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Leonid Makarov 

 

The 24-hour heart rate variability (HRV) by results of Holter monitoring (HM) is the most 

informative method for assessment of the condition and prognosis for patients with heart failure 

(HF). This mention also suggest numerous materials of the World-web symposium ISHNE for 

Heart Failure. However specific methods for assessment of the circadian changes of heart rate 

during 24 hours of the HM are not yet in standard use. Several years above we proposed the 

Circadian Index (CI), calculated as the ratio of the average HR during day time (bpm) to average 

night time HR, as additional method for assessment of the circadian HR and defined normative 

parameters of the CI for healthy persons (1,32 + 0,06, range 1,24-1,44, without significant sex and 

age differences /1-5/). We had founde that CI is a stable steady value, irrespective of sex, age and 

average level of heart beats (sinus bradycardia or tachycardia). At the present moment it is one of 

the standard index for final protocol of HM in Russia, calculated in numerous commercial systems 

of HM in Russia and some other countries /6-9/. The aim of this study was to present of the 

possible values of the CI as additional specific parameter in patients with HF.  

 

We had been calculated of the CI from 20 works published previously /10-22/ where the 

values of the average HR during day and night in healthy subjects and patients with different kinds 

of  disease from 2 /15/ to 99 /10/ years old were presented (Table).   
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Table  

Circadian Index (CI) in healthy subjects calculated from  a series of published works 

N Author/Reference n Age 
(y.o.) 

Sex CI 
Day Period Night period 

1 Staessen J et al./9/ 6974 10- 99 F/M 1,26 Awake 
Period 

Sleeping Period 

2 Sapoznikov D et 
al./11/ 

50 17-70 F/M 1,27 Awake 
Period 

Sleeping Period 

3 Fauchier L. et al /12/ 63 48 ±  
11 

F/M 1,31 9 a.m. – 9 
p.m. 

0 a.m. – 6 a.m. 

4 Casolo G et al./13/ 20 54 ±  7 F/M 1,31 7 a.m. – 11 
p.m. 

12 p.m. – 6 a.m. 

5 Molnar G et al./14/ 20 56 ± 13 F/M 1,31 10 a.m. – 4 
p.m. 

12 p.m. – 6 a.m. 

6 Ardura J et al./15/ 10 10 ± 4 F/M 1,31 Awake 
Period 

Sleeping Period 

7 Vitasalo G et al./16/ 35 15 ±  
0,7 

M 1,38 7 a.m. - 9 
p.m. 

10 p.m. - 6 a.m. 

8 N.Neyroud et al./17/ 25 31 + 17 F/M 1,37 8 hrs shortest 
RR 

4 hrs longest RR 

9 Broadhurst P. et 
al./18/ 

30 18-74 M 1,39 Awake 
Period 

Sleeping Period 

10 Broadhurst P. et 
al./18/ 

20 18-74 F 1,37 Awake 
Period 

Sleeping Period 

11 Brodsky M et al./19/ 50 22 + 
0,7 

M 1,39 Awake 
Period 

Sleeping Period 

12 V.Rasmussen et 
al./20/ 

60 20 – 79 F/M 1,3 10 a.m. - 6 
p.m. 

10 p.m. - 6. A.m. 

13 F.Extramiana et al 
/20/ 

60 20-50 F/M 1,34 8 hrs shortest 
RR 

4 hrs longest RR 

14 F.Extramiana et al 
/20/ 

30 20-50 F 1,32 8 hrs shortest 
RR 

4 hrs longest RR 

15 F.Extramiana et al 
/20/ 

30 20-50 M 1,36 8 hrs shortest 
RR 

4 hrs longest RR 

17 Ewing D et al./22/ 25  20-65 M 1,41 Awake 
Period 

Sleeping Period 

 

In one study authors use ratio of heart rate day to night (CI by our approache) /12/.   Values of the 

CI in healthy persons calculated by us from those papers were identical of our results that we have 

been obtained before (1,32 + 0,06) /1-5/. We had selected from those papers the values of the 

average day and night HR (bpm) in patient with HF for calculation of CI /12-14/.  

 

In all cases we have found the progressive smoothing of the circadian rhythm profile 

according to progressive of the heart failure. Molnar  et al. /14/ analyzed circadian changes of the 

dispersion of QT interval (QTd) in survivors of sudden cardiac death patients with HF in 

comparison with analogous sex and age-dependent groups of patients with analogous pathology 
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(dilated cardiomyopathy, arterial hypertension, myocardial infarction with HF and other) and 

healthy volunteers. The calculation of the CI of examined groups revealed that  progressive 

smoothing of circadian rhythm occurred together with a worsening prognosis of the disease and 

HF. The values of CI were 1,31, 1,24 and 1,1 respectively in healthy, survived and sudden death 

patients /14/. Fig. 1. 

 

 

Fig. 1 Decreasing of the circadian Index (CI) in healthy persons, survivors and sudden death 

patients with HF. (Calculated by us from Molnar  et al. /14/) 

 

It is important to note that the authors’ results of QTd evaluation did not demonstrate so a logical 

sequence (QTd parameters of healthy individuals were higher than those in the groups of patients 

with cardiac pathology). Calculation of the CI from in study 
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Fig. 2 Decreasing of the circadian Index (CI) in healthy persons survivors patients and death 

patients with HF. (Calculated by us from Casolo G. et al. /13/) 

Casolo et al. /13/ in patients with hypertrophic cardiomyopathy and HF we received the similar 

sequence: CI in control healthy persons – 1,31, in survived patients - 1, 09 and in died patients - 

1,03. Fig. 2.  

 

L. Fauchier et al /12/  using ratio of HR to night as the part of assessement of heart rate 

(circadian index by our approaches) in patient with idiopathic dilated cardiomyopathy (IDC) 

received values CI as 1,31 ± 0,13 in control group, 1,26 ± 0,09 in patients with IDC without HF 

(NYHA class 1) and 1,18 ± 0,1 in patients with IDC with HF (NYHA class II-IV), p < 0,05 versus 

control and  NYHA class 1 groups. Fig. 3. 

 

Fig. 3 Decreasing of the day HR/night (CI) in healthy persons survivors patients and death patients 

with HF. (Fauchier L., et al. /12/) 

 

Very important that authors did not found correlation between standard HRV parameters (SDNN, 

rMSSD) and CI in patients with ICD.  
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It is speculated that the mechanisms for the circadian HR regulation reflected in CI changes lies in 

the autonomic system. Evaluation of the CI in patients with specific autonomic abnormalities may 

be useful in explanation of the CI changes. The diabetes is typical models of cardiac autonomic 

abnormality. By the same approaches we had calculated CI from research of D.Ewing et al. /22/. 

Values of CI in healthy control and diabetics who had normal cardiovascular reflexes did not differ 

from our normal value (CI = 1,41 and 1,35), while patients with abnormal only parasympathetic 

cardiovascular reflexes had considerable  lowering  

 

Fig. 4 Decreasing of the CI in healthy persons (1) diabetics patients: with normal cardiovascular 

reflex (2), with parasympathetic cardiovascular reflexes (3), total autonomic blockade (4) and 

cardiac transplant patients (5). (Calculated by us from D.Ewing  et al. /22/) of the given value of CI 

(1,25) and especially in diabetic patients with total autonomic blockade (CI=1,19) and cardiac 

transplant patients have extreme “smooth” of the circadian heart rate (CI=1,1). Fig. 4.  

 

Conclusions: 

1. The Circadian Index is a specific for Holter monitoring parameter indicating a stable structure of 

the circadian heart rate. The normal value of this parameter is 1, 24 -1,44 (Mean 1,32+ 0,06). 

2. A reduction of the Circadian Index to less than 1,2 is found in diseases connected with a 

decrease of autonomic control of heart rate. In patients with HF it is associated with a higher 

risk of life threatening arrhythmias, sudden death, and a poor prognosis in heart failure. 

3. Evalution of the Circadian Index may be useful additional criteria for assessement patients with 

heart failure. 
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