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Abstract

Background and aim: The aim of this study was to assess the effect of different models of the second stage of cardiac reha-
bilitation on heart rate recovery (HRR). We also evaluated the effect of selected cardiovascular risk factors on HRR.

Methods: The study included 103 patients (80 men and 23 women) aged 60.9 = 10.7 years with a recent acute coronary
syndrome undergoing the second stage of a comprehensive cardiac rehabilitation. An exercise test (ExT) was performed before
and after rehabilitation.

Results: HRR improved significantly only in women (26.5 bpm in EXT before rehabilitation vs. 32.8 bpm in ExT after reha-
bilitation, p < 0.05). The highest HRR was obtained in the subgroup rehabilitated according to the model A, and the lowest
in subgroup C (31 vs. 22.1 bpm, p < 0.05). The highest increase in HRR was observed in the most seriously ill patients in

subgroup C (18 bpm before rehabilitation vs. 22.1 bpm after rehabilitation).

Conclusions: The most significant improvement in HRR was observed in the most seriously ill patients.
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INTRODUCTION

Research on cardiac rehabilitation performed in the last two
decades resulted in introduction of new, safe rehabilitation
methods and showed additional benefits of exercise training,
including the effect of rehabilitation on gene expression [1].

One of increasingly used forms of cardiac rehabilitation
is strength training. It was introduced into standards of com-
prehensive cardiac rehabilitation (CCR) many years ago, but
studies of the recent years proved it was safe also in patients
with average exercise tolerance = 5 metabolic equivalents of
task (MET). Resistance training should be performed according
to the established recommendations which include patient
selection and safety measures [2]. An example of new form
of rehabilitation in patients with cardiovascular (CV) disease is
isokinetic training. With workload adjusted to the perceived
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exertion, it is a safe (lower trauma risk, precise exercise dos-
ing) and effective rehabilitation method [3].

Cardiac rehabilitation benefits from development of
new forms of training and optimalisation of exercise load
in various conditions. It is also important, however, that
rehabilitation result in most optimal patient outcomes when
performed according to the currently established rules. One
of the parameters that may be used to evaluate efficacy of
rehabilitation is heart rate recovery (HRR), defined as the
difference between the maximum heart rate during exercise
and the heart rate at 1 min after termination of exercise. HRR
< 12 bpm has been considered abnormal by most authors
[4]. Reduced HRR may indicate parasympathetic nervous
system dysfunction [5]. Studies on the effect of rehabilitation
on this variable showed an increase in HRR in patients with
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heart failure, previous myocardial infarction, or coronary
artery disease undergoing CCR [6—8]. Most authors consider
post-exercise HRR an indicator of effective CCR [9-11]. Not
all agree, however, whether this parameter may be used to
evaluate effects of rehabilitation [12].

The aim of the study was to evaluate effect of various
models of cardiac rehabilitation (A, B, and C) on HRR.
A secondary goal was to evaluate the effect of selected CV
risk factors on HRR.

METHODS
The study was performed in a group of 103 patients admit-
ted due to an acute coronary syndrome (ACS) and referred
for stage Il cardiac rehabilitation. Required sample size as
estimated by a statistician was 100. Detailed information
regarding demographic data, laboratory test results and
medical history are shown in Tables 1-3. All patients were
in sinus rhythm and free of arrhythmia. Before and after
rehabilitation, a submaximal stress test was performed on
a Marquette Electronics treadmill according to the modified
Bruce protocol. HRR was measured after the exercise test
in standing position. The delay from the ACS to an initial
exercise test ranged from 1 to 3 weeks. Based on the results
of the initial exercise test and estimated risk of CV complica-
tions, patients were referred for various models of cardiac

Table 1. Study sample size (overall and in subgroups for both
genders)

No. of patients Women
Overall N =103 23 (22%) 80 (78%)
Subgroup A N =39 6 (15%) 33 (85%)
Subgroup B N =54 13 (24%) 41 (76%)
Subgroup C N =10 4 (40%) 6 (60%)

Numbers (percentages) of patients are given.

rehabilitation (A, B or C). Depending on the rehabilitation
model, patients exercised in a gym and a swimming pool
(subgroups A and B) and on a cycloergometre (subgroups A, B,
and C). Patients rehabilitated using the model A exercised at
40 Watts, those rehabilitated using the model B exercised at
30 Watts, and those rehabilitated using the model C exer-
cised at 20 Watts. The rehabilitation program consisted of
24 sessions of interval training. Each training session lasted
for 36 min and included 6-min cycles (4 min of exercise
with load, 2 min of exercise without load). Rehabilitation
in a gym included a 10-min warm-up, 30-min training, and
10-min cool-down. The warm-up period included dynamic
exercises of small and moderate muscle groups. The actual
training included dynamic exercises of large muscle groups,
respiratory exercises, and exercises against a small resistance.
The cool-down period included respiratory exercises and au-
togenic training according to Schultz. Training in a swimming
pool consisted of a 5-min warm-up including active exercises
of small muscle groups, an actual 20-min training including
dynamic exercises of large muscle groups, both active and
against a resistance (using water exercise equipment), and
a 5-min cool-down period (free swimming).

Exercise intensity during rehabilitation was guided by
estimated target training heart rate (calculated as resting heart
rate + 40-80% of heart rate reserve). Patients rehabilitated
in a gym and in swimming pool had blood pressure and
heart rate measured before and after the training. During
exercise, patients estimated perceived exertion using the Borg
scale. Before initiation of the rehabilitation program, patients
received instructions regarding target perceived exercise
intensity (11-14 points in the Borg scale). Rehabilitation was
performed according to the CCR recommendations described
in a statement by the Committee to Develop Cardiac Reha-
bilitation Standards of the Polish Cardiac Society [13]. Upon
completion of the cardiac rehabilitation program, a repeated
exercise test was performed.

Table 2. Demographic and laboratory characteristics of the study group (overall and in subgroups A, B, C)

Minimum

Variable

Age [years] 57.6 61 73 36 35
Body mass [kg] 81.6 84.1 80.3 47 60
Height [cm] 1712 1718  169.4 148 15
BMI [kg/m?] 27.8 284 28 20.3 20.1
TC [mg/dL] 173.5 171.5 156.8 87 105
TG [mg/dL] 122.4 126.8 109.2 35 38
HDL-C [mg/dL] 40.7 45.8 46.9 12 22
LDL-C [mg/dL] 108.2 100.5 90 39 10

Maximum Median
B
65 78 80 85 56 59.5 72.5
61 109 125 115 83 84 78
152 183 186 183 175 172.5 172
24.4 39.5 41.5 39.8 28 27.6 27.1
115 274 254 207 168 169.5 156
67 333 277 173 114 114.5 107
29 80 121 1M1 38 47 39
42 204 184 149 112 100 95

BMI — body mass index; HDL-C — high density lipoprotein cholesterol; LDL-C — low density lipoprotein cholesterol; TC — total cholesterol;

TG — triglycerides
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Table 3. Clinical characteristics (medical history data) of the
study group (overall and in subgroups A, B, C)

Variable

Subgroup

B

ST elevation Ml 2(56.4%) 31 (57.5%) 5 (50%)
(currently)

Non-ST elevation MI 16 (41%) 20 (37%) 4 (40%)
(currently)

Unstable angina 1 (2.6%) 3(5.5%) 1 (10%)
(currently)

History of Ml 5(12.8%) 19 (35.2%) 3 (30%)
History of UA 4(10.2%) 1(1.8%) 0 (0%)
PCl (currently) 33(84.6%) 37 (68.5%) 7 (70%)
CABG (currently) 0 (0%) 1(1.8%) 0 (0%)
Fibrinolysis (currently) 0 (0%) 0 (0%) 0 (0%)
History of PCI 4(10.2%) 16 (29.6%) 1 (10%)
History of CABG 2 (5.1%) 5(9.2%) 3 (30%)
History of fibrinolysis 0 (0%) 1(1.8%) 1 (10%)
Obesity/overweight 29(74.3%)  38(70.4%) 9 (90%)
Hypertension 25(64.1%) 40 (74.1%) 6 (60%)
Diabetes 7 (17.9%) 15 (27.8%) 3 (30%)
Smoking 13(33.3%) 16 (29 6%) 0 (0%)
Any dyslipidaemia 33 (84.6%) 5(83.3%) 7 (70%)
Elevated TC 16 (41%) 4 (44.4%) 3 (30%)
(> 175 mg/dL)

Elevated LDL-C 23 (59%) 26 (48.1%) 4 (40%)
(> 100 mg/dL)

Elevated TG 9(23.1%) 4(25.9%) 1 (10%)
(> 150 mg/dL)

Decreased HDL-C 22 (56.4%) 24 (44.4%) 6 (60%)
(men < 40 mg/dL.

women < 50 mg/dL)

Numbers (percentages) of patients are given. CABG — coronary
artery bypass grafting; HDL — high density lipoprotein cholesterol;
LDL-C — low density lipoprotein cholesterol; Ml — myocardial
infarction; PCl — percutaneous coronary intervention; TC — total
cholesterol; TG — triglycerides; UA — unstable angina

Statistical analysis

We analysed data from medical histories and parameters
from both exercise tests. Due to non-normal distribution
of the evaluated variables, non-parametric tests were used
to evaluate differences between groups and relations be-
tween variables. Differences in numeric and ordinal param-
eters between groups were tested using the non-parametric
Mann-Whitney U test. To evaluate significance of time-related
changes of a given numeric parameter in various groups (i.e.,
after training vs. before training), the non-parametric Wilcoxon
signed-rank test was used. Calculations were performed using
a Statistica package (version 10 PL) licensed to the Medical
University of Warsaw.

RESULTS

In the exercise test performed after cardiac rehabilita-
tion, HRR was significantly higher in women than in men
(32.8 vs. 27 bpm, p < 0.05), while the opposite was true
in the exercise test performed before cardiac rehabilitation
(26.5 vs. 28 bpm), although the latter difference was not
significant. In the exercise test performed after cardiac reha-
bilitation, HRR decreased in men and increased in women
compared to the exercise test performed before cardiac
rehabilitation. Detailed results are shown in Table 4.

Both before and after cardiac rehabilitation, HRR was
highest in subgroup A and lowest in subgroup C, but the differ-
ence between these subgroups was much smaller after cardiac
rehabilitation compared to before cardiac rehabilitation. Sig-
nificant differences were shown between all subgroups before
cardiac rehabilitation and between subgroups A and C after
cardiac rehabilitation. Detailed results are shown in Table 5.

In the exercise test before cardiac rehabilitation, a desir-
able HRR (> 12 bpm) was noted in more than 90% of patients
in subgroups A and B and in a much smaller proportion of
patients in subgroup C. In the exercise test after cardiac
rehabilitation, an insignificant improvement was noted in
all subgroups but it was smaller among men in subgroup C
compared to the other subgroups. In all subgroup, this im-
provement was higher in women than in men. Detailed results
are shown in Table 6.

Table 4. Comparison of heart rate reserve (HRR) during exercise test before (ExT before) and after (ExT after) cardiac rehabilitation

in the overall study group and in both genders

Variable

Overall study group

Men

Overall
ExT ExT
after

28.3

before

HRR 27.6 +0.7 NS

ExT
before
26.5

Women
ExT A ExT 34)
after before  after
328 +63 <0.05 28 27 -1 NS

A — difference between exercise tests before and after rehabilitation
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Table 5. Comparison of heart rate reserve (HRR) during exercise test before (EXT before) and after (ExT after) cardiac rehabilitation

in subgroups A, B, C

Variable

Group Avs. B

B

HRR (EXT before) 319
HRR (EXT after) 31

26.4
27.6

< 0.01
NS

Group Avs. C Group B vs. C
C C
31.9 18 < 0.0005 26.4 18 < 0.05
31 22.1 < 0.05 27.6 22.1 NS

Table 6. Characteristics of the study group — heart rate reserve (HRR) during exercise test before (EXT before) and after

(EXT after) cardiac rehabilitation

HRR (EXT before)

HRR (EXT after)

> 12 bpm < 12 bpm > 12 bpm < 12 bpm
(% group/subgroup) (% group/subgroup) (% group/subgroup) (% group/subgroup)
Overall 91.3 8.7 97.1 2.9
Women 95.6 4.4 100 0
Men 90 10 96.2 3.8
Subgroup A 92.3 7.7 92.3 7.7
Women 100 0 100 0
Men 90 10 90 10
Subgroup B 96.3 3.7 100 0
Women 100 0 100 0
Men 95.1 4.9 100 0
Subgroup C 60 40 80 20
Women 75 25 100 0
Men 50 50 66.7 333

Among CV risk factors, only high HDL cholesterol level in
men (> 40 mg/dL) was associated with a significant improve-
ment of the maximal workload (p < 0.05). HRR increased
significantly in women (p < 0.05).

No significant associations were seen in patient sub-
groups. Also, no significant effect was noted of the 5 major CV
risk factors (hypertension, diabetes, smoking, dyslipidaemia,
increased body mass index) on HRR in patients of either
gender or in any of the subgroups.

DISCUSSION
CCR is an important component of the management of
patients with CV disease. It exerts a beneficial effect on CV
risk factors and the quality of life [14]. In a metaanalysis of
34 cardiac rehabilitation programs by Lawler et al. [15],
participation in these programs was associated with reduced
CV mortality (odds ratio [OR] 0.64; 95% confidence inter-
val [Cl] 0.46-0.88) and overall mortality (OR 0.64; 95% ClI
0.46-0.88). In the current era of rapid advances in medicine,
it seems important to develop methods to evaluate effects of
rehabilitation. In addition to established parameters such as
effort tolerance in METs and exercise duration, HRR may also
be used to evaluate efficacy of rehabilitation. This parameter

was shown to predict morbidity and mortality, e.g., in patients
with chronic heart failure [16]. Measurement of HRR may be
an easy, inexpensive, and reproducible tool to evaluate effects
of cardiac rehabilitation [17-24]. In our study, highest baseline
HRR values were noted in men. After cardiac rehabilitation,
HRR increased significantly only in women (from 26.5 to
32 bpm) but it did not increase in men. These observations
are in agreement with those reported by Caminiti et al. [25]
who showed correlations between lower HRR, metabolic
syndrome, and previous ACS only in women but not in men.

The highest HRR values in the exercise test before reha-
bilitation were noted in subgroup A, i.e., the most fit patients,
and the lowest values were noted in subgroup C. The highest
improvement in HRR after rehabilitation was observed in
subgroup C.

In our study, HRR in most patients was > 12 bpm which
has been considered an indicator of effective rehabilitation
by most authors [26-28]. In subgroups A and B, HRR before
rehabilitation was > 12 bpm in 91.3-100% of patients,
compared to 50-75% patients in subgroup C. After cardiac
rehabilitation, HRR increased in nearly all subgroups but these
differences were not significant. This might have been related
to small sample sizes, but also to mostly normal HRR values
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seen already in the exercise test before cardiac rehabilitation
and thus a relatively small potential for improvement of this
parameter after rehabilitation.

We also evaluated the relationship between HRR and
selected CV risk factors. Kizilbash et al. [29] showed a cor-
relation between low HRR and the severity of atherosclerotic
lesions, and Samad et al. [30] showed an association between
HRR and smoking. In our study group, we found a positive
correlation between female gender and HRR. Such an as-
sociation was not observed in men.

We also evaluated a combination of 5 major risk factors
in relation to those patients in whom at least 1 risk factor
was absent. No significant results were obtained but these
groups were much unbalanced, as only 2.5-5% of patients in
different subgroups had all 5 risk factors which undoubtedly
affected the results. The relation between a combination of
CV risk factors and HRR has not been evaluated in the avail-
able literature.

Heart rate reserve is an interesting research topic, and
discrepant results of the published peer-reviewed studies
indicate a need for further studies on this parameter.

Limitations of the study

Our study had some methodological limitations. Patient
subgroups differed in regard to their size, patient age, and
gender proportions. We attempted to include consecutive
patients after a recent ACS to avoid selection bias. The 3 sub-
groups based on different cardiac rehabilitation models were
inherently needed based on the premises of our research but
resulted in relatively small sample sizes in each subgroup.

CONCLUSIONS
Both before and after rehabilitation, HRR was highest in
subgroup A and lowest in subgroup C. Differences in HRR
between these subgroups were much lower in the exercise
test after rehabilitation compared to that before rehabilitation.
The highest improvement in HRR was observed in subgroup C.
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Streszczenie

Wstep: Wskaznik szybkosci normalizacji tetna po wysitku (HRR), definiowany jako réznica miedzy szczytowym tetnem w trak-
cie wysitku a tetnem w pierwszej minucie po jego zakonczeniu, moze stuzy¢ do oceny funkgji ukfadu przywspétczulnego
i stopnia wytrenowania.

Cel: Celem niniejszej pracy byta ocena wptywu r6znych modeli Il etapu rehabilitacji kardiologicznej na HRR, a celem dodat-
kowym — ocena wptywu wybranych czynnikéw rozwoju choréb uktadu sercowo-naczyniowego na ten parametr.

Metody: W badaniu wzieto udziat 103 chorych (80 mezczyzn, 23 kobiety), w wieku 60,9 = 10,7 roku, z rozpoznanym ostrym
zespotem wiericowym (OZW), poddanych Il etapowi kompleksowej rehabilitacji kardiologicznej. Przed rozpoczeciem i po
zakonczeniu rehabilitacji wykonano u chorych test wysitkowy.

Wyniki: Szybkos¢ normalizacji tetna po wysitku ulegta istotnej statystycznie poprawie jedynie w grupie kobiet (test wysitkowy
przed rozpoczeciem rehabilitacji 26,5 vs. po zakoriczeniu rehabilitacji 32,8; p < 0,05). Najwyzsze wartosci HRR osiagneta
podgrupa rehabilitowana w modelu A, wartosci najnizsze podgrupa rehabilitowana w modelu C (podgrupa A 31 vs. podgrupa C
22,1; p < 0,05). Najwyzszy wzrost wartosci HRR zaobserwowano wsrod pacjentéw najbardziej obciazonych — w podgrupie C
(test wysitkowy przed rozpoczeciem rehabilitacji 18 vs. po zakonczeniu rehabilitacji 22,1).

Whioski: Najwieksza poprawe wartosci HRR zaobserwowano w grupie chorych najbardziej obciazonych.

Stowa kluczowe: rehabilitacja kardiologiczna, modele rehabilitacji, szybko$¢ normalizacji tetna po wysitku
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