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Background: Although predictive value of heart rate recovery (HRR) has been tested in large popula-
tions, the reproducibility of HRR in treadmill exercise test has not been assessed prospectively. This
prospective study examined whether HRR index has test-retest stability in the short term.

Methods: A total of 52 healthy volunteers without cardiovascular risk factors (mean age,
30 £ 10 years, 30 females) underwent standardized graded treadmill exercise test, and the test
was repeated on the 7th and the 30th days. The subjects’ maximal heart rates and the decrease of
heart rate from the peak exercise level to the level of 1, 2, 3, 4, and 5 minutes after the termination
of the exercise were examined on each test, and heart rates for each minute from the first, second,
and third tests were compared for each individual.

Results: The maximal heart rates on the Tst, 7th, and the 30th days were 179 + 11, 177 £+ 10,
178 £ 10 beats/min, respectively [P = 0.07, intraclass correlation coefficient (ICC) = 0.92], and the
1st minute HRR indices after peak exercise were 33 £ 10, 33 &+ 10, 33 £ 11, respectively (P = 0.66,
ICC = 0.88). There was no statistical difference in the 2nd, 3rd, 4th, and 5th minute heart rates of
the recovery phase among the Tst, 7th, and 30th day treadmill exercise tests, either.

Conclusion: Maximal heart rates and the decline of heart rate to the 5th minute on recovery phase
after treadmill exercise test have short-term reproducibility.
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Heart rate (HR) profiles during exercise testing are
easy to perform and useful predictors of cardiovas-
cular mortality. Heart rate recovery (HRR) index
shows the rate of decline in the heart rate after the
cessation of exercise test and is defined as heart
rate difference between the maximal heart rate on
exercise and the heart rate of the 1st or the 2nd
minute on recovery phase. The rise in heart rate
during exercise period is a consequence of an in-
crease in sympathetic activity and a decrease in
parasympathetic activity! and the decline in heart
rate during recovery is principally due to a reactiva-
tion of parasympathetic nervous system, mostly in
the early recovery period.? It is well known that the

imbalance in autonomic nervous system is a cardio-
vascular risk factor and increased parasympathetic
activity is associated with a reduction in the risk of
sudden death in postinfarction patients.>* HRR can
be used as a measure of autonomic imbalance, par-
ticularly as a function of parasympathetic activity
and HRR has been shown to be a useful criterion
for predicting cardiac and all-cause mortality even
after adjustment for ischemia, the Duke treadmill
score, and the angiographic severity of coronary
artery disease.® In addition, our group has shown
that HRR index might have a supportive role in
the diagnosis of vasovagal syncope as it reflects
autonomic imbalance.® Nonetheless, there is no
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agreement regarding a single numerical value that
denotes abnormal HRR and the sensitivity and
specificity of an abnormal HRR for an individual
patient remains unknown.””!! Moreover, for any
test to be a reliable predictor of mortality risk, its
measurement should be stable and reproducible in
the individual patient unless any intervention or
cardiac events have occurred. If the HRR is not
stable or reproducible at least in short term, its
clinical utility and role as prognostic tool would be
of very limited value or would be worthless. The
aim of this study is to assess the reproducibility
of HRR in short term on healthy subjects prospec-
tively, thereby the reliability of the HRR as a prog-
nostic tool.

METHODS

Fifty-two voluntary healthy subjects (mean age,
30 £+ 10 years, 30 females) without risk factors
for coronary heart disease were enrolled in the
study. None of the subjects had known heart dis-
ease, peripheral vascular disease, history of stroke
or transient ischemic attack, symptoms suggestive
of cardiac disease, any drug use, uninterpretable
ST segments due to left bundle-branch block, pre-
excitation syndrome, left ventricular hypertrophy,
or more than 1 mm of resting ST-segment de-
pression. Furthermore, none of the subjects was
a smoker or had a disease that could have an ef-
fect on heart rate or cause an autonomic dysfunc-
tion such as hypothyroidism, hyperthyroidism, or
anemia. All subjects underwent echocardiographic
evaluation to exclude any subclinical structural or
congenital heart disease.

Twelve-lead electrocardiography was recorded
at 25 mm/s paper speed, and transthoracic echocar-
diographic examination was performed on all
subjects by using a SystemFive (GE Vingmed
Ultrasound, Horten, Norway) cardiac ultrasound
scanner with 2.5-3.5 MHz transducers. Subjects
were asked to attend the study in as near to iden-
tical state as possible with exercise, diet, and sleep
in the 24 hours before testing being similar for
all tests. The subjects were individually tested
at the same time of day (as their first test) to
control for any within-subject physiological varia-
tion due to circadian rhythms. For calculation of
HRR indices all patients underwent an exercise
stress test with an active cool-down period (slow
walk at 1.5 mph and 2.5% grade for 1 min) with
Bruce protocol aiming to reach at least 85% of age

predicted heart rates in the absence of symptoms.
Blood pressures at baseline and on maximal ex-
ercise, arrhythmias, symptoms, exercise duration,
and maximal workload as METs (metabolic equiva-
lent) were recorded. ECG tracings were obtained at
baseline on the beginning of every stage, on peak
exercise, and on 1st, 2nd, 3rd, 4th, and 5th min-
utes on recovery period. Heart rates were taken
from the computerized reports on which the heart
rate was the average of the last five RR intervals to
prevent any false result due to sinus arrhythmias.
Afterward, HRR indices were calculated by sub-
tracting 1st, 2nd, 3rd, 4th, and 5th minute heart
rates on recovery period from the maximal heart
rate obtained during stress testing and designated
as HRR1, HRR2, HRR3, HRR4, and HRRS5, respec-
tively. The test was repeated on the 7th and the
30th days at the same time of day, and HRRI,
HRR2, HRR3, HRR4, and HRR5 were recorded on
each test for analyses.

The study was approved by the local ethics
committee, and subjects gave informed written
consent.

STATISTICAL ANALYSIS

Results were presented as mean + standard de-
viation (SD). The degree of agreement among re-
peated measurements of HR for each minute and
HRR on each day was presented in terms of a
coefficient of variation and intraclass correlation
coefficient (ICC; with 95% confidence interval).
Bland-Altman plots with 95% limits of agreement
were also derived.!? Two-factor repeated measures
ANOVA with minute and day as the two repeated
factors was used.

The ICC value ranges from 0 to 1, with values
closer to 1 representing stronger reproducibility. A
high ICC with value greater than 0.75 was inter-
preted as excellent reproducibility.!®14 P values <
0.05 were considered significant. Statistical analy-
ses were performed using Statistical Package for
Social Science (SPSS) for Windows version 15.0
(SPSS, Chicago, IL, USA) and STATISTICA for
Windows version 11 (StatSoft Inc., Tulsa, OK,
USA).

RESULTS

Baseline characteristics of the study subjects are
shown in Table 1. All subjects had normal ejection
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Table 1. Baseline characteristics of study subjects

(1st day)

Variable
Number of subjects 52
Sex (male/female) 22/30
Age (years)? 30+ 10
Systolic blood pressure (mmHg)?@ 117 £ 10
Diastolic blood pressure (mmHg)?@ 67 +7
Heart rate (beats/min)? 75 £ 11
Body mass index (kg/m?)? 2342
Ejection fraction (%)@ 69 +£5

3Values are mean =+ SD.

fraction without any structural or congenital heart
disease.

All subjects had normal rest 12-lead ECG and
were in sinus rhythm. Ischemic changes were not
observed during ECG stress test and all subjects
were asymptomatic on exercise but there were
rare/infrequent uniformic ventricular premature
beats in two subjects and one subject had rate
dependent left bundle branch block on maximal

exercise returning to normal within 2 minutes on
recovery phase only on the 1st day. All subjects
completed the exercise stress test and reached at
least 85% of age predicted heart rates without any
complication on 1st, 7th, and 30th days. The dura-
tion of treadmill exercise test, baseline heart rate,
maximal systolic and diastolic blood pressure, and
maximal metabolic equivalents during the 1st, 7th,
and 30th day exercise treadmill stress tests were
similar and are shown in Table 2.

Results of maximal heart rate and HRR indices
on 1st, 7th, and 30th days are shown in Table 3.
All subjects had normal HRR1 (i.e., more than 12
beats”1%) on 1st, 7th, and 30th days (33 & 10, 33 +
10, 33 + 11, respectively) and HRR1s were similar
of each subject on 1st, 7th, and 30th days. There
were no significant differences for HRR1, HRRZ2,
HRR3, HRR4, HRR5 among 1st, 7th, and 30th days
(Table 3). Paired HRR values of each subject on 1st
day versus 7th day; 1st day versus 30th day; and
7th day versus 30th day with different cutoff val-
ues are graphed for visual assessment (Fig. 1). We
did not have any abnormal HRR1 result by using
the criterion of abnormal HRR as a decrease of less

Table 2. The Comparison of Baseline Heart Rate, Peak Exercise Systolic and Diastolic Blood Pressure, Exercise
Duration, and Exercise Workload on 1st, 7th, and 30th Days

Parameter 1st Day 7th Day 30th Day P Value
Heart rate, baseline (beats/min) 75+ 11 76 £ 10 75+ 10 0.41
Systolic blood pressure (mmHg)?@ 168 + 10 169 + 10 169 + 10 0.36
Diastolic blood pressure (mmHg)?@ 94 +5 94 + 4 94 +5 0.72
Maximal METs® 11.1+£2.2 11.34+2.0 11.34+2.2 0.33
Exercise duration (minute) 11.94+£2.2 11.9+£23 120+ 2.2 0.12

aPeak exercise; PMETs = metabolic equivalent.

Table 3. Heart Rate Recovery Indices of Subjects on 1st, 7th, and 30th Days

Parameter 1st Day 7th Day 30th Day ICC/a (Lower-Upper Bound)*> CV (Min-Max) P Value?

HRR1¢ 335+ 10.4 33.8+10.1 33.4+11.0 0.88/0.95 0.9-23.2 0.000
(30.6-36.3) (30.9-36.6) (30.3-36.4) (0.81-0.92)

HRR2¢ 59.3+96 594+ 104 59.4+11.7 0.88/0.9 0-12.4 0.000
(56.6-61.9) (56.5-62.3) (56.1-62.6) (0.82-0.92)

HRR3¢ 69.1 £10.3 70.2+10.4 69.7 +10.6 0.85/0.94 0.6-10.9 0.000
(66.2-71.9) (67.3-73.1) (66.8-72.7) (0.78-0.91)

HRR4¢ 72.7+93 735+84 737+86 0.80/0.92 0.9-12.3 0.000
(70.1-75.3) (71.2-75.9) (71.3-76.1) (0.70-0.87)

HRR5¢ 76.2+94 76.7+9.1 765+8.2 0.82/0.93 0-10.1 0.000
(73.6-78.8) (74.1-79.2) (74.2-78.8) (0.73-0.88)

aLower and upper bounds are for ICCs; PP values are for ICCs; ‘HRR = heart rate recovery;

are mean £ SD (95% CI for mean).

heart rate: beats/min, HRR values
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Figure 1. Linear regression between 1st and 7th day (A), 1st and 30th day (B), and 7th and 30th day (C) exercise
tests for one-minute heart rate recovery (HRR1) with cutoff value of 18. Only two patients had abnormal test on
Ist and 7th days (Fig. 2A), two patients on 1st day and one patient on 30th day (Fig. 2B), and two patients on 7th
day and one patient on 30th day (Fig. 2C).



AN.E. = October 2011 = Vol. 16, No. 4 = Tulumen et al. * Reproducibility of Heart Rate Recovery * 369

than 12 beats/min.? By using the criterion of ab-
normal HRR as a decrease of less than 18 beats in
1 minute on recovery, reproducibility of abnormal-
ity was 100% between 1st and 7th day (i.e., both of
the two patients who had abnormal HRR on 1st day
had abnormal HRR on 7th day) (Fig. 1A). The re-
producibility of abnormality was 50% between 1st
and 30th day (i.e., only one of the two patients who
had abnormal HRR on 1st day had abnormal HRR
on 30th day) (Fig. 1B) and 50% between 7th and
30th day (Fig. 1C). By a criterion of abnormal HRR
as a decrease of less than 42 beats between peak
heart rate and heart rate of 2 minutes into recov-
ery, there was no abnormal HRR on 1st day, two
patients had abnormal HRR on 7th day, one patient
had abnormal HRR on 30th day. Only one of the
two patients who had abnormal HRR on 7th day
had abnormal HRR on 30th day.

Since we have very few abnormal HRR results,
statistical analysis for reproducibility of HRR in
terms of abnormality or normality was not done.
Therefore, we assessed the reproducibility of HRR
values, maximal heart rates, and heart rates on each
minute of recovery. ICC values for all HRRs are
shown in Table 3 and for maximal heart rates and
heart rates on recovery are shown in Table 4. ICC
values for HRR1, HRR2, HRR3, HRR4, and HRR5
were equal or greater than 0.80 (95% confidence
interval) suggesting all HRR indices had excellent
reproducibility (P < 0.01). Bland-Altman plots of
difference between 1st and 7th day, 1st and 30th
day, and 7th and 30th day exercise test for HRR1
are shown in Fig. 2. Bland-Altman plots of differ-
ence between 1st and 7th day, 1st and 30th day,

and 7th and 30th day for all HRR indices revealed
all indices are reproducible (data are not shown for
HRR2, HRR3, HRR4, and HRR5). The measure-
ment errors according to Bland and Altman in the
intrasubject studies ranged from 9.7 to 12.1.
There was no statistical difference between max-
imal heart rates on exercise, 1st to 5th minute re-
covery heart rates and HRR1 to HRR5 among 1st,
7th, and 30th days suggesting that not only the
HRR1 but also the profile of heart rate decline from
maximal heart rate on recovery period after tread-
mill exercise test is reproducible in short term.

DISCUSSION

We demonstrated that HRR in 1st, 2nd, and 3rd
minutes and the profile of heart rate decline in re-
covery period after exercise stress test was repro-
ducible in short and mid terms in this sample of
healthy young subjects. There was no significant
difference in the HRRs reached at three time points
separated by 7th and 30th days. The intraclass cor-
relation coefficient was excellent for the maximal
heart rates and for HRRs. HRR measurements ap-
pear to be characterized by good intrasubject re-
producibility and excellent reliability.

The use of HRR as a prognostic marker of
increased mortality has been confirmed across
different populations.®>1016 Different cutoff val-
ues were derived and assessed for the prog-
nostic value of HRR in these studies, such
as, <12 beats after the 1st minute of recovery,®®
<18 beats/min for patients undergoing stress
echocardiography,® <25 beats after the 1st minute

Table 4. The Maximal Heart Rates and 1st, 2nd, 3rd, 4th, and 5th Minute Heart Rates on 1st, 7th, and 30th Days

Parameter 1st Day 7th Day 30th Day ICC/a (Lower-Upper Bound)® CV (Min-Max) P ValueP

Maximal HR¢ 179 £ 11 178 £ 10 179+ 10 0.92/0.97 0-4.4 0.000
(147-199) (150-195) (154-199) (0.88-0.95)

—1 minute HR® 1454 13 144 £ 14 145 4+ 15 0.89/0.96 0-5.7 0.000
(111-170) (110-170) (111-173) (0.84-0.93)

—2 minute HR® 1194+ 13 118+ 14 119+ 14 0.88/0.95 0-11.1 0.000
(78-142) (79-142)  (78-147) (0.83-0.93)

—3 minute HR® 110+ 11 107 £12 108+ 12 0.83/0.93 0.4-10.4 0.000
(78-130) (76-130) (78-130) (0.75-0.89)

—4 minute HR® 106 + 10 104 £ 11 104 + 10 0.80/0.92 0-10.7 0.000
(79-125) (76-125) (76-125) (0.70-0.87)

—5 minute HR® 102 + 10 101 £ 11 101 £ 12 0.80/0.92 0.5-10.2 0.000
(77-123) (76-124)  (56-120) (0.71-0.87)

aLower and upper bounds are for ICCs; PP values are for ICCs; ‘Heart rate: beat/min; values are mean =+ SD (Min HR-Max HR).
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Figure 2. Bland-Altman plot between 1st and 7th day (A), 1st and 30th day (B), and 7th and 30th day (C)
exercise tests for HRR1. The biases (mean difference between the two paired means) (——) were 0.2 (A), 0.1 (B),

0.4 (C) and the limits of agreement (mmmmmm) were —9.8 and 10.2 (A), —12.1 and 12.3 (B), —10.0 and 1
The standard deviation of the difference in HRR for the two tests [5.0 for (A), 6.1 for (B), and 5.4 for (C)] is not

0.8 (C).

large compared with the cutoff of 12 beats/min used to define an abnormal 1-minute HRR.

of recovery,'® and less than 42 beats decline from
peak heart rate in 2 minutes of recovery.!° In these
studies, it was found that statistical evaluation of
the data could produce a best measure of abnormal

HRR which was associated with increased mortal-
ity for the study population. However, different
numerical cutoff values of abnormal HRR, and also
different time points for the measurement of HRR
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in these studies were causing some doubt about
the validity of HRR. Yawn et al.}” commented that
these marked variations in the published defini-
tions suggest a lack of reproducibility of a specific
HRR measure. Nonetheless, different cutoff values
used in these studies for the definition of abnormal
HRR may not necessarily imply that HRR is not re-
producible. The variation in defining the abnormal
HRR might reflect the variation in the severity of
autonomic dysfunction that led to increased mor-
tality in the selected study population (i.e., high risk
study population might have an increased mortality
with a less severe autonomic dysfunction, and so,
higher HRR cutoff value). In addition, this finding
may indicate the need to use specific cutoff values
of abnormal HRR for the selected study population
but not the inefficacy of HRR index.

For any test, it is essential to demonstrate the
methodology to obtain similar results and the re-
producibility to validate as a prognostic or a diag-
nostic tool in specific populations. The test-retest
stability of some cardiovascular responses (heart
rate, blood pressure, cardiac output, total periph-
eral resistance) has been shown in several studies
to physical or mental tasks within certain time pe-
riods.’®72! Although HRR has been evaluated and
found as a predictor of all-cause mortality in several
studies, only Yawn et al.!” studied reproducibility
and compared the medical records of 90 patients
undergoing two exercise tests within 18 weeks
or less, retrospectively. Investigators reported that
there was a marked variation from first to second
stress test in terms of abnormal HRR, and none
of abnormal HRR definitions used more than 55%
provided concordance between tests. This finding
was interpreted as HRR which appears to have lim-
ited short-term reproducibility, therefore it might
not be a reliable addition to results of stress test
and is not ready for routine use. Nevertheless, the
study was limited by very few abnormal HRR re-
sults, retrospective nature of experiment, different
study protocols used, and sample selection bias.

In our study, as we studied HRR on healthy sub-
jects, none of them has an abnormal HRR defined
as <12 beats/min decline in 1st minute on any test
day, and very few had abnormal HRR when ab-
normality defined as <18 beats/min or <42 beats/
2 min.”!% Since we had very few abnormal results,
HRR was not assessed as reproducibility of normal-
ity or abnormality. We tried to find out whether
HRR was reproducible as numerals (without cutoff
values) with ICCs and Bland-Altman 95% limits of

agreement technique. ICC was found to be reli-
able for verifying reproducibility as it can measure
the association strength among repetitions.?23
The reproducibility was considered as “good” if
ICC ranged between 0.61 and 0.81, and "almost
perfect” if it exceeded 0.81. In our study, we
found that all HRR indices were well reproduced
(ICCs > 0.80). Interpreting Bland-Altman level of
agreement in reproducibility is a challenge as the
question, "what is an acceptable level of study-to-
study variability?” needs to be addressed. The SD
of the difference in HRR for the two tests (Fig.2,
SDs are 5.0 for A, 6.1 for B, and 5.4 for C) is not
large compared with the cutoff of 12 beats/min
used to define an abnormal 1-minute HRR. This
finding indicates that HRR indices, heart rate as a
profile on recovery period, were reproducible in
short term. However, if the SD of the difference
was interpreted as 'large’ compared to the specific
numerical cutoff value of HRR, the reproducibil-
ity of abnormality/normality for that cutoff point
(12 beats/min) would have a very limited value,
although HRR values were reproducible as numer-
als. Future studies will need specific populations
(diabetes mellitus, coronary artery disease, etc.) to
specify and verify if there is a cutoff point that has
reproducibility not only as numerals but also as
normality/abnormality.

Limitations

We used Bruce protocol with an active cool
down period and studied healthy subjects in
short term. Since we had very few abnormal
results as tests were performed on healthy young
subjects, we could not assess the reproducibility
of normality or abnormality. It is also possible that
the results might be different with any other test
protocol and with any other study population such
as coronary artery disease, diabetes mellitus, and
so on, that could affect autonomic nervous system.
We also do not know whether the results would
be affected if any intervention was performed
between the tests or if the tests were repeated
after a long time period.

CONCLUSION

In our study, we have demonstrated that HRR
is reproducible when assessed as reproducibility of
numerical HRR values (ICCs > 0.80). Moreover,
we have demonstrated that baseline heart rates,
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maximal heart rates, and heart rate recoveries to
5th minute are reproducible, showing the heart
rate as a profile when the treadmill exercise test
is reproducible, and HRR has a test-retest stability
and thereby reliability in a cohort of healthy adults
within short term of period.

10.
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