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Abstract
Background Coronary artery disease (CAD) is known to impact on patients’ physical and mental health. The relationship 
between performance on treadmill exercise tolerance test (ETT) and health-related quality of life (HRQL)has never been 
specifically investigated in the setting of CAD.
Methods Consecutive patients undergoing an ETT with the Bruce protocol during a diagnostic workup for CAD (n = 1,631, 
age 55 ± 12 years) were evaluated. Exercise-related indices were recorded. Detailed information on cardiovascular risk fac-
tors and past medical history were obtained. HRQLwas assessed with the use of the validated 36-Item Short Form Survey 
(SF-36) questionnaire.
Results Increasing age and the presence of cardiovascular risk factors and comorbidities correlated with lower scores on the 
physical and mental health component of SF-36(all P < 0.05). Subjects with arrhythmias during exercise and slow recov-
ery of systolic blood pressure had lower scores on the physical health indices or the Social Role Functioning component 
(P < 0.05). Achieved target heart rate and good exercise tolerance were independently associated with better scores of the 
physical and mental health domains of SF-36 and overall HRQLscores (β = 0.05 for target HR and PCS-36, β = 1.86 and 
β = 1.66 per increasing stage of exercise tolerance and PCS-36 and MCS-36, respectively, P < 0.001 for all associations). 
Ischemic ECG changes were associated with worse scores on Physical Functioning (β = − 3.2, P = 0.02) and Bodily Pain 
(β = − 4.55, P = 0.026).
Conclusion ETT parameters are associated with HRQL indices in patients evaluated for possible CAD. Physical conditioning 
may increase patient well-being and could serve as a complementary target in conjunction with cardiovascular drug therapy.

Keywords Treadmill exercise tolerance test · Coronary heart disease · Quality of life · Physical health · Mental health

Vasiliki Katsi and Georgios Georgiopoulos have contributed 
equally for this study.

 * Georgios Georgiopoulos 
 georgiopoulosgeorgios@gmail.com; 

georgios.georgiopoulos@kcl.ac.uk

1 First Department of Cardiology, Hippocration Hospital, 
Athens, Greece

2 Cardiovascular Imaging Department, School of Biomedical 
Engineering and Imaging Sciences, King’s College 
London, St Thomas Hospital, Westminster Bridge Road, 
London SE1 7EH, UK

3 Department of Clinical Therapeutics, National 
and Kapodistrian University of Athens, Athens, Greece

4 Department of Cardiology, University Hospital Southampton 
NHS Foundation Trust, Southampton, UK

5 1st Department of Psychiatry, Eginition Hospital, Medical 
School National and Kapodistrian University of Athens, 
Athens, Greece

6 Emergency Department, Amalia Fleming’ General Hospital, 
Athens, Greece

7 Institute of Life Sciences, Scuola Superiore Sant’Anna, Pisa, 
Italy

8 Cardiology Division, Fondazione Toscana Gabriele 
Monasterio, Pisa, Italy

http://crossmark.crossref.org/dialog/?doi=10.1007/s11136-021-02844-y&domain=pdf


2542 Quality of Life Research (2021) 30:2541–2550

1 3

Background

Mortality attributed to coronary artery disease (CAD) has 
declined over the last decades in the context of therapeu-
tic advances and more effective primary and secondary 
prevention strategies. Still, CAD remains one of the lead-
ing causes of death in adults in developed countries [1]. 
Importantly, CAD has also a significant adverse impact 
on physical and mental wellbeing. Coronary heart disease 
presents with chest pain and shortness of breath mainly 
on exertion and symptoms can limit exercise capacity. 
Equally, CAD relates to significant anxiety about physi-
cal activity, as patients often fear that exercise may induce 
anginal symptoms or trigger life-threatening cardiac mani-
festations. The reluctance to exercise and the sedentary 
lifestyle can propagate a vicious circle of reduction in 
exercise tolerance and further detrimental effects on dis-
ease progression. Conversely, physical activity has been 
shown to correlate with improved quality of life (QoL) [2, 
3] and to benefit mental health [4].

Health-related QoL (HRQL) measurements are patient-
centred health outcomes that are useful for assessing both 
the impact of disease’s burden and the effectiveness of 
treatment interventions. Several studies have explored 
the negative consequences of CAD on the quality of life 
and mental health of patients [5–7]. Previous research has 
shown that patients with CAD have poorer HRQL than 
healthy controls [8]. Elucidating the factors that impair 
the QoL in CAD is crucial to gain insight into the global 
impact of the disease on patients’ life, and then to iden-
tify possible targets for intervention. To date, the rela-
tion of treadmill exercise tolerance test (ETT) parameters 
with physical and mental health has not been examined. 
Thus, the aim of this study was to evaluate the associa-
tion between physical activity indices of patients with sus-
pected or confirmed CAD and domains of physical and 
mental health. To this purpose, we used a well-character-
ized group of patients who underwent treadmill ETT and 
provided accurate estimates of physical ability.

Methods

Study sample

This cross-sectional study was conducted from January 
2017 to June 2018 in a tertiary hospital setting. A total 
of 1,948 patients with known or suspected CAD [mean 
age 55 ± 12 years, 1270 (65%) males] were consecutively 
enrolled and underwent an ETT. The study was con-
ducted in 1,631 subjects with complete data. The research 
protocol was approved by the local Ethics Committee 

(registration number: 2911-24022021) and all aspects of 
this research project were in compliance with the Declara-
tion of Helsinki. All subjects gave informed consent prior 
to entering the study.

Demographic characteristics and risk factors

Detailed information was obtained for every participant with 
respect to smoking status, body mass index (BMI), hours 
of exercise per week, personal or family history of CAD, 
dyslipidemia, hypertension, diabetes mellitus and periph-
eral arterial disease, according to dedicated ESC (European 
Society of Cardiology) guideline definitions [9–12]. Current 
smokers were defined as those who were smoking at least 
one cigarette per day during the preceding month. Subjects 
with BMI > 30 kg/m2 were classified as obese, those between 
25 and 30 kg/m2as overweight, those between 18.5 and 
25 kg/m2as normal, and those < 18.5 kg/m2asunderweight. 
Family history of ischemic heart disease (IHD) was defined 
as having a first-degree male relative with CAD by age 55, or 
a first-degree female relative by age 65. The history of myo-
cardial infarction was self-reported or according to hospital 
records, irrespective of the history of PCI (percutaneous 
coronary intervention), which was documented separately.

ETT

Participants underwent a treadmill ETT according to the 
standard Bruce protocol as previously described [13]. 
Briefly, we recorded blood pressure (BP) indices, heart rate 
(HR), and estimated work load in METs (metabolic equiva-
lents, 1MET equals 3.5 ml of oxygen uptake per kg of body 
weight per minute) at the end of each of exercise stage, at 
peak exercise, and each minute after the cessation of exer-
cise for a total of 3 min. Exercise capacity was quantified 
in METs and also in terms of total duration of exercise in 
mins. We used an ordinal scale to classify exercise toler-
ance in 6 categories (poor, modest, satisfactory, good, very 
good and excellent) given total exercise duration in mins and 
achieved workload in METs. The outcome of the treadmill 
ETT was adjudicated according to relevant ACC (American 
College of Cardiology)/AHA (American Heart Association) 
guidelines [14]. Target HR was calculated as 220-age (in 
years). HR recovery was defined as the reduction from the 
HR at peak exercise to the HR 2 min after the cessation of 
exercise. Slow HR recovery was defined as a change from 
peak exercise heart rate to heart rate measured 2 min later 
of less than or equal to 12 beats per minute [15].Exercise 
pulse pressure was calculated by the difference of systolic 
blood pressure (SBP) and diastolic blood pressure (DBP) at 
the end of each exercise stage. Delayed systolic blood pres-
sure (SBP) recovery after exercise was defined as a value 
greater than 1 for SBP at 3 min of recovery divided by SBP 
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at 1 min of recovery [16]. Positive (diagnostic) test results 
for CAD were defined using the ACC/AHA guidelines [14]. 
Arrhythmias during ETT were classified as supraventricular 
and ventricular as well as short- and wide-complex tachycar-
dias according to 12-lead ECG appearance.

Assessment of HRQL

HRQL was assessed with the use of a self-administered 
questionnaire, the 36-Item Short Form Survey (SF-36) 
questionnaire (Greek standard version 1.0). The SF-36 is a 
generic measure of health status, which is not age or disease 
specific and consists of eight domains: physical functioning 
(PF); role physical (RP); bodily pain (BP); general health 
perception (GH); vitality (VT); social functioning (SF); role 
emotional (RE); and mental health (MH). Scores of physical 
component summary (PCS-36), mental component summary 
(MCS-36) and the eight domains were calculated from raw 
data, according to SF-36 manual. The domain scores ranged 
from 0 to 100, with higher scores indicating a better health 
status, and were transformed to have a mean of 50 and stand-
ard deviation of 10. Missing values were treated according 
to procedures suggested in the SF-36 manual [17].

Statistical analysis

Continuous variables are presented with mean and standard 
deviation (SD). Quantitative variables are presented with 
absolute and relative frequencies. Kolmogorov- Smirnov 
tests were used to access normality of the variables. Linear 
regression analyses were used to detect independently asso-
ciated factors with HRQL dimensions. A prespecified set of 
confounders was used in regression analyses, including age, 
gender, BMI, cardiovascular risk factors (smoking, hyper-
tension, hypercholesterolemia, family history of ischaemic 
heart disease, diabetes), features of CAD (previous infarc-
tion, previous revascularization) and PAD. Adjusted regres-
sion coefficients (β) with standard errors (SE) were reported 
from the results of the linear regression analyses. Multicol-
linearity was assessed via variance inflation factor (VIF) and 
it was found below 4 in all cases, indicating no presence 
of multicollinearity [18]. All P-values reported are 2-tailed. 
The significance level was set at 0.05. All analyses were 
conducted with the SPSS statistical package (Version 22.0).

Results

Patient characteristics (n = 1,631) are presented in Table 1. 
The treadmill ETT was positive in 9.3% of the participants, 
while a slow recovery of HR and SBP was found in 32.6% 
and 57.2% of the participants, respectively. Table 2 shows 
the mean values of the SF-36 dimensions in the study 

Table 1  Patient characteristics (n = 1,631)

SD standard deviation, BMI body mass index, IHD ischemic heart 
disease, CABG coronary artery bypass graft, PCI percutaneous coro-
nary intervention, CAD coronary artery disease, max maximum, HR 
heart rate, SBP systolic blood pressure

N (%)

Age, mean (SD) 54.7 (12.3)
Sex
 Male 1270 (65.2)
 Female 678 (34.8)
 BMI (kg/m2), mean (SD) 27.3 (4.3)

BMI category
 Underweight 14 (0.7)
 Normal 576 (29.6)
 Overweight 904 (46.4)
 Obese 454 (23.3)

Current smoker 742 (38.8)
Missing 35
Hypertension 811 (41.6)
Hypercholesterolemia 968 (49.7)
Family history of IHD 323 (16.6)
Diabetes 367 (19.3)
Missing 46
Myocardial infarction 87 (4.5)
Previous CABG 28 (1.4)
Previous PCI 124 (6.4)
Peripheral arterial disease 11 (0.6)
Known CAD 163 (8.4)
Exercise Duration, mean (SD)(mins) 8.6 (2.3)
MaxHR, mean (SD) (bpm) 157.6 (18.8)
Arrhythmias 141 (7.2)
Exercise tolerance
 Poor 97 (5.0)
 Modest 285 (14.6)
 Satisfactory 458 (23.5)
 Good 870 (44.7)
 Very good 185 (9.5)
 Excellent 53 (2.7)

Test result
 Non-diagnostic 104 (5.3)
 Negative 1644 (84.4)
 Ambiguous 18 (0.9)
 Positive 182 (9.3)

HR recovery
 Normal 1087 (55.8)
 Slow 636 (32.6)
 Good 225 (11.6)

Missing 202
SBP Recovery
 Normal 394 (20.2)
 Slow 1114 (57.2)
 Good 438 (22.5)

Missing 202
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population. The scales with the best and the poorest score 
values were the Physical Functioning and the Summary 
Mental Health Scale, respectively.

Multiple linear regression analyses for dimensions of 
SF-36 related to physical health (Table 3) showed that 
increasing age was associated with worse physical func-
tioning, a greater perception of pain, and a worse global 
health status. Furthermore, participants with normal BMI 
had a lower perception of pain than obese individuals. Cur-
rent smokers reported more pain, and subjects with hyper-
cholesterolemia, previous CABG (coronary artery bypass 
surgery), peripheral arterial disease or diabetes had a worse 
general health status. As for ETT metrics, a longer exer-
cise duration was associated with greater physical function-
ing (β = 0.64 per minute increase, P = 0.005), and achieved 

Table 2  Mean values of the SF-36 dimensions among study partici-
pants (n = 1,631)

Mean SD

Physical Functioning 83.5 17.3
Physical Role Functioning 73.4 31.7
Bodily Pain 75.8 25.8
General Health Perceptions 68.1 18.6
Vitality 58.6 18.6
Social Role Functioning 70.2 26.0
Emotional Role Functioning 69.7 34.7
Mental Health 61.6 19.0
Summary Physical Health Scale 51.0 7.8
Summary Mental Health Scale 43.5 10.7

Table 3  Multiple linear regression analyses for dimensions of SF-36 related to physical health

Bold typed cells indicate P values < 0.05
* regression coefficient (Standard Error). Patients: n = 1,631
β regression coefficients, SE standard error, BMI body mass index, IHD ischemic heart disease, CABG coronary artery bypass graft, PCI percu-
taneous coronary intervention, PAD peripheral arterial disease, CAD coronary artery disease, HR heart rate, SBP systolic blood pressure
+ Exercise tolerance was classified as poor, modest, satisfactory, good, very good and excellent

Physical Functioning Physical Role Functioning Bodily Pain General Health Percep-
tions

*β (SE) P β (SE) P β (SE) P β (SE) P

Age(per year) − 0.13 (0.04) 0.002 − 0.29 (0.08)  < 0.001 − 0.18 (0.06) 0.003 − 0.13 (0.05) 0.006
Sex
 Male (reference)
 Female 1.79 (2.44) 0.464 0.82 (4.46) 0.855 − 5.49 (3.53) 0.120 − 3.69 (3.33) 0.267

BMI category
 Obese (reference)
 Underweight/Normal 0.37 (1.11) 0.739 1.67 (2.13) 0.433 4.93 (1.68) 0.003 0.44 (1.26) 0.728
 Overweight 2.18 (1.01) 0.031 1.22 (1.92) 0.525 1.07 (1.51) 0.479 1.52 (1.13) 0.180

Current smoker − 1.49 (1.08) 0.170 − 2.47 (2.01) 0.218 − 3.59 (1.56) 0.022 − 0.57 (1.18) 0.628
Hypertension 0.72 (0.87) 0.407 1.96 (1.66) 0.238 0.53 (1.31) 0.684 − 0.92 (0.99) 0.348
Hypercholesterolemia − 0.01 (0.84) 0.994 0.12 (1.60) 0.942 − 0.39 (1.26) 0.759 − 2.15 (0.95) 0.023
Family history of IHD 0.35 (1.04) 0.739 0.24 (2.02) 0.906 0.89 (1.59) 0.577 − 0.02 (1.18) 0.984
Diabetes − 2.82 (1.60) 0.078 − 1.62 (2.86) 0.572 0.31 (2.22) 0.888 − 7.54 (1.72)  < 0.001
Myocardial Infarction 1.81 (2.66) 0.497 3.89 (5.23) 0.458 7.29 (4.02) 0.070 5.39 (3.05) 0.077
Previous CABG − 0.28 (4.03) 0.945 − 13.70 (7.67) 0.074 − 0.38 (6.26) 0.952 − 9.43 (4.77) 0.048
Previous PCI − 0.12 (3.03) 0.967 4.56 (5.94) 0.443 − 1.96 (4.68) 0.676 − 0.02 (3.48) 0.995
PAD − 10.79 (7.23) 0.135 3.50 (9.55) 0.714 4.48 (8.10) 0.580 − 16.95 (6.12) 0.006
Known CAD − 0.95 (2.82) 0.737 − 4.18 (5.50) 0.447 4.94 (4.35) 0.257 − 3.54 (3.23) 0.274
Exercise Duration (per min) 0.64 (0.23) 0.005 0.10 (0.43) 0.823 0.27 (0.35) 0.446 − 0.12 (0.26) 0.635
Ability to achieve target HR 0.15 (0.02)  < 0.001 0.13 (0.05) 0.004 0.10 (0.04) 0.006 0.10 (0.03)  < 0.001
Arrhythmias − 0.83 (1.47) 0.573 2.06 (2.79) 0.460 − 4.83 (2.22) 0.030 0.32 (1.67) 0.848
Exercise tolerance (per 

improved category)+
4.70 (0.53)  < 0.001 5.29 (1.01)  < 0.001 4.32 (0.80)  < 0.001 3.21 (0.59)  < 0.001

Positive (diagnostic) result − 3.20 (1.38) 0.020 − 0.85 (2.59) 0.743 − 4.55 (2.04) 0.026 0.01 (1.55) 0.998
Slow recovery of HR 0.36 (0.85) 0.672 2.08 (1.61) 0.196 0.77 (1.27) 0.543 0.01 (0.95) 0.999
Slow recovery of SBP 0.73 (0.88) 0.407 -1.20 (1.57) 0.448 − 2.52 (1.26) 0.046 − 0.84 (0.94) 0.372
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target HR (β = 0.15, P < 0.001 for physical functioning) and 
good exercise tolerance (β = 4.32 per increasing stage of 
exercise tolerance, P < 0.001 for bodily pain) were found to 
be associated with better scores on all dimensions related 
to physical health (Fig. 1a). Subjects with arrhythmias and 

those with slow recovery of SBP reported more body pain. 
Finally, ischaemic changes on the ECG were associated with 
worse physical functioning (β = − 3.2, P = 0.02) and more 
body pain (β = − 4.55, P = 0.026), while we did not find a 
significant association between positive ETT for CAD with 

Fig. 1  Physical (i.e. bodily 
pain) a and mental health b 
dimensions of quality of life 
are related to exercise tolerance 
in 1,631 subjects undergoing 
treadmill ETT. Coefficients 
and P-values are derived from 
multiple linear regression 
analysis after adjustment for 
major demographic characteris-
tics, cardiovascular risk factors, 
presence of CAD and previous 
revascularization and PAD. 
β regression coefficient, ETT 
exercise tolerance test, CAD 
coronary artery disease, PAD 
peripheral arterial disease
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exercise capacity (P = 0.179). All univariate associations 
between markers of exercise and indices of QoL were simi-
lar to multivariable associations. This minimised the risk of 
residual multi-collinearity or bias due to missing data for 
certain outcomes or exposure variables.

More advanced age was associated with lower scores 
on all mental health scales (Table 4). Current smokers had 
worse scores on Vitality, Emotional Role Functioning and 
Mental Health. Additionally, achieved target HR (β = 0.07, 
P = 0.015 for mental health) and exercise tolerance (β = 2.69 
per increasing stage of exercise tolerance, P < 0.001 for men-
tal health) were found to be associated with better scores on 
all mental health dimensions (Fig. 1b), while subjects with a 
slow recovery of SBP had lower scores of social functioning 
(β = -2.62 per 1-unit increase in SBP at 3 min of recovery 
divided by SBP at 1 min post peak, P = 0.042).

Current smokers had lower scores of a mental component 
summary (MCS-36) scale, and subjects with diabetes had 
lower scores of a physical component summary (PCS-36) 
scale (Table 5).

With respect to potential differences in QoL indices 
between subjects with and without CAD, we tested a dedicated 
factor variable (i.e. presence of CAD as compared to absence 
of CAD) in all relevant regression models (Tables 3–5). Still, 
no significant associations with HRQoL were found.

Discussion

To our knowledge, this is the first study to demonstrate that 
treadmill exercise stress test parameters are associated with 
QoL indices. In brief, we found that specific risk factors for 

Table 4  Multiple linear regression analyses for dimensions of SF-36 related to mental health

Bold typed cells indicate P values < 0.05
* regression coefficient (Standard Error). Patients: n = 1,631
β regression coefficients, SE standard error, BMI body mass index, IHD ischaemic heart disease, CABG coronary artery bypass graft, PCI percu-
taneous coronary intervention, PAD peripheral arterial disease, CAD coronary artery disease, HR heart rate, SBP systolic blood pressure
+ Exercise tolerance was classified as poor, modest, satisfactory, good, very good and excellent

Vitality Social Role Function-
ing

Emotional Role Func-
tioning

Mental Health

*β (SE) P β (SE) P β (SE) P β (SE) P

Age (per year) − 0.40 (0.05)  < 0.001 − 0.23 (0.06)  < 0.001 − 0.50 (0.09)  < 0.001 − 0.24 (0.05)  < 0.001
Sex
 Male (reference)
 Female 1.68 (3.26) 0.607 − 1.71 (4.57) 0.708 − 2.69 (5.92) 0.649 − 1.31 (3.34) 0.695

BMI category
 Obese (reference)
 Underweight/Normal − 1.55 (1.23) 0.209 − 3.03 (1.67) 0.068 − 3.68 (2.24) 0.101 − 1.68 (1.23) 0.174
 Overweight 0.25 (1.10) 0.822 − 1.35 (1.55) 0.384 − 1.35 (2.10) 0.521 − 0.13 (1.15) 0.910
 Current smoker − 4.63 (1.13)  < 0.001 − 2.43 (1.63) 0.136 − 7.41 (2.21) 0.001 − 5.32 (1.19)  < 0.001

Hypertension 0.13 (0.96) 0.889 − 0.83 (1.34) 0.537 − 0.66 (1.81) 0.716 0.39 (1.00) 0.699
Hypercholesterolemia 0.59 (0.92) 0.520 0.47 (1.29) 0.716 1.43 (1.74) 0.413 0.04 (0.96) 0.966
Family history of IHD 0.67 (1.16) 0.562 0.92 (1.63) 0.573 − 1.35 (2.21) 0.542 − 1.27 (1.21) 0.297
Diabetes 1.00 (1.64) 0.543 − 1.22 (2.33) 0.603 − 2.88 (3.12) 0.356 0.79 (1.71) 0.646
Myocardial Infarction 0.65 (3.00) 0.829 6.29 (4.15) 0.130 − 2.16 (5.76) 0.708 0.75 (3.12) 0.809
Previous CABG 0.43 (4.65) 0.926 − 5.65 (6.51) 0.386 − 3.02 (8.66) 0.727 − 4.85 (4.95) 0.327
Previous PCI 0.64 (3.49) 0.855 − 2.20 (4.79) 0.646 9.93 (6.61) 0.133 1.96 (3.62) 0.589
PAD 3.30 (5.81) 0.569 − 0.84 (8.24) 0.918 − 3.65 (11.5) 0.751 − 0.70 (6.32) 0.912
Known CAD − 2.95 (3.26) 0.366 − 1.83 (4.43) 0.679 − 1.62 (6.21) 0.794 − 2.69 (3.39) 0.427
Exercise Duration (per min) − 0.16 (0.25) 0.517 − 0.09 (0.35) 0.803 − 0.52 (0.47) 0.271 0.01 (0.26) 0.965
Ability to achieve target HR 0.06 (0.03) 0.033 0.13 (0.04) 0.001 0.14 (0.05) 0.006 0.07 (0.03) 0.015
Arrhythmias − 0.94 (1.64) 0.565 − 3.19 (2.27) 0.160 3.14 (3.06) 0.304 − 2.09 (1.68) 0.214
Exercise tolerance(per improved category)+ 3.79 (0.58)  < 0.001 4.40 (0.82)  < 0.001 6.14 (1.11)  < 0.001 2.69 (0.61)  < 0.001
Positive result (indicative of ischaemia) 2.59 (1.52) 0.089 3.22 (2.10) 0.125 0.54 (2.85) 0.851 0.90 (1.60) 0.573
Slow recovery of HR 0.42 (0.93) 0.649 1.80 (1.30) 0.167 1.14 (1.76) 0.517 − 1.13 (0.97) 0.248
Slow recovery of SBP 0.64 (0.92) 0.488 − 2.62 (1.29) 0.042 − 2.65 (1.73) 0.126 − 0.23 (0.95) 0.805
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CAD (advanced age, obesity, hypercholesterolaemia, smok-
ing, diabetes) and treadmill ETT parameters (inability to 
achieve the target HR, poor exercise tolerance, decreased 
exercise duration, positive stress test result, slow recovery 
of SBP, arrhythmias) are negatively associated with patients’ 
QoL and mental health. Among treadmill ETT parameters, 
the inability to achieve the target heart rate and the decreased 
exercise tolerance were the most significant ones, as they 
were found to be negatively associated with all 8 compo-
nents of the HRQL indices.

Age is the strongest factor related to the development of 
CAD, as well as mortality, once coronary atherosclerosis 
manifests [19]. Age has been previously shown to influence 
adversely HRQL in patients with CAD [6]. There is, how-
ever, one study by Bosworth et al. [20], which produced 
slightly different results using the SF-36 questionnaire in 

patients with CAD. The researchers reported that while 
increased age was associated with decreased physical func-
tion and physical role function as expected, it was also asso-
ciated with increased emotional role function, mental health 
and vitality. In our study, advanced age was found to have 
a significant negative impact on all eight domains assessed 
with the SF-36 questionnaire, addressing both physical and 
mental health.

Contrary to other studies [20–25], we did not identify 
a significant effect of gender on quality of life. However, 
smoking was shown to have a significant negative impact 
on bodily pain and three aspects of mental health (vital-
ity, emotional role functioning and overall mental health). 
This is in keeping with previous evidence which suggests 
that smoking is associated with poor physical and mental 
health in patients with CAD. In a study by Stafford et al. 

Table 5  Multiple linear 
regression analyses for PCS-36 
and MCS-36

Bold typed cells indicate P values < 0.05
* regression coefficient (Standard Error). Patients: n = 1,631
PCS-36 physical component summary of SF-36, MCS-36 mental component summary of SF-36, β regres-
sion coefficients, SE standard errors, BMI body mass index, IHD ischaemic heart disease, CABG coronary 
artery bypass graft, PCI percutaneous coronary intervention, PAD peripheral arterial disease, CAD coro-
nary artery disease, HR heart rate, SBP systolic blood pressure
Exercise tolerance was classified as poor, modest, satisfactory, good, very good and excellent

PCS-36 MCS-36

*β (SE) P β (SE) P

Age (per year) − 0.04 (0.02) 0.047 − 0.17 (0.03)  < 0.001
Sex
 Males (reference)
 Females 1.83 (1.47) 0.212 − 0.34 (2.01) 0.868

BMI category
 Obese (reference)
 Underweight/Normal 0.13 (0.55) 0.811 − 1.49 (0.75) 0.067
 Overweight 0.82 (0.5) 0.100 − 0.36 (0.71) 0.607

Current smoker − 0.03 (0.52) 0.961 − 2.46 (0.73) 0.001
Hypertension 0.63 (0.43) 0.147 − 0.67 (0.62) 0.273
High cholesterol − 0.51 (0.41) 0.218 0.19 (0.59) 0.747
Family history 0.5 (0.51) 0.326 − 0.33 (0.73) 0.655
Diabetes − 1.82 (0.78) 0.021 0.54 (1.07) 0.615
Infraction 2.44 (1.37) 0.075 0.86 (1.95) 0.659
Previous CABG − 3.35 (2.2) 0.128 − 2.98 (3.12) 0.339
Previous PCI 0.11 (1.54) 0.941 1.7 (2.18) 0.438
PAD − 5.34 (4.32) 0.217 − 1.81 (6.13) 0.768
Known CAD − 0.5 (1.49) 0.739 − 1.7 (2.11) 0.422
Exercise Duration (per min) 0.17 (0.11) 0.124 − 0.14 (0.15) 0.372
Ability to achieve target HR 0.05 (0.01)  < 0.001 0.02 (0.02) 0.319
Arrhythmias 0.61 (0.72) 0.398 − 0.9 (1.02) 0.379
Exercise tolerance(per improved category) 1.86 (0.25)  < 0.001 1.66 (0.36)  < 0.001
Positive result (indicative of ischaemia) − 1.02 (0.7) 0.146 − 0.29 (0.99) 0.772
HR slow recovery 0.68 (0.42) 0.107 − 0.08 (0.6) 0.897
SBP slow recovery − 0.88 (0.42) 0.035 − 0.34 (0.58) 0.550
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[26], exposure to smoking at the time of the index cardiac 
event was found to be independently associated with an 
increased risk of major depressive disorder, minor depres-
sion or dysthymia.

Furthermore, hyperlipidaemia, diabetes and previous 
CABG had a negative impact on general health percep-
tions (part of physical health indices) in our study, but they 
did not seem to affect any of the mental health outcomes. 
The impact of hyperlipidaemia on quality of life has been 
assessed in the past, and the results have been conflicting. 
Farhat et al. reported that patients with hyperlipidaemia have 
lower quality of life when compared to controls [27],while 
Lalonde et al. [28] found that patients with hyperlipidaemia 
reported better physical health compared to those with nor-
mal lipid profile. HRQL has also been assessed extensively 
in patients with familial hypercholesterolaemia (FH). Some 
studies showed that FH has a negative impact on quality of 
life [29, 30], while others suggested that it does not affect 
it to a significant extent [31]. One study demonstrated that 
quality of life is affected only in FH patients who do not 
reach treatment targets [32], possibly offering an explana-
tion for the conflicting results in literature. Evidence is more 
homogeneous for the deterioration of life quality in diabetes 
[33]. Accordingly, in our patients, diabetes had a significant 
negative impact on general health perceptions but not on the 
rest of the SF-36 categories.

Coronary revascularisation is linked with improvement 
in quality of life [34–38]. Of note, one study [39] that com-
pared HRQL following revascularisation with either PCI 
or CABG, established a significant difference in favour of 
CABG when compared to the patients who had PCI, which 
arose from the better physical function in the former. Still, 
our results demonstrated negative association between 
CABG and general health perceptions category, while no 
significant association between PCI and any of the SF-36 
outcomes was detected.

Importantly, our study provides initial evidence on tread-
mill stress test parameters which correlate with mental and 
physical health. Good exercise duration, achieved target HR, 
good exercise tolerance, diagnostic (positive) result for CAD 
and slow recovery of SBP were associated with quality out-
comes. Among these parameters, the exercise tolerance and 
the achieved target HR stand out, as they appear to influence 
all eight SF-36 outcomes. To our knowledge, the correlation 
between treadmill stress test parameters and quality of life 
has not been examined before.

Achieving the target HR is challenging and suggests 
robust physical condition. Good exercise tolerance depends 
on similar factors and reflects optimal functional status. 
Based on the fact that good exercise capacity is known to be 
associated with improved quality of life [2, 3] and to benefit 
mental health [4], we expected these parameters to influence 
SF-36 positively. Interestingly, adequate exercise duration 

was only associated with better physical functioning, but not 
with any of the rest of physical or mental health outcomes.

These results corroborate previous studies which have 
demonstrated that cardiac rehabilitation can improve func-
tional capacity, physical activity levels and quality of life 
after acute coronary syndromes [40–42]. Regular aero-
bic exercise is known to prevent cardiovascular disease. 
Once CAD has developed, exercise appears to attenuate 
disease progression, improve event-free survival [43, 44], 
and increase the threshold of angina-free activity levels. 
At the level of the endothelium, exercise induces higher 
expression and phosphorylation of the endothelial iso-
form of NO (nitric oxide) synthase, hence increasing the 
vascular production of NO. This decreases the generation 
of reactive oxygen species (free radicals), potentiates the 
CPC (circulating progenitor cells)-mediated rejuvenation 
of the endothelium and formation of new vessels, and 
enhances the myocardial expression of vascular growth 
factors which induce remodelling of capillaries and arte-
rioles [45–47]. As a result, regular aerobic exercise has 
been shown to improve arterial stiffness, and its effects 
seem to be more significant in patients with greater arterial 
stiffness at baseline [48]. This is translated in prognostic 
benefit, as cardiac rehabilitation in patients with estab-
lished coronary heart disease is associated with reduced 
all-cause mortality and cardiac mortality, and this effect 
on all-cause mortality seems to be independent of coro-
nary heart disease diagnosis, type and dose of rehabilita-
tion, or length of follow-up [43]. At the same time, cardiac 
rehabilitation has been shown to be cost-effective for this 
patient population [49].

The main strength of this study is the thorough investiga-
tion of the association of clinically relevant treadmill exer-
cise test parameters with a validated questionnaire of assess-
ment of physical as well as mental health. In addition, the 
large sample size provided adequate power to capture sig-
nificant relationships when present. On the other hand, sev-
eral limitations must be acknowledged. The cross-sectional 
design of the study did not allow to establish cause-effects 
relationships. Face-to-face interviews and self-reporting may 
introduce observer’s bias, as the subjects may opt to give 
socially desirable answers. Furthermore, exercise tolerance 
was evaluated in a semi-quantitative scale with arbitrary 
cut-offs. Finally, while we focussed on ETT-related vari-
ables, several psychological and social variables could have 
been usefully taken into account as independent variables 
to explain HRQL.

In conclusion, our study provides for the first-time valu-
able insights into the relationship between treadmill exer-
cise test parameters and health-related quality of life, both 
physical and mental, in patients with CAD. It also helps to 
re-appraise the role of physical conditioning with respect to 
wellbeing in this population. Further research is warranted to 
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highlight specific aspects of physical performance in terms 
of exercise tolerance or adaptation that could serve as tar-
gets of pharmacotherapy or non-drug related treatment in 
patients with CAD.
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