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Abstract: Introduction: The purpose of this study was to examine the associations between resting blood pressure (BP), 

smoking, physical activity (PA) and body mass index (BMI) in Greek young adults. 

Materials and Methodology: A standardised questionnaire and the Greek version of IPAQ-short were given to 1500 

randomly selected health science students, in order to record smoking behaviour, PA status, BMI and resting BP. All 

healthy young adults aged 19-30 years old were eligible. The final size of the study cohort was 1249 students (522 men). 

Results: Males’ BP was 129.2/77.0 mmHg, significantly higher than the females’ values of 119.9/73.4 mmHg. 

Approximately 17% of the total population were classified as overweight and 3% as obese. In the overall population, 

smoking prevalence was 35.2%, with 15.3% being heavy smokers (≥21 cigs/d). Smoking prevalence did not differ 

significantly between sexes. The prevalence of health-enhancing PA (high PAclass) was only 14.0%, while 42.8% of the 

study population were classified as insufficiently active (low PAclass). Of the three lifestyle risk factors examined, only 

BMI was significantly and directly associated with systolic and diastolic BP levels. The prevalence of hypertension 

(≥140/90 mmHg) was significantly higher in men compared to women, and in obese and overweight participants 

compared to normal-weight subjects. Smoking and categorical PA (PAclass) were not correlated with BP. Continuous 

vigorous PAscore was significantly and directly associated with systolic BP, but only in males. 

Conclusion: BMI was significantly and directly associated with resting BP in both sexes. Smoking prevalence and PA 

status were not associated with BP in this sample of Greek young adults. 
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INTRODUCTION 

 High blood pressure (BP) is a major global health risk, 
affecting 1 billion people worldwide [1]. High BP is 
estimated to cause 7.5 million deaths worldwide, about 
12.8% of the total of all deaths, and it accounts for 57 
million disability-adjusted life years (DALYS), or 3.7% of 
the total DALYS [2]. Globally, the overall prevalence of high 
blood pressure (systolic BP ≥140 mmHg and/or diastolic BP 
≥90 mmHg) in adults exceeds 40% [1-3]. The prevalence of 
hypertension in the World Health Organisation (WHO)- 
European region has been reduced since 1980 and now 
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averages about 30%, with noticeable differences in average 
BP levels across countries [4]. An elevated BP is an 
important risk factor for premature disability and mortality 
and contributes to the burden of heart disease, stroke and 
kidney failure [5]. 

 Overweight, smoking and physical inactivity, important 
non-communicable diseases, are strongly related to a 
deterioration in overall health status and are among the most 
important modifiable risk factors for chronic disease and 
premature death [6]. Modifications of these lifestyle risk 
factors, such as increased exercise levels and lower body 
weight, have been shown to significantly decrease BP levels 
and hypertension rates [5,7]. 

 In Greece, the prevalence of hypertension ranges, 

depending on the study, between 31% and 40% [8,9], rates of 
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physical inactivity and abstention from exercise are at a 

record high among European Union (EU) members [10], 

while the country suffers from an enormous smoking-related 

public health problem, having the highest proportion of 

smokers (42%) in the EU [11]. In addition, data show that 

35.2% of Greek adults are overweight and 22.5% obese [12], 

and subsequent research confirms these numbers [13]. It has 

been shown that the presence of increased body mass index 

(BMI), high smoking prevalence and high physical inactivity 

rates in youth may have an adverse effect on middle-aged 

adult BP, increasing the likelihood of hypertension and 

related cardiovascular complications later in life [14]. 

Although many studies have examined the association 

between lifestyle risk factors and high BP in children, 

adolescents and the middle-aged population, data for young 

adults are limited. Therefore, the connection between BP and 

the aforementioned modifiable lifestyle risk factors needs 

further examination, since it is of critical importance to 

public health, not only in Greece, but in many other 

countries that have a largely smoking, obese and sedentary 

population.  

 The objective of the present study was to investigate the 

associations between BMI, smoking, physical activity (PA) 

status, and the prevalence of hypertension in healthy Greek 

young adults. 

MATERIALS AND METHODOLOGY 

Study Population 

 Two higher education institutes participated in this multi-

centre cross-sectional study. Data collection took place from 

March 2009 to June 2013. The subjects were randomly 

selected from a target population of health science students 

from the Medical School of Ioannina University and the 

Physiotherapy Department of the Technological Educational 

Institute (TEI) of Athens. A self-addressed questionnaire and 

the Greek version of the short International Physical Activity 

Questionnaire (IPAQ-Gr) were given to 1500 students in 

order to record demographic data, health-related information, 

smoking behaviour, and PA status. The study protocol, all 

questionnaire administration procedures, BMI and BP 

measurements were standardised at the beginning of the 

study. All healthy young adults aged 19-30 years old were 

eligible to participate. Other inclusion criteria included 

health status, which was assessed by the physician team of 

the research group. All subjects with medical comorbidities, 

or health-related problems that might have interfered with 

their BP or their ability to participate in PAs (recent 

musculoskeletal injuries, pregnancy or period in women, 

metabolic disease, current illness, use of any medication, 

alcohol or drug abuse) were excluded. Written informed 

consent was obtained from all participants. The participation 

rate was high (83.3%), even though no incentives were 

offered. Of the 251 students excluded, 79 reported health-

related problems, 146 returned questionnaires with missing 

data and 26 refused to participate. The final cohort size of 

the study was 1249 students (522 men) (Table 1). The study 

protocol was approved by the research committee of the TEI 

of Athens (February 16
th

, 2010) and followed the principles 

of the Helsinki Declaration and its later amendments. 

Smoking Behaviour 

 Subjects were classified as current smokers (smoking 

during the last 30 days), ex-smokers (given up smoking more 

than one month before), or non-smokers (never smoked). 

Current smokers were classified into three ordered smoking 

volume sub-categories, depending on the daily number of 

cigarettes (cig/d) smoked: (1) 0-10 cig/d, light smokers; (2) 

11-20 cig/d, moderate smokers; (3) ≥21 cig/d, heavy 

smokers. The very small number of occasional smokers was 

grouped with current smokers in sub-category 1 (0-10 cig/d). 

Physical Activity Assessment 

 The PA status of the subjects was evaluated using the 

IPAQ-Gr instrument, which has shown good to high 

reliability [15] and adequate validity [16] in young adults. 

Briefly, the purpose of this instrument is to sum up vigorous, 

moderate and walking PAs over the previous seven-day 

period and generate a total physical activity score (PAscore), 

expressed in MET-minutes per week (MET
.
min

.
wk

-1
). Based 

on the IPAQ scoring procedure [15], PA status was classified 

into three categories (PAclasses): (1) low PAclass, insufficiently 

active subjects (total PAscore<600 MET
.
min

.
wk

-1
); (2)

moderate PAclass; and (3) high PAclass (total PAscore≥3000 

MET
.
min

.
wk

-1
 or vigorous PAscore≥1500 MET

.
min

.
wk

-1
). In

addition, the prevalence of high vs. low vigorous PA was 

recorded and the cut-off point was set at 1500 MET
.
min

.
wk

-1
. 

Body Mass Index and Blood Pressure Measurements 

 BMI, a well-established measure of obesity [17], was 

calculated as weight in kilograms divided by the square of 

height in metres. BMI was categorised according to the 

WHO criteria for normal, overweight and obese, defined as 

under-weight (BMI<18.5 kg/m
2
), normal weight 

(18.5≤BMI<25 kg/m
2
), overweight (25≤BMI<30 kg/m

2
), and 

obese (BMI≥30 kg/m
2
) to assess clinically applicable cut 

points. Height was measured (to two decimal places) using 

standard height meters, with the participant standing upright. 

Weight was measured using a calibrated weighing scale, with 

the participant wearing no shoes and lightly clothed. 

 The BP was measured using a standard mercury 
sphygmomanometer with the participant in a seated position, 
after 10 min of rest [5]. Three BP measurements were taken, 
at least 3 minutes apart. The mean of the second and the third 
measurements was calculated to represent participants’ BP. 
The blood pressure classification was based on the new 
guidelines of the European Society of Hypertension and 
European Society of Cardiology [5]. Hypertensives (Grade I, 
II and III) were defined as those with systolic BP (SBP) 
≥140 mmHg and/or diastolic BP (DBP) ≥90 mmHg. Further, 
high normal BP was defined as having an average SBP 
between 130–139 mmHg and an average DBP between 85–
89 mmHg.
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Table 1. Personal characteristics, blood pressure measurements and classification, body mass index, smoking behaviour and 

physical activity status of study population. 

Total Group (n=1249) Males (n=522) Females (n=727) p valuea 

Age (yr) 21.8 ± 2.7  21.9 ± 2.7 21.7 ± 2.8 NS 

Weight (Kg) 67.2 ± 13.3 77.6 ± 11.3 59.8 ± 9.0 < 0.001 

Height (m) 1.71 ± 0.09 1.79 ± 0.07 1.66 ± 0.06 < 0.001 

BMI (kg/m2) 22.7 ± 3.1 24.2 ± 2.8 21.7 ± 2.9 < 0.001 

Heart Rate (b/min)b 71.7 ± 9.2 70.4 ± 8.9 73.1 ± 9.2 0.001 

Systolic BP (mmHg) 123.8 ± 12.6 129.2 ± 12.1 119.9 ± 11.4 < 0.001 

Diastolic BP (mmHg) 74.9 ± 9.2 77.0 ± 9.1 73.4 ± 9.1 < 0.001 

BP classification  

Optimal (%) 35.6 17.4 48.7 0.000 

Normal (%) 33.6 37.4 30.9 0.016 

High normal (%) 17.7 24.5 12.8 < 0.001 

Grade I HT (%) 12.1 18.6 7.3 < 0.001 

Grade II HT (%) 1.0 2.1 0.3 0.002 

BMI class 

Underweight (%) 5.0 0.4 8.4 < 0.001 

Normal-weight (%) 74.9 69.0 79.1 < 0.001 

Overweight (%) 17.0 26.1 10.5 < 0.001 

Obese (%) 3.1 4.6 2.1 0.012 

Smoking Behaviour 

Smoking (%) 35.2 36.6 34.3 NS 

Smoking years 3.9 ± 2.9 4.2 ± 2.9 3.7 ± 3.0 NS 

Smoking volume (cig/d) 0-10 /11-20/ ≥ 21 (%) 47.2/37.5/15.3 39.7 /37.2/23.0 52.5 /37.8/9.8 < 0.001c 

PA Status 

Total PAscore  1248/786(330-1697) 1420/861(394-1929) 1132/714(311-1493) 0.004 

Vigorous PAscore 576/0(0-720) 796/0(0-1200) 426/0(0-480) < 0.001 

Moderate PAscore 277/120(0-360) 288/120(0-360) 270/120(0-400) NS 

Walking PAscore 400/264(132-495) 342/231(99-462) 439/297(149-495) < 0.001 

Low PA (%) 42.8 40.6 44.4 NS 

Moderate PA (%) 43.2 40.6 45.0 NS 

High PA (%) 14.0 18.8 10.6 < 0.001 

BMI: body mass index; HT: hypertension; NS: non-significant; PA: physical activity. Age, BMI and smoking years are expressed as mean ± SD. PAscores are 

expressed as mean/median and (25th-75th percentiles). Smoking prevalence is expressed as percentage of current smokers. a comparisons between males and 
females; b in 515 participants; c comparison of the prevalence of heavy smoking between sexes. 

Statistical Analysis 

 Statistical analysis of the data was performed using the 

SPSS v.19 software package (IBM
®
 SPSS

®
 Statistics, IBM 

Corp.) and STATGRAPHICS Plus v.5.1 Enterprise Edition 

(Statistical Graphics Corp). Age and BMI values were 

normally distributed (Kolmogorov–Smirnov test) and are 

presented as mean ± standard deviation. IPAQ-Gr PAscores 

were skewed and are presented as mean/median and 25
th

-75
th

 

percentile values. Analysis of variance for anthropometric 

indices and the Mann–Whitney U test for non-parametric 
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continuous (i.e. PAscores) or chi-square for non-parametric 

categorical (i.e. PAclass) data were used to examine BP 

differences between sexes and between sub-population 

groups. Estimated population proportions, weighted for 

group sizes, were used to search for possible significant 

differences in the prevalence of hypertension between sub-

population groups. Multivariable linear regression analysis 

was used to further investigate the cross-sectional 

association between lifestyle risk factors and changes in SBP 

and DBP. The models included age, BMI, smoking, PAclass, 

total PA, vigorous PA, moderate PA and walking as factors 

(independent variables), and SBP and DBP as the dependent 

variables. Stepwise linear regression was then applied to 

determine the best variable model. Finally, logistic 

regression was implemented to investigate the association 

between lifestyle risk factors and hypertension (BP≥140/90 

mmHg, dependent categorical variable). Adjusted odds ratios 

(ORs) with 95% confidence intervals (CI) were computed to 

describe differences in hypertension prevalence between 

sup-population groups. The level of significance in all 

analyses was set as a p-value less than 0.05. 

RESULTS 

Descriptives 

 One thousand, two hundred and forty-nine young healthy 

adults (522 men) with a mean age of 21.8 years participated 

in the present study (Table 1). About 17% of the overall 

population were classified as overweight and 3% as obese 

(Table 1). Significantly more females were classified as 

underweight, whereas the prevalence of overweight and 

obesity was significantly higher in males. In the total 

population, smoking prevalence was 35.2%. Light smokers 

accounted for 47.2% of the smoking population, whereas 

15.3% were heavy smokers (Table 1). Smoking prevalence 

was slightly greater, though not statistically significantly so, 

in males compared to females. Based on the IPAQ 

classification criteria, 42.8% of the total population was 

insufficiently active (Table 1). On the other hand, only 

14.0% of the participants were classified as highly active 

subjects. Males were found to be more physically active than 

females. Total and vigorous PAscores were significantly higher 

for male subjects. 

Sex and Blood Pressure 

 About 13% of the total population were classified as 

hypertensives, and 17.7% had high normal BP (Table 1). 

Males had significantly higher SBP and DBP values than 

females (129.2/77.0 vs. 119.9/73.4 mmHg, p<0.001). Males 

were 1.9 times more likely to be hypertensive (OR=1.87; 

95%CI: 1.26-2.76) than females. The prevalence of both 

high-normal BP (24.5% vs. 12.8%) and hypertension (20.7% 

vs. 7.6%) was significantly higher for male participants. In 

all analyses, sex was a strongly significant confounder in the 

association of lifestyle risk factors with SBP/DBP levels 

(multivariable linear regression) and hypertension 

(multinomial logistic regression). For this reason, all 

subsequent data analyses were stratified per sex. 

Body Mass Index and Blood Pressure 

 In the overall population, the prevalence of hypertension 
was impressively higher in overweight (32.5%) and obese 
participants (64.1%) compared to normal-weight subjects 
(7.3%). In both sexes, overweight and obese participants had 
a significantly higher prevalence of hypertension (Table 2) 
and higher SBP/DBP levels compared to normal-weight 
subjects (Tables 3-4). In all analyses, BMI, both as a 
continuous and as a categorical variable (BMIclass), was 
found to be the only significant independent predictor for the 
difference in SBP/DBP measurements (linear regression, 
Tables 5-6) and for the prevalence of hypertension (logistic 
regression, Table 7) among the lifestyle risk factors 
examined. An increase of 1 BMI unit was associated with, on 
average, a 2.0 mmHg (1.4 mmHg) and a 1.3 mmHg (0.8 
mmHg) increase in SBP and DBP in males (females), 
respectively. In the overall population, overweight 
(OR=4.71; 95%CI: 3.17-7.00, adjusted for sex and TPAscore) 
and obese participants (OR=18.06; 95%CI: 8.81-37.03, 
adjusted for sex and TPAscore) were more likely to be 
hypertensives compared to normal-weight subjects. 

Physical Activity and Blood Pressure 

 When PA was examined as an independent categorical 
variable (PAclass), non-significant differences in the 
prevalence of hypertension (Table 2) and in SBP/DBP levels 
(Tables 3-4) were found between participants with high and 
those with low PAclass, in both sexes. However, by linear 
regression analysis, continuous vigorous PAscore was found to 
be significantly and directly associated with SBP, but only in 
men. Total PA was excluded from the models for reasons of 
multicollinearity. Indeed, male participants with high 
vigorous PAscore (vigorous PAscore≥1500 MET

.
min

.
wk

-1
) had a

significantly higher prevalence of hypertension (34.5% vs. 
21.5%, p=0.011; Table 2) and SBP level (132.4 vs. 129.4 
mmHg, p=0.049; Table 3) compared with those men with a 
low vigorous PAscore. Logistic regression showed that male 
participants with a high vigorous PAscore were 2.26 times 
more likely to be hypertensives compared with those having 
a low vigorous PAscore (Table 7). 

Smoking and Blood Pressure 

 Smoking was not associated with BP in any of the 
analyses and models examined. The prevalence of 
hypertension was not significantly different, whereas non-
significant differences in SBP/DBP values were found 
between smokers and non-smokers in both sexes (Tables 2-
4). Regression analyses indicated that, in both sexes, 
smoking was not a significant predictor of either differences 
in SBP/DBP (Tables 5-6) or hypertension prevalence (Table 
7). Finally, in the overall population, smokers were 0.66 
times less likely to be hypertensives compared to non-
smokers, but not significantly so (OR=0.66; 95%CI: 0.44-
0.99; p=0.05, adjusted for age, sex, BMI and TPAscore). 

DISCUSSION 

 In the present study, BMI was the main predictor of high 
BP levels, being strongly and directly associated with 
hypertension rates in both male and female young adults. 
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Although smoking prevalence and the rates of low PA were 
well above EU youth averages, neither smoking nor PA 
status was associated with BP levels and hypertension rates 
in this sample of young adults. Finally, male sex was a strong 
predictor of an elevated resting BP. 

Descriptives 

 The prevalence of hypertension found in our target 
population is in line with that of Psaltopoulou et al, where 
15.3% of the participants (aged 25-44 years) were classified 
as hypertensives [9]. It is difficult to compare our results 
with those of other European countries, because data from 
the EU concerning young adults are scarce. Compared to 
recent data for young adults in the USA [18], our participants 
had an impressively lower prevalence of hypertension (13% 
vs. 24.4%). This may be attributed to the cardioprotective 
effects of the Mediterranean diet on endothelial function and 

BMI levels, benefits that affect BP and have been adequately 
documented before [19, 20]. 

BMI and Blood Pressure 

 Overweight and obesity are the fifth leading risk factor 
for death, and have become a severe worldwide pandemic 
whose prevalence has nearly doubled since 1980 [21]. 
According to the WHO, 35% of adults aged 20 years and 
over were overweight in 2008, and around 12% were obese 
[21]. In 2008, over 50% of both men and women in the 
WHO European region were overweight, and roughly 23% 
of women and 20% of men were obese [22]. Excess body 
weight and obesity are serious public health threats, as they 
significantly increase the risk of chronic diseases such as 
cardiovascular disease, type-2 diabetes mellitus, 
hypertension, coronary heart disease, osteoarthritis, and 
certain types of cancer [17]. The relationship between 
overweight/obesity and hypertension has long been 

Table 2. Differences in the prevalence of hypertension between sub-population groups. 

Risk factor Prevalence of HT (%) p value a 

Males (n=522) 

BMI 

Normal weight 11.9 

Overweight 36.0 <0.001 

Normal weight 11.9 

Obese 66.7 <0.001 

Smoking 
Non-smokers 20.8 

Current smokers 19.9 NS (0.78)  

PA 

Low PA class 19.8 

High PA class 24.5 NS (0.35) 

Low Vigorous PAb 21.5 

High Vigorous PAb 34.5 0.011 

Females (n=727) 

BMI 

Normal weight 4.3 

Overweight 26.3 <0.001 

Normal weight 4.3 

Obese 60.0 <0.001 

Smoking 
Non-smokers 8.8 

Current smokers 5.2 NS (0.08)  

PA 

Low PA class 6.5 

High PA class 6.5 NS (1.00)  

Low Vigorous PAb 8.2 

High Vigorous PAb 9.6 NS (0.73)  

BMI: body mass index; HT: hypertension; NS: non-significant;  

PA: physical activity.  
acomparisons between overweight vs. normal weight, obese vs. normal-weight, smokers vs. non-smokers, high PA vs. low PA and high vigorous PA vs. low 
vigorous PA weighted for group sizes. 
bThe cut-off point for low vs. high vigorous PA was set at 1500 MET.min.wk-1 of vigorous PA. 
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investigated, with the risk of hypertension being up to five 
times higher among obese people than among those of 
normal weight [17]. In addition, a large number of studies 
have concluded that there is a strong and independent 
positive correlation between increased BMI and office or 
ambulatory BP [23, 24].  

 The prevalence of overweight/obesity found in the 
present study is comparable with the data for young adults in 
Great Britain [25] (overweight=15.4%; obese=4.0%), but 
these rates are much lower compared to young adults in 
other countries, such as Cyprus [26] and Germany [27]. Our 
results agree with those of numerous other studies showing 
that BMI and BP levels are positively correlated, in both 
sexes and in all ages [17, 23, 24].  

 While the relationship between overweight/obesity and 
increased BP is well established, the physiological 
connection between them is not so clear, especially 
concerning essential hypertension. A number of pathways 
have been described, with recent research focusing more on 
the neurohormonal aspect. The interrelation between those 
mechanisms is in itself an active field of research. Most 
explanations fall into one of two categories (or both): BP in 
overweight/obese people is increased either through 
stimulated activation of the sympathetic nervous system, or 
via increased sodium retention by the kidneys [28]. 

 The renin–angiotensin–aldosterone system (RAAS). The
RAAS is a feedback mechanism originating in the
kidney that, through the activation of angiotensin II,

Table 3. Differences in systolic and diastolic blood pressure values between groups of male participants. 

BMI class Normal Weight (n=361) Overweight (n=136) Significance t value P Mean Difference (95% CI) 

SBP 126.5 ± 10.5 134.1 ± 12.5 -6.81 <0.001 -7.62 (-9.82 to -5.42) 

DBP 75.0 ± 8,3 80.7 ± 8,8 -6.79 <0.001 -5.78 (-7.45 to -4.11) 

Physical Activity Low PA (n=212) High PA (n=99) Significance t value P Mean Difference (95% CI) 

SBP 130.1 ± 11.8 128.5 ± 13.4 1.07 NS (0.29) 1.60 (-1.36 to 4.56) 

DBP 77.6 ± 8.6 76.1 ± 9.9 1.35 NS (0.18) 1.49 (-0.68 to 3.66) 

Vigorous PA Low Vig PAa (n=362) High Vig PAa (n=85) Significance t value P Mean Difference (95% CI) 

SBP 129.4 ± 12.4 132.4 ± 13.1 -1.98 0.049 -2.99 (-5.97 to -0.02) 

DBP 77.2 ± 9.1 77.4 ± 10.6 -0.17 NS (0.87) -0.19 (-2.43 to 2.04) 

Smoking Non Smokers (n=309) Smokers (n=191) Significance t value P Mean Difference (95% CI) 

SBP 129.5 ± 12.1 128.8 ± 12.0 0.59 NS (0.56) 0.65 (-1.53 to 2.83) 

DBP 76.8 ± 9.2 77.4 ± 8.7 -0.84 NS (0.40) -0.70 (-2.33 to 0.93) 

BMI: body mass index; CI: confidence interval; DBP: diastolic blood pressure; NS: non-significant; PA: physical activity; SBP: systolic blood pressure. 
a the cut-off point for low vs. high vigorous PA was set at 1500 MET.min.wk-1 of vigorous PA. 

Table 4. Differences in systolic and diastolic blood pressure values between groups of female participants. 

BMI class Normal Weight (n=578) Overweight (n=75) Significance t value P Mean Difference (95% CI) 

SBP 118.9 ± 10.5 126.6 ± 13.5 -5.8 <0.001 -7.68 (-10.3 to -5.24) 

DBP 72.6 ± 8.6 77.9 ± 10.8 -4.8 <0.001 -5.24 (-7.38 to -3.10) 

Physical Activity Low PA (n=323) High PA (n=77) Significance t value P Mean Difference (95% CI) 

SBP 119.9 ± 11.3 117.6 ± 11.5 1.63 NS (0.10) 2.35 (-0.48 to 5.18) 

DBP 73.4 ± 9.2 71.8 ± 9.8 1.34 NS (0.18) 1.18 (-0.74 to 3.89) 

Vigorous PA Low Vig PAa (n=609) High Vig PAa (n=52) Significance t value P Mean Difference (95% CI) 

SBP 120.0 ± 11.6 120.0 ± 13.1 -0.01 NS (0.99) -0.01 (-3.33 to 3.30) 

DBP 73.4 ± 9.2 73.1 ± 10.1 0.29 NS (0.77) 0.39 (-2.24 to 3.01) 

Smoking Non Smokers (n=446) Smokers (n=249) Significance t value P Mean Difference (95% CI) 

SBP 120.1 ± 12.0 119.4 ± 10.0 0.74 NS (0.46) 0.66 (-1.10 to 2.42) 

DBP 73.1 ± 9.2 74.0 ± 8.5 -1.18 NS (0.24) -0.84 (-2.23 to 0.56) 

BMI: body mass index; CI: confidence interval; DBP: diastolic blood pressure; NS: non-significant; PA: physical activity; SBP: systolic blood pressure. 
a the cut-off point for low vs. high vigorous PA was set at 1500 MET.min.wk-1 of vigorous PA. 
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helps elevate BP to normal levels when it drops (e.g. as 
a result of bleeding). It has been shown that, as BMI and 
fat tissue increase, so does the volume of circulating 
angiotensin [29, 30]. Angiotensin II has both a short- 
and a long-term action in increasing BP levels. In the 
short term it acts rapidly as a powerful vasoconstrictor, 
and over the course of days or weeks it raises BP 
through decreased salt excretion from the kidneys, 
therefore increasing fluid volume [28].  

 Free fatty acids (FFAs). FFA concentration is
undeniably higher in the overweight and obese
individual since they arise from adipose tissue [31,32].
There are a number of pathophysiological pathways that
correlate elevated FFAs with hypertension, including
acute and chronic insulin resistance, increased
sympathetic activity due to oxidative stress, interference
with NO-induced vasodilation, and more [31,33].

 Insulin resistance and hyperinsulinaemia. Lowered
insulin sensitivity is a characteristic feature of essential
hypertension. Insulin has important effects on
cardiovascular as well as muscle tissue. It causes
vasodilation through increased NO production and a
reduction in vascular smooth muscle cells; thus, any
reduction in the functionality of the peptide will
obviously have adverse effects on blood pressure [28].
Additionally, insulin resistance causes increased blood
flow to skeletal muscles to compensate for the reduced
glucose delivery, which in turn also increases BP [34].
Finally, it contributes to increased sympathetic nervous
system activity in different tissues, most importantly the
kidney, resulting in sodium retention, a major factor in
the control of BP [35].

 Leptin. Leptin is another peptide that affects blood
pressure levels. As a hormone derived from fatty tissue,
its circulating levels are directly connected to obesity.
Its primary role is to control appetite by inducing the
feeling of satiety and by increasing sympathetic outflow
[36]. Although obese individuals appear resistant to the
former effect of leptin, the increased sympathetic
activity persists, contributing to their increased BP [37].

 Obstructive sleep apnoea. Obstructive sleep apnoea is a
condition characterised by frequent collapse of the
upper airway during sleep, causing cessation of airflow
followed by a decline in oxygen saturation. It is
significantly more prevalent among overweight, and
especially obese individuals [38]. The resulting
physiological reaction includes sympathetic activation,
increased blood viscosity, oxidative stress, and
inflammation, conditions that are all contributing factors
to elevated BP [39,40].

Physical Activity and Blood Pressure 

 Although a plethora of epidemiological studies have 
underscored the importance and effectiveness of PA and 
exercise, the prevalence of physical inactivity is increasing 
worldwide, to the extent that it has become a substantial 
public health concern and a considerable economic burden 
[41, 42]. Low levels of PA are inversely related with 
cardiovascular morbidity, and are strong prognostic indexes 
of mortality, with 1.9 million deaths per year being attributed 
to this cause [42,43].  

 Concerning PA levels, our results place Greek young 
adults at a level below the EU averages [44]. Our findings 

Table 5. Linear regression model for the association between life style risk factors and change in systolic blood pressure. 

Risk Factors B Standardized Beta t value Significance p value 

Males 

Age 0.007 0.001 0.034  NS (0.973) 

BMI 1.985 0.465 10.879 <0.001 

Smoking -0.631 -0.048 -1.117  NS (0.265) 

PA class -1.739 -0.104 -1.501  NS (0.134) 

Vigorous PA 0.001 0.152 2.404 0.017 

Moderate PA 0.002 0.084 1.798  NS (0.073) 

Walking 0.000 -0.008 -0.181  NS (0.857) 

Females 

Age -0.154 -0.037 -1.002  NS (0.317) 

BMI 1.353 0.350 9.451 <0.001 

Smoking -0.670 -0.054 -1.445  NS (0.149) 

PA class -0.435 -0.024 -0.374  NS (0.709) 

Vigorous PA 0.001 0.049 0.918  NS (0.359) 

Moderate PA -0.001 -0.030 -0.698  NS (0.486) 

Walking 0.001 0.059 1.344  NS (0.180) 

BMI: body mass index; NS: non-significant; PA: physical activity;  

In stepwise regression, only BMI and vigorous PA (and BMI for females) were included in the final model. TPA score was excluded due to multicollinearity. 
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are comparable with those of others who reported high rates 
(>45%) of low PA [45] or physical inactivity [46,47] among 
Greek university students. Regarding the sex-related 
differences, the present data are in line with other reports, 
inasmuch as young men tend to be more physically active 
than young women [9,47]. 

 When the effects of PA on resting haemodynamic factors 
are examined, most studies agree that PA—moderate or 
intensive—is significantly associated with a lower heart rate 
[48]. However, findings regarding the PA-BP relationship are 
conflicting. There is ample evidence for a significant inverse 
association between PA and BP levels [49, 50], and 
participating in PAs has been found to delay the development 
of hypertension [5,7]. In addition, lower BP readings have 
been found among normotensive individuals with higher 
IPAQ-measured PA [51]. Most authors note that the effect of 
PA on BP may be due to a reduction in total peripheral 
resistance and an improvement in endothelial function [5, 7]. 
On the other hand, in the present study, categorical PAclass 
was associated with neither BP levels nor the prevalence of 
hypertension in either sex. This is consistent with other 
findings indicating that PA status may not be a significant 
predictor of high BP and/or the prevalence of hypertension 
[52-54]. Gaya et al reported that, when cardiorespiratory 
fitness and BMI were included in their analyses as 
confounders, sports competition PAs were not associated 
with BP levels [55].  

 To explain the discrepancies between these findings, it is 
important to keep in mind that the BP decrease seen in a lot 
of PA-related studies might be attributable to modification of 

other examined risk factors, such as reduction of body 
weight and changes in dietary intake, which have been found 
to be strong predictors of high BP levels and the 
development of hypertension [56]. In addition, the 
association between PA and BP seen in other studies may be 
the result of general fitness, rather than the PA itself [52]. For 
example, Carnethon et al. underline that these significant 
health-related PA-BP negative correlations are seen only in 
highly fit individuals [57]. The conflicting results presented 
by those PA-BP studies that assess PA through self-reported 
questionnaires as a surrogate of physical fitness—which 
indeed is unquestionably a strong factor in BP lowering [5,7] 
and a cornerstone therapy for the prevention and control of 
hypertension [56,58]—once again highlight the controversial 
relation, in terms of validity [59], between physical fitness 
and PA [60]. 

 Another important finding of the present study was that, 
in men, continuous vigorous PAscore was directly related with 
SBP levels and the prevalence of hypertension. Men with a 
high vigorous PAscore (≥1500 MET

.
min

.
wk

-1
) had

significantly higher SBP levels and higher hypertension 
prevalence rates. Similar results in both sexes have reported 
by Tsioufis et al. [61], where increased PA was significantly 
associated with higher SBP levels. Our findings may be 
partially explained by the fact that men had a significantly 
higher BMI, the main predictor of high BP in our study. 
Another factor may be that physically active young men—
like our male participants with a high vigorous PAscore—are 
more likely to be involved in vigorous PAs, such as strength 
training or intense sports activities, than are women 

Table 6. Linear regression model for the association between life style risk factors and change in diastolic blood pressure. 

Risk Factors B Standardized beta t value Significance p value 

Males 

Age 0.373 0.111 2.516  0.012 

BMI 1.297 0.407 9.297 <0.001 

Smoking 0.242 0.025 0.559  NS (0.576) 

PA class -0.935 -0.075 -1.056  NS (0.292) 

Vigorous PA 0.001 0.092 1.432  NS (0.153) 

Moderate PA 0.000 0.003 0.070  NS (0.944) 

Walking 0.001 0.047 1.038  NS (0.300) 

Females 

Age 0.086 0.026 0.689  NS (0.491) 

BMI 0.843 0.275 7.276 <0.001 

Smoking 0.050 0.005 0.134  NS (0.893) 

PA class -0.799 -0.056 -0.848  NS (0.397) 

Vigorous PA 0.001 0.053 0.984  NS (0.326) 

Moderate PA 0.000 0.019 0.433  NS (0.665) 

Walking 0.002 0.102 2.270  0.024 

BMI: body mass index; NS: non-significant; PA: physical activity;  

In stepwise regression, only BMI and age (BMI and walking for females) were included in the final model. TPA score was excluded due to multicollinearity. 
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[51,62,63]. Although data regarding the association of 
vigorous PA and intense exercise with BP levels are limited 
[7], it could be argued that regular participation in these 
types of activity, which have a strong isometric component 
and an acute strong BP raising effect [64], may be connected 
with the higher BP levels found in our vigorously active 
male study population.  

Smoking and Blood Pressure 

 Smoking is a major risk factor for cardiovascular 
morbidity and mortality, and is considered to be the leading 
preventable cause of death in the world, causing 25% of 
deaths from cardiovascular disease in the middle-aged 
population [65]. Our findings indicated a pattern of smoking 

prevalence (35.1%) in Greek young adults that was 
comparable with European youth smoking rates (35%), in 
line with previously published data for Greek young adults 
[66]. 

 In contrast to the adequately documented direct 
association between overweight and BP, the relationship 
between smoking and BP is not clear. According to Green et 
al, most epidemiological studies up to 1985 concluded that 
smokers had a lower resting SBP than non-smokers [67]. 
Similar data were published during the following years 
[68,69]. On the other hand, our results indicated that there 
were no significant differences in resting SBP and DBP 
between young smokers and non-smokers, in line with many 
studies showing that there were no significant associations 
between resting BP and smoking in young people [70,71] or 

Table 7. Logistic regression and adjusted odds ratios for the association between life style risk factors and hypertension. 

Risk Factor B p value ORs (95% CI) 

Males 

BMI 

Normal weight 0* 1.00 

Overweight 1.358 <0.001 3.89 (2.36 - 6.40) 

Normal weight 0* 1.00 

Obese 2.627 <0.001 13.83 (5.41 - 35.34) 

Smoking 
Non-smokers 0* 1.00 

Current smokers -0.207 NS 0.81 (0.49 - 1.36) 

PA 

Low PA class 0* 1.00 

High PA class 0.567 NS 1.76 (0.94 - 3.32) 

Low Vigorous PA 0* 1.00 

High Vigorous PA 0.814 0.005 2.26 (1.28 - 3.97) 

Females 

BMI 

Normal weight 0 1.00 

Overweight 2.025 <0.000 7.58 (3.91 - 14.67) 

Normal weight 0* 1.00 

Obese 3.704 <0.001 40.62 (12.16 - 135.7) 

Smoking 

Non-smokers 0* 1.00 

Current smokers -0.713 NS 0.49 (0.24 - 0.99) 

PA 

Low PA class 0* 1.00 

High PA class -0.055 NS 0.95 (0.30 - 2.96) 

Low Vigorous PAa 0* 1.00 

High Vigorous PAa 0.031 NS 1.03 (0.34 - 3.13) 

BMI: body mass index; NS: non-significant; PA: physical activity;  

In LR analysis, low PA class for physical activity, non-smokers for smoking, normal weight for BMI and normal BP for hypertension were set as the reference 
categories. Odds ratios > 1.0 indicate that overweight and obese of both sexes and men with high vigorous PA are more likely to be hypertensive than normal-
weight participants and men with low vigorous PA respectively. Odds ratios < 1.0 indicate that smokers are less likely to be hypertensive than non-smokers. 
* this parameter is set to zero because it is redundant.
a the cut-off point for low vs. high vigorous PA was set at 1500MET.min.wk-1 of vigorous PA.
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in adults [72, 73]. To add to the controversy, smokers have 
been found to have higher aortic SBP [74] or brachial SBP at 
rest [71, 75]. 

 Adaptation mechanisms and the biochemical or 
haemodynamic effects of chronic smoking, such as the 
chronic effect of cotinine on vascular smooth muscle fibres 
[76], or the nicotine sympathetic pressor effect [76,77], may 
explain the lower BP that many have found in smokers. has 
also been noted that chronic smoking induces selective 
changes in autonomic cardiac control during standing, 
differentiates the responses of the autonomic nervous system 
to excitatory stimuli, and blunts the posture reactions of the 
circulatory system [77,78,79]. Thus, a paradoxical lower BP 
measured in a sitting position in smokers can probably be 
explained [79]. On the other hand, if this is the case, it is 
difficult to explain the results of numerous studies that either 
did not find significant differences in resting BP between 
smokers and non-smokers, or indicated that smokers had a 
higher BP in a sitting position. Differences in the study 
methodologies, such as the heterogeneity and size of the 
sample, measurement techniques, matching for confounding 
variables, etc., may explain the conflict between the 
published results [67, 70, 74]. For instance, in most studies, 
BP is obtained at rest after long abstention from smoking, 
alcohol and coffee. Thus, the recorded values do not 
represent the mean ambulatory BP, which is usually higher in 
smokers during daytime activities [71, 76].

Sex and Blood Pressure 

 The significant sex-BP association found in the present 
study may be partially explained by the fact that our young 
men had higher BMI levels and were also reported to be 
significantly more vigorously active—both factors being 
independently related with BP levels. Indeed, as has been 
reported in previous studies, young men tend to participate 
more in intense sports activities and strengthening exercise 
programs compared to young women [51, 63]. 

Strengths and Limitations 

 The random selection of the subjects from a well-defined 
and homogeneous target population, the size of the sample, 
the high participation rate, and the examination of the 
relationship between BP and lifestyle risk factors separately 
for males and females added strength to the results of this 
study. On the other hand, there are important limitations that 
have to be mentioned. Certain lifestyle risk factors that may 
be related with BP changes, such as dietary habits, were not 
assessed in the present study. BMI was the only measure of 
overweight used in this study. Although widely accepted, it 
would be better to combine BMI with the use of other 
obesity measures, such as waist circumference and 
lipometry, that would allow variations in fat to be monitored. 
The short IPAQ, although reliable and sufficiently valid in 
recording physical activity, is not able to distinguish between 
different types of vigorous PA, such as intense aerobic 
training, resistive exercises or weight-lifting, forms of 
exercise that recruit different haemodynamic pathways and 
may affect BP in different ways. In addition, it has been 
suggested that self-reported PA should be used with caution 
in health prevention studies, since it is only a modest 

surrogate of physical fitness [59]. Finally, generalisation of 
our findings from a sample of health science students to all 
Greek young adults would be ill-advised. Socioeconomic 
status, smoking years, dietary habits, body weight and PA 
profile, as well as other factors, might differ from the general 
population. Therefore, the extent to which the present results 
could be generalised to a more unselected population cohort 
is unclear. 

CONCLUSION 

 According to the findings of this study, sex (male) and 
body mass index were directly associated with young adults’ 
resting systolic and diastolic BP. Our results add to 
previously published research that, even in youth, being of 
normal weight may be a primary lifestyle intervention for 
lowering BP and preventing hypertension. Future research is 
needed to examine further the association of smoking and 
physical activity, as well as other lifestyle risk factors, with 
BP changes. 
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