Int. J. Med. Sci. 2009, 6 184

International Journal of Medical Sciences
2009; 6(4):184-191
© Ivyspring International Publisher. All rights reserved
Research Paper

Comparison of skeletal muscle sirength between cardiac patients and
age-malched healthy controls

K. Baum '™, U. Hildebrandt 2, K. Edel 3, R. Bertram 4, H. Hahmann 5, F.J. Bremer 6, S. B6hmen 7, C. Kam-
merlander 8, M. Serafin 9, Th. Riither 19, E. Miche "1

Institut fiir Physiologie und Anatomie, Deutsche Sporthochschule Koln, und Trainingsinstitut Prof. Dr. Baum, Germany
Klinik St. Irmingard, Prien, Germany

Herz- und Kreislaufzentrum Rotenburg, Gemany
Gollwitzer-Meier-Klinik, Bad Oeynhausen, Germany
Klinik Schwabenland, Isny-Neutrauchburg, Germany
Gesundheitszentrum Bad Waldliesborn, Germany
Rehabilitationszentrum Oldenburg, Germany

Praxis Dr. Kammerlander Kempten, Germany
Herz-Kreislauf-Klinik Bad Wérishofen, Germany

10 Deutsche Sporthochschule Koln, Germany

11. MediClin Rehazentrum Gernsbach, Germany

00N RN

04 Correspondence to: Klaus Baum, Prof. Dr., Trainingsinstitut, Wilhelm-Schlombs-Allee 1, 50858 Ko6ln, Germany. Tele-
phone (0049) 221 28558550 Fax 285585525 E-mail baum@professor-baum.de

Received: 2009.05.28; Accepted: 2009.07.06; Published: 2009.07.06

Abstract

The purpose of the present study was to compare muscular strength of knee extensors and
arm flexor muscles of cardiac patients (n = 638) and healthy controls (n = 961) in different
age groups. Isometric torques were measured in a sitting position with the elbow, hip, and
knee flexed to 90°. For statistical analysis, age groups were pooled in decades from the age
of 30 to 90 years. Additionally, the influence of physical lifestyle prior to disease on muscular
strength was obtained in the patients. For statistical analysis three-way ANOVA (factors age,
gender, and physical activity level) was used.

Both in patients and in controls a significant age-dependent decline in maximal torque could
be observed for arm flexors and knee extensors. Maximal leg extensor muscle showed sta-
tistically significant differences between healthy controls and cardiac patients as well as be-
tween subgroups of patients: Physically inactive patients showed lowest torques (male: 148 +
I8 Nm; female: 82 + 25 Nm) while highest values were measured in control subjects (male:
167 £ 16 Nm; female: 93 = 17 Nm). In contrast, arm flexor muscles did not show any sig-
nificant influence of health status or sports history.

This qualitative difference between weight-bearing leg muscles and the muscle group of the
upper extremity suggest that lower skeletal muscle strength in heart patients is mainly a
consequence of selective disuse of leg muscles rather than any pathological skeletal muscle
metabolism. Since a certain level of skeletal muscle strength is a prerequisite to cope with
everyday activities, strength training is recommended as an important part of cardiac reha-
bilitation.
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Introduction

For some decades physical training has been
recommended as a mainstay of non-pharmacological
treatment in cardiac patients. In the beginning of car-
diac rehabilitation, physical activities and clinical re-
search concentrated on aerobic exercises such as
walking, swimming, or cycling although all activities
of daily living require a certain level of muscle
strength [1]. Since the 90, clinical research also fo-
cussed on peripheral skeletal muscle function, espe-
cially in those patients suffering from chronic heart
failure (CHF). It could be established that the daily
activities of these patients are limited not only by re-
duced endurance capacity but also by strength deficits
[2,3,4,5,6,7, 8]. In CHF patients, Harrington et al. [9]
found a significant reduction in maximal quadriceps
strength per muscular cross section area. In line with
this finding, Okada et al. [10] showed that in com-
parison to healthy controls muscle strength was lower
even after correction for muscle size although the
contractile protein function per se appeared not to be
altered in CHF patients. The authors speculated that a
decreased myosin content may be responsible for
muscular weakness.

Surprisingly little is known about skeletal mus-
cle strength in cardiac patients suffering from other
diseases than CHF. Ghroubi et al. [11] found a sig-
nificant reduced maximal torque in coronary artery
disease (CAD) patients as compared to age matched
healthy subjects for quadriceps (-28%) and hamstring
(-22%) muscles. In contrast, Gayda et al. [12] found no
significant differences between CAD patients and
controls with respect to absolute maximal quadriceps
torque. Unfortunately, both studies used relatively
small sample sizes of 30 and 25 subjects, respectively.

However, beside any disease specific alteration
in muscular constitution one important contributor to
muscular strength may be the physical activity of pa-
tients since it is well known that physical activities
lead to morphological adaptation of skeletal muscles.
Following activities including high loads such as
weight bearing activities, muscle fibres react with
hypertrophy, an increased myofilament density, and
other morphological changes. As a result, muscle
strength increases (for review see Folland and Wil-
liams [13]). Vice versa, unloading of skeletal muscles
leads to muscular weakness and atrophy [14].

Thus, the goals of the present study were I) to
compare muscular strength in cardiac patients and
healthy controls, II) to analyse the influence of age on
muscular strength and III) to assess the relationship
between sports history and muscular strength in car-
diac patients.
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Methods
Overall study design

The data used for this cross-sectional analysis
were obtained from the FITCAP study (Fitness in
Cardiac Patients), a prospective multi-centre training
trial including patients of 10 cardiac rehabilitation
centres in Germany. During a three week stationary
rehabilitation phase, patients performed endurance
and strength training three times per week each. En-
durance training consisted of cycle ergometry and
strength training included exercises with both weight
machines (lower body exercises, Tonus Sports & Reha
Itd.) and with elastic bands (upper and lower body
exercises, Thera-Band®). Strength training was per-
formed using the intermittend training mode as de-
scribed by Baum et al. [15]. During the subsequent 18
months patients received written strength training
advices using elastic band exercises and their indi-
vidual endurance training program. Patients
re-entered the hospital after 3, 6, 12 and 18 month for
further examinations. The present paper deals with
maximal muscle torques of the upper and lower ex-
tremity at the final stage of the stationary rehabilita-
tion. Other results of this study will be presented
later. Prior to recruitment of subjects the study pro-
tocol was approved by the ethic committee of the
German Sports University.

Eligibility criteria

Inclusion criteria of patients were males and fe-
males aged 30 to 90 years, who underwent stationary
rehabilitation due to cardiac disease and who met the
following recommendations of the German Federa-
tion for Cardiovascular Prevention and Rehabilitation
for the participation of strength training [16]: good
cardiac performance capacity ( > 1,4 watt / kg body
weight) and no ST segment depression. Exclusion
criteria were unstable angina pectoris, severe ar-
rhythmias, psychoneurotic disorders, severe pulmo-
nary diseases, severe physical disabilities, and par-
ticipation in another trial. Participants were informed
about study objectives, risks and benefits. Patients
entered the study after written consent was obtained.
They were allowed to cease study participation at any
time.

Subjects

638 cardiac patients (540 male, 98 female) par-
ticipated in the study. According to the primary di-
agnosis, 48,7 % were patients after myocardial infarc-
tion and 43,5 % suffered from coronary heart disease.
The remaining 7,8 % of patients suffered from left
ventricular hypertrophy, cardiomyopathy, and con-
gestive heart failure. In addition, the maximal iso-
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metric torque of knee extensor and arm flexor muscles
were determined in 961 healthy subjects (414 male,
547 female). They were recruited by chance during
public health promoting lectures with respect to
healthy nutrition and the effects of regular sports ac-
tivities. Those visitors interested in strength testings
gave informations about their experiences with

Table I: Anthropometric data of subjects (mean + SD).

strength training and their health status. For the
purpose of the present study, inclusion criteria were
that they did not suffer from cardiovascular diseases
and that they had no experience in regular strength
training. The anthropometric characteristics of all
participants are presented in table 1.

males

controls patients
age group
30 - 39 years
number 62 33
weight (kg) 83,7+12,3 93,7 +184
height (cm) 181+6,3 180+7,1
BMI (kg x m?) 24,1+6,7 289+4,7
age group
40 - 49 years
number 69 122
weight (kg) 87,2+15,5 88 +£13,3
height (cm) 180+ 6,2 179+7,1
BMI (kg x m2) 27,1+49 272+4,6
age group
50 - 59 years
number 92 186
weight (kg) 84,4+13,1 85,1+134
height (cm) 178 + 6,4 176 £9,9
BMI (kg x m2) 26,8+3,6 278+8,1
age group
60 - 69 years
number 108 155
weight (kg) 80,5+11,5 81,7+11,8
height (cm) 176 £ 6,1 176 + 6,4
BMI (kg x m2) 259 +4,1 26,5+3,5
age group
70 - 79 years
number 63 43
weight (kg) 794 +11,0 80,5+£10,3
height (cm) 173+ 6,5 172 +13,3
BMI (kg x m?2) 26,4 +£3,1 28,2+12,1
age group
80 - 89 years
number 20 1
weight (kg) 73+12,7 64
height (cm) 170+ 5,4 160
BMI (kg x m?2) 25,1+3,7 25
all patients
number 414 540
age (years) 59,2+14,3 58,8 +13,7
weight (kg) 81,4+6,3 82,2+6,8
height (cm) 176 £3,1 174 +4,3
BMI (kg x m2) 259+1,2 273115

Maximal isometric torque

Maximal isometric torques (MIT) were deter-
mined within the last four days of a three week sta-
tionary rehabilitation program. MIT was obtained
from knee extensors and elbow flexors of both sides at

females

controls patients
58 2

70,3 £12,2 58,5+ 10,6
168 +6,1 159+12,0
248+44 23,2+0,7
62 19
67+£12,5 71,1+129
167 £ 6,5 167 +10,6
23,7+5,2 25,6 £4,7
106 19

69,6 +12,0 67,4+11,3
166 +6,1 163+5,3
253 +4,2 25,3 +4,2
127 46

68,7 £11,9 74,5+12,1
164 +5,6 165+ 6,4
252+4,9 27,6 4,6
102 11

67,8 +11,2 62,8 £10,4
162+7,6 160+ 4,4
259+3,8 24,6 +4,2
92 1
64,5+13,4 52,2

160+ 6,0 164
248+3,5 194

547 98
59,4+139 58,9+17,3
68,0+5,9 64,4+538
165+3,2 163+7,7
249+1,7 24,3 +3,2

a joint angle of 90°. To this end, subjects were placed
on a chair with a vertically mounted backrest. The
knee and hip were flexed to 90°. A non-elastic band
was wrapped around the ankle joint and coupled to a
force transducer (Digimax®), fixed at the backside of
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the chair. The lever arm was determined as the dis-
tance between the middle of the band and the knee
joint. Subjects were instructed to avoid Valsalva ma-
noeuvres and to increase contraction force gradually
to the maximum during the initial two to three sec-
onds. Each muscle group was tested two times with a
resting interval of about 30 s in between. The best of
both trials was used for further computation. Prior to
statistical computations, the individual mean of the
left and right side was calculated and used for further
evaluation. In addition to the absolute values, results
were expressed as maximal torque divided by body
weight (relative maximal torque).

Statistics

Statistical analyses were performed using
SPSS™ 14.0. Data are given as means and standard
error (SE; in figures) or standard deviation (SD, in
tables and text). Maximal torque of leg extensors and
arm flexors were investigated by three-way ANOVA
(factors “age”, “sex”, and “sport experience”). The
LSD-Test was used for post-hoc comparisons. Sig-
nificance level was chosen as p < 0.05.

Subjects were divided into three groups accord-
ing to their sport experience:

1. Patients which never participated in regular
sports activities prior to hospitalisation (20,7 %), 2.
patients which participated in regular sports activities
but stopped exercising for at least two years prior to
hospitalisation (43,1 %), and 3. patients which par-
ticipated in regular sports activities immediately until
hospitalisation (36,2 %).

Regular sports activities was definded as at least
one hour per week of vigorous sports such as jogging,
cycling, or soccer.

Age related subgroup analysis was performed
for the six groups 30-39 years, 40-49 years, 50-59 years,
60-69 years, 70-79 years, and 80 - 89 years. For further
computations, age groups were individually taken
into account if the number of subjects exceeded or
equaled 10.

Results
General effects of gender and age

Patients and controls of both sexes showed a
significant age-related reduction in muscular maximal
torque. The age effect persists when torques are re-
lated to body weight. Both in healthy controls and in
cardiac patients men yielded significantly higher
torques then women. The percentages of torques in
women in relation to the torques of corresponding
men groups are presented in table 2.

Table 2: Percentages of muscular maximal torques of
females in relation to male subjects of identical age groups
(mean £ SD; ** p < 0,01).

controls cardiac patients
arm flexor legextensor arm flexor leg extensor
muscles muscles muscles muscles
abs. max. 56z 59+ 53+ 60 +
torque 3,4 ** 2,7 ** 2,3 ** 2,8 **
rel. max. 67 + 72+ 64+ 73 +
torque 4,2 ** 2,5 ** 3,6 ** 6,9 **

Leg extensor muscles

In healthy men the maximal isometric torque of
leg extensor muscles ranged from 229 + 50,1 Nm in
the 30-39 year group to 77 = 30 Nm in the 80-89 year
group corresponding to relative torques of 2,77 £ 0,61
Nm x kg and 1,08 £ 0,32 Nm x kg, respectively. In
male cardiac patients, 195 + 49 Nm corresponding to
2,10 £ 0,44 Nm x kg could be measured within the
age group 30-39 years. The post hoc test showed a
significant difference between control subjects and
cardiac patients for all ages except the age group 70-79
years (Fig. 1). A similar pattern at lower levels was
found in women. The female control group showed a
continuous age related decline from 135 + 37 Nm (30 -
39 years) to 49 = 20 Nm (80 - 89 years). Female cardiac
patients did not reach control values in each age
group with significant differences for the groups 50-59
years and 60-69 years.
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Fig. 1: Absolute max. isometric torques of knee extensor
muscles in cardiac patients (open symbols) and healthy
subjects (closed symbols). Circles, males, squares = females;
mean % SE; * p < 0,05.
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Arm flexor muscles

In healthy 30-39 years old controls the maximal
isometric torque of arm flexor muscles amounted to
75 + 14,0 and 40 * 7,2 Nm in males and females, re-
spectively. In the oldest age group a nearly 50 % re-
duction could be observed leading to 35 + 16,3 Nm in
man and 22 + 84 Nm in women. Within the age
groups there were no statistical significant difference
between healthy controls and cardiac patients (Fig. 2).
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Fig. 2: Absolute max. isometric torques of arm flexor
muscles in cardiac patients (open symbols) and healthy
subjects (closed symbols). Circles, males, squares = females;
mean * SE.
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Fig. 3: Absolute isometric torques of arm flexor muscles of
control subjects (CS) and heart patients (HP-1 = regular
sports activities until disease; HP-2 = former regularly active
but sports activities ceased at least two years before dis-
ease; HP-3 = never been regularly active before disease).
Mean * SE.

Relationship between sports history and muscu-
lar torque in cardiac patients

We failed to detect any influence of sports his-
tory on MIT of arm flexor muscles (Fig. 3). In par-
ticular the comparison between healthy adults and
the three subgroups of cardiac patients yielded no
significant difference. By contrast, both man and
women showed a significant influence of sports his-
tory on MIT of leg extensor muscles with the lowest
torque in patients which never exercised regularly

(Fig. 4).

knee extensors
1007 %

©
<

[}
9

max. torque (Nm)
S

oo
<

1807 %
K—%
*
= 1707 *
/—/%
z
[0
31601
5
S 1501
1<

CS HP-1 HP-2 HP-3

group

Fig. 4: Absolute isometric torques of knee extensor mus-
cles of control subjects (CS) and heart patients (HP-I1 =
regular sports activities until disease; HP-2 = former regu-
larly active but sports activities ceased at least two years
before disease; HP-3 = never been regularly active before
disease). Mean + SE; * p < 0,05.
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Discussion

The main findings of the present study are

1) a qualitative difference in leg and arm muscle
torque: leg muscle torque was significantly lower in
cardiac patients when compared to healthy controls
while no difference could be detected for the arm
muscle. Furthermore, the subgroup analysis in car-
diac patients yielded a significant influence of sports
history on leg but not on arm muscle torque, and

2) in both cardiac patients and healthy controls
muscle torque decreased strongly with age.

Gayda et al [12] investigated the maximal iso-
metric torque in 16 patients suffering from coronary
artery disease and in 9 age-matched healthy control
subjects. They found nearly identical absolute values
of about 230 Nm for leg extensor muscles. The authors
concluded that no difference exists between muscle
strength of cardiac patients and controls. However,
beside the limited number of subjects, both groups
differed in body weight (means of 74 kg for controls
and 85 kg for patients). Computing the relative
maximal torques of their subjects yields a difference of
about 16 %, which is in line with our findings. Since
leg extensor muscles have to deal with the whole
body weight during everyday activities, the relative
torque appears to be superior when comparing per-
formance capacity.

The decreases in skeletal muscle torque with age
are in line with other cross-sectional findings [8, 10].
Those reductions in strength originate mainly from
two sources: The biological aging by itself and a re-
duction of daily physical activity with increasing age.
Regular stimuli are needed to maintain muscle mass
and torque. From bed rest studies [14, 17] and immo-
bilisation experiments [18] it is known that reduced
muscular activities lead to a decline in skeletal muscle
mass and strength. During daily activities, arm and
leg muscles are normally exposed to different tasks:
While leg muscles have to move the whole body
weight, arm muscles almost serve for more sophisti-
cated tasks. So, even without any explicit strength
training, leg muscles of physically active people are
exposed to high loads throughout everyday tasks
such as walking or stair climbing. On the other hand,
arm muscles are usually not exposed to high loads
throughout life span. Therefore, in order to roughly
distinguish the influence of biological aging and
physical inactivity on the age-related reduction in
muscular strength, arm flexor muscle torques may
serve as an indicator of ageing effects while leg mus-
cle torque reflects the combined effect of ageing and
physical activity. If this hypothesis holds, a stronger
decline of maximal torque has to be expected for leg

muscles. Indeed, this was seen in both healthy con-
trols and cardiac patients, which is shown for men in
fig. 5.
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Fig. 5: Age related changes in maximal torques of arm
flexor and knee extensor muscles in males. Torques of the
age group 30 — 39 years were taken for comparison.

As a consequence, the obtained difference in leg
muscle torque between healthy controls and cardiac
patients not necessarily indicates a pathological
skeletal muscle metabolism in patients as proposed by
Coats et al. [19]. The obtained sequence of maximal
leg muscle torque may simply reflect the overall
physical activity in the long run and/or an incomplete
rehabilitation in spite of the three week stationary
program. The identity of arm torques within the cer-
tain age groups is in line with this hypothesis since
any systemic skeletal muscle pathology should have
worsened skeletal muscle strength of the whole body.

Strength training may be regarded as critical for
patients due to elevated blood pressures during exer-
cise or a subsequently sudden drop in blood pressure
after cessation of exercise. The medical safety of
strength training can be improved by the intermittend
method described by Baum et al. [15]: Compared to
traditional strength training the use of short relaxation
periods after each concentric-eccentric cycle leads to
significantly reduced blood pressure increases even at
loads of 70 % to 80 % of the one repetition maximum.
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Limitations of the study

We have no information about sports activities
of the control subjects except that they were not in-
volved in strength training. However, physical activ-
ity measures based on self-reported questionnaires
just modest correlate with objective measures [28, 29].
We can not exclude that some control subjects may
have underestimated their experience with strength
training. On the other hand it has to be considered
that subjects were recruited during health promoting
lectures. These events may primarily be attractive for
those, who wants to be active but actually follow a
more sedentary life style. Alltogether, it can be ex-
pected that there is no important bias due to the re-
cruitment process of control subjects.

The data of cardiac patients were obtained at the
final stage of a 3-week stationary program including
strength and endurance training. Therefore,
pre-rehabilitation values will even be lower than
those of the actual study. Furthermore, due to the
selection process the present findings probably over-
estimate the muscular performance capacity of car-
diac patients: Beside the inclusion criteria all patients
had to agree to exercise on a regular basis for 18
month after stationary rehabilitation, which tends to
discourage patients with poor fitness and only minor
interest in physical activities. This assumption is
supported by the facts that just 20,7 % of our patients
had no experience in regular sports activities prior to
the disease.

Implications for cardiac rehabilitation

The significant lower leg muscle torques in pa-
tients compared to control subjects of identical age
groups were obtained although patients already
completed the stationary rehabilitation program in-
cluding strength training.

According to the threshold theory proposed by
Buchner et al. [30] people start to have difficulties in
functional tasks beneath a critical level of muscular
strength. In younger stages, the actual level will be
well above the critical figure but the risk increases
with age. In this regard, a prospective study over five
years yielded that the initial muscle strength was a
strong predictor for the onset of a dependent way of
living [31]. Since most cardiac patients are at middle
or higher ages, the present results give strong support
to the concept that strengthening of skeletal muscles -
especially of weight bearing muscles - has to be con-
sidered as a longlasting equivalent part of cardiac
rehabilitation beside endurance training [20, 21, 22, 23,
24,25, 26,27, 32].
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