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Effects of chronic heart disease on
skeletal muscle fiber size
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Abstract

Size changes in muscle fibers of subjects with chronic heart disease
(CHD) have been reported, although a consensus has not been achieved.
The aims of the present study were to investigate a possible association
between CHD and fiber size changes in the brachial biceps compared
to subjects without heart disease. Forty-six muscle samples were
obtained in autopsies of individuals (13 to 84 years) without neuro-
muscular disorders, 19 (10 males and 9 females) with, and 27 (14
males and 13 females) without CHD. In all cases muscle sections were
stained with hematoxylin and eosin and processed for the visualiza-
tion of myofibrillar ATPase activity. The lesser diameter of type 1 and
type 2 fibers was obtained tracing their outlines (at least 150 fibers of
each type per sample) onto an image analyzer connected to a com-
puter. The results were analyzed statistically comparing males and
females with and without CHD. Type 1 fiber mean lesser diameters
were 51.51 and 54.52 µm in males (normal range 34-71 µm) and 45.65
and 55.42 µm in females (normal range 34-65 µm) without and with
CHD, respectively; type 2 fibers measured 54.31, 58.23, 41.15, and
49.57 µm, respectively (normal range 36-79 µm for males and 32-59
µm for females). No significant difference in fiber size was detected in
24 males with and without CHD, while in 22 females there was a
significant increase in size in those with cardiomyopathy. We con-
cluded that CHD does not determine significant changes in fiber size.
However, in females, there is some hypertrophy which, despite within
normal range, may reflect morphologic heterogeneity of the sample, or
the daily life activities in the upper limbs as a compensatory mechan-
ism to fatigability that affect predominantly the lower limbs in sub-
jects with CHD.
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Introduction

In 1972, Shafiq et al. (1) reported a histo-
pathological study of skeletal muscle in pa-
tients with heart disease. After this first de-

scription several investigators demonstrated
histologic and/or electromyographic abnor-
malities in the skeletal muscle of patients
with chronic heart disease (CHD, 2-8). How-
ever, no consensus exists as to whether there
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is type 1 and/or 2 fiber atrophy (9-13) or
whether there exists any degree of fiber atro-
phy (14). The aim of the present study was to
compare the size of skeletal muscle fibers
obtained at autopsy from subjects with CHD
to the size of fibers obtained from patients
without heart disease.

Subjects and Methods

Muscle samples were obtained at au-
topsy, 3 to 9 h after death, from the belly of
the brachial biceps of 46 subjects (22 fe-
males and 24 males) ranging in age from 13
to 84 years (mean female age: 45.6 ± 19
years; mean male age: 51.8 ± 18.1 years).
Nineteen samples (10 males, mean age 51.8
± 18.8, and 9 females, mean age 64.2 ± 10)
were from subjects with chronic cardiomy-
opathy confirmed at autopsy. Twenty-seven
samples (14 males, mean age 52.8 ± 16.4,
and 13 females, mean age 32.5 ± 11) were
from subjects who had suffered sudden death
or who had died after a short acute illness,
without involvement of the neuromuscular
system, as confirmed morphologically. In all
cases, the muscle samples were immediately
immersed in liquid nitrogen and oriented in
order to obtain transverse sections, which
were cut into 10-µm thick sections with a
cryostat at -20ºC. Each section was placed
on a glass coverslip, stained with hematoxy-
lin and eosin and processed for the visualiza-
tion of myofibrillar ATPase activity at pH
9.6, 4.6 and 4.3. The fiber outlines were
traced onto an Image Analyzer Kontron,
KS300, Carl Zeiss (Oberkochen, Germany)
connected to an IBM-PC computer. In each
muscle sample, at least 150 fibers of each
type were measured to obtain the lesser di-
ameter (type 1 fiber lesser diameter, and type
2 fiber lesser diameter). To facilitate the
presentation of the results, the morphomet-
ric data were divided into four subgroups
according to sex and presence or absence of
CHD.

The Ethics Committee of the University

Hospital, School of Medicine of Ribeirão
Preto, University of São Paulo, approved
this study.

Statistical analysis

The results were analyzed statistically by
the Levene test to identify variance equality
and by the Student t-test to compare classes.
The Mann-Whitney test was used to com-
pare the male and female subgroups in the
groups with and without cardiomyopathy.
The SPSS software (version 10.0) was used
for statistical analysis.

Results and Discussion

Morphological examinations of hema-
toxylin and eosin-stained sections showed
no structural changes in muscle fibers, ex-
cept for a variation in fiber size, which did
not include angulated fibers or atrophy of
fascicles. ATPase-stained sections did not
show type grouping.

The most frequent cardiac disorder in the
group with CHD was hypertensive cardiopa-
thy, but there was also cardiac failure associ-
ated with Chagas’ disease, cor pulmonale
and chronic ischemic myocardiopathy. In
most of the patients of the group without
CHD the death was related to hypovolemic
or septic shock, due to digestive hemorrhage
or acute infections (meningitis, pneumonia,
intestinal perfuration) respectively; dissect-
ing aneurism of the aorta, acute myocardial
infarct and pulmonary thrombo-embolism
were also causes of death in this group.

The mean values of type 1 fiber diam-
eters in subjects without and with CHD,
were 51.51 ± 1.62 and 54.52 ± 3.07 µm in
males and 45.65 ± 2.08 and 55.42 ± 2.04 µm
in females, respectively. For type 2 fibers,
the values were: 54.31 ± 3.42 and 58.23 ±
3.37 µm in males and 41.15 ± 1.46 and 49.57
± 1.17 µm in females, respectively (Table 1).

The Student t-test comparing the type 1
and type 2 classes showed a statistically
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significant difference between males and
females (P < 0.05).

Regarding subjects with CHD, class com-
parison (male, autopsy - without cardiomy-
opathy, type 1 and type 2 fibers, N = 14, and
male, autopsy - chronic cardiomyopathy, type
1 and type 2 fibers, N = 10) showed no
significant difference. The results obtained
for females showed a statistically significant
difference in mean lesser diameter of type 1
and type 2 fibers between subjects with car-
diomyopathy (N = 9) and subjects without
heart disease (N = 13; P < 0.05; Figure
1A,B), with higher mean values for females
with chronic cardiomyopathy.

The mean lesser diameter obtained for all
subjects of both sexes was within the normal
values established by Brooke and Engel (15),
40-80 µm for males and 30-70 µm for fe-
males, using 103 samples, and by Mattiello-
Sverzut et al. (16), 34-71 and 34-65 µm for
type 1 fibers, and 36-79 and 32-59 µm for
type 2 fibers, in males and females, respec-
tively, using 72 samples. In males with or
without chronic cardiomyopathy, type 2 fi-
bers were larger than type 1 fibers, while in
females, type 1 fibers were larger than type 2
fibers, as observed by Brooke and Engel (15)
in normal muscles. However, among females,
subjects with heart disease had a significant-
ly larger mean lesser diameter of type 1 and
type 2 fibers than subjects without cardio-
myopathy. No literature reports are available
about the effects of chronic cardiomyopathy
on skeletal muscle in females. For males, the
data indicate the presence of mild atrophy,
predominantly in type 2 fibers of the vastus
lateralis, quadriceps and gastrocnemius
muscles of patients with chronic cardiomy-
opathy (12,15,17). Buller et al. (17) evalu-
ated morphologically and functionally the
adductor muscle of the thumb and did not
find any size abnormality, not even in strength
performance, suggesting only an effect of
chronic cardiomyopathy on large muscle
groups involved in locomotion. In the bra-
chial biceps muscle, as studied in our cases,

Table 1. Muscle fiber diameters of males (M) and females (F) with and without chronic
cardiomyopathy.

Sex Without Chronic
cardiomyopathy cardiomyopathy

Type 1 fiber mean M 51.51 ± 1.62 54.52 ± 3.07
lesser diameter (µm) F 45.65 ± 2.08 55.42 ± 2.04*

Type 2 fiber mean M 54.31 ± 3.42 58.23 ± 3.37
lesser diameter (µm) F 41.15 ± 1.46 49.57 ± 1.17*

Data are reported as means ± SD for 19 (10 males and 9 females) with, and 27 (14
males and 13 females) without cardiomyopathy.
*P < 0.05 compared to subjects without cardiomyopathy (Student t-test).

Figure 1. Box plot showing muscle fiber diameters of female autopsy subjects with (N = 9)
and without (N = 13) cardiomyopathy. A, Type 1 fibers; B, type 2 fibers. *P < 0.05
compared to subjects without cardiomyopathy (Student t-test and when necessary, Mann-
Whitney test). (Fifty percent of the subjects are contained inside the boxes and the central
line represents the median. The other 50% are distributed between the box and the
horizontal lines that are above and below the box; the numbers inside the panel represent
the values obtained during statistical analysis).
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Caforio et al. (10) observed a reduction of
type 1 fibers in one third of the muscle
samples from patients with chronic dilated
or hypertrophic cardiomyopathy, while the
remaining ones presented normal values of
type 1 and 2 fibers. In experimental models,
both muscle fiber types of the sural triceps of
dogs (9) and of the plantaris and sural triceps
of rats (18) presented a reduced diameter.

The present results do not confirm the
existence of morphological or morphomet-
ric changes in upper limb muscles of patients
with CHD, as previously reported (1-5). Our
findings are intriguing and cannot be fully
explained. The increase in size of both fiber
types in subjects with chronic cardiomyopa-
thy, more marked in females, may reflect
morphologic heterogeneity of the sample, as
suggested by Johnson et al. (19), and tro-
phism, as suggested by Shorey and Cleland
(20) of the muscles in the human body. This
increase may also be determined by effects
of daily life on the upper limbs as a compen-

satory mechanism for the fatigability and
intolerance to exercise predominantly af-
fecting the lower limbs of subjects with
chronic cardiomyopathy.

CHD was not associated with significant
morphological changes in the brachial bi-
ceps muscle of these subjects, although the
fibers of females with heart disease were
significantly larger than in controls. How-
ever, the values obtained were within the
normal range established in the literature
and in our own observations.
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