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Abstract

Introduction: informal sector carpenters in Douala,
Cameroon, face potential risks to their respiratory
health due to daily exposure to fine particles and
wood dust. The study aims to demonstrate the
importance of preventing respiratory problems in
this population through regular use of filtering face
pieces (FFP3) respiratory masks. Methods: the
before-after study involved 37 carpenters who wore
FFP3 masks during their professional activities for
five months. Spirometry measurements were taken
before and after the intervention to assess changes
in respiratory function. Results: significant
improvements were observed in forced vital
capacity (FVC) 89.6 % to 95.0 % (p<0.000), forced
expiratory volume in one second (FEV1) 88.1 % to
95.0 % (p<0.000), Tiffeneau index 82.4 to 84.9
(p<0.000), and peak expiratory flow (PEF) 6.7 I/s to
7.9 I/s (p<0.000) after mask usage, indicating
enhanced lung function. Conclusion: the regular use
of FFP3 masks had a positive impact on the
respiratory health of informal sector carpenters in
Douala, enhancing lung function and reducing
airway obstruction. The study highlights the
importance of preventive measures to safeqguard
the respiratory well-being of workers exposed to
occupational hazards. Spell out Greek characters
(i.e: alpha, beta).

Introduction

Informal sector carpenters in Douala, Cameroon,
face potential risks to their respiratory health due
to their daily exposure to fine particles and wood
dust in their work environment [1,2]. These
precarious working conditions expose them to
chronic respiratory problems, including asthma and
bronchitis, which can impair their quality of life and
ability to perform their trade [3,4]. In this context,
the use of respiratory protective masks, such as
FFP3 masks, has become a common practice in the
industry. The informal carpentry sector presents
inherent risks to the respiratory health of artisans,
who are exposed daily to fine particles and aerosols
during tasks such as cutting, sanding, and machine

use. These work conditions can lead to persistent
respiratory issues, indicating reduced lung function
and general well-being. To assess whether
preventive use of respiratory masks could improve
their respiratory health, participants underwent
spirometry measurements before and after the
intervention, while continuing their carpentry
activities. This before-after study, conducted over a
period of five months from December 2019 to May
2020, aims to demonstrate the importance of
preventing respiratory problems in informal sector
carpenters through regular use of FFP3 respiratory
masks. The study holds crucial significance in
highlighting the beneficial effect of regular FFP3
mask-wearing for the prevention of respiratory
problems among informal sector carpenters. The
findings can further raise awareness about the
importance of respiratory safety in this
occupational domain and encourage the
widespread adoption of similar preventive
measures. By demonstrating the substantial
advantages of using respiratory protective masks,
this study aspires to enhance the health and well-
being of these artisans while underscoring the
paramount significance of prevention in preserving
their long-term respiratory health. The research's
scientific background and rationale lie in the need
to address the occupational hazards faced by
informal sector carpenters and evaluate the
potential benefits of using FFP3 masks to safeguard
their respiratory health. The study seeks to
contribute valuable insights into the effectiveness
of preventive measures in improving the lung
function of this specific workforce and provide
evidence-based support for respiratory protection
in the informal sector. Objectives: i) To assess the
impact of regular FFP3 respiratory mask usage on
spirometric parameters, including forced vital
capacity (FVC), forced expiratory volume in one
second (FEV1), Tiffeneau index, and peak
expiratory flow (PEF), among informal sector
carpentersin Douala; ii) to compare the spirometric
measurements before and after the five-month
intervention period to evaluate any significant
changes in respiratory function. Hypotheses: i) HO
(Null hypothesis): there will be no significant
difference in spirometric parameters before and
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after the intervention, indicating that FFP3 mask
usage has no impact on the respiratory functions of
informal sector carpenters. ii) H1 (Alternative
hypothesis): there will be a significant
improvement in spirometric parameters after the
five-month FFP3 mask intervention, indicating that
regular mask usage positively influences the
respiratory health of informal sector carpenters.

Methods

Study design: the study design is a before-after
study, also known as a pre-post intervention study.
It involves assessing the respiratory functions of
informal sector carpenters before and after a five-
month intervention period during which they wear
FFP3 respiratory masks while performing their
professional activities. Spirometry measurements
will be taken at two time points: before the
intervention (baseline) and after the five-month
intervention.

Setting: the study was conducted in Douala,
Cameroon, which is a major city with a significant
informal carpentry sector. Douala is known for its
high levels of air pollution and occupational hazards
related to woodworking activities. The locations of
data collection include various carpentry
workshops and sites within the city.

Relevant dates: the study was carried out over a
period of five months, from December 2019 to May
2020. The recruitment of participants and baseline
spirometry measurements took place in December
2019, before the intervention started. The
intervention, which involved the regular usage of
FFP3 masks, began in January 2020 and continued
until May 2020. The follow-up spirometry
measurements were conducted in May 2020, after
the five-month intervention period was completed.

Periods of recruitment, exposure, follow-up, and
data collection

Recruitment: participants were recruited in
December 2019. Informal sector carpenters in
Douala who met the inclusion criteria were invited

to participate in the study. The inclusion criteria
involved being active carpenters, aged between 18
and 65 years, and having a minimum of one year of
work experience in carpentry.

Exposure: the exposure period involved the five
months from January 2020 to May 2020, during
which the participants used FFP3 respiratory masks
regularly while performing their carpentry tasks.
They were provided with the masks and instructed
to wear them throughout their working hours.

Follow-up: the follow-up period took place in May
2020, after the intervention ended. At this time, the
participants underwent spirometry measurements
again to evaluate any changes in their respiratory
functions.

Data collection: data collection for spirometry
measurements was conducted at two time points:
baseline (December 2019) and follow-up (May
2020). The spirometry tests were performed by
trained healthcare  professionals following
standardized procedures to ensure accurate and
reliable results.

Participants: in this particular study, the
participants are informal sector carpenters in
Douala, Cameroon. The inclusion criteria involve
being active carpenters, aged between 18 and 65
years, and having a minimum of one year of work
experience in carpentry. The study does not involve
comparing the outcomes of different groups;
instead, it assesses changes in individual
participants' respiratory functions before and after
the five-month intervention period of using FFP3
respiratory masks. Each participant's baseline
spirometry measurements were taken before the
intervention (pre-intervention), and follow-up
spirometry measurements were taken after the
five-month intervention period (post-intervention).
By comparing these measurements within each
participant, the study evaluates the impact of
regular FFP3 mask usage on their respiratory
functions over time.
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Outcomes: spirometric parameters: the primary
outcomes of interest are spirometric parameters,
including forced vital capacity (FVC), forced
expiratory volume in one second (FEV1), Tiffeneau
index (FEV1/FVC ratio), and peak expiratory flow
(PEF). These measurements provide insights into
the participants' respiratory function and lung
health.

Exposure: filtering face pieces (FFP3) respiratory m
usage: the main exposure of interest is the regular
usage of FFP3 respiratory masks by the informal
sector carpenters during their professional
activities. The participants were provided with FFP3
masks and instructed to wear them throughout
their working hours during the intervention period.

Predictors: duration of FFP3 mask usage: the
duration of FFP3 mask usage, measured in months,
is a predictor variable of interest. This variable
represents the period of time the participants
consistently wore the masks during their carpentry
activities.

Potential confounders

Age: age is a potential confounding factor as it can
influence the participants' baseline respiratory
functions and the effect of mask usage on lung
health.

Smoking status: smoking status may affect the
participants' respiratory health independently of
the intervention and should be considered as a
potential confounder.

Previous respiratory conditions: participants with
pre-existing respiratory conditions may have
different baseline respiratory functions, and their
conditions could confound the impact of mask
usage on lung health.

Occupational exposure to other respiratory
hazards: the participants' exposure to other
occupational respiratory hazards, apart from
woodworking dust, may influence their respiratory
health.

Effect modifiers

Gender: gender may act as an effect modifier, as
there might be differences in the impact of FFP3
mask usage on respiratory functions between
males and females. Years of professional
experience: The number of years the participants
have worked as carpenters could potentially modify
the effect of mask usage on their lung function.

Diagnostic criteria: there are no specific diagnostic
criteria for the outcomes of spirometric parameters
in this study. Spirometry is a standard procedure
used to assess respiratory function, and the
measurements are interpreted using reference
values based on age, height, and gender to identify
any abnormalities or changes in lung function. The
pre-intervention spirometry measurements serve
as baseline values for each participant, and the
post-intervention measurements are used to
compare changes in respiratory function over the
study period. By clearly defining the outcomes,
exposure, predictors, potential confounders, and
effect modifiers, the study aims to conduct a
comprehensive analysis to evaluate the impact of
FFP3 mask usage on the respiratory functions of
informal sector carpenters in Douala. This approach
allows for accurate interpretation of the study's
findings and minimizes bias to draw meaningful
conclusions about the intervention's effectiveness.
The data sources and measurement methods
provided remain accurate for this before-after
study design. The spirometric parameters, FFP3
mask usage, and potential confounders and effect
modifiers were collected for each participant at two
time points, ensuring internal comparability within
the study population.

Bias
Efforts to address potential sources of bias

Selection bias: to minimize selection bias, a
systematic approach was used to recruit
participants from the informal carpentry sector in
Douala. Inclusion criteria, such as being active
carpenters aged between 18 and 65 years with at
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least one year of work experience, were defined to
ensure the study population represents the target
group accurately. Moreover, efforts were made to
include a diverse sample of carpenters from
different workshops and sites to enhance the
generalizability of the findings.

Information bias: to reduce information bias,
spirometry measurements and other data were
collected by trained healthcare professionals
following standardized protocols. This helps ensure
accurate and consistent data collection, reducing
the likelihood of measurement errors or
misclassification of exposure and outcome
variables. Participants were also given clear
instructions on self-reporting FFP3 mask usage to
minimize reporting bias.

Confounding: in our study, we did not specifically
address potential confounding effects, as the
spirometer used already accounted for relevant
covariates such as age and gender in its
measurements. Additionally, with a sample size of
37, dividing participants into groups for further
analysis could introduce bias in the statistical
analysis. Furthermore, our study design involved
comparing individuals to themselves before and
after using the FFP3 mask, which mitigates the
impact of confounding factors on the observed
spirometric outcomes.

Study size: the study size was determined to ensure
adequate statistical power to detect meaningful
changes in spirometric parameters before and after
the intervention. A sample size calculation was
performed based on factors such as expected effect
size, variability in spirometric measurements,
significance level, and desired statistical
power [5,6]. The calculated sample size required
for the paired design was initially 31 subjects, but a
target sample size of 310 subjects was chosen to
account for potential "no-shows" and ensure
sufficient participants for paired measurements.
The larger sample size enhances the study's ability
to detect significant differences and increases the
generalizability of the findings to the target

population, ensuring the study's statistical validity
and meaningful conclusions.

Quantitative variables handling in the analyses: in
our before-after study, the main quantitative
variables of interest are the spirometric
parameters, such as forced vital capacity (FVC),
forced expiratory volume in one second (FEV1),
Tiffeneau index (FEV1/FVC ratio), and peak
expiratory flow (PEF). These quantitative variables
were handled as follows in the analyses.

Pre-intervention and post-intervention
measurements: for each participant, spirometry
measurements were taken at two time points:
before the intervention (baseline) and after the
five-month intervention period (follow-up). The
raw numerical values of FVC, FEV1, Tiffeneau index,
and PEF were recorded for both time points.

Comparison within participants: as a before-after
study, the primary analysis focused on comparing
spirometric parameters within each participant.
The change in spirometric measurements from
baseline to follow-up was calculated for each
participant. This was done by subtracting the
baseline values from the follow-up values to obtain
the change scores.

Statistical analysis: the change scores for each
spirometric parameter were used as the outcome
variables in the statistical analysis. Paired t-test was
used to compare the mean changes in spirometric
parameters before and after the intervention. This
test allowed for the assessment of the significance
of the changes and whether the regular usage of
FFP3 masks had a significant impact on respiratory
functions.

Subgroup analyses: we did not subdivide our
sample for the reason above mentioned.

Adjusting for confounding variables: with this
number, we didn’t adjust for potential confounding
variables identified like age and smoking status as
above mentioned. No regression models.
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Groupings of quantitative variables: in our before-
after study, there are no separate groups to
compare; each participant serves as their own
control. The primary analysis involves comparing
the individual changes in spirometric parameters
before and after the intervention for each
participant. Therefore, there are no specific
groupings chosen for quantitative variables in this
study design. Instead, the focus is on assessing
changes within each participant over time. By
handling quantitative variables in this manner, the
study can evaluate the impact of regular FFP3 mask
usage on the respiratory functions of informal
sector carpenters in Douala, providing valuable
insights into the intervention's effectiveness in
improving their lung health.

Statistical methods for before-after study: we
used paired t-tests to compare the mean
differences in the outcome variable (spirometric
parameters) between the two time points within
each participant. Paired t-tests are appropriate for
normally distributed data and are commonly used
in before-after studies to assess the intervention's
impact.

Descriptive statistics: we used descriptive statistics
to summarize the baseline characteristics of the
study participants and the changes in the outcome
variables after the intervention.

Confidence intervals: confidence intervals are
calculated around the mean differences in the
outcome variables before and after the
intervention. These intervals provide a range within
which the true population parameter is likely to lie
with a certain level of confidence. In this before-
after study design, the primary focus is on analyzing
changes in outcomes within each participant, using
paired t-tests to determine if the intervention had
a significant effect on the respiratory functions of
informal sector carpenters in Douala. Descriptive
statistics, effect size calculations, and confidence
intervals further provide valuable insights into the
magnitude and significance of the observed
changes.

Sampling approach: this study employed a
combination of cluster sampling and convenience
sampling to select participants from the city of
Douala, which is divided into 6 administrative
districts: Douala |, Douala Il, Douala Ill, Douala IV,
Douala V, and Douala VI. All six districts were
selected for inclusion in the study.

Sample size calculation: the sample size was
initially calculated to achieve a statistical power of
80%, a 95% confidence level, and a 5% significance
level for a paired two-sample design. Based on the
expected improvement in spirometric parameters
(PEF, FVC, Tiffeneau index, and FEV1) from an
average of 95% to 100% of their own expected
values, the calculated sample size required for this
study was 31 subjects based on the sample size
formula for paired tests [5,6]. However, to account
for potential "no-shows" due to the COVID crisis
and ensure sufficient participants for the paired
measurements, a tenfold margin was applied,
leading to a target sample size of 310 subjects.

Portable spirometer use: the use of the portable
spirometer in this study is justified due to its
comparable results to a spirometer used in a
specialized pulmonary center when used
correctly [7]. It is crucial to ensure that the
spirometer is operated accurately to obtain reliable
and consistent data. The fact that both types of
spirometers vyield similar variations in results
suggests that any discrepancies are more likely
attributed to user error or subject cooperation
rather than the method's reliability [8,9].
Moreover, the portable spirometer aligns better
with the actual working conditions of the
carpenters, as it is the device commonly used for
regular health monitoring in a professional
setting [10]. This choice reflects the real-life
scenario and provides a more realistic assessment
of the respiratory health of the workers during their
daily activities, contributing to the validity and
practicality of the study's findings [10].

Statistical analysis: the primary analysis involved
calculating the mean differences in spirometric
parameters before and after the intervention [5].
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Paired t-tests were used to determine the statistical
significance of the observed changes. The
confidence interval was set at 95% to estimate the
precision of the effect size. We used SPSS 26.0 for
statistical processing.

Ethical considerations: our protocol was submitted
to the National GP Ethics Committee, and the
recruitment started after obtaining ethical
clearance as well as oral consent from each
participant. Strict confidentiality measures were
implemented to protect their privacy.

Results

The objective was to assess the impact of FFP3
respiratory mask usage on the respiratory functions
of informal sector carpenters in Douala.

Key results: improved spirometric parameters: the
study found significant improvements in
spirometric parameters after the five-month
intervention period. Forced vital capacity (FVC)
increased from 89.6% to 93.7% (p < 0.000), forced
expiratory volume in one second (FEV1) increased
from 88.1% to 95.0% (p < 0.000), Tiffeneau index
(FEV1/FVC ratio) increased from 82.4% to 84.9% (p
< 0.000), and Peak expiratory flow (PEF) increased
from 6.7 I/s to 7.9 I/s (p< 0.000).

Positive impact on lung function: the regular use of
FFP3 masks had a positive effect on the respiratory
health of informal sector carpenters. The
improvements in spirometric parameters indicated
enhanced lung function and reduced airway
obstruction.

Significance of preventive measures: the study
highlights the importance of preventive measures,
such as using FFP3 masks, in safeguarding the
respiratory well-being of carpenters exposed to
occupational hazards. The key results demonstrate
that the consistent use of FFP3 respiratory masks
significantly enhanced the respiratory functions of
informal sector carpenters in Douala. The findings
underscore the importance of implementing
preventive measures to protect the respiratory

health of this specific workforce and highlight the
potential benefits of respiratory protective
equipment in occupational settings.

General characteristics of the population: Table 1
outlines the general characteristics of the
population, with the total sample size being n=310.
The proportions and corresponding 95%
confidence intervals (Cls) are presented for each
parameter. In terms of marital status, the majority
were married, accounting for 70.7% (95% Cl: 69.1-
72.3). Singles represented 29.0% (95% Cl: 27.4 -
30.6), while divorced individuals constituted a small
percentage of 0.3% (95% Cl: 0.28 - 0.32). Regarding
educational levels, 0.6% (95% Cl: 0.6 - 0.7) had no
formal education, 28.3% (95% Cl: 26.7 - 29.8) had
primary education, 64.5% (95% Cl: 62.7 - 66.3) had
secondary education, and 6.5% (95% Cl: 6.0 - 7.0)
had attained a university level education. In terms
of years of professional experience, 41.7% (95% ClI:
39.8 - 43.6) had less than 10 years, 32.1% (95% ClI:
30.4 - 34.8) had 10 to 19 years, and 26.2% (95% ClI:
24.7 - 27.1) had 20 years or more of experience.
Interestingly, more than a quarter of the carpenters
reported having over 20 years of working
experience. It's worth noting that only a very small
percentage had achieved a university level of
education (Table 1).

General anthropological parameters, medical
history, and clinical symptoms of the study
population: we adopted a conventional
occupational medicine approach in our study
population, involving a survey, measurement of
anthropological parameters, and examination of
medical histories. The average age of our
population was 38 years, with a mean body mass
index (BMI) at the threshold of overweight. The
systolic and diastolic blood pressures were within
normal ranges on average. We observed a small
proportion of self-reported asthmatics, but a
significant percentage of smokers. One-tenth of the
population reported drug allergies, and half
engaged in physical exercise. One-quarter of the
population experienced coughing, and one-fifth
had nasal discharge. About one in twenty had
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ocular irritations or dyspnea, and nearly one-tenth
reported chest pain (Table 2).

Spirometric characteristics before the use of
masks: Table 3 provides an overview of spirometric
characteristics observed before mask usage. The
table includes the mean and standard deviation (sd)
values for various parameters, namely FVC (%
predicted), FVC (liters), FEV1 (% predicted), FEV1
(liters), FEV1/FVC (% predicted), MEF25-75 (liters
per second), and PEF (liters per second).
Additionally, the table presents the corresponding
minimum and maximum values, as well as the 95%
confidence intervals (Cls) for each parameter. The
distribution of certain parameters based on
percentage ranges is also displayed. For FVC (%
predicted), 12.8% measured below 80%, while
87.2% measured equal to or above 80%. In terms of
FEV1 (% predicted), 84.1% registered below 80%,
and 15.9% measured equal to or above 80%. For
FEV1/FVC (% predicted), 8.4% had values below
70%, and 91.6% had values equal to or above 70%.
Moreover, the prevalence of obstructive syndrome
was found to be 7.8%, and the prevalence of
restrictive  syndrome  was  12.0%, with
corresponding 95% Cls of 7.2 - 8.4 and 11.2 - 12.8,
respectively (Table 4).

Parameters  associated with  spirometric
impairment: Table 4 examines other parameters
linked with spirometric impairment. The table
compares mean age and mean vyears of
professional experience for specific subgroups
based on FVC (% predicted), FEV1 (% predicted),
and FEV1/FVC (% predicted). For each subgroup,
the mean age is presented with its respective 95%
confidence interval (Cl) and the associated p-value.
In the case of FVC (% predicted), individuals with
FVC values below 80% had a mean age of 41.3 years
(95% ClI: 41.1 - 41.4), while those with FVC values
equal to or above 80% had a mean age of 37.5 years
(95% Cl: 37.4 - 37.6), with a p-value of 0.046.
Concerning mean years of professional experience,
the respective values were 15.3 years (95% Cl:
15.26 - 15.34) for FVC < 80% and 13.4 years (95%
Cl: 13.36 - 13.44) for FVC >= 80%, with a p-value of
0.218. Similarly, for FEV1 (% predicted), the mean

age was 37.5 years (95% Cl: 37.46 - 37.54) for FEV1
< 80% and 40.6 years (95% Cl: 40.56 - 40.64) for
FEV1 >= 80%, with a p-value of 0.057. The mean
years of professional experience were 13.2 years
(95% Cl: 13.16 - 13.24) for FEV1 < 80% and 16.0
years (95% Cl: 15.96 - 16.04) for FEV1 >= 80%, with
a p-value of 0.051. Regarding FEV1/FVC (%
predicted), the mean age for FEV1/FVC < 70% was
46.6 years (95% Cl: 46.56 - 46.64), while for
FEV1/FVC >=70% it was 37.2 years (95% Cl: 37.16 -
37.24), with a p-value of 0.000. The mean years of
professional experience were 17.9 years (95% Cl:
17.86 - 17.94) for FEV1/FVC < 70% and 13.2 years
(95% Cl: 13.16 - 13.24) for FEV1/FVC >= 70%, with a
p-value of 0.015 (Table 4).

Comparative anthropological, clinical, and
spirometric characteristics before and after mask
usage: Table 5 presents a comparison of
anthropological, clinical, and spirometric
characteristics before and after the usage of FFP3
masks. The table outlines the values before and
after mask usage, along with the confidence
interval (Cl) of the difference and the associated p-
value (significance level). For BMI, there was
negligible change as the values before and after
mask usage were very close (24.21 and 24.20
respectively), with a Cl of -0.2 to +0.2, resulting in a
p-value of 0.91 (NS) indicating no significant
difference. In terms of blood pressure, SBP (mmHg)
showed a decrease from 125.5 to 121.9 after mask
usage, with a Cl of 1.2 to 6.0 and a significant p-
value of 0.005. Regarding DBP (mmHg), there was
minimal change from 80.7 to 80.0 after mask usage,
with a Cl of -0.4 to +2.1 and a p-value of 0.2 (NS),
suggesting no significant difference. Moving to
spirometric parameters, significant improvements
were observed after mask usage. FVC (% predicted)
increased from 89.6 to 93.7, with a Cl of -6.0 to -2.3
and a highly significant p-value of 0.000. FVC (liter)
increased from 3.7 to 3.9, with a Cl of -0.3 to -0.1
and a p-value of 0.000. Similarly, FEV1 (% predicted)
increased from 88.1 to 95.0, with a Cl of -9.1 to -4.7
and a p-value of 0.000. FEV1 (liter) increased from
3.1 to 3.3, with a Cl of -0.3 to -0.2 and a p-value of
0.000. FEV1/FVC (% predicted) increased from 82.4
to 84.9, with a Cl of -3.3 to -1.2 and a p-value of
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0.000. FEV1/FVC increased from 0.82 to 0.85, with
a Cl of -0.03 to -0.02 and a p-value of 0.000. MEF25-
75 (I/sec) increased from 3.3 to 3.6, with a Cl of -0.8
to -0.5 and a p-value of 0.000. PEF (I/sec) increased
from 6.7 to 7.9, with a Cl of -1.7 to -0.2 and a p-
value of 0.000 (Table 5).

Discussion

The respiratory health of individuals working in the
informal carpentry sector is often at risk due to
prolonged exposure to wood dust and other
airborne pollutants [1,11]. Such exposure has been
linked to various respiratory issues, including
asthma and other allergic conditions, which can
significantly impact the quality of life for these
workers. In light of these concerns, the present
study aimed to investigate the potential benefits of
using FFP3 respiratory protective masks among
informal sector carpenters in Douala. This chapter
discusses the impact of FFP3 mask usage on the
respiratory functions of these carpenters, with a
particular focus on Peak Expiratory Flow (PEF),
Forced Vital Capacity (FVC) and Tiffeneau Index
measurements. These parameters serve as
valuable indicators of lung function. The results
obtained from a five-month before-after study
highlight the positive effects of FFP3 mask
intervention, emphasizing the importance of
adopting appropriate respiratory protective
measures to safeguard the respiratory health of
informal sector carpenters in occupational settings.
Longitudinal spirometry studies contribute to our
understanding of the natural progression and risk
factors associated with various respiratory
diseases [12,13].

Forced vital capacity: the results of our study
revealed a significant improvement in forced vital
capacity (FVC) among informal sector carpenters in
Douala following regular use of FFP3 masks. This
increase in FVC indicates enhanced air volume that
the subjects can forcefully exhale after a maximal
inhalation. Increased FVC suggests improved
overall lung function and reduced airway
obstruction. These observations are consistent
with findings from other similar studies [3,14],

reinforcing the idea that wearing respiratory
protective masks can play a crucial role in
preserving and enhancing the respiratory health of
workers exposed to fine particles and harmful
aerosols [15].

Forced expiratory volume in one second (FEV1):
our study also demonstrated a significant
improvement in forced expiratory volume in one
second (FEV1) among carpenters after the
intervention with FFP3 masks. Forced expiratory
volume in one second is a key indicator of airway
ability to expel air from the lungs during a forced
expiration [3,16]. The increase in FEV1 suggests
enhanced lung function and reduced bronchial
obstruction. These results align with previous
research that highlighted the positive impact of
wearing respiratory protective masks on the FEV1
of workers exposed to respiratory health hazards in
their professional environment [17].

Tiffeneau index: the ratio of FEV1 to FVC, is another
crucial parameter to assess the respiratory health
of individuals. Our results showed a clear
improvement in the Tiffeneau index among
informal sector carpenters after using 10FFP3
masks. An increase in this index indicates reduced
airway obstruction, suggesting an overall improved
respiratory function in the subjects [17,18].
Decreased value of Tiffeneau index is common in
works exposed to respiratory hazards. These
findings are consistent with previous studies,
providing additional evidence that regular use of
respiratory protective masks can help prevent and
alleviate respiratory problems among workers
exposed to high respiratory risk factors.

Peak expiratory flow (PEF): peak expiratory flow
(PEF) measures the maximum speed at which an
individual can exhale air during a forced expiration.
Our results demonstrated a  significant
improvement in PEF among carpenters following
the intervention with FFP3 masks. An increase in
PEF indicates improved airflow in the airways and
suggests enhanced lung function [19]. These results
align with other studies that have also highlighted
the positive effects of wearing respiratory
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protective masks on PEF in workers exposed to
polluted occupational environments [19]. In a study
of Greek furniture workers, the authors found no
difference when comparing office workers to
exposed workers. They did not conduct a before-
after study, but rather compared workers exposed
to chemicals. Their sample size was lower in each of
the compared groups [20]. The improvement in PEF
among carpenters underscores the importance of
prevention of respiratory problems through the
regular use of suitable respiratory protective
masks[3]. On the other hand, the greater the
exposure to hazards, the worse the value of the
PEF [2,18,21-23]. Overall, our study provides strong
evidence that the regular use of FFP3 masks has a
positive impact on the respiratory health of
informal sector carpenters in Douala. The
significant improvements in forced vital capacity
(FVC), forced expiratory olume in one second
(FEV1), Tiffeneau index, and peak expiratory flow
(PEF) indicate enhanced lung function and reduced
airway obstruction. These findings are consistent
with previous research, highlighting the crucial role
of respiratory protective masks in preserving and
enhancing the respiratory well-being of workers
exposed to fine particles and harmful aerosols [24].
Implementing preventive measures such as mask-
wearing and in some instance playing some sport
are essential to safeguard the respiratory health of
workers in the informal sector and improve overall
occupational health outcomes in similar
settings [25].

Generalizability: while the study's findings provide
valuable insights into the impact of FFP3 mask
usage on the respiratory functions of informal
sector carpenters in Douala, it is crucial to exercise
caution when extrapolating these results to other
populations or settings. The external validity of the
study depends on the context and relevance of the
study population and intervention to the target
population of interest. For more robust
generalizability, replication of the study in diverse
populations and settings is necessary.

Limitation

Selection bias: the study's sample consisted of
informal sector carpenters in Douala who
voluntarily participated. This could introduce
selection bias if those who chose to participate
were more health-conscious or had better
respiratory health than those who opted not to
participate (healthy worker effect). As a result, the
observed improvements in spirometric parameters
might be overestimated if healthier individuals
were more likely to be included in the study.

Compliance bias: the study relied on self-reported
compliance with FFP3 mask usage. Participants may
overestimate their adherence to wearing masks
consistently, leading to compliance bias. If some
participants were less diligent in using masks than
reported, the actual impact of FFP3 masks on
respiratory functions could be less pronounced
than observed.

Generalizability: the study was conducted in a
specific region (Douala, Cameroon) and among
informal sector carpenters. Therefore, the
generalizability of the findings to other
occupational groups or regions with different
working conditions may be limited.

Confounding factors: although the study
attempted to control for potential confounders
(e.g. age, smoking status) in the analysis, there may
still be unmeasured or residual confounding that
influences the observed results. Factors such as
other occupational exposures or pre-existing
respiratory conditions could potentially bias the
findings.

Lack of control group: as a before-after study
without a control group, there is no direct
comparison to a group not using FFP3 masks.
Without a control group, it is challenging to
determine if the observed improvements are solely
due to the intervention or if other factors could
have contributed to the changes in spirometric
parameters.
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Duration of intervention: the five-month
intervention period might not be sufficient to
capture the long-term impact of FFP3 mask usage
on respiratory health. Longer follow-up periods
would provide a more comprehensive
understanding of the sustained effects of the
intervention.

Self-reported data: the study relied on self-
reported data for certain variables, such as
occupational exposure and previous respiratory
conditions. Self-reported data may be subject to
recall bias and may not be as accurate as data
collected through objective measures.

Sample size: while efforts were made to achieve an
adequate sample size, the study's final sample may
still be relatively small, which could limit the
precision of the estimated effects.

Considering these limitations, it is essential to
interpret the study's findings cautiously. While the
results suggest a positive impact of FFP3 mask
usage on respiratory functions in informal sector
carpenters, the potential biases and uncertainties
should be taken into account when drawing
conclusions and considering the implications of the
study. Further research with larger and more
diverse samples, longer follow-up periods, and
objective measurements of mask usage would help
strengthen the evidence on the effectiveness of
FFP3 masks in occupational settings.

Funding: the present study on the impact of FFP3
respiratory mask usage on the respiratory functions
of informal sector carpenters in Douala was
personally funded by the main researcher using
personal funds. No external funding was received
from any institution or other entity for this
research. As the sole founder and main researcher,
| personally financed the study, which ensures
independence and eliminates any potential
conflicts of interest related to funding sources.

Conclusion

This before-after study conducted among informal
sector carpenters in Douala over a five-month
period provides compelling evidence for the
importance of preventing respiratory problems
through regular use of FFP3 respiratory masks.
Significant improvements in spirometric
parameters, including forced vital capacity (FVC),
forced expiratory volume in one second (FEV1),
Tiffeneau index, and peak expiratory flow (PEF),
were observed among participants who wore the
masks during their professional activities. These
findings support the beneficial effects of
respiratory protective masks on lung function and
respiratory health in workers exposed to hazardous
occupational environments. Implementing
preventive measures, such as wearing FFP3 masks,
is crucial to preserve the respiratory health of
informal sector carpenters. Increased awareness of
occupational risks and collaboration among
stakeholders are essential in safeguarding the
respiratory well-being of artisans. In conclusion,
regular use of FFP3 masks is an effective preventive
measure for respiratory problems among informal
sector carpenters, reinforcing the need for safe
work practices and promoting respiratory health in
their profession. These findings contribute to the
existing scientific knowledge and strengthen the
argument for adopting safe work practices to
protect the respiratory health of workers. It is
crucial for regulatory authorities, and occupational
health authorities to collaborate in promoting the
prevention of respiratory problems and enhancing
the quality of life for artisans exposed to respiratory
hazards in their profession.

What is known about this topic

e Negative impact of occupational risks on the
respiratory health of informal sector
workers;

e Ppotential for improvement in spirometric
parameters through preventive measures;

e Occupational health disparities in informal
sector workers; existing literature has
highlighted the disparities in occupational
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health protection and access to preventive
measures among informal sector workers.

What this study adds
e Novel intervention assessment in an
understudied  population;  this  study

represents a pioneering effort in evaluating
the impact of FFP3 mask usage on the
spirometric parameters of informal sector
workers, specifically carpenters in Douala;

e Evidence-based support for respiratory
health interventions;, with the absence of
prior studies investigating the use of FFP3
masks on carpenters'respiratory health, this
research provides evidence-based support
for the adoption of preventive measures in
the informal sector;

e Policy implications  for  respiratory
protection in informal sectors: by
demonstrating the positive impact of FFP3
mask usage on the respiratory functions of
carpenters, this study adds weight to the
argument for implementing policies that
mandate the use of appropriate respiratory
protective equipment in the informal sector.
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Table 1: general characteristics of the population

Parameter (n=310) Proportion (%) IC 95%
Marital status

Married 70.7 69.1-72.3
Single 29.0 27.4-30.6
Divorced 0.3 0.28-0.32
Educational level

None 0.6 0.6 —0.7
Primary 28.3 26.7 —29.8
Secondary 64.5 62.7 — 66.3
University 6.5 6.0-7.0
Years of professional experience

Less than 10 years 41.7 39.8-43.6
10 to 19 years 32.1 30.4 - 34.8
20 years and above 26.2 24.7 -27.1

reached university level education

More than a quarter of the carpenters had more than 20 years of working experience; only a very few had

Table 2: anthropological parameters of the study population

Anthropological Mean Sd Min Max 95% CI
parameters

Age (years) 38.0 11.2 18.0 63.0 36.8-39.2
Weight (Kg) 75.8 11.8 50.0 130.0 74.5-77.1
Height (cm) 171.3 8.3 146.0 200.0 170.4-172.2
BMI 26.0 5.2 17.5 90.8 25.4-26.6
SBP (mmHg) 127.7 11.2 100.0 180.0 126.5-128.9
DBP (mmHg) 82.3 8.9 56.0 110.0 82.2-84.2

The examination of anthropological parameters, encompassing age, weight, height, body mass index (BMl),
Systolic blood pressure (SBP), and diastolic blood pressure (DBP) within the study population, reveals that the
average values are generally within normal ranges, indicating no significant abnormalities
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Table 3: spirometric characteristics before mask usage

Parameters Mean sd Min Max 95% CI

FVC (% predicted) 97.6 17.9 25.0 161.0 96.6 — 98.6

FVC (liters) 3.8 0.8 1.0 7.0 2.8—-4.8

FEV1 (% predicted) 95.9 17.5 30 153 94.9 -96.9

FEV1 (liters) 3.2 0.7 0.9 5.1 2.2-4.2
FEV1/FVC (% predicted) 82.1 8.8 44.1 100.0 81.1-83.1
MEF25-75 (liters per second) [3.5 1.3 0.5 7.3 3.4-3.6

PEF (liters per second) 7.6 1.8 2.2 14.4 7.4-7.7
Parameters Percentage (%) 95% ClI

FVC (% predicted)

< 80% 12.8 11.9-13.7

= 80% 87.2 86.3 - 88.1

FEV1 (% predicted)

< 80% 84.1 83.1-85.1

=80% 15.9 14.7 - 16.9
FEV1/FVC (% predicted)

< 70% 8.4 7.0- 8.9

= 70% 91.6 90.0-92.2
Obstructive syndrome 7.8 7.2-8.4
Restrictive syndrome 12.0 11.2-12.8

the table provides an overview of spirometric characteristics before mask usage and offers insights into the
distribution of these parameters within the studied population; less than a tenth of the carpenters exhibited
an obstructive syndrome, while only 12% presented a restrictive syndrome; forced vital capacity (FVC); forced
expiratory volume in one second (FEV1); pulsed electric fields (PEF); maximal expiratory flow (MEF)

Table 4: other parameters associated with spirometric impairment

Parameter Mean age [95% Cl P Mean years of 95% CI P
professional experience

FVC (% predicted) < }41.337.5 §41.1-41.4 [0.046 15.313.4 15.26-15.34 [0.218

80% = 80% 37.4-37.6 13.36-13.44

FEV1 (% predicted) < |37.540.6 |37.46-37.54 |0.057 13.216.0 13.16-13.24 [0.051

80% = 80% 40.56- 40.64 15.96 - 16.04

FEV1/FVC (% 46.6 37.2 46.56- 46.64 (0.000 17.913.2 17.86-17.94 (0.015

predicted) < 70% = 37.16 -37.24 13.16-13.24

70%

The findings indicate that increased exposure to wood dust was associated with worse spirometry parameters;
forced vital capacity (FVC); forced expiratory volume in one second (FEV1);
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Table 5: comparative anthropological, clinical, and spirometric characteristics before and after

mask usage
Parameter Before FFP3 IAfter FFP3 mask Cl of the P (Sig)
mask usage usage difference
BMI 24.21 24.20 -0.2+0.2 0.91 (NS)
SBP (mmHg) 125.5 121.9 1.2-6.0 0.005 (sig)
DBP (mmHg) 80.7 80.0 - 0.4+2.1 0.2 (NS)
FVC (% predicted) [89.6 93.7 - 6.0—-2.3 0.000 (Sig)
FVC (litre) 3.7 3.9 -0.3--0.1 0.000 (Sig)
FEV1 (% predicted) [88.1 95.0 - 9.1—-4.7 0.000 (Sig)
FEV1 (litre) 3.1 3.3 -0.3--0.2 0.000 (Sig)
FEV1/FVC (% 82.4 84.9 13.3--1.2 0.000 (Sig)
predicted)
FEV1/FVC 0.82 0.85 -0.03--0.02 0.000 (Sig)
MEF25-75 (I/sec) [3.3 3.6 - 0.8—-0.5 0.000 (Sig)
PEF (I/sec) 6.7 7.9 - 1.7--0.2 0.000 (Sig)

Overall, the results demonstrate improvements in spirometric parameters after the carpenters
started using FFP3 masks; these improvements are particularly noticeable considering the
matched nature of the data, as the carpenters were compared to themselves; forced expiratory,
volume in one second (FEV1); forced vital capacity (FVC); body mass index (BMlI), Systolic blood
pressure (SBP), and diastolic blood pressure (DBP); pulsed electric fields (PEF); maximal
expiratory flow (MEF); filtering face pieces (FFP3)
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