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Abstract. The effect of yoga practice on lipid profiles in patients with chronic heart failure. Babkina T.M.,
Smyrnova G.S., Mykhailenko L.A., Kozarenko T.M., Globa M.V., Kundina V.V. The aim of the present study was
to assess the efficiency of yoga practice in addition to the standard medical therapy in patients with chronic heart failure
(HF) and dyslipidemia. One hundred and two patients with chronic HF and dyslipidemia were divided into the control
group (CG) — 54 patients and the yoga group (YG) — 48 patients. The CG was prescribed standard therapy for chronic
HF (angiotensin converting enzyme inhibitors, [-blockers, aldosterone antagonists, digoxin, loop diuretics, statins,
antiplatelet agents) and dyslipidemia. The YG additionally followed lifestyle modification in the form of 1 h daily practice
of yoga for a period of 3 months. All patients completed the questionnaire reporting on their age, gender, medical history
and treatment. The fasting blood samples were analyzed for total cholesterol (TC), triglyceride (TG), low-density
lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol, C-reactive protein, interleukin-8 and tumor
necrosis factor -a on admission to the department and after 3 months of treatment. The pre-specified duration of the
enrollment period was two years and during that time we interviewed 168 patients. Forty-two did not meet the inclusion
criteria for the study, 24 patients refused to participate. A total of 102 patients were enrolled, of them, 54 were included
into the control group and 48 into the yoga group. At baseline, there were no significant (p>0.05) differences between
the groups in clinical characteristics of the patients. On admission to hospital the patients of both groups received
standard therapy in comparable doses. By the end of the study, a significant (p<0.05) reduction in TC, TG and LDL-C
levels was observed in both groups with a tendency to more considerable changes in YG. Correlation analysis revealed
the positive correlation relationship between TC, LDL-C levels and cytokines. The present study has shown that the
practice of yoga in addition to the standard therapy in patients with HF and dyslipidemia could be associated with lipid
profile improvements.

Pedepar. Bnuiue iioru Ha Jjinigxi npogijgi B nauieHTiB 3 XpoHiuHOI0 cepueBolo HeaocTaTHicTI0. badkina T.M.,
Cmupnoga I'.C., Muxaiiienko JI.A., Kozapenko T.M., I'mo6a M.B., Kyunina B.B. Mema docrioscenns — oyinumu
epexmugHicmy iozu 8 nayieHmis i3 XxpoHiunorw cepyegoio Heoocmamuicmio (CH) ma oucninioemiero. Cmo 06a nayienmu
3 xponiunoto CH ma oucninioemiero 6ynu poznodineni 6 konmponwuy epyny (KI) 3 54 nayienmis ma epyny tioau (UT) i3
48 nayieumis. KI" 6yno npusnaueno cmanoapmuy mepanito xpouiunoi CH (ineibimopu anciomeH3uHnepemeaopionyo2o
epmenmy, [-adpenobnrokamopu, aHmMAZOHICMU ANLOOCMEPOHY, OUSOKCUH, NemIbOosl OiypemuKu, CMamuHu,
anmuazpezanmu) ma oucninioemii. Y UT" dodamxoeo nposodunu moougixayiio cnocoby scumms y euensoi 1 200unu
wWooenHoi npakmuxu ozu npomseom 3 micayis. Yci nayieHmu 3anoeHIO8ANU AHKEMY, NOGIOOMISIIOHU NPO Cill 6IK,
cmamy, icmopito x6opobu ma nikyeanns. Ilayienmam ananizyeanu pieni 3a2anbHo2o xonecmeputy (3X), mpueniyepuoie
(TT), xonecmepuny ninonpomeioie nuzvkoi winenocmi (JIIIHII]-X), xonecmepuny ainonpomeinis sucoxkoi winbnocmi, C-
PeaxkmugHo2co bLIKa, iHmepaelikiny-8 ma ¢haxmopa HeKpo3y nyXauku -0. NPU HA0X00HCeHH I Y 8i00iIeHHs ma yepe3 3 Micsayi
nikyeanus. Hamu Oyno obcmeosiceno 168 nayicumis, 3 Hux 42 — He 6i0nogioanu Kpumepisim 6KI0O4eHHs 8 00CAIOHCEeHHS,
24 — giomosunucs bpamu yuacme y 00caioxcenHi. Ycvozo posnodineno 102 nayienmu, 3 nux 54 6ynu exaroueni oo KI' ma
48 00 HUT. Ha nouamxy docnioicenns ne 6yno eussieno suauyuwux (p>0,05) siominnocmeri mioc 2pynamie 3a KniHidHuMu
xapaxkmepucmuxamu nayieumis. 11io wac zocnimanizayii nayicumu 000X epyn ompumyeaiu CMAanOapmHy mepaniio 6
nopiguaHux oosax. Hanpuxinyi oocnioscents 6 06ox epynax cnocmepieanocs 3uaune (p<0,05) suuscenns pieusa 3X, TI
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ma JITTHLI]-X 3 menOenyieto 0o 6invu 3naunux smin y U Kopenayitinuii ananiz 6UA6US NO3UMUBHUL 83AEMO38'A30K MidC
pisnem 3X, JIIIHII]-X ma xonyewmpayicio yumoxinie. Pe3ynemamu Hawioco 00CHiONceHHS NPOOeMOHCMPY8ANU, WO
0dooasanns voeu 00 cmandapmuoi mepanii 6 nayicumis i3 xpouiunoro CH ma oucninioemicio modice acoyilosamucst 3

NOARWEHHAM JNIOH020 NPOQiio.

Chronic heart failure (HF) is associated with high
morbidity and mortality, and an enormous economic
burden on the healthcare system [7]. The hospi-
talization rate due to this disease is still reported high
and the number of patients with HF is increasing
annually. The timely detection of modifiable risk
factors for chronic HF will help determine and adopt
optimal prevention strategies.

It is well known that dyslipidemia, defined as
dysfunction and/or lipid imbalance (of total cho-
lesterol (TC), low-density lipoprotein cholesterol
(LDL-C) levels, high-density lipoprotein cholesterol
(HDL-C), triglyceride (TG)), is an important risk
factor for coronary heart disease (CHD) and stroke.
Statins have been shown to be highly effective,
particularly in treating persons at high risk of CHD.
Moreover, according to clinical trial results, statin
treatment has been proven to reduce the incidence of
chronic HF [4]. These data suggest that dyslipidemia
is also a risk factor for chronic HF. Recent
investigation detected a direct association between
the ratio of TC and HF risk [5].

Numerous studies show that immune cells play a
main role in cardiac injury and are present in cardiac
tissue early in disease [12]. Immune cells, identified
in the heart, include macrophages, monocytes,
neutrophils, B cells, T cells, etc. Inflammation in non-
immune-mediated cardiac injury leads to a secretion
of inflammatory cytokines and chemokines such as
interleukin (IL)-1, IL-6 and tumor necrosis factor
(TNF) -a, etc. An increase in levels of cytokines and
chemokines leads to the recruitment of neutrophils
and monocytes. Initially, the immune cells infiltrated
the cells to scavenge dead and dying cardiomyocytes
by digesting the tissue with proteolytic enzymes. The
inflammatory cascade is amplified by the dead cells
causing a release of inflammatory cytokines which
further amplify inflammation through their effect on
leukocytes, endothelial cells, and cardiomyocytes.

A possible role of proinflammatory cytokines in
chronic HF was first reported by Levine et al [8].
Subsequently, other studies suggested that concentra-
tions of TNF-qa, IL-6, IL-1p and C-reactive protein
(CRP) in patients with HF were significantly higher
than in the control subjects. Results of numerous
studies indicated that serum proinflammatory cyto-
kines were associated with an increased risk for
chronic HF [2]. In recent years, it has become evident
that systemic inflammation is also the main driver for
atherosclerosis and inflammatory markers have a
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strong association with dyslipidemia. Hence, it is
highly essential to identify the cytokines released by
various cells and understand their role in the
inflammatory cascade.

Taking into account the abovementioned, the
improvement of dyslipidemia treatment strategies in
patients with HF is obvious. During the last decades,
traditional medicine has been actively introducing
additional methods of non-pharmacological treat-
ment, including yoga practice. This system of phy-
sical and breathing exercises as well as meditation
techniques has been known for more than 4 thousand
years. Since the second half of the XX century some
scientific findings have shown that yoga can be useful
in the prevention of cardiovascular disease among
healthy individuals. However, no data are currently
available for studying the efficiency of yoga practice
in the treatment of patients with HF and dyslipidemia.

Therefore, the aim of the present study was to
evaluate the effect of yoga practice on the lipid
profiles in patients with chronic HF and dyslipidemia.

MATERIALS AND METHODS OF RESEARCH

We conducted a prospective, single-center, non-
blinded trial in the National Medical University at the
Department of the Urgent Cardiology and Reha-
bilitation of the Institute of Emergency and Recovery
Surgery between September 2013 and November
2015. A total of 102 participants were enrolled. The
study participants were included if they met the
following criteria: age >18 years; stable ischemic
heart disease in history and chronic HF with
symptoms leading to hospitalization; dyslipidemia.
Chronic HF was diagnosed with the presence of
chronic HF history and typical symptoms (e.g.
breathlessness, ankle swelling and fatigue) that
may be accompanied by signs (e.g. elevated jugular
venous pressure, pulmonary crackles and pe-
ripheral oedema).

Dyslipidemia was defined as the presence of one
or more abnormal serum lipid concentrations (TC
level above 5.0 mmol/L and/or LDL-C level above
4.8 mmol/L; HDL-C lower than 1.68 mmol/L in men
and 1.42 mmol/L in women). Hypertriglyceridemia
was defined as TG level higher than1.7 mmol/L.

One hundred and two patients with chronic HF
and dyslipidemia were divided into the control group
(CG) of 54 patients and the yoga group (YG) of
48 patients. The CG was prescribed standard therapy
for chronic HF (angiotensin converting enzyme
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inhibitors, B-blockers, aldosterone antagonists, di-
goxin, loop diuretics, antiplatelet agents) and
dyslipidemia (statins). The YG additionally followed
lifestyle modification in the form of 1 h daily practice
of yoga for a period of 3 months.

All patients completed the questionnaire reporting
on their age, gender, medical history and treatment.
The 8 ml blood samples of each patient were collected
in test tubes after an overnight fasting under all asep-
tic conditions. The fasting blood samples were analy-
zed for TC, TG, LDL-C and HDL-C on admission to
the department and after 3 months of treatment. TC,
TG, LDL-C, HDL-C levels were determined by
colorimetric and photometric methods using the
automatic analyzer AU480 (Beckman Coulter, USA)
[9]. CRP level was determined by an immunoturbi-
dimetric method with latex amplification using the
Cobas 6000 automatic biochemical analyzer (Roche
Diagnostics, Switzerland) [10]. IL-8 and TNF-a
concentrations were determined by enzyme-linked
immunosorbent assay using the Multiscan program-
med apparatus (LabSystem, Finland) and the Bender
MedSystems commercial test systems from Bio-
science (Austria). CRP and pro-inflammatory cyto-
kines were determined on admission to the
department and after 3 months of treatment.

Yoga classes were conducted under control of an
experienced yoga teacher twice a week and lasted for
60 minutes. During each session, patients completed
the following: a 5-min warm-up phase including
breathing exercises (pranayama), a 40-min period of
standing and/or seated yoga postures (asanas), and
finally, a 15-min relaxation phase. Sessions were
conducted on an individual basis according to indi-
vidual medical and orthopedic limitations. Breathing
exercises consisted of slow, deep inhalation and
exhalation through the nasal passageways in a one-to-
longer-than-one ratio, without breath retention.
Inhalation was taught to begin with sequential invol-
vement of the abdomen, lower chest, and then upper
chest, with the same sequence in reverse, during
exhalation. Meditation and relaxation were perfor-
med in a supine or seated position according to the
patient's comfort level. After 2 weeks of supervised
yoga training, each patient was given instructions for
the ongoing medical and non-medical treatment to
follow it regularly at home up to 3 months. The
posthospital control over patients' adherence to
doctors' instructions was carried out by phone or
during routine check-ups.

The study was approved by the biomedical ethics
commission of Shupyk National Healthcare Uni-
versity of Ukraine and was conducted in accordance
with the principles of bioethics set out in the WMA
Declaration of Helsinki — “Ethical principles for
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medical research involving human subjects” and
“Universal Declaration on Bioethics and Human
Rights” (UNESCO).

The obtained results were processed on a personal
computer using statistical analysis package
STATISTICA ver. 10.0.1011.0 (StatSoft Inc., serial
number BXXR210F561922FA-8) [1]. The D’Agos-
tinho & Pearson, Shapiro-Wilk and Kolmogorov-
Smirnov tests were used to assess the normality of the
data distribution. The paired and unpaired Student’s
t-test was used to compare normally distributed
continuous variables between the groups. Descriptive
statistics parameters for continuous variables were
presented as the arithmetic mean and standard
deviation. The y* (Pearson) criterion was used to
assess the statistical significance of the differences
between two relative data. The relationship between
two variables was measured by using Spearman
correlation coefficient (r). The significant association
was defined by p value <0.05.

RESULTS AND DISCUSSION

The pre-specified duration of the enrollment period
was two years and during that time we interviewed 168
patients. Forty-two did not meet the inclusion criteria for
the study, 24 patients refused to participate. A total of
102 patients were enrolled, of them, 54 were included
into the CG and 48 into the YG.

At baseline, there were no significant (p>0.05)
differences between the groups in clinical characte-
ristics of the patients (Table 1). On admission to
hospital the patients of both groups received standard
therapy in comparable doses.

By the end of the study, a significant (P < 0.05)
reduction in TC, TG and LDL-C levels was observed
in both groups with a tendency to more considerable
changes in YG if compared to controls (Table 2).

No difference was found in HDL-C levels. Cor-
relation analysis revealed the positive correlation
relationship between TC, LDL-C levels and cytokines
(Table 3).

Multiple studies have noted that dyslipidemia
plays a significant role in the development of
abnormal cardiac structure and function [6]. Elevated
TC and decreased HDL-C levels are associated with
increased blood pressure levels, arterial stiffness
related to left ventricular mass and wall thickness
[14]. Experimental evidence from the animal-based
research shows that diet-induced hypercholeste-
rolemia leads to a decrease in systolic and diastolic
functions, an increase in the end-diastolic volume and
pressure of the left ventricle, and a decrease in the
sensitivity of myocardial perfusion to stress. That is
why it is important to find effective ways to correct
the lipid profile in such patients.
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Table 1
Clinical characteristics of the groups of patients

Parameter CG (n=54) YG (n=48) p values
Age, years 67.2+6.1 69.3+5.6 p=0.67
Gender (M:F) 32:22 26:22 12=0.1, p=0.75
BMI (kg/m2) 26.6+0.9 25.8+0.5 p=0.09
FCII (NYHA) n=9 (17%) n=10 (22%) 12=0.04, p=0.84
FC III (NYHA) n=35 (65%) n=30 (62%) 12=0.01, p=0.96
FC1IV (NYHA) n=10 (18%) n=8 (16%) 1*=0.01, p=0.96
Diabetes mellitus n=12 (22%) n=9 (19%) 1*=0.01, p=0.91
Arterial hypertension n=45 (83%) n=35 (73%) 1=1.07, p=0.3
Hypercholesterolemia n= 28 (52%) n=27 (56%) $*=0.06, p=0.8
History of myocardial infarction n=35 (65%) n=35 (73%) 12=0.05, p=0.82

Notes: CG — control group; YG — yoga group; BMI — body mass index; HF — heart failure; FC — functional class; NYHA — New York Heart Association.

The results of our work showed that the yoga
practice in addition to the standard therapy has a
positive effect on the lipid profile in patients with
chronic CH and dyslipidemia that is consistent with
literature data [3]. The beneficial effect of yoga in the
management of hyperlipidemia cannot just be
attributed only to the caloric expenditure as there is
no rapid muscle activity and energy generation
involved in yoga. Different kinds of chronic stress are
known to lead to persistent cortisol elevation which

causes central obesity and dyslipidemia. The yoga
practice reduces stress- induced sympathetic over-
activity that leads to a lowering of the cortisol levels
[11]. Better ability to overcome stress resulting in
lowered cortisol levels can be cited as a possible me-
chanism for improvements in lipid profiles of patients
who practice yoga exercises. Therefore, in the perspec-
tive of our further work we can determine the study of
the stress impact on the course of chronic HF and dysli-
pidemia, as well as the yoga role in these processes.

Table 2
Dynamics of lipid profile in both groups (M+m)
Patients
Parameter CG (n=54) YG (n=48)
at baseline after 3 m at baseline after 3 m
TC, mmol/l 6.23+0.81 5.75+0.56* 6.34+0.61 5.28+0.74*
LDL-C, mmol/l 3.78+0.55 3.46+0.34* 3.76+0.44 3.20+0.82*
HDL-C, mmol/l 1.24+0.21 1.29+0.19 1.26+0.22 1.31+0.24
TG, mmol/l 2.69+0.34 2.31£0.25* 2.73+£0.42 2.16+0.31*

Notes: CG — control group; YG — yoga group; TC - total cholesterol; TG - triglycerides; LDL-C — low-density lipoprotein-cholesterol; HDL-C — high-
density lipoprotein-cholesterol; * — results are statistically significant if compared to the baseline.
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Table 3
The results of a correlation analysis between lipoproteins and cytokines
Parameter IL-8 TNF-a CRP
TC, mmol/l r=0.31, p<0.05 r=0.26, p<0.05 r=0.36, p<0.05
LDL-C, mmol/l r=0.39, p<0.05 r=0.28, p<0.05 r=0.42, p<0.05
HDL-C, mmol/l r=0.17, p>0.05 r=0.13, p>0.05 r=0.09, p>0.05
TG, mmol/l r=0.09, p>0.05 r=0.07, p>0.05 r=0.1, p>0.05

Notes: TC — total cholesterol; TG — triglycerides; LDL-C — low-density lipoprotein-cholesterol; HDL-C — high-density lipoprotein-cholesterol; IL-8 —

interleukin-8; TNF-o — tumor necrosis factor-o; CRP — C — reactive protein.

In addition, recent scientific findings have impli-
cated multiple inflammatory mediators in the pro-
gression of HF and cardiovascular disease. During
chronic diseases, inflammation can also cause various
changes in lipid metabolism, including a decrease in
HDL-C, increases in TG and LDL-C levels [13]. We
found such confirmation in our study: a positive
correlation between TC, LDL-C and cytokines may
explain one of the pathogenetic mechanisms of
dyslipidemia in patients with chronic HF. It is known
that yoga decreases body fat percentage and fat is a
source of pro-inflammatory cytokines. Through this
mechanism the yoga practice can lead to the norma-
lization of levels of TC and LDL-C.

CONCLUSIONS
The present study has shown a significant reduc-
tion in TC, TG and LDL-C levels was observed in

both groups with a tendency to more considerable
changes in YG if compared to controls. The causes of
this phenomenon have not been fully studied. It opens
up prospects for the further work.
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