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aBstract

Background Roux-en-Y gastric bypass surgery (RYGBS) induced weight loss has shown to 

decrease blood pressure. We assessed the short term effect of RYGBS on baroreflex cardiovas-

cular control, blood pressure and systemic hemodynamics.

methods We examined systemic hemodynamics and baroreflex sensitivity (BRS) in 15 obese 

women (mean age 42±7, BMI 45±6 kg/m2) prior to and six weeks following RYGBS. Oscillomet-

ric and continuous finger blood pressures were measured and mean arterial pressure (MAP), 

heart rate (HR), stroke volume (SV), cardiac output (CO) and systemic vascular resistence (SVR) 

determined. BRS (cross-correlation time-domain (BRSTD) and cross-spectral frequency-domain 

(BRSFD)) was assessed from spontaneous fluctuations in systolic blood pressure.  

results A 10% (13±5 kg; mean±SD) reduction in weight six weeks following surgery coincided 

with an 20% decrease in CO related to a dual reduction in both SV and HR, and a 15% increase in 

SVR resulting in a lower blood pressure (137±10/86±6 to 128±12/81±9 mmHg; p<0.001, p<0.01) 

with a 7% reduction in MAP. BRSTD increased from median [IQR] 9.0 [6.4-14.3] to 13.8 [8.5-19.0] 

(p<0.01) and BRSFD from 10.3 [7.3-14.3] to 11.9 [8.3-22.8] (p=0.02). The increase in BRSTD was 

inversely correlated with the reduction in HR (R= - 0.64, p=0.02) and CO (R= - 0.61, p=0.03).

conclusions The reduction in blood pressure after RYGBS resulted from a marked decrease 

in CO surpassing an increased SVR. The reduction in CO was attributable in part to a lower HR 

which together with enhanced BRS suggests a change in autonomic balance towards increased 

parasympathetic HR control.
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introduction

The prevalence of severe obesity is rapidly increasing,1 with ischemic heart disease and stroke 

as the main contributors to mortality.2 According to the Prospective Studies Collaboration every 

5 kg/m2 increase in body mass index (BMI) is associated with an approximately 30% increase in 

overall mortality and 40% in cardiovascular mortality2 as confirmed by another pooled analysis 

of prospective studies.3 

Adiposity is related to blood pressure and the development of hypertension,2, 4 thereby 

contributing to the risk of cardiovascular disease. The blood pressure increase observed in 

adiposity is thought to be associated with changes in sympathovagal balance. Both in obese 

normotensive and in lean hypertensive subjects the sympathetic nervous system (SNS) is acti-

vated and the more so in hypertensive obese subjects.5 Already at a young age, this increased 

activity of the SNS is associated with measures of organ damage such as renal and endothelial 

function, and left ventricular mass.6 In reverse, weight loss improves muscle sympathetic nerve 

activity (MSNA), plasma norepinephrine concentration and baroreflex sensitivity (BRS) as a 

reflection of SNS activity. 7-9 

In morbidly obese patients Roux-en-Y gastric bypass surgery (RYGBS) results in long-term 

weight loss and a decrease in mortality.10, 11 Weight loss induced by RYGBS seems to lower 

blood pressure in the short term, although in the long term the initial effects on blood pressure 

seem to attenuate. 12-14 

In this study we aimed to assess the short term effects of weight loss through RYGBS on 

baroreflex cardiovascular control in relation to systemic hemodynamics. As a secondary aim 

we addressed the relation between peripheral and central blood pressure in morbidly obese 

normotensive and mildly hypertensive persons. 

methods

Study participants and design

Fifteen obese women scheduled for RYGBS were included in an observational intervention 

study, serving as their own controls. These participants were recruited from outpatient clinics 

of the Rijnstate Hospital, Arnhem and the Slotervaart Hospital, Amsterdam, the Netherlands, 

from October 2008 until December 2010. The patients were eligible for the study if they were 

scheduled to undergo RYGBS, were older than 18 yr and were able to give informed consent. 

Exclusion criteria were: 1) insulin dependent DM; 2) malignant or uncontrolled hypertension 

(blood pressure >200/120 mmHg or blood pressure >180/110 mmHg with 1 or more drugs, or 

>160/100 with 2 or more drugs); 3) a recent history (6 months or less) of substantial alcohol or 

drug abuse; 4) the use of antipsychotic medication or antidepressant medication; 5) somatic 

illness (except hypertension, hyperlipidemia, DM treated with pills), including neoplasm, active 
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infection and abnormalities in the brain. The study was approved by the Medical Ethical Com-

mittee of the AMC. All participants gave written informed consent.

Blood pressure

Hemodynamic measurements were performed two (±one) weeks before and six (±one) weeks 

after surgery in the morning after an overnight fast. After 10 minutes rest in supine position, 

blood pressure was measured 3 times at 1-minute intervals on the left arm using a validated 

oscillometric device (Omron 705IT, Omron Healthcare Europe BV, Hoofddorp, the Netherlands). 

We used the mean of the last two blood pressure measurements as average peripheral blood 

pressure. Central blood pressure measurements were performed using the SphygmoCor sys-

tem (Atcor Medical Pty Ltd, West Ryde, Australia) as described previously15. Briefly, pressure 

waveforms were recorded from the radial artery of the left arm with applanation tonometry 

using a high-fidelity micromanometer (Millar Instruments, Texas, USA). Brachial systolic and 

diastolic blood pressures (SBP and DBP) were used for calibration of the radial waveform. With 

a generalized transfer function the central aortic waveform was generated from which central 

SBP, pulse pressure (PP) and augmentation index (AIx) were calculated. AIx was corrected for 

heart rate of 75 beats per minute. Measurements were done in duplicate and means were used 

for analysis. Pulse pressure amplification (PPA) was defined as peripheral PP divided by central 

PP. Twenty-four hour blood pressure was assessed using an automatic ambulatory blood pres-

sure monitor (ABPM; Spacelabs 90207, Spacelabs Inc., Redmond, Washington, USA), which was 

placed on the non-dominant arm. The ABPM was programmed to record blood pressure every 

15 min during the day (07:00 – 23:00 h) and every 30 min at night (23:00 – 07:00 h). The ABPM 

assessment was accepted when at least 70% of measurements were available for analysis. We 

calculated 24 hour, day-time (07.00-23.00) and nighttime (23.00-07.00) averages. 

Systemic hemodynamics

Systemic hemodynamics were measured with the Nexfin device (BMEYE BV, Amsterdam, the 

Netherlands), which uses the volume-clamp method to non-invasively measure continuous 

finger arterial blood pressure based on a volume-clamp method.16  The finger cuff was applied 

to the third finger of the dominant arm, while brachial blood pressures were reconstructed 

from the finger arterial pressure.17 Mean arterial pressure (MAP) was calculated by taking the 

true integral of the arterial pressure wave over 1 beat divided by the corresponding beat inter-

val. Stroke volume (SV) was determined by a pulse contour method (Nexfin CO-trek).18 Cardiac 

output (CO) was SV times heart rate (HR), Cardiac index (CI) was CO corrected for body surface 

area, and SVR the ratio of MAP and CO. Hemodynamic parameters were assessed as the average 

of a three minute recording.
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Baroreflex sensitivity

Baroreflex sensitivity (BRS) was obtained in the supine position from 5 min beat-to-beat SBP 

and inter-beat interval data. Estimates of BRS were obtained in the frequency-domain (BRSFD) 

by Fourier Transform19 and in the time-domain (BRSTD) by the sequence method.20, 21 For BRSFD, 

beat-to-beat SBP and inter beat interval (IBI) time series were detrended using a Hanning 

window. Power spectral density and cross-spectra of SBP variability (BPV) and heart rate vari-

ability (HRV) were computed using discrete Fourier transform. The low (LF; 0.06 – 0.15 Hz) and 

high frequency band (HF; 0.15 – 0.4 Hz) were selected and BPVLF-to-HRVLF transfer gain was 

computed for coherence >0.5.22 Estimates of BRSTD were obtained from beat-to-beat SBP and 

IBI data. The cross-correlation between 10 s series of SBP and IBI samples was computed for 

delays τ in IBI of 0 – 5 s. The τ yielding the highest cross-correlation was selected if significant 

with α set at 0.05. The regression slope was recorded as one BRSTD value. Subsequently, the 

process was repeated for series of SBP and IBI samples 1 s later.

Statistical analysis

Outcome data were tested for normality using Kolmogorov-Smirnov test. Values are expressed 

as mean±standard deviation (SD) for normally distributed data and median [interquartile 

range] for non-normally distributed data. Paired Student’s t-tests and Wilcoxon Signed Ranks 

Test were used where appropriate, to evaluate differences. Agreement between BRSTD and 

BRSFD was evaluated using intraclass correlation coefficient (ICC), based on a two-way mixed 

effects model with absolute agreement. Correlations are expressed as Pearson’s correlation 

coefficient. Analyses were performed using SPSS, version 16.0 (Chicago, IL, USA). 

results

Patient characteristics

Baseline characteristics of the 15 female participants are shown in table 1. Mean age was 42±7 

years. At baseline BMI was 45±6 kg/m2. The mean decrease in weight was 13±5 kg (10%) after 

six weeks.

Blood pressure

Blood pressure parameters before and after RYGBS are presented in table 2. Peripheral blood 

pressure decreased significantly with 9±5/5±6 mmHg from baseline (p<0.001/p<0.01) and 

peripheral PP decreased 4±4 mmHg (p<0.01). Central SBP was 7±6 mmHg lower after surgery 

(p<0.001), while central PP tended to decrease (p=0.13). AIx and PPA did not change signifi-

cantly.

Ambulatory 24 hour blood pressure data with at least 70% successful readings became avail-

able for analysis in 10 patients. Twenty-four hour blood pressure decreased with 11±11/5±6 



Ch
ap

te
r 1

1

168

table 1 Baseline characteristics

Parameter

n 15

Age, yrs 42±7

Height, cm 168±8

Weight, kg 126±20

BMI, kg/m2 45±6

SBP, mmHg 137±10

DBP, mmHg 86±6

Fasting glucose, mmol/L 5.8±0.8

TC, mmol/L 4.4±0.6

LDL-c, mmol/L 2.7±0.5

HDL-c, mmol/L 1.1±0.2

Triglycerides, mmol/L 1.3±0.7

Data are mean±SD. BMI=body mass index, SBP=systolic blood pressure, DBP=diastolic blood pressure, 
TC=total cholesterol; LDL-c=low density lipoprotein cholesterol; HDL-c=high density lipoprotein 
cholesterol.

table 2 Blood pressure before and after surgery

Parameter Before after p-value

Peripheral SBP, mmHg 137±10 128±12 <0.001

Peripheral DBP, mmHg 86±6 81±9 <0.01

Peripheral PP, mmHg 51±6 47±7 <0.01

Central SBP, mmHg 125±11 118±14 <0.001

Central PP, mmHg 38±6 36±8 0.13

PPA 1.36±0.1 1.32±0.2 0.14

AIx, % 19±11 16±13 0.08

24 hr SBP, mmHg 122±13 110±9 <0.01

24 hr DBP, mmHg 74±7 69±5 0.02

24 hr HR, bpm 84±8 71±8 <0.001

Day-time SBP, mmHg 128±14 114±10 0.01

Day-time DBP, mmHg 80±9 73±6 0.02

Day-time HR, bpm 88±8 77±9 <0.001

Nighttime SBP, mmHg 111±14 103±9 0.04

Nighttime DBP, mmHg 67±8 63±6 0.04

Nighttime HR, bpm 77±9 62±8 <0.001

Data are mean±SD. SBP=systolic blood pressure, DBP=diastolic blood pressure, PP=pulse pressure, 
PPA=pulse pressure amplification, AIx=augmentation index, HR=heart rate.
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mmHg (p<0.01/p=0.02). Day-time blood pressure seemed to decrease more (14±14/7±8 

mmHg, p=0.01/p=0.02) than night-time blood pressure (8±11/4±5 mmHg, p=0.04/p=0.04).

Hemodynamics

Hemodynamic parameters are shown in table 3. After surgery MAP decreased by 7±7 mmHg 

(7%; p<0.01). Heart rate decreased with 11±7 bpm (15%, p<0.001) and SV with 6±9 ml (5%, 

p=0.03) resulting in a 1.6±1.2 L/min (20%) lower CO (p<0.001). The CI decreased with 0.6±0.5 L/

min/m2 (17%).  SVR increased by 153±189 dyn.s/cm5 (15%, p<0.01).

Baroreflex sensitivity

BRSTD and BRSFD increased with sufficient agreement (ICC=0.92; p<0.001) following RYGBS 

(Table 4). BPV and HRV all tended to increase after surgery without reaching statistical signifi-

cance.

table 3 Hemodynamics at baseline and after surgery

Parameter Before after p-value

MAP, mm Hg 102±8 95±11 <0.01

Heart rate, bpm 71±8 60±8 <0.001

SV, ml 115±15 109±16 0.03

CO, L/min 8.1±1.3 6.5±1.0 <0.001

CI, L/min 3.5±0.5 3.0±0.5 0.001

SVR, dyn.s/cm5 1033±156 1186±177 <0.01

Hemodynamic data were obtained using non invasive finger arterial blood pressure monitoring. Data 
shown are means±SD. MAP=mean arterial pressure, HR=heart rate, SV=stroke volume, CO=cardiac 
output, CI=cardiac index, SVR=systemic vascular resistance.

table 4 Baroreflex sensitivity and heart rate variability at baseline and after surgery

Parameter Before after p-value

BRSTD, ms·mmHg-1 9.0 [6.4-14.3] 13.8 [8.5-19.0] <0.01

BRSFD, ms·mmHg-1 10.3 [7.3-14.3] 11.9 [8.3-22.8] 0.02

BPVLF, mmHg2·Hz-1 3.2 [2.0-5.9] 5.2 [1.5-9.3] 0.78

HRVLF, ms2·Hz-1 532 [272-1588] 1778 [297-2735] 0.50

HRVHF, ms2·Hz-1 1044 [600-1874] 2124 [1021-5307] 0.07

Data are median [interquartile range]. BRSFD=baroreflex sensitivity determined by frequency-domain 
analysis; BRSTD=baroreflex sensitivity determined by a cross-correlation time-domain method; BPV=blood 
pressure variability; HRV=heart rate variability; LF=low frequency-domain; HF=high frequency-domain.
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Association of weight loss, hemodynamics and baroreflex sensitivity

The increase in BRSTD correlated inversely with the reduction in HR (R= - 0.64, p=0.02) and CO 

(R= - 0.61, p=0.03) as depicted in figure 1. The change in weight was not correlated with changes 

in BRSTD (R= 0.27, p=0.37), MAP (R= - 0.41, p=0.45), SVR (R= - 0.06, p=0.84), HR (R= - 0.19, p=0.50) 

or CO (R= - 0.07, p=0.79). 

discussion

In the current study we focussed on the short term effects of RYGBS on blood pressure, hemody-

namics and baroreflex heart rate control. We show that in morbidly obese normotensive and mildly 

hypertensive patients blood pressure and CO decreased despite an increase in SVR. BRS as a measure 

of autonomic balance improved six weeks after surgery. The only way carotid baroreflex is capable 

to modulate CO is by HR and the improvement in BRS was associated with a reduction in HR and CO. 

Figure 1 
Correlations between changes in BRS and CO in the upper panel and BRS and HR in the lower panel.
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One of the key aspects of obesity is a disturbance in sympathetic control of cardiovascular function. 

The increase in SNS activity might lead to raised blood pressure through multiple mechanisms.23 

The short term blood pressure lowering effect of weight loss is well established. A meta-analysis of 

randomized controlled trials showed that weight loss by energy restriction, physical activity or both 

is associated with a decrease in blood pressure, with approximately 1 mmHg reduction in SBP for 1 

kg weight loss.24 Bariatric surgery studies show a similar reduction in blood pressure, but also show 

that blood pressure tends to rebound, even when weight loss is maintained.12 We focussed on the 

short term effect of RYGBS and confirm earlier findings by showing that both office and ambulatory 

SBP and DBP decreased significantly six weeks after RYGBS. Ambulatory measurements showed 

that there was a more pronounced drop in blood pressure during the day compared to night-time. 

This may relate to a more pronounced decrease in SNS activity during day-time. Central aortic blood 

pressure might have better predictive value of organ damage and cardiovascular mortality than 

brachial or peripheral blood pressure.25, 26  Differences in peripheral and central blood pressure 

can be examined by measuring PPA. The relation between peripheral and central blood pressure is 

affected, next to age and gender, by arterial stiffness and wave reflection.27 The latter two factors are 

dependent on sympathetic tone.28, 29 Although we observed a change in autonomic balance, we 

found no change in PPA. This is in line with a previous study showing a parallel increase in peripheral 

and central blood pressure with increasing BMI.30  

In adiposity, there is increased metabolic demand requiring an increase in blood volume and 

CO.31, 32 In obese persons the heart adapts to the increase in circulating volume and CO by a myriad 

of cardiac changes including an increase in left ventricular mass, eccentric left ventricular hypertro-

phy and left ventricular dilatation.33 These changes in cardiac structure and function are collectively 

called obesity cardiomyopathy.33 In patients with obesity cardiomyopathy, heart failure and sudden 

cardiac death are the leading causes of death. Weight loss either by caloric restriction or bariatric sur-

gery will lead to regression of these cardiac abnormalities.31  In line with this we show in the present 

study that CO was reduced by 20%. The beneficial effects of weight reduction on hemodynamics 

and cardiac load might therefore not be appreciated by looking at blood pressure alone.

A diminished baroreceptor–reflex responsiveness to changes in blood pressure has been sug-

gested by the finding of reduced low frequency power of HR variability and muscle sympathetic 

nerve activity recordings during pharmacological manipulation of blood pressure.34 Increased HR 

variability as an indirect measure of baroreflex cardiac control was taken to suggest an increased 

cardiac vagal modulation and an improvement in blunted baroreflex sensitivity.35-37 The present 

study addressed BRS directly by frequency- and time domain analysis and found enhanced BRS fol-

lowing bariatric surgery. The reduction in HR and CO was strongly correlated with an improvement 

in BRS whereas the association with MAP was not significant. Together with the finding that the 

reduction in CO was attributable in part to a lower HR this suggests a change in autonomic balance 

towards increased parasympathetic HR control. The increase in SNS activity in obesity has been 

previously been associated with impairment of the baroreceptor reflex.5, 38, 39 Decreased BRS is asso-

ciated with cardiovascular morbidity and mortality,40 possibly through increased susceptibility to 
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cardiac arrhythmias leading to sudden cardiac death. In line with other dietary weight loss studies8, 

9, 41 we show that BRS improved after RYGBS. Compared to other studies showing an improvement 

in BRS after 3 months, we already observed a significant improvement after six weeks. HRV at the 

respiratory frequency, a measure of parasympathetic activity, is impaired in the severely obese.42 

It has been shown that HRV improved after gastric bypass surgery.42, 43 In previous studies the 

improvement in HRV was not significant 2 weeks after surgery43, but it was after 6 months43, 44 and 

1 year.42 In the present study HRVHF tended to increase after RYGBS, but was not significant possibly 

due to limited sample size.

Interestingly we found no correlation between weight loss and BRS, which is in line with previous 

observations.8, 41 It has been suggested that this effect may be attributable to a negative energy 

balance.41 This is further supported by the finding of Straznicky and colleagues.45 They show that 

after an initial improvement in BRS after a twelve week hypocaloric diet, BRS rebounded after four 

months of weight maintenance. The short-term effect of RYGBS on BRS and CO may therefore be 

principally driven by a negative energy balance. Likewise, the increase in SVR after RYGBS was not 

associated with weight loss suggesting that the decrease in metabolic demand may have been 

attributable to the increase in SVR, especially because BRS improved. We speculate that this may be 

caused by an increase in peripheral resistance of adipose tissue. Despite the increase in SVR, MAP 

decreased suggesting that the effect of CO contributed more to the reduction in blood pressure 

after RYGBS than the increase in SVR. 

limitations This study has several limitations. First, the lack of correlation between some param-

eters may have been subject to a type II error because of the limited sample size. Second, for obvious 

reasons patients and investigators were not blinded for the intervention and we had no control 

group. Third, we studied women only making it difficult to extrapolate our findings to men. In 

general women are less prone to the development of visceral fat compared to men. Visceral rather 

than subcutaneous fat is related to sympathetic activation.46 It is conceivable that the influence of 

RYGBS on BRS and CO may be more pronounced in men with a predominantly visceral localization 

of adipose tissue. Finally, to better appreciate the association between adiposity associated reduc-

tion in SNS activity without the possible confounding effects of blood pressure related changes in 

SNS activity we only studied normotensive and mildy hypertensive women. Because of the well-

established association between hypertension and SNS activity, the effects of RYGBS on SNS activity 

in obese women with moderate to severe hypertension may be different.  

conclusion In morbidly obese normotensive and mildly hypertensive patients the decline in blood 

pressure after Roux-en-Y gastric bypass surgery was caused by a marked decrease in CO, despite 

an increase in systemic vascular resistance. The reduction in CO was partially attributable to a lower 

heart rate which together with enhanced BRS suggests a change in autonomic balance towards 

increased parasympathetic HR control.
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