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on Cl in obese patients affected with coronary artery disease (CAD) and treated
with beta-blockers, who represent the majority of the patients we run into in
everyday practice. A cardiac rehabilitation program which includes exercise and
weight loss improves autonomic balance and therefore could improve CI during
an exercise stress test.

Methods: We studied 432 consecutive white obese patients (123 females
— 29%), aged 59.9 + 9.0 years, affected with clinically stable CAD, treated
with beta-blockers. All the patients underwent a short (23 + 4 days) in hospital
rehabilitation program consisting, among other interventions, of physical activity
and diet. A treadmill exercise stress test was performed at the beginning and the
end of the hospital stay.

Results: By the end of the program besides an improvement in BMI
and attained METs, all HR variables were significantly improved: resting HR
decreased from 69 *+ 11 to 65 * 11 beats/min; peak HR increased from 112 *
17 to 115 + 19 and Cl increased from 0.47 + 0.16 to 0.52 + 0.17 (P< 0.001 for
each comparison).

Conclusions: Weight loss and exercise training improve resting and peak
HR and ClI in obese patients affected with CAD and permanently treated with
beta-blockers.

Keywords: Chronotropic index; Coronary artery disease; BMI; Beta-
blockers

Introduction

Heart rate (HR) both at rest and as a response to exercise is a
powerful predictor of survival in various settings of patients: a high
resting HR independently predicts mortality in patients with coronary
artery disease (CAD) as well as in healthy subjects [1-3]. Also a blunted
increase in HR and, consequently, an inadequate chronotropic index
(CI) during exercise are both strong predictors for sudden death in
healthy subjects [2,3]; among patients with coronary disease and with
congestive heart failure, chronotropic incompetence independently
predicts all-cause mortality [4,5]. Considering the prognostic values
of HR parameters, improving the behavior of HR during an exercise
test by reducing resting values and increasing peak HR and CI should
be a target of rehabilitation programs, particularly in obese patients
who already have a low CI and peak HR which both contribute to
their reduced exercise tolerance [6].

Obesity is a worldwide problem and its prevalence has reached
epidemic proportions, particularly in patients affected with CAD.
Cardiometabolic rehabilitation increases exercise tolerance and

favors weight loss, reducing many parameters of cardiovascular risk
[7]. A benefit of physical training and weight loss in obese subjects on
heart rate recovery after exercising, which is another powerful marker
for survival, has already been documented [8]. Nonetheless we have
no data on CI behavior in obese patients affected with CAD. This is
particularly true if we consider patients treated with beta-blockers,
thus making it difficult to translate results into clinical practice, since
beta-blockers remain a cornerstone of treatment in CAD also in
obese subjects who have by themselves a reduced CI.

We have studied obese patients with documented CAD on
chronic beta-blocker therapy, considering that also in this subset
of patients HR parameters keep their clinical meaning [9]: we
hypothesized that weight loss and physical training, that are both core
components of cardiac rehabilitation, would ameliorate autonomic
balance and therefore improve CI during an exercise stress test also
in that peculiar setting of patients.

Patients and Methods

We studied 432 consecutive white obese patients (123 females -
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Table 1: Differences in HR variables by sex, diabetes and obesity.

Variable Females Males P Diabetics | Non diabetics P Mild Obesity = Moderate Obesity = Severe Obesity | P ANOVA
Resting HR 70+ 11 69 +11 0.376 71+12 68 +11 0.011 69 +12 68 +12 73+10 0.001
Peak HR 109 + 17 113+ 17 0.029 111 +16 113+18 0.241 112 +£18 111 +17 114 £ 17 0.408
Cl 045+0.17 | 0.49+0.15  0.025 | 0.46+0.16 0.49 £0.16 0.107 0.48 £0.16 0.47 £0.16 0.47 £0.16 0.636
Cl Keteyian | 0.74+0.28 # 0.81+0.25 | 0.014 | 0.76 £.026 0.81+0.26 0.049 0.80 £0.26 0.78 £0.26 0.78 £0.26 0.699

Table 2: Differences baseline variables with respect to ejection fraction.

Variable FE < 40% FE 40-54% FE 2 55% P
Age 61.1+8.2 60.0 +8.7 59.9+94 | 0.516
BMI 37.9+52 37.5+438 37.8+4.7 0.777
METs absolute 6.0+1.9 6.8+2.3 6.8+2.4 0.087
METS % of predicted* 70 +21% 79 £ 23% 82 + 25% 0.004
Resting HR 72+12 69 + 12 69 +11 0.226
Peak HR 111 +18 112 +18 113+ 17 0.764
Cl 0.44+0.15 | 0.48+0.17 | 048+0.15 | 0.336
Cl Keteyian 0.73+0.26 | 0.79+0.27 | 0.80+0.25 | 0.247

BMI: Body Mass Index; Mets: Metabolic Equivalents; HR: Heart Rate; Cl:
Chronotropic Index; HRR: Heart Rate Recovery

Post hoc testing of the differences among the three groups showed that only the
worst EF group was associated with a reduced exercise tolerance.

29%), affected with CAD and chronically treated with beta-blockers.
The patients signed an informed consent before participation in the
rehabilitation program and before doing the exercise test.

Body weight was measured in the morning after overnight fasting
and after voiding: it was checked at admission and at the end of the
program. BMI was calculated dividing weight (in kilograms) by
height? (in meters). Obesity was defined as a body mass index (BMI)
30kg/m* and was subdivided in three categories: mild obesity 30-35,
moderate obesity 35-40 and severe obesity > 40kg/m*according to the
current classification. For the purpose of this study, CAD was defined
as a documented history of at least one of the following: myocardial
infarction, coronary artery by-pass, coronary angioplasty/stenting.
Every patient was in a clinically stable condition: we excluded patients
with recent (less than 4 weeks) myocardial infarction or coronary
intervention. All patients were in sinus rhythm and none had a
pacemaker of any kind. We also excluded patients who took other
drugs that might interfere with HR such as verapamil, diltiazem,
digoxin, ivabradine, and all antiarrhythmic agents. Treatment with
beta-blockers was maintained throughout the rehabilitation period.

The methodology of the program represents the routine at our
institution and consists, beyond psychological support and patients’
education, of a short in-hospital program of low-calorie diet and
physical training. Exercise stress test was conducted on the second
day of the hospital stay and was repeated again at the end of the
program, after a mean period of 23 + 4 days. Patients took their
usual medications, including beta-blockers, and had a light breakfast
before the test. We utilized a GE series 2000 motorized treadmill
with a GE Case ECG instrumentation. We used an individualized
ramp protocol that has been described before [10] and measured the
intensity of exercise using metabolic equivalents (METs). Resting
HR was calculated on the ECG strip in the standing position before
the beginning of exercise, peak HR was calculated when effort was

stopped and recovery began, and CI was calculated according to
the following formula: CI = (Attained maximal HR - Resting HR)
/| (Predicted maximal HR - Resting HR). Predicted maximal HR
was calculated by the formula 220 - age. We also used the formula
proposed by Keteyian et al [11] for patients on beta-blocker treatment,
which calculates predicted peak HR using the following correction:
predicted peak HR = 119 + (resting HR/2) - (age/2). All our patients
exercised on a treadmill and therefore we excluded the factor that
corrects when a bicycle ergometer is used. Exercise tolerance was
considered both as an absolute value and as the ratio between attained
METs and predicted value according to the equation we previously
published [10]. Each patients underwent an echocardiographic study
to measure ejection fraction (EF).

Physical activity program: the intensity of the program was
determined on the basis of the baseline exercise test. It entailed
daily sessions (6 days a week) of aerobic activity which included 30
minute sessions of cycle-ergometer, walking at low speed for about
45 minutes (3-4 METs), and 30 minutes of low intensity strength
exercise. All patients underwent a personal interview with an
experienced physical trainer to individualize their activity program
which was subsequently titrated to the improvement achieved.

Diet: resting energy expenditure (REE) was estimated by the
Harris Benedict equation [12]. Diet was assigned by a dietician after a
personal interview with the patient and mean caloric intake was set at
around 85% of REE with a mean caloric deficit of 244 + 220 kcal/day.
Diet derived 50% of energy from carbohydrates, 30% from lipids, and
20% from proteins.

Statistical analysis

Continuous data are presented as mean + standard deviation (SD)
and categorical variables are presented as number and percentage.
Study variables were resting HR, peak HR, and CI calculated
according to both formulae as stated above. We also considered
BMI and attained METs. T test for paired variables was executed
to examine differences in the study variables before and after the
program. To discriminate whether different categories of patients
had different level of improvement we used a T test for unpaired data
or one way ANOVA when the categories were more than two. As a
post hoc test we used LSD. When appropriated a Chi-square test was
used. We considered the improvement as expressed by the percentage
variation in each of the study variables with the formula % = (Final -
Baseline)/Baseline.

Data were analyzed with the SPSS V.23.0 package (SPSS, Chicago,
Illinois, USA).

Results

The mean age of our patients was 59.9 + 9.0 years (range 36.9
- 79.7). Mean BMI was 37.7 *+ 4.8 kg/m?* (range 30.0 - 54.4); 144
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Table 3: Improvement in BMI, attained METs and HR variables after the program.

Variable Before After Difference 95% Confidence Interval P
BMI 37.7+438 36.4+4.6 -1.2+0.6 -1.2/-1.3 <0.001
METs 6.7+23 78+2.6 1.1+11 1.0/1.2 <0.001
METS % of predicted 79.6 + 23.7% 92.6 + 25.5% 13.1+12.4% 12/14 <0.001
Resting HR 69 11 65+ 11 4+11 -3/-5 <0.001
Peak HR 112 +17 115+19 3+14 1/4 <0.001
Cl 0.47 +0.16 0.52+0.17 0.05+0.13 0.04/0.06 <0.001
Cl Keteyian 0.79 +0.26 0.88+0.29 0.08+0.21 0.07/0.11 <0.001
BMI: Body Mass Index; Mets: Metabolic Equivalents; HR: Heart Rate; Cl: Chronotropic Index
Table 4: % improvement in HR variables by age, BMI, diabetes.
Variable | Diabetics dia’\tl;;?ics P Mild Obesity N(I:;)gjeesr:;e gsz:irti/ P ANOVA Age tertile 1/ Age tertile 2| Age tertile 3 P ANOVA
Resting HR | -4+16% -4+16% 0.719 -4+13% -3+19% -6+13% 0.174 -3+16% -4+17% -5+16% 0.851
Peak HR 3+13% 3+13% 0.582 4+13% 4+15% 1+11% 0.178 3+13% 4+12% 2+14% 0.367
Cl 16.3+3.8% 14.8+3.4% | 0.676 17+38% 17+38% 12+28% 0.423 9.9+30.9% | 18.3+29.7% | 18.1+44.5% = 0.079
Cl Keteyian 17.2+3.8%  15.4+3.4% | 0.593 17+£37% 18+38% 13+28% 0.487 | 10.5+30.7% 19.1+30.0% | 18.8+43.3%  0.064

patients (33%) had mild obesity, while 171 (40%) had moderate
obesity and 117 (27%) had severe obesity. As stated, every patient had
stable CAD; 336 patients (78%) also had hypertension, 78 (18%) a
history of heart failure, and 185 (43%) had diabetes.

Mean EF was 53 = 10% (range 20 — 79%): 52 patients (12%) had
severely depressed EF (<40%), 173 (40%) had mildly depressed EF
(40-55%) and 205 (48%) had normal EF (>55%).

The role of several variables on baseline data was explored.
Women had the same resting HR, but lower peak HR and CI (table
1). Women were also slightly older (61.7 + 8.6 vs 59.2 + 9.0 years; P =
0.007), had higher BMI (38.7 + 4.8 vs 37.2 £ 4.7 Kg/m* P = 0.003) and
a lower prevalence of diabetes (34% vs 46%; P = 0.024) as compared
to men. Women also had a lower exercise tolerance if considered as
an absolute value, but not if the ratio between attained and predicted
METs, which takes into account sex, was evaluated.

Diabetics instead had significantly higher resting HR and a trend
towards a lower peak HR and CI, but only the CI value corrected
by the Keteyian formula reached statistical significance (Table 1).
Moreover diabetic patients were older as compared to non-diabetics
patients (61.4 + 8.0 vs 58.8 + 9.5 years; P = 0.006), they had lower
baseline exercise tolerance (6.4 + 2.2 vs 6.9 + 2.4 METs; P = 0.029),
but the difference disappeared after controlling for age.

The role of BMI on heart rate variables was evident only on
resting HR which was higher in the severely obese patients, while CI
and peak HR did not differ significantly (Table 1). A significant trend
in exercise tolerance, both as absolute and relative values, was evident
with respect to obesity severity: 7.4 + 2.3 METs or 88 + 24% for mild
obese vs 6.7 + 2.4 METs or 79 + 22% for moderate obese vs 5.8 + 2.0
METs or 70 + 21% for severely obese patients (P ANOVA < 0.001).

EF had no effects on HR variables and had only a borderline effect
on the absolute value of attained METs which reached statistical
significance if the ratio between attained and predicted value was
considered: at post hoc analysis the patients with the more severely
depressed EF exercised less than the other groups (Table 2).

By the end of the program BMI, attained METSs and all HR rate
variables improved significantly (Table 3). No significant correlation
was found among the reduction in BMI and the improvement of HR
variables.

The normal value for CI in patients treated with beta-blockers has
been set at > 0.62 [11]. In our population the number of patients who
fell within such normal limits was 83 (19%) at baseline and increased
to 138 (32%) at the end of the program. If we considered the Keteyian
correction, setting the normal limit at > 0.80 as for patients not taking
beta-blockers, the values were respectively 214 (43) and 248 (57%).

Diabetic patients, while losing significantly less weight than non-
diabetics, showed the same improvement as non-diabetic patients
in each of the study variables; also age did not exert any significant
effect on the results of the program (Table 4), even if there was a
non-significant trend towards a better improvement in the CI of the
elderly subset of patients.

Discussion

The main finding of our study is that in obese patients affected
with CAD chronically treated with beta-blockers physical training
and weight loss cause a significant improvement in chronotropic
incompetence measured at an exercise stress test: even if the
improvements are modest as absolute values, the percentage variation
is not trivial. To the best of our knowledge, this is the first study that
demonstrates an improvement in chronotropic incompetence in
obese patients treated with beta-blockers who represent indeed the
majority of CAD patients.

Heart rate control during exercise conditions is a complex
physiological process: the initial increase is mainly caused by a
withdrawal in parasympathetic inhibition which is followed by a rise
in sympathetic tone. Training is known to increase resting vagal tone
and therefore to act mainly on resting HR; vagal tone is not affected
by treatment with beta-blockers, while sympathetic tone, which
on the contrary is blunted by beta-blockers, has a major impact
in determining both peak and resting HR and, as a consequence,
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on CIL. HR increases during exercise as a physiologic response to
the boost in metabolic demand that exercise itself causes and is
the main contributor to the physiological increase in oxygen [13]:
therefore an inappropriate response is one of the causes of a reduced
exercise tolerance, particularly in those patients with left ventricular
dysfunction. The impaired chronotropic response has important
implications both for quality of life and prognosis: its reversal might
therefore have a clinically meaningful effect. The number of patients
who normalized their CI almost doubled, albeit remaining quite low,
probably as a consequence of the altered autonomic status and the
reduced exercise tolerance which is characteristic to obese patients.

Importantly, both patients with diabetes and the elderly subset
of subjects had an improvement in HR variables that was almost
identical to non-diabetics and younger ones. Diabetes is characterized
by a sympathetic over activity and a low parasympathetic tone: such
an autonomic dysfunction is a critical risk factor that contributes
to the increased cardiovascular morbidity and mortality associated
with obesity and diabetes. Physical exercise can partially reverse it
by restoring a better autonomic modulation [14] and weight loss in
itself, as it happens after bariatric surgery, is capable to induce an
improvement in exercise capacity and HR variables [15,16].

We are convinced that an incremental value of our study lies in
the fact that it is not a randomized study, but rather it describes a
standard rehabilitation program in a non-selected population in which
exclusion criteria were limited to the indispensable requirements
in order to avoid major biases: thus our results can more easily be
interpreted and handed over in a real world population. Also the
lack of a control group is somehow necessary, being the consequence
of a methodological problem in rehabilitation research: the efficacy
of cardiac rehabilitation and the benefits of weight loss in obese
subjects are indeed well known [17]; as a consequence, the design of
randomized controlled trials in such settings trial poses several ethical
problems and in our opinion we do not have the possibility to identify
a true non-intervention group: if obese patients with CAD participate
in a rehabilitation program they must undergo exercise and dieting
and only a choice among different rehabilitation protocols can be
feasible, but we already know that the differences in such cases are
small [18,19].

Whether the improvements that we have demonstrated have also
an impact on long term survival has to be tested in follow-up studies.
Anyway, once again, for the same reasons stated above, it should
be considered unethical to design a randomized controlled trial
with a non-intervention group and strict exclusion criteria [20,21]
and only an observational longitudinal study could possibly be the
instrument to test the long term effects of the improvement in CI that
we demonstrated.
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