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Summary 

Present study was aimed to investigate sympathetic responses to 

mental stress with hypothesis that the presence of obesity in 

patients with hypertension has a modifying effect. Young male 

subjects, 8 with hypertension grade I, with BMI25 kg/m2 (HT), 

10 with hypertension grade I, and BMI30 kg/m2 (HT OB), 

14 healthy controls with BMI30 kg/m2 (OB), and 13 healthy 

controls with BMI25 kg/m2 (C) underwent the Stroop test. ECG 

was recorded continuously to evaluate heart rate variability 

(HRV). Blood pressure (BP) and catecholamine concentrations 

were measured at baseline, at the end of mental stress test and 

15 min thereafter. Patients with HT demonstrated increased 

adrenaline concentrations and enhanced stress-induced 

noradrenaline release compared to that in healthy controls. In 

obese subjects, stress-induced increase of systolicBP was lower 

compared to lean individuals. Stress exposure induced a 

significant rise in the low frequency power component of HRV, 

however the increase was lower in the HT OB group compared to 

C. Obesity in patients with hypertension did not lead to a 

different reaction in comparison with lean hypertensive subjects. 

The present data demonstrate higher sympathoadrenal activity in 

early-stage of hypertension. Obesity is connected with higher 

resting systolicBP and modifies the HRV response to mental 

stress. 
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Introduction 

Essential hypertension, obesity and the activity 

of the sympathetic nervous system are characterized by a 

complex and yet only partially understood relationships 

with each other. The mechanisms underlying the 

association between obesity and arterial hypertension, 

and in particular the role played in this context by the 

sympathetic nervous system, are still a matter of 

considerable debate (Canale et al. 2013). 

Disturbances in the pattern of stress related 

neuroendocrine and autonomic responsiveness is 

considered to be one of the risk factors of the 

development of hypertension and other cardiovascular 

diseases (Treiber et al. 2003, Pierce 2005). Previous 

studies in patients with hypertension showed higher 

autonomic/cardiovascular reactivity in response to stress 

stimuli of different kind, such as physical activity 

(Lambert and Lambert 2011), insulin induced 

hypoglycemia (Radikova et al. 2006), cold pain stimulus 

(Reimann et al. 2012), mental stress tests (Fossum et al. 

2004), and public speaking (Palatini et al. 2011).  

Only few studies investigated cardiovascular 

response to stress in early stage of hypertension (HT) 

development. Schwartz et al. (2011) found that 

prehypertension elicited a more dramatic pressor 

response to mental stress (arithmetic test) compared to 

that in normotensive subjects. On the other hand, plasma 

noradrenaline levels in response to stressors (cold pressor 

https://doi.org/10.33549/physiolres.932931
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test or a mental arithmetic test) were comparable in 

young borderline hypertensive men and the control 

subjects (Matsukawa et al. 1991).  

Next to HT, an excess weight is established as a 

major risk factor for cardiovascular diseases, particularly 

in young individuals (Trachta et al. 2014). Psychosocial 

stress has been hypothesized to contribute to the obesity-

related increase of blood pressure (Lambert et al. 2010). 

Human obesity may be associated with a state of 

adrenergic overdrive. Several studies have attempted to 

investigate whether and to what extent sympathetic 

activation is a hallmark of the autonomic profile of the 

obese state. A meta-analysis (Young and Macdonald 

1992), although suggestive for a hyperadrenergic state, 

did not permit any definite conclusion on this issue to be 

drawn. 

In spite of the known interrelationships between 

stress-induced sympathetic activation and HT, as well as 

stress-induced sympathetic activation and obesity, the 

human studies considering all these topics simultaneously 

are very scarce. Previous studies were done in very 

variable groups of patients with HT. Therefore the 

present study investigated cardiovascular and 

catecholamine responses to a mental stress test in well-

defined groups of young patients, non-smokers with early 

stage of HT with and without obesity in comparison to 

healthy controls. The main hypothesis is that the presence 

of obesity in patients with diagnosed HT has a modifying 

effect on the cardiovascular and catecholamine responses 

to a mental stress task. 

 

Subjects and Methods 
 
Subjects 

Forty-five male volunteers in the age of 18-35 

years participated in the study. According to the diagnosis 

of HT and the values of the body mass index (BMI) 

subjects were divided into four groups: 1. eight 

volunteers fulfilling criteria for grade I HT (ESH/ESC 

2003) and had BMI less than 25 kg/m2 (HT); 2. ten obese 

subjects with grade I HT with BMI more than ≥30 kg/m2 

(HT OB); 3. fourteen obese otherwise healthy males 

(BMI≥30 kg/m2, OB); and 4. thirteen healthy controls 

with BMI less than 25 kg/m2 (C). The patients were 

recruited from the registry of the Department of 

Cardiology Out-patient Clinic Karlova Ves, Slovakia. 

The diagnosis of HT was confirmed by 24-h blood 

pressure monitoring. Secondary HT was excluded by 

routine physical examination and laboratory testing 

(blood and urine analysis). 

All subjects studied were non-smokers, had 

negative history of endocrine disorders, diabetes or other 

chronic diseases and were without any current medication 

including antihypertensive therapy for at least 10 days 

before the examination. Basic clinical characteristic of all 

study subjects is given in the Table 1. 
 
 
Table 1. Clinical characteristic of study subjects. 
 

 
C 

(n=13) 

HT 

(n=8) 

OB 

(n=14) 

HT OB 

(n=10) 

p value 

for factor 

HT dg 

(ANOVA) 

p value 

for factor 

OB 

(ANOVA) 

Age (years) 23 ± 5 23 ± 3  27 ± 5  28 ± 4 ns <0.05 

BMI (kg/m2) 22.0 ± 1.8 23.4 ± 2.4  34.0 ± 3.9  34.4 ± 3.6 ns <0.001 

Body fat percentage (%) 16 ± 5 21 ± 5  33 ± 7  36 ± 6 ns <0.001 

Waist circumference (cm) 83 ± 6 85 ± 9 111 ± 8 109 ± 8 ns <0.001 

SBP baseline (mm Hg) 123 ± 16 141 ± 13 128 ± 9  147 ± 11 <0.001 <0.05 

DBP baseline (mm Hg) 66 ± 8   78 ± 10   71 ± 10   84 ± 10 <0.001 ns 

Heart rate baseline (1/min)   71 ± 14 77 ± 9   70 ± 12   80 ± 11 <0.01 ns 

Adrenaline (pg/ml)   47 ± 33   87 ± 77   37 ± 15   72 ± 40 <0.01 ns 

Noradrenaline (pg/ml) 292 ± 85 295 ± 67 296 ± 70 331 ± 10 ns ns 

 
Data are expressed as mean ± S.D. OB – obesity, HT dg – HT diagnosis, BMI – body mass index, SBP – systolic blood pressure, DBP – 
diastolic blood pressure. C – healthy controls with BMI25 kg/m2, HT – patients with hypertension and BMI25 kg/m2, HT OB – patients 
with hypertension and BMI30 kg/m2, OB – obese otherwise healthy subjects with BMI30 kg/m2 
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All subjects gave informed written consent and 

the study was approved by the Ethics Committee of the 

Bratislava Self-Governing Region, Bratislava, Slovakia 

in agreement with the ethical guidelines of the 

Declaration of Helsinki as revised in 2000. 

 

Study design 

Examination started in the morning at 08:00 

AM. The subjects were asked to keep 12 h fasting and 

restrain stress and physical activity 24 h before the study. 

Upon the arrival in the Out-patient clinic, baseline 

personal history was taken and body weight, height and 

waist circumference were measured. Thereafter the 

cubital vein was cannulated (Terumo Europe N.V., 

Leuven, Belgium) and subjects rested for 30 min in a 

comfortable chair to avoid acute stress from 

venipuncture.  

Continuous ECG and respiratory movements 

were recorded during the whole procedure (PowerLab, 

ADInstruments Pty Ltd, Bella Vista, NSW, Australia). 

Heart rate variability (HRV) analysis (Chart HRV modul, 

ADInstruments Pty Ltd) was performed in 5 min 

recordings before, during and after the Stroop test. 

Following HRV parameters were calculated: total power 

(TP) in range 0.00-0.40 Hz, low frequency power (LF) in 

range 0.04-0.15 Hz, high frequency power (HF) in range 

0.15-0.40 Hz, LF/HF ratio, and LF and HF powers in 

normalized units (LFnu, HFnu). HF parameter reflects 

mainly respiratory sinus arrhythmia as an index of 

cardiac vagal control, LF is determined by both 

sympathetic and parasympathetic activity and provides an 

index not of cardiac sympathetic tone but of baroreflex 

function, LF/HF ratio may reflect a cardiac sympatho-

vagal balance (Vlcek et al. 2008, Goldstein et al. 2011). 

If respiratory rhythm at the time of measurement was less 

than 9/min, or the record had more than 2 extrasystoles 

per minute, the ECG sample was excluded.  

Blood pressure (Dinamap Vital Sign Monitor, 

model 845 XT, Criticon X, Inc., Tampa, FL, USA) was 

measured on the left arm at the time of blood collections. 

The HRxsystolic BP product was calculated as 

multiplication of HR and systolic BP. 

The Stroop test, used and described in our 

previous studies (Hlavacova et al. 2008, Jezova et al. 

2013), was applied as a mental stressor. The test is based 

on the interference between the words and the colors and 

consists of four subtests. Participants were asked to read a 

sample color words printed in black at first, then the 

printed colors. Finally they took a sample color words 

printed in colored fonts, which were incongruent with 

respect to the color word itself. They were asked to name 

the color of printed words at first and in the last subtest 

they were asked to name a color font of word and to read 

printed word in alternation. Throughout the mental task, 

the subjects were given instructions by the examiner to 

work quickly but try not to make any mistakes. The total 

duration of the mental stress procedure was 10 min. 

Blood samples were collected before (0 min), at 

the end of the Stroop test and once again after 15 min of 

rest after the test was completed. Blood was drawn into 

polyethylene tubes with heparin as anticoagulant and 

immediately cooled in ice. After centrifugation at 4 °C, 

all plasma aliquots were stored at −70 °C until assayed. 

Plasma epinephrine and norepinephrine concentrations 

were measured with commercially available enzyme 

linked immunosorbent assay kits (Demeditec Diagnostics 

GmbH, Kiel, Germany). 

 

Statistical analysis 

To determine differences in basal parameters 

and changes during stress and recovery among study 

groups with identification of influencing factors analysis 

of variance (ANOVA) was used. General Linear Model 

repeated measures (GLM-RM) procedure was used to 

determine main effects for factors HT diagnosis and 

obesity on measured parameters responses during stress 

test. Because of high interindividual variability, 

frequency-domain HRV parameters were logarithmically 

transformed for statistical testing (lnLF, lnHF; Lin et al. 

2012). Pearson’s correlation analysis was computed to 

determine relationship between the parameters measured. 

Statistical evaluation was performed using the SPSS 11.5 

program (SPSS Inc., Chicago, IL, USA). The results are 

expressed as the mean ± SEM, unless otherwise 

specified. Differences were considered significant at 

p<0.05. 

 
Results 
 
 General and anthropometric characteristics of 

the study population are shown in Table 1. OB and HT 

OB were older than other groups (p=0.03). As expected 

there were differences in BMI, waist circumference and 

percentage of body fat (BF) among those with and 

without obesity (p0.001).  

 

Baseline parameters 

Statistical analysis revealed significant main 
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effect of HT diagnosis for baseline systolic blood 

pressure (SBP) (F=13.128; p=0.001), diastolic blood 

pressure (DBP) (F=12.348; p=0.001) and heart rate (HR) 

(F=4.785, p=0.034). HT patients had higher SBP, DBP as 

well as HR than the normotensive controls. There was 

also a significant effect of the main factor obesity for 

SBP (F=4.275, p=0.045). Obese subjects had higher SBP, 

but not DBP and HR than the lean subjects (Table 1). The 

HRxSBP product showed main effect of HT diagnosis 

(F=11.280, p=0.002). 
 

 
 
Fig. 1. Blood pressure and heart rate during mental stress test. 
Healthy controls with BMI25 kg/m2 (C) – triangles and dotted 
line, patients with hypertension and BMI25 kg/m2 (HT) – 
squares and long dash line, patients with hypertension and 
BMI30 kg/m2 (HT OB) – circles and solid line, obese otherwise 
healthy subjects with BMI30 kg/m2 (OB) – open circles and 
short dash line. HT dg – hypertension diagnosis 

The results of statistical analysis showed 

significant main effect of HT diagnosis on baseline 

plasma adrenaline (F=8.345, p=0.006) but not on 

noradrenaline concentrations (Table 1). The HT patients 

had higher adrenaline than the normotensive controls. 

The results showed significant main effect of HT 

diagnosis on baseline LF power (F=10.302, p=0.003). 

The analysis by Tukey post hoc test revealed that the 

values of LF power were significantly lower in HTOB 

group (p=0.007) than in controls (Table 2). However, 

there were no effects of HT diagnosis or obesity on other 

baseline HRV parameters (HF power, LFnu, HFnu, 

LF/HF).  
 

 
 
Fig. 2. Adrenaline and noradrenaline levels during mental stress 
test. Healthy controls with BMI25 kg/m2 (C) – triangles and 
dotted line, patients with hypertension and BMI25 kg/m2 (HT) – 
squares and long dash line, patients with hypertension and 
BMI30 kg/m2 (HT OB) – circles and solid line, obese otherwise 
healthy subjects with BMI30 kg/m2 (OB) – open circles and 
short dash line. HT dg – hypertension diagnosis 
 
 

Responses to the mental stress task 

As revealed by general linear model repeated 

measures procedure, SBP (Fig. 1) increased during stress 

test in all groups in time (F=22.554, p<0.001), with the 
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significant main effect of HT diagnosis (F=23.888, 

p0.001). Similarly, DBP increased during mental stress 

test in time (F=14.762, p<0.001), with significant main 

effect of HT diagnosis (F=16.135, p<0.001). There was a 

significant main effect of HT diagnosis (F=5.004, 

p=0.031) and a significant effect of time (F=6.810, 

p=0.003) for the HR, which increased in response to the 

Stroop test in all subjects. There was no significant main 

effect for the factor obesity or any interaction between the 

factors in any of the parameters mentioned. 

Adrenaline concentrations (Fig. 2) changed 

during the stress test significantly in time (F=24.121, 

p<0.001), with allover higher values in subjects with 

presence of HT (F=9.400, p=0.004) and the response was 

affected by HT diagnosis (time x HT diagnosis F=3.746, 

p=0.028), with no effect of obesity. Noradrenaline 

concentrations increased in all subjects in response to the 

Stroop test in time (F=24.683, p<0.001) and there was a 

significant time x HT diagnosis interaction (F=4.769, 

p=0.016), without effect of obesity. 

Because of a relatively high variability of the 

values as well as the differences in baseline blood 

pressure, the results were evaluated also in the form of 

stress-induced increases (value immediately after stress 

procedure minus value before the test, ). This approach 

revealed a significant main effect of the factor obesity for 

 SBP (F=4.105, p=0.049). The stress-induced increase 

in SBP was lower in obese subjects compared to that in 

lean individuals irrespective of the HT diagnosis (Fig. 3). 

No significant differences were observed in stress-

induced changes in the DBP (Fig. 3) and HR (data not 

shown). Exposure to mental stress task induced 

significant changes in noradrenaline concentrations. Two-

way ANOVA showed a significant main effect of HT 

diagnosis on  noradrenaline (F=6.543, p=0.014) without 

significant effect of obesity. The HT patients had higher 

 noradrenaline than the normotensive controls. In the 

case of  adrenaline, the exposure to mental stress 

induced similar responses in all groups (Fig. 3). 

 

 
 
Fig. 3. Delta of SBP, DBP, adrenaline and noradrenaline induced by mental stress. SBP – systolic blood pressure, DBP – diastolic blood 
pressure, HT dg – hypertension diagnosis, C – healthy controls with BMI25 kg/m2, HT– patients with hypertension and BMI25 kg/m2, 
HT OB – patients with hypertension and BMI30 kg/m2, OB – obese otherwise healthy subjects with BMI30 kg/m2 
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Table 2. HRV responses to the mental stress task (unadjusted means ± SEM). 
 

 
C 

(n=13) 

HT 

(n=8) 

OB 

(n=14) 

HT OB 

(n=10) 

lnLF pre-Stroop (ms2) 7.7 ± 0.7 6.9 ± 0.9 7.2 ± 0.9     6.6 ± 0.7** 

lnLF post-Stroop (ms2) 8.0 ± 0.6 6.9 ± 0.9 7.3 ± 0.8 6.7 ± 0.7 

lnHF pre-Stroop (ms2) 6.9 ± 1.3 5.7 ± 1.2 6.0 ± 1.5 5.6 ± 0.5 

lnHF post-Stroop (ms2) 7.1 ± 1.1 5.7 ± 1.1 5.9 ± 1.3 5.7 ± 1.1 

LF/HF pre-Stroop 3.2 ± 2.6 3.9 ± 2.6 5.4 ± 4.3 3.0 ± 1.1 

LF/HF post-Stroop 2.9 ± 1.6 3.7 ± 1.9 5.6 ± 4.5 3.2 ± 1.6 

 
lnLF – low frequency power, lnHF – high frequency power, C – healthy controls with BMI25 kg/m2, HT – patients with hypertension 
and BMI25 kg/m2, HT OB – patients with hypertension and BMI30 kg/m2, OB – obese otherwise healthy subjects with BMI30 kg/m2. 
** p<0.01 versus appropriate C 
 
 

The statistical analysis with repeated measures 

showed a significant main effect of time (F=36.0, 

p=0.012) and HT diagnosis (F=9.970, p=0.003) for the 

LF domain of HRV. The values of LF were lower in 

HTOB patients as compared to C group (p=0.007). 

The parameters of the heart rate variability 

LFnu, HF power, HFnu and LF/HF ratio did not change 

during the stress test (Table 2). There were no significant 

main effects of HT diagnosis, obesity or their interaction. 

Pearson’s correlations were computed to 

determine relationship between the parameters measured. 

BMI positively correlated with SBP (r=0.311; p=0.037) 

and negatively with  SBP (r=−0.393, p=0.008). 

Similarly BF% positively correlated with SBP (r=0.325, 

p=0.029). 

Positive correlations were found between 

baseline HR and adrenaline (r=0.487, p=0.001) and 

between HR and adrenaline at the end of the stress 

procedure (r=0.373, p=0.012). SBP at the end of the 

mental stress task correlated positively with adrenaline 

(r=0.443, p=0.002) and noradrenaline (r=0.377, p=0.011) 

and  SBP positively correlated with  noradrenaline 

(r=0.462, p=0.001). Change in HRxSBP product 

correlated with  noradrenaline (r=0.452, p=0.002). 

 

Discussion 
 

 The present study demonstrated enhanced 

noradrenaline release in response to mental stress in 

young untreated patients in early stage of HT compared 

to that in healthy controls. Patients with HT had increased 

adrenaline concentrations at baseline as well as during the 

mental stress test. In obese subjects, baseline SBP was 

higher than in non-obese subjects independently on HT 

and the stress-induced increase of SBP was lower 

compared to that in the lean individuals. Accordingly, 

 SBP negatively correlated with BMI. Obesity in 

patients with HT did not lead to a different response of 

BP or catecholamine levels in comparison to lean HT 

subjects, therefore does not have additive effect on 

sympathoadrenal activity. Thus, our working hypothesis 

was not confirmed.  

Under baseline, non-stress conditions, the 

patients with HT exhibited increased concentrations of 

plasma adrenaline compared to normotensive subjects 

(without any influence of obesity) suggesting enhanced 

sympathetic activation. Goldstein (1983) performed 

analytical review and no consensus emerged about 

whether patients with essential HT showed abnormal 

sympathetic activity as indicated by plasma 

catecholamine levels. More recently, there are reports 

showing differences in baseline catecholamine 

concentrations consistent (Penesova et al. 2008, Canale et 

al. 2013) as well as inconsistent (Sherwood et al. 1995, 

Flaa et al. 2006) with the sympathetic overactivity in HT 

demonstrating that this issue is not fully understood until 

now. Our results are in support of higher 

sympathoadrenal activity in early stage HT. 

 Exposure to the mental stress in the form of 

Stroop test induced similar increases in SBP, DBP, HR 

and plasma adrenaline in all groups of volunteers. These 

results are in agreement with the data reported by other 

authors using the same mental stress model (Lindqvist et 

al. 1993, Tsai et al. 2003). In contrast, several studies 

using other models of mental stress (Kohler et al. 1997, 

Palatini et al. 2011) revealed an enhanced BP reactivity 

in patients with hypertension. In the present study 

however the sympathetic overactivity of HT patients was 
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manifested by augmented noradrenaline response to the 

Stroop test, which is in support of the results of Perini et 

al. (1990) obtained in a study with imbalanced number of 

subjects in the normotensive and HT groups. 

 Obese subjects of the present cohort exhibited 

higher baseline SBP but surprisingly lower responses of 

the SBP to the mental stress task compared to the lean 

individuals. The lower reactivity to mental stress task is 

in discrepancy with the generally accepted opinion on the 

sympathetic overdrive in obesity (Smith and Minson 

2012), however, both enhanced (Canale et al. 2013) and 

low sympathetic activity (Messina et al. 2013) were 

reported. It is possible that these inconsistent findings are 

the result of the combination of higher basal levels of 

SBP with lower reactivity to stress stimuli. We may 

hypothesize that unspecific stress effects, which could 

remain unrecognized, might have contributed differently 

to the measures in individual studies. Phillips and 

colleagues (2012) provided additional support for the 

hypothesis that the blood pressure stress reactivity is 

lower rather than higher in subjects with obesity. The 

present results are encouraging further research to search 

for conditions and mechanisms under which adiposity is 

related to enhanced and under which conditions with 

lower sympathetic activity. This would help to find 

appropriate targets for better prevention and treatment of 

obesity. 

 The mental stress task in the form of Stroop test 

induced a significant rise in the lnLF of the HRV in the 

whole sample. This finding represents an enlargement of 

the observation of an increase in this parameter during the 

Stroop test in young healthy volunteers of both genders 

(Visnovcova et al. 2014).  

 Studies of the relationship between BMI and 

HRV have reported conflicting results, but to our 

knowledge, there are no studies on changes in the HRV in 

response to the Stroop test in obese subjects. There is 

only one recent study using a mental stress (arithmetic 

stressor) combined with a physical exercise (Mehta 2014) 

with consistent results on LF/HF ratio in obese subjects. 

Present findings indicate that the presence of obesity has 

no effect on cardiac sympatho-vagal balance in 

hypertension. The mechanisms responsible for the 

induction of sympatho-vagal dysbalance by obesity in 

normotensive subjects remains to be elucidated. 

 The limitations of the present study include the 

measurement of plasma catecholamines in venous and not 

in arterial blood which is considered to be a better mirror 

of adrenaline and noradrenaline secretion. The small 

number of patients is counterbalanced by the careful 

diagnosis and selection of the patients and their controls. 

In conclusion, our results are in support of 

higher sympathoadrenal activity in early stage HT 

manifested by augmented noradrenaline response to the 

mental stress test and overall higher adrenaline levels. 

The present data further demonstrate that obesity does not 

have any additional effect on sympathoadrenal activity, 

however obesity is connected with higher systolic blood 

pressure and modifies the HRV response to mental stress. 
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