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ABSTRACT

Lung cancer is a major public health concern, and tobacco smoking, second hand smoke, and occupational
exposures are important modifiable exposure factors. This study aimed to describe tobacco smoking, second-hand
smoke exposure, selected occupational exposures, personal protective equipment use, and socio -demographic
characteristics among male patients with lung cancer at Apeksha Hospital, Sri Lanka, and to examine
associations between smoking exposure and selected occupational and socio-demographic variables. A
descriptive crossectional study was conducted among 120 male patientswith primary lung cancerusing purposive
sampling. Data were collected using an interviewer-administered questionnaire. The questionnaire assessed socio
demographic characteristics, active smoking, second hand smoke exposure, working hours, and PPE use. Data
were analysed using descriptive statistics and chi square tests with SPSS version 20. The mean age of participants
was 57.85 years. Most participants were current or former cigarette smokers. Second-hand smoke exposure was
reported at home and at the workplace. More than half of the participants reported at least one selected
occupational exposure, with cement related exposure being the most common. A statistically significant
association was observed between pack-years of smoking and age at diagnosis, and between educational level
and pack-years of smoking. PPE utilization was low among participants with occupational exposures. These
findings highlight the need for targeted smoking cessation, reduction of second hand smoke exposure, and
strengthened occupational safety practices among high-risk occupational groups.
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1. INTRODUCTION

Cancer remains one of the most significant global
public health challenges. It is characterized by the
uncontrolled growth and proliferation of abnormal
cells, which can invade surrounding tissues and
metastasize to distant organs. Despite the substantial
advances in cancer diagnosis, treatment, and
prevention, cancer continues to be a leading cause of
morbidity and mortality worldwide. Among all
malignancies, lung cancer remains the foremost cause
of cancer-related deaths globally. According to the
World Health Organization (WHO) and the
International Agency for Research on Cancer (IARC),
approximately 2.5 million new lung cancer cases were
diagnosed worldwide in 2022, making it one of the
most frequently diagnosed cancers to distant organs.
(IARC, 2025; WHO, 2025). The high mortality
associated with lung cancer is largely attributable to
late-stage diagnosis, when treatment options are
limited and prognosis is poor.

Importantly, a significant proportion of cancer cases
are preventable. Evidence suggests that more than
30% of cancers could be avoided through the
modification of known risk factors, particularly
tobacco use and exposure to environmental
carcinogens (American Cancer Society, 2025; CDC,
2025; Winship Cancer Institute of EMory University,
2022). Consequently, understanding and addressing
these risk factors remains a critical component of
global cancer prevention strategies.

Lung cancer is often asymptomatic during its early
stages and may not present with noticeable clinical
manifestations until the disease has progressed or
metastasized. Common symptoms include persistent
cough, heamoptysis, chest pain, hoarseness of voice,
unexplained weight loss, and dyspnea. Tobacco
smoking has long been recognized as the primary risk
factor for lung cancer, accounting for approximately
85% of cases worldwide (IARC, 2025; Prado et al.,
2023). The risk of developing lung cancer increases
with both the duration and intensity of smoking
exposure, commonly quantified using the pack-year
index. However, lung cancer among never smokers
hasemerged as an important public health concern and
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is currently recognized as the fifth leading cause of
cancer-related mortality globally  (CDC, 2025;
Pleasants et al, 2020). Exposure to ambient air
pollution has been identified as a major contributing
factor in these cases (IARC, 2025). Furthermore,
adenocarcinoma, currently the most prevalent
histological subtype of lung cancer, is increasingly
observed among both smokers and never smokers,
reflecting evolving patterns of environmental and
behavioral risk factors (Gregory, 2025; Samet et al.,
2009).

In addition to tobacco exposure, occupational
carcinogens contribute significantly to lung cancer
risk. Exposure to asbestos, a naturally occurring
mineral historically used in construction and
manufacturing industries, is strongly associated with
increased lung cancer incidence. Evidence indicates
thateven low-level asbestosexposure can elevate lung
cancer risk, particularly among individuals who
smoke. Other occupational exposures, including silica
dust, diesel exhaust, paints and various industrial
chemicals, have also been linked to an increased risk
of lung cancer, independent of smoking status (Huang
etal, 2025;vanLoon etal., 1997). Although evidence
regarding wood dust exposure remains inconclusive,
recent meta analyses suggest a potential association
with lung cancer, particularly small cell lung
carcinoma among heavily exposed workers. Evidence
about wood dust exposure is mixed, but recent meta
analyses suggest an increased risk, particularly for
small cell lung cancer among heavily exposed workers
(Russell et al., 2025; Tse et al., 2011). These findings
underscore the importance of implementing effective
occupational health and safety measures, particularly
within woodworking, construction, and manufacturing
industries. This highlights the need for effective safety
measures in  woodworking and construction
environments (Bhattiet al., 2011).

Given that many risk factors for lung cancer are
modifiable, comprehensive public health interventions
are essential for disease prevention. Tobacco control
policies, smoking cessation programmes, and
measures aimed at reducing exposure to second hand
smoke have demonstrated significant effectiveness in
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lowering lung cancer incidence and mortality
(Weinstein, 2024; Zhang et al., 2025). Additionally,
strategies to reduce ambient air pollution, strengthen
occupational safety regulations promote the use of
personal protective equipment (PPE), and limit
exposure to established carcinogens such as asbestos
and silica are critical components of comprehensive
lung cancer prevention efforts (Laumbach et al.,
2021).

In low- and middle-income countries, including Sri
Lanka, evidence regarding occupational and
environmental determinants of lung cancer remains
limited. Therefore, such research is essential for
informing targeted prevention, screening, and early
detection initiatives. These measures have the
potential to reduce the burden of lung cancer and
improve population health outcomes.

Although tobacco smoking is a well-established risk
factor for lung cancer, there is limited published
evidence from Sri Lanka describing the combined
profile of smoking exposure, second-hand smoke
exposure, occupational exposures, socio-demographic
characteristics, and PPE use among male patients with
lung cancer. Male participants were selected because
lung cancer attributable to tobacco smoking and
occupational exposures is significantly more prevalent
among men in Sri Lanka, whereas corresponding
evidence among females remains comparatively
limited. In particular, evidence from cancer treatment
settings in Sri Lanka regarding exposure to cement
dust, sawdust, painting materials, and asbestos-related
work remains limited. lIdentifying these exposure
patternsis important forstrengthening tobacco-control
strategies, workplace safety practices, and targeted
health education amonghigh-risk occupationalgroups.

2. METHODOLOGY

Aims and objectives

The main objective of this study was to describe
tobacco smoking, selected occupational exposures,
and socio-demographic characteristics among male
patients with lung cancer at Apeksha Hospital, Sri
Lanka.
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The specific objectives were:

To describe socio-demographic characteristics of male
patients with lung cancer.

To assess tobacco smoking status, pack-years of
smoking, and second-hand smoke exposure.

To describe selected occupational exposures,
including cement dust, sawdust, painting materials,
and asbestos-related work.

To assess PPE wuse among participants with
occupational exposures.

To examine associations between smoking exposure,
occupational category, age at diagnosis, education,
and income.

Study design & setting

This was a descriptive cross-sectional study conducted
among male patients diagnosed with lung cancer. The
study was carried out at the Apeksha Hospital,
Maharagama, Sri Lanka, the national tertiary referral
center for cancer care, which receives patients from
across the country. According to hospital records,
approximately 14,000 outpatient visits and 6,000
inpatient admissions are recorded annually.

Data Collection

Data collection was conducted from September 2018
to January 2019. Male patients with a primary
diagnosis of lung cancer, confirmed by a consultant
oncologist and documented in medical records and
patients who provided written informed consent were
included for the study while male patients with lung
cancer who were critically illand unable to participate
in an interview were excluded.

A purposive sampling method was used to recruit
eligible participants during the study period. The
minimum sample size was calculated using the
formula for estimating a population proportion
(Lwanga and Lemeshow, 1991). n=p(1-p)z%/d?; where
p was the estimated prevalence of lung cancer in Sri
Lanka (0.10), z was the standard normal deviate at the
95% confidence level (1.96), and d was the acceptable
margin of error (0.05). the calculated minimum
sample size was 138. After allowing for a 20% non-
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response rate, the required sample size was 166. Due
to time and resource constraints, data were collected
from 120 participants.

Data collection tool

Data were collected using interviewer administered
questionnaire. The questionnaire was developed by the
investigators following an extensive review of relevant
literature and consisted of both closed ended and open
ended questions. It comprised three sections;

1. Socio-demographic characteristics: age, place
of residence, religion, ethnicity, marital
status, educationallevel, and economic status
Tobacco use and smoking exposure: duration
of smoking, age at initiation, quantity and
type of tobacco products used, and exposure
to second-hand smoke

Occupational exposure history: current and
past occupations, with specific emphasis on
exposure to cement dust, sawdust, painting
materials, and asbestos related work,
including duration and working hours

The questionnaire was pre tested among 10 male lung
cancerpatientsat Apeksha Hospitalwho met the same
eligibility criteria. Pre testing was conducted one day
prior to the main data collection. The purpose was to
assess clarity, relevance, acceptability, and time
required to complete the questionnaire. Minor
modificationswere made based on feedback obtained
during the pre test.

Data analysis

Data were entered and analysed using the Statistical
Package for Social Sciences (SPSS), version 20.
Descriptive statistics were used to summarize socio
demographic characteristics, smoking behaviors, and
occupational exposures. Associations between
categorical variables were assessed using the chi-
square test, with a p-value <0.05 considered
statistically significant and a 95% confidence interval
applied. Smoking exposure was quantified using pack
-years, calculated using a standardized equation
obtained from an online smoking pack-years
calculator (De Vita et al., 2019).
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Occupational exposure was assessed using self-
reported current and previous occupational history.
Participants were asked about their main occupation,
duration of employment, average working hours per
day, and whether they had been exposed to selected
occupational agents, including cement dust, sawdust,
painting materials, and asbestos-related work.
Exposure was recorded as present if the participant
reported regular involvement in work related to any of
these agents. Participants were further categorized into
occupational exposure groups based on their main
reported exposure: cement-related work,
sawdust/wood-related work, painting-related work,
ashestos-related work, or non-related occupations.
Information on duration of exposure and use of
personal protective equipment was also obtained.

Ethical considerations

Ethical approvalwas obtained from the Ethics Review
Committee of the Faculty of Medicine, General Sir
John Kotelawala Defence University (RP/S/2018/23).
Administrative permission was obtained from
Apeksha Hospital, Maharagama. Written informed
consentwas obtained from all participants before data
collection. Participants were informed about the
purpose of the study, voluntary participation,
confidentiality, and their right to withdraw from the
study at any time without affecting their treatment or
care.

Study limitations

Data collection was conducted over a limited period,
and the final sample size was smaller than the
calculated sample size due to constraints related to
time and resources.

3. RESULTS
Socio-demographic characteristics of participants

The mean age of participants was 57.85 years (SD =
11.41), and the mean age at lung cancer diagnosis was
57.64 years (SD = 11.42). Over half of the participants
had completed primary education (57.5%), while
27.5% had studied up to the Ordinary Level and
15.0% had completed Advanced Level education.
Most participantsreported a monthly family income of
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LKR 10,000-40,000 (61.7%). The majority of the
study population was married (93.3%) (Table 1).

Table 1 - Socio-demographic characteristics

Characteristics Frequenc  Percent
y %
Educationa Primary 69 57.5
| status education
Oo/L 33 275
A/L and 18 15.0
above
Monthly <10000 14 11.7
income
10000 - 74 61.7
40000
>40000 32 26.6
Marital Married 112 93.3
status
Unmarried 6 5.0
Divorced 2 1.7
Smoking status & selected occupation of

participants

The majority are smokers (92.5%). Lung cancer
patients who are mostly exposed to secondary
smoking in the family and at work show 55% and
62.5%, respectively (Table 2).
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Table 2 - Smoking status of the participants

Characteristics Frequency Percent
%

Smoker 111 92.5

Non-smoker 9 7.5

Secondary Yes 66 55.0

smoking No 54 45.0

(exposed in

family)

Secondary Yes 75 62.5

smoking No 45 375

(exposed in

work place)

28.3% of participantsare having an occupation related
to cement- related industry (Table 3).

Table 3 - Selected occupation of the participants
(n=120)

Occupation Frequency Perce

nt
%

Cement related

) 34 28.3

industry

Saw dust industry 17 14.2

Painting industry 9 75

Asbestos industry 3 25

Non-related

) 57 475

industry
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Table 4 - Association between tobacco smoking
status and occupational category

Selected Pack years of
occupatio smoking X2 P
nal <40 >=40
category o) )
Cement 11 23
(325) | (67.6) | 10.758 | 0.005
Saw 13 16
dust,paint| (44.8) [ (55.2)
and
asbestose
Non 38 19
related | (66.7) | (33.3)
occupatio
n

A statistically significant association was observed
between tobacco smoking status, measured using
pack-years,and occupational category (x> =10.758, df
=2, p = 0.005). Participants employed in cement-
related occupations showed a higher prevalence of
heavy smoking exposure (>40 pack years) compared
with those engaged in saw dust, paint, and ashestos
related occupations and those in non-related
occupations. Conversely, participants in non-related
occupations were more likely to report lower smoking
exposure (<40 pack years).
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Table 5 - Association between age at lung cancer
diagnosis and smoking status

Pack Pack years
ears of of 2
Lung cancer Y X
. . smoking/  smoking/>
diagnostic
<40 =40
age
n=62 n=58
(%) (%)
24-54 (38. 24 (61.
159 5) 6.876 0.032
54-63 (48. 21 (51
20 8) 2)
64-78 67. 13 (32
27 5) 5)

There was a significant association between age at
lung cancerdiagnosis and pack-years of smoking (> =
6.876, df = 2, p = 0.032). Participants diagnosed at
younger ages (24-54 years) were more likely to have
higher smoking exposure (>40 pack-years), whereas
those diagnosed at older ages (64—78 years) more
frequently reported lower smoking exposure (<40
pack-years).

Association between socio-economic characteristics
and age at diagnosis

Monthly income and age at diagnosis

A statistically significant association was identified
between monthly family income and age at lung
cancer diagnosis (x> = 10.67, df = 4, p = 0.031).
Participants diagnosed at younger ages were
predominantly from the middle-income group (LKR
10,000-40,000), while a higher proportion of older
participantsreported monthly incomes exceeding LKR
40,000.

Educational status and age at diagnosis
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A significant association was observed between
educational attainment and age at lung cancer
diagnosis (x> = 29.041, df =4, p < 0.001). Most
participants diagnosed between 54-63 years had
completed primary education, whereas participants
with Advanced Level education or higher were more
frequently diagnosed at younger or older age
extremes.

Association between educational level and smoking
exposure

Educational level was significant associated with
pack-years of smoking (y> = 20.829, df = 2, p =
0.001). Participants with lower educationalattainment
were more likely to have >40 pack-years of smoking,
while those with Advanced level education or higher
predominantly reported <40 pack-years of smoking.

Association between educational status and

personal protective equipment use

No statistically significant association was found
between educational status and use of personal
protective equipment (PPE) (x> = 3.290,df =2, p =
0.070). overall, PPE utilization was low among
participants, with the majority reporting non-use
during occupational exposure.

4. DISCUSSION

This study examined the relationship between tobacco
smoking and selected occupational exposures among
male patients with primary lung cancer at Apeksha
Hospital, Sri Lanka. The study achieved a 100%
response rate from the 120 participants included.
Nearly all participants were smokers (92.5%, n =111),
reflecting the dominant role of tobacco use in lung
cancer etiology in this setting.

The high prevalence of smoking in this cohort is
consistent with previous findings in Sri Lanka;
reported that 91.9% of male lung cancer patients were
smokers, and lower educational attainment was
significantly associated with smoking risk categories
(Chulasiri et al., 2017). Similar observations have
been  reported internationally  where  lower
socioeconomic status and educational level are
independently associated with increased smoking
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prevalence and poorer health outcomes. For example,
a pooled Mendelian randomization analysis found that
smoking and education were independently associated
with overall lung cancer risk, highlighting the role of
education as both a socioeconomic determinant and
mediator of smoking behaviors (Kyaw et al., 2024).

The current study identified significant exposure to
second-hand smoke, with 55% (n=66) reporting
exposureat home and 62.5% (n=75) at the workplace.
Meta-analytic evidence supports the association
between second-hand smoke exposure and lung cancer
risk, showing that exposure increases the relative risk
of lung cancer by more than 20% and that risks at
home and workplace environments are comparable
(Possenti et al., 2024). These findings emphasize that,
beyond active smoking, environmentaltobacco smoke
remains an important risk factor in lung cancer
development, even among populations where direct
smoking prevalence is high.

Occupational exposures to potential lung carcinogens
such as cement, sawdust, painting, and asbestos were
present in over half of participants (52.5%, n=63). A
significant association between pack-years of smoking
and occupational category was observed, suggesting
potential synergistic effects between smoking and
occupational exposures. Evidence from recent pooled
case control studies shows that co-exposures to
occupational carcinogens (eg; asbestos, crystalline
silica) and smoking can have greater than additive
effects on lung cancer risk, underscoring the need for
workplace interventions and exposure reduction
(Kashefi et al., 2025; Xue et al., 2023). Moreover,
meta analysis indicates that combined exposure to
silica and smoking significantly increase lung cancer
risk among industrial workers (Kashefiet al., 2025).

Consistent with prior epidemiological research, this
study found a significant association between lung
cancer diagnostic age and smoking status (pack-
years). Similar patterns were reported in large cohorts
by Yoo, who observed that reductions in smoking
intensity and cessation were associated with a lower
incidence of lung cancer, supporting the dose response
relationship between tobacco exposure and cancer risk
(Yoo et al., 2022). These findings strengthen evidence
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that heavier smoking histories are linked to earlier
onset and greater severity of disease.

The study also demonstrated significant associations
of cancer diagnostic age with education and income
status. Lower education levels were associated with
higher smoking exposure and earlier diagnostic age,
aligning with global public health data that
socioeconomic deprivation correlates with both
smoking prevalence and worsened cancer outcomes.
Recent international evidence from population studies
shows that socioeconomic deprivation and limited
access to healthcare are associated with higher
incidence and mortality of lung cancer, particularly
among marginalized communities (Redondo-Sanchez
etal., 2022).

Out of 63 participants from the selected occupations
PPE use was reported as 159% (n = 10). No
significant association was found between education
and PPE use. Comparable occupational health
research in other settings suggests that lower
educational attainment may reduce awareness and
utilization of PPE, contributing to increased
occupational risk for respiratory diseases. However, it
is identified thatseveraloccupationaland behavioural
factors remained the strongest risk factor, while
occupational exposures, including asbestos, silica
dust, diesel exhaust, and other workplace
contaminants, were also found to contribute
significantly to disease risk. The findings further
suggest that educational attainment may influence
awareness and utilization of PPE, thereby affecting
occupational exposure levels these results highlight
the multifactorial nature of lung cancer and the
importance of addressing both behavioural and
occupational determinants (Larson and Liverman,
2011; Teym and Zeleke, 2025).

Conclusions and recommendations

This study found that most male patients with lung
cancer included in the study had a history of cigarette
smoking, and second-hand smoke exposure was also
commonly reported at home and at the workplace.
More than half of the participantsreported at least one
selected occupational exposure, with cement-related
exposure being the most frequent. Pack-years of
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smoking were significantly  associated  with
occupational category, age at diagnosis, and
educational  level. PPE utilization among

occupationally exposed participants was low.

These findings highlight the importance of
strengthening  smoking  cessation  programmes,
reducing second-hand smoke exposure, improving
occupationalsafety education, and promoting PPE use
among workers exposed to cement dust, sawdust,
painting materials, and asbestos-related work. Further
analytical studies with comparison groups and
objective occupational exposure measurements are
recommended to assess causal relationships between
smoking, occupationalexposures, and lung cancer risk
in Sri Lanka.
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