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Rationale: Previous studies have examined the
relationship between noise exposure and hearing
loss with metabolic syndrome (MetS), but the
results have been inconsistent.

Aim: To assess an association between noise
exposure, hearing loss, and the status of MetS.
Methods: This cross-sectional study was carried
out in 950 employees of a textile factory in 2023.
Participants were categorized into two groups
based on their noise exposure: under 85 dB versus
85-90 dB. Hearing loss was defined as a mean
hearing threshold exceeding 25 dB in either or both
ears within the relevant frequency ranges. MetS was
diagnosed with the National Cholesterol Education
Program Expert Panel and Adult Treatment Panel 1l
criteria. Demographic, medical, and occupational
data were collected during periodic examinations.
Then, the relationship between MetS and its
components with noise exposure and hearing loss
was examined.

Results: The median age of the study population
was 33 years (IQR 28 to 38 years) and the median
work experience was 3 years (IQR 2 to 9 years).
864 (90.9%) of the subjects were male, 774 (81.5%)
were married, and 848 (89.3%) had shift work.
10.8% (n = 103) of the participants were diagnosed
with MetS, and 72% (n = 684) had exposure
to noise levels greater than 85 dB. Increased
waist circumference (odds ratio (OR) = 1.61; 95%
confidence interval (Cl) 1.20-2.17, p = 0.002),
elevated triglycerides (OR = 2.03; 95% Cl 1.36-3.02,
p < 0.001), and reduced high-density lipoprotein

(HDL) levels (OR = 1.71;95% Cl 1.28-2.29, p < 0.001)
were significantly associated with the noise
exposure. There was also a significant relationship
between MetS components and high-frequency
hearing thresholds. Specifically, hearing loss at
higher frequencies in both ears was linked to
elevated fasting blood sugar, diastolic blood
pressure, triglycerides, and low HDL.
Conclusion: Our study showed a significant
association between noise exposure and
components of MetS including increased waist
circumference, high triglycerides, and low HDL
cholesterol. In addition, based on initial analysis,
there was a significant association between MetS
and its components, including dysregulated
glucose and lipids, and elevated diastolic blood
pressure, with the median hearing threshold at
higher frequencies.
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etabolic syndrome (MetS) encompasses

a cluster of metabolic disorders,

characterized by central obesity, glucose

metabolism impairment, dyslipidemia,
and elevated blood pressure. Its diagnosis requires
meeting at least three of five criteria: increased waist
circumference, elevated fasting blood sugar, high
triglycerides, raised blood pressure, or decreased
high-density lipoprotein (HDL) cholesterol [1]. This
condition has emerged as a significant global health
concern, affecting approximately 20-25% of the
world's population, with our country, Iran, reporting
a prevalence of 31.02% as of 2018 [2, 3].

The development of MetS is multifactorial,
influenced by lifestyle factors such as excessive caloric
intake and physical inactivity, as well as genetic
predisposition, environmental toxins, and occupational
conditions [4, 5]. Among workplace factors, noise
exposure has been hypothesized to be as a significant
contributor to metabolic health [6].

Noise exposure produces both auditory and non-
auditory health effects. While hearing loss is the
primary auditory consequence, affecting roughly 20%
of the global population and potentially leading to
reduced quality of life through social isolation, recent
research suggests a complex relationship between
hearing impairment and MetS [7-16]. However,
the underlying pathophysiological mechanisms
connecting these conditions remain inadequately
understood.

The available evidence indicates that chronic
noise exposure may increase the risk of metabolic
disorders through various pathways. Noise pollution
triggers pathophysiological changes by activating the
hypothalamic-pituitary-adrenal axis and autonomic
nervous system, leading to elevated stress hormone
levels that can affect lipid and glucose metabolism
[17]. However, epidemiological studies have yielded
conflicting results regarding the relationship between
noise exposure and MetS. While some research suggests
that moderate to severe workplace noise exposure
contributes to MetS, other studies have found no
significant association [6, 18-22].

Given the high prevalence of MetS and the
inconsistent findings regarding its relationship with
occupational noise exposure and hearing loss, further
investigation is warranted. Previous studies have been
limited by the presence of additional occupational
hazards that could confound the relationship between
noise exposure and MetS. Additionally, specific noise
exposure levels, particularly in the 85-90 dB range,
have not been adequately studied. This research aims
to examine the impact of occupational noise exposure
and hearing loss on MetS status among textile
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factory workers, where noise represents the primary
occupational hazard.

Methods

This cross-sectional investigation was carried out among
employees (N = 1020) of a textile manufacturing facility in
2023. All workers who underwent annual periodic health
examinations during this period and met the inclusion
criterion of a minimum of one year's employment at the
facility were included in the study. The exclusion criteria
were as follows: a history of known baseline conditions
such as MetS or its components, cardiovascular diseases,
renal failure, etc. (n = 9), a history of non-occupational or
secondary job-related noise exposure (n = 12), incomplete
occupational health records (n = 45), or refusal to
participate in the study (n = 5). The final analytical sample
comprised 950 workers.

Data collection utilized a comprehensive approach
during periodic health examinations, employing
structured interviews and standardized measurement
protocols. The investigative framework encompassed
multidimensional data acquisition, including
demographic, medical, and occupational variables.
Demographic information systematically captured
participants' characteristics, including chronological age,
biological sex, anthropometric measurements, marital
status, tobacco consumption (operationalized as daily
cigarette intake exceeding one cigarette over the preceding
six-month period), and physical activity levels (quantified
as > 150 minutes of weekly engagement). Occupational
data acquisition focused on participants' professional
trajectories, encompassing work experience, shift work
patterns, use personal protective equipment regularly,
and job-related physical demands. All examinations were
conducted by a certified occupational medicine specialist,
ensuring standardized and rigorous assessment protocols.
Anthropometric and physiological measurements adhered
to the internationally recognized standardization
guidelines. Waist circumference was meticulously assessed
according to the World Health Organization's precise
anatomical definition, measuring the midpoint between
the iliac crest and lowest rib along the mid-axillary line
[23]. Biochemical parameters, including fasting blood
glucose, triglyceride levels, and HDL cholesterol, were
obtained through venous blood sampling during routine
periodic examinations, with samples collected following
a fasting state to ensure metabolic consistency.

The diagnostic criteria for MetS were established
in accordance with the National Cholesterol Education
Program Adult Treatment Panel III (NCEP ATP III)
framework. This standardized classification system
incorporates five distinct physiological parameters:
(1) sex-specific waist circumference thresholds
(= 102 centimeters for men; > 88 centimeters for
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women); (2) elevated blood pressure readings
(= 130/85 millimeters of mercury); (3) serum
triglyceride concentrations (= 150 milligrams per
deciliter); (4) gender-specific HDL cholesterol thresholds
(< 40 milligrams per deciliter for males; < 50 milligrams
per deciliter for females); and (5) fasting blood glucose
levels (> 100 milligrams per deciliter). The presence of
MetS was confirmed when participants manifested three
or more of these defined clinical parameters.

The environmental noise exposure assessment was
conducted by a qualified occupational health technician
across various operational units within the facility.
Based on these quantitative measurements, the study
participants were stratified into two distinct exposure
categories: those with occupational noise exposure
ranging from 85 to 90 dB constituted the exposure
group, while individuals exposed to ambient noise levels
below 85 dB were classified as the non-exposure group.
Comparative analysis was subsequently performed to
evaluate the differential prevalence of MetS between
these two exposure categories.

The audiometric assessment was conducted by
a certified audiologist in a standardized acoustic
environment to evaluate bilateral air conduction
thresholds. The examination protocol encompassed
frequency-specific measurements at 500, 1000, 2000,
3000, 4000, and 6000 Hertz. Hearing threshold
calculations were stratified into two distinct frequency
ranges: low-frequency thresholds were computed as
the arithmetic mean of measurements at 500, 1000,
and 2000 Hertz, while high-frequency thresholds were
derived from the mean values at 3000, 4000, and 6000
Hertz for each ear independently. The operational
definition of hearing loss was established as a mean
hearing threshold exceeding 25 dB in either or both
ears within the respective frequency ranges.

Statistical Analysis

The analytical framework of this investigation
examined the interrelationships between MetS,
including its constituent components, and two primary
variables: occupational noise exposure (85-90 dB) and
frequency-specific hearing impairment (categorized as
high and low frequencies) in both ears.

The normality of data distribution was evaluated
using the Kolmogorov-Smirnov test. Given the non-
parametric nature of the data distribution, descriptive
statistics for continuous variables were reported as
median values with corresponding interquartile ranges
(IQR), while categorical variables were expressed as
absolute frequencies and relative percentages.

Statistical comparisons employed non-parametric
methodologies. The Mann-Whitney U test was utilized
for continuous variable analyses, while categorical

variable associations were assessed using the chi-square
and Fisher's exact tests. Variables showing significant
results in univariate analysis were further examined
using logistic regression analysis to adjust the effect of
confounding factors. Statistical analyses were performed
using SPSS, version 27.0 statistical software. Statistical
significance was established at an alpha level of 0.05,
with confidence intervals (CI) set at 95%.

Ethical Considerations

The study adhered to rigorous ethical protocols
throughout its execution. Prior to enrollment,
comprehensive informed consent was obtained from
all participants. The research protocol, including its
objectives, methodological procedures, potential risks,
and anticipated benefits, was thoroughly elucidated to
each worker to ensure informed decision-making. The
voluntary nature of participation was emphasized, with
explicit assurance that withdrawal from the study was
permissible at any stage without adverse consequences.
All data management procedures were conducted in
strict compliance with established ethical guidelines,
ensuring the preservation of participant confidentiality
and anonymity throughout the research process. The
study protocol received formal ethical approval from
the institutional Ethics Committee (approval code:
IR.IUMS.FMD.REC.1402.124) on June 3, 2023.

Results

The study population comprised 950 textile industry
workers, characterized by a median age of 33 years
(IQR 28 to 38 years). Eight hundred and sixty four (864,
90.9%) of the participants were male and 86 (9.1%) were
female. The median duration of their employment was
3 years (IQR 2 to 9 years). Regarding demographic
characteristics, the majority of the participants were
married (n = 774, 81.5%), with a smaller proportion
being single (n = 176, 18.5%). Only 1.3% of the
participants were smokers, and 89.3% had shift work.
None of the workers were using personal protective
equipment regularly. In total, 10.8% (n = 103) of the
participants were diagnosed with MetS. Additionally,
72% of participants experienced noise levels exceeding
85 decibels (Table 1).

The audiometric analysis revealed distinct patterns
of frequency-specific hearing impairment across the
study population. In the right ear, the prevalence of
low-frequency hearing loss was minimal (0.8%), while
the high-frequency hearing loss was more prevalent
(11.9%). Similarly, left ear assessments demonstrated the
low-frequency hearing loss in 1.4% of participants, with
a higher proportion (13.2%) exhibiting high-frequency
hearing loss. Aggregate bilateral hearing assessment
indicated that 1.7% of the study population manifested
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with low-frequency hearing impairment, whereas
a substantially higher proportion (17.4%) demonstrated
high-frequency hearing loss.

Statistical analyses revealed significant associations
between MetS and several demographic variables.
Specifically, age demonstrated a strong association
(p < 0.001), while occupational tenure (p = 0.04) and
marital status (p = 0.03) showed moderate associations
with MetS prevalence. Conversely, no statistically
significant relationships were observed between
MetS and other variables, including gender, tobacco
consumption, shift work patterns, occupational
requirements, or physical activity levels (Table 2).

The analysis of occupational noise exposure
revealed significant associations with several metabolic
parameters. Specifically, elevated triglycerides
(p < 0.001), increased waist circumference (p = 0.002),
and reduced HDL levels (p < 0.001) demonstrated
their strong associations with noise exposure. The
risk assessment analyses indicated that the noise-
exposed individuals exhibited higher prevalence ratios
for metabolic alterations: elevated triglycerides (odds
ratio [OR] = 2.03, 95% CI 1.36-3.02), reduced HDL
levels (OR = 1.71, 95% CI 1.28-2.29), and increased
waist circumference (OR = 1.61, 95% CI 1.20-2.17)
compared to their unexposed counterparts (Table 3).
In the regression analysis adjusting the effects of
contextual variables, the relationship between exposure
to noise and triglyceride, waist circumference, and HDL
remained significant (Table 4). However, no significant
associations were observed between the noise exposure

Table 1. Description of study variables

Variables Me [IQR] / N (%)
Age, years 33[28;38]
Body mass index 24[21.1; 27]
Work experience, years 3(2;9]
Systolic blood pressure, nmHg 110 [100; 120]
Diastolic blood pressure, mmHg 70 [70; 80]
Fasting blood sugar, mg/dl 80 [75; 87]
Triglyceride, mg/dl 891[67;128.2]
High density lipoprotein, mg/dl 47 [39; 53]
Waist circumference, cm 92 [86; 102]
Pack year 1.1[0.5; 2.6]
Gender:

Female 86 (9.1)

Male 864 (90.9)
12

Marital status:
Single
Married

Smoking status:
Yes

No

Noise exposure:

Yes
No

Shiftwork:

Yes
No

Work demand:
Sedentary
Light
Medium
Heavy

Physical exercise:
Yes
No

Metabolic syndrome:
Yes
No

Triglyceride:
High
Low

Fasting blood sugar:
High
Low

Systolic blood pressure:
High
Low

Diastolic blood pressure:
High
Low

Waist circumference:
High

Low

High-density lipoprotein:

High

Low

176 (18.5)
774 (81.5)

12(1.3)

938 (98.7)

684 (72)

266 (28)

848 (89.3)

102 (10.7)

32(34)
817 (86)
85(8.9)
16 (1.7)

39 (4.1)
911 (95.9)

103 (10.8)

847 (89.2)

196 (20.6)
754 (79.4)

85(8.9)
865 (91.1)

66 (6.9)

884 (93.1)

170(17.9)

780 (82.1)

308 (32.4)

642 (67.6)

628 (66.1)

322(33.9)

IQR, interquartile range; Me, median; N, patients’number
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Table 2. Comparison of demographic and occupational characteristics between two groups with and without metabolic syndrome

Variable Metabolic syndrome, Me [IQR]/ N (%) P-value OR[95% Cl]
Yes No
Age, years 36 [31;41] 33[27;37] <0.001
Work experience, years 3[2;11] 3[2;8] 0.046
Gender: 0.804 0.91[0.45-1.83]
Female 10(11.6) 76 (88.4)
Male 93(10.8) 771(89.2)
Marital status: 0.031 2.02[1.05-3.86]
Single 11(6.3) 165 (93.8)
Married 92(11.9) 682 (88.1)
Smoking status: 0.772 1.34[0.17-10.50]
Yes 1(8.3) 11(91.7)
No 102 (10.9) 836 (89.1)
Shiftwork 0.185 0.67 [0.37-1.21]
Yes 88(10.4) 760 (89.6)
No 15(14.7) 87 (85.3)
Work demand: 0.234
Sedentary 6(18.8) 26 (81.3)
Light 90 (11) 727 (89)
Medium 5(5.9) 80 (94.1)
Heavy 2(12.5) 14 (87.5)
Physical exercise: 0513 1.48 [0.44-4.89]
Yes 3(7.7) 36(92.3)
No 1101 811(89)

Cl, confidence interval; IQR, interquartile range; Me, median; N, patients’ number; OR, odds ratio

The Mann-Whitney U test was utilized for continuous variable analyses, and the chi-square and Fisher’s exact test for categorical variables.

and overall MetS (p = 0.84), fasting blood glucose
(p = 0.84), or blood pressure parameters (diastolic:
p = 0.29; systolic: p = 0.47).

Further investigations revealed a significant
association between MetS and audiometric parameters,
specifically with high-frequency hearing thresholds.
Participants diagnosed with MetS demonstrated
significantly elevated median hearing thresholds at high
frequencies in both the right and left ears compared
to those without the syndrome (p = 0.031 and 0.042,
respectively) (Table 5). However, after logistic regression
analysis has been performed, this relationship was not
significant (p = 0.335 and 0.124, respectively).

The component-specific analysis of MetS
revealed distinct patterns of association with hearing
impairment. High-frequency hearing loss in both ears
showed significant associations with multiple metabolic
parameters, including elevated fasting blood glucose,
diastolic blood pressure, triglycerides, and reduced HDL

levels. Additionally, there was a significant association
between low-frequency hearing loss in both ears and
increased waist circumference.

Demographic and lifestyle variables also emerged as
significant factors associated with the hearing function.
High-frequency hearing loss in both ears showed
substantial associations with smoking status, marital
status, chronological age, and work experience (Table 6).
These findings suggest a complex interplay between
metabolic, environmental, and demographic factors
in hearing impairment. Logistic regression analysis
revealed that the relationship between age and hearing
loss at low frequencies in the right ear (p = 0.009)
and at high frequencies in the right (p = 0.003) and
left (p < 0.001) ears was significant. The relationship
between gender and hearing loss at high frequencies in
the left ear (p = 0.023) was also significant. However,
the relationship between hearing loss and components
of MetS was not significant.
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Table 3. Comparison of metabolic syndrome and its components between two groups with and without exposure to noise

Variable Noise exposure, N (%) P-value OR [Cl 95%]
Yes No

Metabolic syndrome: 0.908 1.04 [0.66-1.65]
Yes 75 (72.8) 28 (27.2)
No 609 (71.9) 238 (28.1)

Fasting blood glucose: 0.900 1.05[0.63-1.73]
High 62(72.9) 23(27.1)
Low 622 (71.9) 243 (28.1)

Diastolic blood pressure: 0.295 1.22[0.83-1.79]
High 128 (75.3) 42 (24.7)
Low 556 (71.3) 224 (28.7)

Systolic blood pressure: 0.474 0.82 [0.48-1.40]
High 45(68.2) 21(31.8)
Low 639 (93.4) 245 (27.7)

Triglyceride: <0.001 2.03[1.36-3.02]
High 161 (82.1) 35(17.9)
Low 523 (69.4) 231(30.6)

Waist circumference: 0.002 1.61[1.20-2.17]
High 201 (65.3) 107 (34.7)
Low 483 (75.2) 159 (24.8)

High-density lipoprotein: <0.001 1.71[1.28-2.29]
High 476 (75.8) 152(24.2)
Low 208 (64.6) 114 (35.4)

Cl, confidence interval; N, patients’number; OR, odds ratio

The chi-square and Fisher’s exact test were utilized for categorical variable analyses.

Table 4. Logistic regression analysis with adjustment of contextual variables for assessment the effects of noise exposure

Variable B P-value OR [Cl 95%)]

Age -0.060 <0.001 0.94 [0.91-0.96]
Marital status -0.034 0.876 0.96 [0.63-1.48]
Work experience 0.030 0.075 1.03 [0.99-1.06]
Triglyceride 0.839 <0.001 2.31[1.50-3.54]
Waist circumference 0.522 0.001 1.68[1.22-2.31]
High-density lipoprotein 0.440 0.005 1.55[1.14-2.11]

Cl, confidence interval; OR, odds ratio
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Table 5. Relationship between hearing loss and metabolic syndrome

®

P-value Metabolic syndrome, Me [IQR] / N (%) Hearing threshold
No Yes
Right ear: 0.070
Low PTA 10[10;11.6] 10[10;10]
High PTA 16.6 [13.3; 20] 15[13.3;18.3] 0.031
Left ear: 0.188
Low PTA 10[10;10] 10[10; 10]
High PTA 16.6 [13.3; 20] 15[13.3; 20] 0.042
Total hearing loss:” 0.689
Low PTA 2(12.5) 14 (87.5)
High PTA 25(15.2) 140 (84.8) 0.054

IQR, interquartile range; Me, median; N, patients’ number; PTA, pure tone audiometry

The Mann-Whitney U test was utilized for continuous variable analyses, and the chi-square test for categorical variable.

"The total hearing loss is the mean hearing threshold exceeding 25 dB in either or both ears within the relevant frequency ranges (yes/no).

Table 6. Relationship between components of metabolic syndrome and other variables with hearing loss

Variables RLPTA RHPTA LLPTA LHPTA
P-value
Fasting blood sugar 0.120 0.003 0.553 0.023
Diastolic blood pressure 0.569 0.007 0.240 0.006
Systolic blood pressure 0.569 0.880 0.240 0.624
Triglyceride 0.214 0.010 0914 0.005
Waist circumference 0.013 0.095 0.001 0.075
High-density lipoprotein 0473 0.022 0.770 0.006
Age’ 0.021 <0.001 0.078 <0.001
Work experience™ 0.031 <0.001 0.186 <0.001
Gender <0.001 0.008 0.005 <0.001
Marital status 0.196 <0.001 0.895 <0.001
Smoking status 0.752 0.010 0.709 0.003
Shiftwork 0.447 0.810 0.859 0.436
Work demand 0.017 0.273 0.054 0.324
Physical exercise <0.001 0.601 <0.001 0.758

LHPTA, left high pure tone audiometry; LLPTA, left low pure tone audiometry; RHPTA, right high pure tone audiometry; RLPTA, right low pure tone audiometry

Here, hearing loss is considered a quantitative variable and its relationship with qualitative variables is examined through Mann-Whitney U test and with qualitative variables (age and

work experience) through correlation.

"The correlation coefficient for age and hearing loss is 0.07, 0.25, 0.05, and 0.23, respectively.

“The correlation coefficient for work experience and hearing loss is 0.07, 0.24, 0.04, and 0.22, respectively.

K. Taheria, S. Mohammadi, M. Hosseininejad. The association between occupational noise exposure, hearing loss, and metabolic syndrome among workers
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Discussion

This study examined the relationship between
occupational noise exposure, hearing loss, and MetS
among 950 textile factory workers, with 72% exposed
to noise levels exceeding 85 dB. MetS was diagnosed in
10.8% of the participants in our investigation (n = 103).
The prevalence of MetS has ranged from 17.5% to
19.8% in a variety of studies that have examined the
correlation between occupational noise exposure and
this syndrome [6, 12]. The higher prevalence rates
of MetS in other studies could be attributed to older
average ages and other lifestyle risk factors, such as
a higher prevalence of smoking among the study
populations, as well as differing conditions in the
workplace, including exposure to various substances
like metal fumes, acids/bases, and organic compounds.
Research has identified two primary mechanisms
through which noise exerts detrimental effects on
human health: a direct and an indirect pathway. The
direct pathway operates through rapid transmission
via the auditory nerve to the central nervous system,
while the indirect pathway functions through
cognitive processing of the auditory stimuli, eliciting
emotional responses. Both mechanisms converge
in their activation of the hypothalamic-pituitary-
adrenal and sympathetic nervous system, resulting in
elevated stress hormone secretion. This physiological
stress response, which can manifest either acutely or
chronically following noise exposure, may be mediated
through various pathophysiological mechanisms,
potentially contributing to MetS development [18].
Our investigation failed to demonstrate
a statistically significant association between
occupational noise exposure and MetS. The literature
on this relationship has yielded inconsistent results,
which may be attributed to variations in MetS
diagnostic criteria and differences in noise exposure
intensities. Several studies examining lower noise
exposure levels (53-62 dB) have reported no significant
association with MetS [21, 24]. However, the research
involving higher noise intensities has produced
contrasting results, with studies demonstrating
significant associations at exposure levels above 90 dB
[6, 18, 25-27]. Notably, recent research has identified
a dose-response pattern at 93.4 dB (+ 9.7), while studies
of thermal power plant workers exposed to noise
levels above 100 dB have shown strong correlations
with MetS [25, 27]. The absence of a significant
association in our study may be explained by several
demographic and occupational factors. Our population
was characterized by a relatively young median age (33
years), brief work history (median 3 years), and low
smoking prevalence (1.3%). Additionally, the workplace
environment lacked common confounding factors
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such as exposure to organic solvents, vibration, and
heat [28]. Importantly, the maximum noise exposure
in our study was 90 dB, which may fall below the
threshold necessary to observe significant metabolic
effects, particularly given the emerging evidence of
a dose-response relationship between noise exposure
and MetS. Furthermore, the healthy worker effect may
have influenced our findings. Workers in this factory
environment tend to request transfers to less hazardous
settings due to various factors, including job demands,
low wages, and health concerns. Consequently, our
study population primarily consisted of young, healthy
workers with limited exposure duration, potentially
masking any long-term associations between noise
exposure and MetS.

Our analysis revealed significant associations
between noise exposure and several metabolic
parameters. Specifically, we observed increased odds of
elevated triglycerides (OR = 2.03; 95% CI 1.36-3.02, p
< 0.001), enlarged waist circumference (OR = 1.61; 95%
CI 1.20-2.17, p = 0.002), and reduced HDL levels (OR =
1.71; 95% CI 1.28-2.29, p < 0.001). These findings
align with existing literature on the relationship
between noise exposure and MetS components
[18, 20, 29, 30]. Particularly noteworthy is the recent
research demonstrating that prolonged exposure to
moderate noise levels (75-85 dB) over 13.5 years was
associated with the highest risk of dyslipidemia [31].
The underlying mechanism appears to involve noise-
induced stress activation of the sympathetic autonomic
nervous system and endocrine system, leading to
alterations in serum lipid metabolism [30].

Our analysis failed to demonstrate statistically
significant associations between noise exposure and
several metabolic parameters, including fasting blood
sugar, diastolic blood pressure, and systolic blood
pressure. While these findings diverge from previous
research that has established substantial correlations
between noise exposure and elevations in both blood
glucose and blood pressure, this discrepancy may be
attributed to our study population's demographic
characteristics, particularly their young age and
limited occupational exposure duration [18, 20, 29].
This interpretation aligns with the hypothesis that
blood pressure alterations during initial noise exposure
are transient, whereas sustained exposure to high-
intensity noise is necessary to induce persistent blood
pressure elevation [31].

Our investigation extended to examining the
relationship between hearing loss and MetS prevalence.
The analysis revealed that 1.7% of participants
exhibited low-frequency hearing loss, while a notably
higher proportion (17.4%) demonstrated high-
frequency hearing loss. Among individuals with
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low-frequency hearing loss, MetS was present in 12.5%
of cases, while those with high-frequency hearing
loss showed a slightly higher prevalence at 15.2%.
These findings contrast with previous research by
K. Kim et al., who reported substantially higher MetS
prevalence rates of 22.3% and 22.4% in individuals
with low-frequency and high-frequency hearing loss,
respectively [32].

Our initial analysis revealed a significant bilateral
association between MetS and elevated hearing
thresholds at high frequencies, a finding that aligns
with the existing literature [9, 16, 33]. However, after
logistic regression analysis, this relationship was not
significant. While the exact mechanistic relationship
between MetS and hearing impairment remains to
be fully elucidated, current evidence suggests that
shared peripheral vascular pathology may underlie
both conditions [16].

Further analysis of the relationship between
individual MetS components and hearing impairment
revealed significant associations between high-
frequency hearing loss in both ears and several
metabolic parameters: diastolic blood pressure,
triglyceride levels, blood glucose concentration, and
reduced HDL levels. However, logistic regression
analysis revealed that the relationship between hearing
loss and the components of MetS was insignificant.
The association between hypertension and hearing
loss, which has been documented in previous research,
appears to exhibit a bidirectional relationship [13, 16,
33-35]. The initial stress response to noise exposure
triggers elevated heart rate and blood pressure, and
chronic exposure may lead to persistent hypertension
[32]. Conversely, hypertension may contribute
to sensorineural hearing loss through multiple
pathophysiological mechanisms. These include
inner ear hemorrhage, reduced capillary blood flow
leading to oxygen deprivation, and atherosclerotic
changes resulting in diminished vascular elasticity
and narrowing of inner ear vessels [13]. However, due
to the cross-sectional design of our study, we can only
establish associations rather than causal relationships
between hypertension and hearing loss; definitive
determination of causality would require prospective
investigations.

The association between elevated fasting blood
glucose and hearing impairment has been consistently
documented across multiple investigations [10,
16, 33, 35]. The pathophysiological mechanisms
underlying this relationship appear to be multifaceted.
Hyperglycemia may induce hearing loss through
various pathways, primarily through diabetes-related
complications affecting microvascular structures
and sensory neurons. These pathological alterations

potentially impact the inner ear capillaries and
associated sensory neurons. Specifically, individuals
with diabetes and elevated blood glucose levels
demonstrate characteristic changes, including
demyelination of the eighth cranial nerve and
thickening of the stria vascularis capillaries.
Additionally, elevated plasma glucose concentrations
correlate with enhanced oxidative stress, a factor
known to contribute to noise-induced hearing loss
pathophysiology. Therefore, the augmented oxidative
stress observed in hyperglycemic individuals may
partially elucidate the mechanistic link between
elevated blood glucose and auditory dysfunction [10].

Research examining the relationship between
lipid disorders and auditory function has identified
associations between high-frequency hearing loss in
both the right and left ear and elevated triglyceride
levels, as well as reduced HDL levels [9, 14, 34].
As previously established, noise exposure can induce
alterations in lipid metabolism, potentially leading
to hyperlipidemia. Experimental studies in animal
models have demonstrated that dyslipidemia
contributes to pathological changes in auditory
structures, specifically cochlear edema and the stria
vascularis degeneration. The mechanistic pathway
appears to involve dyslipidemia-induced reduction
in nitric oxide production coupled with increased
reactive oxygen species generation. Notably, HDL's
documented anti-inflammatory and antioxidant
properties may serve a protective function against
these dyslipidemia-induced pathogenic alterations [14].
However, establishing a causal relationship between
lipid disorders and hearing loss necessitates future
prospective studies.

Our investigation presents several notable
methodological strengths. Primarily, the study was
conducted within a homogeneous industrial population
sharing comparable risk factors, enhancing internal
validity. Furthermore, our analysis extended beyond
conventional MetS variables (age, gender, marital
status, and smoking status) to incorporate occupational
factors including work experience, job demands,
shift work patterns, and physical activity levels —
a comprehensive approach infrequently adopted in
previous research. Additionally, our study uniquely
examined the specific effects of noise exposure within
the 85-90 dB range, a discrete intensity level that had
not been exclusively investigated in relation to MetS.
Finally, while most existing literature has examined
the relationship between MetS and hearing loss in
general populations, our investigation specifically
focused on occupationally noise-exposed individuals.
The high prevalence of high-frequency hearing loss in
our study strongly suggests that the observed auditory
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impairments were predominantly attributable to
occupational noise exposure.

One limitation of this study is that a single
measurement of fasting blood sugar and serum
lipid levels was available. These values can fluctuate
on different days [30]. Another limitation was the
unavailability of air pollution data, which has been
associated with MetS in various studies. Nevertheless,
the individuals studied were likely exposed to
a comparable level of air pollution, as most lived in the
same suburban area. Additionally, data regarding other
lifestyle-related factors, especially dietary habits, were
not accessible. However, most factory workers belonged
to lower and middle socioeconomic groups and did not
have significant dietary variations. This may explain
our research's low MetS prevalence. An additional
limitation pertains to the cross-sectional structure of the
investigation and potential recall bias regarding workers'
medical histories and risk factors, which may have led
to underestimation or overestimation of these risks.

To enhance our understanding of the complex
interrelationship between occupational noise
exposure, hearing loss, and MetS, future longitudinal
cohort studies with expanded sample populations are
warranted. Such investigations should incorporate
a broader spectrum of variables, including lifestyle
determinants and psychosocial factors, to provide
more comprehensive insights into these associations.
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Accounaumns Mexay Bo3neicTBUEM NPOM3BOACTBEHHOTO LWYMQ,
TYrOyXoCTbl0 U METabONMYECKMM CUHAPOMOM Y pabounx
TEKCTMIbHOW GabpUKK: MCCNEA0BaHME MONEPEYHOro TUNa

Taxepus K. « Moxammagm C." - XoccemHuHexag M.

0O60ocHOBaHuMe. Pe3ynbTaThl UCCNeOBaHUN, B KOTO-
pbIX U3yyanu CBA3b MeXAy He6NnaronprATHLIM BO3-
[e/iCTBMEM LLYMa Ha OpraH CJlyxa 1 MeTabonmyeckim
CUHAPOMOM, MPOTUBOPEYVBDI.

Llenb - oLeHNTb accoLmaLmio Mexay BO3AeNCTBreM
NPOV3BOACTBEHHOTO LUYMa, CHUXKEHVEM ClyXa 1 na-
pameTpamm MeTaboIMyeckoro CMHAPOMA.
Matepuan u meToAbl. [laHHOe cciejoBaHyie nomne-
peuHoro Tvna npoBefeHo B 2023 1. y 950 paboTHMKOB
TEKCTUNbHON GabprKuM. YUaCTHUKOB UCCNeA0BaHNA
pacnpegenvnn B ABe rpynmbl B 3aBUCUMOCTY OT YPOB-
HA Wyma — 8o 85 ab v ot 85 go 90 ab. CHuxeHne cnyxa
onpenensanun Kak cCpefHuUii clyxoBol nopor 6onee
25 nb B ogHOM nnm 0boux ylax B npegenax coot-
BETCTBYIOLUMX YACTOTHbIX JUana3oHoB. [lnarHo3 me-
TaboNMYeCcKoro CMHAPOMA CTaBWJIN B COOTBETCTBUN
C KpUTEPUAMU SKCMEPTHOM FPYNMbl MO JIEYEHNIO
B3pocsbix Il HaumoHanbHom o6pa3oBaTtenbHO NPo-
rpammbl CLLIA no xonectepury (NCEP - ATP IIl). C6op
Aemorpadnyecknx AaHHbIX, OLeHKY COCTOAHMUA 340~
POBbA 1 BPeAHOCTY YCNOBUI TPyAa MPOU3BOANIN
BO BPEMsA NepUOoANYECKMX MERNLIMHCKUX OCMOTPOB.
[llanee n3yyanu cBA3b MeXAY MeTabonnyeckm CuH-
OPOMOM 11 ero KOMMOHEHTaMM C BO3LeNCTB/EM NPO-
M3BOACTBEHHOTO LUyMa.

Pe3ynbTaTbl. MeanaHa Bo3pacTta yYaCTHUKOB Mccie-
[oBaHMA cocTaBuna 33 roga [28; 38], meamnaHa cTaxa
paboTbl - 3 roga [2; 9]. NopasnAoLwee 60/bLWMHCTBO
6b11M My>KcKoro nona (90,9%, n = 864), xeHatbl
(81,5%, n = 774), paboTanu nocmeHHo (89,3%, n = 848).
[unarHo3 meTabonunyeckoro cMHApPOMa Gbin MOCTaB-
neH 10,8% (n = 103) o6cneoBaHHbIX; 72% (n = 684)
nofBeepranncb BO3AENCTBUIO NPOV3BOACTBEHHOTO
wyma 6onee 85 ab. C BO3AeNCTBEM NPOV3BOACTBEH-
HOrO LLyMa GbININ 3HAYVIMO aCCOLMPOBaHbI yBeNmye-
HVie OKPYXHOCTU Tanuu (oTHolweHwe waHcos (OLL)
1,61; 95% poBepuTenbHbli MHTepBan (W) 1,20-2,17,

p =0,002), runeptpurnuuepugemms (OLL 2,03; 95% AN
1,36-3,02, p < 0,001) 1 CHUXKEHWE YPOBHA NUMOMNPO-
TEVHOB BblCOKoW nnoTHocTy (JIBM) (OLL 1,71;95% AU
1,28-2,29, p < 0,001). Kpome Toro, BbisiBIEHA 3HAUMMasA
CBA3b MeXAY KOMMNOHEHTaM1 MeTabonNyeCcKoro CuH-
[ POMa 1 BbICOKOYACTOTHBIMY CJTYXOBbIMU MOPOramu,
a VIMEHHO, IBYCTOPOHHEee CHUKEeHMe CiyXa Ha BbICO-
KX YacTOTax HaXOAMNOCh B accoumaumm € runepr-
NIMKEMUEN HaTOLaK, MOBbILEHHbIMU MOKa3aTeNnamu
[MacTONNYECKOrO apTePUaibHOrO AaBNEHNA U TPUT-
NNLEPUAOB 1 HU3KKUM yposHem JIBIT.

3akntoueHme. Hawe nccnefoBaHve BbIABUIO 3HAUU-
MyI0 accoLaLmio MeXkay BO3[eiCTBUEM MPON3BOS-
CTBEHHOTO LUyMa U TaKUMN KOMMOHEHTamMn MeTabo-
NINYECKOro CUHAPOMA, Kak YBENMYEeHHaA OKPYKHOCTb
Tanunn, BbICOKMNE YPOBHU TPUMNLEPULOB U HU3KME —
xonectepuHa JIBI. MNo gaHHbIM NepBOHAaYanbHOro
aHanu3a, obHapy»KeHa Tak»Ke 3HauMMas accouyaums
MeXy METaboIMYeCcKMM CMHAPOMOM U €ro KOMMo-
HeHTaMK, BKIoYas HapyLLIeHWSA YrNeBOJHOO U INNA-
HOro 06MeHa, NOBbILLEHNE JUACTONINYECKOrO apTepu-
anbHOro AaBsieHnA, C OAHON CTOPOHbI, U MefaHomn
CJIyXOBOrO NOPOra Ha BbICOKMX YacTOTax — C APYrou.

KnioueBble c/ioBa: TYyroyxocTb, MeTabonnyeckui
CUHAPOM, BO3JieCTBME MPON3BOACTBEHHOIO LUYMa,
TeKCTUIbHaAA Gpabprika

Ona untnposBaHma: Taxepua K, Moxammagn C,
XoccenHnHepkag M. Accoumauma mexay BO3aencTemem
NPOV3BOACTBEHHOIO LYMa, TYrOyXxOCTblo 1 MeTabonu-
UeCKVM CMHAPOMOM Yy Paboux TeKCTNBbHON Gabpukm:
MCCNIe0BaHVe MONePeYHOro Tmna. AfibMaHax KnvHuue-
cKon MeguumHbl. 2025:53(1):9-20. doi: 10.18786/2072-
0505-2025-53-002.
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[laHHasA ny6nnkauma NoAroToBeHa B paMKax AVMNIIOMHO OpAUHATOPCKO paboTbl Mo npodnaTonorum «<AccoLyanmna Mexay
BO3[eiCTB/EM NPOV3BOACTBEHHOTO LUYMA, TYrOYyXOCTbIO 1 METaboIMUYeCKMM CUHAPOMOM Y Pabouix TEKCTUbHOM GabpuKmny»
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