
527 
Journal of Applied Sciences Research, 9(1): 527-533, 2013 
ISSN 1819-544X 
This is a refereed journal and all articles are professionally screened and reviewed 

 

ORIGINAL ARTICLES 
 

Corresponding Author: Dr. Safaa Elserougy, National Research Center, Elbohouth st. (formerly ElTahrir st.), Dokki, 
Cairo, Egypt 

                                          PO: 12622 - Fax: 00202-33370931;   
                                         E-mail: safaaser@yahoo.com- safaaser@hotmail.com 

Impact of Noise on Hearing and Some Cardiovascular Parameters in Forge and Textile 
Workers 
 
1Ahmed Emara, 2Safaa Elserougy, 2Salwa Hafez, 2Safia Beshir, 1Sawsan Helal, 2Anan El-
Mishad, 2Mohamed Elhamshary 
 
1Department of Occupational and Environmental Medicine, Faculty of Medicine, Cairo University, Egypt 
2Department of Environmental and Occupational Medicine, National Research Center, Egypt 
 
ABSTRACT  
 

Two types of noise exposure are associated with noise-induced hearing loss (NIHL): transient (like impact 
noise) and continuous. The present study explores some effects of impact and continuous noise on hearing and 
some cardiovascular risk factors in exposed workers. The study was designed as a cross-sectional comparative 
one that included three groups: forge workers (exposed to impact noise), textile workers (exposed to continuous 
noise) and controls. Noise was measured using sound level meter. A questionnaire about occupational and 
clinical data was filled. Clinical examination was done including blood pressure measurement and ear 
examination. All participants were submitted to audiometric measurements for air conduction at different 
frequencies (125, 250, 1000, 2000, 3000, 4000, 6000 Hz) and hearing loss was considered at ≥ 25 dB. Saliva 
and blood specimens were collected to measure salivary cortisol, serum cholesterol, fasting and postprandial 
blood sugar. The mean levels of systolic and diastolic blood pressure and the biochemical parameters in the 
three groups were within normal range. SBP and DBP were significantly higher in the textile group compared 
to controls. Salivary cortisol was significantly elevated in the two exposed groups compared to controls but 
with non-significant difference between exposed groups. Serum cholesterol was significantly different in the 
three groups (forge > textile > controls respectively). Fasting and postprandial blood sugars were significantly 
higher in forge group compared to the other two groups. The forge and textile groups showed highly significant 
increase in mean binaural hearing thresholds compared to controls at frequencies 1000, 2000, 3000 Hz but 
there were no significant differences between both exposed groups. The percentage of hearing loss was 
markedly significantly higher in forge and textile groups than controls. The percentage of hearing loss in the 
forge group was significantly higher than the textile group at 3000 Hz only; otherwise, there were non-
significant differences between the two groups. In the forge group, duration of exposure did not show any 
significant correlation with the studied parameters and audiometric measurements. In the textile group, duration 
of exposure showed significant positive correlations with all these studied parameters except salivary cortisol. 
Duration of exposure showed a significant positive correlation only with the mean hearing threshold value in 
the textile group at 2000 Hz (r=0.302, p=0.044). It was concluded that the presence of impact noise is more 
hazardous to hearing irrespective of the duration of exposure but in workers exposed to continuous noise, the 
duration of exposure had a more prominent effect on the cardiovascular system as a stress factor.  
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Introduction 
 

Noise is present in most of work activity in industrial and non-industrial settings beside the ambient 
environment. There are different patterns of noise: fluctuating (impact or impulse) noise and continuous 
(steady) noise (Martin, 1991). Sensorineural hearing loss is the third most prevalent chronic disease after 
arthritis and hypertension (Weinstein, 2000). The prevalence of sensorineural occupational hearing loss is 
increasingly found in young patients (Vio and Holme, 2005). NIHL is recognized as a prevalent work-related 
morbidity and is one of the most common compensable occupational diseases (Ramazzini, 1993). It occurs due 
to high workplace noise levels. The maximum permissible level of noise in Egypt is at 90 dB with halving the 
duration of exposure for each 5dB increase (Egyptian law, 1994). Temporary hearing threshold shift is 
reversible and preventable. The adverse effects of noise on health have been intensely explored in the past 50 
years. In recent years, the measurement of stress hormones including adrenaline, noradrenalin and cortisol has 
been widely used to study the possible increase in cardiovascular risk of noise-exposed subjects. Stress 
hormones can be used to study mechanisms of physiological reactions to noise and to identify vulnerable 
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groups. This makes stress hormones a useful stress indicator (Babisch, 2003). They are part of a complicated 
system of positive and negative feedback mechanisms affecting the activity of the heart, blood pressure, blood 
lipids, blood glucose, blood clotting, and blood viscosity. All these are established biological risk factors for 
hypertension, arteriosclerosis or myocardial infarction when considering the cause-effect chain, i.e. sound - 
annoyance (noise) - physiological arousal (stress indicators) - changes in biological risk factors - morbidity - 
mortality (Argalášová-Sobotová et al., 2013). Bigert et al. (2005) overviewed the use of saliva cortisol to 
measure stress in relation to noise as a tool for research on noise-related cardiovascular risk. Concentration of 
cortisol in saliva reflects the concentration of free, physiologically active, cortisol in serum (Aardal and Holm, 
1995). The present study explores some effects of impact and continuous noise on hearing and some 
cardiovascular risk factors in exposed workers.  
 
Materials and Methods 
 
Study design and population: 

 
The study was designed as a cross-sectional comparative one that included three groups: forge workers 

(exposed to impact noise), textile workers (exposed to continuous noise) and controls (non-exposed) from a 
administrative company. The participants of the three groups were non-smoking males which were  comparable 
for age and socio-economic levels. All participants work only for an eight-hour shift a day with an intervening 
break of one-hour within the day. The exposed workers were not using ear protective devices (muffs or plugs) 
though available. Noise-exposed participants had at least 15 years of exposure. Exclusion criteria included 
exposure to excessive residential noise (vicinity to noising factories), diabetics, previous intake of ototoxic 
drugs and/or corticosteroid therapy, obese workers with body mass index >30, oral disease (inflammatory 
lesion or blood contamination) for proper saliva specimen.  
 
Noise measurement: 

 
Noise was measured using sound level meter, (RO-1350) with direct measurements in decibels. With high 

range= 75~130 dB, low range= 35~90 dB over a frequency spectrum of 20~8000Hz. The time constant S= 
(slow 1.5sec) period for slow variable noise measurement.  
 
Clinical data: 

 
The questionnaire inquired about occupational and otologic data. Clinical examination was done including 

ear examination using otoscope. Weight and height were measured to calculate body mass index (BMI). Blood 
pressure was measured using mercurial sphygmomanometer. Normal systolic blood pressure (SBP) and 
diastolic blood pressure (DBP) were considered at below 140 and 90 mmHg respectively (WHO/ ISH writing 
group, 2003). 
 
Audiometry: 

 
Audiometry was done using portable pure tone audiometer (GSI 67 diagnostic audiometer, 2005 serial 

1229, Switzerland). Air conduction thresholds were measured using two-channel diagnostic audiometer with 
extended frequency range. The tested frequencies included 125, 250, 1000, 2000, 3000, 4000, 6000 Hz. The 
criterion used for hearing loss was the average hearing threshold of 25 dB or more from Morata’s criteria 
(Morata et al., 1994) 
 
Saliva specimens: 

 
Saliva specimens were collected early in the morning within the first 90 minutes after wake up to measure 

basal cortisol levels in saliva during the physiological peak. The participants were asked to abstain eating, 
drinking, and chewing gums or brushing teeth at least 30 minutes before collecting the specimen. Saliva 
specimens [0.5-1 ml] were collected using sterilized pasteur and stored in sampling tubes at -20°C. Cortisol 
levels were measured using ELISA technique, according to (Lewis, 2006). 
 
Blood specimen: 

 
The participants were asked to fast for eight hours overnight. Two blood specimens (fasting and 

postprandial) were collected from each participant. The postprandial specimen was taken two hours after a 
meal. Each specimen was about three ml of blood. Portion of both blood specimens were put in fluoride tubes 
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(containing sodium fluoride to prevent glycolysis, together with potassium oxalate as an anticoagulant) to 
measure fasting blood sugar (FBS) and postprandial blood sugar (PPS). They are measured using Biomed-
Glucose LS (Biomed Diagnostics), enzymatic colorimetric method (GOD-POD) (Young et al., 1972). The 
remaining blood was put in non-fluoride tubes to separate serum. Total cholesterol level was measured in the 
serum using biomed-Cholesterol L.S (Biomed Diagnostics), enzymatic colorimetric method (CHOD-PAP) 
(Tietz, 1976).  
 
Statistical analysis: 

 
The data were statistically analyzed using SPSS package version 14. The used statistical tests included chi-

square (Pearson, likelihood ratio, continuity correction), the parametric tests (independent t-test, 
ANOVA/Welch and post hoc test (LSD: Least Significant Difference)), and bivariate correlations, considering 
relevant statistical assumptions of proportions, distribution, equality of variances, etc. As there were no 
statistically significant differences between right and left ears as regards audiometric findings at all the studied 
frequencies in forge, textile and the control groups, the mean binaural hearing threshold were used. The alpha 
level of significance was set at p <0.05. 
 
Results: 

 
Table 1: Characteristics of the studied groups 

 
Forge Textile Controls  

n=45 n=45 n=45 p
 

Workplace sound level (dB) a 100-110 83-95 50-65  

Pattern of noise Impact (transient) continuous -  

Age (yrs) 48.56.2 47.46.2 48.56.2 NS 
Duration of exposure to noise (yrs) 24.54.6 26.26.7 - NS  

BMI 27.02.00 27.21.8 27.02.0 NS  
Diminished hearing complaint 27(60.0%) 26(57.8%) 0(0.0%) 0.000** 

Tinnitus 15(33.3%) 21(46.7%) 0(0.0%) 0.000** 

Lack of concentration 45(100%) 45(100%) 0 (0.0%) 0.000** 
a: Maximum permissible level of workplace noise is 90 dB (Egyptian Environmental Law no. 4, 1994);  
NS: non-significant (p-value ≥0.05), **: p-value <0.01  

 
The forge, textile and control groups were comparable as regards age and BMI. There were non-significant 

differences between the forge and textile groups as regards the duration of exposure and the clinical symptoms 
including hypoacusis, tinnitus and lack of concentration but the clinical symptoms were significantly higher in 
the exposed groups than controls. None of the controls had any of these symptoms (table 1).  
 
Table 2: Mean levels of blood pressure and some biochemical parameters in the studied groups    

 
Normal Forge Textile Controls  

range n=45 n=45 n=45     p 

SBP (mmHg)  <140 121.117 12723.4 a 115.611.8 0.011* 

DBP (mmHg) <90 80.310.7 82.915.1a 76.76.7 0.019* 

Salivary cortisol (ug/dl) 0.015 - 4 0.30.1a 0.20.1a 0.10.02 0.000**

Serum cholesterol (mg/dl) < 200 175.413.4 b 164.015.3 b 156.919.8 b 0.000**

FBS (mg/dl) 70-110 87.66.9 ac 81.68.7 83.010.0 0.003** 

PPS (mg/dl) 110-140 128.56.4 ac 123.17.0 123.38.8 0.000** 

a: significantly higher than controls;  b: significant differences among the three groups;  
c: significantly higher than textile group; *: p-value <0.05; **: p-value <0.01;      

 
The mean levels of SBP, DBP and the biochemical parameters in the three groups were within normal 

range. SBP and DBP were significantly higher in the textile group compared to controls. Salivary cortisol was 
significantly elevated in the two exposed groups compared to controls but with non-significant difference 
between exposed groups. Serum cholesterol was significantly different in the three groups (forge > textile > 
controls respectively). FBS and PPS were significantly higher in forge group compared to the other two groups 
(table 2).  
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Fig. 1: Mean binaural hearing threshold levels at different frequencies in the studied groups 
 
The forge and textile groups showed highly significant increase in mean binaural hearing thresholds 

compared to controls at frequencies 1000 Hz (18.88.3, 17.97.5, 14.11.9 dB respectively), 2000Hz 
(27.214.2, 24.48.1, 14.11.9 dB respectively), 3000 Hz (28.214.4, 24.812.3, 16.22.7 dB respectively) 
(p=0.000) but there were no significant differences between both exposed groups (Figure 1).  

 

 
Fig. 2: Percentages of the hearing loss (≥ 25 dB) at different frequencies in the studied groups 

 
All controls did not show hearing loss at low and mid-frequencies (125-3000 Hz). The percentage of 

hearing loss was 4.4% and 13.3% in controls at the high frequencies 4000 and 6000 Hz respectively. The 
percentage of hearing loss was markedly significantly higher in forge and textile groups than controls at 125, 
250, 1000, 2000, 3000, 4000 Hz (p=0.002, 0.002, 0.001, 0.000, 0.000, 0.003). The percentage of hearing loss in 
the forge group was significantly higher than the textile group at 3000 Hz only (62.2% and 31.1% respectively, 
p=0.006), otherwise, there were non-significant differences between the two groups (Figure 2).   
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Table 3: Correlations between duration of occupational exposure to noise and the studied biochemical parameters in the two exposed  
              groups 

Duration of exposure 
Forge Textile 

r p r p 

SBP -0.242 0.110 0.491 0.001** 

DBP -0.125 0.412 0.374 0.011* 

Salivary cortisol -0.154 0.312 0.116 0.465 

Serum cholesterol 0.059 0.701 0.489 0.001** 

FBS 0.010 0.951 0.371 0.012* 

PPS 0.159 0.297 0.325 0.029* 
* : significant at p<0.05;    ** : significant at p<0.01 

 
In the forge group, duration of exposure did not show any significant correlation with the studied 

parameters (SBP, DBP, salivary cortisol, serum cholesterol, FBS or PPS). In the textile group, duration of 
exposure showed significant positive correlations with all these studied parameters except salivary cortisol 
(non-significant) (table 3).   

Duration of exposure showed a significant positive correlation only with the mean hearing threshold value 
in the textile group at 2000 Hz (r=0.302, p=0.044). Otherwise, there were no significant correlations between 
duration of exposure and all other audiometric findings at different frequencies in textile and forge groups 
(findings not tabulated).  
 
Discussion: 

 
Subjects with hearing loss or tinnitus are more subjectively stressed under noise exposure. Tinnitus 

increases especially in those who are most distressed by noise (Hébert and Carrier, 2007). It may be related to 
mechanisms of tinnitus, such as decreased central inhibition (Eggermont and Roberts, 2004). Noise-exposed 
marble and granite workers suffer increased incidence of reduced hearing, tinnitus and vertigo (Attia et al., 
2004). Increased tinnitus and hypoacusis in the records of 857 Finnish cases suffering from NIHL was reported 
(Mrena et al., 2007).  

A study of NIHL in gold miners revealed a reduction in hearing acuity at frequencies 1000, 2000, 3000 Hz 
(Edwards et al., 2009) whereas in the present study it was only shown in the forge group at 2000 and 3000 Hz. 
Other studies reported that noise exposure affects first the hearing acuity of high frequencies (4000, 6000, 8000 
Hz) then affects speech frequencies (500, 1000, 2000, 3000 Hz) (Atherly 1989; Rosler, 1994; Prasher, 1997). 
Duration of exposure to noise seemed to have no relationship with audiometric measurements in textile workers 
(El Samra et al., 1986) and printing workers (Attia et al., 2000), in agreement with the present results in the two 
exposed groups. Contrarily, other studies reported that hearing impairment was dependent on the duration of 
occupational noise exposure (Namyslowski, et al., 1997; Celik et al., 1998). In the NHANES survey of the 
non-institutionalized population of the United States, hearing loss, particularly at high frequencies, was present 
in the third (8.5% prevalence) and fourth (17% prevalence) decades of life (Agrawal et al., 2008), in 
accordance with our finding of presence of hearing loss at high frequencies in some controls.  

Noise sensitivity was found to explain part of the variance related to total cortisol secretion (Waye et al., 
2002). Agreeing with the present study, Gitanjali and Ananth (2003) found that morning serum cortisol levels 
were significantly increased after exposure to noise in workers exposed to loud background occupational noise. 
In another study, twenty persons showed a significant increase in salivary cortisol after short term exposure to 
noise for 20 minutes to 75 dB (Wagner et al., 2009). As noise stress can predispose to hypertension, it may 
affect all its predisposing factors of biochemical changes such as elevated lipid or sugar levels in blood/serum 
(Melamed et al., 1997; Mehrdad et al., 2011). The studied factors in the present study were affected 
significantly in noise-exposed participants despite being within normal limits coinciding with study of Gan et 
al. (2011). Metabolic effects of cortisol regarding changes relevant for an increase in cardiovascular risk are 
increased glycogenolysis and lipolysis, decreased glucose utilization in fat cells, enhanced permissive effect of 
catecholamines (increased total peripheral resistance), increase in the stroke volume and retention of fluid in 
kidneys (elevated blood pressure) (Babisch, 2003). 

Some studies reported significant association between noise exposure and blood pressure in favor with the 
present results (Van Kempen et al., 2002; Bluhm et al., 2007).  High incidence of hypertension was also 
reported among marble and granite workers exposed to noise (Attia et al., 2004). In other studies, there was no 
evidence to support the relationship between noise levels above 85 dB (A) and high blood pressure in textile, 
electronics and other noisy industries (Babisch et al., 1993, Kalantari, 2006). A correlation between noise and 
systolic but not diastolic hypertension is described in other studies (Tomei et al., 2010; Gan et al., 2011).  

Industrial noise leads to increased sympathetic activity in noise-exposed workers, which may affect the 
cardiovascular system by disturbing the autonomic nervous system regulation (Goyal et al., 2010). In the 
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present study, the salivary cortisol in forge group is higher than the textile group where the noise levels were 
100-110 and 83-95 dB respectively. Exposure to occupational noise above 90 dB stimulates release of nor-
epinephrine. Increasing noise levels stimulates release of epinephrine whereas exposure to high intensity noise 
at levels up to 120 dB stimulates increased release of cortisol (Stephen & Matheson 2003). Noise exposure, 
even within safety limits, has an effect on the hypothalamo-pituitary axis responsible for cortisol secretion, 
subjective stress, and tinnitus intensity (Hébert and Lupien 2009).  

In the present study, the presence of significant correlation between duration of exposure and most of the 
studied cardiovascular parameters (SBP, DBP, cholesterol, FBS and PPS) in the textile workers suggests that 
the continuous pattern of noise had a more hazardous effect on the cardiovascular parameters. Saha et al. 
(1996) suggested that the rise in blood pressure with increased duration of exposure to noise is attributed to 
increase release of plasma catecholamines. The lack of such significant correlations in the forge group might be 
due to exposure to impact noise and despite higher level of noise exceeding 100 dB suggesting that impact 
pattern is not exerting marked stress on the cardiovascular system  as does the continuous pattern.  
 
Conclusion: 

 
It was concluded that the presence of impact noise is more hazardous to hearing irrespective of the duration 

of exposure but in workers exposed to continuous noise, the duration of exposure had a more prominent effect 
on the cardiovascular system as a stress factor.  
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