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Introduction: Almost 90% of the reported occupational diseases in Sabah, Malaysian 
Borneo were due to hearing loss. The manufacturing industry was the main contributor to 
this problem. This study aims to identify the prevalence and associated factors for hearing 
loss among workers in the palm oil manufacturing industry in Sabah.
Material and Methods: A cross-sectional study was done among 312 respondents from 
five palm oil mills in Sabah from January to April 2019. Audiometric tests, validated 
questionnaires and sound level meters were used. Chi-square test and independent t-test 
were conducted to determine the associated factors for hearing loss.
Results: 75% (n = 234) of the respondents were diagnosed with hearing loss. Most of them 
were male (96.2%) with a mean age of 44.4 (SD 9.8) years, mean duration of employment of 
16.2 (SD 9.7) years and mean noise exposure of 96.1 (SD 4.8) dB(A). The significant factors 
associated with hearing loss were older age (p = 0.001), married (p = 0.001), blue-collar 
jobs (p = 0.003), smoking (p = 0.001), works with noisy machinery (p = 0.005), lower level 
of noise exposed (p = 0.015), longer duration of employment (p = 0.001), and longer 
overtime hours per week (p = 0.001).
Conclusion: The prevalence of hearing loss among workers in the noise-exposed palm oil 
industries was high. Annual audiometry testing and job rotation from noise-exposed 
workstations were recommended. A smoking cessation program may help but reduction of 
noise from the source by engineering control is still the best method.
Keywords: hearing loss, palm oil mill, noise exposed workers

Introduction
Workers are exposed to noise in any working environment, but it can be harmful 
when it is too loud and long-lasting. Continuous exposure may damage the sensitive 
structures in the inner ear and cause noise-induced hearing loss (NIHL). A study 
done in the United States of America (USA) estimated that nearly 40 million adults 
developed hearing loss from exposure to loud noise.1 The World Health 
Organization (WHO) has previously noted that noise exposure appears to be 
increasing despite the other environmental health problems, which have diminished 
over time through regulation.2 NIHL is one of the most common occupational 
injuries among workers in manufacturing industries in Asia.3 In Malaysia, 21.9% of 
employees were reported to suffer from hearing impairment. Almost 90% of the 
reported occupational diseases in Sabah, Malaysian Borneo are due to hearing loss.4 

The main sector that contributes to this magnitude of problem is the manufacturing 
industry as is evident by the increasing notification rate of NIHL. The palm oil 
industry was the commonest manufacturing industry in the east coast of Sabah. 
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Continuous exposure to the noise source from the boiler 
machine in palm oil mills may lead to the progression of 
NIHL among its workers. Hence, this study aims to iden-
tify the prevalence and associated factors of hearing loss 
among noise-exposed workers in palm oil mills.

Materials and Methods
This cross-sectional study was conducted among 312 
respondents from five palm oil mills on the east coast of 
Sabah, Malaysian Borneo from January to June 2019. The 
mills were randomly selected out of 67 available mills in 
the locality of interest based on the inclusion criteria of 
having a high level of noise workstation exposure of 85 
dB(A) or above, over an 8-hour time weighted average 
(TWA), as reported by the Roundtable Sustainable Palm 
Oil (RSPO) certified companies that are responsible for 
monitoring these palm oil mills. The number of mills 
selected was also subjected to the respective companies’ 
approval as well as the time and budget limitation in this 
research. All workers from the chosen palm oil mills were 
included purposively in the study. The minimum sample 
size required was 212 based on the 83% prevalence of 
NIHL reported in the Malaysian study by Maisarah et al in 
1993, with 95% confidence level and 40% non-response 
rate.5 Those who have ear infections, had been treated for 
tuberculosis or undergone treatment with ototoxic drugs 
were excluded.

The tools used in this study include a pure tone audio-
metric test (PTA), validated questionnaires and a sound 
level meter. The PTA machine (Amplivox 240) had been 
calibrated according to the standard (ISO 389–3 1994/ 
American National Standard Specification for 
Audiometers S3.6–1969) by an authorised person.6 

Hearing loss was diagnosed when there is a permanent 
threshold shift of 25 dB or more in the frequency range of 
500 Hz, 1 kHz, 2 kHz and 3 kHz compared to the baseline 
audiometric reference level as stated in the Malaysian 
Factories and Machinery Act 1967.6 Consented partici-
pants were interviewed for information such as their socio-
demographic data (gender, age, marital status, type of job 
and hobbies such as listening to loud music, karaoke sing-
ing, shooting and diving), occupation (duration of employ-
ment, works with noisy machinery, overtime hours per 
week, noise exposure level dB(A)), and comorbidities 
(smoking and diabetes). The questionnaire was adopted 
from a study done among fertilizer factory workers in 
Sarawak developed by Saffree Jeffree et al.7 The valida-
tion of the content in the questionnaires was done by 

cross-reference and verification from the experts. 
A sound level meter (SLM) was used for acoustic mea-
surement (Model - 2700: Type 2 ANSI S1.4–1983, IEC 
651–1979). It is a handheld device with an attached micro-
phone that consists of a diaphragm which will respond to 
the changes in air pressure brought by the variations in 
sounds. The recorded unit of measurement was in 
decibels (dB). Procedures of acoustic measurement was 
according to the guidelines by the Malaysian Department 
of Environment (DOE).8

The statistical analysis was performed using SPSS soft-
ware version 23.0 (SPSS, Chicago, IL, USA). Descriptive 
analysis was conducted using frequencies and percentages 
for categorical variables, whereas mean and standard 
deviation for numerical variables. Pearson chi-square test 
and independent t-test were used to determine the associa-
tion between independent and dependent variables for 
categorical and numerical variables, respectively. Fisher’s 
exact test was used for variables with a cell size less than 
five. Statistically significant data were determined by 
a p-value of less than 0.05 with a prevalence ratio (PR) 
and 95% confidence interval.

Results
234 (75%) of the respondents were diagnosed with hearing 
loss in this study. Most of them were male (96.2%, n = 
300) with a mean age of 44.4 (SD 9.8) as shown in 
Table 1. 84.6% (n = 264) of the respondents were married 
and 95.2% serve as blue-collar workers (n = 297). The 
mean duration of employment and mean overtime hours 
per week were 16.2 (SD 9.7) years and 5.9 (SD 2.7) hours, 
respectively. 219 (70.2%) of the respondents work directly 
with noisy machinery with a mean noise exposure of 96.1 
(SD 4.8) dB(A).

Table 2 shows the results of univariate analysis 
between the variables under study. Older age (p = 0.001, 
mean difference: 9.904, 95% CI: 6.785, 11.403), married 
(p = 0.001, PR: 1.844, 95% CI: 1.331, 2.555), blue-collar 
job (p= 0.003, PR: 1.919, 95% CI: 1.029, 3.578), smoking 
(p = 0.001, PR: 1.459, 95% CI: 1.270, 1.676), works with 
noisy machinery (p = 0.005, PR: 1.232, 95% CI: 1.044, 
2.453), lower level of noise exposed (p = 0.015, mean 
difference: 1.580, 95% CI: 0.292, 2.682), longer duration 
of employment (p = 0.001, mean difference: 8.188, 95% 
CI: 5.992, 10.385), and longer overtime hours per week (p 
= 0.001, mean difference: 1.987, 95% CI: 1.331, 2.644) 
were the significant factors for hearing loss. Recreational 
factors such as listening to loud music, karaoke singing, 
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shooting, diving, and medical conditions such as diabetes 
mellitus were not statistically significant.

Discussions
The prevalence of hearing loss among noise-exposed palm 
oil mill workers in Sabah was 75% with the mean noise 
exposure of 96.1 (SD 4.8) dB(A). The finding of high 
NIHL prevalence in palm oil industries is in line with 
other studies done in developing countries.9,10 Developed 
countries have lower prevalence of NIHL amongst their 
population due to its strengthened regulations, better con-
trol measures and increased awareness or knowledge. 
Despite the existing regulations, smoking and duration of 
employment were still the significant factors in this study 
population. Further studies on the compliance to existing 
control measures need to be considered. The implementa-
tion of hearing conservation programs among the palm oil 
mills involved is also questionable. Nonetheless, the 
reduction of noise at the source through engineering con-
trol is still the best method.

This study found that older age is a significant factor 
for hearing loss. A study done in the neighbouring state, 
Sarawak, also reported similar finding.7 The changes in the 
inner ear that occur as people grow older due to 

physiological reasons may exacerbated the progression of 
NIHL especially among noise-exposed workers.11 

However, there are many factors contributing to the impact 
of aging on the auditory system apart from the environ-
mental factor, such as genetics and comorbidities.12 

Another longitudinal study of pure-tone thresholds in 
older persons revealed that there was a decline of 0.7 dB 
per year at 0.25 kHz, increasing to 1.2 dB per year at 8 
kHz, and 1.23 dB per year at 12 kHz.13

Marital status was found to have a significant associa-
tion with hearing loss in this study especially among the 
married workers. This is not implying that having a stable 
relationship was the sole factors for having the condition. 
In this study, the mean age was 44.4 (SD 9.8) years. 
Normally at the age of 40 years old, people are already 
married. Age factors could be the confounding factor for 
marital status being significant in this study.14 Meanwhile, 
a study done in the USA found that adults with the lowest 
quality of hearing may depend more heavily upon the 
social support resources through living situations that 
include having a partner.15

The type of work carried out, especially a blue-collar 
job, was significantly associated with hearing loss. This 
finding is in line with the study conducted in Tanzania 
whereby the blue-collar workers are more exposed and 
directly work with the noisy machinery compared to the 
white-collar workers who are mostly supervisors.16

Few studies found out the significant relationship 
between hearing loss and smoking as revealed in this 
study.17–19 A study done in Korea concluded that being 
a current smoker was significantly associated with hearing 
loss at all frequencies among workers exposed to occupa-
tional noise, and being a heavier smoker influenced low- 
frequency hearing loss more greatly.17 It has been well 
studied that the effect of nicotine causes vasoconstriction 
in the blood vessels. These vasoconstrictions can cause 
a reduced blood supply to the hair cells within the 
cochlear, which in turn would cause irreversible damage 
to the hair cells, thus increasing the effects of NIHL 
amongst the smoking population of workers. A proper 
follow up needs to be done among workers who smoke 
and are exposed to noise levels exceeding 85 dB(A) as 
suggested by Pouryaghoub et al, 2007.20 Health education 
on the dangers of smoking and providing Quit Smoking 
clinics will benefit these workers.

A highly significant association was also demonstrated 
between hearing loss and longer duration of employment 
as supported in multiple studies.9,21,22 This is also implied 

Table 1 Descriptive Analysis Among Noise-Exposed Workers in 
Palm Oil Mills (N = 312)

Variables Frequency 
(%)

Mean 
(SD)

Gender:
Male 300 (96.2)
Female 12 (3.8)

Age: 44.4 (9.8)

Marital Status:
Married 264 (84.6)

Unmarried 48 (15.4)

Type of Job:
Blue Collar 297 (95.2)

White Collar 15 (4.8)

Works with Noisy Machinery:
Yes 219 (70.2)
No 93 (29.8)

Noise Exposure dB(A): 96.1 (4.8)

Duration of Employment (year): 16.2 (9.7)

Overtime Hours/ week: 5.9 (2.7)

Abbreviations: SD, standard deviation; dB(A), A-weighted decibel.
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for those workers who had done more overtime hours and 
directly work with noisy machinery. This study also found 
that there is a significant difference in the mean noise 
exposure level whereby lower levels of noise exposure 
are associated with NIHL. This might be due to the 

difference in the duration of exposure, as such the noise 
exposure was longer in the group of workers exposed to 
lower levels of noise. Moreover, the total mean noise 
exposure for both groups was more than 85 dB(A). The 
increased incidence of NIHL among workers who have 

Table 2 Univariate Analysis of Hearing Loss Among Noise-Exposed Workers in Palm Oil Mills

Variables NIHL (n=234) 
(No./%)

Non-NIHL (n=80) 
(No./%)

Chi Square or 
t-test

p value PR 95% CI

Gender:
Male 228 (76.0) 72 (24.0) 0 a 0.080 1.520 0.860 2.686

Female 6 (50.0) 6 (50.0)

Age: 46.6 (8.8) b 37.5 (9.6) b 9.904 c 0.001 - 6.785 11.403

Marital Status:
Married 213 (80.7) 51 (19.3) 29.545 0.001 1.844 1.331 2.555
Unmarried 21 (43.8) 27 (56.3)

Type of Job:
Blue Collar 228 (76.8) 69 (23.2) 0 a 0.003 1.919 1.029 3.578

White Collar 6 (40.0) 9 (60.0)

Smoking:
Yes 141 (88.7) 18 (11.3) 32.358 0.001 1.459 1.270 1.676

No 93 (60.8) 60 (39.2)

Diabetic:
Yes 33 (84.6) 6 (15.4) 2.198 0.138 1.149 0.988 1.337
No 201 (73.6) 72 (26.4)

Works with Noisy 
Machinery:

Yes 174 (79.5) 45 (20.5) 7.767 0.005 1.232 1.044 1.453

No 60 (64.5) 33 (35.5)

Noise Exposure dB(A): 95.7 (4.9) b 97.2 (4.5) b 1.580 c 0.015 - 0.292 2.682

Duration of Employment: 18.2 (9.4) b 10.0 (8.2) b 8.188 c 0.001 - 5.992 10.385

Overtime Hours/ week: 6.4 (2.5) b 4.4 (2.7) b 1.987 c 0.001 - 1.331 2.644

Listens to Loud Music:
Yes 42 (68.9) 19 (31.1) 1.528 0.216 0.900 0.750 1.080
No 192 (76.5) 59 (23.5)

Karaoke singing:
Yes 48 (72.7) 18 (27.3) 0.231 0.631 0.962 0.816 1.133

No 186 (75.6) 60 (24.4)

Shooting:
Yes 9 (75.0) 3 (25.0) 0 a 1.000 1.000 0.717 1.395

No 225 (75.0) 75 (25.0)

Diving:
Yes 21 (77.8) 6 (22.2) 0.122 0.727 1.041 0.841 1.287
No 213 (74.7) 72 (25.3)

Notes: aFisher’s exact test, bmean (SD), cmean difference. 
Abbreviations: NIHL, noise-induced hearing loss; PR, prevalence ratio; CI, confidence interval; SD, standard deviation.
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served for a longer duration is likely due to the increased 
cumulative exposure to noise. As with any hazard, 
repeated long term exposure would result in increased 
incidence of the disease. In this study, the mean duration 
of employment was 16.2 (SD 9.7) years for all workers 
whereas it was 18.2 (SD 9.4) years among the NIHL. Most 
of the hearing loss occurs during the first 10 years of noise 
exposure.23 For example, the median expected noise- 
induced permanent threshold shift (NIPTS) of 3–6 kHz 
at 85 dB(A) noise exposure level normalized to a nominal 
8-hour working day for 10 years is 4 dB (2–5 dB for the 
10–90 percentile), whereas it was 5 dB (3–7 dB for 10– 
90 percentile) after 40 years. However, there was no 
information on the previous noise exposure from other 
jobs among the participants which might affect the study 
findings.

Conclusion
This study found that there was a high prevalence of 
hearing loss among palm oil mill workers. The study 
demonstrates the practical importance of a series of annual 
audiometry testing, implementing medical removal 
programs for the early stage of NIHL and job rotation 
for highly exposed workstation workers. The introduction 
of a smoking cessation program by employers may reduce 
the prevalence of workers having hearing loss. The best 
control, still, is the reduction of noise at the source by 
engineering methods. The immediate future study recom-
mendation is to conduct a more detailed study with sam-
ples taken from a larger company. This would further 
strengthen the findings and possibly find more significant 
associative factors of hearing loss.
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