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Chronic alcohol excess is associated with selective but
reversible injury to type 2B muscle fibres
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SUMMARY Patients drinking more than lOOg alcohol/day for longer than three years develop
atrophy of striated muscle fibres. This predominantly affects type 2B fibres which are dependent
on anaerobic glycolytic metabolism. Atrophy of type 1 and type 2A fibres, which in addition use
aerobic mitochondrial respiration, only occurs in the most severe cases and then only to a lesser
degree. Abstention from alcohol reverses the changes in muscle which slowly return to normal.
Selective injury to type 2B fibres indicates that search should be made for an alcohol-induced
biochemical lesion affecting the anaerobic glycolytic pathways of the muscle fibre.

Alcohol-associated disorders are an important cause
of morbidity and the effects of a high alcohol intake
on cardiac and striated muscle are increasingly rec-
ognised.' 2 The link between "ardent spirits" and
muscular weakness was first described in 1822 by
James Jackson of Harvard3 who demonstrated that
the muscle weakness might recover after abstention.
Modem interest in alcohol-induced muscle disease
dates from the description of acute myopathy and
rhabdomyolysis, associated with acutely drinking
patterns.4 Ekbom subsequently distinguished acute
and chronic myopathy in chronic alcoholics5 and
Perkhoff6 described subclinical myopathy detectable
only by laboratory or electromyographic means. It
has been estimated that about 40% of chronic
alcoholic patients have a subclinical myopathy. The
clinical patterns of striated muscle involvement in
alcoholism have been recently reviewed by Martin
et al. 7
The histological changes occurring in the striated

muscle of alcoholics are not well defined and there
have been relatively few morphometric studies.
Moreover it is not always clear whether the patients
reported are admitted to hospital for acute alcohol-
ism or for other reasons. We have previously made a
study8 of 15 patients admitted as acute general med-
ical patients and who have a history of alcohol
intake of more than 80g/day. In these we confirmed
that there was a significant atrophy of type 2 fibres
and demonstrated ultrastructural anomalies.

In this paper we extend our previous observations
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and report a more specific fibre type injury in
patients on initial investigation and subsequent
changes after periods of abstention from alcohol.
This study is part of a combined morphological-
biochemical analysis of muscle disease which aims to
reconcile structural and functional pathology. A full
account of the clinical and detailed biochemical and
morphological features will be presented elsewhere.

Material and methods

CLINICAL EXAMINATION
Patients Thirty-five patients were studied (22 men
and 13 women) between the ages of 29 and 64 yr.
All were initially admitted to the general medical
wards of this hospital for various medical problems
but gave a history of daily alcohol consumption in
excess of lOOg/day for over three years. The patients
had a variety of presenting problems, in most cases
clearly related to alcohol-induced disease. There
was no selection of patients within this group who
are hereafter referred to as "alcoholic" though we
accept that any such definition is imprecise.

Clinical examination included an assessment of
muscle bulk and strength. The MRC grading scale
was found to be insensitive, so simple assessment
was made of the presence or absence of wasting and
of weakness of proximal muscle groups as a whole.
Examination of the peripheral nervous system estab-
lished the following clinical categories: normal,
asymptomatic sensineuropathy, symptomatic sen-
sineuropathy and neuropathy with motor nerve
involvement.

772

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.36.7.772 on 1 July 1983. D
ow

nloaded from
 

http://jcp.bmj.com/


Chronic alcohol excess is associated with selective but reversible injury to type 2B muscle fibres

BIOCHEMICAL INVESTIGATION
Routine investigations included liver function tests
and haematological indices. Each patient had a
serum creatine phosphokinase activity assay, and
if raised above the normal upper limit of 175 IU/l,
the assay was repeated on serum pretreated with
specific antibody to the skeletal muscle MM
isoenzyme, so that remaining activity could be
attributed to the MB (cardiac origin) isoenzyme.

MUSCLE BIOPSY
Muscle biopsies were obtained from all patients on
first admission by percutaneous biopsies of vastus
lateralis. In 11 patients follow-up biopsies were
obtained after periods of alcohol abstention. Using a
modified Bergstrom needle (3 mm diameter) the
vastus lateralis was biopsied at a standard site in the
mid-thigh under local analgesia through an incision
in the skin and deep fascia.

LIGHT MICROSCOPY
Specimens were allowed to relax in air at room
temperature for 15 min before snap-freezing in
isopentane. Cryostat sections were cut with the mus-
cle orientated to produce cross sections and stained
with a variety of stains including haematoxylin and
eosin, periodic acid-Schiff, oil red 0 and Masson's
trichrome. Histochemical demonstration of the fol-
lowing enzymes was performed: ATPase at pH 9-4,
4-6 and 4.3, NAD diaphorase, myophosphorylase
and acid phosphatase.

CONTROL BIOPSIES
Quadriceps muscle biopsies were obtained from 12
normal volunteers from the staff of this hospital. In
order to augment this relatively small number we
also included as patient controls, quadriceps biop-
sies from patients who had presented with a variety
of muscular symptoms and who, after full clinical
and laboratory work-up, had been deemed to have no
significant muscular lesions. The subgroups of type 2
fibres were determined on the patient controls only.

MORPHOMETRY
The ATPase preparations were examined on a
"Magiscan" image analysis system (Joyce-Loebl)
and the "fibre diameters" of type 1, type 2 (overall),
type 2A and type 2B fibres calculated using an
interactive computer programme.9 The "fibre
diameter" was measured as the maximum distance
across the lesser aspect of the fibre. Atrophy factors
were calculated for each fibre type.'0 Differences in
the median fibre type diameters between alcoholics
and controls was evaluated using a two-way analysis
of variance with alcoholics v controls and men v
women as the variables.

Results

CLINICAL EXAMINATION
Fifteen of the 35 patients had previously been
attending or admitted to a hospital for physical or
psychological problems related to alcohol consump-
tion. All patients had drunk at least 100 g alcohol!
day for three years but the majority had drunk more
than this and for a longer period. Five patients com-
plained of muscle pain or cramp and 12 had noticed
weakness or wasting of muscles. On examination, 23
had wasting of proximal muscle groups, most prom-
inently the quadriceps. Twenty-one had weakness of
hip flexion or extension or knee extension.

Neuropathy
Eleven patients reported symptoms suggestive of
peripheral neuropathy. In 10 this consisted of
numbness and/or paraesthesia but one had
developed severe pain in the feet which was consi-
dered neuropathic. In 20 patients, neuropathy was
demonstrable on physical examination by diminu-
tion of sensation to pin prick and light touch or vib-
ration, usually with a clearly definable upper limit.
Ankle jerks were absent in five.

BIOCHEMISTRY
Four patients had raised serum activities of creatine
phosphokinase on a sample taken within three days
of cessation of alcohol consumption. These patients
were not the four who complained of painful mus-
cles. The raised CK activity was not due to the car-
diac MB isoenzyme.

PATHOLOGY

Initial biopsies
Light microscopy The most striking feature was
atrophy of type 2 fibres in the patients' biopsies. No
neuropathic features were seen. Type 1 and type 2
fibre type diameters were compared in men and
women in controls and patients (Tables 1 and 2).
For type 2 fibres, men have significantly larger fibres
than women (p < 0-001). Alcoholic patients have
significantly smaller fibres than controls (p < 0.001)
and the difference is independent of sex. Atrophy
factors were calculated for each patient. In only one
woman and five men were these values within nor-
mal limits for type 2 fibres and in some patients the
atrophy was gross.
Type 2A fibres were significantly larger in men

than women (p < 0-001). These fibres were smaller
in alcoholics than in controls but this change is not
statistically significant. Type B fibres were larger in
men than in women and were significantly smaller in
alcoholics than in controls in both men and women
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Table 1 Morphometric values offibre diameters in male controls and in male patients in initial biopsies

Male controls Median fibre diameter Median fibre diameter Atrophy factors
(Mn) (P.m)

Type I Type 2 Type 2A Type 28 Type I Type 2 Type 2A Type 2B

Volunteer 46-5 58 - - 116 17
Volunteer 55-1 53-8 - - 30 144
Volunteer 69-1 61-9 - - 0 85 - -

Volunteer 53-5 62-9 - - 50 5 -

Volunteer 67-6 67-6 - - 21 58 - -

Volunteer 53-6 57-6 - - 130 55 -

Volunteer 60-0 71-8 - - 15 0 - -

Patient control 52-8 53-8 53-0 53-9 56 40 46 80
Patient control 66-3 62-5 70-3 57-5 20 24 0 28
Patient control 66-3 63-9 64-7 56-6 0 17 5 15
Patient control 54-4 48-6 47-0 47-9 50 106 75 80
Patient control 65-3 59-9 67-0 58-4 0 51 0 75
Mean values t SD 58-5 t 7-7 59-9 t 7-7 57-6 t 7-6 53-6 t 7-2

Patient No
1 63-4 43 5 - - 20 600 - -
2 55-5 43-6 53-0 32-0 51 565 43 1290
3 64-8 47-9 55-2 47-0 0 148 40 150
4 43-3 24-7 33-0 16-5 388 1971 1240 2782
5 48-6 30-8 35-9 25-8 257 1400 912 1872
6 74-8 70-6 - - 0 192 - -
7 57-8 29-4 43-3 27-8 28 1428 405 1630
8 69-5 50-3 63-9 45-0 10 400 0 646
9 54-1 46-6 - - 80 192 - -

10 61-0 50-6 56 8 49-0 6 146 16 184
11 55-6 44-9 55-6 42-8 102 417 38 588
12 52-8 42-5 - - 133 500 - -
13 67-1 44-5 - - 5 485 - -
14 63-3 47-4 - - 46 416 - -
15 66-5 56-6 56-9 55-4 16 45 16 60
16 66-1 65-5 - - 0 28 - -

17 70 9 61-9 - - 50 26 - -
18 55-1 51-4 56-8 51-7 72 260 20 187
19 64-8 53-0 60-3 50-0 6 233 21 244
20 53-3 44-2 - - 74 400 - -

21 70-1 51-1 67-0 56-0 13 266 30 416
22 56-7 42-2 - - 72 610 - -
Mean values t SD 60-9 t 7-8 47.7 t 6-9 51-9 + 7-2 40-3 + 6-4

Upper limits for atrophy factors: type 1 = 150; type 2A = 150; type 2B = 150.

(p < 0.001). The atrophy factors in individual
patients demonstrate that though atrophy predo-
minantly affects and is gross in the type 2B fibres, it
is not confined to them.
No significant changes were noted in the size of

the type 1 fibres. Men had significantly larger fibres
than women (p < 0.001) but controls and patients
had similarly sized fibres and the male/female differ-
ence was similar in controls and alcoholics. How-
ever, though there was no statistically significant
atrophy of type 1 fibres in the patients as a group,
occasional biopsies showed atrophic type 1 fibres
but this was always in association with atrophy of
type 2 fibres. Two patients demonstrated an abnor-
mal atrophy factor for type 1 fibres.

FOLLOW-UP STUDIES
Patients were followed regularly as outpatients with
serial assessment of alcohol consumption, liver func-
tion tests and haematological indices. In 11 patients
who successfully abstained from alcohol, eight had
initially shown proximal wasting of muscle. The

wasting improved in each and in three returned to
normal after six months.

Repeat biopsies
Follow-up biopsies were obtained in 11 patients.
Two of these failed to abstain but 9 patients had
abstained for periods up to 16 months. In each abs-
taining patient there was a regression of the type 2
atrophy (Figure). In those whose type 2 subtypes
were examined, there was return to normal of the
type 2B fibre size (Table 3).

Discussion

Muscle disease in alcoholics may present dramati-
cally with marked muscle necrosis and myo-
globinuria.24 Chronic myopathy with progressive
wasting and weakness is a more common, though a
less striking, clinical syndrome. In this study we have
investigated muscle function and structure in 35
alcoholics admitted to the medical wards at North-
wick Park Hospital for complaints, not specifically
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Table 2 Morphometric values offibre diameters in female controls and in female patients in initial biopsies

Female controls Median fibre diameter Median fibre diameter Atrophy factors
(pn) (pm)

Type I Type 2 Type 2A Type 2B Type I Type 2 Type 2A Type 2B

Volunteer 50-3 52-0 - - 12 0
Volunteer 51-7 46-4 - - 8 57
Volunteer 50-6 59-5 - - 0 10
Volunteer 58-6 54.7 - - 21 38
Volunteer 56-4 53-1 - - 0 0
Patient control 43-7 38-1 43-7 36-1 10 65 11 108
Patient control 50-9 45-9 48-1 42-4 0 5 0 20
Patient control 50-4 52-6 48-4 47-0 20 0 0 0
Patient control 54-5 51-8 52-8 47-8 22 0 0 0
Patient control 55-8 45-7 45-8 38-0 0 45 0 97
Patient control 67-4 55-3 55-5 48-9 0 0 0 0
Patient control 57-0 56-9 49-1 49-8 0 0 0 0
Patient control 55-2 47-1 44-1 43-8 50 106 75 80
Patient control 64-2 54-3 55-5 45-9 0 5 0 20
Mean values SD 54-0 74 50-7 71 48-4 + 70 44-2 6-7

Patient No
23 62-1 27-1 41-6 21-1 0 885 71 1340
24 61-2 48-0 50-9 36-8 0 40 13 153
25 47-0 17-9 22-7 14-8 40 1582 1230 1986
26 65-3 39-4 51-6 29-0 5 331 17 665
27 41-1 26-2 - - 80 880 - -

28 50-0 33-6 43-2 25-8 20 366 24 904
29 46-2 35-4 37-0 36-0 22 248 145 160
30 53-2 40-4 - - 7 208 - -

31 57-7 39-4 - - 17 268 - -

32 42-6 34-3 - - 66 460 - -

33 54-1 36-4 40-8 31-9 0 253 115 451
34 56-7 34-5 - - 11 302 - -

35 54-8 33-9 37-7 27-4 15 393 205 760
Mean values SD 53-1 + 7.3 34-4 5.9 41-1 + 6-4 27-9 5-3

Upper limits for atrophy factors: type 1 = 100; type 2A = 200; type 2B = 200.

Table 3 Morphometry of repeat biopsies

Patient No Period of Sex Median fibre diameter Median fibre diameter Atrophy factors
abstinence (pm) (nm)
(months) Type I Type 2 Type 2A Type 2B

Type 1 Type 2 Type 2A Type 2B

2 6 M 47-4 45-7 - - 266 337 - -

4 31/2 M 51-3 38-5 52-9 37-4 108 748 82 800

4 8 M 59-1 58-4 - - 103 33 - -

4 3 M 61-0 54-1 - - 40 100 - -

8 Not
abstaining M 51-7 43-5 45-9 43-3 141 400 261 430

9 14 M 58-0 52-4 61-7 50-4 22 160 18 285

0 6 M 60-0 54-0 - - 73 142 - -

4 12 F 59-0 52-0 49-0 44-0 11 34 17 136

5 15 F 52-5 34-2 - - 0 36 - -

1 16 F 70-6 641 - - 0 0 -

4 Not
abstaining F 51-0 23-0 - - 34 1114 -

5 6 F 53-0 48-0 53-0 45 0 6 5 0 40
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Changes in atrophy factors for type 2 fibres after
abstention from alcohol. Patient identification numbers are
adjacent to the latest biopsy score.

related to the musculoskeletal system. None pre-
sented with acute myopathy. Twenty-three patients
had proximal muscle wasting on clinical examination
but histological evidence of myofibre atrophy was
present in 29 and this predominantly affected type
2B fibres.

Despite the frequency of clinical muscle disease
there have been relatively few studies of striated
muscle pathology in alcoholism. Klinkerfuss et allt
reported randomly distributed small fibres and
minor cytoplasmic architectural changes in alcoholic
myopathy. Ekbom et al5 described atrophy in a
chronic syndrome but both these reports were based
on simple histological examination. Kiessling and
coworkers, using histochemical techniques, showed
diminution in the size of fast-twitch fibres in 11
patients admitted to hospital for severe alcohol
abuse'2 and in a review article on the use of needle
biopsy in muscle diseases. Edwards described two
alcoholic patients with type 2 fibre atrophy but gave
no further details.'3 We have previously described
type 2 muscle fibre atrophy in 15 alcoholics taking
more than 80 g/day of alcohol.8 The present work
confirms that finding but extends it significantly by
demonstrating that the lesion predominantly and
most severely affects the type 2B fibres. No statisti-
cally significant changes occur in the size of the type
1 or type 2A fibres, though in occasional patients,

Slavin, Martin, Ward, Levi, Peters

with severe type 2B atrophy the values for type 1
and type 2A fibres may fall outwith normal values.
The differing fibre types recognised by the myosin

ATPase reaction have different metabolic patterns:
type 1 fibres are dependent on aerobic mitochron-
drial respiration; type 2B fibres depend predomin-
antly on anaerobic glycolysis whilst type 2A fibres
utilise both energy sources. The predominant atro-
phy of type 2B is a pointer to an alcohol-induced
lesion affecting the glycolytic pathways of the cell.
There is other evidence also of disordered carbohy-
drate metabolism' in muscle. Perkoff et a16 reported a
reduced lactic acid response to ischaemic exercise in
alcoholics and Kiessling et al'2 found decreased
activity of lactic acid dehydrogenase in muscle
fibres. Moreover, excess of glycogen is found on
ultrastructural examination between the myofibrils
and beneath the sarcolemma.8 The nature of the
defect in the glycolytic pathway remains to be pre-
cisely determined but it is of interest that reduced
activities of muscle glycolytic enzymes have been
reported in alcoholics.'2 14

The significance of type 2 fibre atrophy has been
questioned. It has been described in patients with
osteomalacia,'5 rheumatoid arthritis,'6 hypothyroid-
ism," Cushing's syndrome'8 and iatrogenic corticos-
teroid excess. It has been suggested that the atrophy
is due to muscular inactivity and is a non-specific
effect. This is unlikely for in immobilised
orthopaedic patients preferential type 1 fibre atro-
phy is found.'9 Atrophy reflects a changed balance
between synthesis and degradation of muscle pro-
teins and a change in either process may be
significant. In a group of five ambulant chronic
alcoholics with marked chronic myopathy the frac-

I tional myofibrillar degradation rate was the same as
in normal controls (FC Martin, unpublished obser-

I vations) and thus provides no evidence of increased
degradation. Continuing synthesis of muscle protein

I depends on the need to maintain the integrity of
I actively contracting cells. If anaerobic glycolytic
I pathways are selectively damaged and muscle fibre

contraction impaired, then a selective atrophy of
fibres dependent on anaerobic glycolysis will ensue.
The many causes of type 2 fibre atrophy may in-
dicate a similar final pathway of disease but other
histological differences, for example between hypo-
thyroid myopathy and chronic alcoholic myopathy7
imply that the biochemical mechanisms underlying
the atrophy are different either qualitatively or
quantitatively. There is clearly an opportunity here
to use tissue biochemistry to dissect and define the

I various metabolic and subcellular organelle lesions
which underlie the anatomical changes.20
The exact role of alcohol in the development of

the lesion is not clear. Skeletal muscle does not met-
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abolise ethanol and therefore damage may be
directly due to circulating ethanol to which bio-
logical membranes are permeable. Alternatively
circulating metabolites of alcohol such as acetal-
dehyde and acetate may be important.2'
Though the nature of the biochemical lesion

underlying chronic alcoholic myopathy and its
pathogenesis remain obscure, this study reveals
important features for the practising physician. The
lesion of chronic alcoholic myopathy is common but
is reversible and with abstention from alcohol the
fibre atrophy will recover.

These studies were performed with the permission
of Northwick Park Hospital Ethical Committee. We
wish to thank Mr Patrick Royston for his statistical
advice. Mrs Gilly Pirie and Mrs Janet Gilbert kindly
typed the manuscripts.
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