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Effects of weight on blood pressure at rest
and during exercise

Andreas Wolfgang Schoenenberger>?, Renate Schoenenberger-Berzins3, Paolo Mirco Suter* and Paul Erne?

Body weight (BW) and blood pressure (BP) have a close relationship, which has been accounted for by hormonal changes.

No previous study has evaluated the effect of wearing an external weight vest on BP to determine whether there is a simple
mechanism between BW and BP. Seventeen healthy volunteers underwent weight reduction (WR) through caloric restriction.
Before and after WR, BW, body fat percentage and BP at rest and during exercise were measured. Before and after WR,
exercise testing was performed twice with the random allocation of a weight vest (10 kg) during one of the tests. Linear
regression was used to detect independent associations between BP and the weight vest, BW and body fat percentage.

BW decreased from 89.4 + 15.4 kg to 79.1 + 14.0 kg following WR (P<0.001). WR led to significant decreases in BP at rest
(from 130.0/85.9 mmHg to 112.5/77.8 mm Hg, P<0.001 for systolic and diastolic BPs) and during exercise. The weight vest
significantly increased BP at rest (to 136.1/90.7 mm Hg before and 125.8/84.6 mm Hg after WR) and during exercise. Linear

regression analysis identified an independent association between the weight vest and BP (P=0.006 for systolic BP and
P=0.009 for diastolic BP at rest). This study demonstrates that wearing an external weight vest has immediate effects on
BP at rest and during exercise independent of BW or body fat. More research is needed to understand the physiological

mechanisms between weight and BP.
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INTRODUCTION
An increased body weight (BW) is an established risk factor for
hypertension, and BW reduction is associated with a decrease in
blood pressure (BP) at rest and during exercise.' The precise patho-
physiologic mechanisms leading to an increased BP with weight
gain have not been elucidated and are still a matter of debate.®~1¢
Some studies have provided evidence that obesity activates the renin—
angiotensin—aldosterone system, leading to increased renal sodium
retention and increased peripheral vascular resistance.’!! Other
studies have shown that overweight and obesity are associated
with increased activity of the sympathetic nervous system, thus
contributing to a higher BP in obese subjects.!?"1¢

To the best of the authors’ knowledge, no previous study has
attempted to determine whether there is an immediate effect of
weight on BP at rest or during exercise. Therefore, this study
evaluated the effects of a diet-induced moderate weight reduction
(WR) and an additional weight load created by wearing an external
weight vest before and after WR on BP at rest and during exercise in
healthy volunteers. The main hypothesis of this study was that an
additional weight load created by wearing an external weight vest
leads to an immediate increase in BP at rest and during exercise.

METHODS

Study population

Volunteers with an age >25 years who were willing to lose weight were eligible
for participation in this cross-over intervention study. Patients with severe
hypertension (=180 mmHg systolic BP and/or >110mm Hg diastolic BP),
patients with a history of cardiovascular events or severe pulmonary disease,
and patients unable to perform exercise tests were excluded. Therefore, the
study population was expected to be middle-aged, moderately overweight and
rather healthy with a low cardiovascular risk profile. The study was approved
by the local ethics committee (application no. 985, Lucerne, Switzerland).
All study participants provided written informed consent.

Baseline examination

All study participants underwent a baseline examination before WR. Patient
history was assessed, including cardiovascular risk factors and medication.
Weight and height as well as waist and hip circumference were measured, and
the body mass index was calculated based on the measured weight and height
(kgm=2). Body composition was determined using bioelectric impedance (BF
300, Omron Healthcare, Kyoto, Japan) to measure the body fat percentage.
Resting BP and heart rate were measured using the oscillometric method with
an automated system (BP-200 Plus, Schiller, Baar, Switzerland). For the
measurement, the study participant was placed on a chair in a sitting position,
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and an appropriately sized cuff was placed around the upper arm at
approximately the level of the heart. BP measurement was only started after
2 min of rest and was repeated three times on each arm. For the purpose of this
study, the mean systolic and diastolic BPs of all six measurements (of three
measurements on each arm) were used.

At baseline before WR, all study participants underwent two subsequent
bicycle exercise tests with a fully automated system (Cardiovit CS-200,
Schiller). One of the two exercise tests was performed while the participants
were wearing an additional weight load of 10kg with the use of an external
weight vest (Sport-Thieme, St Gallen, Switzerland). A weight load of 10 kg was
chosen to correspond approximately to the expected weight loss after WR. The
weight vest was randomly allocated to the first or second exercise test using a
computer-generated random number. Otherwise, the protocol was identical
during the two exercise tests. The exercise test was performed in an upright
position. Workload was increased using a linear ramp protocol by 25 Wmin™!
to the maximal tolerated level. Therefore, participants with higher exercise
capacity required more time to attain maximal strain than participants with
lower exercise capacity. To measure BP, the Cardiovit system is equipped with
an automated oscillometric device (BP-200 Plus, Schiller) that also analyzes
Korotkoff sounds triggered by the QRS complex, a method with proven
validity for BP measurement during exercise.!” An appropriately sized cuff was
placed around the upper left arm. For the purpose of this study, systolic and
diastolic BPs were measured at rest, after 3 min of strain, at maximal strain and
after 2 min of recreation following maximal strain. All these BP measurements
were taken with the participant remaining seated on the bicycle.

All study participants underwent resting electrocardiography. Study parti-
cipants also underwent 24-h acoustic cardiography (Audicor, Inovise Medical.,
Portland, OR, USA).!'%1° This diagnostic technique simultaneously records
electrocardiography and cardiac acoustic data. The time interval from the onset
of the QRS to the peak intensity of the first heart sound is termed the
electromechanical activation time and is prolonged in systolic heart failure.

Weight reduction

After the baseline examination, all participants received nonspecific dietary
counseling regarding strategies for achieving a negative energy balance through
dietary means. Counseling was performed by physicians. The aim of the
dietary intervention was to achieve a negative energy balance to attain the
planned WR of >5% of the baseline BW. The recommended dietary strategies
were either a reduction of the caloric intake by eating less from all substrates
(no specific diet was prescribed), a protein-sparing modified fast or a
combination thereof. To facilitate individual implementation of the dietary
recommendations, no fixed caloric restrictions were prescribed, but the
principles of an energy- and substrate-reduced diet (primarily carbohydrates
and fat) were provided. Only the aimed long-term energy deficit (that is,
7000 kcalkg™! weight loss) was explained to the participants; no specific
recommendations were made. Protein-sparing modified fast counseling
entailed an individualized maximally tolerable reduction of carbohydrate
and fat intake and an adequate intake of protein (that is, 10g of protein per
10kg of ideal BW) from low-fat dietary protein sources (lean meat, lean fish,
eggs, milk and milk products). Salad and vegetable intake was not controlled,
with the exception of low-fat preparation techniques. If a participant strictly
followed the protein-sparing modified fast regimen, he ingested between 700
and 900kcalday™' (macronutrient ratio of protein/fat/carbohydrates was
approximately 50%/20-30%/20-30%). Some participants ate a normal lunch
and a protein-sparing modified fast-conforming dinner to enhance lipid
oxidation during the night time period. All other lifestyle factors (for example,
exercise, smoking and alcohol consumption habits) were maintained at the
usual level. No specific recommendations regarding sodium intake were
provided.

The participants were invited to the follow-up examination 12 weeks after
dietary counseling. If they failed to achieve their target weight, additional
dietary and motivational counseling was offered, and the follow-up examina-
tion was postponed for 12 weeks. After 24 weeks, all study participants were
invited to the follow-up examination regardless of whether they had success-
fully reduced their weight. Before the follow-up examination was performed,
a weight stabilization period of at least 2 weeks was obligatory. During this
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stabilization period, the participants ate a mixed diet according to their energy
needs (that is, energy intake corresponded to the energy requirements).
Through this stabilization period, a theoretical effect of the diet on BP and
other measured parameters on the test day was minimized.

Follow-up examination

The follow-up examination was identical to the baseline examination and
comprised measurements of BP, heart rate, weight and fat mass. Identical to
the baseline examination, two subsequent exercise tests were performed with
random allocation of an external weight vest to one of the two tests.

Statistical methods

Data were analyzed using Stata software (Stata 11.2, StataCorp LP, College
Station, TX, USA). A P-value <0.05 was considered significant. For
continuous variables, means and s.d. are provided. For two-group compar-
isons, Student’s t-test was used after confirming a normal data distribution.
The Mann—-Whitney rank-sum test was used for non-normally distributed
continuous variables. Distributional differences between categorical variables
were assessed using the 12 test and Fisher’s exact test. Changes in BP, BW and
body fat percentage between the baseline and follow-up examinations were
calculated. Multiple linear regression models were used to evaluate associations
between systolic BP, diastolic BP or heart rate (dependent variables) and
independent variables (wearing a weight vest, BW and body fat percentage). An
a priori sample size calculation was performed based on data from a previous
study.” To detect a change in BP between baseline and follow-up at a
significance level of 5% and a power of 80%, 11 study participants were
required for systolic BP at rest, 17 study participants for diastolic BP at rest,
9 study participants for systolic BP at maximal strain and 28 study participants
for diastolic BP at maximal strain. To detect a 10% change in BP with and
without wearing a weight vest (assuming that the s.d. corresponds to 10% of
the measured BP values), eight study participants were needed at a significance
level of 5% and a power of 80%.

RESULTS

Of all eligible volunteers who were asked to participate in the study,
four were excluded (three refused study participation and one had a
history of a cardiovascular event) (Figure 1). Twenty-three volunteers
underwent the baseline examination. Six volunteers failed to lose

Eligible volunteers asked for study
participation

(N=27)
Excluded (N = 4):
> - Refused study participation (N = 3)
- History of cardiovascular event (N = 1)
h 4

Volunteers who gave informed consent
and completed baseline examination

(N=23)
> Failed to lose weight (N = 6)
v
Study participants who completed study
protocol
(N=13F)

Figure 1 Flowchart.



Table 1 Baseline characteristics

Characteristics Study participants (N=17)

Age, years 45.0+£9.5
Female sex, n (%) 8 (47.1)
Height, cm 172.0+9.3
Weight, kg 89.4+15.4
BMI, kgm2 30.3+5.3
Waist-to-hip ratio 0.91+0.07
Body fat percentage, % 31.1+7.7
BP2, mmHg

Systolic 134.5+14.1

Diastolic 89.7+10.2
Heart rate, beats min-! 76.2+10.1
Cardiovascular risk factors

Hypertension, n (%) 3(17.7)

Dyslipidemia, n (%) 1 (5.9)

Diabetes, n (%) 0 (0.0)

Smoker®, n (%) 7 (41.2)

Current 1 (5.9)

Family history of CAD, n (%) 3(17.7)
Medication

ACE inhibitor, n (%) 1 (5.9)

Statin, n (%) 1 (5.9)
Electrocardiogram

Heart rate, beats min—! 69.3+8.1

PQ duration, ms 163+25

QRS duration, ms 90+12

Abbreviations: ACE, angiotensin-converting enzyme; BMI, body mass index; BP, blood pressure;
CAD, coronary artery disease.

2Mean resting BP from the three measurements on each arm of the sitting participant.
bFormer or current smoker.

weight, resulting in 17 study participants who completed the study
protocol.

The baseline characteristics of the study participants are shown in
Table 1. The mean age was 45.0 £ 9.5 years (range 27.0-59.2 years).
Nearly half of the study participants (47.1%) were female. The mean
body mass index was 30.3 + 5.3 kgm™ (range 20.5-41.9kgm™2). The
prevalence of cardiovascular risk factors was low, and only one study
participant was on a prescription for an antihypertensive drug
(Table 1). There were no significant differences in baseline character-
istics between the study participants and the six volunteers who failed
to lose weight.

Changes in measurements between baseline and follow-up
Between baseline and follow-up, weight decreased from 89.4 + 15.4 kg
to 79.1 £14.0kg (P<0.001). The mean WR was 10.4 £ 2.9kg (range
5-15kg), corresponding to a relative WR of 11.7% (range 6.9-15.7%).
Accordingly, the body mass index decreased from 30.3 + 5.3kgm™ to
26.7+4.7kgm™ (P<0.001), and the body fat percentage decreased
from 31.1%7.7% to 26.3+8.5% (P<0.001). Waist circumference
decreased from 101.8%+12.2cm to 92.2+11.9cm (P<0.001) and
the waist-to-hip ratio decreased from 0.91+0.07 to 0.88%0.07
(P<0.001).

The mean resting BP from the three measurements on each
arm of the sitting participants decreased from 134.5+ 14.1 mm Hg
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to 123.0£109mmHg for systolic BP (P<0.001) and from
89.71+10.2mmHg to 83.6 £ 7.5 mm Hg for diastolic BP (P<0.001).
The mean systolic BP decrease was 11.4+7.1 mmHg (range 1.1-
22.3mmHg), corresponding to a relative systolic BP reduction of
8.2% (range 1.0-16.0%). The mean diastolic BP decrease was
6.1+ 5.7mm Hg (range 3.7-15.9 mm Hg), corresponding to a relative
diastolic BP reduction of 6.5% (range 4.8-14.6%).

The BP and heart rate measurements during the bicycle exercise
tests at baseline and follow-up are shown in Table 2. BW reduction
was associated with significant decreases in BP at rest and during
exercise regardless of whether the study participant was wearing an
external weight vest. Effects of BW reduction on heart rate were less
evident. Wearing a weight vest was associated with significant
increases in systolic and diastolic BP at rest and during exercise
before and after WR, whereas there was no evidence of an effect on
heart rate. Figure 2 shows the systolic and diastolic BPs before and
after WR and with and without an external weight vest, respectively.
Wearing an external weight vest after WR led to systolic and diastolic
BPs comparable to the BP values found without a weight vest before
WR. The maximally achieved strain during bicycle exercise testing was
similar before and after BW reduction: without an external weight
vest, 206 + 47 W at baseline vs. 209 + 51 W at follow-up (P =0.400);
with an external weight vest, 205 = 46 W at baseline vs. 206 £ 47 W at
follow-up (P=0.835).

Between baseline and follow-up, heart rate during the resting
electrocardiography significantly decreased from 69.3 £ 8.1 beats min™
to 63.8+7.9beatsmin~! (P=0.002). The PQ duration decreased
from 163 £25ms to 158 £27ms (P=0.07), and the QRS duration
decreased from 90 £ 12 ms to 89+ 11 ms (P=0.03). The QT duration
significantly increased from 377 £ 20 ms to 390 £ 20ms (P = 0.008).

The 24-h electrocardiography recording revealed that the heart rate
reduction after WR was predominantly a reduction of resting heart
rate and heart rate during sleep (heart rate during sleep decreased
from 66.2+7.2beatsmin™! to 62.8+6.6beatsmin~!, P=0.045),
whereas heart rate during the daytime remained unchanged
(77.5+ 7.8 beatsmin™! before and 76.5+9.3beatsmin™! after WR,
P=10.65). No significant change in the electromechanical activation
time was found.

Associations of independent variables with BP and heart rate

The associations of the independent variables (wearing a weight vest,
total BW and body fat percentage) with BP and heart rate during
bicycle exercise testing in a multiple linear regression are shown in
Table 3. There was strong evidence for an association between the
weight vest and BP at rest and some evidence for its association with
BP during exercise. There was also strong evidence of an independent
association between body fat percentage and systolic and diastolic BPs
at rest and at all levels of exercise. The evidence for an association
between total BW and BP was weaker, whereas the association
between BW and heart rate was stronger.

Additional analyses

Six study participants failed to lose BW. Failure to lose weight in these
participants was due to a lack of motivation and psychological stress
factors. There were no significant differences in their baseline
characteristics compared with the 17 study participants who com-
pleted the study protocol. Three of these six study participants
also underwent the follow-up examination. Their BW remained
unchanged (change from 98.7 + 14.8 kg at baseline to 100.0 + 17.7 kg
at follow-up; P=0.53). There were no significant differences in BP or
heart rate at rest or during exercise between baseline and follow-up.

Hypertension Research
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Table 2 BP and heart rate during bicycle exercise testing at baseline (before weight reduction) and follow-up (after weight reduction) without

and with weight vest

Without weight vest

With weight vest

Baseline Follow-up P-value? Baseline Follow-up P-value® P-value® P-value®

BP and heart rate at rest

Systolic BP, mm Hg 130.0+16.8 112.5+9.7 <0.001 136.1+15.9 125.8+15.1 <0.001 0.03 <0.001

Diastolic BP, mm Hg 85.9+10.3 77.8+7.7 <0.001 90.7+10.5 84.6+6.8 0.003 <0.001 <0.001

Heart rate, beats min-? 93.8+12.5 91.1+11.9 0.35 94.2+10.1 86.7+13.2 0.02 0.90 0.18
BP and heart rate after 3-min strain

Systolic BP, mm Hg 171.1+28.1 158.3+19.1 0.02 180.1+32.2 167.9+23.8 0.02 0.11 0.03

Diastolic BP, mm Hg 86.5+15.5 78.5+12.0 0.07 91.2+15.9 85.8+12.5 0.12 0.008 0.05

Heart rate, beats min~? 139.4+8.9 137.8+11.5 0.52 137.7+£9.0 135.9+8.8 0.35 0.54 0.42
BP and heart rate at maximal strain

Systolic BP, mm Hg 201.1+24.6 188.4+21.5 0.004 211.0£23.5 198.5+18.6 0.02 0.008 0.008

Diastolic BP, mm Hg 92.4+14.5 86.9+9.4 0.10 93.9+12.1 90.0+10.2 0.19 0.58 0.06

Heart rate, beats min-? 164.4+12.4 164.5+10.2 0.98 164.9+10.3 162.8+10.6 0.30 0.82 0.34
BP and heart rate after 2-min recreation

Systolic BP, mm Hg 171.7+£25.0 158.8+19.9 0.03 180.4+30.2 164.0+£22.9 0.006 0.14 0.35

Diastolic BP, mm Hg 82.0+8.8 74.5+9.3 0.001 85.0+9.7 77.1+£11.2 0.002 0.06 0.11

Heart rate, beats min~? 124.4+14.1 119.5+14.3 0.06 127.9+13.8 121.6+12.8 0.002 0.16 0.22

Abbreviation: BP, blood pressure.

aP-value for the comparison of BP and heart rate between baseline and follow-up.

bp.yalue for the comparison of BP and heart rate without and with weight vest at baseline.
¢P-value for the comparison of BP and heart rate without and with weight vest at follow-up.

Wearing an external weight vest uniformly led to increases in systolic
BP (of up to 15.7mm Hg) and diastolic BP (of up to 12.0 mm Hg) at
baseline and follow-up in these study participants as well; however,
because of the small number of participants, the increases were not
significant.

DISCUSSION

This study revealed several findings. First, systolic and diastolic BPs at
rest and during exercise and heart rate at rest decreased with WR.
Second, wearing an external weight vest led to an immediate increase
in systolic and diastolic BPs at rest and during exercise. Third, the
increase in BP induced by wearing an external weight vest was
independent of BW or body fat.

This study is in agreement with findings from previous studies
reporting a marked BP decrease after WR.I"® The previously reported
‘rule of thumb’ of a 10% BP reduction by a 10% WR was confirmed
in this study, not only for BP at rest but also for BP during exercise.

This study is the first to provide evidence that wearing an external
weight vest leads to an immediate increase in BP at rest and during
exercise. Using the results of this study, the authors can only speculate
on potential mechanisms for these findings. Presumably, only
sympathetic nervous system activity accounts for these rapid BP
changes. In fact, previous studies have shown that sympathetic
nervous system activity is involved in rapid BP changes, for example,
in diurnal BP variation and white coat hypertension.!>!¢ There may
be other unexplored mechanisms beyond sympathetic nervous system
activity because the weight vest had no effect on heart rate. If
sympathetic activity had a key role in the rapid BP increase caused by
an external weight vest, a more pronounced effect of the weight vest
on heart rate would have been expected. Other potential mechanisms
explaining the relationship between the weight vest and BP, such as
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renin—angiotensin—aldosterone system activation or changes in blood
volume, are rather improbable, considering the time delay required
for changes in such mechanisms.

This study also supports the findings from other studies under-
scoring the important effect of body fat on BP.3?%2! The physiologic
mechanisms explaining the association of body fat and BP have been
investigated in several studies.”'> To the best of the authors’
knowledge, this study is the first to document the importance of
body fat for BP at rest and during exercise.

This study had several limitations. First, it comprised healthy
volunteers. The results of this study may therefore be generalized only
with caution to hypertensive or otherwise comorbid patients. Second,
the sample of 17 study participants was rather small. However, the
sample size calculation performed a priori suggests that the sample
size was not too small to provide reliable results for nearly all study
questions under investigation. The occurrence of type II error is
conceivable in some of the nonsignificant results of this study,
particularly diastolic BP during exercise. Third, some of the sig-
nificant results of this study might be the consequence of using
multiple testing and of a lack of a priori primary end point definition.
However, we preferred not to adjust for multiple comparisons to
minimize interpretation errors, as the data are not random but actual
observations in nature.?> Fourth, this study was not designed to
differentiate between the effects of caloric restriction and exercise
level on BP. Indeed, the observed effects of WR on BP are the result
of caloric restriction, not exercise, because according to the study
protocol, WR had to be achieved through diet and not an increase in
exercise level. Fifth, according to current evidence, BP measurement
during exercise may be imprecise for several reasons. In particular,
measured diastolic BP may be lower than true diastolic BP.!”
However, the device used for BP measurement during exercise
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Figure 2 Systolic and diastolic blood pressures (BPs) during a bicycle
exercise test before and after weight reduction and with and without an
external weight vest.

analyzed Korotkoff sounds triggered by QRS complexes, a method
with proven validity for BP measurement during exercise.!”

The results of this study have important clinical and research
implications. First, this study supports the need for BW reduction in
overweight subjects to diminish their cardiovascular risk burden.?-28
This study demonstrated that a BW reduction of approximately 10%
led to a BP reduction similar to the previously reported reduction
achieved with single-drug antihypertensive therapy.?® Second, this
study suggests that the mechanisms accounting for the relationship
between weight and BP are still unclear. Further research is needed to
clarify these mechanisms. Such a future study should assess rapid
changes in sympathetic activity in addition to rapid BP changes and
should also assess the efficiency of physical exercise (for example, by
measuring VO, consumption and lactate during exercise). Further-
more, 24-h ambulatory BP monitoring should be performed to
identify potential differences in nighttime BP decreases, and the
long-term effects on BP of a WR lasting longer than 12-24 weeks
should be investigated.

In conclusion, this study demonstrated that a moderate WR
through caloric restriction led to a marked decrease in systolic
and diastolic BPs at rest and during exercise in healthy subjects.
Wearing an external weight vest resulted in an immediate increase in
resting BP and exercise BP, independent of BW or body fat, thereby
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Table 3 Associations of weight vest, total body weight and body fat
percentage with resting and exercise BP or heart rate during bicycle
exercise testing in multiple linear regression

Wearing of a weight vest Total body weight Body fat percentage

Coefficient?  P-value?  Coefficient® P-value? Coefficient? P-value?

BP and heart rate at rest

Systolic BP 9.65 0.006 0.26 0.04 0.70 0.003

Diastolic BP 5.85 0.009 0.20 0.02 0.13 0.39

Heart rate —2.00 0.47 0.27 0.009 0.15 0.42
BP and heart rate after 3-min strain

Systolic BP 9.29 0.14 —0.07 0.78 0.97 0.02

Diastolic BP 6.03 0.08 —0.05 0.69 0.52 0.03

Heart rate -1.76 0.41 —0.04 0.62 0.49 0.001
BP and heart rate at maximal strain

Systolic BP 10.03 0.03 0.42 0.01 1.06 0.001

Diastolic BP 2.26 0.41 -0.11 0.28 0.53 0.006

Heart rate -0.62 0.80 0.30 0.001 0.003 0.98
BP and heart rate after 2-min recreation

Systolic BP 6.97 0.21 -0.11 0.59 1.60 <0.001

Diastolic BP 2.79 0.26 0.02 0.85 0.33 0.05

Heart rate 2.79 0.35 0.48 <0.001 -0.12 0.55

Abbreviation: BP, blood pressure.
aCoefficients and P-values adjusted for the other independent variables (wearing of a weight
vest, total body weight and body fat percentage) in the multiple linear regression model.

questioning the established physiologic mechanisms of the relation-
ship between weight and BP.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

ACKNOWLEDGEMENTS

This study was supported by the Swiss Society of Hypertension (Bern,
Switzerland) and the European Society of Hypertension (ESH) Hypertension
Center of Excellence (Luzern, Switzerland).

1 Reisin E, Abel R, Modan M, Silverberg DS, Eliahou HE, Modan B. Effect of weight loss
without salt restriction on the reduction of blood pressure in overweight hypertensive
patients. N Engl J Med 1978; 298: 1-6.

2 Cao ZQ, Zhu L, Zhang T, Wu L, Wang Y. Blood pressure and obesity among adolescents:
a school-based population study in China. Am J Hypertens 2012; 25: 576-582.

3 Stevens VJ, Obarzanek E, Cook NR, Lee IM, Appel LJ, Smith West D, Milas NC,
Mattfeldt-Beman M, Belden L, Bragg C, Millstone M, Raczynski J, Brewer A, Singh B,
Cohen J, Trials for the Hypertension Prevention Research Group. Long-term weight loss
and changes in blood pressure: results of the Trials of Hypertension Prevention, phase
II. Ann Intern Med 2001; 134: 1-11.

4 Neter JE, Stam BE, Kok FJ, Grobbee DE, Geleijnse JM. Influence of weight reduction
on blood pressure: a meta-analysis of randomized controlled trials. Hypertension 2003;
42: 878-884.

5 Dickinson HO, Mason JM, Nicolson DJ, Campbell F, Beyer FR, Cook JV, Williams B,
Ford GA. Lifestyle interventions to reduce raised blood pressure: a systematic review of
randomized controlled trials. J Hypertens 2006; 24: 215-233.

6 Ben-Dov |, Grossman E, Stein A, Shachor D, Gaides M. Marked weight reduction lowers
resting and exercise blood pressure in morbidly obese subjects. Am J Hypertens 2000;
13: 251-255.

7 Schoenenberger AW, Schoenenberger-Berzins R, Suter PM, Zuber M, Erne P. Effect of
moderate weight reduction on resting and exercise blood pressure in overweight
subjects. J Hum Hypertens 2007; 21: 683-685.

8 Allemann Y, Hutter D, Aeschbacher BC, Fuhrer J, Delacrétaz E, Weidmann P. Increased
central body fat deposition precedes a significant rise in resting blood pressure in male

Hypertension Research



Weight and blood pressure
AW Schoenenberger et al

1050

offspring of essential hypertensive parents: a 5 year follow-up study. J Hypertens 2001;
19: 2143-2148.

9 Sarzani R, Salvi F, Dessi-Fulgheri P, Rappelli A. Renin-angiotensin system, natriuretic

peptides, obesity, metabolic syndrome, and hypertension: an integrated view in
humans. J Hypertens 2008; 26: 831-843.

10 Engeli S, Béhnke J, Gorzelniak K, Janke J, Schling P, Bader M, Luft FC, Sharma AM.
Weight loss and the renin-angiotensin—aldosterone system. Hypertension 2005; 45:
356-362.

11 Kalupahana NS, Moustaid-Moussa N. The adipose tissue renin-angiotensin system and
metabolic disorders: a review of molecular mechanisms. Crit Rev Biochem Mol Biol
2012; 47: 379-390.

12 Kalil GZ, Haynes WG. Sympathetic nervous system in obesity-related hypertension:
mechanisms and clinical implications. Hypertens Res 2012; 35: 4-16.

13 Ashida T, Ono C, Sugiyama T. Effects of short-term hypocaloric diet on sympatho-vagal
interaction assessed by spectral analysis of heart rate and blood pressure variability
during stress tests in obese hypertensive patients. Hypertens Res 2007; 30:
1199-1203.

14 Scherrer U, Randin D, Tappy L, Vollenweider P, Jequier E, Nicod P. Body fat and
sympathetic nerve activity in healthy subjects. Circulation 1994; 89: 2634-2640.
15 Grassi G, Seravalle G, Quarti-Trevano F, Dell’Oro R, Bombelli M, Cuspidi C, Facchetti R,
Bolla G, Mancia G. Adrenergic, metabolic, and reflex abnormalities in reverse and

extreme dipper hypertensives. Hypertension 2008; 52: 925-931.

16 Grassi G, Bombelli M, Seravalle G, Dell’Oro R, Quarti-Trevano F. Diurnal blood pressure
variation and sympathetic activity. Hypertens Res 2010; 33: 381-385.

17 Griffin SE, Robergs RA, Heyward VH. Blood pressure measurement during exercise: a
review. Med Sci Sports Exerc 1997; 29: 149-159.

18 Roos M, Kobza R, Jamshidi P, Bauer P, Resink T, Schlaepfer R, Stulz P, Zuber M,
Erne P. Improved cardiac performance through pacing-induced diaphragmatic
stimulation: a novel electrophysiological approach in heart failure management?
Europace 2009; 11: 191-199.

19 Kobza R, Roos M, Toggweiler S, Zuber M, Erne P. Recorded heart sounds for
identification of ventricular tachycardia. Resuscitation 2008; 79: 265-272.

Hypertension Research

20 Daniels SR, Morrison JA, Sprecher DL, Khoury P, Kimball TR. Association of body fat
distribution and cardiovascular risk factors in children and adolescents. Circulation
1999; 99: 541-545.

21 Ledoux M, Lambert J, Reeder BA, Despres JP. Correlation between cardiovascular
disease risk factors and simple anthropometric measures. CMAJ 1997; 10: S46-S53.

22 Rothman KJ. No adjustments are needed for multiple comparisons. Epidemiology
1990; 1: 43-46.

23 Yonemoto K, Doi Y, Hata J, Ninomiya T, Fukuhara M, lkeda F, Mukai N, lida M,
Kiyohara Y. Body mass index and stroke incidence in a Japanese community: the
Hisayama study. Hypertens Res 2011; 34: 274-279.

24 Saguner AM, Dir S, Perrig M, Schiemann U, Stuck AE, Birgi U, Eme P,
Schoenenberger AW. Risk factors promoting hypertensive crises: evidence from a
longitudinal study. Am J Hypertens 2010; 23: 775-780.

25 Schoenenberger AW, Radovanovic D, Stauffer JC, Windecker S, Urban P, Niedermaier G,
Keller PF, Gutzwiller F, Erne P, AMIS Plus Investigators. Acute coronary syndromes in
young patients: presentation, treatment and outcome. Int J Cardiol 2011; 148:
300-304.

26 Schoenenberger AW, Kobza R, Jamshidi P, Zuber M, Abbate A, Stuck AE, Pfisterer M,
Erne P. Sudden cardiac death in patients with silent myocardial ischemia after
myocardial infarction (from the Swiss Interventional Study on Silent Ischemia Type Il
[SWISSI 111). Am J Cardiol 2009; 104: 158-163.

27 Erme P, Schoenenberger AW, Zuber M, Burckhardt D, Kiowski W, Dubach P,
Resink T, Pfisterer M. Effects of anti-ischaemic drug therapy in silent myocardial
ischaemia type I: the Swiss Interventional Study on Silent Ischaemia type | (SWISSI 1):
a randomized, controlled pilot study. Eur Heart J 2007; 28: 2110-2117.

28 Schoenenberger AW, Urbanek N, Bergner M, Toggweiler S, Resink TJ, Erne P.
Associations of reactive hyperemia index and intravascular ultrasound-assessed
coronary plaque morphology in patients with coronary artery disease. Am J Cardiol
2012; 109: 1711-1716.

29 Brenner R, Waeber B, Allemann Y. Medical treatment of hypertension in Switzerland.
The 2009 Swiss Hypertension Survey (SWISSHYPE). Swiss Med Wkly 2011;
141: w13169.



	Effects of weight on blood pressure at rest and during exercise
	Introduction
	Methods
	Study population
	Baseline examination
	Weight reduction
	Follow-up examination
	Statistical methods

	Results
	Changes in measurements between baseline and follow-up
	Associations of independent variables with BP and heart rate
	Additional analyses

	Discussion
	Acknowledgements
	References




