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Acute effects of alcohol on the peripheral nerves in
diabetic polyneuropathy: a clinical and
neurophysiological study
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SUMMARY Acute effects of alcohol on the peripheral nerves of seven patients with diabetic
polyneuropathy and 13 healthy subjects were examined neurophysiologically. Ethanol (1 g/kg)
caused a slight increase in skin temperature and motor conduction velocity in both groups. Motor
distal latencies decreased in the healthy subjects, but increased among polyneuropathic patients
after the consumption of alcohol. Diabetic nerves appear most susceptible to the acute effects of
alcohol.

The deleterious effect of the chronic consumption of
alcohol on the peripheral nerves of human alcohol-
ics has been established.1 2 Research into the chronic
effects of the consumption of alcohol in animals
recently has provided new data on the basic
neuropathologic phenomena which occur in the
peripheral nerves during the development of
alcoholic polyneuropathy.5 The acute effect of
alcohol intoxication on the function of the
peripheral nerves has been studied previously both
in normal healthy humans6 7 and in animals."-"
However, there are no data on the acute effects of
alcohol on damaged nerves. The effect of moderate
alcohol intoxication on the function of peripheral
nerves both in normal healthy controls and in
patients with diabetic neuropathy was the purpose
of the present study.

Patients and methods

Thirteen healthy volunteers (eleven men and two women)
and seven patients with diabetic polyneuropathy (six men
and one woman) were examined. The mean age of the
polyneuropathic patients was 39-8 years (range 30-59
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years); the mean age of the controls was 29*2 years (range
22-41 years). The patients had had diabetes for a mean
duration of 17*1 years (range 2-30 years). Six of the
patients had juvenile diabetes and one had adult diabetes,
and they were all dependent on insulin, all were normoten-
sive and in good metabolic control at the time of the
examinations. None showed any signs of cardiovascular or
renal complications. Their peripheral vascular state gener-
ally was good, with the exception of one patient (RL) who
had varicose ulcerations in the lower extremities. None of
the healthy controls showed signs of peripheral
neuropathy, but each diabetic patient had clinical signs of
polyneuropathy, which was confirmed by neurophysiologi-
cal measurements. For statistical purposes the neurological
findings were scored using a numerical index. A value of 0
was assigned if the finding was normal, 1 if it was
diminished or altered, and 2 if it was absent. The reflexes
of the biceps, the patella and the ankle were scored, as
were sensitivity to light touch, sensitivity to pain, and sen-
sitivity to vibration. This evaluation scale, which had a
potential range of 0 to 12 points has been used in other
clinical studies of diabetic polyneuropathy.'2 The duration
of the sense of vibration was carried out with a standard
tuning fork (128C); the measurements were taken from
the medial malleoli of the feet and from the metacar-
pophalangeal eminences of the hands. Detailed data of the
clinical characteristics of each patient are shown in table 1;
the differences between the diabetics and the controls with
regard to the sensitivity to vibration are provided in table
2.
Nerve conduction velocities were measured using a

3-channel DISA electromyograph. Table 2 shows which
nerves were measured for nerve conduction velocity. Sur-
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Table 1 Age and sex ofthe diabetic patients with
polyneuropathy, durations oftheir diabetes, and the clinical
score for the severity ofpolyneuropathy

Patient Age Sex Duration of diabetes Score
(yr) (yr)

1. RS 59 male 8 6
2. PK 37 male 29 4

.3. EA 30 male 16 5
4. JV 31 male 2 6
5. LL 31 female 25 5
6. HH 46 male 10 2
7. RL 45 male 30 8

Results

The mean skin temperature of both the controls and
the diabetics was 33*2'C before and after the con-
sumption of alcohol. The slight increase in tem-
perature after the consumption of ethanol was in the
control group 0-50°C, and in the diabetics 020°C;
the difference between the groups was not
significant (fig 1).

35.
Table 2 Conducton velocities for the sensory (SCV) and
motor (MCV) nerves (mls) in the control group and in
diabetics before the consumption ofethanol

Nerve Controls Diabetics

Median, MCV 62-8 51-0
Ulnar, MCV 58.7 49-6
Peroneal prof. MCV 49-7 32-6
Radial, SCV 56-1 52 8
Sural, SCV 42-6 38-9

Vibration time (s)
Medial malleoli
(n = 6) 14-5 9-2
Hands
(n = 7) 27-0 17-3

face electrodes were used both for stimulation and record-
ing. The positions of the electrodes were marked in order
that exactly the same sites could be used in all the meas-
urements. The stimulus pulses were supramaximal rectan-
gular with a duration of 0*1 ms. Before the measurements,
the appropriate extremity was warmed by an infrared hea-
ter. Skin temperatures were monitored at wrist level and,
in most cases, was kept constant. On some occasions, for
technical reasons, a sufficient heating time was not possible
and some increase in temperature after alcohol took place.
The motor conduction velocities (MCV) of one or both
median, ulnar and deep peroneal nerves were measured.
Also measured were the sensory conduction velocities
(SCV) of the radial and sural nerves. As the muscle and
nerve action potentials in the lower extremities of the
neuropathic patients were very low, their measurements
were inaccurate; therefore, they were omitted from the
statistical analysis. The nerve conduction velocities before
the consumption of alcohol are shown in table 2.
The subjects drank ethyl alcohol (1-0 g/kg) diluted with

orange juice to a concentration of about 20% (v/v). They
had 20 minutes to drink the alcohol. The concentration of
ethyl alcohol in the blood one hour after the subjects began
the consumption of alcohol was 0-82 + 0-07 mg/ml among
the diabetics and 0*95 + 0*05 mg/ml among the controls.
The concentrations of ethanol in the blood were measured
with a Perkin Elmer gas cromatograph.'3 The first
neurophysiological measurements were taken just before
the ingestion of alcohol, and the second measurements
were taken one hour later. Before the experiment, each
diabetic patient had the usual breakfast and medication.
One of them showed signs of slight hypoglycaemia when
the second neurophysiological measurements were taken.

34.

33.
°CC
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Controls DM
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Fig 1 Skin temperatures before (A) and after (B) the
consumption of ethanol. Mean skin temperature at wrist
level was 33-2°C (SD + 1.4) in both groups. The mean
temperature increase (050'C in controls, 0-20'C in
diabetics) did not differ between the groups.

Controls I DM

A B A B
m= 0973 m= 0996
SD=0 066 SD=0 072
n = 32 n =25

Fig 2 Relative changes in the motor conduction velocities
(MCV) ofthe median and the ulnar nerves, presented as
IIMCV (MCV + SD) before (A) and after (B) the
consumpton ofethyl alcohol. The difference between the
normal controls and the patients with diabetic neuropathy
(DM) was not significant (0-040 > p > 0.020).
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In agreement with the increase in skin tempera-
tures, there was a slight increase in the MCVs of
both groups. The differences between the groups
were not statistically significant (fig 2). Distal sen-
sory conduction velocities in the radial nerve of the
healthy subjects tended to increase, while no change
occurred in the polyneuropathic patients (fig 3).
Motor distal latencies, which are summarised in fig
4, decreased among the controls. Although indi-
vidual variation between the diabetic patients was
great, the distal latencies increased after the con-
sumption of alcohol. The difference of the responses
between the controls and the diabetic patients was
significant (p < 0.01).

Discussion

The present experiment revealed an interesting and
unexpected difference between the healthy subjects
and the diabetic neuropathic patients with regard to
the response of the distal parts of the peripheral
nervous system to acute alcohol intoxication. Before
our results are interpreted, several aspects should be
taken into consideration. Under normal conditions,
the conduction velocity of the myelinated fibres
depends on the ratio of axonal diameter to total
fibre diameter, on the distance between active nodal
regions, that is, internodal length, on the ambient
temperature,14 and, of course, on the supply of
metabolic products necessary for the maintenance of
axonal function. Because measurements of the con-
duction velocities of the peripheral nerves involve
the summation of the CVs of a myriad of individual
nerve fibres, a reduction in the CVs of neuropathic
patients could be due, partly to the disappearance of

Controls DM

A B A B
m= 0 936 m=100
SD= 0 035 SD=0 06
n= 8 n=7

Fig 3 Relative changes in the sensory conduction velocities
(SCV) ofthe radial nerve, expressed as IISCV (M t SD)
before (A) and after (B) the consumption ofethanol.

Controls

m=0897
SD=0 073
n =24

A B

DM

A B
m= 1 040
SD=0115
'n =27

Fig 4 Motor distal latencies ofthe median and ulnar nerves
(M t SD) before (A) and after (B) the consumption of
ethanol. The difference ofthe responses between the
controls and the neuropathic subjects (DM) was signifrant
(p < 0.01).

larger axons which conduct more rapidly. Mor-
phometric analyses of nerve biopsies have shown
that both diabetic polyneuropathy, and many other
neuropathies cause loss of larger axons.15
Another particularly important factor in this study

was the temperature. The rates at which sodium and
potassium channels undergo transition from a low
conductance state to a high one depends upon
temperature, probably reflecting the effects of
enzymatic turnover-rates in the nerve mem-
branes.'617 Alcohol causes cutaneous vasodilatation
which leads to a rise in the temperature of the skin
and associated structures. Such a rise in temperature
occurred in our patients and controls, but was less in
the diabetics probably because of vasomotor distur-
bances due to autonomic neuropathy.'8 This change
in temperature should have affected the
neurophysiological responses of both controls and
diabetics in the same manner but the response of the
neuropathic nerves with regard to sensory conduc-
tion velocities and, in particular, distal latencies dif-
fered from that of controls. The distal latencies in
the controls decreased after the consumption of
alcohol, probably due to an effect of temperature
rise combined with the possible effect of ethanol on
the nerve, but that of the diabetics increased.
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Another factor to consider was the concentration
of glucose in the blood at the time of the measure-
ments. The most common pathologic feature of
patients with diabetic neuropathy is a reduction of
motor and sensory conduction velocities.'9 Motor
and sensory conduction velocities are related to the
concentration of glucose in the blood. As the level of
glucose in the blood falls, for example as occurs
when treatment for diabetes is begun, conduction
velocity improve;20 distal latencies behave in a simi-
lar manner. The present experiment, however, did
not entail extensive alterations in the level of glu-
cose in the blood; moreover, the entirely different
responses between the groups cannot be explained
by fluctuations in the blood glucose level.
Our results on the acute effects of alcohol on dis-

tal latencies of the healthy controls are comparable
with those obtained previously. About 100 mg/100
ml of blood ethanol concentration causes a reduc-
tion in distal latencies,6 probably owing'to alcohol-
induced temperature changes in the limb.7 How,
then, can the opposite response in diabetic
neuropathic patients be explained? Distal motor
latency is the interval of time required for the nerve
impulse to travel along the distal parts of the motor
nerve-a distance of 5-7 cm-and through the
synaptic cleft, after which the impulse initiates the
muscle action potential. Alcohol has both presynap-
tic and postsynaptic effects8 and animal experiments
have shown that neuromuscular transmission is
facilitated even after low doses of ethanol."I Despite
these results, however, most of the response due to
ethanol are caused by altered nerve conduction.
Diabetic polyneuropathy is a mixed sensori-motor
neuropathy, with both axonal nerve damage
(dying-back) and segmental demyelination. As in
many mainly metabolic neuropathies which have
lasted for a prolonged period, continuous degenera-
tion and regeneration occurs in the peripheral
nerves. Consequently, the metabolism of the
Schwann cells and the neurons is different from that
which occurs under normal conditions. It is possible
that, owing to their prevailing degeneration and
regeneration, neuropathic nerves react in an entirely
different way to acute ethanol intoxication. The
basic neurophysiological events underlying the dif-
ferent reaction of damaged nerves to alcohol remain
to be discovered.
Another interesting question arising from this

study is whether the abnormal response to alcohol is
specific to diabetic neuropathy. Some data suggest
that this response also may be different in patients
with alcoholic polyneuropathy (Juntunen et al
unpublished). Furthermore, both clinical experience
and a carefully examined case2' indicate that the
consumption of alcohol may have some beneficial

effect on the subjective symptoms experienced by
patients with polyneuropathy. This may partly
account for the high prevalence of excessive con-
sumption of alcohol among patients with diabetic
neuropathy.22

This work was supported by the Finnish Foundation
for Alcohol Studies (Dr J Juntunen).
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