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ABSTRACT

Occupational noise exposure is a common physical hazard in industrial environments and
may contribute to cardiovascular risks, including hypertension. Despite increasing evidence,
the relationship between chronic workplace noise and hypertension remains inconclusive,
particularly among Iranian textile workers. This historical cohort study was conducted in 2024
(2024-2025) among 200 male textile workers in Mashhad City, Iran. Participants were classified
into three groups based on long-term workplace noise exposure levels: low (60—70 dB), moderate
(75-85 dB), and high (85-95 dB). Hypertension was defined as systolic blood pressure > 140
mmHg and/or diastolic blood pressure >90 mmHg, or current use of antihypertensive medication.
Demographic and occupational data were collected using validated questionnaires and health
records. Logistic regression was used to estimate adjusted odds ratios (AORs), accounting for
age, body mass index, and work experience. The overall prevalence of hypertension was 25.5%.
Age >40 years (AOR=2.41, P<0.001) and 11-20 years of work experience (AOR=2.29, P=0.03)
were significantly associated with increased hypertension risk. However, noise exposure level
showed no significant association with hypertension (AOR=1.12, P=0.62). The study found
no significant association between chronic noise exposure and hypertension. Instead, age and
:  duration of employment were stronger predictors. These findings underscore the importance of
Accepted: 25 Jun 2025 :  targeting demographic and occupational risk factors in industrial health programs.
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Introduction

ccupational noise pollution is one of the
most widespread harmful physical expo-
sures in industrial settings and has been
linked to adverse auditory and non-audi-
tory health outcomes [1]. With increas-
ing industrialization, especially in textile
manufacturing, workers are frequently
exposed to prolonged high-decibel environments that
may influence cardiovascular function [2]. Although the
auditory impacts of noise exposure are well recognized,
recent studies suggest that chronic exposure may con-
tribute to systemic physiological responses, including
elevated blood pressure and stress hormone dysregula-
tion [3, 4]. Noise is not only a major cause of hearing
impairment but has also been increasingly linked to non-
auditory health issues, such as endocrine disruptions,
sleep disturbances, and psychological stress. Despite
mixed evidence, some occupational studies have shown
plausible physiological mechanisms including activation
of the hypothalamic—pituitary—adrenal axis and sympa-
thetic nervous system.

Hypertension is a major public health concern, affect-
ing over one billion people globally and contributing
to significant morbidity and mortality through stroke,
ischemic heart disease, and kidney failure [5]. Several
studies have reported associations between occupation-
al noise and elevated blood pressure or cardiovascular
disease [6, 7]. However, these findings are inconsistent
across populations and settings. For example, while
some meta-analyses have found a significant positive
association between chronic noise exposure and hyper-
tension [8—17], others have failed to detect such links,
possibly due to variations in study design, exposure as-
sessment, population characteristics, or adjustments for
confounding variables.

Given the high burden of hypertension and widespread
exposure to noise in industrial sectors, understanding
this relationship is essential for preventive occupational
health strategies. Despite substantial literature, evidence
from Iranian textile workers, a population with high ex-
posure potential, remains limited. This study contributes
methodologically by using a historical cohort design
and classifying chronic noise exposure based on direct
sound-level measurements at the workstation. Unlike
many cross-sectional studies, we adjusted for demo-
graphic and lifestyle confounders, such as age, body
mass index (BMI), and work experience. These meth-
odological improvements aim to clarify inconsistencies
in the literature and offer context-specific evidence for
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occupational health policymaking in similar industrial
settings.

Methods

Study population and sampling

This historical cohort study was conducted in 2024
among 200 male textile workers in Mashhad City, Iran.
Eligible participants were aged 25-55 years, had >5
years of work experience, and had no prior history of
cardiovascular disease at the time of employment. The
exclusion criteria included prior diagnosis of hyperten-
sion or cardiovascular disease before employment and
incomplete medical records during the study period.
The sample size was estimated based on a hypertension
prevalence of 25%, confidence level of 95%, and preci-
sion of 6%, yielding a minimum sample of 200 using the
Equation 1:

1. n=2°P(1-P)/d

A census sampling method was used, including all eli-
gible workers.

Noise exposure assessment

The main exposure variable was workplace noise in-
tensity, which was objectively measured using stan-
dardized and calibrated devices. Each workstation’s
sound pressure level was measured using an ES1358
(SN:111102963) and TES52A (SN:110905495) sound
level meter, both of which were verified by a TES1356
acoustic calibrator (SN:100607246) prior to data collec-
tion. Based on these measurements, participants were
categorized into three exposure groups according to their
average 8-hour time-weighted noise levels over the past
five years [1]:

Low: 60—70 dB; Moderate: 75-85 dB; High: 85-95 dB
Outcome measurement

Hypertension was defined as systolic blood pressure
(SBP) >140 mmHg, diastolic blood pressure (DBP)
>90 mmHg, or current antihypertensive medication use.
Blood pressure was measured twice daily (pre- and post-
shift) on two separate days using a Beurer BM28 sphyg-
momanometer, with the average used for diagnosis.

Covariates and data collection

Data on demographic and occupational variables, in-
cluding age, BMI, education, marital status, work dura-
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tion, smoking, substance use, comorbidities, and hear-
ing loss, were collected via validated questionnaires and
verified health records. Age was categorized as <40 and
> 4() years due to occupational relevance.

Statistical analysis

Statistical analysis was performed using Stata software,
version 16. Logistic regression models were used to esti-
mate crude and adjusted odds ratios (ORs and AORs) for
the association between noise exposure and hyperten-
sion. Adjustments were made for age, BMI, education,
work duration, and other potential confounders. Model
fitness was evaluated using the Hosmer—Lemeshow test
and multicollinearity using variance inflation factors
(VIF). A P<0.05 was considered statistically significant.
A VIF threshold of >5 was considered indicative of mul-
ticollinearity; all covariates had VIF<2.

Results

Of the 200 textile workers included in the study, 51
individuals (25.5%) met the criteria for hypertension.
The mean age of participants was 42.3+7.5 years, and
61% were aged >40 years. The prevalence of hyperten-
sion was significantly higher among workers aged >40
compared to those <40 (58.4% vs 29.4%; P<0.001). In
unadjusted logistic regression, age >40 was strongly as-
sociated with hypertension (OR=3.36; 95% CI, 1.69%,
6.67%; P<0.001), though the association attenuated
and lost significance after adjustment for confounders
(AOR=1.96; 95% ClI, 0.83%, 4.65%; P=0.12). Age was
categorized based on occupational risk stratification and
retirement thresholds to improve interpretability.

Work experience was also associated with hyperten-
sion. Workers with 11-20 years of experience had a
higher prevalence of hypertension (44.97%) than those
with <10 years (25.49%) (P=0.006). In the multivariable
model, 11-20 years of experience remained marginally
associated with increased risk (AOR=2.29; 95% con-
fidence interval [CI], 0.89%, 4.21%; P=0.05), holding
other variables constant. Variables were included in the
multivariable model based on clinical relevance and/or a
univariate P<0.20.

BMI was not significantly associated with hyperten-
sion (P=0.23), although overweight participants (BMI
25-29.9) showed a higher, but statistically nonsignifi-
cant, adjusted risk (AOR=4.34; 95% CI, 0.76%, 24.5%;
P=0.09). Similarly, education level, marital status, and
comorbid disease history were not significantly associ-
ated with hypertension in adjusted models.
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Noise exposure level (low: 60—70 dB; moderate: 75-85
dB; high: 85-95 dB) was not significantly associated
with hypertension in either bivariate (P=0.84) or multi-
variable models. Compared to the low exposure group,
neither moderate (AOR=1.11; 95% CI, 0.39%, 3.17%)
nor high exposure (AOR=0.90; 95% CI, 0.34%, 2.33%)
showed a statistically significant effect.

Although high-grade hearing loss was more common
among hypertensive workers (40.5%) than among non-
hypertensive workers (27.5%), the difference was not
statistically significant (P=0.23). Table 1 summarizes
the full distribution of demographic and occupational
variables by hypertension status, and Table 2 presents
regression estimates.

Discussion

This study evaluated the association between chronic
workplace noise exposure and hypertension among tex-
tile workers in Mashhad. Although the overall prevalence
of hypertension was substantial (25.5%), we found no
statistically significant association between occupational
noise exposure levels and hypertension after adjusting
for confounders. Instead, age and work experience were
more robust predictors of elevated blood pressure.

The observed association between age and hyperten-
sion aligns with established evidence demonstrating
age as a dominant risk factor for increased vascular re-
sistance and arterial stiffness [9, 10]. Similarly, the as-
sociation with longer work experience may reflect cu-
mulative occupational stress, consistent with findings
from Rosenthal et al. [11]. and others who have linked
prolonged job-related stress with adverse cardiovascular
outcomes [12-14].

Contrary to some earlier studies suggesting a positive
relationship between noise exposure and hypertension
[15-17], our findings did not reveal a statistically signifi-
cant effect. Several explanations may account for this in-
consistency: Differences in noise exposure assessment,
potential underestimation of cumulative or peak noise
levels, or the use of hearing protection among workers.
Moreover, cross-sectional noise measurements may not
fully capture chronic exposure profiles, limiting expo-
sure-response inferences.

Although hearing loss was more prevalent among hy-
pertensive workers, the association was not statistically
significant. However, this trend supports existing litera-
ture suggesting overlapping pathophysiological path-
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Table 1. Demographic characteristics and factors associated with blood pressure in the study subjects

No. (%)
Variables Hypertension P
No Yes
e <40 36(70.59) 62(41.61) 0
8 240 15(29.41) 87(58.39)
<185 4(7.84) 5(3.36)
) 18.5-24.9 26(50.98) 62 (41.61)
BMI (ke/m?) 25-29.9 14(27.45) 61 (40.94) 228
>30 7(13.73) 21(14.09)
. Elementary 15(29.41) 72(48.32)
Education level Diploma 36(70.59) 77(51.68) 0.019
High noise 32(62.75) 105(70.47)
Sector Medium noise 1(23.53) 26(17.45) 0.56
Low noise 7(13.73) 18(12.08)
. Married 43(84.31) 136(91.28)
Marital status Single 8(15.69) 13(8.72) 0.16
Background of the Yes 3(6.00) 20(13.70) 014
disease No 47(94.00) 126(86.30) :
Yes 13(25.49) 22(14.77)
Drug abuse No 38(74.51) 127(85.23) 0.08
Noise exposure level Low exposure 7(13.73) 21(14.09)
[F:jb] Moderate exposure 14(27.45) 47(31.54) 0.84
Overexposure 30(58.82) 81(54.36)
High 14(27.45) 60(40.54)
Degree of hearing loss Mild 18(35.29) 40(27.03) 0.23
Normal 19(37.25) 48(32.43)
5/10 36(70.59) 67(44.97)
Work experience 11/20 13(25.49) 67(44.97) 0.006
21/30 2(3.92) 15(10.07)
BMI: Body mass index. poras)
"Chi-square test was used for all categorical comparisons.
ways involving oxidative stress and vascular dysfunc- Conclusion

tion in both auditory and cardiovascular systems [3, 4].
Our study investigated the association between occu-

The non-significant role of BMI and educational sta-
tus, despite their known links with hypertension [18, 19],
may be explained by the relatively homogenous socio-
economic and lifestyle characteristics in this workforce.
Nonetheless, the inverse trend between education and
hypertension aligns with prior reports highlighting the
role of social determinants and health literacy in manag-
ing chronic disease risk [20, 21].

The limitations of this study include its retrospective
design, reliance on periodic BP readings, potential resid-
ual confounding (e.g. psychosocial stressors and diet),
and the healthy worker effect. Moreover, noise exposure
was based on current workstation levels, which may not
reflect historical exposure.

pational noise exposure and hypertension among textile
industry workers, revealing significant correlations with
age and work experience rather than direct noise expo-
sure. These findings highlight the multifactorial nature
of hypertension in occupational settings and underscore
the necessity for comprehensive health programs ad-
dressing broader risk factors, including age and employ-
ment duration.

Ethical Considerations
Compliance with ethical guidelines

This study was approved by the Ethics Committee of
Mashhad University of Medical Sciences, Mashhad,
Iran (Code: IR.MUMS.FHMPM.REC.1403.128) and
conducted in accordance with the Declaration of Hel-
sinki. This study was conducted in compliance with ethi-
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Table 2. Univariate and multivariable analysis to assess factors associated with blood pressure and exposure to workplace noise

Variables Unadjusted OR (95% Cl) P Adjusted OR (95% ClI) P
<40 Ref.
Age
>40 3.36 (1.69,6.67) 0.001 1.96 (0.83,4.65) 0.12
<18.5 Ref.
18.5-24.9 1.90 (0.47,7.67) 0.36 2.53 (0.48,13.1) 0.26
BMI (kg/m?)
25-29.9 3.48 (0.82,14.6) 0.089 4.34(0.76,24.5) 0.09
>30 2.4(0.50,11.5) 0.27 2.13(0.32,14.02) 0.42
Diploma Ref
Education level
Elementary 0.44 (0.22,0.88 0.020 0..64 (0.28,1.42) 0.27
Married Ref
Marital status
Single 0.51(0.19,1.32) 0.16 0.56 (0.19,1.60) 0.28
N Ref
Background of © N
the di
€ disease Yes 2.48(0.70, 8.75) 0.15 2.26 (0.58,8.79) 0.23
No Ref
Drug abuse
Yes 0.50 (0.23,1.09) 0.085 0.68 (0.28,1.65) 0.39
Low noise Ref 0.61
t
Sector Medium noise 1.27(0.48,3.32) 076
High noise 0.78 (0.27,2.55) '
. Low noise Ref.
N°|'Z$eelx[’;%j”re Medium noise 1.11(0.39,3.17) g'gg
High noise 0.9(0.34,2.33) ’
Degree of hear- Normal Ref 0.74 0.50 (0.20,1.22) 0.13
ing loss Mild 0.87 (0.40,1.89) 0.18 1.15 (0.47.2.83) 0.74
H}%B 169 (0.77,3.72) : 2 (8418 :
Work experi- : i 0 229 (0.89,4.21) 0.05
ence Lz 2290 Bl 0.07 1.90 (0.36,9.93) 0.35
21/30 2.28(0.87,18.6) ; SOOI :
LAzl

"Logistic regression was used to estimate ORs and AORs; variables with P<0.20 in univariate analysis or known clinical rel-

evance were included in multivariate models.
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