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Heart Rate Variability (HRV) is an important physiologic factor 
in human body which its activity enhances physical wellbeing and 
also reduces tension and anxiety. HRV is a quantitative variable for 
evaluating ANS function. Recently HRV is reported to be a suitable 
predictor for cardiovascular involvement and autonomic neuropathy 
in scientific literature [3].

Exercise Treadmill Test (ETT) is a cheap, non-invasive, low risk 
and highly available test for diagnosis of Coronary Artery Diseases 
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Abstract

Background and Objectives: Rapid diagnosis and treatment of cardiovascular diseases is really helpful in reducing further complications. There are 
different modalities for this goal but each has benefits and limitations. Exercise Treadmill Test (ETT) is a non-invasive, cheap and accessible test. 
Coronary CT Angiography (CTA) is recently considered as an applied modality for assessing severity of Coronary Artery Disease (CAD). In this study 
we aimed to investigate possible association between Heart Rate Recovery (HRR) in ETT and severity of CAD in CTA.

Materials and Methods: In this cross-sectional, descriptive-analytic study we enrolled 70 susceptible patients for coronary artery disease. All 
patients underwent ETT and CTA. HRR in 1st and 2nd minute along with severity of CAD detected in CTA and patient’s demographic information were 
recorded in a questionnaire. Finally, all data was analyzed using SPSS version 21.0 software.

Results: In this study, 43 (61.4%) of patients were men. Mean HRR in 1st and 2nd minutes was 20.9 ± 7.36 and 35 ± 10.10 respectively. 27 of patients 
(38.5%) had abnormal HRR. We observed a statistically significant association between 1st and 2nd minute HRR and Hypertension (HTN). We also 
observed a significant association between severity of CAD with HTN, Diabetes Mellitus (DM) and Hyperlipidemia (HLP). A significant association was 
observed between severity of CAD and 1st minute (P-value=0.01) and 2nd minute (P-value=0.002) HRR in this investigation.

Conclusion: Considering the association between HRR in ETT and severity of CAD in CTA along with benefits of ETT such as non-invasive entity, lower 
expenses and availability, it seems logical to suggest ETT for patients before CTA.
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Introduction
Autonomic Nervous System (ANS) adjusts electrical and 

mechanical activity of heart myocardium by maintaining balance 
between sympathetic and parasympathetic systems [1]. Heart rate 
fluctuates based on sympathetic and parasympathetic activity. Short 
term and long term heart rate changes reflect ANS function. Impaired 
ANS function leads to imbalance in adjusting cardiovascular function 
and causes autonomic cardiac neuropathy [2].
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(CAD) and provides very useful information for physicians. Among 
applied findings of ETT, Heart Rate Recovery (HRR) and Exercise 
Capacity (EC) are mentionable.

HRR is number of reduced heart beats after finishing ETT which is 
often measured after one minute and is considered as a good predictor 
for cardiovascular involvement and autonomic neuropathy. HRR 
more than 18 beats per minute is generally considered as normal and 
is favorable. Predictive value of HRR is independent of existence of 
coronary artery disease, consumption of β-blocker agents and positive 
or negative results of ETT.

EC is also defined as maximum activity that each individual 
can reach during ETT. In order to unificate this index, Metabolic 
Equivalents (METs) are used. Each MET unit is equal to amount of 
activity in which 3.5 mL of oxygen is burnt per each Kg of body weight 
per minute. ETT devices measure patient’s activity and export it in 
MET based on selected protocol, speed and incline. Recent studies 
conclude that EC and HRR are powerful and independent predictors 
for risk of mortality due to cardiovascular diseases [4].

ETT is known as a non-invasive routine test for screening patients 
susceptible for coronary artery diseases but this test is not accurate 
enough and several false negative or false positives are reported in 
ETT [5].

Nowadays Coronary CT Angiography (CTA) is applied as an up to 
date non-invasive modality for diagnosis of cardiovascular diseases. In 
this imaging modality artifacts caused by motion and calcified plaques 
sometimes makes it hard for clinicians to make a decision [6].

There are few studies carried out to find any possible association 
between CTA results and HRR after ETT. Based on mentioned above, 
in this study we aimed to investigate existence of any association 
between CTA results and HRR after ETT in patients with moderate to 
severe risk of coronary artery stenosis.

Materials and Methods
This study is a cross-sectional, descriptive analytic study in which 

we enrolled 70 consecutive patients with moderate to severe risk for 
coronary artery involvement referred to Afshar heart center, Yazd, Iran 
for CTA between December 2018 and December 2019. An informed 
consent was obtained from all patients and the study was designed 
and performed based on latest declaration of Helsinki. This research is 
registered in research ethics committee of Shahid Sadoughi University 
of medical sciences, Yazd, Iran with IR.SSU.MEDICINE.REC.1398.252 
approval ID.

With a power of 80% and confidence interval of 95% and α=5% a 
number of 70 patients was calculated to be suitable for this study.

All patients referred for CTA who previously underwent ETT if 
carrying normal results, were included in this study. Those patients 
with contraindication for ETT, history of Percutaneous Coronary 
Intervention (PCI) or Coronary Artery Bypass Grafting (CABG), renal 
failure, history of consumption of medical agents interfering heart rate 
such as β-blockers and those who cannot finish ETT were excluded.

All patients underwent ETT with standard protocol. ETT continued 
1 minute after patients achieved 85% of maximum heart rate and HRR 
was measured 1 minute and 2 minutes after finishing ETT. Minimum 
and maximum heart rate plus mean HRV was registered and results 
were compared with CTA findings.

All CTA were performed using a 320 slice multidetector device 
and 0.4 mg nitroglycerine was administered for all patients 2 minutes 
before imaging and all images were acquired while breath holding.

Patient’s demographic information and history and HRR after ETT 
and CTA findings were all entered a questionnaire and finally data was 
analyzed using SPSS version 21.0 software.

Statistical analysis
For reporting descriptive statistics, we used frequency tables and 

descriptive tests as mean ± SD, minimum, maximum and percentage. 
A stacked bar chart is used for better demonstrating the association 
between severity of CAD and HRR.

To evaluate the association between 1st and 2nd minute HRR and 
dichotomous variables such as gender, diabetes mellitus, hypertension, 
hyperlipidemia and smoking, independent t-test was used and for 
severity of CAD as a trichotomous variable, one-way ANOVA with 
Bonferroni post hoc test was applied. Results of these tests are reported 
as P-value plus 95% confidence interval.

Chi-square test was used to assess the relationship between severity 
of coronary artery disease and other nominal variables including 
diabetes mellitus, hypertension, hyperlipidemia and smoking and the 
results are reported as P-value.

In all statistical tests a 95% confidence interval is reported and a 
P-value less than 0.05 are considered to be statistically significant.

Results
Our study population consisted of 43 (61.4%) men and 27 (38.6%) 

women. 18 (25.7%) of patients had diabetes mellitus, 35 (50%) had 
hypertension, 42 (60%) had dyslipidemia and 23 (32.9%) were 
smokers. In this study 33 (47.1%), 22 (31.45%), 12 (17.1%) and 3 
(4.3%) of patients had 0, 1, 2 and 3 vessel involvement.

In this study latest in test heart rate was recorded to be 139.4 ± 
16.74. First minute HRR was 20.9 ± 7.36 and second minute HRR was 
35 ± 10.10. Table 1 shows descriptive statistics related to HRR in our 
study population.

Categorizing patients based on coronary artery involvement shows 
that 32 (45.7%) patients were normal, 24 (34.3%) of them had mild 
involvement and 14 (20%) patients had moderate to severe coronary 
artery involvement. 

Table 2 indicates mentioned above statistics as a table.

In this study, among a total of 70 patients, 27 (38.5%) patients had 
abnormal HRR. Our results show that 53.49% of patients with normal 
CTA have a normal HRR; this is while only 6.97% of patients with 
moderate to severe coronary artery involvement have a normal HRR. 

Minimum Maximum Mean ± SD
Latest in-test HR 95 171 139.4 ± 16.74

1st minute HRR 5 40 20.9 ± 7.36

2nd minute HRR 12 52 35 ± 10.10

Table 1: Minimum, maximum and mean heart rate variability in study 
population.

Severity of coronary artery 
involvement Frequency Percentage

Normal 32 45.7%
Mild 24 34.3%
Moderate to severe 14 20%

Table 2: Descriptive statistics related to severity of coronary artery 
involvement.
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Figure 1 below shows distribution of normal and abnormal HRR 
among different patient’s groups based on severity of CAD.

In this study we evaluated the association between HRR in 1st and 
2nd minute with gender, Diabetes Mellitus (DM), Hypertension (HTN), 
Dyslipidemia (HLP), smoking and of course severity of coronary 
artery disease. The results are summed up in table 3 below. Our results 
indicate that there is a statistically significant association between 
severity of coronary artery disease and 1st minute HRR (P-value=0.01) 
and 2nd minute HRR (P-value=0.002).

We also assessed the association between severity of coronary artery 
disease and DM, HTN, HLP and smoking using Chi-square test. Table 
4 shows associated P-values of each Chi-square test performed to 
assess the relationship between severity of CAD and other risk factors.

Discussion
In this study we found that latest in-test heart rate was 139.4 ± 

16.7 and mean 1st minute and 2nd minute HRR were 20.9 ± 7.36 and 
35 ± 10.10 respectively. Our results show that 27 (38.5%) of patients 
had abnormal HRR. In a study performed by Ghaffari S, et al. on 140 

patients they also reported 13.7% abnormal HRR in their population 
which is similar to our results [7]. Different studies have reported 
that HRR is a predictive index for cardiovascular death and indicates 
autonomic dysfunction [8-11].

In our population, CTA results showed that 4.57% of patients did 
not have any coronary artery involvement which is similar to 41% 
which was reported by Lau G, et al. in 2013 [12].

By checking literature, we found a lot of information related to 
association between ETT and severity of CAD with studied risk 
factors. Although there are little differences in results, but it seems that 
most of them somehow confirm our results. The associations between 
severities of CAD with HTN [13-17], gender [11,18,19], DM [20-24], 
HLP [20-22] and smoking [20,25] are repeatedly reported in published 
articles.

Our clinical challenge was not that much repeated and is novel in its 
kind. In clinics, HRV is not taken that serious as other mentioned risk 
factors above. By this study we wanted to emphasize on importance of 
this index in predicting severity of coronary artery disease. We try to 
bold this marker at the same level as other risk factors such as HTN, 
DM, etc.

In a study performed by Chinnaiyan KM, et al., in 2012, researchers 
reported that there is a statistically significant correlation between 
ETT results and CTA findings [25].

Ghaffari S, et al. also carried out a similar study on 140 patients 
undergoing ETT. They concluded that there is a significant relationship 
between abnormal 1st minute HRR and severity of coronary artery 
involvement [7]. Having these findings in mind it can be concluded 
that ETT is a non-invasive, cheap, simple and accessible test and 
has fewer complications compared to other modalities and it can be 
applied as a first step diagnostic test.

In this study we did not focus on prognosis of patients but Cho I, et 
al. reported that ETT is more useful than CTA in evaluating prognosis 
of patients with moderate to severe coronary artery disease. Based on 
researcher’s opinion along with radiation risk, higher expenses and 
other disadvantages of CTA, selecting this modality as a first line test 
should be postponed [26].

Blankstein R, et al. compared ETT and CTA in patients with acute 
chest pain in 220 consecutive patients. The concluded that positive 
ETT possess a sensitivity of 30% and specificity of 93% and can be very 
useful for diagnosis of more than 50% coronary artery obstruction 
specially in younger patients [27].

In opposition with our study and similar studies mentioned above 
Ahn JH, et al. [28] and Nørgaard KS, et al. [29] reported that CTA has 
a higher sensitivity and specificity compared to ETT. They suggested 
that this technique can be used as a first line diagnostic test in patients 
susceptible for coronary artery disease.

Considering this disagreement on literature, it seems that further 
researchers with higher study population and more accurate methods 
and better designs can be really problem solving in clinical decision 
making in approaching patients with susceptible coronary artery 
disease.

Same as any other scientific research, our research has also its own 
limitations. In this study we could only include 70 patients which is 
not a large study population but it was inevitable because of number of 
patients referred to only one center. Carrying out similar studies in a 
multi-disciplinary manner may solve this issue. In this study, patients 
were divided into 3 groups based on CTA findings according to 

Figure 1: Distribution of normal and abnormal HRR among different 
study groups based on severity of CAD.

Variable
1st minute HRR 2nd minute HRR

P-value 95% CI P-value 95% CI

Gender 0.21 -5.85, 1.33 0.08 -8.72, 0.54
DM 0.06 -0.28, 7.61 0.29 -3.11, 9.96
HTN 0.005 1.51, 8.19 0.0001 4.27, 13.03
HLP 0.93 -3.75, 3.47 0.61 -3.70, 6.18
Smoking 0.30 -1.81, 5.66 0.45 -3.20, 7.08
Coronary artery disease 0.01 -11.72, -0.63 0.002 -18.20, -3.45

Table 3: Association between 1st and 2nd minute HRR and studied variables.

DM HTN HLP Smoking
Severity 
of CAD P-value=0.015 P-value=0.001 P-value=0.01 P-value=0.14

Table 4: Association between severity of Coronary Artery Disease (CAD) 
and other variables.
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cardiologist and radiologist opinions. Although they were professional 
and experienced but applying a unit and quantitative indicator such as 
coronary calcium score is strongly recommended to future researchers. 
By having a larger study population and more quantitative data, 
performing a more accurate and comprehensive statistical analysis 
such as regression models will be possible which can be a clue for our 
colleagues.

Conclusion
Based on our findings, there is a statistically significant association 

between 1st minute and 2nd minute HRR and CTA findings. There was 
also a relationship observed between HTN and HRR. We also found 
that DM, HTN and HLP are correlated with severity of coronary 
artery disease.

Considering non-invasive entity of ETT, lower price and higher 
availability of ETT, it seems really logical to suggest this modality in 
susceptible patients before undergoing coronary CTA.
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