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Background: Despite deep cultural traditions, incense burning significantly impacts respiratory health. Effects of Arabian bakhour
remain unknown in Saudi Arabia’s Jazan region with prevalent use. This cross-sectional study addresses this gap by investigating
bakhour exposure and respiratory diseases.

Methods: This was descriptive cross-sectional study conducted in Jazan area, Saudi Arabia, from October 2023 to March 2024.
A total of 1612 participants age more than 18 years, both gender and resident of Jazan Area were included. Those aged less than 18
years were excluded. SPSS v 26 was used for data analysis.

Results: The sample (n=1612) had a mean age of 29+11 years and was 63% female. Bakhour use was nearly universal (98%),
especially using coal (73%). Higher bakhour frequency significantly associated with increased cough (p<0.01) and dyspnea (p<0.01).
Certain bakhour types linked to greater allergic rhinitis prevalence (p<0.01). Regression analysis revealed cough during bakhour use
worsened respiratory health (increased respiratory score) by 3.89 times (95% CI 1.13-6.64; p=0.006) while dyspnea increased the
score by 7.48 times (95% CI 4.70-10.25; p<0.001).

Conclusion: This study provides valuable insights into the association between Bakhour use and respiratory health in the Jazan
region. The findings emphasize the need for further research and public health interventions to mitigate potential respiratory risks
associated with Bakhour use.
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Introduction

Household air pollution (HAP) stemming from biomass fuel combustion poses a major global health concern, contribut-
ing to 4.3 million premature deaths annually." Microscopic particulate matter and gases emitted from these solid fuels can
profoundly impact respiratory health by inflaming airways and penetrating deep into the lungs.> The World Health
Organization recognizes HAP as a leading worldwide risk factor, responsible for 3.2 million deaths annually.'

Incense burning represents another major source of indoor air pollution with deep cultural and religious traditions,
especially across Asia.>* Despite cultural significance, incense smoke contains high levels of fine particulate matter,
carbon monoxide, nitrogen oxides, sulfur dioxide, volatile organic compounds, polycyclic aromatic hydrocarbons, and
metals that damage the respiratory tract and can exacerbate respiratory problems such as asthma, chronic obstructive
pulmonary disease, and other breathing difficulties.’>” Daily exposure to incense smoke in homes and temples is

associated with poorer indoor air quality and inflammatory responses.**
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Furthermore, research has shown that bakhour exposure can cause significant damage to lung cells, highlighting the
need to investigate its impact on asthma prevalence and symptoms children.**'° Cross-sectional studies in Oman found
exposure to bakhour smoke increased wheezing among asthmatic children.'® Additional research in Saudi Arabia showed
bakhour smoke elicited acute throat and voice symptoms in adults along with associations between daily bakhour use and
chronic obstructive pulmonary disease (COPD) risk in non-smoking women.*'"!?

While evidence suggests incense burning adversely affects respiratory health, limited research exists on the relation-
ship between bakhour smoke exposure and respiratory diseases in regions with prevalent cultural use. This cross-
sectional study addresses this gap by examining associations between bakhour use characteristics and respiratory
outcomes among adults in Saudi Arabia’s Jazan region where heavy bakhour use is common but respiratory effects
are understudied. We provide a comprehensive investigation of bakhour-related factors alongside measured respiratory
health indicators. Findings will inform public health approaches regarding this widespread cultural practice affecting
respiratory wellbeing.

Materials and Methods
Study Design and Participants

This cross-sectional questionnaire-based study was conducted in the Jazan region of Saudi Arabia from October 2023 to
March 2024. Adults aged 18 years and above residing in the Jazan region were eligible to participate. Individuals
younger than 18 years were excluded. The target sample size was initially calculated as 384 using Raosoft’s sample size
calculator, based on a 95% confidence level and 5% margin of error. Accounting for an estimated 25% non-response rate,
the total required sample was adjusted to 480. To further minimize sampling bias and improve representation, the sample
was expanded to 1612 participants from diverse cities and regions across Saudi Arabia. Multistage random sampling was
utilized to recruit participants from varied geographic areas. The final sample size of 1612 was confirmed using the
following formula:

_Z’p(1-p)
n= 2
where Z represents the Z statistic for the desired confidence level (1.96 for 95% confidence), p is the expected prevalence

or response distribution (0.5 used for the most conservative estimate), and E is the margin of error.

Data Collection Tools

A structured questionnaire was developed specifically for this study to collect data on demographics, incense use, and
respiratory health symptoms. The questionnaire content and structure were informed by a review of similar previous
surveys on respiratory health and incense exposure. The questionnaire contained three sections - demographics, incense
use, and respiratory symptoms. The demographics section collected information on age, gender, marital status, education,
occupation, income, and smoking status. The incense use section asked about frequency and duration of use, type of
incense, and location of use. The respiratory symptoms section included questions on chronic cough, phlegm, wheezing,
breathlessness, chest tightness, nasal congestion, sneezing, and diagnosed respiratory conditions. The questionnaire was
piloted among 25 participants from the target population to evaluate clarity, validity, flow, and completion time. Minor
modifications were made based on pilot feedback before finalization. The final questionnaire consisted of 32 items and
took approximately 10—15 minutes to complete. Data collection was conducted using an online survey platform. The
questionnaire was self-administered by participants after providing online informed consent. Participation was voluntary
and confidentiality was maintained by collecting no personal identifiers. Email invites with the survey link were
distributed via social media platforms like WhatsApp, Telegram, and Twitter to recruit participants from the Jazan region.

Data Analysis

The completed questionnaires were exported from the online survey platform into Excel. The data was checked for
errors, inconsistent values, and missing responses. Descriptive analysis was conducted to summarize sample character-
istics and prevalence of respiratory symptoms. Respiratory health symptoms were assigned a score from 0-3 based on
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frequency (0 - never, 1 - sometimes, 2 - weekly, 3 - daily) and summed to derive a total respiratory health score (range 0—
24). Participants scoring above 15 were categorized as having “poor” respiratory health while those scoring 15 or below
were grouped as “good” respiratory health. Chi-squared test was used to assess associations between categorical
sociodemographic factors, Bakhour use variables and respiratory outcomes. Independent #-test was applied for compar-
isons of respiratory health score between groups. ANOVA was used to analyze differences in respiratory score by
Bakhour frequency and type. Multiple linear regression was conducted with respiratory health score as the outcome and
sociodemographic and Bakhour factors as predictors. A p-value <0.05 was considered statistically significant for all tests.
Analysis was performed using R statistical software.

Ethical Approval

This study received ethical approval from the Standing Committee for Scientific Research at Jazan University (reference
number REC-45/05/870, dated 4/12/2023). Electronic informed consent was obtained from all participants prior to
beginning the online survey. Confidentiality and privacy of data were maintained by collecting no personal identifiers.
All data was reported in aggregate form. Data access was limited to the research team. Participants could voluntarily
withdraw from the study at any time. Additional ethical considerations included transparency in communicating study
purposes, questionnaire pre-testing, voluntary participation with informed consent, avoiding questions that could produce
emotional distress, and secure data storage. This study was conducted in accordance with the Declaration of Helsinki
guidelines for human subjects research.

Results

Sociodemographic Characteristics of the Sample

Table 1 outlines the sociodemographic characteristics of the study sample, comprised of 1612 participants. The mean age
of the participants is 29 years, with a standard deviation of 11 years. Family size, represented by the mean number of
children per household, is reported as 6.1 with a standard deviation of 2.8. Gender distribution reveals that 37% of the
participants are male, while 63% are female. The vast majority of the sample is Saudi (96%), with a small non-Saudi
representation (4%). The city of Jazan constitutes 77% of the participants, while the remaining 23% reside in other cities.
In terms of residence, 43% of the participants live in rural areas, and 57% in urban settings. Social status varies, with
57% being single, 39% married, and 3% divorced or widowed. The income distribution indicates that 57% of the
participants earn “Less than 50007, 18% earn “5000-9999”, 14% earn “10,000-14,999”, and 11% earn “>15,000".

Habitual and Health-Related Characteristics

Table 2 comprehensively outlines the habitual and health-related characteristics of the study cohort, consisting of 1612
participants. The mean weight is reported as 64 kg, with a standard deviation of 17 kg, while the mean height is 162 cm,
with a standard deviation of 9.6 cm. The Body Mass Index (BMI) is presented with a mean of 24 kg/m? and a standard
deviation of 5.6. Regarding smoking habits, 18% of participants report being smokers, with the majority (82%) being
non-smokers. Among smokers (n=294), the distribution of smoking types reveals 44% using cigarettes, 36% using
shisha, and 20% using vape. Health-related characteristics indicate that 5% of participants have hypertension (HTN),
while the majority (95%) do not. The prevalence of diabetes mellitus (DM) is 4%, with 96% not reporting the condition.
Sickle cell anemia (SCA) is noted in 3% of participants, whereas 97% do not have this condition. Additionally,
thalassemia is present in 1% of participants, with 99% not exhibiting this health condition.

Table 3 delineates Bakhour-related variables among the 1612 participants included in the study. Nearly the entire
cohort (98%) reported engaging in Bakhour use. Among Bakhour users, the predominant utilization method involves coal
(73%), followed by both coal and electronic methods (24%), and a negligible proportion using only electronic means
(1%). The types of Bakhour utilized were diverse, with Oud being the most prevalent (42%), followed by Mastic (27%),
Maamoul (23%), and other types (5%). A small fraction of participants (2%) identified as non-Bakhour users. The mean
Bakhour use frequency was reported as 4.5 times per week, with a standard deviation of 2.9.

International Journal of General Medicine 2024:17 heeps: 2835

Dove:


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

Jareebi et al Dove

Table | Sociodemographic Characteristics of the
Sample (n = 1612)

Characteristics Mean £ SD
Age 29 % || years
Family member 6.1 £ 2.8 kids/household
Characteristics Frequency (%)
Gender
Male 594 (37%)
Female 1018 (63%)
Nationality
Saudi 1551 (96%)
Non-Saudi 61 (4%)
City
Jazan 1246 (77%)
Other cities 366 (23%)
Residence
Rural 691 (43%)
Urban 921 (57%)
Social status
Single 926 (57%)
Married 632 (39%)
Divorced/widowed 54 (3%)
Income
Less than 5000 912 (57%)
5000-9999 288 (18%)
10,000-14,999 228 (14%)
215,000 184 (11%)

Respiratory Health (Self-Reported)

The prevalence of cough is reported with 28% of participants, while 72% report no cough. The frequency distribution
of cough reveals 5% experiencing it daily, 8% weekly, and 15% monthly. Cough during Bakhour use is reported by
24% of participants, with 76% indicating its absence during this activity. Shortness of Breath (SoB) is noted in 27% of
participants, with 5% experiencing it daily, 10% weekly, 12% monthly, and 73% reporting no SoB. Additionally, 6%
experience SoB in the morning, 21% at night, and 73% report no SoB at these times. SoB during Bakhour use is
reported by 24% of participants. Wheezing is present in 13% of participants, while conditions such as asthma, COPD,
and allergic rhinitis are each reported by 13% of participants. The majority (87%) report the absence of these
respiratory conditions (Table 4).
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Table 2 Habitual and Health Related

Characteristics (n = 1612)

Characteristics Mean = SD
Weight 64 + 17 kg
Height 162 £ 9.6 cm
BMI 24 + 5.6 kg/m?

Characteristics

Frequency (%)

Smoking status

Yes 294 (18%)

No 1318 (82%)

Smoking types (n=294)

Cigarettes 128 (44%)
Shisha 106 (36%)
Vape 60 (20%)

Hypertension (HTN)

Yes 88 (5%)

No 1524 (95%)

Diabetes Mellitus (DM)

Yes 71 (4%)

No 1541 (96%)

Sickle cell anemia (SCA)

Yes 45 (3%)

No 1567 (97%)

Thalassemia

Yes 14 (1%)

No 1598 (99%)

Respiratory Health Score

The respiratory health scores, as assessed by the Respiratory Symptom Experience Scale, demonstrated a broad range
among participants, varying from a minimum of 0 to a maximum of 48. A lower score indicates better respiratory health,
while higher scores suggest poorer respiratory health. The summary statistics reveal a central tendency with a median of
14.00 and a mean of 15.76, highlighting a relatively symmetric distribution. Given the close alignment of the median and
mean, indicative of a normal distribution, we implemented a categorization strategy based on the mean value (15.76).
Participants were divided into two groups: those with good respiratory health and those with poor respiratory health. This
resulted in 54.09% of participants categorized as having good respiratory health (n = 872) and 45.91% as having poor
respiratory health (n = 740) (Figure 1).
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Table 3 Bakhour Related Variables (n = 1612)
Characteristics Frequency (%)
Bakhour use

Yes 1575 (98%)

No 37 (2%)
Bakhour utilization method

Coal 1173 (73%)

Electronic 12 (1%)

Both 390 (24%)

Not Bakhour user 37 (2%)
Bakhour type

Oud 676 (42%)

Maamoul 376 (23%)

Mastic 440 (27%)

Other 83 (5%)

Not Bakhour user 37 (2%)
Characteristics Mean = SD
Bakhour use frequency (per week) | 4.5 * 2.9 times/week

Table 4 Respiratory Health (n = 1612)
Characteristics Frequency (%)
Cough

Yes 456 (28%)

No 1156 (72%)
Cough frequency

Daily 85 (5%)

Weekly 136 (8%)

Monthly 235 (15%)

No cough 1156 (72%)
Cough during Bakhour Use

Yes 392 (24%)

No 1220 (76%)
Shortness of Breath (SoB)

Yes 437 (27%)

No 1175 (73%)

(Continued)
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Table 4 (Continued).

Characteristics Frequency (%)

SoB frequency

Daily 86 (5%)
Weekly 158 (10%)
Monthly 193 (12%)
No SoB 1175 (73%)
SoB timing
Morning 100 (6%)
Night 337 (21%)
No SoB 1175 (73%)

SoB during Bakhour Use

Yes 388 (24%)

No 1224 (76%)
Wheezing

Yes 213 (13%)

No 1399 (87%)
Asthma

Yes 213 (13%)

No 1399 (87%)
COPD

Yes 213 (13%)

No 1399 (87%)

Allergic rhinitis

Yes 213 (13%)

No 1399 (87%)

Association Between Bakhour Variables and Respiratory Health

The presented findings in Table 5 provide insights into the relationships between various variables associated with
Bakhour use and health outcomes, specifically cough, cough frequency, shortness of breath (SoB), SoB frequency,
wheezing, and allergic rhinitis. In terms of cough, neither the use of Bakhour nor the specific processes involved (coal
and electronic methods) nor the type of Bakhour used show statistically significant associations. However, the frequency
of Bakhour used demonstrates a significant association with cough (p < 0.01). Regarding cough frequency, no significant
associations are observed with Bakhour use, process, or type. Yet, a notable finding emerges as the frequency of Bakhour
use itself exhibits a significant correlation with cough frequency (p < 0.01). Moving to shortness of breath, while there is
no significant association with the use and type of Bakhour, a significant finding arises in the association between the
process of using Bakhour and shortness of breath (p < 0.01). However, the frequency of Bakhour use does not show
a significant association with shortness of breath. Concerning the frequency of shortness of breath, no significant
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Figure | Respiratory Health Among Participants.

associations are found with Bakhour use, process, or type, except for a significant correlation with the frequency of
Bakhour use (p < 0.01). In the case of wheezing, neither the use nor the type of Bakhour shows significant associations,
but a significant correlation exists between the process of using Bakhour and wheezing (p < 0.01). Finally, about allergic
rhinitis, neither the use nor the process of using Bakhour shows a significant association. Notably, a significant
association is found between the type of Bakhour used and allergic rhinitis (p < 0.01). The details of these associations
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are shown in the Appendix Tables 1-6.

Table 5 Association of Cough, Shortness of Breath, Wheezing, and Allergic Rhinitis with Bakhour Use*

Cough Cough SoB SoB Wheezing Allergic
Frequency Frequency Rhinitis
Bakhour use p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 P<0.05
No
Yes
Process p>0.05 P<0.05 P<0.01 P<0.05 P<0.01 p>0.05
Both
Coal
Electronic
Not Bakhour user
(Continued)
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Table 5 (Continued).

Cough Cough SoB SoB Wheezing Allergic
Frequency Frequency Rhinitis
Bakhour type p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 P<0.01
Maamoul
Mastic
Oud
Other
Not Bakhour user
Bakhour Frequency | P<0.01 P<0.01 p>0.05 P<0.05 p>0.05 p>0.05

Notes: *The test used for the analysis was the chi-square test. Bold values indicate a p-value < 0.05, which signifies a significant
association between bakhour variables and respiratory symptoms.

Association Between Bakhour Variables and Respiratory Health Score

The multiple linear regression analysis aimed to explore the relationship between Bakhour variables, sociodemographic
factors, and the respiratory health score. The respiratory health score, where higher values indicate lower respiratory
health, serves as the dependent variable. Among the Bakhour variables, Bakhour use, specific processes (Coal and
Electronic), and different types of Bakhour (Mastic, Oud, Other) did not show statistically significant associations with
the respiratory health score. Likewise, the frequency of Bakhour use exhibited a non-significant impact on the respiratory
health score. Notably, the presence of cough upon Bakhour use demonstrated a significant positive association, indicating
an increase in the respiratory health score (indicating poorer respiratory health) when cough is present during Bakhour
use (p = 0.006). Similarly, shortness of breath (SoB) triggered by Bakhour showed a significant positive association,
suggesting a higher respiratory health score in the presence of SoB during Bakhour use (p < 0.001). Age exhibited a non-
significant association with the respiratory health score, while gender did not show a significant effect. The overall model
explained approximately 47% of the variance in the respiratory health score (R? = 0.47). The rest of the associations are
shown in Table 6.

Table 6 Multiple Linear Regression of Bakhour Variables and
Respiratory Health Score

Predictors Respiratory Health Score

Beta Cl P

Bakhour use (reference: no)

[Yes] —1.40 | —7.52-4.73 | 0.654

Process (reference: no Bakhour use)

[Coal] —1.21 | —3.82-1.41 | 0.364

[Electronic] —0.43 | —9.35-849 | 0.924

Bakhour type (reference: no Bakhour use)

[Mastic] 2.19 | —0.93-5.31 | 0.168
[Oud] 0.13 | —2.61-2.87 | 0.924
(Continued)
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Table 6 (Continued).

Predictors Respiratory Health Score
Beta Cl p

[Other] 093 | —5.53-7.40 | 0.776

Bakhour Frequency —0.21 | —0.57-0.15 | 0.255

Cough upon Bakhour (reference: no)

[Yes] 3.89 1.13-6.64 0.006

SoB upon Bakhour (reference: no)

[Yes] 748 | 470-1025 | <0.001

COPD (reference: no)

[Yes] 5001 | 331-692 | <0.001

Asthma (reference: no)

[Yes] 3.28 1.80—4.76 | <0.001

Age 0.08 | —0.07-0.22 | 0.304

Gender (reference: female)

[Male] —0.12 | —2.79-2.55 | 0.929

Smoking (reference: no)

[Yes] 092 | —0.18-2.01 0.101
Observations 1612
R2 0.470

Discussion

While prior research shows that incense smoke adversely impacts respiratory health, limited evidence exists on its effects
in populations with high cultural use. This cross-sectional study is the first to investigate associations between respiratory
diseases and incense (bakhour) among adults in Saudi Arabia’s Jazan region, where bakhour use is prevalent yet
respiratory health impacts are unknown. We addressed this knowledge gap by analyzing self-reported respiratory
outcomes in relation to various bakhour exposure characteristics among a large sample of adults from this understudied
population. The study condenses the background details, avoiding repetition from the Introduction. It highlights the lack
of prior research focused on the respiratory health impacts of cultural incense use specifically in the high-exposure Jazan
region. This opening clearly emphasizes the knowledge gap addressed by examining associations between bakhour use
patterns and respiratory diseases in this population.

In this large sample, nearly all participants reported bakhour use. We identified significant associations between
bakhour exposure characteristics and respiratory outcomes. Higher bakhour use frequency correlated with increased
cough and shortness of breath. Specific types of bakhour associated with greater allergic rhinitis prevalence. These
findings align with previous studies showing incense smoke irritates airways and provokes symptoms like cough and
dyspnea.*>'* Our Results similarly demonstrate correlations between incense exposure patterns and respiratory issues,
particularly increased cough and shortness of breath with frequent bakhour use among adults in Jazan. The association of
certain bakhour types with rhinitis also accords with research indicating incense smoke can trigger allergic

responses. 1a-16
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Several other studies from Asian populations, where different types of incense are burnt for religious purposes,
reported significant associations between exposure to incense smoke and respiratory symptoms.'’ '’ Our findings
showing associations between bakhour use and respiratory issues align with prior studies demonstrating links between
incense exposure and cough, dyspnea, wheezing, and conditions like COPD.?**' Though specific respiratory effects and
strength of associations varied across studies, past research overall indicates consistent connections between incense
smoke and adverse respiratory health impacts. As it is responsible for regulating IgE and stimulating mucosal immunity,
and increased activation may lead to exacerbation of allergic respiratory diseases.*

Incense smoke contains fine particulate matter and gases like PM2.5, carbon monoxide, and volatile organic
compounds that can be inhaled deep into the lungs.*** Our study found increased risk of respiratory symptoms like
cough and shortness of breath with frequent bakhour use. The particulate matter likely causes airway inflammation and
irritation. Specific components may also provoke allergic responses, as we found associations between certain bakhour
types and increased allergic rhinitis. This aligns with previous research finding links between incense smoke chemicals
and elevated IgE levels or eosinophilic inflammation related to allergies and asthma exacerbation.®'*** The exact
mechanisms and specific causal components still need further investigation, but the evidence indicates that chemicals in
bakhour smoke negatively impact respiratory health.

Culturally appropriate education campaigns, avoidance advice for at-risk groups, smoke-free public spaces, improved
ventilation standards, enhanced clinical screening, further etiological research, and increased preventive respiratory
health services are warranted to curb hazardous bakhour exposures in Jazan region. Implementing multifaceted inter-
ventions informed by local cultural practices and epidemiological evidence can help mitigate bakhour smoke risks
revealed by this study. Priorities include increasing public awareness, reducing exposure in public areas and homes,
improving surveillance and healthcare access for affected populations, establishing exposure limits, and expanding the
research basis to support regulatory policies to ultimately preserve respiratory health.

This study has strengths in its large sample size drawn from the understudied Jazan population with high cultural
bakhour use. Our findings significantly contribute to the limited evidence on bakhour exposure risks, demonstrating
consistent associations between use patterns and adverse respiratory health effects in this population. These results
highlight the need to address this modifiable factor to promote respiratory wellbeing in Jazan region. The implications
underscore the importance of implementing culturally-appropriate public health strategies to increase awareness and
reduce hazardous exposures. Overall, this study generates crucial evidence to inform prevention policies and interven-
tions to preserve respiratory health in bakhour-using populations.

Limitations

This study has certain Limitations. The cross-sectional design provides associations at one time point but cannot
determine causality or long-term impacts requiring longitudinal assessments. Self-reported data may involve recall
bias, emphasizing the need for objective clinical measurements in future studies. Respiratory health was evaluated
based on symptoms and previous diagnoses rather than direct functional assessments. However, the study mitigates
limitations through the large, diverse sample representing the target population. It includes comprehensive bakhour
exposure and respiratory health indicators beyond previous studies focused only on specific outcomes like asthma. The
research significantly contributes much-needed initial evidence on this topic in an understudied population. Going
forward, findings would be enriched by longitudinal evaluations over extended bakhour exposure periods, measure-
ments of lung function, and identification of specific hazardous components. This study provides a crucial foundation
highlighting key associations to inform future investigations into the respiratory health impacts of cultural
bakhour use.

Conclusions

The findings demonstrate consistent links between Bakhour exposure patterns and respiratory outcomes including
increased cough, dyspnea, and allergic rhinitis. The results hold important public health implications for this population
with prevalent Bakhour use, emphasizing the need for longitudinal investigations, explorations of mechanisms, and
cultural interventions to mitigate hazardous exposures and associated respiratory risks. This research makes a significant
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contribution by generating key insights to inform policies and practices aimed at preserving respiratory health in the
context of deeply rooted cultural traditions. Overall, the study underscores the value of evidence-based, multifaceted
public health strategies to promote awareness and reduce harmful smoke exposures, supporting improved respiratory
wellbeing at both individual and population levels.
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guidelines for human subjects research.
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