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A b s t r a c t

Objective: To test the hypothesis that in young, 
normotensive obese subjects, physical activity at a fixed, 
moderate workload, causes a more pronounced hypertensive 
effect than in lean subjects.
Patients and methods: 24 subjects (12 with BMI >30 kg/m2, 
12 with BMI <25 kg/m2), underwent a moderate-intensity 
physical activity protocol (cycling at 100 W). Blood pressure 
and oxygen consumption were monitored continuously. 
Results: In the obese subjects, physical activity caused a 
more pronounced increase in both systolic blood pressure 
(increase of 40.4 ± 15.3 mmHg vs 21.2 ± 10.2 mmHg in 
lean subjects; p=0.001) and diastolic blood pressure (17.5 ± 
17.9 mmHg vs 3.2 ± 8.1 mmHg in lean subjects; p=0.02). 
In regression analyses, these differences were only partly 
explained by small differences in resting blood pressure.
Conclusion: Healthy obese subjects show an enhanced 
prohypertensive response of both systolic and diastolic 
blood pressure to moderate-intensity physical activity.
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I n t r o d u c t i o n

Epidemiological studies demonstrate a close association 
between obesity and increased blood pressure, and 
hypertension is considered to be a major contributor to 
cardiovascular risk in obese subjects.1 The association 
between the degree of obesity and blood pressure appears to 
be linear and extends into the non-obese range of the body 
mass index (BMI).2 Although the strength of the association 
between obesity and blood pressure varies among different 
racial and ethnic groups,3-6 estimates obtained from 
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the Framingham Heart Study suggest that overweight 
contributes to the aetiology of ‘essential’ hypertension 
in 75% of hypertensive males and 65% of hypertensive 
females.7 Hence, a sharp increase in the incidence of 
hypertension can be anticipated as a consequence of 
the unfolding obesity pandemic. Studies have identified 
multiple alterations in homeostatic mechanisms acting 
simultaneously to increase blood pressure. The main factors 
appear to be increased sympathetic nervous system activity 
in renal and peripheral soft tissues, and increased activity 
of the renin-angiotensin-aldosterone system.8 Even in 
young, normotensive obese subjects, subtle prohypertensive 
alterations of this kind can be observed already.8 
An understudied aspect of obesity-related hypertension is 
the role of physical activity. Any degree of physical activity 
increases (mainly systolic) blood pressure.9 Given that 
several prohypertensive homeostatic alterations are present, 
even in young, normotensive obese subjects, physical activity 
could conceivably cause a more pronounced hypertensive 
effect in obese subjects. From a clinical perspective, this 
could be relevant, as it would imply that office blood 
pressure under resting conditions would underestimate the 
daily blood pressure load in obese individuals more than 
in lean individuals, particularly in physically active people. 
In addition, a recent study demonstrated that the increase 
in diastolic blood pressure during low-intensity exercise 
is an independent predictor of incident cardiovascular 
disease.10 Under experimental conditions of local exercise 
(i.e. handgrip test), a more pronounced blood pressure 
increase to physical stress tests has indeed been shown 
in obese children11 but the results of similar studies in 
adults are more unequivocal.12,13 Previous experimental 
studies have been limited by the fact that physical stressors 
often did not resemble normal daily activities, such as 
walking, cycling, etc. Some studies using ambulatory blood 
pressure measurements combined with accelerometry have 
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observed a higher reactivity of blood pressure to regular 
daytime physical activity in obese subjects.14,15 However, 
subjects in these studies were relatively old, and many were 
hypertensive and/or used antihypertensive medication. 
Also, physical activity estimated by accelerometry may be 
an inaccurate reflection of actual workload, particularly in 
subjects with marked differences in BMI who engage in 
both weight-bearing and non-weight-bearing activities. 
Given the uncertainty as to whether obesity causes an 
enhanced hypertensive response to ‘normal’ physical 
activity, we studied, in normotensive subjects, the 
influence of obesity on blood pressure response to cycling; 
a non-weight-bearing, everyday type of physical activity. 
During cycling, the level of exercise was standardised at 
a moderate, fixed workload of 100 W. We hypothesised 
that, even at this matched workload level, obesity would be 
associated with an enhanced blood pressure increase.

M e t h o d s

Study subjects
Subjects were recruited by advertisement in local 
newspapers and from university personnel. Subjects 
were eligible for inclusion if they were Caucasian, 
between 18 and 35 years old, and if they were either 
obese (BMI >30 kg/m2) or normal weight (BMI <25 
kg/m2). Exclusion criteria were: hypertension (systolic 
blood pressure (SBP) ≥140 mmHg and/or diastolic blood 
pressure (DBP) ≥90  mmHg), a history of smoking, use 
of liquorice products, history or any sign of cardiac, 
pulmonary, endocrine or renal disease, and use of any type 
of medication apart from oral contraceptives. Obese and 
lean subjects were matched for age, sex, and daily physical 
activity level, which we estimated in two different ways:
1. 	 The NASA/Johnson Space Center Physical Activity 

Rating (PA-R)16 
2. 	A simple, locally developed questionnaire on physical 

activity during commuting and leisure time (including 
sports) in metabolic equivalents (MET) hours per week.

Maximum oxygen consumption (VO
2
) was calculated 

using the N-Ex BMI model,16 in order to be able to assess 
whether lean and obese subjects were active at the same 
level relative to their estimated VO

2max
 and VO

2max
/kg body 

weight. Each participant gave written informed consent. 
The local ethics committee approved the study.

Protocol
All subjects were asked to refrain from strenuous exercise 
for 24 hours prior to the study. Food intake was restricted 
to a light meal four hours prior to testing, which was 
performed between 1 and 5 pm.
After arrival in the test room, there was a 30-minute resting 
and acclimatisation period. Subjects then took position on 

a home trainer bicycle (Lode, Groningen, the Netherlands), 
wearing light clothes only. The test comprised five minutes 
adaptation (t=-10 to t=-5), five minutes of baseline recording 
(t=-5 to t=0) and ten minutes of cycling (t=0 to t=10) at a 
workload of 100 Watt.
During the test, heart rate (HR) and continuous analysis 
of blood pressure were monitored using beat-to-beat finger 
pulse wave analysis (Finapres Medical Systems, Amsterdam, 
the Netherlands). The hand was held at a fixed position (arm 
rest bar of bicycle) relative to the level of the heart. VO

2 
was 

monitored by breathing through a mouth piece connected 
to a metabolic computer (Viasys, Los Angeles, USA) 

Data analysis
Baseline SBP, DBP, HR and VO

2
 was defined as the mean of 

measurements taken during the baseline recording period 
(t=-5 to t=0 minutes). DBP, HR and VO

2
 turned out to be 

relatively stable during t=1 to t=10 minutes into the cycling 
phase. Therefore, the mean of measured values taken during 
this period was calculated to assess the changes between 
rest and physical activity. Mann-Whitney-U tests and general 
linear model analysis were performed to test for differences 
between the two groups. Multiple regression analysis was 
performed to adjust observed differences in blood pressure 
response between BMI categories for baseline blood pressure. 
Analyses were done with SPSS 16.0 for windows.

R e s u l t s

Baseline characteristics of included subjects are 
summarised in table 1. Both groups were well matched 
with respect to age, gender and estimated level of physical 
activity. As expected, baseline blood pressure was somewhat 
higher in the obese group. As expected, estimated absolute 
VO

2max
 was higher in obese, and VO

2max 
/kg was higher in 

lean subjects (table 1).

Table 1. Baseline characteristics

Obese (12) Lean (12)

Sex (male/female) 5/7 5/7

Age (years) 24.1 ± 4.6 24.0 ± 1.8

BMI (kg/m2) 34.8 ± 2.6 21.8 ± 1.6

SBP (mmHg) 128 ± 11.7 120 ± 11.9

DBP (mmHg) 77 ± 8.5 70 ± 9.1

Heart rate (beats/min) 78 ± 7.1 72 ± 9.1

Daily activity (MET hrs/week) 22.1 ± 16.8 24.6 ± 16.9

Average PA-R rating (arbitrary units) 3.5 ± 1.1 3.7 ± 1.1

Predicted VO
2max

 (l/min) 3.37 ± 1.08 2.94 ± 0.63

Predicted VO
2max

/kg (ml/kg/min) 32.4 ± 7.8 42.5 ± 7.4

Data are presented as mean ± SD. BMI = body mass index; SBP  = 
systolic blood pressure; DBP = diastolic blood pressure; MET = 
metabolic equivalents, VO2 = oxygen consumption; VO2max/kg predic-
tion by N-Ex BMI.16



344

s e p t e m b e r  2 0 0 9 ,  v o l .  6 7 ,  n o  8

In response to physical activity at the fixed 100 W workload, 
the increase in SBP and DBP was significantly more 
pronounced in obese vs lean subjects (table 2; figures 1 and 
2). In the obese, SBP tended to decrease slightly after a 
maximum reached during t=2 to t=4 minutes, whereas SBP 
recovered almost completely in lean individuals (figure 1). 
The increase in SBP was significantly (p<0.02)  more 
pronounced in obese vs lean subjects at all time points after 
t=1 min (figure 1). DBP returned to values close to baseline 
values after eight minutes in lean subjects, but remained 
elevated in the obese (figure 2). The increase in DBP was 
significantly (p<0.02) more pronounced in obese vs lean 
subjects during the full exercise period (figure 2).
The activity-induced changes in heart rate were similar 
for both groups (table 2). Absolute VO

2
 during cycling was 

higher (p=0.01) in obese subjects, in contrast to VO
2
/kg 

which was higher (p=0.01) in lean subjects (table 2). Both 
groups were active at a comparable level relative to their 
predicted VO

2max
 (table 2).

Multiple regression analysis revealed that the difference 
in SBP response to exercise was not explained by baseline 
blood pressure differences. The increased DBP response 
in obese subjects was only partially explained by higher 
baseline DBP. After adjustment for baseline DBP, the 
difference in DBP response between obese and lean 
subjects was reduced from 14.3 to 9.5 mmHg. Additional 
analyses showed that the differences in DBP and SBP 
response to exercise were not explained by differences in 
baseline heart rate or heart rate increase during activity.

D i s c u s s i o n

This study demonstrates that healthy obese subjects show 
an enhanced response of both SBP and DBP to a fixed, 
moderate level of physical activity. 
The physiological response to moderate physical activity 
consists of an increase in SBP and a stable or minor decrease 

Table 2. Changes in haemodynamic parameters and oxygen consumption during physical activity (t=1 to t=10 minutes) 
in obese versus lean subjects

Obese Lean P value

Δ SBP (mmHg) 40.4 ± 15.3 21.2 ± 10.2 0.001

Δ DBP (mmHg) 17.5 ± 17.9 3.2 ± 8.1 0.02

Δ HR (beats/min) 42.8 ± 19.2 36.9 ± 25.2 0.7

Δ VO
2
 (l/min) 1.3 ± 0.3 1.2 ± 0.2 0.2

Peak VO
2
 during test (l/min) 1.8 ± 0.5 1.5 ± 0.2 0.01

Peak VO
2
/kg during test (ml/kg/min) 17.5 ± 3 22 ± 2.5 0.01

(peak VO
2
/kg during test)/(VO

2max
/kg) 0.56 ± 0.14 0.53 ± 0.13 0.55

Data are presented as mean ±SD. SBP = systolic blood pressure; DBP = diastolic blood pressure; HR = heart rate; VO2 = oxygen consumption; VO2max/kg 
prediction by N-Ex BMI.[16) P values by Mann-Whitney test.

Figure 1. Time trends in systolic blood pressure response 
to moderate physical activity in lean and obese subjects
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Figure 2. Time trends in diastolic blood pressure response 
to moderate physical activity in lean and obese subjects
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in DBP.9 Several recent studies, using ambulatory blood 
pressure measurements combined with accelerometry, have 
shown a correlation between mean daytime blood pressure 
and daily physical activity level.14,15,17,18 Some studies have 
shown a more pronounced blood pressure increase to such 
daily activities in obese subjects,14,15 whereas others did not 
observe such a difference.18 Other factors that have been 
found to affect blood pressure response to physical activity 
include age and gender.18 However, in all these studies, 
the actual workload associated with physical activity was 
not measured, and it is possible that the more pronounced 
blood pressure response to physical activity as assessed 
by accelerometry in the obese was the result of a higher 
workload, for example during weight-bearing activities such 
as walking, climbing stairs, et cetera. 
We did not study the underlying mechanism for the 
increased blood pressure response to exercise in obesity. As 
outlined in the introduction, a variety of prohypertensive 
alterations in blood pressure homeostasis are found in 
obese people, even when they are normotensive. Increased 
sympathetic nervous system activity and activation of 
the renin-angiotensin-aldosterone axis are amongst the 
mechanisms that act together to increase peripheral 
vascular resistance and promote sodium retention. 
Increased muscle neurovascular sympathetic tone has 
in fact been demonstrated to impair the physiological 
exercise-induced decrease in peripheral vascular resistance 
in obese children and adults.11,12 In addition to the disturbed 
neurovascular response to exercise, increased central 
arterial stiffness associated with obesity may play a role in 
the blood pressure response to physical activity.19 Previous 
studies suggested that increased cardiac output is unlikely 
to contribute to the difference in blood pressure response to 
physical and mental stressors11 although we did not find any 
studies actually measuring cardiac output in this context. 
It is unlikely that our findings would be explained by 
obese subjects being physically active at a higher relative 
level compared with the lean controls. Firstly we matched 
subjects for daily physical activity level, thus avoiding 
selection of inactive obese individuals. Secondly, the heart 
rate increase between both groups was similar. Finally, 
with respect to oxygen uptake, it is well established that 
VO

2max 
increases with BMI, but VO

2max 
/kg body weight 

is lower in obesity.20 In our study, oxygen consumption 
relative to calculated maximum oxygen uptake was virtually 
identical in both groups. 
Our study is limited by the relatively small number of 
included subjects, and thus requires confirmation in a 
larger study. Such studies should also focus on the possible 
role of the degree of obesity and the obesity phenotype 
(e.g. central vs peripheral obesity). In addition we have 
not physically determined VO

2max
, but instead used a 

prediction model, which may be less precise. However, as 
outlined above, several additional arguments suggest that 

exercise level was similar in both study groups. Finally, the 
increase in heart rate during exercise may increase finger 
blood pressure disproportionally, causing overestimation 
of the systemic blood pressure increase.21 However, this 
phenomenon has not been reported to be more outspoken 
in obese subjects, and mainly applies to systolic blood 
pressure, whereas diastolic blood pressure also increased 
more markedly in obesity. Statistical adjustment for heart 
rate differences did not affect our findings. Nonetheless, 
a definitive study using intra-arterial blood pressure 
measurement would reduce any theoretical element of 
confounding by the measurement technique. 
Finally, although blood pressure changes were directionally 
similar in most lean and obese individuals, the degree 
of interindividual variation is substantial (see standard 
deviations table 2), precluding generalisation of our 
findings to all obese individuals.

C o n c l u s i o n s

Our findings have potential relevance for how we should 
interpret blood pressure measurements in obese subjects. 
An enhanced blood pressure increase in response to 
moderate physical activity in obese subjects would imply 
that resting blood pressure underestimates the daily 
blood pressure load more in obese than it does in lean 
people, particularly in circumstances of a high daily 
physical activity level. In such patients, ambulatory 
blood pressure monitoring during periods of daily 
physical activity may provide information relevant for 
cardiovascular risk stratification. This is supported by a 
recent study identifying diastolic blood pressure during 
low-intensity exercise as an independent predictor for 
incident cardiovascular disease.10 As weight loss is an 
effective means of resting blood pressure reduction22 and 
is associated with improvement of sympathetic muscle 
nerve overactivity,11,13 weight loss may well normalise the 
enhanced blood pressure response to physical activity in 
obese individuals.
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