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Modifiable Predictors of
Chronotropic Incompetence in
Male Patients With Type 2 Diabetes
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B PURPOSE: Type 2 diabetes mellitus (T2DM) is associated with chronotrop-
ic incompetence (Cl), which may lead to a worse prognosis. It remains
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uncertain whether Cl in T2DM patients is related to patient character-
istics that are modifiable by exercise interventions.

B METHODS: From 33 male T2DM patients and 18 healthy subjects not tak-

ing B-blockers, calcium-antagonists, and/or diuretics, a fasting blood
sample was collected, followed by an oral glucose tolerance test,
maximal cardiopulmonary exercise test, and body composition analy-
sis. Chronotropic incompetence was defined as the inability to achieve
a maximal chronotropic response index (maxCRI) = 0.80 during exer-
cise testing. By univariate correlations and multivariate regression
analysis, relationships between exercise tolerance, body composition,
glycemic control, and maxCRI were examined.

W RESULTS: MaxCRI was significantly lower in T2DM patients (0.85 = 0.17)

vs healthy controls (1.02 + 0.17, P < .01): Chronotropic incompetence
was prevalent in 14 T2DM patients (42%) and 1 healthy subject (6%,

P < .05). Significant (P < .05) univariate correlations between maxCRI
and body mass index (r = —0.59), blood high-density lipoprotein cho-
lesterol (r = 0.34), HbA,. (r = —0.33) and insulin level (r = —0.48),
HOMA-IR index (r = —0.45), trunk adipose tissue mass (r = —0.45),
waist circumference (r = —0.58), peak cycling power output (r =

0.42), and oxygen uptake (r = 0.33) were found (P < .05). Independent
significant relations were found between maxCRI and waist circumfer-
ence (P < .01) and peak cycling power output (P < .05).

B CONCLUSIONS: Chronotropic incompetence in male T2DM patients is

independently related to exercise tolerance and adipose tissue mass.
These data provide further insight into the etiology of Cl in male
T2DM patients and show that exercise interventions might impact
predictors of CI.
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Type 2 diabetes mellitus (T2DM) is often associated
with chronotropic incompetence (CD),! which is defined
as the inability of the heart rate (HR) to increase com-
mensurate with increased physical activity or meta-
bolic demand.? Chronotropic incompetence in T2DM
patients could result from myocardial fibrosis, micro-
vascular ischemia, cardiac autonomic neuropathy,!
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and/or other currently unknown mechanisms.>*
Previous studies have demonstrated that T2DM patients
with CI are at an increased risk for future cardiovascu-
lar events.> However, despite the prognostic value and
easy assessment of CI during maximal exercise testing,
its importance remains underappreciated and is often
overlooked in clinical practice.?
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Moreover, it remains to be explored whether sub-
ject characteristics, which are modifiable by exercise
interventions, are related to CI in T2DM patients. This
study investigated which patient characteristics that
are associated with CI may be potentially modified by
exercise interventions. In this regard, the contribution
of exercise tolerance, body composition, and glyce-
mic control to CI remains unclear in T2DM patients.®’
The aim of this study was to examine the contribution
of exercise tolerance, body composition, and glyce-
mic control to CI in T2DM patients. The etiology of CI
in T2DM was further explored and which subject
characteristics should be targeted with exercise inter-
ventions when trying to remediate CI.

. METHODS

Nonsmoking white males (N = 51) were selected to
participate in this study: 33 T2DM patients and 18
healthy subjects. Patients with T2DM had been diag-
nosed for at least 12 months prior to investigation, did
not have a history of cardiovascular disease, and were
all treated with oral blood glucose-lowering medica-
tion. Subjects did not participate in any regular exer-
cise and/or caloric intake restriction program for at
least 5 years and did not take B-blockers, calcium-
antagonists, and/or diuretics. Written informed con-
sent was obtained from the subjects and the study was
approved by the local medical ethical committee of
Jessa Hospital, Hasselt, Belgium.

Study Design

All measurements were performed at the same time of
day and with the same chronology: fasting blood sam-
ple, oral glucose tolerance test (OGTT), and maximal
exercise test. A few days later, a dual x-ray absorpti-
ometry scan was executed in the fasting condition.

Medication, Diet, and Physical Activity Prior
to Testing

Three days before testing, subjects stopped taking oral
blood glucose and/or lipid-lowering medication. All
subjects refrained from any heavy physical exercise/
labor for at least 3 days before testing. The evening
prior to the test, all subjects received the same stand-
ardized meal.

Blood Analysis

Subjects reported at the laboratory after an overnight
fast. After 20 minutes of rest, a venous blood sample
was collected. Then a 2-hour OGTT (with 75-g oral
glucose load) was performed with blood sample
collections done every 30 minutes. Blood samples
were analyzed in the hospital clinical laboratory for
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glucose, glycosylated hemoglobin (HbA,)), insulin,
total cholesterol, high-density lipoprotein (HDL) cho-
lesterol, low-density lipoprotein cholesterol, free fatty
acid, and triglyceride content. Homeostasis model
assessment-estimated insulin resistance (HOMA-IR
index) was calculated to estimate whole-body insulin
resistance: [insuling,, X glucose,,,))/22.5. From
the serial blood glucose measurements during OGTT,
the glucose area under the curve was calculated.

Maximal Exercise Test and Chronotropic
Competence Analysis

Peak oxygen uptake (V0,0 and cycling power out-
put (W) were assessed during a maximal incre-
mental exercise test on a cycle ergometer (Ergo 1500
cycle; Ergofit GmbH, Pirmasens, Germany) using a
3-minute work stage protocol (starting load 45 watts,
load increments 45 watts). Vo, was measured continu-
ously (CS 200; Schiller AG, Baar, Switzerland) and HR
was monitored continuously using a 12-lead electro-
cardiogram. Achievement of a peak respiratory gas
exchange ratio (RER__,,) > 1.10 was the goal for all
patients.

From these exercise test results, chronotropic com-
petence was analyzed. Resting HR was assessed while
sitting on bike for 1 minute, from which the lowest
recorded HR was considered as resting HR. Age-
predicted maximal HR was calculated using the equa-
tion 220-age in years. Maximal chronotropic response
index (maxCRD) was calculated using the following
equation: (actual peak HR — resting HR) / (predicted
peak HR — resting HR).? Chronotropic incompetence
was defined as the inability to achieve a maxCRI =
0.80.2

peak

Body Composition

Body mass was measured using a calibrated analog
weight scale. Adipose tissue mass and fat-free mass
were determined using whole-body dual x-ray absorp-
tiometry (Lunar DPXL, WD).® Waist circumference was
quantified at the level of noticeable waist narrowing
located between costal border and iliac crest. This
circumference was assessed 3 times, with the average
of the 3 measurements recorded.

Statistical Analysis

Data were expressed as mean £ SD. Because data
from various parameters were not normally distrib-
uted (Shapiro-Wilk tests, P < .05), nonparametric
tests were used. To compare groups, Mann-Whitney
U tests and x? tests were applied. In addition, the
relationships between parameters were analyzed by
Spearman correlations. Next, a multiple regression
model was constructed to predict chronotropic com-
petence (maxCRD. In this model, an indicator for
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body composition, glycemic control, and exercise
tolerance (showing the greatest significant univariate . RESULTS
correlations with maxCRI in the total sample), as well
as age, was included. Statistical significance was set ~ Subject characteristics are summarized in Table 1.
at P < .05. Data analyses were performed using SPSS  Subjects took the following medications: thiazolidin-
v 18.0. edione (n = 2), metformin (n = 24), sulfonylurea

I Table 1 e Subject Characteristics?

T2DM Patients Healthy Subjects

General features

Age, y 59 =7 55 + 5b
Body weight, kg 89 = 11 80 + 8P
Height, m 1.74 £ 0.06 1.75 = 0.05
Body mass index, kg/m? 29.6 = 3.4 26.0 = 2.0°
Blood parameters
Total cholesterol, mmol/L 5.0 = 0.7 5.7 = 0.8P
HDL cholesterol, mmol/L 1.2 £0.2 1.4 = 0.3
LDL cholesterol, mmol/L 3.1 = 0.7 3.7 = 0.8"
Triglycerides, mmol/L 1.9 = 2.1 1.4 = 0.7
Free fatty acids, mmol/L 421 =110 332 = 131>
Fasting glucose, mmol/L 9.1+24 5.8 = 0.8"
Glucose at 120-min OGTT, mmol/L 153 = 5.8 6.4 = 1.7°
Fasting insulin, mU/L 14.8 £ 6.1 103 = 3.9°
HOMA-IR index 6.0 £ 3.3 2.7 +1.1°
Area under the curve during OGTT, mmol/LXmin 1.69 = 0.39 0.91 = 0.18°
Glycosylated hemoglobin, % 7.0 =09 5.4 = 0.7°
Body composition
Trunk lean tissue mass, kg 303 £ 2.8 28.0 £ 2.4b
Trunk adipose tissue mass, kg 17.5 = 4.2 12.9 + 3.4b
Trunk adipose tissue, % 36.2 * 4.8 31.1 * 6.4°
Legs lean tissue mass, kg 18.8 = 2.2 18.6 £ 2.0
Legs adipose tissue mass, kg 56 + 1.8 50* 1.6
Legs adipose tissue, % 225 £5.1 21.0 £ 4.8
Waist circumference, cm 106 = 10 93 + 7b
Exercise capacity
Peak cycling power output, W 176 = 32 226 = 44b
Peak oxygen uptake, mL/min 2128 = 402 2499 + 565
Percentage predicted peak oxygen uptake, % 74 = 14 85 = 19
Peak oxygen uptake, mL/min/kg, legs lean tissue mass 115 * 24 134 x 27°
Peak expiratory volume, L/min 70 = 16 86 * 20°
Peak respiratory gas exchange ratio 1.15 = 0.05 1.19 = 0.06°
Peak heart rate, bpm 150 = 13 165 + 17P

Abbreviations: HDL, high-density lipoprotein; HOMA-IR, homeostasis model of assessment—insulin resistance; LDL, low-density lipoprotein; OGTT, oral

glucose tolerance test; T2DM, type 2 diabetes mellitus; W, watts.
?Data are expressed as mean * SD.
bp < 05.
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(n = 15), alpha-glucosidase inhibitor (n = 1), ezetimibe
(n = 1), statin (n = 19), fibrate (n = 1), angiotensin-
converting enzyme inhibitor (n = 8), angiotensin
receptor blocker (n = 2), and antiplatelet (n = 5).
Average duration of T2DM was 5.2 *= 4.4 years.

Chronotropic Competence

Between healthy subjects and T2DM patients, percent
predicted peak HR and maxCRI was significantly
higher in healthy subjects (100 % 8% and 1.02 % 0.16,
respectively) as opposed to T2DM patients (93 = 8%
and 0.85 = 0.17, respectively) (P < .05). Chronotropic

incompetence was present in 1 healthy subject (6%)
and in 14 T2DM patients (42%, P < .05).

Correlations

In the total sample, correlations between maxCRI and
body mass index, blood HDL cholesterol, HbA,,. and
insulin level, HOMA-IR index, trunk lean and adipose
tissue mass, waist circumference, peak cycling power
output, and Vo, (mL-kg™"min~', lean tissue mass
legs) were present (Table 2). In addition, independent
relationships were found between maxCRI and waist
circumference (P < .01) and peak cycling power

I Table 2 e Correlations With Maximal Chronotropic Response Index

Total Sample

Healthy Subjects T2DM Patients

Age —0.07

Body mass index —0.59?
T2DM duration

Total cholesterol 0.19

HDL cholesterol 0.34°
LDL cholesterol 0.17
Triglycerides —0.06

Free fatty acids —0.15

Fasting glucose -0.19

Glucose at 120-min OGTT -0.26

Fasting insulin —0.482
Fasting HOMA-IR index —0.452
AUC OGTT —0.22

Glycosylated hemoglobin —0.332
Trunk lean tissue mass —0.292
Trunk adipose tissue mass —0.45°
Trunk % adipose tissue -0.39°
Legs lean tissue mass —0.18

Legs adipose tissue mass —0.19

Legs % adipose tissue -0.15

Waist circumference —0.58°
Resting heart rate 0.18

Peak cycling power output 0.422
Peak oxygen uptake 0.23

% predicted peak oxygen uptake 0.26

Peak oxygen uptake, legs lean tissue mass 0.332

—0.45 0.26
—0.09 —0.612
0.24
0.02 —0.05
—0.22 0.352
0.10 —0.04
0.36 —0.20
0.16 —0.16
0.39 0.07
—0.08 0.18
0.09 —0.572
0.23 —0.472
0.18 0.16
—0.06 —0.01
—0.03 —0.21
0.07 —0.50*
0.21 —0.49°
0.04 —0.28
0.41 —0.39°
0.42 —0.35°
—0.18 —0.53°
0.76* —0.10
0.21 0.33
0.21 0.09
0.01 0.28
0.07 0.26

Abbreviations: AUC, area under the curve; HDL, high-density lipoprotein; HOMA-IR, homeostasis model of assessment-insulin resistance; LDL, low-density
lipoprotein; OGTT, oral glucose tolerance test; T2DM, type 2 diabetes mellitus.

ap < .05.
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output (P < .05), but not HOMA-IR index (P = .22)
and age (P = .15).

. DISCUSSION

The degree of CI, based on calculation of the maxCRI,
was significantly greater in male subjects with T2DM
as opposed to healthy subjects. Moreover, maxCRI
was independently related to exercise tolerance and
adipose tissue mass.

In this study, CI was prevalent in 42% of T2DM
patients. In populations with heart failure and/or
heart rthythm disturbances, the prevalence of CI can
vary from 9% up to 89%, depending on which criteria
were handled to establish CI.% In other studies involv-
ing patients with T2DM, similar ranges of CI preva-
lence can be found,">’ depending on the criteria to
establish CI, but also depending on the severity of
autonomic neuropathy.” Although an exact preva-
lence rate of CI in T2DM remains difficult to deter-
mine, it has become clear that CI could be highly
prevalent in T2DM patients. Therefore, clinicians
could be confronted frequently with this exercise test
anomaly when evaluating T2DM patients.

The exact mechanism by which CI leads to ele-
vated cardiovascular events remains speculative.’?
However, in the present study, significant univariate
correlations in the total sample between maxCRI and
blood HDL cholesterol (r = 0.34) and glycosylated

hemoglobin (r = —0.33), degree of insulin resistance
based on HOMA-IR index ( = —0.45), trunk adipose
tissue mass (r = —0.45), and exercise tolerance based

on peak cycling power output (r = 0.42) were found.
It follows that lower blood HDL cholesterol, insulin
resistance and/or poor glycemic control, elevated
trunk adipose tissue mass, and/or lowered exercise
tolerance, which is particularly present in subjects
with low maxCRI, could further explain the elevated
risk for cardiovascular events.

Our results are consistent with previous studies
reporting a correlation between maxCRI and exercise
tolerance (based on peak cycling power output, r =
0.42), but not blood glucose content (7 = —0.19).>7 It
was, however, noticed that maxCRI correlated with
the degree of insulin resistance (based on HOMA-IR
index, » = —0.45). Previous studies have also reported
correlations between the degree of insulin resistance
and left ventricular function!® and resting HR.!! 1t is
known that hyperinsulinemia, which is present in
subjects with insulin resistance, leads to reduced
baroreceptor sensitivity.!? This reduced baroreceptor
sensitivity could lead to reduced maxCRI.!?

Independent significant relationships were found
between maxCRI and exercise tolerance based on
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peak cycling power output (P < .05) and trunk adi-
pose tissue mass based on waist circumference
(P < .01), regardless of age (P = .15) and degree of
insulin resistance based on HOMA-IR index (P = .22),
thereby explaining 44% of the variance in maxCRI. A
blunted HR increase during exercise testing contrib-
utes to a lowered cardiac output, thus leading to
reduced exercise tolerance.'* This might explain the
relation between maxCRI and exercise tolerance. An
independent relationship between maxCRI and trunk
adipose tissue mass could be explained by the sig-
nificantly blunted epinephrine release that is observed
in subjects with obesity during maximal exercise
testing.'> This situation would ultimately lead to CI.

In conclusion, the degree of CI in male T2DM
patients is independently related to exercise tolerance
and adipose tissue mass. Since these patient charac-
teristics are potentially modifiable by exercise inter-
ventions, further research should examine whether
modifying these factors as a result of exercise training
affects CI in T2DM patients.
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