
International Research Journal of Public and Environmental Health Vol.2 (12),pp. 232-237,December 2015 
Available online at http://www.journalissues.org/IRJPEH/ 
http://dx.doi.org/10.15739/irjpeh.043 
Copyright © 2015 Author(s) retain the copyright of this article                                                                                             ISSN 2360-8803  

 
 
 
 

Original Research Article 
 

Diagnostic value of combined exercise-induced ST segment 
changes and heart rate recovery post treadmill exercise  
for the detection of coronary artery disease in the real 

world: A single center experience 
 

Received  October 3, 2015                      Revised   November 5, 2015                               Accepted 12 November, 2015                              Published 7 December, 2015 

 

Yijun Yu, Dingfeng Peng*, 
Tao Liu, Yupeng Bai, 

Wusong Zou, Bo Gao, Jie 
Wu, Pengfei Zhu, Mingjing 

Zhang and Ye Gu 
 
Department of Cardiology, Heart 

Center at Puai Hospital, Puai 
Hospital, Huazhong University of 
Science and Technology, Wuhan 

430030, China. 
 

*Corresponding Author E-mail: 
dfpeng2003cn_puai@163.com 

  
Tel: +86-1897-111-0548 

 

List of abbreviations 
 

CAD: coronary artery disease 
CAG: coronary angiography 
HRR: heart rate recovery 
N-CAD: non-CAD 
 

Diagnostic specificity of treadmill exercise test for coronary artery disease 
(CAD) remains a challenge in daily clinical practice. Present study evaluated the 
diagnostic value of combining ST segment changes and heart rate recovery 
(HRR) during/post treadmill exercise test. A total of 105 patients with 
suspected CAD underwent treadmill exercise test and coronary angiography 
(CAG) during May 2012 to July 2014. Patients were divided into CAD group 
(n=48) and non-CAD (N-CAD) group (n=57) according to CAG results. ST 
segment changes and HRR were analyzed. HRR was significantly lower in CAD 
group compared non-CAD group (P=0.013) and the prevalence of abnormal 
HRR (≤24) tended to be higher in CAD group (52.1% vs. 40.3%, p=0.229). 
Using exercise-induced ST segment changes as CAD diagnosis criteria, the 
sensitivity was 70.8%, specificity was 52.6%, positive predictive value was 
55.7%, and negative predictive value was 68.2%. Combining exercise-induced 
ST segment changes and abnormal heart rate recovery post treadmill exercise 
as CAD diagnose criteria, the sensitivity was 41.7%, specificity was 84.2%, 
positive predictive value was 69.0% and negative predictive value was 63.2%. 
Combing ST segment changes and HRR can improve the specificity of CAD 
diagnosis by treadmill exercise test, therefore, this might be a suitable 
procedure to exclude the CAD diagnosis in patients with suspected CAD.  
 
Key words: Treadmill exercise test; ST segment changes; Heart rate recovery; 
Coronary artery disease  

 
 
INTRODUCTION 
 
The diagnostic value of electrocardiographic response to 
treadmill exercise in individuals with suspected coronary 
artery disease (CAD) has been well established Martin and 
McConahay (1972). An ischemic ST-segment response 
developing during or in recovery of treadmill exercise was 
helpful for accurate detection of CAD Lehtinen et al.(1996) ; 
Suurkula et al.(2001). However, as a widely accessible and 
inexpensive method for initial evaluation of suspected CAD, 
the treadmill exercise test for CAD detection remains a 
challenge in daily clinical practice due to low sensitivity and 
not satisfactory specificity of standard ST-segment 
depression criteria for assessment of coronary artery disease 

severity and for prediction of risk Kligfield and Lauer (2006) 
; Gibbons et al. (2002).  

Beyond the ischemic responses of ST-segment to treadmill 
exercise, reduced heart rate recovery (HRR) post exercise, 
which occurs in case of insufficient parasympathetic activity, 
was found to indicate the presence of CAD Ghaffari et al. 
(2011) and was linked with increased mortality Leung and 
Bradley (2003) ; Pecanha et al. (2014). But, there were also 
reports showing abnormal HRR was not predictive of the 
presence or severity of CAD (Vivekananthan et al., 2003); 
Shetler et al., 2001). In a recent clinical study, Akyüz and 
colleagues demonstrated   that    abnormal HRR predicted the  
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presence but not the severity of CAD with moderate 
sensitivity and low specificity Akyuz et al. (2014). In the 
ACC/AHA 2002 guideline update for exercise testing Gibbons 
et al. (2002), value of ischemic ST segment responses during 
and post exercise testing was sufficiently highlighted and 
HRR was only mentioned for its role of predicting worse 
mortality in cardiovascular diseases but not for CAD 
detection. In the present study, we tested the hypothesis that 
the diagnostic efficacy for CAD might be improved by 
combining the exercise-induced ischemic ST segment 
responses and abnormal HRR during/post exercise in 
patients with suspected CAD.   

 
 
METHODS  

 
Study population  
 
A total of 105 patients with clinically suspected coronary 
artery disease who underwent both treadmill exercise test 
and coronary angiography (CAG) in our department between 
May 2012 and July 2014 were included in this retrospective 
study. Patients with acute or old myocardial infarction, 
history of coronary intervention or coronary artery bypass 
surgery, complete left bundle branch block, WPW syndrome, 
atrial fibrillation, valvular heart disease and known non-
ischemic cardiomyopathy were excluded. Patients treated 
with digitalis were also excluded. The study protocol was 
approved by local hospital ethics committee, written consent 
was obtained from each participating patient.  

 
Treadmill exercise test 

 
Treadmill exercise test was performed on GE T2100 
treadmill machine equipped with CASE6.5 exercise ECG test 
system according to the ACC/AHA 2002 guideline update for 
exercise testing Gibbons et al. (2002). Symptom-limited 
Bruce´s protocol was used, surface 12-lead ECG was 
continuously monitored and blood pressure was measured 
and recorded at rest, at the end of each stress stage, at peak 
stress, and at recovery until six minutes after exercise or ST 
segment returned to baseline level Ghaffari et al. (2011). 
Heart rate recovery for treadmill exercise test is the 
difference between the maximum heart rate in motion and 
heart rate of the first minute after the test. An abnormal 
heart rate recovery was defined as ≤24 beats per minute 
(Akyuz et al., 2014) 

 
Echocardiography and Coronary angiography 
examinations 

 
All patients underwent echocardiography and coronary 
angiography (CAG) examinations. PHILIPS CV12 digital 
subtraction angiography was used for multi-position 
selective coronary angiography by Judkins method. A 
narrowing ≥50% of the main branch stenosis is defined as 
CAD.  

 
 
 
 
Follow up 
 
All 105 patients were followed up for 5 months to 24 months, 
with an average follow-up time of 15.6 ± 6.9 months by 
phone call or home and clinic visit to evaluate the impact of 
presence or absence of ST segment responses and abnormal 
HRR during/post exercise on the outcome of patients. 
 
Statistical analysis 
 
Continuous data are expressed as mean ± standard deviation. 
The Student t test or two-way ANOVA and Tukey´s post hoc 
test was adopted for comparison between groups as 
indicated. The Chi-square test was used for the comparison 
of rates. Multivariate logistic regression analysis was to 
determine the adjusted correlation between the significant 
variables and the occurrence of CAD. P value of less than 0.05 
was considered to be statistically significant. Statistical 
analyses were performed using SPSS 19.0 software. 
 
RESULTS  
 
Clinical features and risk factor comparison between N-
CAD and CAD patients 
 
CAD was diagnosed in 48 patients by CAG. Clinical 
characteristics between CAD and non-CAD (N-CAD, n=57) 
patients were shown in Table 1. Compared to N-CAD group, 
patients in CAD group were older, more frequently males, and 
had a higher serum creatinine level, more frequently treated 
with aspirin and statin. Prevalence of abnormal HRR tended 
to be higher in CAD group compared to N-CAD group (52.1% 
vs. 40.3%, p=0.229). HRR and peak HR were also 
significantly lower in CAD group compared to N-CAD group 
(Table 1). 

When the potential risk factors for coronary heart disease 
including age, gender, creatinine, HRR, peak heart rate, CHOL, 
TG, LDL, HDL, smoking history, hypertension and diabetes 
were tested by multivariate logistic regression analysis, male 
gender was the only independent risk factor for CAD in this 
cohort (Table 2). 
 
Diagnostic value of ischemic ST segment responses to 
treadmill exercise test 
 
With typical ischemic ST segment changes during and post 
treadmill exercise test as diagnosis criteria for CAD, the 
diagnostic sensitivity was 70.8%, specificity was 52.6%, 
positive predictive value was 55.7% and negative predictive 
value was 68.2% according to CAG results (Table 3). With 
abnormal HRR as diagnostic criteria for CAD, the specificity, 
positive predictive value and negative predictive value were 
comparable but the sensitivity was reduced (70.8% vs. 
52.1%, p=0.059). With both ischemic ST segment change 
and abnormal HRR as diagnostic criteria for CAD, the 
sensitivity is further reduced but specificity is significantly 
increased (52.6% vs. 84.2%, p<0.0001) while both positive 
and negative predictive values remained unchanged.  
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Table 1. Clinical characteristic of CAD patients and N-CAD patients 
 

 N-CAD (n=57) CAD (n=48) P value 
Age (yr) 54.07±7.94 58.64±7.19 0.003 
Male gender (%) 21/57 (36.8%) 32/48 (66.7%) 0.002 
BMI (kg/m2) 24.84±3.36 23.92±3.42 0.172 
Smoker (%) 17/57 (29.8%) 21/48 (43.8%) 0.139 
Hypertension (%) 31/57 (54.4%) 31/48 (64.6%) 0.290 
Hyperlipidemia (%) 23/57 (40.4%) 16/48 (33.3%) 0.458 
Diabetes (%) 7/57 (12.3%) 6/48 (12.5%) 0.973 
Creatinine (μM) 68.35±12.60 76.26±19.89 0.02 
CHOL(mM) 4.94±0.87 4.79±1.03 0.439 
TG (mM) 2.04±1.60 1.69±1.42 0.244 
LDL (mM) 2.88±0.89 2.96±0.86 0.620 
HDL(mM) 1.15±0.40 1.09±0.28 0.859 
Aspirin use (%) 32/57 (56.1%) 45/48 (93.8%) 0.000 
Statin use (%) 39/57 (68.4%) 45/48 (93.8%) 0.001 
Bata-blockers use 25/57 (43.9%) 29/48 (60.4%) 0.091 
ACEI use 10/57 (17.5%) 11/48 (22.9%) 0.493 
ARBs use 17/57 (29.8%) 7/48 (14.6%) 0.064 
CCB use 25/57 (43.9%) 19/48 (39.6%) 0.658 
Diuretics use 6/57 (10.5%) 5/48 (10.4%) 0.985 
HRR (bpm) 30±11 25±10 0.013 
Exercise tolerance (Mets) 6.82±1.87 7.00±1.86 0.63 
Peak HR (bpm) 145±8 140±9 0.008 
Ejection fraction (%) 0.61±0.06 0.62±0.05 0.670 

 

BMI: body mass index; CHOL: cholesterol; TG: triglyceride; LDL: low density lipoprotein; HDL: 
high density lipoprotein; ACEI: angiotensin-converting enzyme inhibitors; ARBs: angiotensin 
receptor blockers; HRR: heart rate recovery; Bpm: beats per minute; Mets: metabolic 
equivalents (1MET=3.5ml/kg per minute of oxygen consumption); HR: heart rate 

 
 

Table 2. Multivariate logistic regression results of CAD risk 
 

 B S.E Wald P value Exp 95%CI lower limit 95%CI upper limit 
Creatinine -.003 .018 .032 .859 .997 .963 1.032 
Peak HR .014 .037 .149 .699 1.014 .944 1.090 
HRR .030 .027 1.282 .258 1.031 .978 1.086 
Age -.093 .048 3.755 .053 .911 .829 1.001 
Gender 1.398 .698 4.013 .045 4.048 1.031 15.902 
CHOL .137 .433 .100 .752 1.147 .491 2.680 
TG .117 .248 .224 .636 1.124 .692 1.827 
LDL -.264 .463 .325 .569 .768 .310 1.904 
HDL -.269 .825 .106 .744 .764 .152 3.847 
Smoking  -.025 .738 .001 .973 .976 .230 4.143 
Hypertension -.192 .521 .135 .713 .826 .297 2.293 
Diabetes  .538 .736 .534 .465 1.712 .404 7.250 

 

CI: confidence interval; HR: heart rate; HRR: heart rate recovery; CHOL: cholesterol; TG: triglyceride; LDL: low density lipoprotein; HDL: 
high density lipoprotein 

 
 
 
Clinical features and risk factor comparison between N-
CAD and CAD patients with normal and abnormal HRR as 
well as with normal or ischemic ST segment changes  
 
As shown in Table 4, there were more smokers in N-CAD 
subjects with abnormal HRR compared to N-CAD subjects 
with normal HRR. In CAD patients, patients with abnormal 
HRR were older, percent of male gender was higher, plasma 
creatinine level was higher while HDL level and peak HR were 
lower compared CAD patients with normal HRR. In addition, 

patients were older, and peak HR was lower in CAD patients 
with abnormal HRR compared N-CAD patients with 
abnormal HRR. Table 5 shows the clinical features and risk 
factor in N-CAD and CAD patients with normal or ischemic 
ST segment changes during and post exercise test. There 
were more women and fewer smokers in N-CAD patients 
with ischemic ST segment changes compared to N-CAD 
patients without ischemic ST segment changes. For CAD 
patients, plasma creatinine level was higher and peak HR was 
lower   in    patients   with   ischemic   ST   changes   compared  



Int. Res. J. Public Environ. Health          235 
 
 
 

Table 3. Diagnostic property of ischemic ST segment changes and HRR during and post treadmill test according to 
CAG results 

 
Criteria Sensitivity (%) Specificity (%) Positive PV (%) Negative PV (%) 
Ischemic ST  70.8 52.6 55.7 68.2 
Abnormal HRR  52.1 59.6 52.1 59.6 
ST and HRR  41.7 84.2 69.0 63.2 

 

PV: predictive value; HRR: heart rate recovery 

 
 

Table 4. Clinical characteristics of N-CAD and CAD patients with normal HRR and abnormal HRR  
 

 
N-CAD 

normal HRR         abnormal HRR 
(n=34)                   (n=23) 

CAD 

normal HRR        abnormal HRR 
(n=23)                  (n=25) 

Age (yr) 54.24± 8.51 53.83±7.21 55.70±7.26 61.36±6.09*†‡ 
Male gender (%) 10/34 (29.4%) 11/23(47.8%) 12/23 (52.2%) 20/25 (80.0%)†‡ 
BMI (kg/m2) 24.80±3.44 24.90±3.32 23.27±3.33 24.53±3.44 
Smoker (%) 6/34(17.6%) 11/23(47.8%)* 7/23 (30.4%) 14/25 (56.0%) 
Hypertension (%) 17/34(50.0%) 14/23(60.9%) 12/23 (52.2%) 19/25 (76.0%) 
Hyperlipidemia (%) 14/34(41.2%) 9/23(39.1%) 6/23 (26.1%) 10/25 (40.0%) 
Diabetes (%) 3/34(8.8%) 4/23(17.4%) 4/23 (17.4%) 2/25 (8.0%) 
Creatinine (uM) 65.04±12.01 73.25±12.07 70.03±21.21 82.00±17.06*‡ 
CHOL(mM) 5.02±0.75 4.81±1.02 4.84±1.22 4.75±0.85 
TG (mM) 1.96±1.78 2.16±1.32 1.24±0.57 2.10±1.82 
LDL (mM) 2.86±0.76 2.91±1.07 3.04±0.92 2.89±0.81 
HDL(mM) 1.20±0.41 1.08±0.37 1.24±0.30 0.96±0.18*‡ 
Aspirin use (%) 20/34(58.8%) 12/23(52.2%) 22/23 (95.7%)* 23/25 (92.0%)† 
Statin use (%) 25/38(73.5%) 14/23(60.9%) 20/23 (87.0%) 25/25 (100.0%)† 
Beta-blockers use 17/34(50%) 8/23(60.9%) 11/23 (47.8%) 18/25 (72.0%)† 
ACEI use 9/34(26.5%) 1/23(4.3%) 6/23 (26.1%) 5/25 (20.0%) 
ARBs use 8/34(23.5%) 9/23(39.1%) 4/23 (17.4%) 3/25 (12.0%)† 
CCB use 13/34(38.2%) 12/23(52.2%) 6/23 (26.1%) 13/25 (52.0%) 
Diuretics use 2/34(5.9%) 4/23(17.4%) 4/23 (17.4%) 1/25 (4.0%) 
Exercise tolerance (Met) 6.76±1.81 6.92±2.00 6.77±1.97 7.21±1.77 
Peak HR (bpm) 144.38±8.76 145.35±8.18 144.52±8.58 136.28±7.05*†‡ 
Ejection fraction (%) 0.61±0.08 0.60±0.06 0.61±0.04 0.63±0.05 

 

BMI：body mass index; CHOL: cholesterol; TG: triglyceride; LDL: low density lipoprotein; HDL: high density lipoprotein; ACEI: 
angiotensin-converting enzyme inhibitors; ARBs:  angiotensin receptor blockers; HRR: heart rate recovery; Bpm: beats per 
minute; Mets: metabolic equivalents (1MET=3.5ml/kg per minute of oxygen consumption); HR: heart rate. * p<0.05 vs. N-CAD 
normal HRR; †p<0.05 vs. N-CAD abnormal HRR; ‡ p<0.05 vs. CAD normal HRR 

 
 
 
patients without ischemic ST segment changes. 
 
Therapy strategy and follow up results 
 
There were 41 vascular lesions in the 25 CAD patients with 
abnormal HRR and revascularization was indicated on 15 
vascular lesions (stenosis ≥70%) from 7 patients, 11 drug-
eluting stents were implanted in 5 patients, one patient with 
3-vessel diseases received bypass surgery, another patient 
with single vessel disease (70% LAD stenosis) refused stent 
implantation. There were 41 vascular lesions in the 23 CAD 
patients with normal HRR and revascularization was 
indicated on 10 vascular lesions (stenosis ≥70%) from 8 
patients, 8 drug-eluting stents were implanted in 6 patients, 
two patient with single vessel disease (70% LAD stenosis) 
refused stent implantation. All patients received standard 
medication according to 2007 AHA/ACC guidelines for the 

management of patients with chronic stable angina (Fraker et 
al., 2007.   

Two patients lost to follow-up [1 CAD patient (50% LAD 
stenosis with abnormal HRR, 1 CAD patient (70% LAD 
stenosis with normal HRR]. During the 15.6 ± 6.9 months 
follow-up period, 5 CAD patients (4 with abnormal HRR and 
1 with normal HRR) and 1 N-CAD with normal HRR were re-
hospitalized for cardiovascular reasons. 
 
 
DISCUSSION  
 
The major finding of this study is that combined analysis of 
ST change and HRR during and post treadmill exercise test 
increases the CAD diagnosis specificity, therefore, this 
strategy is helpful to exclude CAD diagnosis in patients with 
suspected CAD in the daily practice.  
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Table 5. Clinical characteristics of N-CAD and CAD patients with normal ST and ischemic ST changes 
 

 
N-CAD 

normal ST              ischemic ST 
(n=31)                    (n=26) 

CAD 

normal ST            ischemic ST 
(n=14)                  (n=34) 

Age (yr) 52.74±8.94 55.65±6.38 55.36±6.77 60.00±7.02* 
Male gender (%) 17/31(54.8%) 4/26(15.4%)* 6/14(42.9%) 26/34(75.5%)† 
BMI (kg/m2) 25.48±3.36 24.07±3.26 23.79±3.05 23.98±3.60 
Smoker (%) 13/31(41.9%) 4/26(15.4%)* 5/14(35.7%) 16/34(47.1%)† 
Hypertension (%) 16/31(51.6%) 15/26(57.7%) 7/14(50.0%) 24/34(70.6%) 
Hyperlipidemia (%) 14/31(45.2%) 9/26(34.6%) 4/14(28.6%) 12/34(35.3%) 
Diabetes (%) 6/31(19.4%) 1/26(3.8%) 1/14(7.1%) 5/34(14.7%) 
Creatinine (uM) 71.11±11.89 65.07±12.85 65.68±15.27 80.62±20.11†‡ 
CHOL(mM) 4.90±0.82 4.98±0.93 4.67±0.67 4.84±1.15 
TG (mM) 1.80±0.88 2.33±2.16 1.63±1.70 1.71±1.32 
LDL (mM) 2.97±0.91 2.76±0.88 2.75±0.66 3.05±0.92 
HDL(mM) 1.04±0.27 1.28±0.48 1.21±0.29 1.04±0.27 
Aspirin use (%) 16/31(51.6%) 16/26(61.5%) 12/14(85.7%)* 33/34(97.1%)† 
Statin use (%) 22/31(71.0%) 17/26(65.4%) 13/14(92.9%) 32/34(94.1%)† 
Beta-blockers use 15/31(48.4%) 10/26(38.5%) 8/14(57.1%) 21/34(61.8%) 
ACEI use 4/31(12.9%) 6/26(23.1%) 5/14(35.7%) 6/34(17.6%) 
ARBs use 11/31(35.5%) 6/26(23.1%) 0/14(00.0%)* 7/34(20.6%) 
CCB use 14/31(45.2%) 11/26(42.3%) 5/14(35.7%) 14/34(41.2%) 
Diuretics use 3/31(9.7%) 3/26(11.5%) 1/14(7.1%) 4/34(11.8%) 
Exercise tolerance (Met) 6.90±2.06 6.73±1.66 6.50±1.75*† 7.20±1.89*† 
Peak HR (bpm) 145.84±9.37 143.50±7.2 142.93±7.18 139.12±9.23*‡ 
Ejection fraction (%) 0.63±0.05 0.58±0.08 0.64±0.05 0.61±0.05 

 

BMI：body mass index; CHOL: cholesterol; TG: triglyceride; LDL: low density lipoprotein; HDL: high density lipoprotein; 
ACEI: angiotensin-converting enzyme inhibitors; ARBs:  angiotensin receptor blockers; Bpm: beats per minute; Mets: 
metabolic equivalents (1MET=3.5ml/kg per minute of oxygen consumption); HR: heart rate. *p<0.05 vs. N-CAD normal 

ST ; †p<0.05 vs. N-CAD ischemic ST; ‡ p<0.05 vs. CAD normal ST. 

 
 
 
Treadmill exercise test is a widely used initial diagnostic 
procedure in patients with suspected CAD by evaluating 
exercise-induced ischemic ST segment changes Gibbons et al. 
(2002). However, this test is related less satisfactory 
sensitivity and specificity for the CAD diagnosis Redwood 
and Epstein (1972). Despite well-defined diagnostic value of 
ischemic ST segment responses during and post exercise 
testing, HRR post exercise testing was only suggestive of 
worse outcome but not for CAD detection in the ACC/AHA 
2002 guideline update for exercise testing Gibbons et al. 
(2002). Our results showed that the specificity, positive 
predictive value and negative predictive value were 
comparable using either ischemic ST segment changes or 
abnormal HRR as diagnostic criteria for CAD, but the 
sensitivity tended to be lower by abnormal HRR compared to 
ischemic ST segment change  (52.1%vs. 70.8%, p=0.059). 
However, with combined analysis of ischemic ST segment 
change and abnormal HRR as diagnostic criteria for CAD, the 
sensitivity is further reduced but specificity is significantly 
increased (52.6% vs. 84.2%, p<0.0001), however, the 
sensitivity for CAD diagnosis was not increased by analyzing 
the two parameters together. Thus, it might be a simple and 
reliable procedure to make a non-CAD diagnosis in patients 
with suspected CAD by analyzing the ischemic ST segment 
and HRR changes obtained from treadmill exercise testing. To 
our best knowledge, that is the first report showing 

combined analysis of ischemic ST changes and HRR 
increased the specificity for CAD diagnosis in patients with 
suspected CAD.  

The study has several limitations. Firstly, the patient cohort 
is too small. Secondly, other modalities to assess the 
autonomous nervous system function like 24 hours heart 
rate variability was not included, so we could not analyze the 
correlation between HRR and auto nervous system activity 
parameters in N-CAD and CAD patients. Future prospective 
studies with large patient cohort are warranted to validate 
the finding from this patient cohort. 
 
Conflict of interest: None. 
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