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SUMMARY 

A statistically significant correlation between chronic (tonic) distress (expressed by long-term depression of heart rate variability- HRV) 
and the increase of the serum lipid level was found in the experimental group (39 clinically healthy subjects with hypercholesterolaemia; 
16 women and 23 men; mean age 42.4 ± 2.45 years). A statistically significant relationship was found also between the experimental and 
control group (39 healthy normocholesterolaemic subjects; 18 women and 21 men; mean age 43.7± 2,18 years) when comparing distress 
indicating HRV-based measurements. Significant predictors of HRV depression were: total cholesterol and low-density lipoprotein 
cholesterol. 

The effect of a 3-month special diet served to 17 subjects selected from the experimental group led to a dec;Fease of serum lipids but did 
not influence substantially HRV parameters. It can be concluded that HRV parameters reflecting stress reaction correlate with atherogenic 
serum lipids; their separate follow-up (which is quicker, easier and cheaper) can be used for prediction of ciirdiovascular health risk and 
probably for disorders in serum lipid metabolism. 
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INTRODUCTION 

The relationship between tonic. vagal-sympathetic ratio 
[assessed by heart rate variability (HRV)] and lipid metabo­
lism was not studied sufficiently till now. It was found (1 0) 
that dietetic regimes resulting in a ,decreased body weight 
caused an increase of parasympathetic tonus (assessed by 
HRV analysis). It was also found, that hypercholesterolae­
mia does not alter autonomic cardiovascular regulation 
(assessed by HRV, blood pressure variability and baroreflex 
sensitivity) (15). In a recent study (5), we found, that in­
creased serum lipid level correlates significantly with 
a chronically increased sympathetic tone. As an unfavourab­
le drift in HRV and serum lipids contribute substantially to 
the development of cardiovascu Jar pathology, it is important 
to reveal their mutual relationship: if there is any correlation, 
which of them play the major role. Many recent reports 
confirm that elevated serum total cholesterol and LDL-C 
levels are factors contributing to the development of corona­
ry heart disease (CHD) (2, 6-8, 12, 13, 20, 27, 28, 31). 
Disorders of lipid metabolism increase the cardiovascular 
health hazard for CHD by facilitating the endothelial injury 
of the vascular wall and the proliferation of vascular smooth 
muscle cells (1-3, 17, 29). The pathophysiological mecha­
nism includes an alteration of the permeability of the cell 
membrane to lipoproteins which permits the influx of low 
density lipoprotein cholesterol (LDL-C) into the intima of 
the artery and the consequent process of atherosc ]erotic 
plaque development. 

List of acronyms used 

According to the Framingham Heart Study in persons free 
of clinically apparent heart disease the reduced heart rate 
variability also contributed to the increased risk for sub­
sequent cardiac events (30). Computer analysis of HRV 
offered substantial prognostic information beyond that pro­
vided by the evaluation of traditional cardiovascular risk 
factors. 

Heart rate variability has a considerable potential to pro­
vide insight in the role of autonomic nervous system 
fluctuations for the development of cardiovascular disorders 
in normal healthy individuals as well as in patients (26). 
Decreased variability of R-R intervals are a valuable predic­
tor of mortality in various clinical populations (11, 14, 24, 
25). Decreased HRV predicted both death and arrhythmic 
events with greater sensitivity and specificity than conven­
tional predictors such as the left ventricular ejection fraction. 
Decreased HR V is also a powerful risk stratifier for overall 
mortality, induced and spontaneous ventieular tachycardia, 
and sudden death following myocardial infarction ( 16). 
Heart rate variability is successfully used in many different 
branches of psychophysiological and clinical medicine (16, 
18, 19, 23). 

Our experience shows that HRV has a predictive value for 
the development of essential hypertension and coronary 
heart disease (CHD). We found also, that the chronic (tonic) 
increase of sympathetic tonus is the main physiological 
correlate of overstress or s. c. distress. 

As the relationship between the tonic distress (reflected by 
HRV) and the level of serum lipids is not completely clear, 
the aim of this study was to determine it by following up 

HRV- Heart Rate Variability, VE- Vegetative Equilibrium, HS- Homeostasis, TP- Total Spectral Power, FA- Functional 
Age, CI- Classification Index, TC - Total C!w/esterol, HDL-C - High-Density Lipoprotein Cholesterol, LDL-C 
Low-Density Lipoprotein Cholesterol, TG Triacylglycerols, PSC- Psycho-somatic Complaints, R-R- Cardiointervals 
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those factors in selected experimental group as well as in 
controls. 

MATERIAL AND METHODS 

Subjects 

A. Experimental group consisting of 39 clinically healthy 

subjects ( 16 women and 23 men, mean age 42.4 ± 2.45 years) 
with elevated serum total cholesterol as well as elevated 
triacylglycerol levels or both (hypercbolesterolaemia 
group). 

B. Age-matched control group consisting of 39 healthy 
normocholesterolaemic subjects ( 18 women and 21 men 

with mean age 43.7 ± 2.18 years). 

Methods 

All subjects had a complete physical examination and 
a medical history with no cardiovascular disease or medica­

. tion. 
The following parameters were recorded: heart rate varia­

bility, serum lipids, psychosomatic complaints and atierial 
blood pressure. 

Heart rate variability was registered at I 0 min rest in 
a sitting position between 9.0 a.m. and 10.0 a.m. on three 
consecutive days. The obtained indices reflect time domain 
as well as frequency domain-based measures of HR V: vege­
tative equilibrium (VE), reflecting the present autonomic 
balance; homeostasis (HS), reflecting the quality of adapta­
tion to the demands of everyday life by means ofthe amount 
of heterostatic drift; total spectral power (TP), reflecting the 
spontaneous oscillations in the activity of respiratory, 
cardiovascular and thermoregulatory brain centres; functio­
nal age (FA), based on age-related values of HR V measures 
and classification index (CI), unifying all those measures 
multiplied by their weight coefficients according to the 
results of singular values of decomposition method for deri­
ving main components ( 4 }. 

The lipid metabolism was investigated on the first day, 
before HR V measurement, by means of the following ana­
lyses: enzymatic test GPO-PAP, Merck, Darmstadt for 
serum triacylglycerollevels (TG, mmol/1); colorimetric test 
Lachema, Brno, Czech Republic for serum total cholesterol 
levels (TC, mmol/1); test of Lachema, after previous preci­
pitation with magnesium dichloride and dextran sulphate for 
serum high-density lipoprotein cholesterol levels (HDL-C, 
mmol/1); Friedewald's formula (9) was used for calculation 
of serum low-density lipoprotein cholesterol levels (LDL-C, 
mmol/1) from serum total cholesterol, triacylglycerols and 
HDL-C. 

Subjective assessment of psychosomatic complaints 
(PSC) was performed by Danev's questionnaire based on 22 
questions focused on physiological, psychological and beha­
vioral disorders, and is dpressed in per cent ( 4 ). 

Atierial blood pressure was measured before and after 
testing sessions: systolic (RRs) and diastolic (RRd). 

ANOV A, Student-Fisher t-test, multiple correlation ana­
lysis, multiple stepwise regression analysis, linear and 
non-linear regression analyses were used. 

RESULTS 

The mean group values of the obtained results of the 
persons in both groups are presented in Table 1 as well as 
the normal (for serum lipids) and the age-related (for HRV) 

Table 1. Measured and normal (resp. age-related values) of serum 
lipids and HRV parameters, in experimental and control groups 

Parameters 1 Normal 2 Experimental 3 Control t-test 
(age- group group p (2- 3) 

related) N 39, N = 39, 
values mean age mean age 

43.7±2.18 42.4 ± 2.45 
X+ Sx X+Sx 

1. TC 5.20 7.30 ± 0.23 5.07 ± 0.15 < 0.01 
(mmol/1) 

2. HDL-C 1.20 1.55 ± 0.07 0.91 ± 0.05 < 0.05 
(mmol/1) 

3. LDL-C 3.40 5.01 ± 0.28 3.39 ± 0.13 < 0.01 
(mmol/1) 

4. TG 2.00 3.23 ± 0.93 1.55 ± 0.14 < 0.05 
(mmol/1) 

5. VE 1.03 2.19 ± 0.23 0.95 ± 0.13 < 0.05 
(s-1) 

6. HS 1.84 0.58 ± 0.16 1.94 ± 0.25 < 0.05 
(%) 

7. TP 6.48 4.98 ± 1.63 7.43 ± 1.55 <0.01 
(s/Hz2) 

8. Cl 0.00 - 30.56 ± 5.17 -7.83 ± 1.24 < 0.01 
(arb. un.) 

9. FA 49.70 ± 4.03 43.80 ± 3.39 < 0.01 
(years) 

10. RRs 120 149.0 ± 24.0 131.0 ± 28.0 < 0.05 
(mm Hg) 

11. RRd 80 92.0 ± 18.0 78.0 ± 24.0 ns 
(mm Hg) 

12. PSG 54.2 ± 14.3 26.15 ± 7.08 < 0.01 
(%) 

X- group mean value; s-;:.- standard error 

values. Comparison· between experimental and control 
groups reveals that all serum lipids and HRV data differ 
statistically significantly. On this basis it is possible to 
conclude that the experimental group as a whole is exposed 
to a higher level of cardiovascular health risk as compared 
with the control group. 

Multiple correlation analysis was used to reveal the statis­
tical relationships between groups. The thirty pairs of 
significant and highly significant relationships between four 
groups of investigated parameters which were found to show 
that some of the HR V parameters are interdependent, and 
that the activity of cardiovascular brain centres, responsible 
for HR V drift, reflects in some way the disturbance in lipid 
metabolism (or vice versa). 

This is evident from the calculated con-elation coeffici­
ents: a significance of p < 0.05 was found to exist between 
systolic blood pressure and psychosomatic complaints (PSC) 
(r = 0.23); VE and PSC (r = 0.24); TP and PSC (r = 0.28); 
TP and LDL-C (r = 0.23); FA and TC (r = 0.26); CI and TC 
(r = 0.22). A significance of p < 0.01 was found to exist 
between VE and LDL-C (r = 0.22); CI and PSC (r 0.26); 
FA and LDL-C (r = 0:32) and CI and LDL-C (r = 0.36). 

To determine which of the serum lipids (independent 
variables) are predictors of heart rate variability (dependent 
variable), linear regression and multiple stepwise regression 
analyses were employed. The obtained results are shown in 
Table 2, part A and B. It can be seen that the serum LDL-C 
levels are a significant predictor of homeostasis as well as of 
total spectral power. Both serum TC and LDL-C levels are 
significant predictors of CI. 

Finally, all data were submitted to a non-linear regression 
analysis (exponential function: y = eA*eBX) inl order to 
establish the regression models of VE, TP, FA and CI in 
relation to TC and LDL-C (Table 2, part C). The table 
presents the obtained predictive values ofTC and HDL-C in 
relation to H R V parameters. The regression equations 
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Table 2. Regression analysis revealing /he relationship between 
serum lipids and HRV measures in experimental group 

A. Linear rearession analysis of HRV parameters and LDL-C 

Dependent Independent Coefficient t-'va\ue F-ratio 
variable (y) variable (x) 

LDL-C 0.12 2.85* 
HS 

Intercept 3.56 8.89*** 11.86* * * 
LDL-C 0.49 3.39* 

TP 
Intercept 18.05 8.25*** 34.39*** 

B. Multiple stepwise reoression analysis of Cl dependence on serum lipids 

Dependent Independent Coefficient tcva\ue F-ratio 
variable (y) variable (x) -+--

Intercept 138.01 -2'74** 
C\ TC 5.26 1.95* 3.25* 

LDL-C 16.83 2.49 * * 

C. Re9ression models (parameters of exponential function equation: 
y = e . ebx) of HRV paramete'rs and serum lipids 

Dependent Independent Coefficient !-value F-ratio 
variable (y) variable (x) 

Intercept 94.73 ~ 1.89* 
VE LDL-C 0.12 1.57* /0.25 * * 4.01 * 

Intercept 0.30 0.87* 
TP LDL-C 0.11 167* /0.26* 4.10* 

Intercept 1.31 4.08* 
FA LDL-C 0.08 2.33*/0.36** 7.50*. 

Intercept 4.06 24.03 * 
FA TC 0.06 l 67* /0.26. 4.85* 

Intercept 4.12 15.64* 
C\ TC 9.58 1.37* /0.22. 4.06* 

Intercept -95.99 - 1.96* 
C\ LDL-C 949 2.31 */0.36 *. 6.89* 

* p < 0.05; ** p < 0.01; *** p < 0.001 

describe with satisfactory adequacy [according to the 
applied criteria: significance of the correlation coefficient 
(r), t-value for A-intercept and B-coefficient, and F-ratio], 
the dependence of each HR V parameter as a variable of 
serum TC and LDL-C as independent variables. 

To obtain
1 

more knowledge on the question which of the 
cardiovascular health risk factors: serum lipids or HRV 
measures play the primary role, the influence of a speciali­
zed diet was followed up. The diet was administered for 3 
months and included restricted intake of animal fat and 
a daily intake of cholesterol below 300 1\lg. Only seventeen 
subjects selected from the experimental group (8 men and 9 
women, mean age 44.2 ± 2.24) were given the diet and were 
investigated by the same methodological approach (after 
finishing the. diet period). All subjects ha~ normal weight, 
body mass mdex (BMI) up to 25 kg/m- and age range 
between 29-51 years. Dietary restriction resulted in a statis­
tically highly significant decrease of the mean group levels 
of serum TC and LDL-C levels, whereas its effect upon 
HDL-C and TG is slight. The decrease ofLDL-C and TC did 
not achieve the normal values. HRV parameters: VE, HS, TP 
and Cl are also influenced favourably but not statistically 
significantly in spite of the relatively long period of dietary 
intake (Table 3). 

DISCUSSION 

The accumulated (chronic) stress, assessed by HRV ana­
lysis is accepted as one of the leading factors in multifactorial 
genesis of coronary heart disease because of its role in 
development of hyperlipidemias ( 17, 21 ). On the other side 
the relationship between the measured level of chronic stress 

Table 3. Mean values. slandm·d errors and level of significance (P) 
of the HRV parameters and serum lipids, before and after adminis­
tration of the die/ 

Parameters Before diet After diet p-value 

x1 Sx1 x2 Sx2 

1. TC 7.33 0.44 6.17 0.23 < 0.01 

2. HDL-C 1.84 0.07 1.08 0.06 < 0.05 

3. LDL-C 5.18 0.44. 3.77 0.19 < 0.007 

4. TG 2.92 0.20 1.70 0.21 < 0.05 

5. VE 1.92 0.32 1.07 0.16 ns 

6. HS 0.94 0.22 1,18 0.16 ns 

7. TP 5.82 0.62 7:.76 0.58 ns 

8. Cl -30.71 13.24 -32.71 10.53 ns 

'-~ FA 49.43 2.94 40.68 3.26 < 0.05 

(assessed by a battery of psychophysiological, clinical and 
paraclinical tests) and the measured level of vagal-sympa­
thetic ratio (assessed by HRV indices) is a scientifically 
proved phenomenon. It was establisl).ed in a long-term inves­
tigation program including several thousands of investigated 
persons ( 4, 22). As a rule stress provokes a tonic sympathetic 
( ergotropic) drift in the activity of the autonomic nervous 
system, expressed at the level of HRV by a decrease of the 
amount of variability of R-R intervals a·nd augmentation of 
the spectral power connected with long spectral waves. The 
time and frequency domain-based HRV measures we used 
reflected those changes and proved to be a reliable body 
marker in this respect. The significant correlations between 
serum lipids and HRV parameters which were found in the 
experimental group (on one side) and the distress indicating 
values of HR V measurements in the same group (as compa­
red with controls) (on the other side) proved that 
cardiovascular risk related to serum lipids is accompanied 
by an increased level of stress. This means that probably both 
factors can contribute synergically to the development of 
cardiovascular pathology. It would be probably possible also 
to use unfavourably changed HRV parameters not only for 
assessment of the level of stress but also for prediction of 
cardiovascular health risk. 

As the effect of a 3-month diet is not quite favourable for 
other HR V -derived parameters it is possible to assume that 
either the diet was not administered for a sufficiently long 
period or it was not adequate as regards stress diminution. 

It may be assumed that the effect of dietary regimes upon 
hypercholesterolaemia is not mediated directly through tonic 
changes in vagal-sympathetic balance. 

Chronic sympathetic tonus accompanying hypercholeste­
rolaemia seems to play a major role and to have a basic 
multifactorial origin, resulting in its resistance to dietary 
restrictions. 
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