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ABSTRACT 
 

Aim: We aimed at assessing the effects of occupational noise exposure on cardiovascular 
functions of saw-mill workers in Nnewi metropolis, Anambra State, Nigeria. 
Study Design: This is a cross-sectional study comparing saw-mill workers occupationally exposed 
to intense noise levels with unexposed control. 
Place and Duration of Study: Department of Human Physiology, Nnamdi Azikiwe University, 
between February, 2019 and March 2020. 
Methodology:  Fifty saw-mill workers (26 males, 24 females), of mean age 30.84 ± 6.26 years and 
50 controls (18 males, 32 females; mean age, 26.32 ± 6.32 years) participated in the study. The 
mean ambient noise level for each site was obtained with a sound meter measurement prior to 
cardiovascular function test for each participant. The noise level, blood pressure (BP) and heart 
rate (HR) measurements were done for the saw-mill workers when the machines were in 
operation. Other parameters such as mean arterial pressure (MAP), pulse pressure (PP), rate 
pressure product (RPP), cardiac output (CO) and oxygen consumption (VO2) were determined 
using appropriate scientific equations. 
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Results: Saw-mill workers indicated significantly higher (p<0.05) mean systolic BP, diastolic BP, 
MAP, RPP and PP, but lower (p<0.05) mean CO, and VO2 compared with the control. No 
significant difference was observed in HR between the two groups. Incidences of both systolic and 
diastolic hypertension and abnormally high MAP were greater in sawmill workers compared to the 
control. The risk of systolic hypertension, abnormally high MAP, among sawmill workers was 
higher compared to the control. 
Conclusion: Our study revealed that hypertension and other abnormal cardiovascular outcomes 
were more prevalent in the noise-exposed saw-mill workers compared to unexposed control. 
These findings may serve to increase workers’ awareness about effects of occupationally noisy 
environments on their health and suggest the need to reduce workplace noise levels in order to 
improve their cardiovascular health. 
 

 
Keywords: Noise; cardiovascular functions; blood pressure; heart rate; rate pressure product; pulse 

pressure; oxygen consumption; sawmill. 
 

1. INTRODUCTION 

 

The role of noise as an environmental pollutant 
and its impact on health is being increasingly 
recognized. The World Health Organization 
(WHO) considers noise as the third dangerous 
pollutant of megacities [1], and acute noise 
exposure has been shown to interfere with 
communication, concentration, and relaxation; it 
also disturbs sleep, impairs cognitive 
performance and causes annoyance [2]. Long-
term exposure to noise has been previously 
associated with negative cardiovascular health 
outcomes such as arterial hypertension, acute 
myocardial infarction, arteriosclerosis, ischemic 
heart disease and stroke [2].  

 

Occupational noise is one of the major sources 
of environmental noise pollution in mega cities. 
General awareness of the effects of occupational 
noise such as the one experienced in saw mill 
industries has led to promulgation of several 
legislations which prescribe permissible noise 
level at workplaces. For example, occupational 
standards specify a maximum allowable daily 
noise dose of 85 dBA (National Institute for 
Occupational Safety and Health - NIOSH) over 
an 8-hour work shift [3]. However, there is low 
knowledge of environmental laws and utter 
disregard to noise pollution limits by most of the 
noise-producing industries operating in Nigeria. 
Similarly, precautionary measures such as the 
use of hearing protectors, machinery noise 
propagation control and occasional hearing 
status tests and health checks are not practiced 
by the industry operators and their workers. 
Unfortunately, most of these workers are daily 
exposed to these industrial noise pollutions and 
for a long period of time without being aware of 
the health hazards associated with them. 

The health impact of noise in several industrial 
workplaces has been extensively studied in 
literature. However, there is paucity of 
information on the health impact of noise 
pollution from sawmill activities within the cities in 
Nigeria. With a harvest of more than 100 million 
cubic meters of wood annually, Nigeria is 
considered as Africa’s largest wood producer [4]. 
It is therefore not surprising that saw-mills 
account for about 93.32% of the total wood-
based industries and it is common to find them 
domiciled in major cities in Nigeria [5]. The saw-
mills have been identified as major sources of 
environmental noise pollution and an extreme 
acoustic environment for workers [6]. Job tasks 
of workers who work in saw-mills include the 
breakdown of logs into cants, slabs, processing 
the cants and slabs into functional lumber sizes, 
grading, sorting, drying and processing the 
lumber for industrial specific uses with 
preservatives, fire retardants or surface 
protection [7,8]. These activities expose the 
sawmill workers to a high level of noise 
generated from cutting, shaping, milling and 
sawing of timber and from machine engine 
operations for long periods of time, everyday 
[7,9]. Exposure to noise in sawmills is perhaps 
one of the most intense and prolonged level of 
noise experienced daily [10]. The level of noise 
experienced by individuals in these saw-mills 
could either be short or varied in some instances, 
but are generally harmful to their physical, 
sociological, and psychological well-being 
[10,11]. Traditionally, this industry is known as 
one of the most labor-intensive, dangerous 
repetitive work settings and production-oriented 
industries [12,13]. Its labor-intensive nature could 
result in highly physical activities which could be 
at variance with health and safety procedures, 
thereby leading to increased health risks for 
sawmill workers [14]. 
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The present study therefore investigated the 
effect of noise exposure on cardiovascular 
functions of a cross section of sawmill workers in 
Nnewi metropolis, Anambra state, Nigeria and 
also proffered mitigation strategies to protect the 
workers from any resultant adverse 
cardiovascular health effects of the occupational 
noise pollution. 

 
2. MATERIALS AND METHODS  
 
2.1 Study Population 
 
A total of 50 saw-mill workers (26 males, 24 
females), aged between 18 - 40 years (30.84 ± 
6.26 years) and 50 apparently healthy controls 
(18 males, 32 females; mean age, 26.32 ± 6.32 
years) voluntarily participated in the study. The 
sawmill workers included machine operators, 
saw technicians, dust packers, overseers, wood 
loaders, machine off loaders and administrative 
staff randomly selected from sawmills located in 
Timber market in Nnewi metropolis. The control 
subjects were randomly selected from civil 
servants residing in rural Okofia community of 
Nnewi North Local Government Area, who were 
not occupationally exposed to high level of noise 
pollution. Information regarding the participants’ 
demographic characteristics, health condition 
and lifestyle were obtained through a structured 
health and lifestyle questionnaire. The inclusion 
criteria of the study were: subjects within the age 
range of 18 to 40 years, spending at least six 
months in continuous employments in the 
sawmill, being physically and psychologically 
healthy, not smoking, not using alcohol, not 
taking drugs that can affect cardiovascular 
function, and not working in shifts. The exclusion 
criteria included; sawmill workers who had spent 
less than six months on the job, history of 
cardiovascular and respiratory diseases; sawmill 
workers who are part time workers; and those 
who did not give consent to participate in the 
study. 

 
2.2 Sample Size Calculation 
 
The sample size for the study was calculated 
based on the formula for comparison between 
two groups when endpoint is quantitative data: n 
= 2SD2 (Zα + Zß)2/ d2 [15]. Where: n = the sample 
size (sawmill workers who participated in the 
study); SD = 3.41 dBA (standard deviation from 
mean sawmill noise level of a previous study 
[16]); Zα = 1.96 (Z score corresponding to 95% 
confidence interval); Zß = 0.84 (Z score 

corresponding to 80% confidence interval); d = 2 
dBA (the margin error that was accepted in this 
study). On applying; 2SD2 (Zα + Zß)2  
                 d2 

 

n = 2 (3.4)2 x (1.96 – 0.84)2    = 23.12 x 7.84 = 181.26 = 45.31 
 22        4             4    

 
n = 45 + 5 (considering 10% drop out of study 
participants) = 50 participants  
  

2.3 Sawmill Noise Measurements  
 
A designed noise exposure evaluation 
questionnaire was used to retrieve data from the 
participants. The mean ambient noise level for 
each site was obtained using a sound meter 
(Model No. TA8152; Suzhou TASI Electronic Co. 
LTD, Suzhou City, China), prior to cardiovascular 
function test for each participant. For the sawmill 
workers, the measurements were done when the 
machines were in operation. The sound meter 
was hand-held such that the microphone 
attached to the sound meter faced the source of 
the sound and was also very close to the 
workers. The maximum and the minimum mode 
were chosen and the sound pressure level 
displayed their respective readings on the noise 
meter. The average reading was then taken for 
the different sites.  
 

2.4 Anthropometric Measurements 
 
Each participant’s height was measured with the 
use of standiometer (SECA, Hamburg, Germany) 
with the shoulders in a relaxed position and the 
arms hanging freely. Weight was measured with 
the participant in light clothing without shoes 
using a standard scale. Body mass index was 
calculated as weight (kg) divided by the square 
of the height (m2). 
 

2.5 Measurement and Determination of 
Cardiovascular Parameters 

 
2.5.1 Blood pressure and heart rate 

measurements 
 

The subjects’ blood pressure (BP) and heart rate 
(HR) were measured twice when the machines 
were in operation with the subject in a sitting 
position using the mercury-column 
sphygmomanometer and Omron electronic heart 
rate monitor (HEM-712C, Omron Health Care 
Inc., Vietnam) respectively. The average of the 
blood pressure and heart rate measurements 
were used for the data analysis. 
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2.5.2 Mean Arterial Pressure (MAP) 
 

The mean arterial pressure was calculated as [(2 
x diastolic blood pressure (DBP) + systolic blood 
pressure (SBP)]/3 [17].  
 
2.5.3 Pulse Pressure (PP) 
 
The Pulse pressure is the difference between 
systolic and diastolic blood pressures i.e. SBP - 
DBP [18]. 
 
2.5.4 Rate Pressure Product (RPP) 
 
The rate pressure product provides an accurate 
reflection of the myocardial oxygen demand and 
workload [19]. In other words, it is a direct 
indication of the energy demand of the heart and 
thus a good measure of the energy consumption 
of the heart and calculated as HR x systolic 
blood pressure [20]. 
 
2.5.5 Cardiac Output 
 
Cardiac output was calculated using the equation 
4.3 × absolute VO2 + 4.5 [21].  
 

2.6 Determination of Cardiorespiratory 
Fitness Parameters 

 
2.6.1 Resting Absolute VO2 
 
Resting absolute VO2 (L/min) a measure of 
cardiovascular fitness was determined using the 
formula: Rate of energy expenditure at rest 
(kcal/min) / Caloric Equivalent per oxygen 
(kcal/L) [22]. The rate of energy expenditure at 
rest is calculated using Harris Benedict’s 
equation for all adults [males: 66.47 + (13.75 x 
body weight (kg)) + (50 x Height (cm)) – (6.76 x 
Age (yrs)); Females: 655.1 + (9.56 x body weight 
(kg)) + (1.86 x Height (cm)) – (4.68 x Age (yrs)] 
[23]. Caloric equivalent per liter of oxygen 
consumed is expressed as respiratory exchange 
ratio for mixed diet = 0.82 equivalent to 4,825 
kcal/liter of oxygen).  
 
2.6.2 Resting Relative VO2 

 

Relative VO2 was determined using the formula: 
(Absolute VO2 x 1000) / body weight in kg. 
 

2.7 Definition of Outcomes 
 

High blood pressure was defined as systolic 
pressure equal to or higher than 140 mmHg 
and/or a diastolic pressure equal to or higher 

than 90 mmHg [24]. High MAP was defined as 
>100 mmHg, while low MAP was defined as <60 
mmHg [25]. Normal range for PP was defined as 
40 – 60 mmHg, thus values >60 mmHg were 
considered as high PP and values <40 were 
considered as low PP [26]. Normal RPP was 
defined as ≤12 mmHg.bpm, while abnormal RPP 
was defined as values >12 mmHg.bpm [27]. 
Slow HR (bradycardia) was defined as HR 
<60bpm, while fast HR (tachycardia) was defined 
as HR >100 bpm [28]. 
 

2.8 Data Analysis 
 
Descriptive data were expressed as mean and 
standard deviation for continuous variables and 
percentages for categorical data. Comparative 
analysis between two groups was done using 
independent sample t-test, while that of multiple 
groups was done using one-way analysis of 
variance involving the Bonferroni post hoc 
multiple comparison test. Statistical significance 
was set at P ≤ 0.05. All statistics were performed 
using SPSS for windows (version 20.0). 
 

3. RESULTS  
 

Table 1 shows the demographic and 
occupational characteristics of the study 
population. A total of 100 subjects were recruited 
for this study including 50 unexposed controls 
and 50 sawmill workers. The mean age of the 
participants was 28.58 years (ranged from 18 to 
40 years) with a SD of ± 6.65 years. The mean 
age of the sawmill workers (30.84 ± 6.26 yrs) 
was significantly higher (p = 0.001) compared 
with that of the control (26.32 ± 6.32 yrs). 
Majority of the control, 62% were of age group 
21-30 yrs; while most of the sawmill workers, 
58% were of the age group 31-40 years. The 
Chi-square test of association indicated that the 
difference between the two groups with respect 
to percentage distribution of age groups was 
statistically significant (p = 0.001). Independent 
sample t-test indicated that there were no 
significant differences in mean height and weight 
between the two groups. However, the sawmill 
workers indicated significantly greater (p = 0.007) 
body mass index compared with the control 
(24.30 ± 3.01 vs. 22.09 ± 4.76 kg/m2). In both 
groups most of the respondents (control, 86%; 
sawmill workers, 62%) had body mass index less 
than 25kg/m2; the observed difference in BMI 
was statistically significant (p = 0.006) across the 
groups. Majority of the participants in the control 
group (64%) were females, while in the sawmill 
workers, majority (52%) were males. There was 
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no significant difference in the sex distribution of 
the participants across study groups. Half of the 
respondents in the sawmill workers group 
(50.0%) had completed their secondary 
education, while majority (72%) of the control 
group had completed their tertiary education. All 
the respondents in both groups had one form of 
education or the other, however those with 
primary education were the lowest (2%) among 
the control, while those with tertiary education 
were the lowest (16%) among the sawmill 
workers. The observed difference between the 
two groups with respect to their level of 
education was statistically significant (p < 0.001). 

 

The participants who had spent equal and less 
than 10 years in employment made up a greater 
proportion of the control (96%) and test (64%) 
groups respectively. Four percent of the control 
group and 36% of the sawmill workers had spent 
greater than 10 years duration of employment. 
The observed difference between participants 
with respect to duration of employment was 
statistically significant (p < 0.001). The mean 
number of years spent in employment was 
significantly higher (p < 0.001) in the sawmill 
workers (9.06 ± 1.80 yrs) compared with the 
control group (3.60 ± 2.92 yrs). A greater 
proportion (94%) of the control group worked ≤10 
hours daily compared to those who worked >10 
hours (6%). On the other hand, majority (64%) of 
the workers worked for >10 hours daily 
compared to those who worked ≤10 hours (36%). 
The difference observed across the two groups 
with respect to their daily working hours was 
significant (p < 0.001). The mean number hours 
spent at work by the sawmill workers (9.92 ± 
1.80 hrs) was significantly greater (p < 0.001) 
compared with that of the control group (5.16 ± 
2.21 hrs). 

 

Fig. 1 shows the assessment results of the noise 
level in sawmill sites and control sites. The 
average noise level in the sawmill sites was 
90.40 dB (range, 79 – 105 dB) compared with 
50.30 dB (range, 41 – 59 dB) in control sites. 
Independent sample t-test indicated significantly 
higher (p < 0.001) mean noise level in the 
sawmill sites compared with the control sites. 

 

Table 2 shows the cardiorespiratory indices of 
the control and sawmill workers. Independent 
sample t-test indicated significantly higher (p < 
0.05) mean SBP, DBP, MAP, RPP and PP in 
sawmill workers compared with the control. On 
the other hand, significantly lower (p < 0.05) 

mean cardiac output, relative VO2 and absolute 
VO2 were observed in sawmill workers compared 
with the control. In contrast, no significant 
difference was observed in HR between the two 
groups. 

 

Table 3 shows the cardiovascular health statuses 
of sawmill workers and control groups. Majority 
of the participants had normal SBP (94%), 
normal DBP (97%), normal mean arterial 
pressure (82%), normal PP (80%), normal rate 
pressure product (91%), normal HR (91%) and 
normal cardiac output (100%). There were no 
significant differences in the percentages of 
sawmill workers with normal SBP, DBP, PP, 
RPP, HR and CO when compared with the 
control group. In contrast, a significantly greater 
(p = 0.029) percentage of the control (96%) had 
normal MAP compared with the sawmill workers 
(68%). The incidence of systolic hypertension 
(12%) and diastolic hypertension (6%) were seen 
among the sawmill workers, but none in the 
control group. Abnormally high MAP was more 
frequent (p < 0.001) among the sawmill workers 
(32%) compared with the control (4%). The 
percentage of the control group 13 (26%) with 
abnormally low PP was significantly higher (P < 
0.05) compared with the sawmill workers 2 (4%). 
The incidence of abnormally high PP among the 
sawmill workers was higher (8%, n = 4), but not 
statistically significant (p = 0.058) when 
compared with the control group (2%, n = 1). No 
significant difference was seen in the percentage 
of the sawmill workers whose values fell within 
the ‘risk zone’ of the RPP (6%, n = 3) compared 
with that of the control (12%, n = 6). The 
incidences of tachycardia and bradycardia were 
10% (n = 5) and 8% (n = 4) respectively among 
the control group, but none was observed among 
the sawmill workers. Interestingly, none of the 
control and sawmill workers indicated abnormal 
cardiac output. The risk of sawmill workers 
experiencing SBP hypertension, abnormally high 
MAP, and lower incidence of abnormally low 
pulse pressure was at least 6, 13 and 9 times 
higher (p < 0.05) compared to the control 
respectively. Data also indicated a zero risk (p < 
0.05) of the sawmill workers experiencing 
tachycardia or bradycardia compared with the 
control. 

 

Table 4 shows the assessment of sawmill 
environment, noise preventive measures and 
some common complaints by sawmill workers. 
Data indicate that majority (58%) of the 
respondents rated the sawmill environment as 
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very noisy, followed by those who rated it as 
noisy (42%). As expected, none rated it as quiet. 
All the respondents reported that there was no 
availability of hearing protectors and machinery 
noise control measures in their workplace. Of the 
workers, only 4 (8%) made use of hearing 
protectors, which they provided by themselves. A 
greater percentage complained they feel 
headache occasionally (42%), followed by those 
who felt headache often (34%) and always 
(24%). None of the respondents indicated not 
feeling headache at all. Majority (84%) of the 
workers complained of feeling annoyed and 
irritated by the noise in the sawmill. Most workers 
complained that they find it difficult to 
concentrate (78%) and that they feel physically 
and mentally stressed and exhausted after each 
day’s job. 

 

4. DISCUSSION 
 

The present study indicated that the sawmill 
workers were exposed to higher mean noise 
level of 90.40 dB compared with the control who 
were exposed to an average noise level of 50.3 
dB. The sawmill noise intensity was above the 
permissible noise levels of 85 dB stipulated for 
industries and factories over an 8-hour work shift 
and the stipulated limit of 70 dB for general 
environment [29]. This level of noise in the 
sawmills located in Nnewi metropolis constitutes 
a nuisance and threat to public health as it can 
result in several physiological and psychological 
disorders in workers as well as those living within 
the vicinity of the sawmills. 

 

Our findings also indicated higher systolic blood 
pressure (SBP), diastolic blood pressure (DBP), 
mean arterial pressure (MAP) and pulse 
pressure (PP) levels in sawmill workers 
compared with the control group. This is in 
agreement with previous studies, which showed 
that occupational exposure to noise increases 
blood pressure [30-33]. The current study is 
however at variance with a previous study that 
found no significant relationship between blood 
pressure and noise exposure [34]. To the best of 
our knowledge, no previous studies have shown 
the effect of occupational noise pollution on MAP 
and pulse pressure. Mean arterial pressure is a 
measure of the pressure necessary for adequate 
perfusion of the organs of the body, and often 
considered a better indicator of perfusion to vital 
organs than systolic blood pressure [35]. A high 
MAP >100 mmHg indicates that there's a lot of 
pressure in the arteries. Elevated MAP has been 

reported to contribute to increased oxygen 
demand by the heart, ventricular remodeling, 
blood clot, vascular injury, end organ damage, 
and stroke [36]. Furthermore, pulse pressure, 
defined as the difference between SBP and DBP 
has been shown to be an easily measurable 
correlate of arterial stiffness and pulsatile 
hemodynamic load [37,38] as reflected in the 
disproportionate gap between SBP and DBP. It is 
reported to be a significant risk factor in the 
development of heart disease [39] and has even 
been shown to be more of a determinant of 
cardiovascular outcomes than the mean arterial 
pressure [39]. In fact, as little as a 10 mmHg 
increase in the pulse pressure increases the 
cardiovascular risk by as much as 20% [40]. Our 
data therefore support the hypothesis that 
increase in occupational noise is associated with 
increase in blood pressure and its components 
and may be an important predictor of 
cardiovascular outcomes. 
 

In this study, the incidence of hypertension 
among the sawmill workers was low (systolic, 
12%, diastolic, 6%), compared to a previous 
study that reported 32% prevalence of 
hypertension among sawmill workers in British 
Columbia [41]. The observed prevalence of 
hypertension among sawmill workers was also 
higher compared to the control who indicated no 
presence of both systolic and diastolic 
hypertension. In addition, abnormally high MAP 
was more prevalent among the sawmill workers 
(32%) compared with the control (4%). 
Unexpectedly, the sawmill workers indicated 
lower incidence (2%) of abnormally low PP 
compared with the control (26%). It is not clear 
the reason behind the lower incidence of this 
abnormal outcome among the sawmill workers  
compared to the unexposed control. It is however 
noteworthy that we used a lower range of 40 
mmHg, whereas a previous study [39] has 
reported the use of a lower cut-off of <25% of 
SBP, which if used, would have completely 
removed the presence of abnormally low PP 
from both control and sawmill workers. 
Furthermore, the risk of sawmill workers 
experiencing SBP hypertension and abnormally 
high MAP, was at least 6 and 13 times higher 
compared to the control respectively. Previous 
studies have implicated noise as a risk factor of 
arterial hypertension [42-44]. Other studies have 
also showed that occupational noise exposure is 
associated with a higher risk of hypertension or 
with a sustained elevation of blood pressure 
[45,46].  
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Fig. 1. Mean noise levels in the sawmill and control sites 
 

Table 1. Demographic and occupational characteristics of the study population 
 

Characteristics Control 
 
N = 50 
n (%) or 
Mean ± SD 

Sawmill 
Workers 
N = 50 
n (%) or 
Mean ±SD 

Total 
 
N = 100 
n (%) or Mean 
±SD 

Test 
Statistics 

p - 
Value 

Age (years) 
  ≤20 
  21 – 30 
  31 – 40 

 
8 (16.0) 
31 (62.0) 
11 (22.0) 

 
4 (8.0) 
17 (34.0) 
29 (58.0) 

 
12 (12.0) 
48 (48.0) 
40 (40.0) 

 
 
X2, 13.52 

 
 
0.001 

Mean Age (years) 26.32 ± 6.32 30.84 ± 6.26 28.58±6.65 t-test, -3.59 0.001 

Mean Height (meters) 1.77 ± 0.51 1.65 ± 0.07 1.71 ± 0.37 t-test, 1.74 
 

0.084 

Mean Weight (kg) 65.50±12.72 66.30 ± 9.12 65.90±11.02 t-test, -0.36 0.719 

Body Mass Index  
<25 kg/m2 
  ≥25 kg/m2 

 
43 (86.0) 
7 (14.0) 

 
31 (62.0) 
19 (38.0) 

 
74 (74.0) 
26 (26.0) 

 
X2, 7.48 

 
0.006 

Mean Body Mass Index 
(kg/m2) 

22.09 ± 4.76 24.30 ± 3.01 23.20±4.11 t-test, -2.77 0.007 

Gender 
  Males 
  Females 

 
18 (36.0) 
32 (64.0) 

 
26 (52.0) 
24 (48.0) 

 
44 (44.0) 
56 (56.0) 

 
X2,2.59 

 
0.079 

Educational Status 
  Primary 
  Secondary 
  Tertiary 

 
1 (2.0) 
13 (26.0) 
36 (72.0) 

 
17 (34.0) 
25 (50.0) 
8 (16.0) 

 
18 (18.0) 
38 (38.0) 
44 (44.0) 

 
 
X2,35.96 
 

 
 
<0.001 

Duration of Employment 
  ≤10 yrs 
>10 yrs 

 
48 (96.0) 
2 (4.0) 

 
32 (64.0) 
18 (36.0) 

 
80 (80.0) 
20 (20.0) 

 
X2,16.0 

 
<0.001 

Mean Duration of 
Employment (years) 

3.60 ± 2.92 9.06 ± 3.85 6.33 ± 4.36 t-test, -7.98 <0.001 

Daily Working Hours 
  ≤10 
>10 

 
47 (94.0) 
3 (6.0) 

 
18 (36.0) 
32 (64.0) 

 
65 (65.0) 
35 (35.0) 

 
X2, 36.96 

 
<0.001 

Mean Daily Working 
Hours 

5.16 ± 2.21 9.92 ± 1.80 7.54 ± 3.12 t-test, -11.77 <0.001 
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Table 2. Baseline Cardiorespiratory function parameters of the study groups 

 
Parameters Control Sawmill Workers t – Statistics p – Value 

Systolic Blood Pressure 
(mmHg) 

116.52 ± 11.23 130.44 ± 11.43 -6.14 <0.001* 
 

Diastolic Blood Pressure 
(mmHg) 

72.28 ± 9.20 77.92 ±8.29 -3.22 0.002* 
 

Mean Arterial Pressure 
(mmHg) 

87.08 ± 9.27 95.14 ± 9.04 -4.40 <0.001* 

Pulse Pressure (mmHg) 44.24 ± 7.98 52.52 ± 7.61 -5.30 <0.001* 

Rate Pressure Product (x 
103 mmHg.bpm) 

8.88 ± 1.99 9.55 ± 1.46 -1.92 0.05* 
 

Heart Rate (bpm) 76.08 ± 14.23 73.14 ± 8.58 1.25 0.214 

Cardiac Output (L/min) 5.14 ± 0.11 5.09 ± 0.10 2.05 0.043* 

Relative VO2 (ml/kg/min) 2.32 ±0.44 2.11 ± 0.42 2.41 0.018* 

Absolute VO2 (L/min) 0.15 ± 0.02 0.13 ± 0.02 2.05 0.043* 
*Significant (p ≤ 0.05) 

 
Table 3. Distribution of subjects based on classification of their cardiovascular health statuses 

 
Parameters Control 

 
N = 50 
n (%) 

Sawmill 
Workers 
N = 50 
n (%) 

Total 
 
N = 50 
n (%) 

X2 RR (CI) P –
Value 

SBP 
  Normal 
  Hypertension 

 
50 (100) 
0 (0) 

 
44 (88.0) 
6 (12.0) 

 
94(94.0) 
6 (6.0) 

 
6.38 

 
2.13 (1.06-2.13) 

 
0.012 

DBP 
  Normal 
  Hypertension 

 
50 (100) 
0 (0) 

 
47 (94.0) 
3 (6.0) 

 
97 (97.0) 
3 (3.0) 

 
3.09 

 
2.06 (0.62-2.06) 

 
0.079 

MAP 
  Normal 
  High 

 
48 (96.0) 
2 (4.0) 

 
34 (68.0)* 
16 (32.0)* 

 
82 (82.0) 
18 (18.0) 

 
13.28 

 
2.14 (1.42-2.49) 

 
<0.001 

PP 
  Normal 
  Low 
  High 

 
36 (72.0) 
13 (26.0) 
1 (2.0) 

 
44 (88.0) 
2 (4.0)* 
4 (8.0) 

 
80 (80.0) 
15 (15.0) 
5 (5.0) 

 
 
8.78 
1.19 

 
 
0.24(0.04-0.78) 
1.45 (0.52-1.84) 

 
 
0.003 
0.274 

RPP 
  Normal 
  Risk Zone 
 

 
44 (88.0) 
6 (12.0) 

 
47 (94.0) 
3 (6.0) 
 

 
91 (91.0) 
9 (9.0) 
 

 
1.09 

 
0.64 (0.17-1.41) 

 
0.295 

HR 
  Normal 
  Tachycardia 
  Bradycardia 

 
41 (82.0) 
5 (10.0) 
4 (8.0) 

 
50 (100) 
0 (0) 
0 (0) 

 
91 (91.0) 
5 (5.0) 
4 (4.0) 

 
 
5.73 
4.64 

 
 
0 (0 – 1.0) 
0 (0 – 1.14) 

 
 
0.017 
0.013 

CO 
  Normal 
  Low 

 
50 (100) 
0 (0) 

 
50 (100) 
0 (0) 

 
100 (100) 
0 (0) 

 
- 

 
- 

 
- 

*Significant at p ≤ 0.05. Abbreviations: SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; MAP, Mean 
Arterial Pressure; PP, Pulse Pressure; RPP, Rate Pressure Product, HR, Heart Rate, CO, Cardiac Output 

 
The elevated level of blood pressure and its 
components among sawmill workers may be 
attributed to the activation of the sympathetic 
nervous system resulting in the release of 
epinephrine, as well as the release of stress 

hormones when the workers are exposed to the 
high intensity sawmill noise [47]. Our results 
indicated that symptoms such as headache, 
noise-induced annoyance and stress were much 
more prevalent among noise exposed subjects 
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than in their unexposed counterparts. These 
findings may suggest that the increase in blood 
pressure (BP) is attributable to the headache, 
stress and noise annoyance experienced by 
majority of the workers. Headaches are one of 
the most common neurological problems which 
are painful and debilitating, and cause a 
substantial health and social burden on the 
society [48]. Noise induced annoyance causes 
stress characterized by increased levels of stress 
hormones such as cortisol and catecholamines 
[48]. Stress may in turn cause a 
pathophysiological adaptation, such as increased 
blood pressure, which may ultimately manifest as 
arterial hypertension [48]. A previous study has 
also reported that there was a positive and 
significant relationship between the annoyance 
caused by exposure to traffic noise and the 
increased risk of high blood pressure [49].  
 
Contributory to the higher prevalence of noise 
annoyance, headache and stress could be the 
failure of majority (92%) of the workers to use 

personal protective device such as ear muffs and 
the unavailability and lack of usage of machinery 
noise control measures in the sawmill 
workplaces. These measures, if put in place, are 
expected to mitigate the impact of the noise on 
the workers. The low usage of hearing protectors 
and lack of machinery noise control measures 
could be linked to the inability of the employers to 
provide these safety gadgets due to poor 
economic condition of the country, which has 
played a major role in the availability and 
affordability of these important protective 
devices. In addition, majority of the workers 
(64%) worked longer hours in which they are 
exposed to noise pollution for more than 10 
hours daily and under very poor working 
conditions. Traditionally, this industry is known as 
one of the most dangerous repetitive work 
settings, labor-intensive and production-oriented 
industries [50]. Its labor-intensive nature could 
result in highly physical activities which could 
lead to exhaustion, increased level of stress and 
feeling of headache. 

 
Table 4. Assessment of sawmill environment, noise preventive measures and some common 

complaints by sawmill workers 
 

Parameters 
 

Number Frequency (%) 

Rating of Sawmill Environment 
  Quiet 
  Noisy 
  Very Noisy 

 
0 
21 
29 

 
0 
42 
58 

Availability of Hearing Protectors 
  Yes 
  No 

 
0 
50 

 
0 
100 

Usage of Hearing Protectors 
  Yes 
  No 

 
4 
46 

 
8 
92 

Availability of Machinery Noise Control Measures 
  Yes 
  No 

 
0 
50 

 
0 
100 

Feeling of Headache 
  Always 
  Often 
  Occasionally 
  Not at all 

 
12 
17 
21 
0 

 
24 
34 
42 
0 

Feeling of Noise Annoyance 
  Yes 
  No 

 
42 
8 

 
84 
16 

Difficulty in Concentration 
  Yes 
  No 

 
39 
11 

 
78 
22 

Feeling of Stress/Exhaustion 
  Yes 
  No 

 
37 
13 

 
74 
26 
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The sawmill workers also indicated significantly 
higher rate pressure product (RPP), lower resting 
cardiac output (CO) and oxygen consumption 
(VO2); and no significant difference in heart rate 
(HR) when compared with the control. The lack 
of significant difference in mean HR between the 
two groups is in contrast with previous studies 
which have shown higher HR values among 
workers exposed to high occupational noise 
[13,45,51]. Rate pressure product gives an 
accurate reflection of the myocardial oxygen 
demand [19]. To our knowledge, no previous 
study has reported the effect of occupational 
noise pollution on RPP or compared RPP 
between sawmill workers and their unexposed 
control. The higher RPP observed among 
sawmill workers is therefore a reflection of the 
increase in their mean arterial pressure and the 
resultant cardiac oxygen demand compared with 
the control. Surprisingly, the sawmill workers 
indicated a lower resting cardiac output and VO2 
despite the expected greater level of cardiac 
oxygen demand as suggested by the higher RPP 
level. These findings suggest that the lower CO 
and VO2 may not be a function of their metabolic 
demands, but a reflection of their poor 
cardiorespiratory fitness. Traditionally, HR, BP, 
CO and VO2 are included among the indicators 
of cardiovascular fitness [52]. Thus, a 
cardiovascular fit individual is expected to have a 
decreased HR, lower BP, increased CO, 
increased SV, and increased VO2 at rest 
compared to a non-cardiovascular fit person. The 
present findings which indicated higher BP, lower 
CO and lower VO2 at rest suggest that the 
sawmill workers may have lower cardiovascular 
fitness compared with the unexposed control. It 
is noteworthy that although lower mean CO and 
VO2 were observed among sawmill workers 
exposed to noise; these values were within the 
normal resting range of CO and VO2. 
 
Some of the limitations of our study include; the 
relatively low sample size from the sawmill 
factories when compared with other previous 
studies, hence the need for further studies with 
larger sample sizes. The measurements used to 
classify some of the sawmill workers as 
hypertensive were based on two blood pressure 
measurements taken at one single occasion. 
Such approach may have created a selection 
bias and misclassified healthy individuals into 
hypertensive workers. Furthermore, we could not 
adjust for factors traditionally associated with 
blood pressure during the comparative analysis 
between the two groups. This calls for caution in 
hasty interpretation of some of the outcomes of 

our study which may not actually be due to the 
effect of sawmill noise exposure. 
 

5. CONCLUSION 
 
The present study indicated higher SBP, DBP, 
MAP, PP and RPP, but lower resting cardiac 
output and VO2 levels in workers who were 
exposed to an intense sawmill noise level 
compared with the unexposed control group. 
Similarly, the incidences of both systolic and 
diastolic hypertension and abnormally high MAP 
were greater in sawmill workers compared to the 
control. Furthermore, the risk of SBP 
hypertension and abnormally high MAP, by 
sawmill workers was higher compared to the 
control. Our study helped in revealing the 
adverse effects of noise not only on blood 
pressure, but other blood pressure components 
and cardiovascular parameters. Understanding 
the harmful effects of noise pollution on 
cardiovascular health will help sawmill workers 
and their employers to take all the appropriate 
measures to prevent or to reduce the possible 
health risks. These measures will include 
increasing workers’ awareness about the 
occupational effects of noise on health, 
enlightening the workers on the need to wear 
hearing protectors, to enforce laws guiding 
occupational noise levels in such industries like 
sawmills and enlightening the operators of the 
need to provide machinery noise propagation 
control measures to reduce the noise coming 
from these machines. Furthermore, worksite 
health programs including monitoring of BP and 
other cardiovascular parameters should be 
adopted as a health management strategy for 
worker where high noise level exposure is 
unavoidable. 
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