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Summary. Both hypoglycaemia and alcohol consumption af- 
fect cognitive function but it is unclear whether moderate 
drinking alters awareness of hypoglycaemia. We have exam- 
ined this in a single blind randomised hyperinsulinaemic 
clamp study in eight non-diabetic subjects and seven Type 1 
(insulin-dependent) diabetic patients. After 30 min of eugly- 
caemia (blood glucose 4.5 retool/l) subjects drank either 
0.75 g/kg ethanol or a placebo drink after which blood glu- 
cose was lowered to 2.5 retool/1 for 40 rain. Awareness of hy- 
poglycaemia, reaction time and physiological responses were 
measured before and after ethanol. At a blood glucose con- 
centration of 4.5 mmol/1, ethanol (producing peak blood lev- 
els of 20-25 retool/l) caused a transient increase in systolic 
blood pressure (p < 0.05), a sustained increase in heart rate 
(p < 0.01) and a slowing of reaction time in both normal sub- 

jects and diabetic patients. During hypoglycaemia in both 
groups, the slowing of reaction time and increase in sweating 
were more marked after ethanol than placebo (both 
p < 0.05), while the increase in finger tremor (p < 0.05) was 
blunted after ethanol, in both groups. Counter regulatory 
hormone secretion was not affected by ethanol. Despite in- 
creases in symptoms during hypoglycaemia, only 2 of 15 indi- 
viduals "felt hypoglycaemic" after ethanol compared to 11 
out of 15 after placebo. We conclude that after moderate 
drinking non-diabetic subjects and Type 1 diabetic patients 
are less aware of hypoglycaemia despite exaggerated physio- 
logical changes. 
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counter-regulation, hypoglycaemic awareness. 

It has been recommended  that insulin treated diabetic 
patients should be cautious when drinking alcohol be- 
cause symptoms of hypoglycaemia may be obscured or 
modified by the cerebral effects of ethanol [1] although 
we know of no experimental  evidence upon which this is 
based. In addition, ethanol itself causes significant car- 
diovascular changes [2] and may affect the release of hor- 
mones involved in glucose counter-regulation [3]. There-  
fore, the cerebral effects of ethanol or its modification of 
peripheral  physiological changes might adversely affect 
awareness of hypoglycaemia although this has only been 
tested in rats where Sammalisto [4] showed that hyper- 
glycaemia tempered  intoxication while hypoglycaemia 
enhanced it. 

Our aim was to examine the effects of modera te  drink- 
ing on awareness of, and the physiological and hormonal  
counter-regulatory responses to, hypoglycaemia in non- 
diabetic subjects and patients with Type 1 (insulin-de- 
pendent)  diabetes mellitus. 

Subjects and methods 

Seven men with Type 1 diabetes (Table 1) and eight non-diabetic 
subjects (six female) were recruited. Apart from insulin no subject 
was taking any medication except the oral contraceptive pill (three 
non-diabetic subjects). Patients were selected on their willingness to 
participate and on the basis of stable, well controlled diabetes (three 
previous glycosylated haemoglobin levels less than 10%). No patient 
had clinical evidence of autonomic or peripheral neuropathy, or al- 
buminuria but one had background retinopathy. None had a history 
of hypoglycaemic unawareness. All patients and volunteers drank 
less than 15 units of ethanol per week (1 unit - half pint of beer or 
23 ml of spirits). Written consent was obtained for the study which 
was approved by the hospital and medical school ethical committees. 
Two studies were performed on each subject at least 2 weeks apart. 

Glucose clamp 

At 08.00 hours on the morning of the experiment, the diabetic pa- 
tients were admitted fasting to the metabolic unit having had their 
last insulin the previous evening. Blood glucose was kept between 
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Table 1. Clinical characteristics of patients with diabetes 

Patient Age Sex Duration HbA1 BM I Compli- 
(years) diabetes % kg/m 2 cations 

(years) 

1 21 M 5 8.7 21.9 None 

2 35 M 23 8.0 28.1 Retino- 
pathy 

3 23 M 3 8.7 29.7 None 

4 19 M 5 9.9 21.2 None 

5 25 M 4 7.2 23.2 None 

6 37 M 5 7.6 23.9 None 

7 32 M 4 7.1 22.2 None 

HbAi normal range < 7.5%. Healthy volunteers Age 22-26 years, 
6 female 

4.5 and 6 mmol/1 by a continuous infusion of soluble insulin adjusted 
on the basis of measurements of blood glucose every 10 min. Studies 
in the diabetic patients were deferred if venous blood glucose fell 
below 3.5 mmol/1 during this period. The non-diabetic subjects 
fasted for 6-8 h before the study. 

All experiments began at 13.00 hours when under local anaes- 
thetic a cannula was placed in the non-dominant arm for infusion of 
human Actrapid insulin (Novo Laboratories, Copenhagen, 
Denmark) at a fixed rate of 60 mU.m-2 .min  -1 and a variable 
infusion of 20% dextrose. A modified hyperinsulinaemic glucose 
clamp [5] was used to maintain blood glucose at pre-determined 
levels. Arterialized venous blood samples were obtained from a 
cannula in a dorsal hand vein of the same arm; the hand was placed 
in a heated box (55-60~ and the cannula kept patent by a 
154 mmol/1 NaC1 infusion. Glucose was administered by an IVAC 
560 pump (IVAC, San Diego, Calf., USA) adjusted every 2.5 min 
according to blood glucose measured at the bedside with a glucose 
oxidase method (Yellow Springs Instrument, Yellow Springs, Ohio, 
USA). 

Subjects had blood glucose clamped at 4.5 mmol/1 for 60 rain. 
After 30 rain at this blood glucose level, they drank 0.75 g of pure 
ethanol per kg body weight (equivalent to 2 or 3 large measures of 
vodka) diluted with twice the volume of low calorie fruit squash 
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(ethanol study) or on another occasion they had the diluent only 
(placebo study). The order of experiments was randomised between 
subjects and, although they were "blind", most recognised which 
drink contained alcohol. After this 60 min period of euglycaemia, 
blood glucose was lowered by varying the glucose infusion rate to 
2.5 mmol/1 and held there for a further 40 min. The insulin infusion 
was then discontinued and blood glucose allowed to recover. In the 
non-diabetic study further arterialised venous blood samples were 
taken 15 and 30 min after the insulin infusion for measurement of 
counter-regulatory hormones. 

All non-diabetic subjects had the likely symptoms of hypogly- 
caemia explained before each experiment. All subjects knew that 
blood glucose would be lowered at some time during each experi- 
ment, but did not know when. 

Physiological measurements 

Heart rate and blood pressure were measured by an automated os- 
cillometric method (Accutor 1A monitor, Datascope Corp, NJ, 
USA). Rates of sweating were measured over the lower sternum 
with a ventilated capsule using dew-point sensors (Michell Instru- 
ments, Cambridge, UK) to estimate the water content of inflowing 
and outflowing air [6]. Finger tremor was measured by an accele- 
rometer (Bruel and Kjaer 4367) connected by a "Perspex" ring to 
the terminal phalanx of the middle finger of the dominant hand. 
Measurements were made for 1 rain, with the forearm supported 
and hand outstretched as previously described [7]. 

Awareness of hypoglycaemia was assessed by asking the general 
question "do you feel hypoglycaemic?" A symptom score was ob- 
tained by asking subjects to rate seven symptoms as absent, mild, 
moderate or severe (scored 0, 1, 2 or 4 respectively). The symptoms 
were facial flushing, tingling of the fingers or around the lips, trem- 
bling, palpitations, sweating, blurred vision and sleepiness. Dummy 
questions (not scored) were asked to make sure that the subjects 
were not answering "automatically" because of neuroglycopoenia. 
A 100 mm visual analogue scale was used to assess whether subjects 
knew their blood glucose level, the extremes of the scale being 
defined as "blood glucose normal" and "blood glucose very low". In 
addition another 100 mm visual analogue scale was used to assess so- 
briety; the extremes of this scale were "sober" and "drunk". Assess- 
ments of awareness of hypoglycaemia and sobriety, and physiologi- 
cal measurements were made twice at a blood glucose of 4.5 mmot/1 

Table 2. Mean (SEM) blood glucose, plasma free insulin and blood alcohol levels during the healthy volunteer and patient studies 

Time (min) 

30 60 90 120 

Healthy volunteer stud), 

Placebo 4.44 (0.07) 4.43 (0.04) 2.43 (0.03) 2.53 (0.06) 
Glucose (mmol/1) 
Alcohol 4.44 (0.09) 4.54 (0.05) 2.48 (0.02) 2.53 (0.04) 

Alcohol(retool/l) 0.19 (0.1) 18.31 (2.1) 20.14 (0.9) 18.49 (0.4) 

Placebo 86.41 (4.1) 109.8 (12.1) 110.5 (13.7) 108.5 (13.2) 
Insulin (mUff) 
Alcohol 117.6 (23.6) 110.6 (9.1) 113.3 (11.5) 116.8 (10.6) 

Patient study 
Placebo 4.42 (0.08) 4.44 (0.05) 2.44 (0.03) 2.50 (0.06) 
Glucose (mmo!/l) 
Alcohol 4.43 (0.09) 4.50 (0.06) 2.47 (0.04) 2.52 (0.03) 

Alcohol(mmol/1) 1.39 (0.5) 16.8 (1.1) 23.8 (1.4) 22.2 (0.7) 

Placebo 89.5 (28.4) 102.5 (21.2) 118.7 (11.7) 125.3 (16.2) 
Insulin (mU/l) 
Alcohol 129.7 (35.0) 115.6 (19.8) 117.0 (22.7) 142.3 (26.6) 
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Fig. 1. Sweat production and finger tremor before and after ethanol 
and during hypoglycaemia in the normal subject (left hand side) and 
patient (right hand side) studies. Two-way analysis of variance 
showed that ethanol augmented sweat production and diminished 
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finger tremor in both studies (both p < 0.05). ,1. ethanol or placebo 
given. Normal subjects: placebo [] ; alcohol l .  Diabetic patients: 
placebo O ; alcohol �9 

(before and after ethanol or placebo), and after 10 and 40 min at 
2.5 mmol/1. 

Cognitive function was assessed with a four-choice reaction 
timer [8] over 5 min periods, at baseline (blood glucose 4.5 mmol/1), 
after ethanol or placebo, and during hypoglycaemia (blood glucose 
2.5 mmol/1). In this test subjects depress a microswitch correspond- 
ing to one of four flashing lights which automatically come on and off 
in a random order. The latency period is recorded on cassette tape 
for subsequent computer analysis. 

Statistical analysis 

Results are expressed as mean (SEM). Where appropriate, data 
were logarithmically transformed before two-way and one-way ana- 
lysis of variance, corrected for repeated measures with Duncans 
range test. When two-way analysis of variance indicated significant 
treatment by time interactions, the nature of these differences was 
determined by paired t-tests on the contrasts in group means. 

Counter-regulatory hormones 

After each reaction time measurement during euglycaemia, after 10 
and 40 rain during hypoglycaemia, and 15 and 30 min after stopping 
the insulin infusion (non-diabetic study only), blood was taken 
from the heated hand vein, centrifuged at 4~ and 2000 g for 10 rain 
and the plasma added to tubes containing 75 gl of EGTA-gluta- 
thione for measurement of catecholamines, 75 gl of Trasylol (Bayer 
UK Ltd, Newbury, Berks., UK) for glucagon and pancreatic 
polypeptide, and into plain tubes for growth hormone and cortisol. 
The plasma for measurement of free insulin was extracted by add- 
ing equal volumes of a polyethylene glycol/phosphate buffer 
mixture, vortexed and spun for 30 min to remove the precipitated 
globulin fraction [9]. All samples were stored at - 80~ and all sam- 
ples from a single subject were analysed at the same time. Adre- 
naline and noradrenaline were measured by high performance 
liquid chromatography with electrochemical detection [10]. Corti- 
sol and growth hormone were measured by an in-house direct 
radioimmunoassay. Free insulin [9], pancreatic polypeptide [11] 
and glucagon [12] were measured by radioimmunoassay. Intra- 
assay coefficients of variation were; glucagon 11.1%, adrenaline 
6%, noradrenaline 4%, growth hormone 6.8%, cortisol 6% and 
free insulin 9%. 

Results 

Blood glucose, ethanol and plasma insulin. M e a n  b l o o d  
glucose,  p l a s m a  insul in and b l o o d  e tha no l  levels dur ing  
each  s tudy are  shown in Table  2. Peak  b l o o d  e thano l  levels  
were  g rea t e r  in the  pa t i en t s  (23.8 _+ 1.4 retool/ l)  than  non-  
d iabe t ic  subjects  (20.1 _+ 0.9 retool/1 p < 0.05). Five sub- 
jects  had  e thano l  first but  all cor rec t ly  iden t i f i ed  the  e tha-  
nol  s tudy as shown by m o v e m e n t  t owards  the  " d r u n k "  end  
of  the  visual  ana logue  scale. 

Non-diabetic subjects 

Heart rate, blood pressure, finger tremor and sweating. 
C o n s u m p t i o n  of  e thano l  was a c c o m p a n i e d  by  an increase  
in hea r t  r a te  dur ing eug lycaemia  ( f rom 70 .1+3 .2  to 
80.0 _+ 3.3 p < 0.01) which was sus ta ined  when  b l o o d  glu- 
cose was l o w e r e d  to  2.5 retool/1. In  the  p l acebo  s tudy  h e a r t  
ra te  inc reased  only dur ing  h y p o g l y c a e m i a  ( f rom 69.3 + 2.5 
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Fig.2. Mean _+ SEM symptom 
scores, serial reaction time, 
ordinal awareness of hypo- 
glycaemia (movement along 
(ram) the visual analogue scale in 
the direction of 'blood sugar very 
low') and number of subjects 
aware of hypoglycaemia during 
the normal subject (left hand 
side) and patient (right hand 
side) studies. $ ethanol or 
placebo given. * p < 0.05; 
�9 * p <0.01. alcohol, II, O,II; 
placebo [], �9 

to 75.8 + 3.3 p < 0.01). After  ethanol systolic blood pres- 
sure increased transiently (from 118.1 + 3.1 to 123.0 + 1.4 
p < 0.05) during euglycaemia but was not significantly dif- 
ferent from baseline during hypoglycaemia or throughout 
the placebo experiment. Diastolic blood pressure fell dur- 
ing hypoglycaemia (from 65.8 + 2.1 to 58.8 + 3.0,p < 0.02) 
only in the placebo study. The increase in finger t remor 
during hypoglycaemia was less marked after ethanol than 
after the placebo drink (p < 0.05 Fig. 1). In contrast, dur- 
ing hypoglycaemia, sweating only increased significantly 
after ethanol (p < 0.05 Fig. 1). 

Pancreatic polypeptide and counter-regulatory hormone 
levels. Plasma adrenaline (placebo 1.70 + 0.30, ethanol 
1.55 + 0.30 nmol/1), pancreatic polypeptide (placebo 

125 + 40, ethanol 100 + 20 pmol/1), growth hormone 
(placebo 8 + 4, ethanol 14 + 5 mU/1) and glucagon (place- 
bo 15 + 7, ethanol8 + 3 pmol/1) rose to similar levels during 
hypoglycaemia on both occasions. Cortisol did not in- 
crease above baseline until the recovery period when it 
rose to 593 + 25 nmol/1 (from 434 + 98 nmol/1) after place- 
boandto654  + 61 nmol/l(from380 + 73 nmol/1)after etha- 
nol (p < 0.05), 30 min after the end of the insulin infusion. 

Reaction time, symptom score and hypoglycaemic aware- 
ness (left panel o f  Fig. 2). Ethanol was associated with an 
increase in symptom score (p < 0.05) during euglycaemia. 
This was predominantly due to increased reporting of 
sweating, palpitations, facial flushing and blurred vision. 
The symptom score during hypoglycaemia was the same 
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with and without ethanol. Baseline serial reaction times 
were similar but during euglycaemia reaction time was 
significantly slower after ethanol (p < 0.05) and the same 
was true during hypoglycaemia (p < 0.05). 

When blood glucose was 4.5 mmol/1, two normal sub- 
jects "felt hypoglycaemic" after ethanol. At 2.5 mmol/1, six 
of the eight "felt hypoglycaemic" after the placebo drink 
but only one after ethanol. Awareness of a reduction in 
blood glucose as measured on the visual analogue scale (or- 
dinal awareness) paralleled the actual change in blood glu- 
cose (Fig. 2) during the placebo study but not after ethanol. 

Diabetic patient study 

Heart rate, blood pressure, finger tremor and sweating. 
Two patients had ethanol first. During euglycaemia heart 
rate increased after ethanol (from 70.1 + 4.7 to 77.4 + 3.4, 
p < 0.01) but was unchanged after the placebo drink. Dur- 
ing hypoglycaemia heart rate increased from 68.7 + 3.6 to 
81.0 + 5.5, (p < 0.01) in the placebo study and to 86.1 + 5.5 
after ethanol, (p <0.01). During euglycaemia systolic 
blood pressure increased transiently (from 123.9 + 5.6 to 
135.4+4.8mmHg, p <0.05) after ethanol but diastolic 
blood pressure was unchanged during both studies. Dur- 
ing hypoglycaemia the increase in finger tremor was less 
marked after ethanol than after the placebo drink 
(p < 0.05 Fig. 1). In contrast sweat production, during hy- 
poglycaemia, was augmented by ethanol (p < 0.05 Fig. 1). 

Pancreatic polypeptide and counter-regulatory hormone 
secretion. Plasma adrenaline (placebo 1.65 + 0.30, ethanol 
1.80 + 0.30 nmol/lp < 0.01) and growth hormone (placebo 
15.5 + 4.5, ethanol 13.5 + 4 mU/1 p < 0.05) levels were 
similar in both studies during hypoglycaemia. Pancreatic 
polypeptide increased above baseline to a similar extent 
in both studies in all patients (from 16.7+3.2 to 
28.6 + 5.4 pmol/1, p < 0.05 after the placebo drink and 
from 18.4 + 3.4 to 46.0 + 21.6 pmol/1, p < 0.05 after etha- 
nol) but the increase was less than that in the non-diabetic 
subjects. Cortisol and glucagon did not change significant- 
ly in either study. Ethanol had no effect on hormone secre- 
tion at any stage. No measurements were made during the 
recovery phase. 

Serial reaction time, symptom score and hypoglycaemic 
awareness (right panel of Fig. 2). At a blood glucose of 
4.5 mmol/1 drinking ethanol was associated with an in- 
crease in symptom score (p < 0.01) predominantly due to 
increased sweating, palpitations, facial flushing and 
blurred vision, which was sustained during hypogly- 
caemia. Symptom score did not change significantly in the 
placebo study. 

Baseline reaction times were similar but the slowing 
during hypoglycaemia was more marked after ethanol 
(p < 0.05). 

When blood glucose was 4.5 mmol/1, one patient "felt 
hypoglycaemic" after ethanol. At 2.5 mmol/1 the visual 
analogue measurements paralleled the reduction in blood 
glucose and were not significantly affected by ethanol. 
However, only one subject "felt hypoglycaemic" at this 
stage after ethanol compared to five afterthe placebo drink. 
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Discussion 

Books and pamphlets given to patients with diabetes con- 
tain conflicting and often inadequate advice about the 
risks of alcohol [13]. They vary in their information about 
daily intake (ranging from "moderate quantities" to "ask 
the dietician"), and some contain no advice about the risks 
of hypoglycaemia after drinking alcohol. The British 
Diabetic Association recommend that an average of three 
drinks per day on a regular basis is the maximum (where 
one drink is defined as half a pint of beer or 23 ml of 
spirits) and that it is better to drink less since moderate 
consumption may mask some of the warning symptoms of 
hypoglycaemia [14]. The blood alcohol concentration in 
this study (20-25 mmol/1) is just above the legal limit for 
driving in the United Kingdom and is associated with feel- 
ings of mental relaxation, a decrease in fine skills and a re- 
duction in the ability to respond and perform. Neverthe- 
less, at this level an individual is likely "to consider 
him/herself more alert and more capable than normal 
even though there has been a slowing of reaction time, 
judgment and the ability to respond to emergencies" [15]. 

We found that during hypoglycaemia, moderate alco- 
hol intoxication decreased awareness, blunted finger tre- 
mor and increased reaction time and sweating in both 
diabetic patients and non-diabetic subjects without affect- 
ing the hormonal counter-regulatory response. Despite 
being aware of facial flushing, blurred vision, palpitations 
and sweating, only 2 of 15 subjects "felt hypoglycaemic" 
after alcohol compared with 11 of 15 in the control experi- 
ment when blood glucose was 2.5 retool/1. In addition, two 
non-diabetic subjects and onepatient"felt"hypoglycaemic 
after alcohol when blood glucose was normal. One explana- 
tion for the lack of awareness is that cognitive impairment 
(as shown by the deterioration in reaction time ) was so gre at 
after alcohol as to prevent recognition ofhypoglycaemia. 

These studies highlight some of the problems inherent 
in examining hypoglycaemic (un)awareness in non- 
diabetic subjects. All the patients had stable glycaemic 
control prior to the study, thereby avoiding the influence 
of changing blood glucose thresholds for release of indi- 
vidual counter-regulatory hormones [16]. Despite the ab- 
sence of a significant sweat response the diabetic patients 
still "felt hypoglycaemic" at a blood glucose of 2.5 retool/l, 
suggesting that patients rely on idiosyncratic cues rather 
than classical textbook warning symptoms. After alcohol 
the non-diabetic subjects could not recognise that their 
blood glucose was lower and did not "feel hypogly- 
caemic". In contrast the patients, who by definition had 
experienced hypoglycaemia before, knew that their blood 
glucose was lower but did not consider themselves hypo- 
glycaemic i. e. they failed to appreciate the significance of 
a lower blood glucose and might therefore not have taken 
action. This is analogous to the person who denies being 
"over the limit" and feels capable of driving home, yet is 
obviously intoxicated to those around him. 

We found no effect of alcohol on the hormonal 
counter-regulatory response, unlike Kolaczynski et al. [3] 
who reported that ethanol reduced growth hormone, cor- 
tisol and glucagon responses at blood glucose nadir of 
2.3-2.5 mmol/1. Their study involved only healthy men 
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and used a l a rge r  dose  of  e thano l  ( m e a n  ora l  and  IV dose  
of  1.11 g/kg b o d y  weight) .  Neve r the l e s s  in the i r  study, 
b lood  glucose r ecove ry  was fas ter  af ter  a lcohol  desp i t e  the  
r educ t ion  in coun te r - r egu l a to ry  h o r m o n e  p roduc t ion ,  
poss ib ly  due  to p e r i p h e r a l  insul in res is tance.  Ea r l i e r  Yki-  
J a rv inen  et  al. [17] r e p o r t e d  tha t  p e r i p h e r a l  glucose utili-  
sa t ion  is r e d u c e d  by  p r io r  admin i s t r a t i on  of  a lcohol  with-  
out  any change  in glucagon,  g rowth  h o r m o n e  or  cor t i sol  
levels  u n d e r  eug lycaemic ,  hype r in su l inaemic  condi t ions .  

I t  is well  k n o w n  tha t  a lcoho l  affects the  ca rd iovascu la r  
system. Mos t  s tudies  have  shown an increase  in h e a r t  r a te  
[2, 18, 19] p r o b a b l y  as a ref lex re sponse  to  a r t e r i o l a r  or  
venous  d i l a t a t ion  [20] and r e d u c e d  c i rcula t ing vo lume  
[21]. O u r  f inding of  a t rans ien t  increase  in systol ic  b l o o d  
pressure  af te r  a lcohol  agrees  wi th  some  [2, 19] bu t  not  all 
[22, 23] studies.  

I t  has  b e e n  k n o w n  for  m a n y  years  tha t  a lcoho l  
d iminishes  t r e m o r  [24] p r o b a b l y  t h rough  a c e n t r a l m e c h a n -  
ism since infusions of  e thano l  d i rec t ly  into the  b rach ia l  ar- 
te ry  of  pa t i en t s  wi th  essent ia l  t r e m o r  has no effect  whe reas  
e thano l  given ora l ly  d r ama t i ca l l y  r educes  t r e m o r  [25]. The  
e n h a n c e m e n t  of  sweat ing  d u r i n g h y p o g l y c a e m i a  af ter  alco- 
h o l m a y  have  b e e n t h e  resul t  of  a u g m e n t a t i o n  of  the  a l r e a dy  
inc reased  s u d o m o t o r  s y m p a t h e t i c  ne rve  act ivi ty [26]. 

I t  has  b e e n  sugges ted  tha t  " the  usual  s y m p t o m s  of  hy- 
p o g l y c a e m i a  m a y  be  o b s c u r e d  or  m a s k e d  by  the ce reb ra l  
effects of  a lcohol"  [27]. We  found  tha t  m o d e r a t e  a lcoho l  
in tox ica t ion  b lunts  h y p o g l y c a e m i c  awareness  desp i te  
augmen t ing  some  of  the  phys io log ica l  r e sponses  to a low 
b l o o d  glucose,  bu t  does  no t  affect  coun te r - r egu la to ry  hor-  
m o n e  re lease .  The  i n f o r m a t i o n  given to  pa t ien t s  should  be  
m a d e  c l ea re r  and  con ta in  m o r e  specific gu ide l ines  than  
are  used  at  p resen t .  Finally,  even  t hough  a lcoho l  can  cause  
hypog lycaemia ,  it shou ld  not  be  fo rgo t t en  tha t  low b l o o d  
glucose can be  m i s t a k e n  for  e thano l  in toxica t ion ,  with un- 
fo r tuna t e  social,  e c o n o m i c  as wel l  as medica l ,  consequen-  
cies for  the  pa t i en t  [28]. 
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