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Abstract: Studies have shown improvement of the cardiac autonomic balance in post-
bariatric patients. Most of these studies included patients using drugs interfering in
the autonomic nervous system. This study assessed the time course of changes in the
sympathovagal balance after bariatric surgery (Roux-en-Y gastric bypass) in 26 women
free from drugs. A 10-min electrocardiographic recording was obtained at baseline and
at 3 and 6 months after surgery. Temporal and spectral domains of heart rate variability
were analysed. The time domain components of cardiac vagal modulation increased
progressively after surgery. In the frequency domain, high frequency power increased
from 24.9 at baseline (18.0 to 46.3) to 44.5 at 3 months (23.4 to 65.6), and 541 at 6 months
after surgery (37.6 to 64.0) (median and IQR in normalized units). Low frequency spectral
power decreased from 56.2 at baseline (39.6 to 74.4) to 36.8 at 6 months after surgery
(249 to 53.9) (P= 0.036). Low frequency/high frequency ratio decreased from 2.3 at
baseline (1.0 to 4.2) to 0.8 at 6 months after surgery (0.4 to 1.3) (P= 0.038). Progressive
shift towards predominance of vagal tonus was detected in the follow-up. Most of the

patients recovered low frequency/high frequency at 6 months after surgery.
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INTRODUCTION

Obesity is a complex disease with an increasing
incidence worldwide (Rashid et al. 2003,
Flegal et al. 2015). Strong evidence based on
epidemiological and clinical studies have shown
that obesity is an independent risk factor for
the development of cardiovascular diseases,
type 2 diabetes mellitus and general mortality
(Duflou et al. 1995, Calle et al. 1999). The degree
of risk increases exponentially in presence
of morbid obesity, that is, those individuals
with a body mass index 240 kg/m” (Hubert et
al.1983, Flegal et al. 2014). One study followed
200 morbidly obese men for a mean period
of 7.5 years and a 12-fold and 6-fold mortality
as compared with a controlled lean group was

observed for the age groups of 25-34 years and
35-44 years, respectively (Drenick et al. 1980).
These results indicate that severely obese
patients, mainly among the youngest, demand
specific strategies for treatment. In addition, it
has been shown that cardiovascular diseases,
usually associated to type 2 diabetes mellitus,
are the most frequent complication observed in
morbidly obese patients leading to increasing
mortality due to coronary artery disease and
sudden death (Duflou et al. 1995, Manson et al.
1995, Rashid et al. 2003).

Data from animal and human studies have
demonstrated the occurrence of sympathetic
overactivity in obese patients, predisposing
to the development of hypertension and
other complications derived from increasing
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oxygen consumption by the myocardium,
such as ventricular arrhythmias and sudden
death (Plourde et al. 2014). Clinical signs of
this sympathoexcitation encompass elevated
plasma noradrenaline levels, increased activity
in the sympathetic nerves directed to skeletal
muscles and increased urinary excretion of
catecholamine metabolites, even in absence of
hypertension (Grassi et al. 1995, Aronne et al.
1997, Laederach-Hofmann et al. 2000, Straznicky
et al. 2008).

In the last three decades, several surgical
procedures have been proposed to induce
a rapid and permanent reduction of body
weight. Vertical banded gastroplasty and gastric
bypass procedures both limit food intake
by accelerating satiety (Le Roux et al. 2007).
Several studies have shown improvement of the
autonomic balance in patients after bariatric
surgery (Nault et al. 2007, Pontiroli et al. 2013).
However, these studies included patients also
presenting several co-morbidities and in use
of several drugs interfering with the autonomic
nervous system (Patel 2015), most of them used
to control blood pressure.

Analysis of heart rate variability (HRV) has
been increasingly used to assess the autonomic
modulation directed to the cardiovascular
system (Task Force of The European Society of
Cardiology and The North American Society of
Pacing and Electrosphysiology 1996). Therefore,
this study sought to assess the time course of
changes in the sympathovagal balance after
bariatric surgery in obese women free from the
influence of drugs interfering in the autonomic
modulation of heartbeats.

MATERIALS AND METHODS

Study population

The study involved obese patients (BMI > 35 kg/
m’) aged 20-70 years recruited in the Service

BARIATRIC SURGERY AND SYMPATHOVAGAL BALANCE

of Bariatric Surgery of the University Hospital,
Vitoria, ES, Brazil. From March to November/2015,
54 obese patients selected to undergo bariatric
surgery accepted the invitation to take part in
the study. From those, 13 were not included in
the present analysis because they were using
beta blockers or calcium channel blockers or
sympathetic agonists before the surgery. Others
13 did not complete all exams in the follow up
period (3 and 6 months). After these exclusions,
only two men remained in the databases.
Therefore, the present analysis was conducted
with data from 26 female patients that attended
to all clinical visits in the follow up.

Before bariatric surgery, patients were
informed about potential risks and benefits
from the surgery and about additional clinical
exams to be done before surgery and in the
follow up. Baseline exams were carried out as
close as possible of the surgical procedure (in
general within the week before). Presence of
co-morbidities at baseline was obtained from
the hospital records. Hypertension was present
in 75% and type 2 diabetes mellitus in 29% of
the sample previously to bariatric surgery.
However, all patients had their blood pressure
under control (<140/90 mmHg) with diuretics,
ACE inhibitors, and AT1 receptor antagonist. All
diabetic patients at baseline were under use of
oral anti-diabetic drugs.

Surgery was scheduled only after controlling
blood pressure (systolic/diastolic blood pressure
<140/90 mmHg) and fasting glucose (<125 mg/
dL). All patients included in this protocol were
submitted to the Roux-en-Y gastric bypass
(RYGB) by laparoscopy, a bariatric procedure
recognized for inducing an important and long-
lasting body weight loss (Le Roux et al. 2007).

After surgery, all patients followed the
standard protocol of medical visits programmed
by assistant doctors, including all drug
prescription. Patients gave written informed
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consent before participating. This study was
approved by the Ethics Committee of the hospital
(Number 04159312.6.0000.5071, 01/06/2012).

Clinical examination

All patients attended the Cardiovascular
Investigation Clinic, located at the University
Hospital. The same exams, performed by the
same investigator, were conducted at baseline
and at 3 and 6 months after bariatric surgery.

Body weight was obtained to the nearest
0.05 kg with a calibrated electronic scale
(Toledo, Brazil) with barefoot individuals using
only underclothes. Height was obtained to
the nearest 0.1 cm with a wall-mounted scale
(Seca Stadiometer - Seca GmBH & Co, Hamburg,
Germany). Percent body fat, fat mass and fat
free masswere obtained by multi-frequency
bioelectrical impedance analysis (MF-BIAS,
InBody 230, Bioespace, South Korea). Body mass
index (BMI) was calculated as the ratio between
weight and the squared height (Kg/m?).

Systolic (SBP) and diastolic blood pressure
(DBP) were measured with a validated
oscillometric device (Omron 765-CP Intellisense,
Japan) following standard techniques (Mill et al.
2013). After bladder emptying, the participant
remained seated for at least 5 minutes in a quiet
and temperature controlled room (22-24°C). Cuff-
size was appropriate to the arm circumference,
according to the manufacturer instructions.
Three consecutive readings with 1-2 minute
intervals were obtained and the clinic SBP and
DBP were obtained by the arithmetic mean of
the last two readings.

A continuous 10-min electrocardiographic
(ECG) recording was obtained with the
individuals in a supine position without external
stimulation and under normal breathing. The
ECG recording was obtained with a digital
device (Micromed, Brazil) at a sampling rate
of 1 KHz. A dedicated software (Wincardio 4.4a,
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Micromed, Brazil) generated the series of beat-
to-beat R-R intervals (generally D-II lead) to
provide heart rate variability (HRV) analysis.
Detailed information on the R-R series filtering
and processing were published elsewhere
(Dantas et al. 2010, 2012). Briefly, HRV analysis
was carried out in time and frequency domains
using a Matlab-customized software. The R-R
series were automatically processed to remove
artifacts and ectopic beats, which were replaced
by linear interpolation. Criteria used to select the
5 min interval for HRV analysis were previously
published (Dantas et al. 2018). Time domain
components included the average of all normal-
to-normal intervals (NN), the variance of all NN
intervals (variance of NN), standard deviation
of all NN intervals (SDNN), the number of NN
intervals differing more than 50ms (NN50), the
percentage of two NN intervals differing more
than 50ms (pNN50), and the square root of the
mean of the sum of the squares of differences
between adjacent NN intervals (rMSSD). For
the power spectral analysis, the R-R series
were processed by the autoregressive method
(model of order 16) to identify the three main
components of the periodic fluctuations of
heart beats: the very low frequency (VLF; 0-0.04
Hz), low frequency (LF: 0.04-0.15 Hz), and the high
frequency (HF: 015-0.40 Hz) bands of the overall
spectrum. Given that short term ECG recordings
are inappropriate to investigate the VLF band,
we submitted to analytic procedures only the
LF and HF components of spectrum given in
normalized units (nu). Normalization consisted
of dividing the power of each component by
total power minus power of VLF component. LF/
HF ratio was obtained dividing the low frequency
component by high frequency component and
was used to indicate sympathovagal balance
(Task Force of The European Society of Cardiology
and The North American Society of Pacing and
Electrophysiology 1996).

An Acad Bras Cienc (2020) 92(1) 20181184 319



CRISTINA M.S. LUCAS et al.

Data analysis

All data were tested for normal distribution
by the Kolmogorov Smirnov test. Data with
normal distribution were analyzed with one-
way repeated-measures ANOVA, and in case
of significant F test, Tukey post-hoc test was
conducted. Nonparametric Kruskal-Wallis
by ranks test was performed for those data
withnon-normal distribution, and in case of
significant H test, Dunn’s multiple comparisons
test was conducted as post-hoc. All statistical
procedures were carried out with GraphPad
Prism 6.0 (GraphPad Software, Inc., CA, USA). P<
0.05 (two-tailed) was considered statistically
significant.

RESULTS

Baseline age was 42.6 + 11.6 years. The general
characteristics of the patients at baseline and at
3 and 6 months after surgery are shown in Table
I. As expected, a significant body weight loss
occurred following surgery. The greater weight
loss (16.8%) was observed at 3 months after
surgery. Relative weight loss was attenuated
(additional 10.4%) thereafter. The fat reduction
was not uniform according to the body region,
with a greater fat reduction in the upper
extremity (55.6%) compared to trunk (33.8%)
and lower extremity (34.9%), 6 months after
surgery. No adverse outcome was reported by
the patients within the follow-up period.

The time course of changes in the time
domain and spectral components of HRV with
the volunteers in the supine position is shown
in Table Il. A progressive decrease in the mean
heartrate obtained fromthe 10 min ECGrecording
was observed. On the other hand, a significant
change in the time domain components of HRV
was observed only later. A 47% increase in rMSSD

BARIATRIC SURGERY AND SYMPATHOVAGAL BALANCE

(P<0.01) and a 285% increase in pNN50 (P< 0.01)
was observed at 6 months after bariatric surgery.
The time course of changes in the spectral
components of HRV is shown in Figure 1. LF (nu)
spectral power (Fig. 1a) decreased from 56.2
(39.6 to 74.4) at baseline to 36.8 (24.9 to 53.9) at
6 months after surgery (P= 0.036). Differently,
HF (nu) (Fig. 1b) increased progressively from
24.9 (18.0 to 46.3) at baseline to 44.5 (23.4 to
65.6) at 3 months and to 541 (37.6 to 64.0) at 6
months after surgery. LF/HF ratio in turn (Fig. 1c)
decreased from 2.3 (1.0 to 4.2) at baseline to 0.8
(0.4 to 1.3) at 6 months after surgery (P= 0.038).

DISCUSSION

The main findings of this study were the
improvement of the vagal cardiac control within
the three months, as well as the recovery of the
autonomic balance at six months of the post-
surgical period.

The data obtained in this study confirmed
previous observations regarding the efficacy of
the bariatric surgery as a procedure to obtain
rapid weight loss, a goal obtained particularly
when using the Roux-en-Y bypass procedure (Le
Roux et al. 2007, Li et al. 2016). The long-lasting
maintenance of the body weight has been
questioned in some studies (Shah et al. 2006).
Our data suggest that the fat loss seems not
to be uniform in the different body segments
since the relative fat loss localized in the upper
extremity was greater than in the central body
(trunk), suggesting that central fat is more
resistant to the reduced caloric intake after
surgery.

It is noteworthy that the reduction of body
fat occurred simultaneously to a rearrangement
of the autonomic balance to the heart, from
a relatively predominant sympathetic pattern
(lower pNN50 and rMSSD values and higher LF/
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Figure 1. Spectral components of HRV analysis at baseline and at follow up after bariatric surgery. a) LF spectral
power in normalized units, b) HF spectral power in normalized units, c) LF/HF ratio. Boxes are median, 25th and
75th percentiles, and whyskers indicate 1st and 99th percentiles. *Significantly different from baseline values (P<

0.05). Kruskal Wallis with Dunn’s post-hoc test.

Table I. Time course of changes in heart rate and time-domain components of heart rate variability.

Baseline

Minimum HR (bpm) 63 +12
Maximum HR (bpm) 86 + 13
Mean HR (bpm) 73 +13
R-R (ms) 850 * 152

R-R variance (ms?)

SDNN (ms) 35.5(21.3-52.2)

rMSSD (ms) 22.2 (15.5-351)
NN50 (absolute value) 15 (03-100)

pNN50 (%) 2.3(0.3-13.6)

1267 (455-2726)

3 months 6 months
55 + 13* 52 + 8*
80 + 14* 76 + 12*
67 + 14* 62 + 9*
933 + 171 985 + 143*

2709 (1696-5047)
52.0 (41.2-71.0)
32.6 (281-63.2)*

64 (28-242)*
104 (5.7-43.0)*

3336 (1030-5604)
57.7 (321-74.8)
31.0 (17.4-63.6)

41 (07-273)
59 (1.5-45.8)

HR heart rate, SDNN standard deviation of all NN intervals, rMSSD square root of the mean of the sum of the squares of
differences between adjacent NN intervals, NN50 number of NN intervals differing more than 50ms, pNN50 percentage of two
NN intervals differing more than 50ms. Values are mean * standard deviation or median (interquartile interval). *Different from
baseline values (P < 0.05). Repeated measures ANOVA with post-hoc Tukey or Kruskal Wallis with Dunn’s post-hoc test.

HF ratio) before surgery, to a more balanced
sympathetic/parasympathetic pattern
characterized by the decrease of LF/HF ratio
in the postsurgical period. Recently, our group
published reference values for HRV derived
from a large cohort of healthy adults (Dantas
et al. 2018). Considering rMSSD and pNN50, two
parameters related to vagal modulation of HRV,
our data showed normalization of its values
at 6 months of the follow up period. Similar
normalization was observed in relation to LF/HF.

An Acad Bras Cienc (2020) 92(1)

However, the recovery of the normal autonomic
balance to the heart was not timely related to the
weight loss, because asshownin Fig. 1c decreased
LF/HF ratio was only detectable 6 months
after surgery. Our data also suggest that the
recovery of the normal pattern of sympathetic/
parasympathetic balance seems not to be
uniform in all patients since the recovery of the
temporal and spectral parameters, suggesting
increase of parasympathetic modulation on the
heart beats (pNN50, rMSSD, HFnu, and LF/HF
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Table II. Anthropometric and hemodynamic data at baseline and at follow up after bariatric surgery.

Baseline

Weight (kg) 116.5 + 18.7
BMI (kg/m?) 447+ 6.3
Fat mass (%) 527 + 61

Fat mass (kg) 60.2 £ 12.6
UB fat mass (kg) 154 +58
LB fat mass (kg) 174+ 43
Trunk fat mass (kg) 262 +34
FFM (kg) 302+ 7.0
SBP (mmHg) 120 + 15
DBP (mmHg) 79 10

3 months 6 months
97.0 + 16.0* 87.2 + 15.4*
372+ 6.6* 33.0 + 5.4*
473 £ 6.4* 415 +7.0%
458 + 113* 36.3 + 11.0*"
101 + 3.8* 7.0 +3.6*
142 +3.9* 99 +3.8%
209 + 4.3* 16.9 + 4.9*
274+ 57* 279 + 5.0*
117 £ 11* 115 +12*
73 +7* 70 £ 7%

BMI body mass index, UB upper body, LB lower body, FFM fat free mass, SBP systolic blood pressure, DBP diastolic blood
pressure. Values are mean # standard deviation. *Different from baseline values, * Different from 3 months (P< 0.05). Repeated

measures ANOVA with Tukey post-hoc test.

ratio), was only evident 6 months after surgery.
Also, in some patients the sympathovagal
balance remained unchanged after surgery,
that is, the predominant sympathetic pattern
remained unchanged despite the weight loss. We
were unable to identify a common characteristic
(presence of diabetes, for example) in this
subgroup. A cohort containing a higher number
of participants should be studied to investigate
this finding.

Previous studies have shown that the
autonomic imbalance associated with obesity
is derived from an activation of the sympathetic
system and such activation was more intense
in presence of visceral in comparison with
the subcutaneous fat accumulation and that
leptin, an important hormone secreted by
visceral adipocytes, would be associated to the
sympathetic activation and obesity-induced
hypertension (Alvarez et al. 2002, Mark 2013). Our
data did not confirm this view because in our
cohort we observed a predominant recovery of
the parasympathetic indexes of HRV. However,
it is important to consider HRV analysis is not a
good tool to investigate sympathetic modulation,

since the LF component depends on a complex
interaction of sympathetic and parasympathetic
discharge to the heart, partially modulated by
the barorreflex (Task Force of The European
Society of Cardiology and The North American
Society of Pacing and Electrophysiology 1996,
Guzzetti et al. 2002). Although data of normal
values of HRV parameters are still scarce (Nunan
et al. 2010, Dantas et al. 2018), we observed that
most of the patients included in our study
and examined 3 months after surgery showed
temporal indexes of vagal modulation of heart
beats close to those found in normal volunteers
(Nunan et al. 2010, Mill et al. 2013). It is possible
that the recovery of the autonomic balance
may depend on a better baroreflex signaling,
as previously shown in obese patients at 3
and 6 months after surgery (Kokkinos et al.
2013). We can speculate that the recovery of
normal sympathetic/parasympathetic balance
contributes to a better blood pressure control
making possible to hypertensive obese patients
recover normal blood pressure even after
withdrawal of the antihypertensive medication.
Notably, 21 out of 23 patients showed normal
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blood pressure values without antihypertensive
drugs in the follow up period. However, given the
high proportion of patients under hypertension
treatment at baseline, it was difficult to correlate
blood pressure changes with weight loss.

The sympathetic activation in obesity has
been largely attributable to the high leptin
levels. This hormone is able to directly stimulate
the hypothalamic neurons involved in the
sympathetic activation network (Varela & Horvath
2015, do Carmo et al. 2016). A possible inhibition
of vagal tone by leptin was also proposed (de
Lartigue et al. 2012). Unfortunately, we did not
measure leptin levels in our cohort. However,
other studies have shown decreased serum
leptin concentration after bariatric surgery (Siejka
et al. 2013, Knuth et al. 2014). Moreover, two other
additional hypotheses may be raised to explain
the recovery of the sympathovagal balance
after the bariatric surgery: a better control of
diabetes and improvement of sleep obstructive
apnea (SOA). Both conditions lead to an increase
in the sympathetic drive to the cardiovascular
system. Eight out of the 26 patients included in
our study were under treatment for diabetes.
The improvement of the autonomic balance in
the post-surgical period, however, was similar
in diabetic and non-diabetic patients (data not
shown). In contrast, it has been recently reported
that the bariatric surgery may be more effective in
restoringthe cardiacautonomiccontrolin patients
with type 2 diabetes as compared to those non-
diabetic patients (Casellini et al. 2016). In relation
to SOA, 18 out of the 26 patients reported the
previous diagnosis of SOA at baseline and most
of them reported improvement of sleep quality
with weight loss. Indeed, a recent study has
shown that the weight loss after bariatric surgery
was more efficient to restore the sympathovagal
balance in obese patients with SOA than the use
of positive air flow devices (CPAP) (Bakker et al.
2014).

BARIATRIC SURGERY AND SYMPATHOVAGAL BALANCE

In conclusion, our study clearly showed
improvement of the autonomic balance as
assessed by HRV indexes directed to the heart
after bariatric surgery in severely obese patients.
Despite the limitation of using a small and
non-randomized sample, unlike other studies,
we included in this analysis only patients free
from the influence of drugs interfering with the
autonomic modulation of heart beats (mainly
betablockers and central sympatholitics). Other
studies have recommended the withdrawal of
medication only one day before of ECG recording
(Wu et al. 2015) what is insufficient to wash out
most of the drugs used in the treatment of
hypertension.

The findings of this study indicate that
recovery of normal parasympathetic modulation
may be a major contributor to normalization of
cardiac autonomic balance. The recovery of the
normal autonomic balance to the heart may
contribute to improve reflex control of blood
pressure and to normalize blood pressure levels
in hypertensive obese individuals.
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