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Abstract: Heart rate variability (HRV) provides valuable information in various clinical 

settings. Limited information exists on changes in cardiac autonomic modulation in extremely 

obese patients (BMI>40). The aim of this study was to investigate the influence of extreme 

(morbid) obesity and concomitant diseases on cardiovascular autonomic function. 

Participants of this study are 40 women and 40 men with a mean age of 47.9 diagnosed with 

morbid obesity (mean BMI 47.49) and hospitalized to further bariatric treatment. In 42 

patients diagnosed with hypertension (treated with beta blockers and ACE inhibitors along 

with well controlled blood pressure), type 2 diabetes (treatment with oral drugs) also 

occurred. Furthermore, 46 patients were diagnosed with depression. None of the participants 

used antidepressants or sedative agents. A total of 80 healthy people (40 women and 40 men) 

with a mean age of 42.7 and with a mean BMI of 24.6 formed the control group. All patients 

had 24-hour ECG monitoring using the Holter method in order to evaluate the autonomic 

activity with time and frequency domain analysis (heart rate variability – HRV). 

Results: The obese group showed a significant reduction of parasympathetic activity and 

a significant increase in sympathetic activity. No significant differences in cardiac autonomic 

modulation were noted between the Hypertensive-Diabetic patients and those with morbid 

obesity only. However, the in studied group, obese patients with depression had lower time 

and frequency domain parameters (p<0.05) except Standard deviation of NN intervals 

(SDNN), and the ratio of Low frequency (LF)) / High frequency (HF) power (LF/HF) in 

contrast to obese non-depressive individuals. The additional burden of diabetes and 

hypertension in depressed patients did not affect the cardiac autonomic modulation 

differences. 

Further prospective study can be undertaken within the same subjects to evaluate the effect of 

weight loss on the cardiac autonomic activity. 
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Conclusions: 

1. Extreme obesity altered cardiac autonomic activity independently of hypertension and 

diabetes. 

2. Depression associated with morbid obesity intensified HRV reduction. 

Keywords: heart rate variability, obesity, concomitant diseases 

INTRODUCTION 

Proper cardiovascular function is essential in maintaining homeostasis of the body 

as a whole [31]. The autonomic nervous system (ANS) plays an essential role in the 

regulation of cardiovascular homeostasis, in which the sympathetic and parasympathetic 

nervous systems should remain in balance [13,36]. One of the most advanced and widely used 

methods of assessing ANS activity is Heart Rate Variability (HRV), which is the evaluation 

of cyclic, temporal differences between successive heartbeats, corresponding to the R-R 

intervals of an electrocardiogram (ECG). Changes in the length of the R-R intervals depend 

on the activity of the sinus node and reflect the influence of the functional state of the 

autonomic system on the heart. A normal HRV confirms a healthy status, whereas a low HRV 

may be a predictor of various disease states [49]. Several studies have shown that ANS 

dysfunction occurs in obesity and imbalance between components of the autonomic nervous 

system may be one of the most important predictors of cardiovascular death [8,16].  

The prevalence of obesity worldwide is reaching epidemic proportions [43]. Obesity, 

especially severe – morbid obesity (body mass index – BMI ≥40 kg/m2) and its metabolic 

consequences are associated with increased risk of morbidity and mortality and reduced life 

expectancy [28]. It should be emphasized that adipose tissue is not only a fat storage, but also 

an endocrine organ, which is both a place of formation of many biologically active substances 

and integration of signals sent from others. It should also be noted that a significant 

percentage of obese people also have other diseases that are most often complications 

of obesity. These include, among others: hypertension, diabetes, dyslipidemias, heart failure, 

ischemic heart disease and depression [5]. Both depression and obesity are significant public 

health problems [3] with high prevalence worldwide and an associated increased 

cardiovascular risk [17]. Studies have shown an association between depression and obesity, 

with the prevalence of depression in obese individuals being twice as high as in normal 

weight individuals [5]. The relationship between depression and obesity, while established 
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and confirmed in numerous epidemiological studies and meta-analyses, has yet to be fully 

elucidated. The relationship has been studied repeatedly, with some authors arguing that 

depression causes weight gain and obesity, and others that obesity leads to depression, 

suggesting bidirectional causality [48]. It has been suggested that both depression and obesity 

result from dysregulation of the stress response, primarily involving the hypothalamic-

pituitary-adrenal (HPA) axis [26]. Further mechanisms linking these two conditions include 

inflammation, oxidative stress, and other endocrine dysfunctions [27] as well as psychological 

mechanisms such as ruminations, stigma, and ostracism, which contribute to and maintain 

a bidirectional relationship [27]. 

It is known that obesity, hypertension, diabetes mellitus and depression are associated 

with dysregulation of autonomic functions independently [14,40]. Unfortunately, there 

is limited information on changes in cardiac autonomic modulation in extremely obese 

patients (BMI ≥40 kg/m2), especially those burdened with comorbidities. 

The aim of this study was to investigate the influence of extreme obesity and 

concomitant diseases on cardiovascular autonomic function. 

MATERIALS AND METHODS 

PARTICIPANTS 

Participants of this study are 40 women and 40 men with a mean age of 47.9, 

diagnosed with morbid obesity (mean BMI 47.49) and hospitalized to further bariatric 

treatment. In 42 patients diagnosed with hypertension (treated with beta blockers and ACE 

inhibitors along with well controlled blood pressure), type 2 diabetes (treatment with oral 

drugs) also occurred. Furthermore, 46 patients were diagnosed with depression based on the 

results of the Beck Depression Inventory II (mean 15.6). None of the participants used 

antidepressants or sedative agents. A total of 80 healthy people (40 women and 40 men) with 

a mean age of 42.7 and with a mean BMI of 24.6 formed the control group. The participants 

were informed about the procedures and objectives of this study and signed informed consent 

forms. 

HRV ANALYSIS  

All subjects had 24-hour ECG monitoring using the Holter method in order to evaluate 

the autonomic activity with time and frequency domain analysis (heart rate variability – 

HRV). After manual correction for artifacts and ectopic beats, HRV analysis was performed. 

The recordings were evaluated temporally, including 24-hour recording, separately for the 
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hours of daytime activity (6:00-22:00) and nighttime rest (22:00-6:00), and a 15-minute 

period from day and night. A spectral analysis was performed on the same 15-minute 

intervals of ECG recordings from the daytime and nighttime hours. 

Time-domain indices were calculated as follows: 

1) Standard deviation of NN intervals (SDNN) expressed in ms, which reflects the cyclic 

components responsible for the variability of heart rate. 

2) Root mean square successive difference of NN intervals (rMSSD) expressed in ms, 

which reflects estimates of short-term variability of heart rate. rMSSD is highly 

sensitive to the fluctuation of high frequency of HRV and is an index of vagal control 

of the heart. 

3) Number of interval differences of successive NN intervals greater than 50 ms in the 

entire recording (NN50), which reflects estimates of short-term variability of heart rate 

and is an index of vagal control of the heart. 

Frequency-domain indices were obtained through autoregressive (AR) spectral analysis. The 

frequency-domain indices were calculated as follows: 

1) Low frequency (LF) power (0.04 to 0.15 Hz) in ms2, which reflects both sympathetic 

and parasympathetic cardiac activity and is strongly related to blood pressure 

regulation [12,38]. 

2) High frequency (HF) power (0.15 to 0.40 Hz) in ms2, which primarily reflects cardiac 

parasympathetic tone [12,38]. 

In addition, the LF/HF ratio was computed as the ratio of LF(ms2)/HF(ms2) as it is thought to 

be a measure of sympathovagal balance [25]. 

DEPRESSION MEASUREMENT 

The previously validated Beck Depression Inventory-II (BDI-II) was used to measure 

depressive symptoms. BDI-II is composed of 21 multiple-choice questions (scores range 

between 0 and 63) and takes approximately 5 min to complete. According to the original data, 

14 points were taken as the cut-off point. 

STATISTICAL DATA ANALYSIS 

Data were expressed as mean values ± standard deviation (SD). The normal 

distribution of data was tested using Shapiro–Wilk tests. Unpaired t – tests were used 

to compare the differences between the two groups. P < 0.05 was considered to be statistically 

significant. 
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RESULTS 

Obesity effects on 24-h Heart Rate Variability in time and frequency domain analysis 

and statistical differences between groups were shown in Table 1.  

Tab. 1. Age, BMI, and cardiac-autonomic markers in obese and healthy subjects. 

Mean  Obese Healthy P value 

Age  47.5 45.9 0.3 

SD 2.32 3.41  

BMI  47.3 24.6 0.001 

SD 3.26 2.81  

SDNN  41.21 83.45 0.0001 

SD 15.88 27.31  

rMSSD  33.75 54.69 0.0001 

SD 32.11 45.43  

pNN50  7.4 11.3 0.001 

SD 2.3 3.45  

HF ms
2
 324.5 764.1 0.001 

SD 231.2 268.7  

LF ms
2
 1245.8 947.6 0.01 

SD 561.23 248.61  

LF/HF  3.7 2.1 0.01 

SD 1.22 2.67  

TP  2876.9 3798.6 0.01 

SD 582.55 834.21  

Results are reported as Mean and Standard deviation SD. SDNN = standard deviation of all NN intervals in ms; 

rMSSD = square root of the mean of the sum of the squares of differences between adjacent NN intervals in ms; 

NN50 = number of pairs of adjacent NN intervals differing by more than 50 ms in the entire recording; LF = low 

frequency power; HF = high frequency power; LF/HF = the ratio LF(ms
2
 )/HF(ms

2
 ).  

Analysis of time domain parameters, SDNN, pNN50 and RMSSD of obese subjects 

were significantly lower, compared to volunteers with normal BMI. The frequency domain 

parameters, the LF and LF/HF ratio in both groups was also statistically different. The obese 

subjects had an HF and TP values lower then healthy, and the LF values and LF/HF ratio was 

higher than in the control group.  

The spectral components changes of HRV in a healthy person and a obese patient 

is shown in figure 1 and 2. 
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Fig. 1. The spectral components changes of HRV in a healthy person. 

 

Fig. 2. The spectral components changes of HRV in an obese patient. 
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Concomitant disease effects on 24-h Heart Rate Variability in time and frequency 

domain analysis and statistical differences between groups were shown in Table 2.  

Tab. 2. Age, BMI, and cardiac-autonomic markers in obese and obese with concomitant disease subjects. 

Parameter OO O&HD P value 

Age  47.5 49.2 0,3 

SD 3,3 5,4  

BMI  48.3 49.6 0.7 

SD 5.2 1.8  

SDNN  46.2 44.7 0.21 

SD 16.8 12.3  

rMSSD  36.7 34.6 0.65 

SD 32,1 30,7  

pNN50  12.5 12.6 0.9 

SD 1.3 2.4  

HF ms
2
 365.9 341.5 0.2 

SD 261.2 208.7  

LF ms
2
 1285.8 1311.9 0.6 

SD 666.3 578.2  

LF/HF  3.5 4.2 0.09 

SD 1.2 2.6  

TP  3111.3 2982.7 0.08 

SD 502.5 689.2  

Results are reported as Mean and Standard deviation SD and . SDNN = standard deviation of all NN intervals in 

ms; rMSSD = square root of the mean of the sum of the squares of differences between adjacent NN intervals in 

ms; NN50 = number of pairs of adjacent NN intervals differing by more than 50 ms in the entire recording; LF = 

low frequency power; HF = high frequency power; LF/HF = the ratio LF(ms
2
 )/HF(ms

2
 ). OO - Only Obese 

patients; O&HD - Obese with Hypertension and Diabetes. 

No significant differences in cardiac autonomic modulation were noted between the 

Hypertensive-Diabetic patients and those only with morbid obesity.  

Impact of depression on 24-h Heart Rate Variability in time and frequency domain 

analysis was shown in Table 3. 
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Tab. 3. Age, cardiac-autonomic markers in obese depressive and non-depressive patients. 

 Depressive 

N=46 

Non-Depressive 

N=34 

  Mean SD Mean SD 

Age 47.2 2.5 46.9 3.6 

SDNN  33.5 10.2 44.1 15.8 

rMSSD  23.8 11.3 34.8* 18.2 

pNN50 4.9 2.5 11.4* 7.5 

HF ms
2
 187 115.6 341.1* 221.4 

LF ms
2
 882.5 154.7 1259.2* 321.2 

LF/HF 4.1 2.5 3.9 2.5 

TP 2534 2.5 4250.9* 2.5 

SDNN = standard deviation of all NN intervals in ms; rMSSD = square root of the mean of the sum of the 

squares of differences between adjacent NN intervals in ms; NN50 = number of pairs of adjacent NN intervals 

differing by more than 50 ms in the entire recording; LF = low frequency power; HF = high frequency power; 

LF/HF = the ratio LF(ms
2
 ) /HF(ms

2
 ).  

In the studied group, obese patients with depression had lower time and frequency 

domain parameters (p<0.05) except SDNN, and LF/HF ratio in contrast to obese non-

depressive individuals. 

DISCUSSION 

Over the past few decades, the prevalence of obesity in the world has been increasing 

at a rapid rate [11]. Overall, obesity can be considered a chronic relapsing and progressive 

disease and a leading risk factor for global deaths [3]. According to the severity and duration 

of weight gain, obesity can progressively cause and/or exacerbate a broad spectrum 

of comorbidities, including type 2 diabetes, hypertension, dyslipidemia, cardiovascular 

disease, liver dysfunction, respiratory and musculoskeletal disorders, infertility, psychosocial 

problems, and certain types of cancer [19]. Another important manifestation of obesity 

is impairment in the autonomic nervous system (ANS), present in all age groups [35]. 

Numerous studies have shown that obesity is characterized by a dysfunction of the 

sympathetic and parasympathetic nervous systems, and that an imbalance between the 
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components of the AUN may be one of the most important predictors of cardiovascular death 

[29,39].  

In epidemiological studies, obesity has been proven to be associated with AUN 

dysfunction regardless of coexisting diabetes or hypertension [14,40]. However, the impact 

of other diseases that could potentially intensify ANS dysfunction in obese individuals has 

so far been the subject of few studies.  

Our study was carried out to find out the HRV response in obese patients with 

hypertension and type 2 diabetes and obese patients with depression to find out the presence 

of additive effects of HRV changes in obese patients with comorbidities. If obesity can alter 

the HRV response as much as hypertension, diabetes, or depression solely, then obese patients 

burdened with these diseases should have more severe HRV changes.  

In this study, the obese patients had significantly lower parameters of time domain 

analysis (SDNN, pNN50 and RMSSD) compared to volunteers with normal BMI. The 

frequency domain parameters, the LF and LF/HF ratio in both groups was also statistically 

different. The obese subjects had HF and TP values lower then healthy people, and LF values 

and LF/HF ratio was higher than in the control group. These results are in accordance with 

reports from other authors [20,46,47].  

The pathophysiology of obesity and its comorbidities is complex and involves many 

different pathways. Many studies highlight the role of inflammatory adipokines. These 

comorbidities include type 2 diabetes, in which insulin resistance is exacerbated by TNF-α 

and other inflammatory secretagogues in adipocytes; endothelial dysfunction and 

hypertension, which result from the activity of renin angiotensin system -secreting 

adipokines; and dyslipidemia, which is caused by hypercholesterolemia and 

hypertriglyceridemia. These comorbidities and the effects of fatty acid lipotoxicity promote 

atherogenesis, including coronary artery disease. The presence of insulin resistance, 

sympathetic nervous system activation and sodium retention in obesity are overlapping 

mechanisms [32]. Insulin resistance activates the sympathetic nervous system, upregulates 

angiotensin II receptors and reduces the synthesis of nitric oxide, leading to increases in heart 

rate and blood pressure [1,17,23,24]. Furthermore, increased effects of leptin, the activation of 

hypothalamic-pituitary-adrenal axis, the presence of obstructive sleep apnea and baroreflex 

dysfunction in obesity further contribute to the activation of the sympathetic nervous system 

[18,37]. Finally, in obese patients there is an increase in renal tubular reabsorption with 

a consequent sodium retention, further contributing to the development of hypertension [33].  
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In the aspect of ANS activity in subjects with obesity and comorbidities, our results 

were surprising. In the groups of subjects with obesity alone and with obesity combined with 

hypertension and diabetes, no statistical differences in the values of the parameters of both 

time and frequency analysis of HRV were found. These results are in contrast to reports by 

other authors who showed an increase in the autonomic imbalance in patients with diabetes 

and hypertension compared to the non-diabetes group [2], and multiple studies which have 

shown that diabetes (hyperglycemia) may lead to neuronal damage and subsequent autonomic 

dysfunction measured by high heart rate or low HRV [4,7,9,45]. Moreover, also reduced HRV 

in patients with hypertension alone [41] and in persons with obesity alone [30,44] were found. 

Study of Mamatha S. D et al. revealed that significant reduced HRV indicating alteration in 

both parasympathetic and sympathetic outflow, which is manifested by the more positive 

correlation of HRV with obese hypertensives, compared to non-obese hypertensives [22].  

Discrepancies in our results in relation to those obtained by other authors may be due 

to the severity and time of duration of obesity in the studied group (morbid obesity), 

as a positive correlation between anthropometric indices and ANS imbalance was shown [34], 

and /or from the fact that both hypertension and diabetes were, in this group, very well treated 

with oral medicines (beta blockers, ACE and Metformin), which offsets, to some extent, the 

increased sympathetic stimulation.  

Our study has shown that obese depressed patients had lower HRV parameters in 

the time and frequency domain (p<0.05), except SDNN and LF/HF ratio, compared to obese 

non-depressed subjects. The results obtained in our study are consistent with the reports 

of others. Yadav and colleagues have shown that obese patients have lower HRV parameters 

except LF/HF parameter [46]. Depression and obesity are interrelated health burdens. Both 

conditions are associated with AUN deregulation. Typically, they are associated with 

overactivity of the sympathetic nervous system; however, researchers emphasize that the 

patterns of activation may be different and result from either a direct predominance of the 

sympathetic component or a decrease in parasympathetic activity. It should be emphasized 

here that decreased autonomic system activity in obesity may be an independent cause of the 

development of depression, in which decreased parasympathetic component activity 

is a major factor in the development of the disorder [31,46]. Additionally, it has been shown 

that lower HRV in depressed individuals reflects impaired integration of brain mechanisms 

underlying effective autonomic and behavioral control (underlying obesity) [11]. Multiple 

studies indicate that some reduced parameters in HRV analysis values are characteristic 

of depressed individuals [10,15,21,42]. It has also been shown that lower HRV parameters 
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positively correlate with the severity of the depression symptoms [19]. These reports explain 

little specificity of the reduction in HRV in the studied group, in which depression was 

detected during screening tests and the patients had not been treated because of it before. It 

has also been shown that HRV analysis is a better predictor of the development of full-blown 

depression than it is a marker of current depressive state [6]. It has also been shown that obese 

individuals are twice as likely to develop depression [39-41] and that depression may be not 

only the effect but also the cause of obesity [9]. Reported decreased mood has been associated 

with an increase in food intake, also among college students [2].  

The bidirectional relationship between depression and obesity is associated with 

dysfunction of the psycho-immune neuroendocrine (PINE) network. Disturbances within the 

network, common to both metabolic disorders and depression, explain the development 

of depression among obese patients as well as obesity among depressed patients [31]. Studies 

also highlight changes in autonomic system activity among the mentioned groups [31]. The 

dependence of emotional regulation on autonomic processes and its relationship with 

regulatory metabolic processes is also described in the polyvagal theory [34]. 

To summarize, despite the limited number of cross-sectional studies, there is a series 

of reports that associate various HRV indices with obesity and comorbidities. Because HRV 

is a measure of the body's ability to maintain homeostasis, therefore, HRV analysis is an easy 

marker of worsening health, especially in patients with chronic diseases. Therefore, clinicians 

should include the assessment of ANS activity in the diagnostic and therapeutic process 

because it depends on many psychophysiological parameters and provides good feedback for 

the success of complex therapy.  

CONCLUSIONS 

1. Extreme obesity altered cardiac autonomic activity independently of hypertension and 

diabetes. 

2. Depression associated with morbid obesity intensified HRV reduction. 

AUTHORS’ DECLARATION 

Study Design: Ewelina Zawadzka-Bartczak, Dagmara Bartczak-Szermer. Data Collection: 

Ewelina Zawadzka-Bartczak, Dagmara Bartczak-Szermer. Manuscript Preparation: 

Ewelina Zawadzka-Bartczak, Dagmara Bartczak-Szermer. The Authors declare that there is 

no conflict of interest. 



12 

 

REFERENCES 

1. Andronico G, Mangano M, Ferrara L, Lamanna D, Mulé G, Cerasola G. In vivo 

relationship between insulin and endothelin role of insulin-resistance. J Hum 

Hypertens. 1997; 11(1):63–66. 

2. Boer-Martins L, Figueiredo VN, Demacq C, Martins LC, Consolin-Colombo F, 

Figueiredo MJ, Cannavan FP, Moreno H. Relationship of autonomic imbalance and 

circadian disruption with obesity and type 2 diabetes in resistant hypertensive patients. 

Cardiovasc Diabetol. 2011; 10:24. 

3. Bray GA, Kim KK, Wilding JPH, World Obesity Federation. Obesity: a chronic 

relapsing progressive disease process. A position statement of the World Obesity 

Federation. Obes Rev. 2017; 18(7):715–723. 

4. Carnagarin R, Matthews VB, Herat LY, Ho JK, Schlaich MP. Autonomic Regulation 

of Glucose Homeostasis: a Specific Role for Sympathetic Nervous System Activation. 

Curr Diab Rep. 2018; 18(11):107. 

5. Cercato C, Fonseca FA. Cardiovascular risk and obesity. Diabetology & Metabolic 

Syndrome. 2019; 11(1):74. 

6. Dell’Acqua C, Dal Bò E, Messerotti Benvenuti S, Palomba D. Reduced heart rate 

variability is associated with vulnerability to depression. Journal of Affective 

Disorders Reports. 2020; 1:100006. 

7. Edwards JL, Vincent AM, Cheng HT, Feldman EL. Diabetic neuropathy: mechanisms 

to management. Pharmacol Ther. 2008; 120(1):1–34. 

8. Guarino D, Nannipieri M, Iervasi G, Taddei S, Bruno RM. The Role of the Autonomic 

Nervous System in the Pathophysiology of Obesity. Front Physiol. 2017; 8:665. 

9. Hansen CS, Færch K, Jørgensen ME, Malik M, Witte DR, Brunner EJ, Tabák AG, 

Kivimäki M, Vistisen D. Heart Rate, Autonomic Function, and Future Changes in 

Glucose Metabolism in Individuals Without Diabetes: The Whitehall II Cohort Study. 

Diabetes Care. 2019; 42(5):867–874. 

10. Hartmann R, Schmidt FM, Sander C, Hegerl U. Heart Rate Variability as Indicator of 

Clinical State in Depression. Front Psychiatry. 2019; 9:735. 

11. James WPT. Obesity—a modern pandemic: the burden of disease. Endocrinol Nutr 60 

Suppl. 2013; 1:3–6. 

12. Kamath MV, Ghista DN, Fallen EL, Fitchett D, Miller D, McKelvie R. Heart rate 

variability power spectrogram as a potential noninvasive signature of cardiac 



13 

 

regulatory system response, mechanisms, and disorders. Heart Vessels. 1987; 3(1):33–

41. 

13. Kaye DM, Lefkovits J, Jennings GL, Bergin P, Broughton A, Esler MD. Adverse 

consequences of high sympathetic nervous activity in the failing human heart. J Am 

Coll Cardiol. 1995; 26(5):1257–1263. 

14. Kim JA, Park Y-G, Cho K-H, Hong M-H, Han H-C, Choi Y-S, Yoon D. Heart Rate 

Variability and Obesity Indices: Emphasis on the Response to Noise and Standing. J 

Am Board Fam Pract. 2005; 18(2):97–103. 

15. Koch C, Wilhelm M, Salzmann S, Rief W, Euteneuer F. A meta-analysis of heart rate 

variability in major depression. Psychological Medicine. 2019; 49(12):1948–1957. 

16. Konstantinidou SK, Argyrakopoulou G, Tentolouris N, Karalis V, Kokkinos A. 

Interplay between baroreflex sensitivity, obesity and related cardiometabolic risk 

factors (Review). Exp Ther Med. 2022; 23(1):67. 

17. Kotsis V, Jordan J, Micic D, et al. Obesity and cardiovascular risk: a call for action 

from the European Society of Hypertension Working Group of Obesity, Diabetes and 

the High-risk Patient and European Association for the Study of Obesity: part A: 

mechanisms of obesity induced hypertension, diabetes and dyslipidemia and practice 

guidelines for treatment. J Hypertens. 2018; 36(7):1427–1440. 

18. Kotsis V, Stabouli S, Papakatsika S, Rizos Z, Parati G. Mechanisms of obesity-

induced hypertension. Hypertens Res. 2010; 33(5):386–393. 

19. Kyrou I, Randeva HS, Tsigos C, Kaltsas G, Weickert MO. Clinical Problems Caused 

by Obesity. Endotext. 2000. 

20. Laederach-Hofmann K, Mussgay L, Rúddel H. Autonomic cardiovascular regulation 

in obesity. J Endocrinol. 2000; 164(1):59–66. 

21. Liao L-M, Al-Zaiti SS, Carey MG. Depression and heart rate variability in firefighters. 

SAGE Open Medicine. 2014; 2:2050312114545530. 

22. Mamatha SD, Gowd AR, Smitha MC. Effect of Obesity on Sympathovagal Activities 

in Hypertensive Indian Population. Niger J Physiol Sci. 2019; 34(1):115–119. 

23. Mancia G, Bousquet P, Elghozi JL, Esler M, Grassi G, Julius S, Reid J, Van Zwieten 

PA. The sympathetic nervous system and the metabolic syndrome. J Hypertens. 2007; 

25(5):909–920. 

24. Nickenig G, Röling J, Strehlow K, Schnabel P, Böhm M. Insulin induces upregulation 

of vascular AT1 receptor gene expression by posttranscriptional mechanisms. 

Circulation. 1998; 98(22):2453–2460. 



14 

 

25. Otzenberger H, Gronfier C, Simon C, Charloux A, Ehrhart J, Piquard F, 

Brandenberger G. Dynamic heart rate variability: a tool for exploring sympathovagal 

balance continuously during sleep in men. Am J Physiol. 1998; 275(3):H946-950. 

26. Ouakinin SRS, Barreira DP, Gois CJ. Depression and Obesity: Integrating the Role of 

Stress, Neuroendocrine Dysfunction, and Inflammatory Pathways. Front Endocrinol 

(Lausanne), 2008; 9:431. 

27. Patsalos O, Keeler J, Schmidt U, Penninx BWJH, Young AH, Himmerich H. Diet, 

Obesity, and Depression: A Systematic Review. J Pers Med. 2021; 11(3):176. 

28. Peeters A, Barendregt JJ, Willekens F, Mackenbach JP, Al Mamun A, Bonneux L, 

NEDCOM, the Netherlands Epidemiology and Demography Compression of 

Morbidity Research Group. Obesity in adulthood and its consequences for life 

expectancy: a life-table analysis. Ann Intern Med. 2003; 138(1):24–32. 

29. Piestrzeniewicz K, Łuczak K, Lelonek M, Wranicz JK, Goch JH. Obesity and heart 

rate variability in men with myocardial infarction. Cardiol J, 2008; 15(1):43–49. 

30. Ramashetty R, Vageesh V, SM N, Cg S, Dhar M. Heart rate variability in Indian obese 

young adults. Pakistan Journal of Physiology, 2012; 8(1):39-44. 

31. Ravussin E, Tataranni PA. The role of altered sympathetic nervous system activity in 

the pathogenesis of obesity. Proceedings of the Nutrition Society, 1996; 55(3):793–

802. 

32. Redinger RN. The Pathophysiology of Obesity and Its Clinical Manifestations. 

Gastroenterol Hepatol (N Y), 2007; 3(11):856–863. 

33. Reisin E, Graves JW, Yamal J-M, et al. Blood pressure control and cardiovascular 

outcomes in normal-weight, overweight, and obese hypertensive patients treated with 

three different antihypertensives in ALLHAT. J Hypertens, 2014; 32(7):1503–1513. 

34. Rodrigues TS, Quarto LJG. Body Mass Index May Influence Heart Rate Variability. 

Arq Bras Cardiol. 2018; 111(4):640–642. 

35. Rossi RC, Vanderlei LCM, Gonçalves ACCR, Vanderlei FM, Bernardo AFB, Yamada 

KMH, da Silva NT, de Abreu LC. Impact of obesity on autonomic modulation, heart 

rate and blood pressure in obese young people. Autonomic Neuroscience. 2015;  

193:138–141. 

36. Scherrer U, Randin D, Tappy L, Vollenweider P, Jéquier E, Nicod P. Body fat and 

sympathetic nerve activity in healthy subjects. Circulation. 1994; 89(6):2634–2640. 

37. Schlaich M, Straznicky N, Lambert E, Lambert G. Metabolic syndrome: a sympathetic 

disease? Lancet Diabetes Endocrinol. 2015; 3(2):148–157. 



15 

 

38. Shaffer F, Ginsberg JP. An Overview of Heart Rate Variability Metrics and Norms. 

Front Public Health. 2017; 5:258. 

39. Straznicky NE, Eikelis N, Lambert EA, Esler MD. Mediators of sympathetic 

activation in metabolic syndrome obesity. Curr Hypertens Rep. 2008; 10(6):440–447. 

40. Thayer JF, Yamamoto SS, Brosschot JF. The relationship of autonomic imbalance, 

heart rate variability and cardiovascular disease risk factors. Int J Cardiol. 2010; 

141(2):122–131. 

41. Urooj M, Pillai K, Tandon MDM, Venkateshan SP, Saha N. Reference ranges for time 

domain parameters of heart rate variability in indian population and validation in 

hypertensive subjects and smokers. International Journal of Pharmacy and 

Pharmaceutical Sciences. 2011; 3:36–39. 

42. Vaccarino V, Lampert R, Bremner JD, et al. Depressive Symptoms and Heart Rate 

Variability: Evidence for a Shared Genetic Substrate in a Study of Twins. Psychosom 

Med. 2008; 70(6):628–636. 

43. WHO Consultation on Obesity (1997): Geneva S, Diseases WHOD of N, World 

Health Organization. Programme of Nutrition F and RH (1998) Obesity : preventing 

and managing the global epidemic : report of a WHO Consultation on Obesity, 

Geneva, 3-5 June 1997. World Health Organization. 

44. Windham BG, Fumagalli S, Ble A, Sollers JJ, Thayer JF, Najjar SS, Griswold ME, 

Ferrucci L. The Relationship between Heart Rate Variability and Adiposity Differs for 

Central and Overall Adiposity. Journal of Obesity. 2012:e149516. 

45. Wulsin LR, Horn PS, Perry JL, Massaro JM, D’Agostino RB. Autonomic Imbalance 

as a Predictor of Metabolic Risks, Cardiovascular Disease, Diabetes, and Mortality. J 

Clin Endocrinol Metab. 2015; 100(6):2443–2448. 

46. Yadav RL, Yadav PK, Yadav LK, Agrawal K, Sah SK, Islam MN. Association 

between obesity and heart rate variability indices: an intuition toward cardiac 

autonomic alteration – a risk of CVD. Diabetes Metab Syndr Obes. 2017; 10:57–64. 

47. Yi SH, Lee K, Shin D-G, Kim JS, Kim H-C. Differential association of adiposity 

measures with heart rate variability measures in Koreans. Yonsei Med J. 2013; 

54(1):55–61. 

48. Zhang J. The Bidirectional Relationship between Body Weight and Depression across 

Gender: A Simultaneous Equation Approach. Int J Environ Res Public Health. 2021; 

18(14):7673. 



16 

 

49. Heart rate variability: standards of measurement, physiological interpretation and 

clinical use. Task Force of the European Society of Cardiology and the North 

American Society of Pacing and Electrophysiology. Circulation. 1996; 93(5):1043-

1065. 

 

 


