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Abstract: This study investigated the association between urinary cotinine levels and lung function among
tobacco workers in Jember Regency, a major tobacco-producing region in Indonesia. A total of 48 respondents
were included based on specific inclusion and exclusion criteria. Urinary cotinine levels were measured using
enzyme-linked immunosorbent assay (ELISA), and lung function was assessed via spirometry. Based on
FEV1/FVC ratios, 58% of participants exhibited restrictive lung patterns, 29% showed obstructive patterns, and
13% had normal pulmonary function. Statistical analysis conducted using SPSS, with a significance level set at
p <0.05, indicated no statistically significant correlation between urinary cotinine levels and lung function.
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1. Introduction

Jember Regency is one of the largest tobacco-producing regions in Indonesia, with a
total output of 24,331.80 tons in 2021 [1]. While the tobacco industry contributes
significantly to the local economy —especially by providing employment for women who
play a central role in processing—there are substantial occupational health risks
associated with prolonged tobacco dust exposure. Women employed in tobacco factories
are often exposed daily to nicotine-laden dust, which poses a risk for respiratory
disorders. Importantly, women may be physiologically more vulnerable to respiratory
impacts from particulate exposure due to having smaller lungs and narrower airways
than men [2]. This sex-based anatomical difference may amplify the negative effects of
occupational inhalants, such as tobacco dust, yet remains underrepresented in current
research. Nicotine, absorbed through the skin or inhaled, is metabolized in the liver into
cotinine, a compound commonly used as a biomarker for tobacco exposure. Elevated
urinary cotinine levels have been associated with reduced lung function, particularly
through their link to chronic obstructive pulmonary disease (COPD), as measured by the
FEV1/FVC ratio [3,4]. Although several studies have explored the relationship between
cotinine levels and lung function, few have focused specifically on female tobacco workers
in developing regions. This presents a critical research gap, as gender-specific
vulnerabilities and exposure contexts may influence both the extent of nicotine absorption
and its respiratory effects.

2. Materials and Methods

This study employed an observational analytic design with a cross-sectional
approach to investigate the relationship between urinary cotinine levels and lung function
among female tobacco workers in Jember Regency. Data collection occurred from July to
December 2024 at the PTPN X Ajong Gayasan tobacco processing factory. The study
population consisted of 50 female workers aged 18 to 59 years who met the inclusion
criteria of being non-smokers (both active and passive), working at least eight hours per
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day, six days per week, and willing to participate with informed consent. Participants
were excluded if they had a fever at the time of assessment or a prior history of lung
diseases such as bronchitis, pneumonia, pleuritis, tuberculosis, or asthma. After obtaining
informed consent, participants completed a structured baseline questionnaire to gather
demographic and health information, including age, marital status, education,
occupation, and body weight. Midstream urine samples were then collected in sterile, pre-
labeled containers filled to approximately 75% capacity and analyzed for urinary cotinine
using an Enzyme-Linked Immunosorbent Assay (ELISA) with the Human Cotinine
ELISA Kit (Catalog No. MDBE0026Hu). Lung function was assessed using a Contec
Medical System Co., Ltd., SP10 spirometer, following standardized protocols in which
participants performed at least three acceptable and reproducible forced exhalations. Key
parameters measured included forced vital capacity (FVC), forced expiratory volume in
one second (FEV1), and the FEV1/FVC ratio, with lung function classified as normal,
restrictive, or obstructive based on these results. Data analysis was conducted using SPSS
version 25; continuous variables were tested for normality with the Shapiro-Wilk test, and
correlations between urinary cotinine levels and lung function parameters were evaluated
using Pearson’s or Spearman’s correlation tests depending on data distribution. Statistical
significance was set at p < 0.05.

3. Results and Discussion

All respondents in this study were female, selected due to their genetic role as carriers
of color blindness; hence, male participants were excluded. Participant characteristics —
including age, education level, husband's smoking status, cigarette smoke exposure, and
years of service —are summarized in the relevant tables.

As shown in Table 1, the youngest respondent was 22 years old, and the oldest was
53 years old. The majority of participants (n = 31; 65%) were aged 40-59 years, while the
remaining 35% were between 18-39 years. The mean age of respondents was 43 years.
Additional characteristics, such as education level and occupational exposure, are
detailed in Table 2 and subsequent tables.

A correlation analysis was conducted to determine the relationship between urinary
cotinine levels and lung function (FEV1/FVC ratio). The results indicated no statistically
significant correlation between these variables (Pearson’s r = [insert r value], p = [insert
p-value]). This suggests that within the sample, variations in urinary cotinine levels were
not significantly associated with differences in lung function.

Table 1. Sample Distribution Based on Age

Characteristics Age Total n (%)
18 -39 17 (35.4)
40 -59 31 (65.6)

* Statistical descriptive test

Table 2. Sample Distribution Based on Level of Education

Level of Education Total n (%)
Not attending formal education 1(2.0)
Elementary school 26 (54.0)
Junior High school 10 (21.0)
Senior High school 11 (23.0)
Higher Education 0 (0)

* Statistical descriptive test
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Based on Table 2, it is known that the education level of the respondents is divided
into 5 categories. One respondent in the study had no formal education (2%). There were
26 respondents with an elementary school (SD) education (54%), 10 respondents with a
junior high school (SMP) education (21%), 11 respondents with a senior high school
(SMA/SMK) education (23%), and no respondents with a higher education degree.

Table 3. Sample Distribution Based on Smoker Husbands

Smoker Husbands Total n (%)
Yes 33 (69.0)
No 15 (31.0)

* Statistical descriptive test

Based on Table 3, it is known that 33 respondents had husbands who were active
smokers (69%), while 15 respondents had husbands who were non-smokers (31%).

Table 4. Sample Distribution Based on Cigarettes Exposure

Cigarettes Exposure Total n (%)
(hours)
<1 31 (65.0)
1-3 8 (17.0)
>3 9 (19.0)

* Statistical descriptive test

Based on Table 4, 31 respondents were exposed to cigarette smoke for less than 1
hour (65%), 8 respondents were passively exposed for 1-3 hours (17%), and 9 respondents
were passively exposed for more than 3 hours (19%). This study shows that, on average,
respondents were passively exposed to cigarette smoke for less than 1 hour.

Table 5. Sample Distribution Based on Length of Service

Length of Service Total n (%)
(years)

1-10 18 (37.5)
11-20 7 (14.5)
21-30 20 (41.5)
31-40 3(6.5)

* Statistical descriptive test

Based on Table 5 above, the distribution of respondents' years of service shows their
length of employment over several years. The classification is divided into four categories
with 10-year intervals: 1-10 years with 18 respondents (37.5%), 11-20 years with 7
respondents (14.5%), the majority of respondents having worked for 21-30 years with 20
respondents (41.5%), and 31-40 years with 3 respondents (6.5%).

The results of urine cotinine level measurements in 48 respondents showed an
average urine cotinine level of 61.278 ng/mL, with the highest level being 139.5 ng/mL
and the lowest level being 27.38 ng/mL. These levels are equivalent to urine cotinine
levels in active smokers, as reported by Kim (2016), which states that urine cotinine levels
in active smokers range from 30 to 550 ng/mL.

The spirometry measurements indicated that most respondents had an average
FEV1 value of <80%, at 38%. The average FVC value was <80%, at 44.57%. The FEV1/FVC
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ratio was >80%, at 85.25%. These results indicate that the majority of respondents have
restrictive lung disorders.

Table 6. Spirometric Test Result in Tobacco Workers

Spirometric Test Result

70%

60% 58%

50%

40% B Normal
299% B Restrictive

30% Obstructive

20%

13%

0%

To seen or analyze the metabolic of nicotine taken the sample tobacco workers that
always been exposure to tobacco. The metabolic of nicotine changed to cotinine with
several mechanism and the results is called cotinine that can be seen and obtained in
urine. We found that there were high concentration of cotinine indicates that there is
nicotine content in the body.

In this study, lung capacity percentages (FEV1/FVC) revealed that 58% of workers
experienced restrictive airway disorders, 29% had obstructive airway disorders, and 13%
were normal. This aligns with research by Aziz et al. (2020), which found that
menopausal female tobacco factory workers are eight times more likely to develop
restrictive lung disorders than their reproductive-age counterparts. Tobacco dust
exposure leads to mucus buildup in alveolar cells, causing obstruction and lung damage.
The results indicate a higher prevalence of restrictive airway disorders, caused by
reduced lung elasticity from reactive oxygen species (ROS) exceeding the body’s
antioxidant defenses, contributing to chronic inflammation and tissue changes (Seo et al.,
2023). This supports Sari et al. (2017), which reported that tobacco dust exposure
damages lung tissue, impairing lung expansion.

While cotinine is a biomarker for tobacco exposure, measurement can be affected by
individual differences in nicotine metabolism. Variability in CYP2A6 enzyme activity
and genetic factors influence cotinine conversion rates (Kunutsor et al., 2024).
Additionally, diluted urine from excessive fluid intake before sampling can lower
detected cotinine levels (Schoen et al., 2013). Serum cotinine is considered a better marker
in some populations due to its lower variability compared to urine (Ware et al., 2020).

Lung capacity is also influenced by work duration. Longer employment increases
exposure to tobacco dust, accumulating in the lungs (Haque et al., 2017). Although the
women in this study were non-smokers, external secondhand smoke exposure could still
impact respiratory muscles through free radicals. Reproductive factors also play a role;
estradiol in reproductive-age women provides anti-inflammatory protection, which

diminishes post-menopause, increasing vulnerability to lung inflammation from tobacco
dust (Aziz et al., 2020; Triebner et al., 2017).
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4. Conclusions

This study found that 58% of tobacco factory workers experienced restrictive lung
disorders, 29% had obstructive disorders, and only 13% had normal lung function. These
results indicate a high prevalence of impaired lung capacity likely associated with
prolonged exposure to tobacco dust. Key contributing factors may include long working
hours, increased susceptibility in post-menopausal women due to reduced estradiol
levels, and cumulative exposure to airborne particulates leading to inflammation and
respiratory tissue damage.

Although urinary cotinine levels were used as a biomarker for nicotine exposure, no
significant correlation was found between cotinine concentration and lung function
(FEV1/FVCratio). This may be attributed to individual differences in nicotine metabolism,
sample dilution, or transdermal absorption. Future studies should consider using more
stable, long-term biomarkers such as hair cotinine to better assess chronic exposure.
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