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A tertiary care study on the effectiveness of moderate
weight loss on heart rate variability frequency-domain
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In Brief
Moderate weight loss achieved through a 3-month nutritional
program improved the metabolic profile and autonomic function
in obese patients at high cardiovascular risk, as evidenced by
favorable changes in heart rate variability.
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strategy for managing cardiovascular risk in obese patients
undergoing multi-drug therapy.
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ORIGINAL ARTICLE
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ABSTRACT

Objective: Cardiovascular diseases remain the leading cause of mortality, and obesity is a
significant risk factor. This study aimed to investigate the impact of a structured nutritional
intervention on weight loss, heart rate variability, and biochemical profiles in obese patients
with high cardiovascular risk. Methods: This was a non-randomized, uncontrolled study on
the effectiveness of an institutional nutritional program. Heart rate variability measurements
were obtained at baseline and after the nutritional program using a six-channel digital
electrocardiograph. Results: This study included 24 patients with obesity (body mass index
>30kg/m?), aged 42-80 years, who underwent a 3-month nutritional program. Significant
reductions in body weight (p=0.043), body mass index (p=0.042), and waist circumference
(p=0.031) were observed. Biochemical profiles improved, with decreased glycated hemoglobin
(p=0.015), total cholesterol (p=0.001), LDLc (p=0.047), and triglycerides (p=0.021), while HDLc
remained unchanged. Heart rate variability analysis revealed significant post-nutritional program
decreases in low-frequency (p<0.001) and low-frequency/high-frequency ratios (p<0.001),
and an increase in high-frequency (p<0.001), suggesting improved autonomic balance. No
significant changes were observed in the heart rate, SDNN, pNN50, rMSSD, or triangular index.
Conclusion: These findings suggest that moderate weight loss can positively influence autonomic
function and several cardiovascular risk factors in obese patients with high cardiovascular
risk. The nutritional program could be an important adjunctive strategy in the management of
patients treated at tertiary care hospitals, offering a promising avenue for cardiovascular risk
factor management and building a supportive environment for healthy eating habits.

Keywords: Heart disease risk factors; Diet therapy; Diet, healthy; Weight loss; Autonomic
nervous system; Obesity

INTRODUCTION

Cardiovascular diseases (CVDs) remain a major cause of mortality and
morbidity worldwide.?) According to the WHO, an estimated 17.9 million
deaths occur annually due to CVDs, representing 31% of all global deaths.®
Among the various risk factors associated with CVDs, obesity is a significant
concern, given its increasing and direct association with heart diseases.® Body
weight management is critical for individuals with or at risk of CVDs.®
Nutritional intervention is fundamental for managing obesity and
consequently improving cardiovascular risk.>? It encompasses various
approaches, including dietary counseling, personalized meal planning, and
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nutritional supplements, aimed at promoting lifestyle
changes, healthier food choices, and maintaining a
healthy weight.®® The potential benefits of nutritional
intervention extend beyond weight loss and include
improvements in various cardiovascular parameters
crucial for individuals with high cardiovascular risk.”

One of the less explored areas of research is the
impact of weight loss through nutritional intervention
on the components of heart rate variability (HRV) in
patients at high cardiovascular risk. Heart rate variability
is a reliable indicator of autonomic nervous system
function and cardiovascular health. The components
of HRV provide valuable insights into sympathetic and
parasympathetic activities. Understanding the effect of
weight loss on these parameters could have significant
implications for the management of CVDs. Moreover,
patients at high cardiovascular risk often require a
multi-drug regimen to manage their condition and
prevent adverse cardiovascular events. The interplay
between nutritional intervention, weight loss, and
multi-drug regimens influencing HRV remains to be
fully elucidated.

OBJECTIVE

This study investigated the significant impact of
moderate weight on the components of heart rate
variability and biochemical profiles in obese patients
with high cardiovascular risk through an institutional
nutritional program.

METHODS

Study population and procedures

This was a non-randomized, uncontrolled study
designed to evaluate the effectiveness of an institutional
nutritional program. The study was conducted between
November 2020 and July 2021 at the Instituto Dante
Pazzanese de Cardiologia, Sao Paulo, Brazil. It is a
tertiary referral center for cardiology, encompassing
all subspecialties and offering comprehensive medical
services. Under the supervision of a nutritionist and
cardiologist, 36 patients with obesity (body mass index
[BMI] >30kg/m?), aged 42-80 years and of either sex,
were screened. The exclusion criteria were malignant
disease, chronic kidney disease, heart failure, atrial
fibrillation, hepatic disease, pacemaker use, and right
and/or left bundle branch block. The nutritional program
was based on personal dietary and health-related
quality-of-life recommendations. After 3 months of
the nutritional program, 12 patients were excluded
due to irregular attendance during the follow-up period
or failure to attend the HRV evaluation. Therefore,
24 eligible patients were included in the final analysis.
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Biochemical data, comorbidities, and pharmacological
therapy data were obtained from the medical records.
The patients were advised to follow a low-fat and salt
hypocaloric diet containing 1,500-1,900 kcal. They were
encouraged to consume at least five portions of fruits
and/or vegetables and two portions of legumes, fish,
lean meat, and whole-grain foods daily. Moreover,
they were monitored for 3 months by the same
nutritionist. They attended monthly consultations for
anthropometric evaluations and dietary adherence
monitoring. The biochemical data were based on medical
records obtained up to a maximum of 6 months before
the baseline and post-nutritional program periods.

Heartrate variability measurements were performed
in the morning (8-11 AM) to avoid hemodynamic
or circadian effects. Recordings were obtained with
participants in the supine position. Each session lasted
10 min, during which the initial 5 min were excluded
to allow stabilization, and the subsequent 5 min were
analyzed. The participants were instructed to remain
quiet and breathe spontaneously. A six-channel
digital electrocardiograph (ECG-PC TEB-MAYV, MG,
Brazil) was used. Heart rate variability was assessed
using time domain and frequency components.
The mean heart rate, standard deviation of all R-R
intervals (SDNN, ms), root mean square of successive
differences (rMSSD, ms), percentage of adjacent RR
intervals with a difference in duration greater than
50ms (pNNS50, %), triangular index, low-frequency
power (LF, n.u), high-frequency power (HE n.u), and
absolute ratio (LF/HF) were obtained.

This study was approved by the local ethics
committee of Instituto Dante Pazzanese de Cardiologia
(CAAE: 38040920.7.0000.5462; #4.388.707). All patients
provided written informed consent.

Statistical analysis

All analyses were performed using SPSS version 21.0
for Windows (IBM Corporation, USA), and the level
of significance was set at p<0.05. Descriptive statistics
for patient characteristics were expressed as the mean
+ standard error (SE) or as percentages. Categorical
variables were compared using the x> test. Numerical
variables were measured twice in the same patient at
two times (baseline and post-nutritional program), and
generalized estimating equations (GEEs) were used.
These models can use any distribution from the non-
linear exponential family to represent the response
variables, and not just those with a normal distribution.
Generalized estimating equations were applied to
analyze the data after adjusting for independent variables
(e.g., sex, age category, comorbidities, previous CV events,
and medications). The correlation coefficients were
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determined and tested for significance using Pearson’s
regression. Delta differences between baseline and
post-nutritional programs were calculated.

RESULTS

In this study, we evaluated 24 obese patients at high
cardiovascular risk with an average age of 62 years
(range: 42-80 years, SD, 10 years). Of these, 45.8%
were adults (five men and six women), and 54.2%
were older (seven men and six women). In terms of
racial distribution, 75% of the participants identified
as white, whereas 25% identified as black or brown.
Notably, 87.5% of the patients had hypertension,
50% had type 2 diabetes, and all presented with
dyslipidemia. Furthermore, 66.7% reported a history
of acute myocardial infarction (AMI), and 8.3% had
both AMI and stroke. Most (95.8%) patients were
non-smokers. Moreover, 87.5% of patients were on
chronic and concurrent treatment with drugs targeting
the renin-angiotensin system (RAS), pB-blockers,
and statins (Table 1). Throughout the study period,
the therapeutic regimens remained unchanged. No
COVID-19 cases were detected during the study period.

After the nutritional program, the patients showed
a significant reduction in body weight (p=0.043)
(Table 2). The mean percentage weight loss was 5.4%
(range: 2.2-13.6%). After the nutritional program, the
mean BMI was 32.6Kg/m? (range: 27.7-44.8kg/m?),
a significant decrease from the baseline value of
34.8Kg/m? (range: 30.0-47.4kg/m?) (Table 2). In addition,
there was a significant reduction in the waist
circumference, with a mean percentage of 4.8%,
ranging from 1% to 14% (Table 2). Regarding the
biochemical profile, the fasting blood glucose level
remained unchanged after the nutritional program,
whereas the glycated hemoglobin values decreased
significantly in the model adjusted for the use of
insulin and oral hypoglycemic agents (Table 2). The
levels of total cholesterol, triglyceride, and LDLc also
decreased after the nutritional program in the model
adjusted for the use of statins and ezetimibe. However,
the HDLc levels remained unchanged (Table 2).

Table 2. Anthropometric parameters, biochemical profile, and components of
heart rate variability at baseline and after the intervention period

After the
. Baseline nutritional
Variables — p value
(n=24) program
Table 1. General characteristics of the study population (n=24)
Variables Body weight (Kg) 95.1+2.11 88.0 £ 2.08 0.043
Age (years) 621206 BMI (Kg/m?) 349+074  326+073 0.042
Age category, n (%) Waist circumference (cm) 106.7 =158  101.9 + 157 0.031
Adults 11(45.8) . o .
Older 13(54.2) Adjusted by insulin and hypoglycemic drugs
Sex, n (%) Glucose (mg/d) 109.6 £5.86  100.1 = 5.50 0.242
Male 12 (50.0) Glycated hemoglobin (%) 6.6 =0.15 6.0=0.14 0.015
Female 12 (50.0) Adjusted by statins and ezetimibe
Race, n (%) Total cholesterol (mg/dl) 1788 +6.42  149.2 + 6.41 0.001
White 18(75.0) LDLc (mg/d) 95.1+607 782+593 0.047
Black or Brown 06(25.0) HDLe (mg/dl) 04176 426=177 0958
it 1 0
el 1) ek, 136} Trglycerides (mg/dI) 20411770 14641764 0021
Hypenepswon 21(875) Adjusted by RAS-acting drugs, p-blockers, presence of type 2 diabetes, and previous
Type 2 diabetes 12 (50.0) d | 15 (AMI and stroke)
Bl 24.100) cardiovascular events and stroke
AMI 16 (66.7) Time domain components
AMI + stroke 02(83) Heart Rate (bpm) 59 +2.13 57 +2.14 0536
Smoking 01(4.2) SDNN {ms) 879+147 748148 0530
Medications, n (%) pNN50 (%) 188+43 20544 0.783
R"t\)ls‘ai““g drugs i (:;? IMSSD (ms| 1102203 91+22 0530
Prblockers 1875 Triangular Index 81+077  92+077 0342
Calcium Channel Blockers 13(52.2) ;
ASA 16(66.7) Frequency-domain components
Diuretics 14 (68.3) LF (n.u) 38824 249 +22 <0.001
Etatihslb é; (%-g) HF (n.u) 478+31  667+34 <0001
zetimioe 1292 Ratio LF/HF 095+008 043+009  <0.001
Hypoglycemic drugs 12 (50.0)
sl 06 (25 0) Values are expressed as Mean = Standard Error of the Mean and were analyzed using general linear adjusted models.
. ' BMI: Body Mass Index, AMI: acute myocardial infarction; RAS: Renin-Angiotensin System; SDNN: Standard Deviation
Vasodilators 05(20.8)

Values are expressed as Mean + Standard Error of the Mean or Percentage
AMI: acute myocardial infarction; ASA: acetylsalicylic acid; RAS: Renin-Angiotensin System,

of All Normal RR Intervals Recorded in a Time Interval; pNN50: Percentage of Adjacent RR Intervals with a Difference in
Duration Greater than 50ms; rMSSD: Root Mean Square of Differences between Adjacent Normal RR Intervals in a Time
Interval; LF: low frequency; HF: high frequency.
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The HRV components were evaluated in models
adjusted for RAS-acting drugs, B-blockers, and previous
cardiovascular events (AMI and stroke). No significant
differences were observed between the baseline and
post-nutritional program for heart rate (HR), SDNN,
pNNS50, rMSSD, or the triangular index (Table 2).
However, the LF index significantly decreased after
the nutritional program (Table 2) (Figure 1A, 1B).
Significant effects of sex and age were observed.
A greater reduction was observed among females
(baseline: 42.3 = 4.49; post-nutritional program: 25.4 +
2.70; p=0.008) and adult patients (baseline: 37.9 * 4.23;
post-nutritional program: 22.3 * 2.49; p=0.009) than
among older and male patients. On the other hand, the
HF index increased after the nutritional program when
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p<0.001 when comparing patients at baseline and after the nutritional program.
LF: low frequency; HF: high frequency.

compared to the baseline period (p<0.001) (Table 2)
(Figure 1C, 1D). This increase was more evident
among males (baseline: 44.7 = 3.79; post-nutritional
program: 65.6 = 5.56; p=0.011) and adult patients
(baseline: 44.6 + 3.91; post-nutritional program: 65.4
+ 5.73; p=0.017). The LF/HF ratio was lower after the
nutritional program as compared to baseline (Table 2)
(Figure 2). Moreover, no significant effects of sex and
age were observed.

After adjusting for sex, age category, RAS-acting
drugs, B-blockers, and the presence of previous
cardiovascular events (AMI and stroke), we found that
the reduction in BMI was inversely correlated with the
change in LF (r=0.471; p=0.042) and HF (r=0.231;
p=0.047) indices.
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Figure 1. Effects of the nutritional program on the frequency-domain components in patients at high cardiovascular risk. In panels (A) and (B), the closed circles indicate
individual values of LF at baseline and after the nutritional program. In panels (C) and (D), the closed circles indicate individual values of HF at baseline and after the

nutritional program
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Figure 2. Effects of the nutritional program on the LF/HF ratio in patients at high cardiovascular risk. In panels (A) and (B), the closed circles indicate individual values

of the LF/HF ratio at baseline and after the nutritional program. Panel (C) depicts a representative image of heart rate variability in the time (left) and frequency (right)
domains, showing the SDNN, pNN50, and RMSSD components, as well as the LF and HF components, respectively. The circle on the right illustrates the balance
between the high-frequency (HF, vagal activity) and low-frequency (LF, sympathetic activity) components at baseline, with an LF/HF ratio of 1.04. The electrocardiogram
recording on the right shows only the D2 lead. Panel (D) presents a representative image of heart rate variability in the time (left) and frequency (right) domains,
showing the SDNN, pNN50, and RMSSD components, as well as the LF and HF components, respectively. The circle on the right illustrates the increased significant
difference in the high-frequency component (HF, vagal activity) in relation to the LF component (sympathetic activity) after the nutritional program, with an LF/HF ratio of

0.17. The electrocardiogram recording on the right shows only the D2 lead

DISCUSSION

Several studies have revealed that adverse effects on
HRV components tend to normalize after weight loss.®1?
However, reports on the impact of weight loss in
patients at high cardiovascular risk remain limited.!-1
The current study highlights the significant effectiveness
of a nutritional program in promoting moderate weight
loss and improving HRV and biochemical profiles in
obese patients at high cardiovascular risk in a tertiary
care hospital. Over a 3-month period, the patients
experienced moderate reductions in body weight, BMI,
and waist circumference, as well as improvements
in key biochemical markers. Heart rate variability
analysis revealed enhancements in autonomic balance,
characterized by decreased LF and LF/HF ratios, as well
as increased HF after the nutritional program. These
findings suggest that moderate weight loss can positively
influence autonomic function and cardiovascular risk
factors, offering a promising avenue for cardiovascular
risk management in high-risk populations.

The nutritional program was effective for weight
loss, characterized by a reduction in body weight, BMI,
and waist circumference. Additionally, improvements
in the biochemical profile, as evidenced by reductions
in the levels of glycated hemoglobin, total cholesterol,
triglycerides, and LDL-c, confirmed the effectiveness
of this nutritional approach in individuals at high
cardiovascular risk. In the current study, the mean
weight reduction was 7.1 kg at the end of the 3-month
intervention, representing a greater weight reduction
than that reported by other studies that associated a
hypocaloric diet with lifestyle changes.('¥ Moreover,
low-calorie diets combined with lifestyle modification
strategies were effective in promoting weight loss of
between 5 and 8 kg over a period of 6 months, with a
mean reduction in waist circumference of 4.2cm.

Regarding the biochemical profile, a reduction
in glycated hemoglobin levels was observed after the
nutritional program. A meta-analysis that evaluated the
positive effects of several intervention dietary protocols
showed a significant reduction in glycated hemoglobin
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levels.'® Another nutritional intervention study found
that after 6 months of follow-up, those who reached
between 5-10% weight reduction at the end of the
program achieved a significant improvement in glycated
hemoglobin levels.!” Furthermore, a systematic review
and meta-analysis of randomized clinical trials with
nutritional intervention found a significant reduction
in the concentrations of both total cholesterol and
LDL-c, predicting a reduction of approximately 13% in
the Framingham risk score for CVD over 10 years.!"®
Another systematic review revealed the positive effects
of nutritional programs on reducing LDL-c levels.(!
In this context, our findings are consistent with the
observation that effective nutritional programs can
reduce body composition and improve glycemic and
lipid markers in patients at high cardiovascular risk.
Therefore, these patients will have a new physiological
state with a lower body weight and a better biochemical
profile, promoting risk reduction attributable to several
concomitant disorders.

In the current study, no significant differences were
observed in the HR values or linear components after
weight loss. These findings are in contrast with previous
results reported in the literature.®!:17202)  These
discrepancies could be due to demographic differences
and the clinical heterogeneity of the populations studied.
Our study evaluated adults and older individuals of
both sexes with several cardiometabolic complications
treated with complex therapeutic regimens, some
of whom had a history of AMI or stroke. Moreover,
patients taking beta-blockers were not excluded from
our analyses. Beta-blockers promote a reduction in
sympathetic activity and increase the parasympathetic
control of HR.® It is conceivable that the weight loss
observed in the current study did not produce a greater
beneficial effect on HR and the linear components of
HRYV than that already occurring due to the chronic
use of beta-blockers. Therefore, a long-term follow-up
intervention study with more pronounced weight loss
is necessary to confirm our findings in patients at high
cardiovascular risk.

In contrast, there were significant changes in the
frequency-domain components after weight loss due
to the nutritional program. We observed a decrease in
the LF index, which was more pronounced in adults
and females. Furthermore, significant correlations were
found between body weight, BMI changes, and LF
index variation. The LF index, which is a derivative of
the RR interval power spectrum, contains information
on sympathetic and parasympathetic activities.®>?)
Some authors have reported that weight loss after 16
weeks of nutritional intervention promoted a significant
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decline in the LF index among patients with obesity and
type 2 diabetes.') Another study also observed that
weight reduction due to ketogenic and hypocaloric diet
interventions was effective in reducing the LF index.®¥

The HF index, which is indicative of the vagal tone,
increased after the nutritional program, especially in
adult male patients. The greatest reductions in body
weight and BMI significantly correlated with the largest
increases in this index, suggesting that weight loss
improves autonomic modulation through enhanced
parasympathetic activity. Several studies have reported
an increase in HF index after weight loss.®2%29)
Individuals undergoing intentional weight loss due
to long-term calorie restriction showed an increase in
HF index.®» Moreover, marked weight loss secondary
to sleeve gastrectomy was effective in promoting a
significant increase in the HF index.®

The LF/HF ratio, reflecting sympathovagal balance,
significantly decreased after the nutritional program,
consistent with literature findings that associate
weight loss with parasympathetic predominance. A
systematic review and meta-analysis concluded that
weight loss was associated with a significant decrease
in the LF/HF ratio, indicating parasympathetic
predominance.®® Most studies in the literature
have demonstrated that weight loss due to lifestyle
changes appears to promote beneficial effects on
HRY, restoring sympathetic-vagal balance, increasing
parasympathetic activity, and reducing sympathetic
activation.®” Despite known age and sex differences in
HRYV responses, our study did not observe an age effect
on the frequency-domain components, possibly due
to the specific demographics and comorbidities of our
study population. However, post-nutritional program
improvements in LF and HF indices were influenced
by sex, with weight loss promoting a relative increase
in vagal and parasympathetic activities in women and
relative sympathetic dominance in men. These findings
underscore the sex-specific effects of weight loss on
HRV components and highlight the importance of
considering sexual dimorphism in HRV analysis.

CONCLUSION

Our findings suggest that the institutional nutrition
program was effective in promoting moderate
weight loss and improving autonomic function and
cardiovascular risk factors, offering a promising avenue
for cardiovascular risk management in high-risk
populations undergoing multi-drug therapy in tertiary
care centers. Despite these encouraging results, this
study calls for further long-term research to explore the
clinical implications.



Atertiary care study on the effectiveness of moderate weight loss on heart rate variability frequency-domain components in obese patients at high cardiovascular risk

DATA AVAILABILITY

After publication, data will be available from the
authors upon request—this condition is justified in the
manuscript.

ACKNOWLEDGMENT

This study was supported by a project grant from the
Fundacao de Amparo a Pesquisa do Estado de Sdo Paulo,
Brazil (FAPESP) (Project Number: 2022/09352-6).

AUTHORS’ CONTRIBUTION

Priscila Moreira, Cristiane Kovacs Amaral, Dalmo
Antonio Ribeiro Moreira, and Maria do Carmo Franco:
conceptualization and project administration. Priscila
Moreira: data curation and formal analysis. Priscila
Moreira and Maria do Carmo Franco: investigation.
Priscila Moreira and Dalmo Antdnio Ribeiro Moreira:
methodology. Cristiane Kovacs Amaral, Dalmo
Antonio Ribeiro Moreira, and Maria do Carmo Franco:
writing - original draft. Priscila Moreira: writing - review
& editing.

AUTHORS' INFORMATION

Moreira P: http://orcid.org/0000-0002-5898-8512
Amaral CK: http://orcid.org/0000-0002-3575-0800
Moreira DA: http://orcid.org/0000-0003-3962-9992
Franco MC: http://orcid.org/0000-0003-0604-7689

REFERENCES

1. Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour
LM, Barengo NC, Beaton AZ, Benjamin EJ, Benziger CP. Bonny A, Brauer
M, Brodmann M, Cahill TJ, Carapetis J, Catapano AL, Chugh SS, Cooper
LT, Coresh J, Criqui M, DeCleene N, Eagle KA, Emmons-Bell S, Feigin VL,
Fernandez-Sola J, Fowkes G, Gakidou E, Grundy SM, He FJ, Howard G, Hu F,
Inker L, Karthikeyan G, Kassebaum N, Koroshetz W, Lavie C, Lloyd-Jones D,
Lu HS, Mirijello A, Temesgen AM, Mokdad A, Moran AE, Muntner P Narula
J, Neal B, Ntsekhe M, Moraes de Oliveira G, Otto C, Owolabi M, Pratt M,
Rajagopalan S, Reitsma M, Ribeiro ALP, Rigotti N, Rodgers A, Sable C, Shakil
S, Sliwa-Hahnle K, Stark B, Sundstrom J, Timpel P. Tleyjeh IM, Valgimigli M,
Vos T, Whelton PK, Yacoub M, Zuhlke L, Murray C, Fuster V; GBD-NHLBI-
JACC Global Burden of Cardiovascular Diseases Writing Group. Global Burden
of Cardiovascular Diseases and Risk Factors, 1990-2019: Update From the
GBD 2019 Study. J Am Coll Cardiol. 2020;76(25):2982-3021. Erratum in: J
Am Coll Cardiol. 2021;77(15):1958-1959. Review.

2. World Health Organization (WHO). Cardiovascular diseases (CVDs) Fact
sheet. Genva: WHO; 2025 [cited 2025 Sep 1]. Available from: https://www.
who.int/en/news-room/fact-sheets/detail/cardiovascular-diseases-(CVSs)

16.

Lopez-Jimenez F. Almahmeed W, Bays H, Cuevas A, Di Angelantonio E, le
Roux CW, et al. Obesity and cardiovascular disease: mechanistic insights and
management strategies. A joint position paper by the World Heart Federation
and World Obesity Federation. Eur J Prev Cardiol. 2022;29(17):2218-37.

Joseph JJ, Deedwania P Acharya T, Aguilar D, Bhatt DL, Chyun DA, Di
Palo KE, Golden SH, Sperling LS; American Heart Association Diabetes
Committee of the Council on Lifestyle and Cardiometabolic Health; Council
on Arteriosclerosis, Thrombosis and Vascular Biology; Council on Clinical
Cardiology; and Council on Hypertension. Comprehensive Management
of Cardiovascular Risk Factors for Adults With Type 2 Diabetes: A
Scientific Statement From the American Heart Association. Circulation.
2022;145(9):e722-e59. Review.

Botchlett R, Woo SL, Liu M, Pei Y, Guo X, Li H, et al. Nutritional approaches
for managing obesity-associated metabolic diseases. J Endocrinol. 2017;
233(3):R145-71.

Rippe JM. Lifestyle Medicine: The Health Promoting Power of Daily Habits
and Practices. Am J Lifestyle Med. 2018;12(6):499-512.

Lichtenstein AH, Appel LJ, Vadiveloo M, Hu FB, Kris-Etherton PM, Rebholz
CM, et al. 2021 Dietary Guidance to Improve Cardiovascular Health: A
Scientific Statement From the American Heart Association. Circulation.
2021;144(23):e472-87.

de Jonge L, Moreira EA, Martin CK, Ravussin E; Pennington CALERIE Team.
Impact of 6-month caloric restriction on autonomic nervous system activity in
healthy, overweight, individuals. Obesity (Silver Spring). 2010;18(2):414-6.
Stein PK, Soare A, Meyer TE, Cangemi R, Holloszy JO, Fontana L. Caloric

restriction may reverse age-related autonomic decline in humans. Aging Cell.
2012;11(4):644-50.

. Striiven A, Holzapfel C, Stremmel C, Brunner S. Obesity, Nutrition and Heart

Rate Variability. Int J Mol Sci. 2021;22(8):4215.

. Sjoberg N, Brinkworth GD, Wycherley TP Noakes M, Saint DA. Moderate

weight loss improves heart rate variability in overweight and obese adults
with type 2 diabetes. J Appl Physiol. 2011;110(4):1060-4.

. Stuckey MI, Tulppo MP. Kiviniemi AM, Petrella RJ. Heart rate variability and

the metabolic syndrome: a systematic review of the literature. Diabetes
Metab Res Rev. 2014;30(8):784-93.

. Benichou T, Pereira B, Mermillod M, Tauveron |, Pfabigan D, Magdasy S, et

al. Heart rate variability in type 2 diabetes mellitus: A systematic review and
meta-analysis. PLoS One. 2018;13(4):e0195166.

. Chao AM, Quigley KM, Wadden TA. Dietary interventions for obesity: clinical

and mechanistic findings. J Clin Invest. 2021;131(1):e140065.

. Martin-Ridaura C, Ochoa-Esteban D, Berlinches-Zapero C, Ruiz-Fernandez D,

Sanz-Martin V, Gavira-lzquierdo R, March S, Lopez-Toribio M, Ceinos-Arcones
M; ALAS Project Working Group. Evaluation under real-life conditions of a
lifestyle intervention for diabetes prevention developed by the municipal
health services of Madrid, Spain. Sci Rep. 2022;12(1):19700. Review.

Chiavarali L, Lee D, Ahmed A, Cheung A, Khan TA, Blanco S, et al. Effect
of low glycaemic index or load dietary patterns on glycaemic control and
cardiometabolic risk factors in diabetes: systematic review and meta-
analysis of randomised controlled trials. BMJ. 2021;374:n1651. Erratum in:
BMJ. 2021;374:n2114.

. Yurkow S, Ivezaj V, Grilo CM. Improvements in cardiovascular disease risk

factors associated with modest weight loss following treatment in patients
with binge-eating disorder and obesity. Int J Eat Disord. 2023;56(11):2074-83.

. Siervo M, Lara J, Chowdhury S, Ashor A, Oggioni C, Mathers JC. Effects of

the Dietary Approach to Stop Hypertension (DASH) diet on cardiovascular risk
factors: a systematic review and meta-analysis. Br J Nutr. 2015;113(1):1-15.

. Ge L, Sadeghirad B, Ball GD, da Costa BR, Hitchcock CL, Svendrovski A, et

al. Comparison of dietary macronutrient patterns of 14 popular named dietary
programmes for weight and cardiovascular risk factor reduction in adults:
systematic review and network meta-analysis of randomised trials. BMJ.
2020;369:m696.

einstein (Sao Paulo). 2026;24:1-8


https://www.who.int/en/news-room/fact-sheets/detail/cardiovascular-diseases-(CVSs)
https://www.who.int/en/news-room/fact-sheets/detail/cardiovascular-diseases-(CVSs)

Moreira P, Amaral CK, Moreira DA, Franco MC

20.

22.

23.

Mouridsen MR, Bendsen NT, Astrup A, Haugaard SB, Binici Z, Sajadieh A.
Modest weight loss in moderately overweight postmenopausal women
improves heart rate variability. Eur J Prev Cardiol. 2013;20(4):671-7.

. McGee JE, Early KS, Huff AC, Clunan MC, Hursey NR, Osborne B, et al.

Effects of weight loss and weight loss maintenance on cardiac autonomic
function in obesity: a randomized controlled trial. Appl Physiol Nutr Metab.
2023;48(9):678-91.

Shaffer F, McCraty R, Zerr CL. A healthy heart is not a metronome: an
integrative review of the heart's anatomy and heart rate variability. Front
Psychol. 2014;5:1040.

Sassi R, Cerutti S, Lombardi F, Malik M, Huikuri HV, Peng CK, et al.
Advances in heart rate variability signal analysis: joint position statement
by the e-Cardiology ESC Working Group and the European Heart Rhythm
Association co-endorsed by the Asia Pacific Heart Rhythm Society. Europace.
2015;17(9):1341-53.

einstein (Sao Paulo). 2026;24:1-8

24.

25.

26.

21.

Polito R, Valenzano A, Monda V, Cibelli G, Monda M, Messina G, et al.
Heart Rate Variability and Sympathetic Activity Is Modulated by Very
Low-Calorie Ketogenic Diet. Int J Environ Res Public Health. 2022;
19(4):2253.

Ibacache P Carcamo P, Miranda C, Bottinelli A, Guzméan J, Martinez-Rosales
E, et al. Improvements in Heart Rate Variability in \WWomen with Obesity:
Short-term Effects of Sleeve Gastrectomy. Obes Surg. 2020;30(10):4038-45.

Costa J, Moreira A, Mareira P, Delgado L, Silva D. Effects of weight changes
in the autonomic nervous system: A systematic review and meta-analysis.
Clin Nutr. 2019;38(1):110-26.

Mattos S, Rabello da Cunha M, Barreto Silva MI, Serfaty F, Tarvainen MP.
Klein MR, et al. Effects of weight loss through lifestyle changes on heart rate

variability in overweight and obese patients: A systematic review. Clin Nutr.
2022;41(11):2577-86.



