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Abstract
Hypertension is nowadays increasingly observed among 
the workforce population. There are many risk factors for 
hypertension. This study was conducted to survey hypertension 
and its associated risk factors among male workers of the industrial 
sector in Shiraz city. 500 male workers employed in Shiraz city 
industries participated voluntarily (age range of 20 to 59 years). 
A questionnaire and direct measurements were used to collect 
required data. The questionnaire consisted of two parts including 
a) demographic and occupational and b) anthropometric (height, 
weight, BMI, WHtR) and physiological (blood pressure and VO2-
max) characteristics of the subjects. Mean (standard deviation) 
of systolic and diastolic Blood Pressure (BP), and Mean Arterial 
Pressure (MAP) in workers were 128.37±14.78, 83.13±13.10, 
and 98.21±13.36 mmHg, respectively. The results showed that 
systolic and diastolic BP, and MAP significantly were related to 
BMI, shift work, and smoking. Also, statistical analysis revealed 
that mean values of VO2-max between workers with normal and 
high blood pressure are significantly different. The results of this 
study demonstrated that domestic and occupational life style and 
cardio-respiratory fitness are the risk factors for hypertension in 
the studied workers.
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Introduction
Cardiovascular diseases are the most important 
cause of mortality in many countries. For 
example, in the United States of America 
(USA), these diseases are the cause of more 
than 40 percent of all deaths. Hypertension 
(high blood pressure) is a kind of cardiovascular 
diseases [1]. Blood pressure is the pressure that 
blood exerts to vessel walls which is expressed 
predominantly by millimeter of mercury unit 
(mmHg) [2].
High blood pressure causes heart to work 

more than normal. In long period, the 
pressure exerted on heart can lead to cardiac 
enlargement, heart injury, hardening, and loss 
of elasticity of the arteries. In fact, this issue 
can lead to atherosclerosis, heart attacks, 
heart failure, stroke, and kidney failure [1]. 
Usually, the cause of hypertension is unknown 
in 90 percent of cases (intrinsic hypertension). 
Intrinsic hypertension can be a result of factors 
such as hereditary factors (genetic), high 
sodium intake, obesity, insulin resistance, 
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lack of physical activity, mental load, or a 
combination of the above factors and even other 
factors that are remained yet unknown [1].
Nowadays, for various reasons (e.g. earning 
more money, self-actualization etc.), individuals 
are employed in various industries. On the other 
hand, the lifestyle has changed to sit work and 
lower physical activity. This issue (unhealthy 
lifestyle) can increase in people the risk of 
obesity and cardiovascular diseases, especially 
high blood pressure [3]. Lack of physical activity 
is one of the risk factors for developing the 
cardiovascular diseases (hypertension etc.) [4]. 
Some studies have shown that physical fitness 
can increase cardio-respiratory capacity such as 
maximum aerobic capacity (VO2-max: Maximal 
Oxygen Consumption) [5,6]. 
Maximum aerobic capacity or VO2-max is 
the maximum amount of oxygen that can be 
absorbed by the respiratory system and receive to 
the muscles via the blood [7-13]. This parameter 
(VO2-max) is regarded as a golden standard for 
the measurement of practical cardio-respiratory 
fitness [9,11]. VO2-maxvaries largely in different 
individuals and is influenced by various factors 
such as the physical, mental [13], environmental 
[1,13], and physiological characteristics [13]. In 
literature, it has been shown that exercise and 
physical activity can increase a person's VO2-
max [1,5].
Also, the results of some studies have revealed 
that the prevalence rate of cardiovascular 
diseases such as high blood pressure is higher 
in shift workers than day workers [14]. On 
the other hand, some studies have shown that 
smoking is another risk factor for hypertension 
in people [15].
Hypertension can be effectively controlled by 
weight loss, lifestyle change to healthy, proper 
diet, exercise, no smoking, and no alcohol 
drinking [1,3].
The prevalence rate of hypertension is different 
in various parts of the world. The lowest 
prevalence of this disease (hypertension) has 
been reported in rural areas of India (3.4% in men 
and 6.8% in women) and the highest prevalence 
has been related to Poland (68.9 % in men and 
72.5% in women) [16]. Also, the results of some 

studies have revealed that hypertension is a 
risk factor for mortality in Iran. This disease 
(hypertension) in 2005 caused 80,000 deaths 
in Iran [17].
Providing the health of workers is essential 
to enhancing productivity and improving 
competitiveness in the labor market. 
Hypertension is one of the diseases with an 
increasing prevalence rate among worker 
population. So far, a comprehensive study has 
not been performed to survey the hypertension 
and its associated risk factors in the industries 
of Shiraz city, south Iran. This study was 
conducted to survey hypertension and its 
associated risk factors among workers of the 
industrial sector of Shiraz city. The findings of 
this study can provide useful information on 
hypertension and it's affecting factors among 
the studied population.

Method
This cross-sectional study was conducted from 
September to December. 440 was calculated 
at 95 percent confidence level according to 
the study of Choobineh et al. [18]. In order 
to higher validity of the study, the sample 
size was increased to 500. The participants 
were randomly selected from those referred 
to a governmental clinic for periodic medical 
examinations. All participants voluntarily 
partook in the study after receiving oral 
information about the aims and protocol of the 
study. Additionally, the study was conducted 
in accordance with the Helsinki Declaration of 
1964 as revised in 1984. All the participants 
signed an informed consent form before 
the commencement of the study. The study 
was approved by ethics committee of Shiraz 
University of Medical Sciences.
Data were gathered by the following tools:
Demographic characteristics
participants completed a self-administered 
questionnaire containing some questions about 
demographic and job related variables (i.e. 
age, job title, work experience, marital status, 
level of education, static or dynamic nature 
of work, shift working, smoking, and weekly 
exercise hours).
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VO2-max measurement  
To estimate aerobic capacity, participants 
performed a 6-minute sub-maximal exercise test 
on a cycle-ergometer (MONARK 839E) based 
on the Astrand protocol [2]. During the test, heart 
rate was monitored and a wireless transmitter 
was used to transmit the heart beat data to the 
base unit. Using acquired data, special-purpose 
software installed on a system to calculate the 
VO2-max of the individual expressed asl.min-
1and ml.kg-1.min-1. All tests were performed 
from 8 a.m.to 2 p.m. in the lab with an average 
temperature of 20.5 °C, 41% relative humidity, 
and 857 mbar barometric pressure.
Measurement of height, weight, waist 
circumference, systolic, and diastolic Blood 
Pressure (BP):
- Individuals’ stature was measured by a tape 
under the standard conditions [2].
- Weight of the participants was measured using 
a digital scale.
- Waist Circumference (WC) of the workers was 
measured by a tape.
It should be noted that height, weight, and waist 
circumference were measured while the subject 
worn light clothing without shoes, hat, and 
gloves.
- Body Mass Index (BMI) was calculated for 
each subject using formula.

- WHtR was calculated using 

 formula.
- Systolic and diastolic blood pressure was 
measured by a Beurer BC 16 pulsemeter.
- Mean Arterial Pressure (MAP) was calculated 

using the following formula [2]:

         
In this formula, MAP, DBP (Diastolic Blood 
Pressure), and SBP (Systolic Blood Pressure) 
are in mmHg. It should be noted that a person 
with a MAP greater than 110 mmHg is 
considered to be hypertensive [5].
Statistical analyses were performed by SPSS-
16 using Kruskal-Wallis (comparison of means 
among several groups) and Mann-Whitney U 
(comparison of means among two groups) 
tests. p-values less than 0.05 were considered 
a sign of significance. The Kolmogorov-
Smirnov test showed that data on systolic 
blood pressure (p=0.001), diastolic blood 
pressure (p<0.001), mean arterial pressure 
(p<0.001), and VO2-max (p<0.001) were not 
normally distributed. Therefore, the analysis 
of data was performed using non-parametric 
statistical tests (Kruskal-Wallis and Mann-
Whitney U).

Results
The mean±standard deviation of age and job 
tenure of participants was 32.01±7.66 and 
8.5±6.27 years, respectively. The results of 
the study showed 46.8% of participants were 
occupied in the shift working system and the 
others (53.2%) were day workers. 12% of 
studied workers were cigarette smokers.
Table 1 presents mean, standard deviation, 
minimum, and maximum values of 
some anthropometric and physiologic 
characteristics of the participants under the 
study. 

Table 1 Some anthropometric and physiologic characteristics of the study participants (n=500)
Variables Mean SD† Min Max
Weight (kg) 77.10 12.41 50 110.2
Height (cm) 176.10 5.93 159 190
Waist circumference (cm) 78.17 9.83 60 112
BMI* (kg.m-2) 24.82 3.58 15.90 33.57
WHtR** 0.49 0.05 0.35 0.63
Systolic blood pressure (mmHg) 128.37 14.78 98 163
Diastolic blood pressure (mmHg) 83.13 13.10 57 128
Mean arterial pressure (mmHg) 98.21 13.36 71.33 135.67
VO2-max (ml.kg-1.min-1) 35.94 7.39 19.50 58.04

*Body Mass Index, **Waist-to- Height Ratio, †Standard Deviation
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In Table 2, the mean values of SBP, DBP, and 
MAP of studied participants among different 
groups of BMI have been compared [20]. The 
results of Kruskal-Wallis test revealed that there 
was a significant difference between the means 
of SBP, DBP, and MAP in different groups of 
BMI (p<0.001). Mann-Whitney U test showed a 
significant association between the means of SBP 
in underweight and overweight groups (p<0.001), 
underweight and obese groups (p<0.001), 
normal and overweight groups (p<0.001), and 
normal and obese groups (p<0.001). Also, the 

results of Mann-Whitney U test revealed that 
there was a significant association between the 
means of DBP in underweight and overweight 
(p<0.001), underweight and obese (p=0.001), 
normal and overweight (p<0.001), and normal 
and obese groups (p=0.002). On the other 
hand, this test (Mann-Whitney U) revealed that 
there was a significant association between the 
mean of MAP in underweight and overweight 
(p<0.001), under weight and obese (p=0.001), 
normal and overweight (p<0.001), and normal 
and obese groups (p=0.001).

Table 2 Comparison of mean values of SBP, DBP, and MAP of studied subjects in different groups of BMI (n=500)

Blood pressure
BMI group

SBP* (mmHg) DBP** (mmHg) MAP† (mmHg)
Mean SD Mean SD Mean SD

Under weight (<18.5) n=23 119.30 10.52 75.65 10.71 90.20 9.99
Normal (18.5-24.9) n=254 123.74 12.82 79.32 10.79 94.13 11.19
Overweight (25-29.9) n=196 134.22 15.09 88.18 14.24 103.53 14.17
Obese (30<) n=36 133.75 14.33 86.27 11.91 102.10 12.52

p-value†† <0.001 <0.001 <0.001
*Systolic Blood Pressure, **Diastolic Blood Pressure, †Mean Arterial Pressure, ††Kruskal-Wallis test

In Table 3, the mean values of SBP, DBP, and 
MAP among day and shift workers have been 
compared. Mann-Whitney U test revealed that 

there is a significant association between the 
means of SBP and DBP and MAP among day 
and shift workers (p<0.05).

Table 3 Comparison of mean values of SBP, DBP, and MAP among day and shift workers (n=500)

Blood pressure
Shift working

SBP* (mmHg) DBP** (mmHg) MAP† (mmHg)
Mean SD Mean SD Mean SD

Shift worker n=234 129.71 14.49 84.38 13.53 99.49 13.52
Day worker n=266 126.83 14.99 81.70 12.47 96.74 13.05

p-value†† 0.027 0.048 0.034
*Systolic Blood Pressure, **Diastolic Blood Pressure, †Mean Arterial Pressure, ††Mann-Whitney U

In Table 4, the mean values of SBP, DBP, and MAP 
among smoker and non-smoker participants have 
been compared. Mann-Whitney U test revealed 

that there is a significant association between 
the mean of SBP, DBP, and MAP among smoker 
and non-smoker participants (p<0.05).

Table 4 Comparison of mean values of SBP, DBP, and MAP among smoker and non-
smoker subjects (n=500)

Blood pressure
Smoking 

SBP* (mmHg) DBP** (mmHg) MAP† (mmHg)
Mean SD Mean SD Mean SD

Yes (n=60) 129.16 14.66 83.66 13.03 98.83 13.26
No (n=440) 122.57 14.51 79.20 13.01 93.65 13.29
p-value†† <0.001 0.009 0.002

*Systolic Blood Pressure, **Diastolic Blood Pressure, †Mean Arterial Pressure, ††Mann-Whitney U

In Table 5, mean, standard deviation, minimum, 
and maximum values of VO2-max in workers 
with and without hypertension has been 
compared. Mann-Whitney U test revealed that 
there is a significant association between the 

mean of VO2-max among workers with and 
without hypertension (p<0.001).
Also, multiple regression analysis between 
mean arterial pressure (mmHg), BMI, and 
VO2-max (ml.kg-1.min-1) showed that there 

488



Daneshmandi et al

Table 5 Comparison of mean value of VO2-max in workers with and without hypertension 
(n=500)

Participants 
VO2-max (ml.kg-1.min-1)

p-value†

Mean SD Min Max
Without hypertension (n=399) 36.62 7.45 19.50 58.04

<0.001
With hypertension (n=101) 33.28 6.52 22.22 56.79

*Mann-Whitney U

is a linear association (r=0.337) between the 
mentioned variables defined by the below 
equation:

 

Discussion
The results of this study showed that systolic 
and diastolic blood pressure and mean arterial 
pressure had significant differences between 
the groups of different BMI, shift and day 
workers and smokers and non-smokers. Also, 
the results indicated the mean value of VO2-
max in subjects with and without hypertension 
statistically had a significant difference. 
According to the results of this study, MAP 
in %20.2 of the subjects was greater than 
110 mmHg (high blood pressure group), 
while %79.8 of the workers were without 
hypertension (healthy group). 
The mean values of systolic (128.37±14.78) 
and diastolic (83.18±13.10) blood pressure in 
the studied workers were more than the values 
obtained for systolic (119.7±15.4) and diastolic 
(76.7±9.3) blood pressure in Tohidi et al. study 
which was conducted on Shiraz adult public 
population [21]. The reason for this issue may 
be related to the exposure of studied workers to 
blood pressure risk factors in work place, such 
as noise, unsuitable diet, and so on. 
The results of this study indicated that the mean 
values of systolic and diastolic blood pressure 
and mean arterial pressure in different BMI 
groups had a significant difference, as in people 
with a higher BMI the blood pressure was 
higher. This result was in agreement with the 
findings of Bartsias et al. [22]. Since the BMI 
is used for assessing obesity in people, it can be 
concluded that there is a relationship between 
obesity and blood pressure disease. This finding 
is in line with other studies [1,23,24]. 
Also, the mean values of systolic and diastolic 
blood pressure and mean arterial pressure 
among shift and day workers had a significant 

difference, as in day workers all three 
mentioned parameters were less than in shift 
workers. This result is in agreement with 
Sfreddo et al. findings [25]. In some studies, 
it has been shown that the shift work is one 
of the risk factors for cardiovascular diseases 
as in shift workers cardiovascular outbreak is 
more than day workers [14]. 
It was also revealed that the mean values 
of systolic and diastolic blood pressure and 
mean arterial pressure between smoker 
and non-smoker groups had a significant 
difference, as the means systolic and diastolic 
blood pressure and mean arterial pressure in 
smokers were higher than non-smokers. This 
finding is in line with the results of Kearney 
et.al study [15]. Also, it seems necessary to 
be mentioned that in Ahmed et.al study [26], 
it has been reported that smoking just had an 
effect on diastolic blood pressure and it had 
no effect on systolic blood pressure. 
The mean of VO2-max between subjects 
with and without hypertension was different, 
as the mean of VO2-max in people without 
hypertension significantly was higher than in 
people with hypertension. This result is close 
to Sadhan et al. [27], findings conducted 
a study on Hindi students and recognized a 
strong relationship between blood pressure 
and VO2-max among male students. Also, in 
Parkhand and Palve study [28], it was gained 
a significant relationship between VO2-max 
and mean arterial pressure. That is, people 
with higher fitness have lower blood pressure 
than others. This is in agreement with other 
studies’ findings [29,30]. By using the final 
equation of mean arterial pressure, BMI, 
and VO2-max (multiple regression), the 
mean arterial pressure can be calculated by 
BMI and VO2-max and hence, we can judge 
whether the person is healthy or has high 
blood pressure. The results of this section 
showed that by adding 1 unit of BMI, MAP 
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increases 1.186 units and by adding 1 unit VO2-
max, MAP decreases 0.042 units.
This study was carried out on men workers who 
work in different industries in Shiraz city; so, 
the obtained results could not be generalized 
to women workers or workers in industries in 
other parts of our country (Iran).

Conclusion
The results of this study indicated that 
hypertension had a relationship with BMI, 
shift working, smoking, and VO2-max. So, it 
is necessary to consider obesity, shift working, 
smoking, and physical activity of workers who 
work in different industries. 
Weight loss through physical activity and 
nutritional regime changes is one of the most 
effective lifestyle changes for controlling high 
blood pressure. On the other hand, aerobic 
exercise such as running/jogging, swimming, 
cycling and so on can be helped to improve 
of VO2-max. Also, reduction of smoking 
among workers and implementation of proper 
schedule shift working in different industries 
decrease amount of blood pressure and risk of 
cardiovascular disease.
At the end, the authors suggest that blood 
pressure should be assessed in workers who 
work in different industries. 
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