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ABSTRACT

Introduction: Workplace noise is one of the main sources of health problems. Noise can have many direct
and indirect effects that threaten human health in various ways. The aim of this study was to investigate
the effect of noise annoyance on anxiety among workers.

Material and Methods: This study included 60 workers from a carton manufacturing company, who
were divided into two groups based on noise exposure: exposure (noise level more than 85 dB) and
control (noise level less than 85 dB). Noise exposure of the individuals at the workplace was measured in
accordance with ISO 9612:2009 standard and using a TES-1354 dosimeter. Anxiety levels were assessed
using the Spielberger Anxiety Inventory (STAI), and noise annoyance was measured using a 100-point
visual analog scale. Statistical analysis was performed using STATA statistical software.

Results: The mean age and work experience of the study subjects were 35.78 and 10.78 years, respectively.
The results indicated a statistically significant difference (P-value < 0.05) in the mean noise annoyance
scores between the groups. The mean noise annoyance score in the exposed group was significantly
higher (88.03) than in the non-exposed group (47.6). The average anxiety scores in the exposure and
control groups were 106.81 and 101.6, respectively. In addition, regression analysis showed that each unit
increase in noise annoyance level resulted in a 1.08-fold increase in anxiety in the exposed group.

Conclusion: Noise annoyance is often the most common psychological response to noise exposure and
can be a predictor of many mental disorders or ilinesses, including anxiety. Therefore, it is important to
implement control measures to reduce noise exposure in the workplace.

Keywords: Noise annoyance, Anxiety, Noise exposure, Dosimetry, ISO 9612:2009, Carton manufacturing
company
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1. INTRODUCTION

Noise is recognized as a major source of
physical and mental stress in the workplace. Noise
annoyance is a quantifiable psychological response
to noise exposure and may serve as an indicator
of other adverse health effects in the workplace.
Even if noise annoyance is not considered a direct
adverse effect of noise exposure, it can pave the
causal pathway between noise exposure and
mental health risks such as depression and anxiety
by causing negative emotional reactions such as
irritability, stress, and stress-related symptoms.
Noise annoyance is one of the underlying factors
in the development and progression of mental
disorders such as stress, depression, and anxiety.
Accordingly, the aim of this study was to investigate
the effect of noise annoyance on anxiety among
workers in a corrugated packaging manufacturing
company.

2. MATERIAL AND METHODS

This cross-sectional study was conducted
in a in a corrugated cardboard manufacturing
company. A total of sixty voluntary male workers
participated in the study, subdivided into two
groups: a noise-exposed group (n = 33) and a non-
exposed control group (n = 27). Workplace noise
measurement ~ was  conducted using a
calibrated personal noise dosimeter, model TES-
1354, with calibration performed utilizing the
TES-1356 calibrator device. To determine noise
annoyance, a 100-point visual analog scale was
used. In this scale, workers were requested to rate
their perceived annoyance due to exposure to
noise in their workplace on a 100-point graphical
rating scale ranging from “not at all annoying” to
“extremely annoying” The Spielberger State-Trait
Anxiety Inventory (STAI) was used to measure
anxiety in individuals. This questionnaire is
a 40-item measurement tool used to measure
anxiety states and traits in individuals. Data were
analyzed using STATA 14.2 software. Qualitative

demographic variables were described as number
and percentage and quantitative variables were
reported as mean and standard deviation. Also, the
distribution of annoyance and anxiety variables in
the exposed and non-exposed groups was displayed
with a box plot. Shapiro-Francia test was used to
evaluate the normality of the noise annoyance
variable. The difference in the mean demographic
variables across different levels of noise annoyance,
due to the normality of the noise annoyance
variable was performed using independent t-test.
The relationship between noise annoyance and
state-trait anxiety was determined using linear
regression.

3. RESULTS AND DISCUSSION

The study population consisted of 60 workers,
with a mean age of 35.78 + 7.1 years. 86.2% of the
workers were married, 32.8% of them worked only
in one shift and the rest were working in three
shifts. Subjects were divided into two groups based
on the type of noise exposure (non-exposed group
level less than 85dBA) and exposure (sound level
more than 85dBA). The highest percentage of the
population was in the age group of 30 to 40 years in
the exposed and non-exposed groups.

The mean (SD) total noise annoyance score
was 71.89429.18. Table 1 shows the distribution of
noise annoyance in the exposed and non-exposed
groups. The results of an independent t-test showed
that there was a significant difference in the mean
score of noise annoyance in groups. According to
the results of the table, the average score of noise
annoyance was significantly higher in the exposure
group than in the non-exposed group (P-value
<0.05).

Table 2 shows the distribution of anxiety in
the exposed and non-exposed groups. The mean
anxiety score in individuals was 104.56 120.07.
The mean score for state and trait of anxiety were
51.44 (49.92) and 53.12 (£10.78), respectively.
Table 2 shows the average overall score of anxiety

Table 1: Difference between the mean noise annoyance in the exposed and non-exposed groups

Group Number Mean SD | Confidence Interval
Exposed 33 88.03 = 18.02 81.63 94.4
Non-exposed 27 47.6 24.5 37.46 57.7
Combine 60 70.6 29.05 62.9 78.2
T 7.23
Degree of freedom 56
P-value* 0.000
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Table 2: Anxiety score mean (sd) in exposure and non-exposed groups

Group Exposure Max- Min Non-Exposed Max- Min
Anxiety 106.81 (£22.14) 71-144 101.6 (£16.94) 58-138
State 52.69 (£11.12) 34-72 49.8 (£7.99) 33-70
Trait 54.12 (£11.69) 36-74 51.8 (£9.53) 25-74
Table 3: Relationship between noise annoyance and anxiety
Variables Exp (Coef) StdErr T  p > |t| | 95% Conf. Interval
. Exposure 1.087 0.239 0.38 0.705 0.694 - 1.703
Anxiety

Non-exposed 1.236 0.169 1.55 0.135 0.931 - 1.641

State Exposure 1.054 0.116 0.48 0.635 0.841 - 1.320

Non-exposed 1.121 0.071 1.80 0.084 0.983 - 1.279

. Exposure 1.031 0.120 0.27  0.791 0.813 - 1.307

Trait Non-exposed 1.102 0.086 1.24 0.227 0.937 - 1.296

and the scores of its subscales in the exposed and
non-exposed groups.

Linear regression method was used to
investigate the effect of noise annoyance on anxiety
level in individuals. Table 3 shows the relationship
between noise annoyance and state and trait of
anxiety. As shown in the table, each unit increase
in noise annoyance score increases anxiety by 1.08-
fold in the exposure group. The results of measuring
noise annoyance in the workplace show that the
average total score of noise annoyance was 71.89.
Noise annoyance was directly and significantly
related to noise exposure so the average score of
noise annoyance in the exposure group (88.03) was
higher than the non-exposed group (47.6) which
indicates that occupations that are considered as
exposure group are significantly at risk of noise
annoyance (P<0.05). Noise annoyance is one of the
first adverse effects of noise that people experience
depending on the intensity of the noise they
experience.

The results of the present study show that the
rate of noise annoyance in the noise exposed group
was almost twice that of the non-exposed group.
According to the result, the quartile range of noise
annoyance scores in the exposure group was from
75 to 100, which, according to the noise annoyance
scale, these values indicate a high level of noise
annoyance. In the non-exposed group, the values
were highly dispersed and ranged from 25 to 75
in the first and third quarters, respectively. The
main reason for this scattering of noise annoyance
scores in the non-exposed group can be explained
by the fact that the non-exposed group, in addition
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to employees in the administrative department
of the study industry, also included employees
in some parts of the production line who were
exposed to noise levels above 85 dBA. The results
of the present study show that the average score
of anxiety in the subjects was 105.56, which is in
the range of high levels of anxiety based on the
classification of anxiety scores mentioned in the
method. In industrial occupations, exposure to
sound levels above 85 dBA causes adverse effects
on workers' cognitive performance and their
physical and mental health. The results of the
present study show that the mean anxiety scores in
the exposure and non-exposed groups were 106.81
and 101.6, respectively. According to the results of
the present study, the state anxiety in the exposure
group with an average of 52.69 was higher than
the non-exposed group 49.8. The exposure group
exhibited a higher mean trait anxiety score (54.12)
compared to the non-exposed group (51.8), which
aligns with and corroborates findings reported in
previous studies.

According to Table 2, the variability in anxiety
scores and its subscales was higher in the exposure
group than in the non-exposed group. The distribution
of anxiety scores in the non-exposed group was more
limited than in the exposure group and in the range of
98-105; While the mid-quarter range in the exposure
group ranged from 88 to 125. The presence of Outlier
values in the Box Plot of the non-exposed group may
be due to the fact that the members of this group were
selected from different occupational groups with
different working conditions and only according to
the level of noise exposure.
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The results on the effect of noise annoyance
on anxiety and its subscales in the exposed and
non-exposed groups showed that, in the exposure
group, a one-unit increase in noise annoyance was
associated with a 1.08-fold increase in anxiety,
whereas this association was stronger in the
non-exposed group, with a 1.23-fold increase.
Additionally, noise annoyance increased state
anxiety by 1.05 and 1.12-fold in the exposure and
non-exposed groups, respectively. Also, the results
of the present study showed that an increase of
one unit in noise annoyance increases the trait
anxiety 1.031 times in the exposure group and
1.102 times in the non-exposed group. The reason
for the higher effect of annoyance on anxiety and
its subscales in the non-exposed group may be
because other factors such as personal and family
problems or other underlying factors affect the level
of anxiety. It is recommended that future studies
pay particular attention to this aspect to further
elucidate the relationship between noise annoyance
and anxiety.

Noise annoyance as a cognitive, emotional
and behavioral response to noise stress along with
other environmental stimuli can enhance the effect
of noise leading to mental health problems such as
anxiety and depression. It can also easily increase
the rate of stress-related illnesses, including high
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blood pressure and anxiety, if exposure to a noise-
induced noise annoyance is persistent (such as 8
hours at work) or uncontrollable. Thus, there is
a temporal ambiguity regarding whether noise
annoyance induces or exacerbates mental health
problems, including anxiety, or conversely, whether
existing mental health problems increase noise
sensitivity, thereby amplifying noise annoyance.

4. CONCLUSIONS

Noise is one of the most important and common
factors threatening the health of employees in
the workplace. In addition to the auditory effects
it produces, noise exposure can cause significant
non-auditory effects, including noise annoyance,
as the most common psychological response to
noise exposure. Noise annoyance may serve as a
predictor of various mental disorders or illnesses.
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