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Original Article 
 

Comparison of Heart Rate 
Variability in Patients after Acute 
Myocardial Infarction and 
Healthy Individuals 
 
Objective: To compare heart rate variability in patients of acute myocardial with that of 
healthy individuals and to establish correlation between time and frequency domain indices 
of heart rate variability in patients with AMI and healthy individuals. 
Study Design: Non-interventional descriptive study. 
Place and Duration: Armed Forces Institute of Cardiology (AFIC)/National Institute of 
Heart Diseases(NIHD), Rawalpindi over six months. 
Materials and Methods: We studied 45 patients of AMI and same number of age and sex 
matched normal healthy volunteers. Their 24-hour holter recordings within 48h of acute 
myocardial infarction were analyzed for HRV in time and frequency domains. 
Results: The time domain indices; SDNN (healthy volunteers=133±35ms vs. 
AMI=75±29ms), SDANN (healthy volunteers=118±34ms vs. AMI=65±28ms), SDNNi (healthy 
volunteers=59±18ms vs. AMI=35±14ms), rMSSD (healthy volunteers=40±17ms vs. 
AMI=28±13ms) and pNN50 (healthy volunteers=13±9% vs. AMI=6±11%) were significantly 
decreased (P less than 0.001) in patients with AMI when compared with healthy volunteers. 
Comparison of frequency domain indices; TP (healthy volunteers=3525±2671ms2 vs. 
AMI=1296±1178ms2), VLF (healthy volunteers=2485±2201ms2 vs. AMI=902±928ms2), LF 
(healthy volunteers=695±391ms2 vs. AMI=246±251ms2), HF (healthy volunteers=315±259ms2 
vs. AMI=100±96ms2) between healthy volunteers and patients after myocardial infarction 
revealed a significant decline (P less than 0.001) in the parameters of patients. SDNNi was 
significantly correlated with power and VLF in normal healthy volunteers (power; r=0.92, 
VLF; r= 0.89) as well as in patients with AMI (power; r=0.85, VLF; r= 0.78). 
Conclusion: Time domain and frequency domain indices of HRV are significantly affected 
by early phase of AMI. This indicates HRV assessment after AMI may be useful in 
noninvasive risk stratification. It is suggested that mortality should be verified after follow-
up studies of AMI. Time and frequency domain indices are significantly correlated. 
Key words: Ambulatory electrocardiography, autonomic nervous system, myocardial 
infarction. 
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Introduction 
 

HRV reflects beat to beat oscillations in cardiac 
autonomic modulation. Interactions between the 
sympathetic and parasympathetic nervous system are 
fundamental for maintaining homeostasis of the 
cardiovascular system. Malfunction of these interactions 
may lead to augmented sympathetic nerve traffic, 
triggering the occurrence of life-threatening ventricular 

tachyarrhythmias, whereas amplification in 
parasympathetic activity may exert a protective and 
antifibrillatory effect.1 

Autonomic imbalance in MI reflects the changes 
in the geometry of the viable heart as a result of necrotic 
and non-contracting segments that cause aggravated 
sympathetic activity by mechanically distorting the 
sensory nerve endings. This sympathetic hyperactivity 
decreases parasympathetic activity directed to the sinus 
node.2 
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Heart rate variability (HRV), a marker of 
autonomic tone, has been extensively studied after MI 
and has been established as a potent predictor of 
mortality and complications of arrhythmias (for example 
symptomatic sustained ventricular tachycardia) in 
patients after AMI.3 The predictive significance of HRV 
is independent of various elements recognized for risk 
stratification after MI, like greater ventricular ectopic 
activity, decreased ejection fraction, and presence of 
ventricular late potentials.2 Casolo et al4 documented a 
decrease in time domain parameter (SDNN) of HRV 
after MI but the frequency domain parameters were not 
described. Another study also documented decrease in 
time and frequency domain parameters after AMI.5 
Likewise in a study frequency domain parameters were 
found to be decreased after MI but the holter recordings 
were done for 20 minutes only and time domain 
parameters were not described.6 Some of the data 
reported decrease in time and frequency domain indices 
after MI but the holter recordings were done 2-4 weeks 
after the onset of symptoms.7-9 Other studies 
documented decreased in HRV early after MI but either 
24 hours holter recording was not done9 or all of the 
time and frequency domain parameters were not 
analyzed.4,5 Correlation amongst various HRV indices 
has also been documented in research literature.9-11 

So we planned a study to compare time and 
frequency domain parameters of normal healthy 
volunteers of our population with the patients with 
primary AMI monitored within 24-48 hours of the onset 
of symptoms. Our study also focused on the correlation 
between these parameters in healthy individuals and in 
patients after AMI. 

Materials and Methods 

The study was carried out at Armed Forces 
Institute of Cardiology/National Institute of Heart 
Diseases (AFIC/NIHD) and the duration of the study 
was six months. The study was approved by Medical 
Ethics Committee and Institutional Review Board of 
Army Medical College and Armed Forces Institute of 
Cardiology/National Institute of Heart Diseases 
(AFIC/NIHD), Pakistan. Informed consent was obtained 
from all the individuals who participated in the study. 72 
individuals volunteered for participation in the study as 
healthy controls, 14 were excluded due to diabetes 
mellitus, 2 due to arrhythmias, 4 due to history of MI and 
2 due to depression. A total of 55 patients and 50 
apparently and electrocardiographically normal healthy 
volunteers underwent Holter monitoring. Technical 
failure, excess artifact, insufficient hours of monitoring 
resulted in the exclusion of 10 patients with AMI and 5 
normal healthy volunteers. HRV was analyzed in the 

remaining 45 healthy volunteers and 45 patients with 
AMI. 

12 lead standard electrocardiography (Motara 
ELI 250 EKG Machine; Absolute Medical Equipment, 
New York) was performed on all the subjects. Roughly 
ten cardiac cycles were recorded to evaluate the rhythm 
of the heart.  

In this study ‘DMS 300-3A Serials Holter 
Recorder’ and ‘DMS Serials Holter Software Premier 11’ 
(Diagnostic monitoring software, Kingsbury, UK) were 
utilized for the analysis of HRV. The whole data was 
edited using visual checks for exclusion of artifacts. 
HRV was analyzed in time and frequency domains 
according to the recommendations of Task Force of the 
European Society of Cardiology (ESC) and the North 
American Society of Pacing and Electrophysiology 
(NASPE)2. We considered time domain parameters; 
SDNN (standard deviation of R-R intervals), SDANN 
(standard deviation of average NN intervals), SDNNi 
(SDNN index; a measures of variability due to cycles 
shorter than 5 minutes), RMSSD (square root of the 
mean squared differences of successive NN intervals), 
and pNN50 (the number of interval differences of 
successive NN intervals greater than 50 ms (NN50)/total 
number of NN intervals). The frequency domain 
parameters were also analyzed that included total 
power, VLF (very low frequency), LF (low frequency) 
and HF (high frequency). Data was analyzed by using 
computer software SPSS 15(statistical package for 
social sciences) and Microsoft Excel 2007 with add on 
statistical package for data analysis tool pack. Variables 
were expressed as mean  standard deviation. 
Student’s t-test was applied for comparison the cases 
and controls. P value < 0.001 was considered 
significant. Correlation amongst time and frequency 
domain variables was analyzed by Pearson’s moment 
correlation coefficient. 

 

Results 
Table I shows that there was significant decline in time 
domain indices of HRV in patients after acute MI as 
compared to the normal healthy volunteers. SDNN 
declined from 133±35 to 75±29 ms (P<0.001), SDANN 
declined from 118±34 to 65±28 ms (p<0.001), SDNNi 
decreased from 59±18 to 35±14 ms (P<0.001), RMSSD 
decreased from 40±17 to 28±13 ms (P<0.001) and 
pNN50 decreased from13±9 to 6±11 % (P<0.001). It 
was revealed that decrease in all time domain 
parameters of HRV in patients of AMI is highly 
significant statistically when compared to the healthy 
controls. 
 Table II shows the comparison of frequency 
domain parameters of HRV between patients of AMI 
and normal healthy controls. It shows that total power, 
VLF, LF and HF has distinctly decreased in patients with 



Comparison of Heart Rate Variability in Patients after Acute myocardial Infarction and healthy individuals     Shemaila saleem et al. 

Ann. Pak. Inst. Med. Sci. 2011; 7(4): 191-195 
 

192

AMI in comparison with normal healthy volunteers. The 
decrease in frequency domain parameters in MI patients 
was found statistically significant (P<0.001) by student’s 
t test.  (Total power; P= 0.000008, VLF; P=0.00007, LF; 
P=0.00000006, HF; P= 0.000005). 

 

 

 
Correlation between time and frequency domain 

indices of both the patients and healthy controls was 
analyzed. It was found that all the time and frequency 
domain indices had a positive correlation with each 
other but of all the parameters, the time domain index 
SDNNi showed the strong correlation with all frequency 
domain parameters in the patients with AMI as well as 
normal healthy volunteers. SDNNi was significantly 
correlated with power and VLF in normal healthy 
volunteers (power; r=0.92, VLF; r= 0.89) as well as in 
patients with AMI (power; r=0.85, VLF; r= 0.78) shown in 
the table III. The correlation between time and frequency 
domain indices is also depicted in figure I, II and III. 
 

 
 
 
 

 

Figure I: Correlation between time (SDNNi) and 
frequency (power) domain indices of healthy 
controls. 

Table III:  Pearson’s moment correlation 
coefficient (r) between the time and frequency 
domain parameters of healthy individuals and 
patients of myocardial infarction 

Comparison of parameters within the groups 

Control Group Diseased Group (AMI) 

SDNN 
(ms) 

(ms2) 
Power 

 
0.68 

SDNN 
(ms) 

(ms2) 
Power 

 
0.71 

VLF 0.65 VLF 0.68 

LF 0.70 LF 0.71 

HF 0.46 HF 0.37 

SDANN 
(ms) 

Power 0.45 
SDAN

N 
(ms) 

Power 0.57 

VLF 0.40 VLF 0.56 

LF 0.56 LF 0.60 

HF 0.36 HF 0.20 

SDNNi 
(ms) 

Power 0.92 

SDNNi 
(ms) 

Power 0.85 

VLF 0.89 VLF 0.78 

LF 0.80 LF 0.81 

HF 0.61 HF 0.65 

rMSSD 
(ms) 

Power 0.64 

rMSSD 
(ms) 

Power 0.20 

VLF 0.58 VLF 0.10 

LF 0.47 LF 0.16 

HF 0.74 HF 0.73 

pNN50 
(%) 

Power 0.71 

pNN50 
(%) 

Power 0.12 

VLF 0.63 VLF 0.004 

LF 0.66 LF 0.1 

HF 0.80 HF 0.78 

Table I: Comparison of time domain parameters of 
HRV between patients of acute myocardial infarction 
and healthy controls 
Time Domain 
Parameters    Controls     Patients P value 

  (Mean±SD) (Mean±SD)   

SDNN(ms) 133±35   75±29 <0.001 

SDANN(ms) 118±34 65±28 <0.001

SDNNi(ms) 59±18 35±14 <0.001

RMSSD(ms) 40±17 28±13 <0.001

pNN50 (%) 13±9 6±11 <0.001

Table II:  Comparison of frequency domain 
parameters of HRV between patients of acute 
myocardial infarction and healthy controls 
Frequency 
Domain 
Parameters 
(ms)² 

       
Controls 

        
Patients 

P value 

  (Mean±SD)   (Mean±SD)   

Total power 3525±2671 1296±1178 <0.001

VLF 2485±2201 902±928 <0.001

LF 695±391 246±251 <0.001

HF 315±259 100±96 <0.001
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Figure II: Correlation between time (SDNNi) and 
frequency (VLF) domain indices of healthy controls 

 
Figure III: Correlation between time (SDNNi) and 
frequency (power) domain indices of patients of 
acute myocardial infarction 

 
Figure IV: Correlation between time (SDNNi) and 
frequency (VLF) domain indices of patients of acute 
myocardial infarction 

Discussion 
 
Vitamin The HRV is a representation of 

integrated response of the cardiovascular system to 
several different influences. The first study documenting 
a strong association between decreased HRV after MI 
was reported by Wolf.12 These authors, however, did not 
analyze the independent association of decreased HRV 
with mortality in relation to other risk factors. Kleiger et 
al13 and Bigger et al9  reported on the association 
between mortality and attenuated HRV measured in 
time and frequency domains, retrospectively analyzing 
patients recruited by the Multicenter Post Infarction 
Program.14 

In one study HRV was measured 11 ± 3 days 
after MI and it was found to have strongest univariate 
correlation with mortality.13 In another study 38 patients 
with previous anterior MI were assessed at 4-6 weeks 
and then at 6 months after MI with and without exercise 
training. The main result of preliminary analysis was that 
24-hour HRV (SDNN, pNN50, LF, HF) increased from 
the second to the eighth month after MI, independently 
of exercise training and ejection fraction. This might 
suggest sympathetic predominance, but the difference 
was too small and the patient population limited to reach 
firm conclusions.8 Casolo et al4 showed wide 
interindividual variations in HRV (SDNN) but was 
significantly reduced compared with controls (p<0.001). 
Another study also quoted a significant decrease in time 
and frequency domain parameters when they compared 
the middle aged healthy population with that of patients 
with MI9. These indices were recorded 2 weeks after the 
MI.  Some other data regarding SDNN, SDANN, 
RMSSD and LF confirms association between low RR 
interval and AMI mortality.7 Another research work 
showed a deterioration of HRV (SDANN, pNN50, LF, 
HF, LF/HF) after MI.5 

Another work done on HRV revealed that 
among spectral components of HRV, a trend toward 
decrease from day 2 to 5 was found for both HF (P < 
0.03) and LF (P < 0.14) components, although 
statistically significant only for HF components.15 

One study was conducted on 30 patients taking 
into consideration SDNN, SDANN and SDNNi and found 
them to be attenuated. No healthy volunteers were 
included in the study. In this study all the time domain 
parameters were not considered and none of the 
frequency domain parameters were analyzed.16 

HR variability during the early phase of AMI is 
decreased and is significantly related to clinical and 
hemodynamic indexes of severity. It is suggested that 
early measurements of HR variability during AMI may 
offer significant clinical information and contribute to the 
early risk stratification of patients.4 

Previous literature of a research study reveals 
the relationship between HRV and AMI but there is 
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paucity of data comparing all the time and frequency 
domain parameters of patients suffering AMI within 48 
hours of onset of symptoms with healthy volunteers of 
our population. Our data showed that a 24 hour holter 
monitoring of our study population depicted a significant 
decline in time (SDNN, SDANN, SDNNi, rMSSD, 
pNN50) and frequency (TP, VLF, LF, HF) domain 
parameters of HRV within 24-48 hours of the onset of 
symptoms. However the variations in the values of 
indices from the previous studies might be because of 
the geographical and ethnic differences. It was also 
noted that the entire time and frequency domain 
parameters were decreased the most in the patients 
with lateral wall infarction as compared to the patients 
with anterior or inferior wall infarcts in our study 
population. 

When SDNN and other time domain indices are 
measured in the convalescent period after an AMI they 
have been shown to predict mortality. Kleiger et al13 also 
illustrated that an SDNN < 50 ms was associated with 
5.3 times increase in mortality in comparison with the 
HRV preserved patients (SDNN > 100 ms). In the 
GISSI-2 (Gruppo Italiano per lo Studio della 
Sopravvivenza nell’Infarto miocardico) database, an 
SDNN less than 70 ms predicted total and 
cardiovascular mortality.17 Similarly in the ATRAMI 
(Autonomic Tone and Reflexes After MI) study, an 
SDNN < 70 ms recorded during first month after an AMI 
was an indicator of augmented multivariate risk of 
cardiac mortality.18,19 The metanalysis of these studies 
demonstrates that, after an MI, patients with SDNN 
below 70 ms on 24 hours ambulatory 
electrocardiography have almost 4 fold increased 
chances of death during next 3 years.20 For mortality 
studies we need a larger set of population to be studied. 
In present study 24 out of 45 patients (53.3%) had 
SDNN below 70 ms that might indicate higher risk of 
sudden cardiac death. The previous work has revealed 
that relative risk of sudden death or the development of 
symptomatic, sustained ventricular tachycardia during 
follow up was seven times greater in those individuals 
who have an index of < 25 than the index of ≥ 2521. In 
the present study, 13 out of 45 (28.8%) patients showed 
SDNNi as <25 who manifested the higher risk of 
developing sudden cardiac death. 
 It has been documented that SDNN and 
SDANN have positive (r=0.98) correlation. Further 
analysis of the same study population demonstrated that 
prognostic value of frequency domain indices was 
similar and a strong correlation was found between time 
and frequency domain indices of HRV Singh et a.l5 
Bigger et al9 observed that the frequency bands 
spectrum had one or two corresponding variables in the 
time domain that were so strongly correlated with it (r ≥ 
0.90) that the variables were essentially equivalent: ULF 
with SDNN and SDANNi, VLF and LF with SDNNi, and 

HF with RMSSD and pNN50. SDNN and the square root 
of total power were also found to be strongly correlated. 
Scatter diagrams of correlations between individual HRV 
have depicted that the correlation between SDNN and 
HRV index was highly statistically significant (r=0.86).10 
Kupper et al11 studied HRV and discovered that SDNN 
index was significantly correlated with RMSSD (morning 
r=0.83, afternoon r=0.86, evening r=0.87, and night 
r=0.87). 

In our study we analyzed the correlation of all 
the time domain and frequency domain indices and 
found out that correlation existed between all time 
domain and frequency domain parameters of HRV in 
both the controls and patients after AMI. A significant 
correlation was found between SDNNi and power, VLF, 
LF and HF in both controls and patients. SDNNi was 
significantly correlated with power and VLF in normal 
healthy volunteers (power; r=0.92, VLF; r= 0.89) as well 
as in patients with AMI (power; r=0.85, VLF; r= 0.78) 
such a strong correlation between two variables signify 
that the two variables can interchangeably be used 
when associated to a third variable. Correlation was also 
observed between SDNN and power (control: r=0.68; 
patients: r=0.71) in both groups. The correlation of HF 
with RMSSD (control: r=0.74; patients: r=0.73) and 
pNN50 (control: r=0.80; patients: r=0.78) was also found 
to be significant. Similarly a strong correlation was 
observed between pNN50 and power (r=0.71) in the 
control group. This shows a strong interdependence of 
the time and frequency domain variables in the healthy 
controls and patients with AMI. A positive correlation is 
an indication of the tendency that increased values of 
time domain measures are associated with augmented 
values of frequency domain parameters and small 
values of time domain are associated with small values 
of frequency domain parameters. This relationship is not 
causal and illustrates the fact that diseased condition 
does not affect the relationship between the parameters. 
         Our study has some limitation. The effect of the 
nature and magnitude of physical activity and exercise 
capacity on HRV was not considered in this study. 
Nonlinear parameters of HRV were not taken into 
account. Larger studies may help predict mortality as a 
result of decreased HRV. 

 

Conclusion 
 

HRV is significantly affected by early phase of AMI. HRV 
reflects transient autonomic imbalances and electrical 
instability of the myocardium therefore decreased HRV 
predicts increased cardiac and/or arrhythmic mortality. 
This data indicate HRV assessment after AMI may be 
useful in noninvasive risk stratification. 

 .  



Comparison of Heart Rate Variability in Patients after Acute myocardial Infarction and healthy individuals     Shemaila saleem et al. 

Ann. Pak. Inst. Med. Sci. 2011; 7(4): 191-195 
 

195

References 
 
1. Zhong Y, Jan M, Ju KH, Chon KH. 2006 Quantifying cardiac 

sympathetic and parasympathetic nervous activities using principal 
dynamic modes analysis of heart rate variability. Am J Physiol Heart 
Circ Physiol 2006; 291: 1475-1483. 

2. Malik M, Bigger T, Camm AJ, Kleiger RE, Malliani A, Moss AJ. Task 
force of the European Society of Cardiology and the North American 
Society of Pacing and Electrophysiology. Heart rate variability: 
Standards of measurement, physiological interpretation and clinical 
use. Circulation 1996; 93: 1043-1065. 

3. Psychari SN, Apostolou TS, Iliodromitis EK, Kourakosi P, Liakos G, 
Kremastino DT. Inverse relation of C reactive protein levels to heart 
rate variability in patients after acute myocardial infarction. Hellenic J 
Cardiol 2007; 48: 64-71. 

4. Casolo GC, Stroder P, Signorini C, Calzolari F, Zucchini M, Balli E et 
al. Heart rate variability during the acute phase of myocardial 
infarction. Circulation 1992; 85: 2073-2079. 

5. Singh N, Mironov D, Armstrong PW, Ross AM, Langer A. Heart rate 
variability assessment early after acute myocardial infarction: 
Pathophysiological and prognostic correlates. Circulation 1996; 93: 
1388-1395. 

6. Lombardi F, Sandrone G, Spinnler MT, Torzillo D, Lavezarro GC, 
Brusca A et al. Heart rate variability in the early hours of an acute 
myocardial infarction. Am Heart J 1996; 77: 1037-1044. 

7. Vaishnav S, Stevenson R, Merchant B, Lagi K, Ranjadayalan K, 
Timmis AD.  Relation between heart rate variability early after acute 
myocardial infarction and long-term mortality. Am J Cardiol 1994; 73: 
653–657. 

8. Mazzuero G, Lanfranchi P, Colombo R, Giannuzzi P, Giordano A.  
Long-term adaptation of 24-h heart rate variability after myocardial 
infarction. Chest 1992; 101: 304S-308S.  

9. Bigger JTJr, Fleiss JL, Steinman RC, Rolnitzky LM, Kleiger RE, 
Rottman JN. Correlation among time and frequency domain measures 
of heart period variability two weeks after acute myocardial infarction. 
Am J Cardiol 1992; 69: 891-898. 

10. Malik M, Camm AJ, Janse MJ, Julian DG, Frangin GA, Schwartz PJ. 
Depressed heart rate variability identifies postinfarction patients who 
might benefit from prophylactic treatment with amiodarone. J Am Coll 
Cardiol 2000; 35: 1263–1275. 

11. Kupper NHM, Willemsen G, Van den Berg M, de Boer D, Posthuma D, 
Boomsma DI et al. Heritability of ambulatory heart rate variability. 
Circulation 2004; 110: 2792-2796. 

12. Wolf MM, Varigos GA, Hunt D, Sloman JG. Sinus arrhythmia in acute 
myocardial infarction. Med J Aust 1978; 2: 52-53. 

13. Kleiger RE, Miller JP, Bigger JTJr, Moss AJ. Decreased heart rate 
variability and its association with increased mortality after acute 
myocardial infarction. Am J Cardiol 1987; 59: 256-262. 

14. Quintana M, Storck N, Lindblad LE, Lindvall K, Ericson M. Heart rate 
variability as a means of assessing prognosis after acute myocardial 
infarction: a 3-year follow-up study. European heart journal 1997; 18: 
789-797. 

15. Kautzner J, Stovicek P, Anger Z, Psenicka M, Saulikova J, Malik M. 
Heart rate variability and plasma catecholamine levels early after acute 
myocardial infarction.  Annals of Non Invasive Electrocardiology 2006; 
2(4): 354-361. 

16. Hussain S, Siddique S, Saboor QA. Heart rate variability in early phase 
of acute myocardial infarction and convalescence. J Coll Physicians 
Surg Pak 2003; 13(2): 67-69. 

17. Zuanetti G, Neilson JM, Latini R, Santoro E, Maggioni AP, Ewing DJ. 
Prognostic significance of HRV in post myocardial infarction patients in 
the fibrinolytic era. The GISSI-2 results. Circulation 1996; 6: 432-436. 

18. La Rovere MT, Bigger JTJr, Marcus FI, Mortara A, Schwartz PJ. 
Baroreflex sensitivity and heart rate variability in the prediction of total 
cardiac mortality after myocardial infarction. ATRAMI investigators. 
Lancet 1998; 351: 478-484. 

19. Garan H. Heart rate variability in acute myocardial infarction. 
Cardiology 2009; 114: 275–283.  

20. Buccelletti F, Gilardi E, Scaini E, Galiuto L, Persiani R, Biondi A. Heart 
rate variability and myocardial infarction: systematic literature review 
and metanalysis. Eur Rev Med Pharmacol Sci 2009; 13: 299-307. 

21. Cripps TR, Malik M, Farrell TG, Camm AJ. Prognostic value of reduced 
heart rate variability after myocardial infarction: clinical evaluation of a 
new analysis method. Br Heart J 1991; 65: 14-19. 

 


