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Summary

Background: The impact of diabetes mellitus (DM) on muscle mass, muscle strength, and exer-
cise tolerance in patients who had undergone coronary artery bypass grafting (CABG) has not
been fully elucidated.

Methods: We enrolled 329 consecutive patients who received cardiac rehabilitation (CR) after
CABG (DM group, n=178; non-DM group, n=151) and measured lean body weight, mid-upper
arm muscle area (MAMA), and handgrip power (HGP) at the beginning of CR. We also per-
formed an isokinetic strength test of the knee extensor {Ext) and flexor (Flex) muscles and a
cardiopulmonary exercise testing at the same time.

Results: No significant differences in risk factors, including age, gender, number of diseased
vessels, or ejection fraction were observed between the 2 groups. The levels of Ext muscle
strength, peak oxygen uptake, and anaerabic threshold were significantly lower in the DM group
than in the non-DM group (all p < 0.05). Both peak oxygen uptake and MAMA correlated with Ext
and Flex muscle strength as well as HGP (all p < 0.005). The MAMA, HGP, and Ext muscle strength
were lower in patients who received insulin therapy than in those who did not. Interestingly,
fasting glucose levels significantly and negatively correlated with Ext muscle strength.

* Corresponding author at: Department of Cardiovascular Medicine, Juntendo University School of Medicine, 2-1-1 Hongo, Bunkyo-ku,
Tokyo 113-8421, Japan. Tel.: +81 3 5802 1056; fax: +81 3 5689 0627.
E-mail address: shimakaz@juntendo.ac.jp (K. Shimada).
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doi:10.1016/j.jjcc.2011.05.001
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in DM patients after CABG.

Conclusions: These data suggest that DM patients had a lower muscle strength and exercise
tolerance than non-DM patients. Moreover, a high glucose level may affect these deteriorations

© 2011 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.

Introduction

Individuals with diabetes meltitus (DM} are at an increased
risk of coronary artery disease (CAD) and DM patients with
CAD have poor prognosis [1]. Indeed, DM patients have a
2—4 times higher risk of developing CAD and mortality due
to CAD compared with non-DM patients [2]. DM patients ben-
efit from revascularization techniques such as percutaneous
coronary intervention and coronary artery bypass grafting
(CABG). However, the benefit is less and the risks and compli-
cations are greater in DM patients than in non-DM patients.
Previous studies have reported a high incidence of bypass
graft dysfunction and mortality even in DM patients who
underwent CABG [3].

It is clear that cardiac rehabilitation (CR) has humerous
benefits such as modulation of risk factors and prevention of
future cardiovascular events [4]. The improvement in peak
VO, after CR significantly reduces cardiovascular morbid-
ity and mortality in patients with CAD [5]. However, Savage
et al. demonstrated that in more than 20% of the patients
who enrolled for CR, there was no improvement in peak VO,,
and that the diagnosis for DM is negatively associated with
the improvement in peak VO, [6]. Vergés et al. reported a
significant inverse relationship between fasting blood glu-
cose levels and change in peak VO, in CR participants with
DM after acute coronary events [7].

However, the association between muscle mass, muscle
strength, and exercise tolerance in patients with or without
DM after CABG has not been fully elucidated. The aim of the
present study was to investigate the impact of DM on muscle
mass, muscle strength, and exercise tolerance in patients
who had undergone CABG.

Methods
Subjects

We enrolled 329 consecutive patients who received CR after
CABG at the Juntendo University Hospital from July 2002
to February 2005. The patients were divided into 2 groups:
patients with DM (DM group, n=178) and patients with-
out DM (non-DM group, n=151) according to the guideline
of the Japan Diabetes Society (JDS), including a history
of medical treatment, fasting plasma glucose > 126 mg/dl
or casual plasma glucose >200mg/dl and hemoglobin (Hb)
Alc (JDS)>6.1% [8]. All patients participated in CR after
6—8 days of undergoing CABG. All subjects gave written
informed consent and the ethical committee of the insti-
tution approved this study.

Measurements

We assessed body composition, muscle strength, and exer-
cise tolerance at the beginning of CR. Anthropometric
parameters were assessed using body mass index and waist

circumference. Triceps skin-fold thickness of the dominant
hand was measured in millimeters using a caliper, while
the mid-upper arm circumference was measured in cen-
timeters using a tape measure. The mid upper-arm muscle
area (MAMA) was calculated according to the standard for-
mula [9]. Moreover, we measured the handgrip power (HGP)
of the dominant hand. The percentages of body fat and
lean body weight were measured by a BOD POD® (Life
Measurement, Inc., Concord, CA, USA), as we described
previously [10,11]. In addition, thigh muscle power was mea-
sured using the Cybex770 system (Cybex Division of Lumex,
Ronkonkoma, NY, USA), as reported earlier [10,11]. The
isokinetic peak torques of the knee extensor (Ext) and flexor
(Flex) muscles were measured at 60°/s; these were adjusted
by body weight according to the following formula: strength
(Nm) x 100/body weight (kg). Patients underwent ergome-
ter testing (Corival 400, Lobe B.V., Groningen, Netherlands)
using an expiratory gas analysis machine (Vmax-295, Sen-
sorMedics Co., Yorba Linda, CA, USA) to measure peak
oxygen consumption (peak VO,) and the anaerobic thresh-
old (AT). After a rest period, a warm-up was performed for
a few minutes at 20 W, followed by ramp loading (15 W/min)
until subjective exhaustion, progressive angina, ST-segment
depression (>2mm), or sustained tachyarrhythmia. The AT
point was determined by the *'V-slope’’ method.

Statistical analyses

Results are expressed as the mean = standard deviation and
were analyzed using the StatView software (Version 5.0J
for Windows, SAS Institute, Cary, NC, USA). Comparisons
between the DM and non-DM groups were performed by a
two-tailed Student’s t-test. Correlation coefficients (r) were
determined by linear regression analysis. Statistical signifi-
cance of the correlation coefficients was determined by the
method of Fisher and Yates. A p-value of less than 0.05 was
considered significant.

Results

Characteristics of the study subjects

Clinical characteristics and anthropometric parameters of
the subjects are presented in Tables 1 and 2. One hundred
and seventy-eight patients (54%) were diagnosed as hav-
ing DM. No significant differences in risk factors, including
age, gender, number of diseased vessels, ejection fraction,
and physiological variables were observed between the DM
and non-DM groups. Three hundred and twenty-five patients
(99%) received complete revascularization using the off-
pump operation. Eight patients (4%) who had undergone
re-CABG were in the DM group. No significant differences
were observed between the 2 groups for the concomitant use
of drugs such antiplatelet agents, calcium-channel block-
ers, B-blockers, angiotensin-converting enzyme inhibitors,
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