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Background: Over the past few decades, rapid urbanization has led to noise pollution emerging as a major pollutant, with urban traffic noise
being a major component of it. Understanding the effects of activities that do not have a direct impact on our health is complex. The present
study is an attempt to gain insights into the nonaudiometric effects of noise on humans.Methods: Two groups of driver types were formed to
assess the nonaudiometric effects on humans: (1) driver of three-wheeler tempos (exposed group); (2) drivers of noncommercial light motor
vehicles (LMVs) (unexposed group). In the present research, 300 drivers (150 tempo drivers and 150 LMV drivers) were examined using
various questionnaire tools, such as the Perceived Stress Scale-4, the Generalized Anxiety Disorder Questionnaire, and the Patient Health
Questionnaire-9. Medical examinations were also performed to evaluate the physiological effects. Results: In the exposed group, 39.3% had
moderate anxiety, and 12.0% had minimal anxiety. In the unexposed group, the majority (58.0%) had minimal anxiety, and 12.0% had
moderate anxiety. A total of 42.0% of the tempo drivers had moderate depression, and 12.0% had severe depression. Among the LMV drivers,
the majority (51.3%) had no depression, and none had severe depression. Furthermore, statical significance was only noticed for systolic blood
pressure (P= 0.026), whereas no significant difference was observed for diastolic blood pressure (P= 0.27).Conclusion: The exposed group
suffered more compared with the unexposed group, except for when considering annoyance.
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(1)
 The present research focused on the nonaudiometric

effect of noise on humans

(2)
 A total of 300 drivers (150 tempo drivers and 150 light

motor vehicle drivers) were examined using various
questionnaire tools.
(3)
 Among all psychological nonaudiometric effects of
noise, the exposed group suffered more, except for
when considering annoyance.
Address for correspondence: Manish Kumar Manar, Department of
(4)

Community Medicine and Public Health, King George’s Medical University,
No significant difference was observed in the diastolic
blood pressure between the two groups.
Lucknow 226003, Uttar Pradesh, India.
E-mail: manar.781@gmail.com

Received: 13 April 2025 Revised: 14 September 2025
Accepted: 9 October 2025 Published: 18 November 2025
INTRODUCTION
Noise pollution has emerged as one of the main forms of
urban pollution, dominating major cities of the world. It is
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believed to be responsible for several harmful effects on
humans and leads to the deterioration of the quality of life
(QOL) and public health.[1] Noise pollution results from
changes in pressure, usually in air medium, due to
turbulence or vibrations.[2,3] Human ears exhibit very
subtle sensitivity to noise frequencies ranging from 500 to
4000Hz but are much less sensitive to lower frequencies.
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This sound frequency range of human audibility coincides
with the frequency range of verbal communication.[4,5]

With the manifold expansion of urbanization, noise pollution
has also increased and become a major environmental
concern worldwide.[6] Many studies have been conducted
globally to evaluate and record the adverse effects of noise
exposure.[7,8] Comprehensive examinations of noise exposure
in relation to human health have revealed various undesirable
effects, such as annoyance, hearing loss, poor sleep, increased
blood pressure, and mental instability.[9] The World Health
Organization consideres noise exposure a harmful pollutant
responsible for several adverse health effects on exposed
populations.[10] Welch et al.[11] indicated that stress may
be directly related to noise. Long-term exposure to noise
may also lead to cardiovascular disease and mental health
problems. Traffic noise also severely affects sensory
modalities related to memory.[12] Furthermore,
psychophysiological stress occurs both directly in response
to transport noise exposure and indirectly as a result of other
responses to noise.[13]

In the current urban scenario, road traffic plays a major role in
noise pollution compared with other modes of transport. Road
traffic noise accounts for approximately 78% of the total
noise in the urban environment.[14,15] In the present study,
Lucknow, an emerging capital city in India, was considered.
As an emerging capital city, the road network of Lucknow is
expected to experience an exponential growth. As a result,
vehicular traffic will also increase rapidly, which will
ultimately account for urban noise pollution. Those who
spend most of their time beside the road, such as roadside
inhabitants, shopkeepers, traffic personnel, drivers etc., are
the most affected by road traffic noise.[16,17] Vehicle drivers
are the most road noise-imperiled people due to their work
profile; for most hours, they find themselves in the purlieu of
traffic flow.[18,19]

Most people perceive noise pollution as harmful only to the
ears, but it also has a crucial nonaudiometric effects.
Considering these facts, the present study evaluated
nonaudiometric effects of traffic noise to understand the
health problems of individuals exposed to occupational
noise. The findings will be useful for policymakers to
form new and improved policies for the welfare of
individuals exposed to occupational noise.
MATERIALS AND METHODS

Study Area and Design
Three busy routes in old Lucknow city were selected for noise
measurement. The noise level was measured for both
stationary vehicles in the waiting area and those in motion.
To investigate the effect of different types of vehicles, 30
vehicles of each type, i.e., diesel-driven tempo, compressed
natural gas (CNG)-driven tempos, and light motor vehicles
(LMVs), were considered in the noise investigation. For the
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health effect assessment, 300 drivers were considered. These
numbers were derived using the following formulae[8]:

N ¼ 4pq

d2
Equation1

where N is the number of samples required, p is the
prevalence, q is equal to 1–p, and d is the precision.

(Considering significance level of 5% with a precision of
0.07)

A total of 300 drivers, comprising 150 tempo drivers as the
exposed group and 150 LMV drivers as the unexposed group,
were investigated in the study.

For ethical approval of the present study, written approval was
obtained from our university council (reference number: 2061/
Ethics/R.Cell-17 dated November 20, 2017). In addition,
informed consent was obtained from all the participants.

Cumulative noise exposure (CNE): The CNE was calculated
by multiplying daily noise exposure energy by the number of
years worked as a driver (years) and the number of days a
driver works in a year.

CNE= E × (Years of working) × (Days/year)

where E=Total daily noise exposure, in PASQUES and
Days/year=Total days in year − total nondriving days in a
year.

The unit of CNE is pascals squared per second (Pa2-s) or
PASQUES.

Classification Criteria
Specific inclusion and exclusion criteria were adopted for the
exposed and unexposed groups. For the inclusion criteria of
both groups, consent to participate, along with at least 1 year
of driving experience, was considered. The following
parameters were evaluated for the inclusion criteria:

(1)
 Tempo drivers who consented to participating in the

study

(2)
 Tempo drivers who have been working for at least 1 year
In addition to the above inclusion criteria, one additional
inclusion criterion i.e., the driver should have never worked
as a commercial driver, was imposed for the unexposed group.

For the exclusion criteria, the following parameters were
evaluated:

(1)
 Drivers who did not consent to participating in the study

(2)
 Drivers aged less than 18 years or more than 50 years

(3)
 Drivers with diabetes mellitus.

(4)
 Drivers with a perforated tympanic membrane.

(5)
 Drivers prescribed ototoxic drugs
In addition to the above criteria, one additional exclusion
criterion was applied to the unexposed group: the driver
should never have worked as a commercial driver.
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Sampling Process
In this work, multistage random sampling was used to select
tempo drivers for health assessment and the collection of
relevant information. A list of tempo drivers for the three
routes was obtained from the respective contractors of tempo
stands. This list contained basic information, including the
drivers’ age, the type of fuel used in their tempo, and their
contact numbers. A total of 250, 378, and 452 tempo drivers
were sorted out for routes 1, 2, and 3, respectively. After
maximum effort, 231 out of 250, 319 out of 378, and 421 out
of 452 tempo drivers for routes 1, 2, and 3, respectively, could
be traced. Each tempo driver was contacted and informed
about the purpose of the study. Out of these tempo drivers,
221, 301, and 411 allotted for routes 1, 2, and 3, respectively,
gave consent to participate in this research.

In the second stage for route 1, the 221 drivers were contacted
again and informed about the purpose of the study. Only 211
out of 221 tempo drivers gave consent to participate. The
same procedure was adopted for routes 2 and 3. Finally, 211,
248, and 351 drivers for routes 1, 2, and 3, respectively,
consented to participate in the study.

The total sample size calculated for the tempo drivers was
150. This number was divided into 45, 50, and 55, based on
the tempo drivers’ population proportions for routes 1, 2, and
3, respectively. At the third stage for route 1, every third
Figure 1: Methodology adopted in the present study.
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subject from the list of 211 drivers was selected using a
systematic random sampling technique, and this process was
continued until 45 subjects were chosen in accordance with
the exclusion and inclusion criteria. In this context, we
examined 57 subjects for route 1.

The same technique was applied to routes 2 and 3. Thus,
instead of 50 subjects for route 2 and 55 subjects for route 3,
58 and 63 subjects were examined, respectively. For the
investigation of drivers’ health and the collection of other
relevant information, a multistage random sampling
technique was applied [Figure 1]. The detailed
methodology for vehicle selection for noise measurement,
determination of the exposed and nonexposed groups, noise
exposure assessment, and related procedures were presented
in the work of Manar et al.[8]

Nonaudiometric Effect of Noise
In this work, efforts were made to comprehend the
nonaudiometric effects of traffic noise on the exposed and
unexposed groups. Nonaudiometric effects were further
categorized as psychological and physiological.

Psychological Effects
Questionnaires were adopted to assess the nonaudiometric
psychological effects of traffic noise on the drivers. These
Noise & Health ¦ Volume 27 ¦ Issue 128 ¦ September-October 2025
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tools were designed to assess the nonaudiometric effects of
traffic noise on the QOL, anxiety disorder, stress, and
depression in the exposed and unexposed groups. The
details of the data collection tools are as follows:

Perceived Stress Scale 4
The Perceived Stress Scale 4 (PSS-4) consists of four
questions on 5-point Likert scale, ranging from 0= “never”
to 4= “very often,” and assesses the feelings and thoughts of
the respondents during the last month.[20] It encapsulates
various aspects of the respondents’ lives, such as
unpredictability, uncontrollability, and feelings of being
overloaded over the last month. The PSS comprises 10
items, and respondents must evaluate them on a 0 to 4
scale, where 0 corresponds to “never” and 4 to “very
often” (questions 1 and 4), and vice versa for questions 2
and 3. The final score can range from 0 to 16, with higher
scores indicating more stress.

World Health Organization Quality of Life: Brief
Version
The World Health Organization Quality of Life: Brief
Version (WHOQOL-BREF) is used to assess the QOL of
individuals. In the present study, the Hindi version was used.
It comprises 26 questions distributed across four sectors and
includes two general questions regarding the QOL.[21]
Figure 2: (a) Sten score versus level of the QOL, (b) total score versus dep
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The scores of all four domains were converted into Sten
scores [Figure 2a]. The score ranged from 0 to 100, with
higher scores indicating better perceived QOL. The ultimate
QOL was calculated by summing up the Sten scores obtained
across various domains, i.e., physical, psychological, social
relationships, and environmental, and then converting into a
scale of 0 to 100. The obtained Sten scores (0–100) were
further categorized into five categories to evaluate the QOL
across different domains [Figure 2a].

Patient Health Questionnaire-9
This questionnaire is a 9-item depression screening tool used
to identify the frequency and presence of the nine core
depressive symptoms identified in the Diagnostic and
Statistical Manual of Mental Disorders-IV over the last 2
weeks.[22] Each response is evaluated on a 4-point Likert
scale from 0 to 3, where 0 stands for “Not at all,” 1 for
“Several days,” 2 for “More than half the days,” and 3 for
“Nearly every day.” All the responses are then summed to
obtain a severity score for each participant [Figure 2b].

Generalized Anxiety Disorder Scale
This scale consists of seven items and assesses the extent to
which an individual has been bothered by anxiety symptoms
over the past 2 weeks (e.g., “Feeling anxious, nervous, or on
edge”). The responses are then rated on a 4-point Likert scale
ression severity, and (c) total score versus generalized anxiety severity.
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(0= “Not at all,” 1= “Several days,” 2= “More than half
of the days,” and 3= “Nearly every day”).[23,24] The total
score (after the addition of all the numbers) provides a
possible score in the range of 0 to 21 [Figure 2c]. A total
score of 10 or higher indicates that further evaluation is
required. The interpretation of the total score is shown in
Figure 2c:

Physiological Effects
Several questionnaires were administered, and medical
examinations were performed to further investigate the
nonaudiometric physiological effect of noise on the
exposed and unexposed groups. The questionnaire
methodology was adopted to assess the physical
symptoms, such as headache, backache, body ache, chest
pain, palpitation, and breathlessness, while physical
examination was performed to identify the physical
parameters, including blood pressure (systolic and
diastolic), respiration, and pulse rate.
Table 1: Sociodemographic profile distribution of tempo and LM

Sociodemographic Variable

Tempo (

Age (years) Mean ± SD 35.09

N

Gender Male 150

Religion Hindu 99

Muslim 48

Sikh 3

Social group Unreserved 39

Scheduled Caste 15

Scheduled Tribes 0

Other Backward Caste 96

Socioeconomic survey* I 6

II 19

III 47

IV 57

V 21

Marital status Single 35

Married 112

Divorce/separated 2

Widower 1

Type of family Nuclear 53

Joint 97

Residence Urban 123

Rural 23

Urban slum 4

Education Illiterate 46

Primary school 61

Secondary school 36

Graduate and above 7

Years since driving <10 72

10–20 57

>20 21

Work hours per day Mean ± SD 9.93±

Note: LMV, light motor vehicle, SD, standard deviation; * Modified BG Prasa
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Statistical Analysis
For comprehension of the correlation between
nonaudiometric effects and the exposed and unexposed
groups, various statistical analyses were performed.
Moreover, the Chi-square test was performed. SPSS
version 24 was used for data analysis. In the present study,
95% confidence interval was used to investigate the level of
statistical significance. Therefore, at a 95% confidence
interval, a P-value of <0.05 was considered statistically
significant. Cramer’s V was used to strengthen the
significance of data. For graphical representation of data,
Origin 9.2 version was used. Licenses for both software
programs were obtained from our mother institute.

RESULTS

Demographic Profile
Table 1 provides the sociodemographic profile distribution of
the tempo and LMV drivers. Except for education, the
V drivers

Driver Type

n = 150) LMV (n = 150) Total (n = 300)

± 9.24 35.37 ± 8.41 35.28 ± 8.82

% N % N %

100.0 150 100.0 300 100.0

66.0 119 79.3 218 72.7

32.0 31 20.7 79 26.3

2.0 0 0.0 03 1.0

26.0 55 36.7 94 31.3

10.0 18 12.0 33 11.0

0.0 2 1.3 2 0.7

64.0 75 50.0 171 57.0

4.0 5 3.4 11 3.7

12.7 11 7.3 30 10.0

31.3 63 42.0 110 36.7

38.0 51 34.0 108 36.0

14.0 20 13.3 41 13.7

23.3 35 23.3 70 23.3

74.7 115 76.7 227 75.7

1.3 0 0.0 2 0.7

0.7 0 0.0 1 0.3

35.3 48 32.0 101 33.7

64.7 102 68.0 199 66.3

82.2 124 82.7 247 82.3

15.3 23 15.3 46 15.3

2.7 3 2.0 7 2.3

30.7 12 8.0 58 19.3

40.7 40 26.7 101 33.7

24.0 76 50.7 112 37.3

4.7 22 14.7 29 9.7

48.0 62 41.3 134 44.7

38.0 70 46.7 127 42.3

14.0 18 12.0 39 13.0

1.64 10.20±1.19 10.07±1.42

d classification for Consumer Price Index of 2018

Noise & Health ¦ Volume 27 ¦ Issue 128 ¦ September-October 2025
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sociodemographic profiles of the exposed and unexposed
groups were almost similar. In the exposed group, 30.7%
of people were illiterate, whereas in the unexposed group, the
value observed was 8.0%.

Noise Quality Data
Among the three identified routes, both diesel- and CNG-
driven tempos passed on route 1, whereas only the CNG-
driven tempos were observed on route 2 and only diesel-
driven tempos on route 3, respectively. The in-vehicle time-
weighted average equivalent noise levels (LAeq) for diesel-
and CNG-driven tempos were 86.26 and 83.99 dB(A),
respectively. Likewise, for the waiting area, the equivalent
time-weighted average noise level was calculated for all the
routes, and no substantial variation was observed among the
different tempo stands, i.e., the tempo stands having diesel,
CNG, and both diesel and CNG tempos, with values reaching
84.13, 83.78, and 84.32 dB(A), respectively.

However, a higher variance was witnessed in the unexposed
group (i.e., LMV drivers) compared with the exposed group
(i.e., tempo drivers). The in-vehicle time-weighted average
equivalent noise level in LMVs reached 74.63 dB(A), which
was lower compared with those of other tempos.

Cumulative Noise Exposure
CNE was assessed for the exposed and unexposed groups. To
examine the association between CNE and the age of the
exposed and unexposed groups, an unpaired t-test was
conducted for the tempo and LMV drivers. For all ages
groups in both categories, CNE showed a significant
difference at P < 0.01.
Table 2: Association of anxiety level by driver type*

Variable GAD-7 Driv

Tempo (n = 150) LMV (

N % N

Minimal 18 12.0 87

Mild anxiety 53 35.3 43

Moderate anxiety 59 39.3 18

Severe anxiety 20 13.3 2

Note: LMV, light motor vehicle; * x2=74.72, df=3, Cramer’s V=0.50 (moder

Table 3: Association of depression by driver type*

Variable- PHQ-9

Tempo (n = 150) L

N % N

No depression 20 13.3 77

Mild depression 25 16.7 37

Moderate depression 63 42.0 26

Moderate-severe depression 24 16.0 10

Severe depression 18 12.0 0

Note: LMV, light motor vehicle, PHQ-9, Patient Health Questionnaire-9; * x2
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Nonauditory Effects of Noise Exposure
In the present study, the Generalized Anxiety Disorder scale
was used to assess the anxiety among the exposed and
unexposed groups. In the exposed group, the majority
(39.3%) had moderate anxiety, while 12.0% had minimal
anxiety. Meanwhile, in the unexposed group, the majority
(58.0%) had minimal anxiety, and 12.0% had moderate
anxiety [Table 2]. The association between the severity
of anxiety and driver type was statistically significant
(P < 0.01).

Similarly, the Patient Health Questionnaire-9 scale was used
to gain insights into depression in the exposed and unexposed
groups. The majority (42.0%) of tempo drivers had moderate
depression, while 12.0% had severe depression. Meanwhile,
the majority of the LMV drivers (51.3%) had no depression,
and none had severe depression. The association between the
severity of depression and type of driver showed statistical
significance (P < 0.01) [Table 3].

The mean ± standard deviation (SD) scores of the QOL in
the physical, psychological, environmental, and social
relationship domains and the overall QOL of the tempo
drivers were 66.38 ± 13.11, 64.16 ± 14.09, 52.12 ± 12.25,
68.05 ± 15.72, and 62.16 ± 17.96, respectively. The
mean ± SD scores obtained in the physical, psychological,
environmental, and social relationship domains, and the
overall QOL score of LMV drivers were 73.35 ± 11.21,
72.16 ± 14.05, 58.97 ± 11.21, 68.11 ± 13.71, and 69.41 ±
16.98, respectively. The overall QOL and scores in various
domains were higher in LMV drivers, and the difference
between the mean score of the LMV and tempo drivers in the
different domains of the QOL indicated statistical
er type P-Value

n = 150) Total (n = 300)

% N %

58.0 105 35.0 <0.01

28.7 96 32.0

12.0 77 25.7

1.3 22 7.3

ate association).

Driver Type P-Value

MV (n = 150) Total (n = 300)

% N %

51.3 97 32.3 <0.01

24.7 62 20.7

17.3 89 29.7

6.7 34 11.3

0.0 18 6.0

=65.46, df=4, Cramer’s V=0.47 (moderate association).
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Table 4: Association of annoyance due to occupational noise by type of drivers*

Annoyance Driver Type P-Value

Tempo (n = 150) LMV (n = 150) Total (n = 300)

N % N % N %

Not at all 36 24.0 16 10.7 52 17.3 <0.01

Slightly 33 22.0 7 4.7 40 13.3

Moderate 63 42.0 66 44.0 129 43.0

Very 14 9.3 57 38.0 71 23.7

Extremely 4 2.7 4 2.7 8 2.7

Note: LMV, light motor vehicle; *x2=50.70, df=4, Cramer’s V=0.41 (moderate association).

Manar et al.: Non-acoustic effects of traffic noise
significance (P < 0.05), except for the social relationship
domain.

In the present study, more than one-third of tempo (42.0%)
and LMV drivers (44.0%) were moderately disturbed,
bothered, or annoyed by occupational noise. Meanwhile,
9.3% of the tempo drivers and 38.0% of the LMV drivers
were very annoyed. A statistically significant (P < 0.01)
difference was observed between the type of driver and
annoyance due to occupational noise [Table 4].

QOL was also assessed using WHOQOL-BREF, with
statistically higher significance (P < 0.05) observed in the
LMV drivers compared with tempo drivers across all domains
and the overall score. An exception was noted in the social
domain, where the score was higher, but the results were not
statistically significant.

In addition to psychological effects, physiological effects
were studied in the exposed group. Backache was the
major problem in 18.0% of the drivers (possibly due to
their sitting or working style), followed by headache
(11.3%). Meanwhile, backache was observed in 2.0% in
the unexposed group, and no complaint of headache was
recorded. Among the tempo drivers, the majority (62.8%) had
backache, and 9.3% had chest pain. Among car drivers, the
Table 5: Association of substance abuse with driver type

Substance Abuse Driver Type

Tempo (n = 150) LMV (n = 150)

N % N %

Alcohol Absent 46 30.7 61 40.7

Present 104 69.3 89 59.3

Smoked tobacco Absent 57 38.0 69 46.0

Present 93 62.0 81 54.0

Pan masala Absent 34 22.7 82 54.7

Present 116 77.3 68 45.3

Chew tobacco Absent 82 54.7 125 83.3

Present 68 45.3 25 16.7

Sleeping pills Absent 142 94.7 147 98.0

Present 8 5.3 3 2.0

Marijuana/bhang Absent 130 86.7 148 98.7

Present 20 13.3 2 1.3

Note: LMV, light motor vehicle
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majority (30.0%) had backache and chest pain, and 20.0%
experienced palpitation and breathlessness. Table 5 presents
the association between substance abuse and driver type.

Systolic blood pressure among the tempo and LMV drivers
reached 119.41 ± 16.79 and 115.98 ± 8.32mm Hg,
respectively. Further, this difference between the two
groups was statistically significant (P= 0.027). This
variation may be due to the inclusion of office workers in
the control group. In the tempo and LMV drivers, the average
diastolic blood pressures were 80.52 ± 12.80 and
79.24 ± 6.30mm Hg, respectively, and the pulse rates were
74.13 ± 8.03 and 76.32 ± 9.01, respectively. The difference
between the two groups was statistically significant
(P= 0.026). The respiratory rate of the tempo drivers was
17.63 ± 2.22, and that of the LMV drivers was 18 ± 1.55.
DISCUSSION

The scores for overall QOL and its various domains were
higher in the LMV drivers, and the difference between the
mean score of the LMV and tempo drivers in various domains
of QOL was statistically significant (P< 0.05), except for the
social relationship domain. In the present study, more than
one-third of the tempo (42.0%) and LMV drivers (44.0%)
P-Value Chi-square (x2) Cramer’s V

Total (n = 300)

N %

107 35.7 0.071 2.85 0.10

193 64.3

126 42.0 0.160 0.22 0.03

174 58.0

116 38.7 <0.01 16.18 0.23

184 61.3

207 69.0 <0.01 25.24 0.29

93 31.0

289 96.3 0.218 1.51 0.07

11 3.7

278 92.7 <0.01 14.18 0.22

22 7.3

Noise & Health ¦ Volume 27 ¦ Issue 128 ¦ September-October 2025
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were moderately disturbed, bothered, or annoyed by
occupational noise. Meanwhile, 9.3% of the tempo drivers
and 38.0% of the LMV drivers were highly annoyed. Further,
the majority of the tempo (64.7%) and LMV drivers (76.7%)
had a good quality of sleep [Table 4]. Beutel et al.[25] showed
that road traffic noise annoyed 43.5% of people, and
annoyance was extreme in 1.7% of the individuals they
observed. Stansfeld et al.[26] reported that annoyance was
statistically significant (P < 0.05) in the exposed group than
in the unexposed group [Table 4]. These results were similar
to those of our study. However, 10.7% of the tempo drivers
and 10.0% of the LMV drivers had very good quality of sleep.
A statistically significant (P< 0.01) difference was observed
between the quality of sleep and type of driver. In the present
study, the majority of tempo and LMV drivers consumed
alcohol and smoked tobacco. Among the tempo drivers,
77.3%, 45.3%, 5.3%, and 13.3% consumed pan masala,
chewed tobacco, took sleeping pills, and used marijuana/
bhang, respectively. Meanwhile, among the LMV drivers,
45.3%, 16.7%, 2.0%, and 1.3% consumed pan masala,
chewed tobacco, took sleeping pills, and used marijuana/
bhang, respectively. A statistically significant (P < 0.001)
difference was noted in the consumption of pan masala,
chewing tobacco, and marijuana/bhang between LMV and
tempo drivers. Manglam et al.[27] revealed that 74.0% of
drivers were abusing some substance, which is similar to our
results.

Systolic blood pressure was higher among the tempo drivers
than among the LMV drivers. The difference between the
two groups was statistically significant (P= 0.027). This
variation may be due to the inclusion of office workers in the
control group. The average diastolic blood pressure was
observed again, but the pulse rate in the tempo drivers was
lower compared with the LMV drivers. The difference
between the two groups was statistically significant
(P= 0.026). In a similar study conducted by Balaji
et al.[28] in Puducherry on male bus drivers as the
exposed group and office workers as the unexposed
group, the mean systolic blood pressures were
132.34 ± 18.07 and 118.00 ± 14.65mm Hg, respectively,
and this difference was statistically significant.
LIMITATIONS AND FUTURE RESEARCH DIRECTIONS

Notably, best efforts were exerted, and utmost care was taken
to avoid methodological, instrumental, and human errors
during the planning, execution, and finalization phase.
However, this study still encountered some limitations:

(1)
 Noise is everywhere in this noisy world and an integral

part of daily life. In this study, only occupational noise
was considered, but the subjects (drivers) have been
exposed to several nonoccupational noises throughout
their lifetime. Quantification of such exposures was
excluded in this study, as it was practically not
feasible. Hence, our study may have underestimated
the CNE.
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(2)
 During the in-vehicle noise monitoring period, the
drivers were requested not to play music. In this
way. the study may have underestimated the CNE for
those who are fond of music.
(3)
 In this work, the age-corrected values for hearing loss of
tempo drivers due to aging were also calculated using
recommendations made for and from the United States
population. These age-related corrections in hearing
loss may not be suitable for the Indian populations.
(4)
 Tempo drivers were exposed to noise levels of
approximately 86 dB, and the CNE of most of these
drivers clustered within a certain range of CNE.
Inclusion of groups exposed to higher noise levels
may be incorporated in future studies to improve the
study strength.
CONCLUSION
For the noise levels between diesel and CNG tempos, no
significant difference was noticed, whereas a significant noise
level difference around 10 dB was observed between the
exposed and unexposed groups. Similarly, for CNE, a
significant difference (P < 0.001) was observed in stress,
annoyance, and the quality of sleep across all age groups of
the exposed and unexposed drivers. Higher perceived stress
was noticed among tempo drivers [median: 8 (7.0–9.25)]
compared with LMV drivers [median: 7 (4.75–8.0)]. In terms
of all psychological nonaudiometric effects of noise, the
exposed group suffered more compared with the
unexposed group, except when considering annoyance. In
the case of annoyance due to occupational noise, 9.3% of the
tempo drivers were very annoyed compared with 38.0% of
their counter parts, i.e., LMV drivers. This result was possibly
observed because tempo drivers are more accustomed to
occupational noise and do not feel very annoyed.
Physiological effects, such as headache, backache, body
ache, chest pain, palpitation, and breathlessness, were low,
i.e., a maximum of 18.0%, in the exposed group, and notably
less, i.e., a maximum of 2.0%, in the unexposed group. The
unexposed group had no complaint of headache, whereas
body ache was noticed in the exposed group (17.0% and
16.0%, respectively). Further, a significant between-group
difference was observed only for systolic blood pressure, with
a P value of 0.026. For diastolic blood pressure, no statistical
significance was observed, with a P value of 0.27. This
difference in systolic blood pressure may be due to the
significant differences in the CNE between the two groups.
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