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Background and aim: Obese individuals with recommendation for bariatric surgery (BS)

exhibit increased cardiovascular risk. The association of obesity with comorbidities, such as

arterial hypertension (HTN) and type 2 diabetes mellitus (T2DM) can worsen cardiovascular

dysfunction. This study aimed to investigate the effect of HTN on cardiac autonomic

function and whether diabetes exacerbates HTN-related impairment of autonomic function

in obese subjects.

Methods: Samples (n=63) were allocated to three groups: Obese without HTN and T2DM

(n=29), Obese with HTN (OHTN, n=17) and OHTN with T2DM (OHTN+T2DM, n=17), in

which anthropometric measures, body composition, blood biochemical parameters, blood

pressure (BP) and heart rate variability (HRV) were evaluated.

Results: The age was higher in OHTN+T2DM and OHTN than in obese groups (p<0.05).

OHTN+T2DM individuals had increased neck circumference and compromised glycemic

profile when compared to obese and OHTN groups (p<0.05). Mean values for standard

deviation of RR (SDRR), square root of the mean squared differences of successive RR

interval (RMSSD) and number of pairs of successive normal-to-normal beat intervals that

differed by 50 ms (pRR50) were significantly lower in OHTN+T2DM and OHTN groups

when compared to patients with obesity alone (p<0.05). The low frequency (LF), low

frequency/high frequency (LF/HF) ratio were higher in the OHTN+T2DM and OHTN than

subjects with obesity alone (p<0.05). Nonlinear parameters SD2 and SD1 were also lower in

the OHTN+T2DM when compared to the obese group (p<0.05). However, the SD2/SD1

ratio was higher in the OHTN+T2DM and OHTN groups than the obese group.

Conclusion: T2DM and/or HTN impair the cardiac autonomic function in obese patients.

However, the presence of T2DM did not exacerbate the hypertension-related impairment of

autonomic function.

Keywords: heart rate variability, blood pressure, glucose metabolism, obesity, cardiovascular

risk

Introduction
Obesity is a chronic disease of high prevalence and complexmanagement. In most cases,

the excessive body weight has been associated with several comorbidities, such as type 2

diabetes mellitus (T2DM), arterial hypertension (HTN), dyslipidemia and obstructive

sleep apnea syndrome, which contribute to high cardiovascular morbidity and mortality

in this group of patients.1,2
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The sympathetic activity and sympathovagal tone

imbalances are markedly increased in obese subjects,3

which are independently associated with increased cardio-

vascular risk.4–6 In addition to obesity, diabetes and HTN

are comorbidities that impair the cardiac autonomic

function.7 For example, among patients with diabetes, the

mortality rate is higher in those with autonomic dysfunc-

tion than in those subjects with well-controlled autonomic

function.5,8,9

Weight loss has been associated with a remarkable

improvement in the autonomic cardiac function.3,10–12

However, sustained weight loss in morbidly obese patients

is difficult and repeatedly unsuccessful. Thus, bariatric

surgery (BS) has been considered the more effective treat-

ment approach for these patients.13 Despite BS has been

shown effective in reducing body weight, the improvement

of comorbidities and greater weight loss after BS is not

always satisfactory achieved. As a result, cardiac auto-

nomic dysfunction (CAD) in obese subjects prior to BS

is associated with a lower resolution of those comorbid-

ities after surgery.14

The early CAD may exhibit no symptoms and only be

detected by abnormal indices of heart rate variability

(HRV). The HRV reflects the oscillation in the time inter-

vals between consecutive heartbeats (usually stated as RR

intervals) and is extensively used to evaluated autonomic

modulation of the cardiac function.7,15,16 Reduced HRV is

associated with increased sympathovagal tone in several

disorders such as HTN, diabetes7 and, obesity17 and pre-

dicts greater cardiovascular risk. The association of these

comorbidities, such as diabetes and HTN, appears to

impair HRV more than either the diseases alone.18

In this way, the understanding of the autonomic func-

tion in obese subjects with or without comorbidities before

BS might be essential for predicting clinical outcomes

after surgery. Therefore, the aim of the study was to

examine the impact of HTN with or without T2DM on

HRV in obese subjects with a recommendation for BS.

Methods
Ethical aspects of the research
This cross-sectional study was conducted in accordance

with the Declaration of Helsinki. The protocol of the origi-

nal study entitled “Cardiovascular, metabolic and muscular

evaluation in sarcopenic and non-sarcopenic obese patients

indicated for bariatric surgery”was submitted and approved

by the Research Ethics Committee of Lauro Wanderley

University Hospital, Federal University of Paraiba

(Reference number 80984817.9.0000.5183) and all proce-

dures were conducted in agreement with the Resolution

466/2012 of the National Health Council and the

International. After the patients gave written informed con-

sent they underwent screening procedures.

Subjects
Obese subjects aged 18–60 years, BMI ≥40 kg/m2 or

≥35 kg/m2 with a recommendation for BS and belonging

to the surgical obesity outpatient clinic of Lauro Wanderley

University Hospital were included in the study between

March and September 2018.

Exclusion criteria consisted of a history consistent with

pregnancy, cardiac transplantation, presence of arrhyth-

mias (eg, ventricular atrial block, atrial fibrillation), car-

diac pacemakers, clinical history of renal dysfunction,

ischemic and non-ischemic cardiomyopathy, important

psychiatric diseases and active malignant neoplasms.

The participants were divided into three groups: 1)

obese individuals without diagnosis of HTN and T2DM

(obese, n=29); 2) obese individuals with diagnosis of HTN

(OHTN, n=17); and 3) obese individuals with diagnosis of

HTN and T2DM (OHTN+T2DM, n=17). All participants

underwent a careful clinical assessment before the study.

Clinical and anthropometric evaluation
A questionnaire was administered to participants in order

to retrieve information regarding their age, sex, physical

activity (moderate physical activity ≥150 min/week),

nutritional counseling, smoking, previous diseases, time

of illness and use of medication. The duration of T2DM

and HTN was recorded based on the date of diagnosis self-

reported by patients.

Body weight was measured to the nearest 0.1 kg (Inbody

370, Model JMW140, Chungcheongnam-do, KOREA).

Height was measured to the nearest 0.5 cm using a stadi-

ometer (anthropometric balance caumaq mechanical capa-

city 300 kg) and BMI (kg/m2) was calculated as the weight

divided by the square of the height (Kg/m2). Neck circum-

ference (NC) was measured using a flexible ruler at the

thyroid cartilage level.19

Assessment of body composition
The body composition was evaluated by bioimpedance

(Inbody 370, Model JMW140, Chungcheongnam-do,

KOREA), tetrapolar, multifrequency, segmental, with 15

impedance measurements using 3 different frequencies
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(5 KHz, 50 KHz, 250 KHz) of each of the 5 segments

(right arm, left arm, right leg and left leg) through an

electric current of 250 μA.
To perform the test, all subjects follow the following

recommendations: fast for 12 hrs, empty the bladder

before the test, do not perform extenuating or vigorous

physical exercises the day before, not being in the men-

strual period and the ambient temperature is between 20

and 25 ºC. Body fat percentage was provided from the

manufacturer’s algorithm.20

Blood sample and biochemical analyses
Blood samples were collected with fasting of 12 hrs, without

alcoholic beverage intake 72 hrs before. Fasting glucose,

cholesterol, triglycerides, and high-density lipoprotein cho-

lesterol (HDL-cholesterol) concentrations were determined

with an automated enzymatic method (Autoanalyzer;

Technicon, Tarrytown, NY, USA). LDL cholesterol was cal-

culated using the Friedwald formula.21 Fasting insulin was

determined with the chemiluminescence immunoassay kit

(Siemens Healthcare Brasil). The insulin resistance was esti-

mated with the homeostasis model assessment of insulin

resistance (HOMA) method22 and glycated hemoglobin

(HbA1c) was measured by high-performance liquid chroma-

tography-HPLC (method certified by the National

Glycohemoglobin Standardization Program).23 Lastly, high

sensitivity quantitative C-reactive protein (C-RP) was mea-

sured by turbidimetry.24

Blood pressure, electrocardiogram

recording and heart rate variability

analysis
All subjects abstained from intense physical activity 24 hrs

prior to examination. In addition, patients abstained from

caffeinated beverage consumption or any stimulant drink

36 hrs prior to blood pressure (BP) and electrocardiogram

(ECG) recording25 as well as no alcohol intake 72 hrs

prior to the observations. Lastly, patients were asked to

fast overnight for 12 hrs before ECG.

The recordings were performed during the morning (8

AM–11 AM) in a quiet room. The BP was measured in

seated subjects after 3 mins of rest, through the Welch

Allyn sphygmomanometer with appropriate arm circum-

ference cuff following the recommendations of the 2013

ESH/ESC Guidelines for the management of arterial

hypertension.26

After an initial stabilization period of 5 mins, subjects

were instructed to remain silent, breathing normally at

tidal volume and with the subjects at rest and in the supine

position.16 Following, ECG measurements were recorded

for 10 mins. The ECG model 26T-LTS (ADinstruments®,

Bella Vista, NSW, Australia) was used and recordings

were made with the 5-electrode configuration through

LabChart® data acquisition software (ADinstruments®,

Bella Vista, NSW, Australia). ECG was set to a sampling

rate of 1 KHz, range of 2 millivolts using a digital filter of

50 Hz (low pass). All data were exported and blindly

analyzed by an independent trained researcher using

LabChart 8 software.

ECG recordings were processed by computer software

(ECG analysis module for LabChart Pro; ADInstruments)

for automatic detection of the R waves and beat-by-beat

calculation of RR interval. For detection of ECG, 80 ms

was used to determine typical QRS width and for R waves

at least 300 ms apart. For ECG analysis, 240 ms was used

for the maximum PR and 240 ms for maximum RT.

The heart rate (HR) and the following measures of HRV

analysis were determined; 1) time-domain parameters:

average R-R interval, standard deviation between the dura-

tion of RR intervals (SDRR), the square root of the mean of

the sum of the squares of the successive differences

between adjacent normal-to-normal beats (RMSSD), and

the number of pairs of successive normal-to-normal beat

intervals that differed by 50 ms (pRR50); 2) frequency-

domain parameters: low frequency (LF) band (from 0.04

to 0.15 Hz) and high frequency (HF) band (from 0.15 to

0.40 Hz) and the LF/HF ratio, the power of each spectral

component was calculated in normalized units (un); 3)

Nonlinear parameters (SD1 and SD2). Poincaré scatters

plots were constructed and investigated as a nonlinear

tool, including the transverse axes (SD1, an indicator of

parasympathetic activity) and the longitudinal axes (SD2,

an function of sympathetic and vagal activity).12,15

Statistical analysis
Values are reported as mean (95% confidence interval).

The variables age and NC were analyzed using one-way

ANOVA test, following Tukey post-test. BP, body com-

position, biochemical parameters, ECG analysis and HRV

measures were analyzed using one-way ANCOVA with

correction for age and NC. Categorical data were ana-

lyzed by chi-square. The Pearson correlation coefficient

(r) was used to explore the relationship between the

clinical, anthropometric, body composition and laboratory
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variables obtained with the HRV parameters. The correla-

tions obtained were classified as poor (r≤0.20), weak

(0.21–0.40), moderate (0.41–0.60), good (0.61–0.80),

and excellent (0.81–1.00).27,28 Differences were consid-

ered significant when p≤0.05. ANCOVA and chi-square

were performed using SPSS 20.0 (IBM Corporation,

Armonk, NY) and the others statistical analyses were

performed using the GraphPad Prism 5.0 software

(GraphPad Software Inc., La Jolla, CA, USA).

Results
Subject characteristics
Sixty-three obese individuals with a recommendation for

BS were evaluated over a six-month period. Clinical,

anthropometric, body composition and laboratory charac-

teristics of subjects studied are shown in Table 1.

The study sample included three groups: 29 obese

patients (mean BMI of 42.9±4.3 kg/m2), 17 OHTN (mean

BMI of 43.7±6.1 kg/m2) and 17 OHTN+T2DM (mean BMI

of 44.1±7.1 kg/m2). OHTN and OHTN + T2DM groups

were older than the obese subjects, p<0.05. NC was higher

in OHTN+T2DM than OHTN and obese groups (Table 1).

Although the BMI and body fat percentage were simi-

lar among groups, the OHTN+T2DM subjects presented

worse glycemic profile (fasting glucose, HOMA-IR, and

HbA1c) than the obese and OHTN. In addition, subjects of

OHTN+T2DM group showed higher triglycerides when

compared to obese individuals (Table 1). Due to differ-

ences in age and NC between groups, all other results were

corrected for these variables.

The comparison among the groups studied for HRV in

the time domain, frequency domain and nonlinear mea-

surements are reported in Table 2. HRV analyses in time

domain demonstrated that SDRR, RMSSD, and pRR50

were significantly lower in OHTN and OHTN+T2DM

groups when compared to obese subjects (Table 2).

Regarding the frequency domain measurements, we

found that LF band and LF/HF ratio were higher in the

OHTN+T2DM and OHTN than subjects with obesity

alone (p<0.05). HF was lower in the OHTN+T2DM and

OHTN groups than the obese group (Table 2). Lastly,

non-linear measures SD1, SD2 was also lower in the

OHTN+T2DM group than in the obesity alone group,

while SD2/SD1 ratio was higher in the OHTN+T2DM

and OHTN when compared to obese (p<0.05). Taken

together, the findings shown higher sympathetic power

in the group with comorbidities.

All ECG measures analyzed, such as PR, QRS, QTc,

and ST intervals, and P duration, were similar among all

three groups, with the exception of a higher HR and a

shorter RR interval in the OHTN+T2DM group than in the

other groups (Table 2).

We correlated clinical parameters, anthropometric mea-

sures, body composition, HR, BP and laboratory para-

meters with measurements of HRV in the time domain,

frequency and nonlinear measurements (Table 3). Older

patients exhibited increased SBP, DBP and lower values

for SDRR and SD2 (Table 3). There was a positive corre-

lation between BMI and NC with SBP, DBP, LF, LF/HF,

and SD2/SD1. In the evaluation of the body composition,

body fat percentage did not correlate with any other para-

meter of HRV (Table 3).

In addition to the obesity, HR, BP and metabolic pro-

file also correlated with worse HRV (Table 3). HR corre-

lated with all HRV measures evaluated, positively with

measures expressing more sympathetic domain LF, LF/

HF, and SD2/SD1, and negatively with measures expres-

sing the parasympathetic domain RR, SDRR, RMSSD,

pRR50, HF, SD1 and SD2 (Table 3).

In the evaluation of the metabolic profile, HbA1c was

the one that had the greatest impact on HRV, correlating

positively with HR, LF/HF, SD2/SD1 and negatively with

RR, SDRR, RMSSD, pRR50, SD1 and SD2 (Table 3).

Discussion
This study evaluated the impact of HTN with or without

T2DM on cardiovascular autonomic function in obese

with a recommendation for BS. Our findings demonstrated

that the presence of these comorbidities impairs cardiovas-

cular autonomic function, with a decrease in parasympa-

thetic activity and a predominance of the sympathetic

component.

The weight gain enhanced the appearance of multiple

pathophysiological disorders, such as ectopic fat deposi-

tion, inflammation, insulin resistance, and increased sym-

pathetic nervous activity, which contributes to high

cardiovascular morbidity and mortality.3

Previous studies verified that someHRVindices have good

accuracy for diagnostic of CAD in some populations.29,30 It

was demonstrated that subjects with morbid obesity exhibit

impaired HRV when compared to non-obese individuals.17

Notably, the authors observed that the time domain compo-

nents, such as SDNN, RMSSD, and pNN50 were reduced in

obese subjects prior to BS, as well as, individuals with morbid

obesity exhibited high LF/HF ratio. Although the findings
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suggested that the sympathovagal balance is impaired in indi-

viduals with morbid obesity,17 the authors did not assess the

risk factors that could be involved with the worsening of HRV

in these subjects.

Many risk factors for cardiovascular disease are asso-

ciated with altered autonomic function. For example,

decreased HRV is frequently observed in patients with

T2DM or HTN.31–33 Of note, the presence of HTN in

Table 1 Assessment of clinical, anthropometric, body composition and laboratory variables

VARIABLES OBESE (n=29) OHTN (n=17) OHTN+T2DM (n=17)

Gender (women/men) (27/2) (15/2) (12/5)

Age (years) 34.1 (31.6–36.4) 43.7 (39.7–47.4)# 44.4 (39.9–48.9)*

BMI (kg/m2) 42.3 (40.2–44.5) 44.1 (41.5–46.7) 43.2 (40.5–45.9)

NC (cm) 37.6 (36.0–39.2) 37.6 (35.9–39.3) 41.1 (38.7–43.5)*†

SBP (mmHg) 112 (106–117) 115 (108–121) 118 (111–125)

DBP (mmHg) 74 (71–78) 75 (70–79) 76 (71–81)

HTN duration (years) – 10.7 (6.4–15.1) 13.5 (8.2–18.7)

T2DM duration (years) – – 4.5 (1.9–7.0)

Smoking - % (n) 3.5 (1) 5.8 (1) –

Physical activity - % (n) 51.7 (15) 35.3 (6) 47.1 (8)

Nutritional counseling - % (n) 55.1 (16) 70.6 (12) 64.7 (11)

Dyslipidemia - % (n) 27.6 (8) 29.4 (5) 76.5 (13)*

Medications

Antiglycemics

Biguanides - % (n) 10.3 (3) – 100 (17)

SGLT-2 inhibitors - % (n) – – 29.4 (5)

Thiazolidineodiones - % (n) – – 5.9 (1)

DPP-4 inhibitors – – 5.9 (1)

GLP-1 analogs – – 5.9 (1)

Antihypertensive

ARBII - % (n) – 64.7 (11) 47 (8)

ACE I inhbitorys - % (n) – 17.6 (3) 29.4 (5)

βBlocker - % (n) – 17.6 (3) 17.6 (3)

Calcium blockers - % (n) – 11.7 (2) 23.5 (4)

Diuretics - % (n) – 58.8 (10) 52.9 (9)

Body composition

Body fat percentage (%) 50.8 (48.8–52.8) 52.4 (49.9–54.9) 50.1 (47.7–52.7)

Biochemical evaluations

Total cholesterol (mg/dL) 177 (161–192) 181 (162–200) 184 (164–203)

LDL-cholesterol (mg/dL) 104 (91–116) 103 (88–117) 101 (85–117)

HDL-cholesterol (mg/dL) 50 (45–54) 49 (43–54) 51 (46–57)

Triglycerides (mg/dL) 113 (81–147) 148 (109–188) 174 (132–216)*

Insulin (µU/mL) 21 (14–28) 23 (15–31) 29 (20–38)

Fasting glucose (mg/dL) 95 (86–104) 87 (76–98) 121 (110–133)*†

HOMA-IR 4.5 (2.5–6.5) 4.7 (2.2–7.2) 9.4 (6.8–12.0)*†

HbA1c (%) 5.8 (5.4–6.2) 6.0 (5.5–6.5) 7.4 (6.8–7.9)*†

C-RP (mg/L) 9.4 (6.7–12.1) 8.1 (4.8–11.6) 5.1 (1.6–8.6)

Notes: Data are expressed as mean (95% confidence interval) or %(N). *p<0.05 OHTN + T2DM versus obese group.†p<0.05 OHTN+T2DM versus OHTN group. #p<0.05
OHTN versus obese group. Age and NC were analyzed by One-way ANOVA and Tukey post-test were used. One-way ANCOVA adjusted for age and NC.

Abbreviations: OHTN, obese individuals with diagnosis of HTN; OHTN+T2DM, obese individuals with diagnosis of hypertension and type 2 diabetes mellitus; BMI, body

mass index; NC, neck circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; T2DM, type 2 diabetes mellitus; HTN, arterial hypertension; SGLT-2,

sodium-glucose cotransporter-2 inhibitor; DPP-4, dipeptidyl peptidase-4 inhibitors; GLP-1, glucagon-like peptide-1 analogs; ARBII, angiotensin II receptor antagonists; ACEI,

angiotensin-converting enzyme I inhibitors; LDL-cholesterol, low density lipoprotein cholesterol; HDL-cholesterol, high density lipoprotein cholesterol; HOMA-IR, home-

ostasis model assessment-insulin resistance; C-RP, high sensitivity quantitative C-reactive protein.
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diabetic subjects appears to worsen the HRV. Recently

Bassi and colleagues evaluated the influence of HTN on

cardiac autonomic modulation and cardiopulmonary capa-

city in diabetic individuals.18 The authors found that

hypertensive condition negatively affected the HRV in

patients with T2DM, however, a higher BMI and BP levels

in the group with T2DM and HTN could have interfered

with the results. On the other hand, a recent study related

that the existence of well-controlled hypertension in the

diabetic subject without obesity did not alter cardiac

dysautonomia.33 In the present study, we showed that

HRV variables in the time, frequency and non-linear

domain measurements were worse in the OHTN and

OHTN+T2DM groups than in obese subjects.

It is known that diabetic individuals with longer disease

duration and higher glycemic levels are subject to lower

HRV.12 In our study, diabetic patients had less than five years

of disease, but the glycemic levels were poorly controlled.

Despite this, the presence of diabetes in obese individuals with

HTN did not worsen HRV more than in OHTN individuals.

Early stages of glucose dysmetabolism already increase

the risk of CAD. In present study, we found that OHTN

and obese individuals had HbA1c levels compatible with

prediabetes conditions.34 This may have been one of the

reasons why the presence of diabetes in hypertensive

patients did not have an impact on worsed HRV.

A recent study demonstrated that approximately 24%

of subjects with glucose homeostasis dysfunction (HbA1c

>6.0%) exhibit increased risk of autonomic dysfunction

and CAD.35 In our study, the glycemic parameters were

positively correlated with SBP, DBP LF/HF, and SD2/

SD1. This suggests that elevated glycemic levels are asso-

ciated with the increased sympathetic activity, low HRV

and augmented cardiovascular risk in morbidly obese.

HRV may be influenced by gender, age, and physical

activity. Older individuals and women have lower HRV,

while more trained people have higher HRV.15 Among the

obese subjects studied, we found that patients from the

OHTN and OHTN+T2DM groups were older (43.7±1.8

and 44.4±2.1, respectively) and that age was positively

correlated with SBP and DBP and negatively correlated

with measures of SDRR and SD2. A previous study

demonstrated that subjects with age greater than 53 years

had a sensitivity of 76% and specificity of 61% for the

Table 2 Comparison of ECG analysis and heart rate variability measures between the three groups studied

PARAMETERS OBESE (n=29) OHTN (n=17) OHTN+T2DM (n=17)

ECG analysis

HR (bpm) 69 (65–73) 72 (67–77) 79 (74 −84)*†

RR interval, ms 880 (840–930) 850 (800–910) 760 (700–820)*†

PR interval, ms 196 (173–219) 166 (138–194) 171 (141–200)

P duration, ms 132 (106–159) 102 (70–134) 97 (63–131)

QRS interval, ms 75 (71–79) 71 (66–75) 73 (68–78)

QTc interval, ms 379 (357–402) 384 (356–411) 369 (339–398)

JT interval, ms 280 (260–300) 281 (257–305) 248 (223–274)

HRV analysis

SDRR (ms) 46.9 (40.5–53.3) 36.3 (28.5–44.1)# 29.9 (21.7–38.1)*

RMSSD (ms) 43.6 (35.9–51.2) 27.2 (17.9–36.5)# 21.0 (11.2–30.8)*

PRR50 (ms) 24.1 (17.1–31.0) 8.3 (−0.9–16.7)# 5.1 (−3.7–14)*

LF (nu) 33.1 (26.1–40.1) 52.9 (44.6–61.2)# 57.2 (48.3–66.0)*

HF (nu) 63.8 (56.9–70.8) 46.5 (38.3–54.7)# 45.3 (36.5–54.1)*

LF/HF 0.67 (−0.11–1.45) 2.0 (1–2.9)# 2.0 (0.9–2.9)*

SD1 (ms) 30.1 (24.4–35.7) 21.4 (14.5–28.3) 15.7 (8.4–22.9)*

SD2 (ms) 56.7 (48.3–65.1) 51.3 (41.1–61.5) 40.7 (29.9–51.4)*

SD2/SD1 2.0 (1.6–2.4) 2.8 (2.2–3.3)# 3.3 (2.7–3.8)*

Notes: Data are expressed as mean (95% confidence interval). *p<0.05 OHTN + T2DM versus obese group. †p<0.05 OHTN + T2DM versus OHT group. #p<0.05 OHTN

versus obese group. One-way ANCOVA adjusted for age and neck circumference.

Abbreviations: OHTN, obese patients with diagnosis of hypertension; OHTN+T2DM, obese patients with diagnosis to hypertension and type 2 diabetes mellitus; HR,

heart rate; SDRR, standard deviation of RR; RMSSD, square root of the mean squared differences of successive RR intervals; pRR50, number of pairs of successive normal-

to-normal beat intervals that differed by 50 ms; LF nu, normalized unit in the low frequency band; HF nu, normalized unit in the high frequency band; SD, standard deviation

of instantaneous RR interval variability.
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presence of CAD.35 Due to the difference in age among

groups, we corrected all the result by the age of each

subject.

Another cause associated with the risk of CAD in the

early stages of glucose dysmetabolism is a QTc interval

greater than 423ms.35 This interval is associated with

arrhythmias and increased risk for cardiovascular

mortality.36 In our study, the QTc interval was similar

between the groups, not exceeding more than 400 ms.

Regarding the impact of the increased BMI among

obese individuals on HRV,37 it was demonstrated that

higher BMI effectively depresses the HF component, a

marker of parasympathetic activity. Some data from the

literature show that other measures of adiposity, such as

body fat percentage, visceral adipose tissue and waist

circumference correlated with worse HRV, whereas there

was no significant association with BMI.38,39 In our study,

body fat percentage was not associated with any of the

HRV parameters, but conversely, BMI positively corre-

lated with LF, LF/HF and SD2/SD1. Indicating that exces-

sive body weight impair autonomic function.

It has been described that a NC greater than 38cm has

been associated with obstructive sleep apnea syndrome,

metabolic syndrome and increase in muscle sympathetic

nerve activity.40,41 In our study, a positive correlation was

found between NC and SBP, DBP, LF/HF and SD2/SD1.

These associations show the importance of the NC mea-

surement for evaluate the possibility of cardiovascular com-

plications in obese subject with or without comorbities.

Conclusion
HTN and T2DM impair the cardiac autonomic function in

obese individuals with a recommendation for BS. The

presence of T2DM did not exacerbate the hypertension-

related impairment of autonomic function.

Abbreviations
ACEI, angiotensin-converting enzyme I inhibitors; ARBII,

angiotensin II receptor antagonists; ASM, appendicular skele-

tal muscle mass; BMI, body mass index; BP, blood pressure;

BS, bariatric surgery; CAD, cardiac autonomic dysfunction;

C-RP, high sensitivity quantitative C-reactive protein; DBP,

diastolic blood pressure; ECG, electrocardiogram; FFMI, fat-

free mass index; HbA1c, glycated hemoglobin; HDL-choles-

terol, high density lipoprotein cholesterol; HF, high frequency;

HOMA, homeostasis model assessment-insulin resistance;

HR, heart rate; HRV, heart rate variability; HTN, hypertension;

LDL-cholesterol, low density lipoprotein cholesterol; LF, low

frequency; MMI, muscle mass index; NC, neck circumfer-

ence; OHTN, obese individuals with diagnosis of HTN;

OHTN+T2DM, obese individuals with diagnosis of hyperten-

sion and type 2 diabetes mellitus; pRR50, number of pairs of

successive normal-to-normal beat intervals that differed by 50

ms; RMSSD, square root of the mean squared differences of

successive RR interval; RR, RR interval; SBP, systolic blood

pressure; SD, standard deviation; SDRR, standard deviation of

RR; T2DM, type 2 diabetes mellitus.
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