534

1.00 (reference)

38

23

3.44 (1.94, 6.10)

Frequent

932

937

1.72 (1.41, 2.10)

196

58

6.15 (4.32, 8.74)

Case

Control

Incense use

Synergistic indexb

SI = 1.63 (0.80, 3.30)

Wood stove use
No

491

1035

1.00 (reference)

91

57

3.67 (2.51, 5.36)

Yes

1046

1040

1.94 (1.63, 2.32)

213

59

7.39 (5.26, 10.37)

Synergistic indexb
a

SI = 1.77 (1.06, 2.96)

ORs (odds ratios) were adjusted for age (years, continuous variable), sex (male, female), education (high school or less, college or more), housing type (block,
bungalow), cigarette smoking pack-years (never smoker, less than 20 pack-years, more than 20 pack-years), salted fish (less than monthly, monthly, weekly or
more), preserved vegetables (less than monthly, monthly, weekly or more), tea (less than monthly, monthly, weekly or more), herbal tea (less than monthly,
monthly, weekly or more), and slow-cooked soup (less than monthly, monthly, weekly or more)
b
The synergy index for household inhalant exposure and NPC family history
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of incense users among NPC patients compared to other
cancer patients half a century ago [12]. Another study of
150 NPC patients and 150 controls in Hong Kong also revealed a positive association among people practicing Buddhism or paying homage to deities and having worship
altars at home [10]. More recently, a hospital-based study
of 352 cases and 410 controls in Hong Kong Chinese
observed an increased NPC risk in females who burn
incense daily with OR (95 % CI) = 2.49 (1.33, 4.66), but not
in males [11]. However, the harmful effect of incense
burning on NPC was observed among both females
and males in our study and did not discriminate between genders (see Additional file 1: Table S1), which
further strengthens the evidence that incense burning,
like cigarette smoking, was a potential risk factor for
NPC. However, the only existing population-based cohort
study of 61,320 Singapore Chinese conducted between
1993 and 1998 with follow-up through 2005 found a null
association between incense burning and NPC. Given that
the single measurement of incense use was only detected
at baseline between 1993 and 1998 and did not reassess at
the end of follow-up in 2005, this could lead to the
misclassification of subjects during the study.
The association between tobacco smoking and NPC risk
has been confirmed. Our previous also demonstrated that
cigarette smoking extracts can promote the activation of
Epstein-Barr virus, which may be heavily involved in
the occurrence and development of NPC [33]. More
intriguingly, we found a significant additive interaction
between the cigarette smoking and incense smoke for
NPC risk with a synergistic index of 1.67. Similar findings were proposed by Tang et al. who showed a substantial elevated risk among smokers who use incense daily on
lung cancer [39]. Smoking may induce chronic inflammation in the airways, which could cause reactive oxygen
species (ROS) and DNA damage, and contribute to the
interaction between tobacco smoking and incense smoke,
ultimately facilitating the initiation and promotion of
cancer progression [40–42].
There were 2399 subjects (58.28 %) who used wood
fuel as the main fuel type for cooking or heating at home
in our study. A study of 88 cases and 176 controls conducted in Guangxi, China, found that the use of wood
fire was independently associated with NPC risk (OR =
6.4, P = 0.003) [29]. This is consistent with our results.
We also found a significant increased NPC risk for daily
cooking among wood fuel users (see Additional file 2:
Table S2). A study conducted in North Africa found a
null association between wood fire use and NPC risk
during both childhood or adulthood [43]. Given that
hereditary traits may play a role in NPC risk among
different populations, the association between wood fuel
use and NPC risk may depend on a population’s genetic
background. Another Interesting founding was that wood
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fuel use for cooking co-contributed with NPC family
history to increase NPC risk, with a synergistic index of
1.77, which shows that wood combustion may have a
combined effect with NPC family history, this may because that family members live in certain similar living
environments and share genetic backgrounds. Further
studies are needed to confirm this association and to
explore the detailed mechanisms of this combined effect.
However, there were some limitations in our study.
First of all, recall bias and reporting bias were inevitable
in the retrospective study. The association between household inhalants and NPC risk has not been widely known
to the public, and subjects were asked to answer questionnaires about resident health lifestyles and not about cancer
or disease research. Thus, even if these biases exist, null
association would be achieved as both the cases and
controls were influenced to the same degree. Second,
hospital-based controls may cause selection bias. Controls
from our study were healthy individuals from a hospital’s
physical examination center. The prevalence of current
tobacco smoking for males and females in our study was
48.4 and 1.1 %, respectively, which was quite close to
that of adult tobacco use prevalence in the Global
Adult Tobacco Survey (GATS) of China in the latest
WHO survey, which found a prevalence of 52.9 % for
males and 2.4 % for females (http://www.who.int/tobacco/
surveillance/en_tfi_china_gats_factsheet_2010.pdf?ua=1).
Thus, the representativeness of our controls was reliable.
Third, we hardly can obtain some detailed information
that may affect the inhalants for each person, such as
ventilation conditions, burning type, and count or burning duration for every use. Given that there is no standard
methodology to measure burning exposure because of the
uniqueness of each household’s practices, it is difficult to
evaluate the variance across studies.

Conclusions
Our large-scale epidemiological study shows that incense
smoke is not only a potential risk factor for NPC but
also co-contributes with cigarette smoking to increase
the risk of NPC in southern China. In addition, we found
incense burning to be an independent risk factor, even
among non-smokers. Moreover, wood combustion is another important risk factor and has a joint effect with
NPC family history on NPC risk, while we have no evidence for an association between mosquito coils or cooking fumes and NPC risk in southern China. Our results
suggest that eliminating or prohibiting incense burning
and wood fire use at home is of meaningful public
sanitation significance, especially in NPC endemic areas in
China. Large-scale prospective cohort studies are needed
to ascertain the robust causal association between household inhalants and NPC risk in South China.

He et al. BMC Cancer (2015) 15:1022

Additional files
Additional file 1: Table S1. Association between household inhalants
and nasopharyngeal carcinoma risk, by sex. (DOC 43 kb)
Additional file 2: Table S2. Association between cooking fumes and
nasopharyngeal carcinoma risk among wood fire users. (DOC 29 kb)
Abbreviations
95 % CI: 95 % confidence interval; NPC: nasopharyngeal carcinoma;
SI: synergistic index.

Page 7 of 8

9.
10.

11.

12.
13.

Competing interests
The authors declare that they have no competing interests.

14.

Authors’ contributions
WHJ is the guarantor of the study. She designed the study and was the
main author of the manuscript. YQH performed data analysis and drafted
the manuscript. WQX and GPS participated in data analysis and manuscript
revising, LLT verified the data and revised the manuscript. YXZ participated
in the design of the study. All authors read and approved the final
manuscript.

15.

Acknowledgements
This study was supported by grants from the National Natural Science
Funds for Distinguished Young Scholars (No. 81325018) and the Major
International Cooperation Projects of the National Natural Science
Foundation of China (No. 81220108022) and National Basic Research
Program of China (No. 2011CB504303) and the Science and Technology
Planning Project of Guangdong Province, China (2011B031800218) and the
National Natural Science Foundation of China (81201747) and the Natural
Science Foundation of Guangdong Province, China (S2012040006323,
2014A030313023) and the Open Foundation of State Key Laboratory of
Oncology in South China (HN2013-07).

16.

17.

18.

19.

20.

21.
Author details
1
State Key Laboratory of Oncology in South China, Collaborative Innovation
Center for Cancer Medicine, Sun Yat-Sen University Cancer Center, 651
Dongfengdong Road, Guangzhou, Guangdong 510060, China. 2Department
of Radiation Oncology, The First Affiliated Hospital, Sun Yat-sen University,
Guangzhou 510060, China.

22.

23.

Received: 26 September 2015 Accepted: 17 December 2015
24.
References
1. Yu MC, Yuan JM. Epidemiology of nasopharyngeal carcinoma. Semin Cancer
Biol. 2002;12(6):421–9.
2. Jia WH, Huang QH, Liao J, Ye W, Shugart YY, Liu Q, et al. Trends in
incidence and mortality of nasopharyngeal carcinoma over a 20-25 year
period (1978/1983-2002) in Sihui and Cangwu counties in southern China.
BMC Cancer. 2006;6:178.
3. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global cancer
statistics, 2012. CA Cancer J Clin. 2015;65(2):87–108.
4. Lee AWM, Foo W, Mang O, Sze WM, Chappell R, Lau WH, et al. Changing
epidemiology of nasopharyngeal carcinoma in Hong Kong over a 20-year
period (1980-99): An encouraging reduction in both incidence and
mortality. Int J Cancer. 2003;103(5):680–5.
5. Hsu C, Shen YC, Cheng CC, Hong RL, Chang CJ, Cheng AL. Difference in the
incidence trend of nasopharyngeal and oropharyngeal carcinomas in
Taiwan: implication from age-period-cohort analysis. Cancer Epidemiol
Biomark Prev. 2006;15(5):856–61.
6. Luo J, Chia KS, Chia SE, Reilly M, Tan CS, Ye W. Secular trends of
nasopharyngeal carcinoma incidence in Singapore, Hong Kong and Los
Angeles Chinese populations, 1973-1997. Eur J Epidemiol. 2007;22(8):513–21.
7. Tse LA, Yu IT, Mang OW, Wong SL. Incidence rate trends of histological
subtypes of nasopharyngeal carcinoma in Hong Kong. Br J Cancer.
2006;95(9):1269–73.
8. Jetter JJ, Guo ZS, McBrian JA, Flynn MR. Characterization of emissions from
burning incense. Sci Total Environ. 2002;295(1-3):51–67.

25.

26.

27.

28.

29.

30.

31.

Ho SSH, Yu JZ. Concentrations of formaldehyde and other carbonyls in
environments affected by incense burning. J Environ Monit. 2002;4(5):728–33.
Geser A, Charnay N, Day NE, de-The G, Ho HC. Environmental factors in the
etiology of nasopharyngeal carcinoma: report on a case-control study in
Hong Kong. IARC Sci Publ. 1978;20:213–29.
Xie SH, Yu IT, Tse LA, Au JS, Wang F, Lau JS, et al. Domestic incense burning
and nasopharyngeal carcinoma: a case-control study in Hong Kong Chinese.
Environ Mol Mutagen. 2014;55(9):751–6.
Sturton SD, Wen HL, Sturton OG. Etiology of cancer of the nasopharynx.
Cancer. 1966;19(11):1666–9.
Friborg JT, Yuan JM, Wang R, Koh WP, Lee HP, Yu MC. Incense use
and respiratory tract carcinomas: a prospective cohort study. Cancer.
2008;113(7):1676–84.
Zhang L, Jiang Z, Tong J, Wang Z, Han Z, Zhang J. Using charcoal as
base material reduces mosquito coil emissions of toxins. Indoor Air.
2010;20(2):176–84.
Liu W, Huang C, Hu Y, Zou ZJ, Sundell J. Associations between indoor
environmental smoke and respiratory symptoms among preschool children
in Shanghai, China. Chin Sci Bull. 2013;58(34):4211–6.
Liu WL, Zhang JF, Hashim JH, Jalaludin J, Hashim Z, Goldstein BD.
Mosquito coil emissions and health implications. Environ Health
Perspect. 2003;111(12):1454–60.
Idowu ET, Aimufua OJ, Ejovwoke YO, Akinsanya B, Otubanjo OA.
Toxicological effects of prolonged and intense use of mosquito coil
emission in rats and its implications on malaria control. Revista De Biologia
Tropical. 2013;61(3):1463–73.
Chen SC, Wong RH, Shiu LJ, Chiou MC, Lee H. Exposure to mosquito
coil smoke may be a risk factor for lung cancer in Taiwan. J Epidemiol.
2008;18(1):19–25.
Panjwani AK, Ghazal S, Mahat R, Malik M, Rizvi N. Assessment of risk
factors against severity of COPD in non-smokers. JNMA J Nepal Med
Assoc. 2013;52(191):479–82.
Zhang J, Qi HW, Sun YP, Xie HK, Zhou CC. Mosquito coil exposure
associated with small cell lung cancer: A report of three cases. Oncology
letters. 2015;9(4):1667–71.
Chiang TA, Wu PF, Ko YC. Identification of carcinogens in cooking oil fumes.
Environ Res. 1999;81(1):18–22.
Ko YC, Cheng LSC, Lee CH, Huang JJ, Huang MS, Kao EL, et al. Chinese
food cooking and lung cancer in women nonsmokers. Am J Epidemiol.
2000;151(2):140–7.
Lin CM, Kao WC, Yeh CA, Chen HJ, Lin SZ, Hsieh HH, Sun WS, Chang CH,
Hung HS: Hyaluronic acid-fabricated nanogold delivery of the inhibitor of
apoptosis protein-2 siRNAs inhibits benzo[a]pyrene-induced oncogenic
properties of lung cancer A549 cells. Nanotechnology 2015;26(10):105101.
Hung HS, Wu WJ, Cheng YW, Wu MF, Chang KL, Lee H. Cooking oil fumes
improve lung adenocarcinoma cell survival through c-IAP2 induction.
Journal of Toxicology and Environmental Health-Part a-Current Issues.
2005;68(17-18):1525–35.
Yu ITS, Chiu YL, Au JSK, Wong TW, Tang JL. Dose-response relationship
between cooking fumes exposures and lung cancer among Chinese
nonsmoking women. Cancer Res. 2006;66(9):4961–7.
Hung HS, Wu WJ, Cheng YW, Wu TC, Chang KL, Lee H. Association of
cooking oil fumes exposure with lung cancer: involvement of inhibitor
of apoptosis proteins in cell survival and proliferation in vitro. Mutat Res.
2007;628(2):107–16.
Lan Q, Chapman RS, Schreinemachers DM, Tian LW, He XZ. Household
stove improvement and risk of lung cancer in Xuanwei, China. J Natl Cancer
Inst. 2002;94(11):826–35.
Kim C, Gao YT, Xiang YB, Barone-Adesi F, Zhang Y, Hosgood HD, et al.
Home kitchen ventilation, cooking fuels, and lung cancer risk in a
prospective cohort of never smoking women in Shanghai, China. Int J
Cancer. 2015;136(3):632–8.
Zheng YM, Tuppin P, Hubert A, Jeannel D, Pan YJ, Zeng Y, et al. Environmental
and dietary risk factors for nasopharyngeal carcinoma: a case-control study in
Zangwu County, Guangxi, China. Br J Cancer. 1994;69(3):508–14.
Shanmugaratnam K, Tye CY, Goh EH, Chia KB. Etiological factors in
nasopharyngeal carcinoma: a hospital-based, retrospective, case-control,
questionnaire study. IARC Sci Publ. 1978;20:199–212.
Ren ZF, Liu WS, Qin HD, Xu YF, Yu DD, Feng QS, et al. Effect of family
history of cancers and environmental factors on risk of nasopharyngeal
carcinoma in Guangdong, China. Cancer Epidemiol. 2010;34(4):419–24.

He et al. BMC Cancer (2015) 15:1022

Page 8 of 8

32. Jia WH, Luo XY, Feng BJ, Ruan HL, Bei JX, Liu WS, et al. Traditional
Cantonese diet and nasopharyngeal carcinoma risk: a large-scale
case-control study in Guangdong. China BMC cancer. 2010;10:446.
33. Xu FH, Xiong D, Xu YF, Cao SM, Xue WQ, Qin HD, et al. An epidemiological
and molecular study of the relationship between smoking, risk of
nasopharyngeal carcinoma, and Epstein-Barr virus activation. J Natl Cancer
Inst. 2012;104(18):1396–410.
34. Ruan H-L, Xu F-H, Liu W-S, Feng Q-S, Chen L-Z, Zeng Y-X, et al. Alcohol and
tea consumption in relation to the risk of nasopharyngeal carcinoma in
Guangdong, China. Front Med China. 2010;4(4):448–56.
35. Jia W-H, Luo X-Y, Feng B-J, Ruan H-L, Bei J-X, Liu W-S, et al. Traditional
Cantonese diet and nasopharyngeal carcinoma risk: a large-scale
case-control study in Guangdong, China. BMC Cancer. 2010;10:446.
36. Chen CC, Lee H. Genotoxicity and DNA adduct formation of incense smoke
condensates: comparison with environmental tobacco smoke condensates.
Mutat Res. 1996;367(3):105–14.
37. Mannix RC, Nguyen KP, Tan EW, Ho EE, Phalen RF. Physical characterization
of incense aerosols. Sci Total Environ. 1996;193(2):149–58.
38. Lofroth G, Stensman C, Brandhorst-Satzkorn M. Indoor sources of mutagenic
aerosol particulate matter: smoking, cooking and incense burning. Mutat
Res. 1991;261(1):21–8.
39. Tang L, Lim WY, Eng P, Leong SS, Lim TK, Ng AW, et al. Lung cancer in
Chinese women: evidence for an interaction between tobacco smoking and
exposure to inhalants in the indoor environment. Environ Health Perspect.
2010;118(9):1257–60.
40. Hecht SS. Progress and challenges in selected areas of tobacco
carcinogenesis. Chem Res Toxicol. 2008;21(1):160–71.
41. Ohshima H, Bartsch H. Chronic infections and inflammatory processes as
cancer risk factors: possible role of nitric oxide in carcinogenesis. Mutat Res.
1994;305(2):253–64.
42. Szeto YT, Leong KSW, Lam KK, Hong CMM, Lee DKM, Chan YTF, et al. Effects
of Incense Smoke on Human Lymphocyte DNA. Journal of Toxicology and
Environmental Health-Part a-Current Issues. 2009;72(6):369–73.
43. Feng BJ, Khyatti M, Ben-Ayoub W, Dahmoul S, Ayad M, Maachi F, et al.
Cannabis, tobacco and domestic fumes intake are associated with
nasopharyngeal carcinoma in North Africa. Br J Cancer. 2009;101(7):1207–12.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

