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METABOLIC SYNDROME IN FEMALE WORKERS FROM A TEXTILE MILL: EFFECT OF NOISE
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ABSTRACT

Objective: Noise creates alteration in human health in both physical as well as psychological variations. Effect of noise on components of metabolic 
syndrome (MetS) has been discussed but not well established. The aim of this study was to investigate the MetS in female workers from textile mill.

Methods: A total of 65 female workers were recruited for the study from the high noise (>70 dB) area and low noise (<40 dB) area of a textile 
mill. Body mass index (BMI), blood pressure (BP), blood sugar (BS), and lipid profile were investigated of the female workers. BP was estimated 
by auscultatory method. BS was investigated by glucose oxidase-peroxidase (POD) method. Total cholesterol (TC), triglycerides (TG), high-density 
lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) were investigated by cholesterol oxidase (CHOD)-POD method, GPO-
PAP method, CHOD-POD/phosphotungustate method, and friedewald formula, respectively.

Results: Significant outcomes were obtained in this study. BMI was significantly (<0.01) higher in workers working in high noise area compared 
to low noise (<40 dB) area. Systolic BP and diastolic BP was also significantly (<0.01) higher in high noise area. Fasting BS level was found to be 
significantly (<0.01) lower in low noise area. In case of lipid profile significant (<0.01) results were obtained except LDL-C. TC and TG were found to 
be related with noise since their concentration was higher in high noise area compared to low noise area. However, HDL-C was found to be lower in 
high noise area compared to low noise area.

Conclusion: Continuous exposure to occupational noise might be reason for developing cardiovascular disease depending on the degree of MetS in 
industrial workers. BP and BS seems to be better predictor of MetS in assessing cardiovascular risk.
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INTRODUCTION

Noise pollution is one of principal risk factors for affecting human 
health [1]. Noise pollution is exerted through the noise, developed 
from road traffic, loud speakers, crackers, mechanical or electronic 
instruments and occupational or industrial work [2]. Noise, an 
unwanted or unacceptable sound [3], which create physiological as well 
as psychological variations to the individuals [4]. Health related issues 
from occupational noise have been widely discussed. Apart from noise-
induced hearing loss, there are various other factors since noise creates 
disturbance, annoyance as mental strain and may decline the physical 
performance of a person [5]. Continuous exposure of noise enhances 
the stress, is directly proportional developing cardiovascular changes in 
the long-term and may be the prime cause of developing hypertension 
since blood pressure (BP) is adversely affected by noise [6]. Consistent 
increase in BP may lead to hypertension, which is an important factor 
of metabolic syndrome (MetS) [7]. MetS is a disorder, characterized 
by increased body mass index (BMI), dyslipidemia, consistent 
hypertension, and hyperglycemia [8]. Occupational noise creates 
alterations in other variables of MetS is not well established and still 
a matter of discussion [9,10]. By keeping in mind that view the aim of 
this study was to investigate the effect of noise on various components 
of MetS in female workers of the textile mill.

MATERIALS AND METHODS

Materials
This cross-sectional study was conducted in the Department of 
Physiology, Venkateshwara Institute of Medical Science, Gajraula, 
Uttar Pradesh, India. A total of 65 female textile workers were enrolled 
for the study, out of which 35 females were selected from working in 

high noise area (>70 dB) and rest 30 females were from low noise 
area (<40 dB) [11]. The level of noise in high noise area, as well as low 
noise area was measured by noise dosimeter at the textile mill. The age 
group criterion for this study population was 25-45 years. All the female 
participants were sent to the Department of Obstetrics and Gynecology 
to rule out any female gyne problem. All the participants voluntarily 
participated in this study. The written consent was obtained from each 
participant. Fasting blood sample was collected from every participant. 
This study was ethically approved by the Institutional Ethical Committee.

Exclusion criteria
1. Previous history of cardiovascular disease
2. Known hypertensive and diabetes mellitus women
3. Women taking lipid-lowering drugs, antihypertensive drugs
4. Women having pregnancy or 2 years history of pregnancy
5. Working history in noise area <2 years
6. Irregular menstrual cycle and menopausal women
7. Workers having noise induced hearing loss
8. Workers having any renal disorder or any other related complications.

Inclusion criteria
Only female workers from a textile mill were recruited for the study on 
the basis of the noise level of their working area.

Methods
1. BMI: BMI was presented in kg/m2 which was calculated by measuring 

the weight of an individual in kilogram (kg) which was divided by 
the square of the height of that individual in meter (m) [12]:
a. Height: Height of an individual was estimated by wall-mounted 

stadiometer without shoes or sleeper
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b. Weight: Weight of an individual was recorded by digital weighing 
machine without shoe or sleeper and the person having light 
clothes.

2. BP: BP was measured by means of sphygmomanometer using an 
auscultatory method [13]:
i. Systolic BP (SBP): SBP was the maximum pressure exerted during 

systole
ii. Diastolic BP (DBP): DBP was the minimum pressure exerted 

during diastole.
3. Blood sugar (BS): Fasting BS (FBS) and postprandial BS (PPBS) were 

calculated by glucose oxidase-peroxidase (GOD-POD) method [14].
4.	 Lipid	profile	[15]:

a. Total cholesterol (TC): TC was investigated by the cholesterol 
oxidase (CHOD)-POD method using the spectrophotometer

b. Triglycerides (TG): TG was measured by GPO-PAP method by 
also using spectrophotometer

c. High-density lipoprotein cholesterol (HDL-C): HDL-C was 
measured by CHOD-POD/Phosphotungstate method by 
spectrophotometer

d. Low-density lipoprotein cholesterol (LDL-C): LDL-C was 
calculated by friedewald formula:

 
LDL=TC-HDL-

TG

5

e. Very low-density lipoprotein (VLDL) cholesterol - VLDL was also 
calculated by friedewald formula:

 VLDL=
TG

5

Statistical analysis
All the results were expressed in mean±standard deviation. An unpaired 
Student’s t-test was performed in textile workers for comparison 
of various parameters between high noise area and low noise area. 
A p<0.05 was considered statistically significant. Statistical software 
IBM SPSS version 20.0 was used for statistical analysis.

RESULTS

There were significant findings obtained in this study. There was higher 
BMI observed in workers working in high noise area compared to low 
noise area. This difference was highly significant (<0.01). There was 
increased concentration of FBS and PPBS in workers exposed to noise 
>70 dB compared to those working in noise <40 dB and this finding was 
highly significant (<0.01) in FBS not in PPBS. In the case of BP there were 
higher levels of SBP and DBP observed in Group I compared to Group II. 
These levels were highly significant between the groups (<0.01). In the 
case of lipid profile, there were significant results observed between 
the groups except for LDL-C. The workers having TG >350 mg/dl were 
excluded from the study for use of friedewald formula in LDL estimation. 
TC and TG were highly elevated in workers exposed to noise >70 dB 
compared to workers from low noise area <40 dB and the results were 
highly significant. While in HDL-C, the concentration was significantly 
lower in Group I compared to Group II. The mean concentration of 
LDL cholesterol and VLDL were increased in high noise area workers 
compared to low noise area workers and this level was significant in 
VLDL not in LDL-C (Table 1). In the high noise area, there were 42.9% 
females workers were having increased BMI. 40% with elevated BP, 
25.7% with hyperglycemia and 31.4% female workers were found to be 
with dyslipidemia (Fig. 1). While in low noise area, 3.3% with increased 
BMI, 23.3% with elevated BP, 10% with hyperglycemia and 23.3% were 
found to be with dyslipidemia (Fig. 2).

DISCUSSION

Occupational noise plays a great impact on the health of an individual. 
Prolonged exposure to occupational noise develops high BP and 
anxiety which might be responsible for developing MetS [16]. In this 
study, adverse changes were found in various parameters in female 
textile workers. BMI was found to be associated with occupational 
noise since there was higher BMI in high noise area (>70 dB) compared 
to low noise area (<40 dB). Dzhambov and Dimitrova supported 

these findings by observing similar findings and reported a positive 
association between occupational noise and increased BMI [17]. Stress 
due to general high noise pollution and occupational noise can lead to 
increase BP, irritation, and sleep disturbance [18]. Similarly, a study 
from China reported the positive association between occupational 
noise and hypertension while studying on workers from automobile 
company [19]. Sympatheticotonia-induced endothelial lesion might be 
the possible mechanism for hypertension caused by noise [20]. There 
was increased a level of BP in workers working in high noise area when 
compared to workers working in low noise area. There were increased 
levels of SBP and DBP in high noise area (>70 dB). In support to this, 
Ismaila and Odusote concluded that workers should not be exposed to 
noise >89 dB since they observed the increased level of SBP and DBP in 
noise area >89 dB [21]. Moreover, Fezil et al. also reported the higher 
levels of BP and blood glucose in noise area >80 dB and concluded 
that occupational noise might be the possible contributic factors for 
developing hypertension and diabetes in industry workers [22]. There 

Table 1: Baseline parameters in female workers of textile mill

S. No. Parameters High noise 
area

Low noise 
area

p value

1. Age (years) 39.71±2.87 42.26±1.81 0.00
2. BMI (kg/m2) 24.98±3.45 22.38±1.80 0.00
3. FBS (mg/dl) 90.65±16.36 84.23±6.97 0.04
4. PPBS (mg/dl) 125.51±27.36 119.13±11.17 0.21
5. SBP (mmHg) 129.37±17.30 117.10±8.89 0.00
6. DBP (mmHg) 83.22±9.20 77.23±7.07 0.00
7. TC (mg/dl) 177.97±19.59 161.86±8.34 0.00
8. TG (mg/dl) 192.74±79.30 131.96±15.62 0.00
9. HDL-C (mg/dl) 47.06±8.67 50.60±4.63 0.04
10. LDL-C (mg/dl) 87.87±21.36 84.78±8.67 0.43
11. VLDL (mg/dl) 38.57±15.81 26.38±3.14 0.00
All the variables were expressed in mean±SD. p<0.05 was considered 
statistically significant. BMI: Body mass index, FBS: Fasting blood sugar, 
PPBS: Postprandial blood sugar, SBP: Systolic blood pressure, DBP: Diastolic 
blood pressure, TC: Total cholesterol, TG: Triglycerides, HDL-C: High-density 
lipoprotein cholesterol, LDL-C: Low-density lipoprotein cholesterol, VLDL: Very 
low-density lipoprotein, SD: Standard deviation

Fig. 1: The various parameters in high noise area

Fig. 2: The various parameters in low noise area
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was increased a concentration of FBS and PPBS in noise area >70 dB 
compared to noise area <40 dB in this study. Recently, a study based on 
male mice supported our findings when they reported that continuous 
exposure to noise intensity >90 dB can increase the BS level [23]. 
Similarly, a neonatal rats based study also concluded that noise has a 
significant hyperglycemic effect and leads to appropriate changes in 
serum lipids by increasing lipid profile [24]. In this study, there was 
significantly increased concentration of TC and TG in high noise area 
(>70 dB) when compared with workers working in low noise (<40 dB) 
area. A study from rubber manufacturing workers also supported these 
findings by observing the higher concentration of TC and TG in workers 
exposed to noise higher than the permissible limit compared to those 
working in exposed to noise lower than permissible limit. They further 
concluded that high intensity of noise is a risk factor for hypertension 
and further development of cardiovascular changes [25]. There was 
increase concentration of HDL and increased concentration of VLDL 
in high noise area workers. In support of our study, Mehrdad et al. 
also found that elevated concentration of TC, TG, and LDL along with 
decreased concentration of HDL in high noise area when compared to 
low noise area [26]. Furthermore, Li et al. also supported our study 
by concluding that significant effect of noise is related to increased 
prevalence of MetS [27]. Moreover, An 18-year follow-up study 
concluded that hypertension and BS, key components of MetS, are the 
best predictors for assessment of the risk of coronary heart disease 
due to continuous exposure to occupational noise in support to our 
study [28].

CONCLUSION

The outcome of this study reveals that there may be the increased 
prevalence of MetS in industrial workers due to adverse effect of 
noise. The female workers in high noise area were characterized with 
increased BMI, elevated BP, hyperglycemia and increased lipid profile 
which may give rise to cardiovascular diseases. Therefore, BMI, BP, BS, 
and lipid profile examination should be routinely performed along with 
auditory assessment of the workers. Since only limitation to this study 
was its sample size so study with large sample size should be conducted 
to establish this fact.
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