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Obese children and adolescents are at high risk of developing cardiovascular diseases later in life. We hypothesized that
cardiovascular prophylaxis with omega-3 fatty acids could benefit them. In our study, 20 children and adolescents (mean body
mass index percentile: 99.1; mean age: 11.0 years) underwent two ambulatory 24 h Holter electrocardiography (ECG) recordings
(before and after at least 3 months of omega-3 fatty acid supplementation). Time domain heart rate variability (HRV) and heart rate
(HR) were examined for these patients. As a control, we used 24 h Holter ECG recordings of 94 nonobese children and adolescents.
Time domain HRV parameters, which are indicators of vagal stimulation, were significantly lower in obese patients than in healthy
controls, but HR was higher (standard deviation of the normal-to-normal [SDNN] interbeat intervals: —34.02%; root mean square of
successive differences [RMSSD] between normal heartbeats: —40.66%; percentage of consecutive RR intervals [pNN50]: —60.24%;
HR: +13.37%). After omega-3 fatty acid supplementation, time domain HRV parameters and HR of obese patients were similar to
the values of healthy controls (SDNN interbeat intervals: —21.73%; RMSSD: —19.56%; pNN50: —25.59%; HR: +3.94%). Therefore,

omega-3 fatty acid supplementation may be used for cardiovascular prophylaxis in obese children and adolescents.

1. Introduction

Obesity is one of the most prevalent and serious health
problems for children and adolescents. During childhood
and adolescence, obesity leads to severe sequelae such as
increased blood pressure, glucose intolerance, fat metabolism
disorders, back pain, hepatic steatosis, dermatoses, and men-
tal illnesses. These are much more common in obese children
and adolescents than in their healthy peers. Furthermore,
these children are at high risk of remaining overweight in
adulthood and of developing chronic cardiovascular diseases,
such as coronary heart disease, later in life. Despite the obvi-
ous relationship between increased body mass index (BMI)
and the development of cardiovascular diseases, the reasons
for this association remain vague. It has been suggested that
the development of cardiovascular diseases involves vari-
ous factors such as hypertension, insulin resistance, altered
lipid profile, and impairment of cardiac autonomic control

[1].

In recent studies, omega-3 fatty acids have had a positive
effect on these factors. Evidence suggests that omega-3 fatty
acids reduce blood triglyceride levels, lower blood pressure,
increase insulin sensitivity, and improve heart rate variability
(HRV) parameters, which are possible markers of cardiovas-
cular health [2-5].

Therefore, omega-3 fatty acid supplementation may be a
low-cost intervention with few side effects for obese children
and adolescents that could decelerate the development of
chronic cardiovascular diseases. In this study, we investigated
the effects of omega-3 fatty acid supplementation on HRV
and heart rate (HR) of obese children and adolescents for
whom conventional treatment approaches have failed.

2. Patients and Methods

In the context of a superordinate project that examines
standard HRV values in hospitalized patients, we analyzed
HRYV in obese patients to gain a better understanding of the


http://orcid.org/0000-0002-1263-5594
https://doi.org/10.1155/2018/8789604

2 International Journal of Pediatrics
TaBLE 1: Demographic data and 24 h heart rate analysis data of obese children before and after omega-3 fatty acid supplementation.
Healthy controls Baseline Omega-3 fatty acids Baseline versus
Parameter Mean + SD Mean + SD p value! Mean + SD p value' omega-3 fatty acids
N =94 N =20 N =20 p value’
Age [years] 11.3+27 11.0 £ 4.6 ns 116+ 3.8 ns ns
Height [cm] 148.2 + 17.6 153.4 +22.0 ns 155.9 +£20.5 ns 0.0035
BMI [kg/mz] 17.7 £ 2.8 29.8+4.6 <0.0001 29.6 +4.1 <0.0001 ns
BMI percentile [%] 44.5+26.2 99.1+1.5 <0.0001 99.1+1.3 <0.0001 ns
24 h heart rate [bpm] 83.8+12.5 95.0 +8.9 <0.0001 87.2+11.3 ns <0.0001
HR, day [bpm] 93.3+13.5 104.4+9.3 0.0009 95.7£11.2 ns 0.0002
HR, night [bpm] 70.7 £9.2 83.9+9.3 <0.0001 75.8 +£12.1 0.035 0.0017
RMSSD [ms] 455+ 12.1 272+94 <0.0001 36.7 £ 16.2 0.0063 0.0008
PNNS50 [%] 254 +10.8 10.2+£8.3 <0.0001 18.5+13.6 0.014 0.0009
SDNN [ms] 166.1 + 44.6 108.6 £ 25.1 <0.0001 129.6 + 32.4 0.0007 0.0043

!Unpaired ¢-test used for healthy controls and baseline/omega-3 fatty acids (italic). “Paired ¢-test used for baseline and omega-3 fatty acids (bold). ns = not

significant.

autonomic nervous system. The project to survey standard
HRYV values was approved by the Landesérztekammer Baden-
Wiirttemberg (F-2012-056).

The study did not carry a risk of harm to human subjects.
Recorded Holter electrocardiography (ECG) results during
this study were part of the standard examination procedure
for obese children and adolescents at our outpatient clinic.
Omega-3 fatty acid as a dietary supplement is considered safe
in the administered doses. We further conducted our study
in compliance with the Declaration of Helsinki.

2.1. Patients. 'The current study included 20 European chil-
dren and adolescents with a BMI above the 95th percentile
and an average age of 11.0 years (patient characteristics
are summarized in Table 1). All patients were referred to
the pediatric outpatient clinic of the Caritas Hospital Bad
Mergentheim between October 2013 and May 2017 for further
diagnostics and therapy for obesity. All study participants and
their parents or guardians provided informed consent. No
patients received relevant medication during ECG record-
ings.

2.2. Control Group. As controls, values of healthy nonobese
children (N = 94) from a previous project were used. The
HRV values of our controls were in accordance with the
calculated normal values from a Polish study [6].

2.3. Design. Obese children and adolescents were screened
for metabolic syndrome according to the criteria of the
Identification and Prevention of Dietary- and Lifestyle-
Induced Health Effects in Children and Infants (IDEFICS)
and for autonomic dysfunction by 24 h Holter ECG analysis
at our outpatient clinic. In addition to implementing diet and
lifestyle changes, we recommended that our patients should
use omega-3 fatty acid supplements. All patients included in
the study followed our advice and used fish oil capsules that

contained at least 400 mg eicosapentaenoic acid (EPA) and
120 mg docosahexaenoic acid (DHA) daily. At a follow-up
appointment after an average of 214 days, results of a second
24 h Holter ECG were recorded and analyzed. Additionally,
height and weight were measured for each patient, and the
BMI and BMI percentiles were calculated.

2.4. 24-Hour ECG and Analysis of Heart Rate Variabil-
ity. During our study, time domain HRV parameters and
HR were dependent variables. HRs and HRV parameters
have been shown to be predictors of sudden cardiac death
and mortality after myocardial infarction. Moreover, several
obesity-related conditions, such as type 2 diabetes, sleep
apnea, depression, hypertension, coronary heart disease,
congestive heart failure, and cerebrovascular events, seem to
be linked to decreased HRV and increased HR. In contrast to
HR, HRV parameters have been shown to be more sensitive
to changes in the autonomic nervous system and to precede
HR trends [7].

To record ECG results, we used a two-channel Holter
monitor (Pathfinder; Spacelabs Healthcare GmbH, Niirn-
berg, Germany). Children and adolescents were not placed
on bed rest; instead, they followed their usual daily rou-
tines. The Holter ECG recordings were analyzed as average
values of all data collected during 24 h. Measurement and
interpretation of HRV parameters in the sample were stan-
dardized according to the currently established guidelines.
The following time domain HRV variables were analyzed:
the standard deviation of the normal-to-normal (SDNN)
interbeat intervals, root mean square of successive differences
(RMSSD) between normal heartbeats, and percentage of
consecutive RR intervals (pNN50).

In contrast to frequency domain parameters, time do-
main HRV parameters are easily calculated and do not
require complex computations. Moreover, they require less
stationarity than most frequency domain parameters and are
suitable for long-term HRV analyses.
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2.5. Statistical Analysis. We used SPSS version 23.0 for all
statistical analyses. All results were reported as mean +
standard deviation (SD). Parametric statistics were used
for all comparisons because most variables were normally
distributed. Patients were compared to controls using an
independent samples ¢-test for equality of means, and they
were compared before and after omega-3 fatty acid supple-
mentation using a paired samples ¢-test for equality of means.
A p value < 0.05 was considered statistically significant. We
performed a post hoc power analysis for the SDNN parameter
using G"Power 3.1. With « set at .05 and a sample size of 20,
we calculated the statistical power (1 — f3) as 0.98.

3. Results

Patient characteristics and 24 h mean HRV values are sum-
marized in Table 1. At the first appointment, the BMI of
the 20 obese children and adolescents was 68.36% higher
than that of healthy controls. In addition, HR was high and
HRV parameters were low compared to those of healthy
controls. Between the first examination appointment and the
follow-up appointment, the mean BMI decreased by 0.67%.
However, this change was not statistically significant, and
all patients maintained a BMI higher than the 95th per-
centile. In contrast to the statistically insignificant decrease
in mean BMI, all HRV parameters increased significantly
after omega-3 fatty acid supplementation. SDNN interbeat
intervals increased by 19.34%, RMSSD increased by 34.93%,
and pNN50 increased by 81.37%.

Additionally, the HR of the 20 obese children and ado-
lescents were approximately the same as those of healthy
controls. Mean HR decreased from 95.0 to 872bpm (p <
0.0001). The mean HR decreased by 8-9bpm and was
comparable during the day and night.

4. Discussion

HRYV is a physiological phenomenon. The instantaneous HR
and its variation are the results of several different inputs
at the sinus node area. The main inputs arise from the
sympathetic nervous system and the parasympathetic system.
However, both systems are influenced by subordinate factors
such as hormones, sleep-wake cycle, stress, physical activity,
respiration, or thermoregulation. The primary process of
the sympathetic nervous system is to activate the body’s
fight-or-flight response, whereas the parasympathetic system
is responsible for the activation of resting and digesting
activities. From a biochemical point of view, HRV analysis
is based on the differences in neurotransmission in the
parasympathetic and sympathetic systems. While altered
parasympathetic activity directly increases or decreases the
HR, the sympathetic nervous system reacts relatively slowly.
The sympathetic varicosities and fibers mainly secrete nore-
pinephrine, which has to reach its receptors by diffusion
and then acts through a second messenger pathway. Unlike
parasympathetic axonal endings, the sympathetic varicosities
are not assigned to postsynaptic terminals. Moreover, the
adrenal gland produces norepinephrine and epinephrine and
releases them into the bloodstream, as part of the sympathetic

nervous system. The signals of the sympathetic nervous
system are then terminated, predominantly by the reuptake
of neurotransmitters or enzymatic cleavage. In contrast, the
postganglionic fibers of the parasympathetic nervous system
regulate the HR rapidly via the release of acetylcholine and
the subsequent signal cascade. Acetylcholine is cleaved and
the signal is terminated via esterase [8].

For all time domain parameters, high values presumably
represent a strong parasympathetic tone or little sympathetic
activity. In this study, we showed that supplementation of
omega-3 fatty acids increased the time domain parameters
and decreased HR in obese children and adolescents. Accord-
ingly, the most common parameter in the HRV literature,
SDNN interbeat intervals, normalized and only slightly
differed from the values of healthy controls after omega-
3 fatty acid supplementation (108.6 ms versus 129.6 ms). In
a similar manner, the other two time domain parameters,
RMSSD and pNN50, increased significantly after omega-
3 fatty acid supplementation. Our findings consequently
indicated that omega-3 fatty acid supplementation may have
a positive effect on cardiovascular health in obese children.
The observed changes in HRV parameters in this study may
be favorable because low HRV parameters and high HR
have been shown to be related to cardiovascular diseases and
several other comorbidities associated with obesity [9-13].
On the contrary, a high level of HRV and moderate HR within
an organism reflect cardiac health, self-regulatory capacity,
and adaptability [7].

The observed effects of omega-3 fatty acids on heart rate
and HRV and HR may be due to the three mechanisms:

(1) It is possible that omega-3 fatty acids directly influ-
ence the voltage-gated ion channels in the sinus node
area [14]. This theory is supported by a study that
investigated the HR of cardiac transplant recipients
before and after omega-3 fatty acid supplementation.
In their study, Harris et al. showed that omega-3
fatty acid supplementation reduces HR in cardiac
transplant recipients who lack cardiac vagal inner-
vation [15]. These findings imply that omega-3 fatty
acids may modify the electrophysiology of the cardiac
conduction system. Through this mechanism, omega-
3 fatty acids could also lower the intrinsic HR of
obese children and adolescents. Due to the nonlinear
relationship between HRV and RR interval, HRV
estimated from RR intervals is negatively correlated
with HR. Consequently, decreased HR would also be
accompanied by increased HRV [16].

(2) Improvements in HRV and HR may be linked to the
effects of omega-3 fatty acids on insulin sensitivity.
Omega-3 fatty acids have been shown to change
insulin signaling pathways and gene expression [17].
In a recent animal study, supplementation of omega-3
fatty acids reversed the effects of a high-carbohydrate
diet on insulin sensitivity [18]. Although it has been
suggested that diabetic autonomic neuropathy dam-
ages the vagus nerve, which physiologically controls
the heart rate and the secretion of insulin from
beta cells, autonomic dysfunction in the wake of



insulin resistance is also possible. Bergholm et al.
showed that insulin possibly modulates autonomic
tone [19]. Eventually, omega-3 fatty acids, which have
been shown to increase insulin sensitivity in patients
with metabolic disorders, may shift this relationship
and alter autonomic regulation, thereby changing
HRV parameters, which measure the activity of the
autonomic nervous system [20].

(3) Moreover, it is possible that omega-3 fatty acid supple-
mentation changed HRV parameters and HR due to
their effects on vascular function and inflammation.
Dangardt et al. showed that omega-3 supplementation
decreased lymphocytes, monocytes, and the level of
proinflammatory cytokines in obese adolescents. The
decrease in these proinflammatory factors may be
linked to withdrawal of the sympathetic overdrive
[21]. HRV, which is inversely related to levels of
inflammatory markers, may capture these changes in
the immune system [22]. Additionally, omega-3 fatty
acids lower the systemic vascular resistance through
changes in endothelial function, which can result
in lower blood pressure and higher HRV levels in
patients with risk factors for cardiovascular diseases

[3].

5. Limitations

The present study had several methodological limitations.
First, we cannot state with certainty whether omega-3 fatty
acids were responsible for the observed HR and HRV
changes. Given that the intervals between the two Holter ECG
measurements were relatively long, aging may have decreased
HR and increased HRV. However, a clinical study showed that
aging cannot explain a decrease of 8.32% [23]. Only a decrease
of 2%-3% in HR within 1 year would be physiologically
meaningful. Second, a more important limitation of our
study was that some of our patients lost weight. Although
the decrease in BMI was minimal, weight loss could have
caused the observed changes in HR and HRV. It has been
observed that weight loss leads to sympathetic withdrawal
and parasympathetic activation. Third, the sample used in the
present study was relatively small (N = 20). Due to the study
design, we could not control or detect possible confounders
such as movement or lifestyle changes. Fourth, the study
involved a single center. Hence, generalization of the results
was difficult. Fifth, the use of HRV for risk stratification of
children and adolescents has not been investigated. However,
we showed that HRV may be an interesting biological marker
for assessing the effects of omega-3 fatty acid supplementa-
tion in obese children and adolescents.

6. Conclusion

Despite the methodological limitations and shortcomings,
this study offered preliminary data illustrating that omega-
3 fatty acids may favorably influence the cardiovascular
health of obese children and adolescents. Future studies
should implement randomized, placebo-controlled designs
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and adhere to a strict protocol regarding the measurement
point of HRV because we cannot rule out confounders that
potentially influence HRV. In conclusion, because severe
side effects do not occur with the use omega-3 fatty acid
supplements at the recommended dose, we recommend them
as possible cardiovascular prophylaxis for obese children and
adolescents.

Data Availability

The datasets analyzed in this study are available from Reiner
Buchhorn or Christoph Baumann on reasonable request.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this article.

Acknowledgments

This publication was funded by the German Research Foun-
dation (DFG) and the University of Wuerzburg open access
publishing funding program. The authors thank Karla Kristen
for editorial support.

References

[1] S.Herpertz, M. D. Zwaan, and S. Zipfel, Handbuch Essstrungen
und Adipositas, 2015.

[2] K. A. Sauder, A. C. Skulas-Ray, T. S. Campbell, . A. Johnson,
P. M. Kris-Etherton, and S. G. West, “Effects of omega-3 fatty
acid supplementation on heart rate variability at rest and during
acute stress in adults with moderate hypertriglyceridemia,’
Psychosomatic Medicine, vol. 75, no. 4, pp. 382-389, 2013.

[3] P. E. Miller, M. Van Elswyk, and D. D. Alexander, “Long-chain
omega-3 fatty acids eicosapentaenoic acid and docosahexaenoic
acid and blood pressure: a meta-analysis of randomized con-
trolled trials,” American Journal of Hypertension, vol. 27, no. 7,
pp. 885-896, 2014.

[4] H. S. Weintraub, “Overview of prescription omega-3 fatty
acid products for hypertriglyceridemia,” Postgraduate Medical
Journal, vol. 126, no. 7, pp. 7-18, 2014.

[5] R. Buchhorn, J. Koenig, M. N. Jarczok et al., “A case series on
the potential effect of omega-3-fatty acid supplementation on
24-h heart rate variability and its circadian variation in children
with attention deficit (hyperactivity) disorder,” ADHD Attention
Deficit and Hyperactivity Disorders, pp. 1-5, 2017.

[6] W. Bobkowski, M. E. Stefaniak, T. Krauze et al., “Measures
of heart rate variability in 24-h ECGs depend on age but not
gender of healthy children,” Frontiers in Physiology, vol. 8, no.
MAY, article no. 311, 2017.

[7] V. Markad, M. W. Kamath, and A. Upton, Heart Rate Variability
(HRV) Signal Analysis: Clinical Applications, CRC Press, 2012.

[8] B. C.Lacey and J. I. Lacey, “Two-way communication between
the heart and the brain: Significance of time within the cardiac
cycle,” American Psychologist, vol. 33, no. 2, pp. 99-113, 1978.

[9] J. P. Singh, M. G. Larson, C. J. O'Donnell et al., “Association
of hyperglycemia with reduced heart rate variability (The
Framingham Heart Study),” American Journal of Cardiology,
vol. 86, no. 3, pp. 309-312, 2000.



International Journal of Pediatrics

[10] M. Hadase, A. Azuma, K. Zen et al., “Very low frequency
power of heart rate variability is a powerful predictor of clinical
prognosis in patients with congestive heart failure,” Circulation
Journal, vol. 68, no. 4, pp. 343-347, 2004.

[11] J. D. Blood, J. Wu, T. M. Chaplin et al., “The variable heart:
High frequency and very low frequency correlates of depressive
symptoms in children and adolescents,” Journal of Affective
Disorders, vol. 186, article no. 7576, pp. 119-126, 2015.

[12] A.-K. Lennartsson, I. Jonsdottir, and A. Sjors, “Low heart
rate variability in patients with clinical burnout,” International
Journal of Psychophysiology, vol. 110, pp. 171-178, 2016.

[13] H. Molgaard, K. E. Serensen, and P. Bjerregaard, “Attenuated
24-h heart rate variability in apparently healthy subjects, sub-
sequently suffering sudden cardiac death,” Clinical Autonomic
Research, vol. 1, no. 3, pp. 233-237, 1991.

[14] J. X. Kang, “Reduction of heart rate by omega-3 fatty acids and
the potential underlying mechanisms,” Frontiers in Physiology,
vol. 3, Article ID Article 416, 2012.

[15] W. S. Harris, M. Gonzales, N. Laney, A. Sastre, and A. M.
Borkon, “Effects of omega-3 fatty acids on heart rate in cardiac
transplant recipients,” American Journal of Cardiology, vol. 98,
no. 10, pp. 1393-1395, 2006.

[16] S. Z. H. Kazmi, H. Zhang, W. Aziz et al., “Inverse correlation
between heart rate variability and heart rate demonstrated by
linear and nonlinear analysis,” PLoS ONE, vol. 11, no. 6, Article
ID e0157557, 2016.

[17] A.Z.LaliaandI.R.Lanza, “Insulin-sensitizing effects of omega-
3 fatty acids: Lost in translation?” Nutrients, vol. 8, no. 6, article
no. 329, 2016.

[18] G.S. de Castro, J. E. R. Cardoso, P. C. Calder, A. A. Jordao, and
H. Vannucchi, “Fish oil decreases hepatic lipogenic genes in rats
fasted and refed on a high fructose diet,” Nutrients, vol. 7, no. 3,
pp. 1644-1656, 2015.

[19] R. Bergholm, J. Westerbacka, S. Vehkavaara, A. Seppild-
Lindroos, T. Goto, and H. Yki-Jarvinen, “Insulin sensitivity
regulates autonomic control of heart rate variation independent
of body weight in normal subjects,” The Journal of Clinical
Endocrinology & Metabolism, vol. 86, no. 3, pp. 1403-1409, 2001.

[20] H. Gao, T. Geng, T. Huang, and Q. Zhao, “Fish oil supplemen-
tation and insulin sensitivity: A systematic review and meta-
analysis,” Lipids in Health and Disease, vol. 16, no. 1, article no.
131, 2017.

[21] F Dangardt, W. Osika, Y. Chen et al., “Omega-3 fatty acid sup-
plementation improves vascular function and reduces inflam-
mation in obese adolescents,” Atherosclerosis, vol. 212, no. 2, pp.
580-585, 2010.

[22] T. M. Cooper, P. S. McKinley, T. E. Seeman, T.-H. Choo, S. Lee,
and R. P. Sloan, “Heart rate variability predicts levels of inflam-
matory markers: Evidence for the vagal anti-inflammatory
pathway;” Brain, Behavior, and Immunity, vol. 49, pp. 94-100,
2015.

[23] A. Salameh, R. A. Gebauer, O. Grollmuss, P. Vit, O. Reich,
and J. Janousek, “Normal limits for heart rate as established
using 24-hour ambulatory electrocardiography in children and
adolescents,” Cardiology in the Young, vol. 18, no. 5, pp. 467-472,
2008.



MEDIATORS
INFLAMMATION

The Scientific Gastroenterology bl D Journal of
Diabetes Research

World Journal Research and Practice

)
&

=
International Journal of

Endocrinology

Journal of
Immunology Research

Hindawi

Submit your manuscripts at
https://www.hindawi.com

BioMed
Research International

PPAR Research

Journal o.f
Obesity

Evidence-Based
Complementary and
Alternative Medicine

Journal of

Oncology

Parkinson’s
BINEENE

Computational and . ‘
Mathematical Methods Behavioural A' DS Oxidative Medicine and
in Medicine Neu rology Research and Treatment Cellular Longevity




