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Summary. To examine the hypothesis that episodes of severe 
hypogtycaemia may cause cumulative cognitive impairment, 
100 Type 1 (insulin-dependent) diabetic patients were exam- 
ined. Their age range was 25-52 years, and the onset of 
diabetes had occurred after the age of 19 years. Patients with 
evidence of organic brain disease, including cerebrovascular 
disease, were excluded. A questionnaire was used to assess 
the number, frequency and severity of hypoglycaemic epi- 
sodes experienced during treatment with insulin and the ac- 
curacy of this retrospective information was verified from 
general practice and hospital case-notes. A detailed neuro- 
psychological assessment was undertaken, including tests of 
pre-morbid and present IQ (Wechsler-Revised), memory 
and information-processing speed. Significant correlations 
were observed between the frequency of severe hypogly- 
caemia and the magnitude of intellectual decline, Perfor- 
mance IQ, inspection time and reaction time (patients with 

the more frequent hypoglycaemia had poorer performance). 
Two sub-groups of patients were identified on the basis of 
their experience of severe hypoglycaemia, and were bal- 
anced for pre-morbid IQ, age and duration of diabetes. One 
sub-group (n = 23) had never experienced severe hypogly- 
caemia (Group A), whilst the other sub-group (n = 24) had 
suffered at least five episodes of severe hypoglycaemia 
(Group B). Group B had greater intellectual impairment 
than Group A, and Group B also had a significantly slower 
mean reaction time and higher reaction time variance when 
compared with Group A. It is concluded that recurrent 
severe hypoglycaemia is associated with cumulative cogni- 
tive impairment in adult diabetic patients treated with in- 
sulin. 

Key words: Hypoglycaemia, insulin, diabetes mellitus, cogni- 
tive function, intelligence, reaction time, inspection time. 

The brain is vitally dependent on glucose for its normal 
function and is neither able to store this substrate in any 
quantity, nor can it synthesise glucose during acute depri- 
vation. Depletion of the supply of glucose to the brain 
rapidly causes impaired neuronal function, manifested by 
acute neuroglycopenia, but it is not known whether this 
can cause any permanent or cumulative damage, resulting 
in a decline in intellectual capacity. Acute hypoglycaemia 
is a common side-effect of the treatment of diabetes with 
insulin, and the intensification of insulin regimens to 
achieve optimal glycaemic control has increased the risk 
of hypoglycaemia by 2-3 times [1]. Complete clinical re- 
covery from acute hypoglycaemia is usually rapid and has 
encouraged the assumption that severe episodic hypogly- 
caemia does not cause permanent cerebral damage. How- 
ever, neuropathology studies of diabetic patients with 
fatal hypoglycaemia have demonstrated widespread areas 
of damage within the brain [2, 3]. In addition to the direct 
effect of low blood glucose on neuronal function, it has 
been suggested that severe hypoglycaemia may precipi- 

tate acute vascular events [4], and cerebral ischaemia and 
convulsions both occur during severe hypoglycaemia [5]. 
Prolonged severe hypoglycaemia in animals produces 
specific damage to the central nervous system, particular- 
ly when combined with hypoxia [6, 7]. 

It is possible that repeated exposure to acute hypogly- 
caemia may cause cumulative damage to the brain which 
is not clinically evident in the short-term. This may be 
analogous to the progressive deterioration in intellectual 
function which is demonstrable following chronic expo- 
sure to various other insults such as alcohol [8], hypoxia in- 
duced by sleep apnoea [9], exposure to high altitude [10], 
or trauma from recurrent head injury [11]. Occasionally 
diabetic patients in clinical practice describe a subjective 
diminution in intellectual abilities following isolated epi- 
sodes of severe prolonged hypoglycaemia, but such indi- 
vidual instances are anecdotal and the degree of impair- 
ment has rarely been quantified. Most research on 
cognitive function during hypoglycaemia in humans has 
been confined to an examination of acute and relatively 
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Table 1. The clinical characteristics of 
the whole sample of diabetic patients and 
of the patients in Group A (no hypogly- 
caemia) and Group B (at least five epi- 
sodes of severe hypoglycaemia) 

S. J. Langan et al.: Cognitive impairment and hypoglycaemia 

Group A Group B Whole sample 
(n = 24) (n = 23) (n = 100) 

Demographics 

Age in years (mean, SD) 37.9 (6.4) 
Sex ratio (M:F) 14:10 

Type 1 diabetes characteristics (mean, SD) 

38.5 (5.3) 40.2 (6.4) 
11:12 57:43 

Duration (years) 10.7 (4.0) 13.0 (4.0) 13.4 (6.2) 
Blood glucose 11.8 (5.2) 11.6 (5.7) 11.5 (5.1) 
HbA~ (%) 10.0 (2.3) 10.2 (1.8) 10.2 (1.9) 
Daily insulin dose (units) 52.3 (23.9) 55.7 (26.7) 55.2 (21.4) 
Insulin index" (U/kg) 0.7 (0.2) 0.8 (0.2) 0.8 (0.2) 

Physical characteristics (mean, SD) 

Weight(kg) 75.1 (14.6) 71.2 (14,0) 73.5 (13.1) 
Height (m) 1.71 (0.09) 1.68 (0.11) 1.69 (0.09) 
Body mass index b(kg/m 2) 25.7 (4.1) 25.2 (3.4) 25.7 (3.6) 
SystolicBP (seated) (mmHg) 131.4 (19.7) 123.1 (10.5) 128.8 (15.2) 
DiastolicBP(seated)(mmHg) 81.4 (12.9) 80.0 (8.6) 81.9 (10.7) 

Diabetic complications (number of cases) 

Retinopathy 2 7 22 
Peripheral neuropathy 1 0 4 
Autonomic neuropathy 1 1 5 
Nephropathy 2 0 2 
Hypoglycaemic unawareness 1 2 4 

a Insulin index = units of insulin taken in 24 h divided by weight in kg; 
b Body mass index = weight in kg divided by height in m 2 
B P -  blood pressure 

m o d e s t  dec r emen t s  in b l o o d  glucose [12-16]. These  
s tudies  have  con f i rmed  the  shor t - l ived  effects of  neurog ly -  
copen ia  on  cogni t ive  funct ion  bu t  p rov ide  no ev idence  for 
the  po ten t i a l ly  adver se  effects of  r ecu r r en t  hypog ly c a e mic  
insults to the  brain.  However ,  a small  n u m b e r  of  s tudies  
[17-20] has a t t e m p t e d  to ascer ta in  w h e t h e r  hypogly-  
c aemia  leaves  p e r m a n e n t  in te l lec tua l  impa i rmen t .  

A l t h o u g h  these  s tudies  have  some l imi ta t ions  they  sug- 
gest  that  insu l in - t rea ted  d iabe t ic  pa t ien t s  do  suffer mi ld  
cogni t ive  damage ,  the  cause of  which might  be  r e l a t e d  to 
severe  hypog lycaemia .  O n e  m e t h o d  of  assessing cogni t ive  
i m p a i r m e n t  is to e s t ima te  I Q  dec remen t .  T h e  p r e sen t  s tudy  
was u n d e r t a k e n  to examine  w h e t h e r  r e p e a t e d  exposure  to 
severe  h y p o g l y c a e m i a  had  a f fec ted  cogni t ive  func t ion ing  
in d iabe t i c  pa t ien ts  t r e a t ed  with insulin. Pa t ien t s  wi th  child- 
h o o d  onse t  of d i abe te s  were  exc luded  f rom the  study. A 
group  of  adu l t  insu l in - t rea ted  d iabe t i c  pa t ien t s  u n d e r w e n t  
assessment  of  cogni t ive  funct ion,  using a series of  s t anda rd  
psychomet r i c  and  c o m p u t e r i s e d  tests. These  pa t i en t s  were  
careful ly  s c r eened  to  exc lude  factors  o the r  than  hypogly-  
caemia  which might  have  af fec ted  cogni t ive  funct ion,  and 
ev idence  of  in te l lec tua l  i m p a i r m e n t  was e x a m i n e d  with re- 
spect  to the  e s t ima ted  f requency  and  sever i ty  of  the i r  p re -  
vious exposu re  to severe  hypog lycaemia .  

Subjects and methods 

One hundred insulin-treated diabetic patients (57 M, 43 F) were re- 
cruited at the Diabetic Department of the Royal Infirmary of Edin- 
burgh. The age range of the patients was 25 to 52 years (mean 40, 
SD 6.4). All the patients had Type 1 (insulin-dependent) diabetes 
mellitus, the onset of which had occurred after 19 years of age, with 
a duration of at least 5 years (mean 13, SD 6.2). This age range en- 
sured that all patients had achieved cognitive maturity before de- 
veloping diabetes but had not developed significant age-related in- 

tellectual decline. The minimum duration of diabetes ensured that 
all patients had been exposed to the risk of insulin-induced hypogly- 
caemia for at least 5 years, before assessment. 

All patients who met the strict exclusion criteria were selected. 
Patients were excluded from the study if they had a history of cere- 
brovascular disease or previous head injury, serious systemic dis- 
ease, major psychiatric illness, or if they were taking medications 
which might alter cognitive function, such as psychotropic drugs, 
beta-adrenergic blockers or steroids. A history of epilepsy or chronic 
excessive drinking of alcohol were also exclusion factors, as was a 
visual acuity poorer than 6/9 (which would have interfered with the 
ability to perform some of the tests of cognitive function). Current 
alcohol consumption was documented by the use of a structured 
questionnaire which estimated the number of units of alcohol which 
patients drank per week. Excessive drinking was defined using the 
standard guidelines of the Royal College of Psychiatrists (UK). 

All patients were examined to identify the presence of diabetic 
complications and the co-existence of other medical problems such 
as hypertension and macrovascular disease. Physical examination 
was performed by an experienced diabetologist, and included direct 
ophthalmoscopy, biochemical screening and measurement of uri- 
nary albumin excretion rates on timed overnight urine collections. 
Clinical characteristics of the patients are shown in Tabte 1. None of 
the patients had clinical evidence of macrovascular disease, although 
some had microangiopathy. No distinction was made between back- 
ground and (treated) proliferative retinopathy. 

Written informed consent and Ethical Committee approval was 
obtained prior to the study being carried out. 

Table 2. The frequency of severe hypoglycaemia within the group of 
100 Type 1 (insulin-dependent) diabetic patients (shown as percent- 
ages) 

More than one episode per week 
More than one episode per month 
4 to 12 episodes per year 
i to 3 episodes per year 
Less than one episode per year 
Never experienced severe hypoglycaemia 

0 
1 
5 

23 
45 
26 
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Table 3. Pearson (and partial) correlations 
between IQ test results and indices of hypo- 
glycaemla (decimal points omitted). For sub- 
test correlations WAIS-R raw scores were 
used 
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Frequency of Number of severe Number of mild 
severe hypo- hypoglycaemic hypoglycaemic 
glycaemia episodes in life episodes in 8 weeks 

- 1 3  (04) - 0 6  (04) 
- 12 ( - 0 7 )  - 05  (07) 
- 0 4  (05) - 0 8  ( - 0 6 )  

07 (10) - 1 0  ( - 0 6 )  

-13 (-08) -05 (-03) 
-14 (-10) -04 (-05) 
-05 (-02) 01 (-01) 
-27c(-08) 05 (17) 

- 0 5  (10) - 1 2  ( - 0 6 )  
-11  ( - 0 1 )  - 0 6  ( - 0 1 )  
- 0 5  (06) 01 (06) 
- 0 6  (00) - 0 7  ( - 0 7 )  
- 1 4  (02) 02 (08) 

N A R T  (estimated) IQ 14 (09) 
WAIS-R Performance IQ 26 ~ (32) d 
WAIS-R VerbalIQ 03 (06) 
IQ 'impairment'  - 24 b ( - -  33) d 

WAIS-R performance sub-tests 

Picture completion 23 b (21) a 
Block design 27 c (30) c 
Object assembly 2P (24) b 
Digit symbol 28 c (23) b 

WAIS-R verbal sub-tests 

Information 04 (00) 
Vocabulary 10 (09) 
Arithmetic 03 (04) 
Comprehension 02 (06) 
Similarities 14 (09) 

ap<0.05;  bp<0.02;  Cp<0.01; ep <0.001, two-tailed 
N A R T -  The National Adult Reading Test; 
WAIS-R - The Wechsler Adult Intelligence Scale-Revised 

Estimates o f  hypoglycaemia 

Patients were interviewed using a questionnaire to assess the num- 
ber, frequency and severity of hypoglycaemic episodes during treat- 
ment with insulin. A 'mild' episode of hypoglycaemia was defined as 
one which was self-treated, during which there had been no alter- 
ation in conscious level, while a 'severe' episode required external 
assistance for recovery, whether or not loss of consciousness had oc- 
curred. Three variables were obtained from the questionnaire: life- 
time frequency of severe hypoglycaemic episodes; lifetime total 
number of severe episodes; and the number of mild and severe epi- 
sodes in the preceding 8 weeks. 

Two sub-groups of patients were identified who either had ex- 
perienced no previous episodes of severe hypoglycaemia (n = 24, 
Group A), or who had a history of several previous episodes (five or 
more) of severe hypoglycaemia (n - 23, Group B). The groups were 
balanced for pre-morbid IQ, age, duration of diabetes and social 
class. To attempt verification of the information obtained by the 
questionnaire on hypoglycaemia, the general-practice records and 
hospital out-patient and in-patient case-notes of these patients were 
scrutinized for documentary evidence of previous episodes of severe 
hypoglycaemia. In addition, relatives were questioned about the in- 
cidence and severity of nocturnal hypoglycaemia. We were able to 
confirm that the diabetic patients who reported having experienced 
multiple episodes of severe hypoglycaemia had required treatment 
on several occasions, although the exact number of episodes experi- 
enced in a lifetime could not be ascertained with accuracy because of 
incomplete documentation or treatment in other centres. Some 
general practitioners confided that they did not always enter a writ- 
ten record in the patient's file of emergency treatment of acute hypo- 
glycaemia. Of the 24 diabetic patients who claimed never to have ex- 
perienced severe hypoglycaemia, evidence to the contrary was 
obtained for only one patient. This individual was recorded to have 
experienced three hypoglycaemic episodes of moderate severity, as- 
sociated with alcohol consumption, and had on one occasion taken 
an intentional overdose of insulin. Each of these episodes had been 
treated with oral carbohydrate. 

Assessment o f  cognitive ability 

The Wechsler Adult Intelligence Scale-Revised (WAIS-R; [21]) was 
used to assess current intellectual level. Verbal, Performance and 
Full scale IQs were obtained. Performance sub-tests used were: Pic- 
ture Completion, Block Design, Object Assembly and Digit Symbol. 

The following Verbal sub-tests were used: Information, Vocabulary, 
Arithmetic Comprehension and Similarities. 

The National Adult Reading Test (NART; [22]) was used to assess 
pre-morbid IQ, i.e. the peak cognitive level attained by the patient 
prior to any cognitive deterioration. This estimate of IQ is resistant 
to organic brain damage and correlates highly with WAIS-R IQ in 
healthy adults [23]. 

The Rey Auditory Verbal Learning Test (AVLT; [24]) was used to as- 
sess both short- and long-term memory. Patients were given five 
trials to learn a list of 15 words which they were asked to recall (a) 
immediately, (b) after interference, and (c) after a 30 minute delay. 

The Borkowski Verbal Fluency Test (controlled association) [25] is 
thought to assess frontal lobe function. Patients were given 60 s to 
state as many words as possible, beginning with letters specified by 
the tester. 

Inspection Time (IT; [26]) was used to assess perceptual speed. Pa- 
tients were asked to discriminate the spatial position (left or right) of 
the longer of two briefly-presented vertical lines of markedly differ- 
ent lengths. The stimuli were backward-masked, the presentation 
duration was varied, and the amount of time needed to make a re- 
liable discrimination (85% correct) is termed the patient's 'inspec- 
tion time'. 

Reaction Time (RT). A delay in reaction time is a common charac- 
teristic of brain damage. A four-Choice reaction time test was used, 
and separate decision and movement times were obtained. Decision 
times and their standard deviations tend to be related to higher cog- 
nitive functions [27]. 

The Paced Auditory Serial Addition Task (PASAT; [28]) was used to 
assess concentration and attention. This has proved to be sensitive in 
detecting the mild cognitive deficits associated with closed head in- 
jury. Patients listened to a list of numbers which were then added 
together according to a given rule. After practice, two trials of 61 di- 
gits were performed with 4 and 2 seconds between successive digits, 
respectively. 

Cognitive impairment: In the past IQ decrement scores were calcu- 
lated by subtracting the scores of those WAIS subtests which dete- 
riorated with ageing from those which did not [29]. This method was 
largely replaced by the use of demographic indices to estimate pre- 
morbid IQ, from which current IQ scores might be subtracted to give 
a decrement score [23, 29]. More recently, the NART has been 
shown to be a more accurate estimate of pre-morbid IQ than demo- 
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Table 4. Pearson (and partial) correlations 
between measures of information process- 
ing and indices of hypoglycaemia (decimal 
points omitted) 

Table 5. Pearson (and partial) correlations 
between memory, verbal fluency and hypo- 
glycaemia indices (decimal points omitted) 

S. J. Langan eL al.: Cognitive impairment and hypoglycaemia 

Frequency of Number of severe Number of mild 
severe hypo- hypoglycaemic hypoglycaemic epi- 
glycaemia episodes in life sodes in 8 weeks 

Inspection time -11  ( - 2 0 )  a 08 (11) - 0 1 ( - 0 7 )  

RT-median decision time - 34 d ( - 26) c 15 (10) 03 (07) 

RT-decision time standard 
deviation - 28 c ( - 23) ~ 29 ~ (40) d 07 (15) 

RT-median movement time - 20" ( - 30): - 01 (07) 10 (21) a 

PASAT (4 seconds) 02 ( - 01) - 09 ( - 05) 10 (05) 

PASAT (2 seconds) 17 (18) - 21 a ( - 20) a 05 ( - 03) 

a p <0.05, bp <0.02, ~ <0.01, dp <0.001,two-tailed. 
RT - Reaction Time 
PASAT - The Paced Auditory Serial Addition Task 

Frequency of Number of severe Number of mild 
severe hypo- hypoglycaemic hypoglycaemic epi- 
glycaemia episodes in life sodes in 8 weeks 

Memory 
ReyAVLT, Trial 1 04 ( - 0 2 )  - 1 2  ( - 0 4 )  08 (11) 
Rey ALVT, Trial 5 18 (08) - 21" ( - 05) 04 (13) 
Rey AVLT, Trial B 03 (09) - 08 (13) 04 (11) 
Rey AVLT, Trial 6 10 (03) - 13 (01) 07 (13) 
Rey AVLT, Trial 7 10 (11) - 0 8  ( -  04) 06 (05) 

Verbal fluency 
Letter 9 '  03 (00) 07 (11) 02 (01) 
Letter 'S '  07 (08) - 0 2  (03) 09 (13) 
Let ter 'U '  02 ( - 0 3 )  01 (15) 09 (17) 
Letter 'M' 07 (11) 09 (08) 14 (15) 

p < 0.05, two-tailed. 
AVLT = Auditory Verbal Learning Test 

graphic variables, at least in the UK population [30]. Therefore, in 
the present study, an IQ decrement index was obtained for individ- 
ual patients by subtracting current Performance IQ (WAIS-R) from 
the NART estimated (pre-morbid) Performance IQ. The estimate 
of pre-morbid IQ (the NART) was originally standardised on the 
WAIS prior to revision. The WAIS and the NART IQ measures 
over-estimate the WAIS-R IQ by seven points [21]. Therefore, the 
NART IQ estimates were adjusted by seven points for all subjects in 
the present study. 

Glycaemic control." Blood glucose was measured at the time of psy- 
chological testing to ensure that no patient had biochemical hypogly- 
caemia, and total glycated haemoglobin (HbA1) was also estimated 
by electroendosmosis using commercially available agar plates (nor- 
mal range 5-8%). Mean values are shown in Table 1. The HbA~ re- 
sults over the preceding year were also reviewed to assess preceding 
glycaemic control. 

Statistical analysis 

A correlational design was used. Pearson correlations were com- 
puted to establish whether a relationship existed between the psy- 
chological variables and the hypoglycaemic indices for the full 
sample of 100 patients. The potentially confounding effects of age, 
duration of diabetes or prevailing blood glucose (at the time of cog- 
nitive assessment), were excluded from correlations between intel- 
lectual performance and the indices of hypoglycaemia by the use of 
partial correlation. 

In order to demonstrate the extent of any cognitive impairment 
demonstrated by correlation, a second type of analysis was under- 
taken. As described above, between-group analyses (using inde- 
pendent t-tests) were carried out on the sub-groups of diabetic pa- 
tients at the high and low extremes for exposure to severe 

hypoglycaemia. The study population was divided approximately 
into quartiles, representing increasing experience of severe hypogly- 
caemia. The upper and lower quartiles represented those subjects 
who had experienced five or more severe hypoglycaemic episodes in 
their lifetime, and those who had never experienced a severe hypo- 
glycaemic episode, respectively. The fact that five episodes was 
chosen was arbitrary, and served only to produce two balanced, 
equal-sized groups with different experiences of hypoglycaemia. 
Two-tailed tests of significance were used thoughout. 

Results 

T h e  i n c i d e n c e  of severe  h y p o g l y c a e m i a  in  the  g roup  of 
100 d i abe t i c  p a t i e n t s  is s h o w n  in  Tab l e  2. 

Intellectual functioning 

T h e  P e a r s o n  and  par t i a l  co r r e l a t i ons  b e t w e e n  in t e l l ec tua l  
f unc t i ons  a n d  the  f r e q u e n c y  of  severe  h y p o g l y c a e m i a  a re  
s h o w n  in  Tab l e  3. T h e  o t h e r  ind ices  of  h y p o g l y c a e m i a  did  
n o t  co r r e l a t e  s ign i f ican t ly  wi th  the  psycho log ica l  var i -  
ables ,  b u t  t he  resul t s  of  s ta t is t ical  ana lyses  e m p l o y i n g  
these  ind ices  a re  s h o w n  in  all Tables .  A s ign i f i can t  cor re -  
l a t ion  was o b t a i n e d  b e t w e e n  the  f r e q u e n c y  of  severe  hy-  
p o g l y c a e m i a  a n d  t he  deg ree  of  i n t e l l ec tua l  i m p a i r m e n t  
(r = -0 .24 ,  p < 0.02), and  wi th  P e r f o r m a n c e  I Q  (r = 0.26, 
p < 0.01), b u t  n o t  wi th  V e r b a l  IQ .  T h e r e f o r e ,  pa t i en t s  wi th  
m o r e  f r e q u e n t  seve re  h y p o g l y c a e m i a  had  a g rea te r  deg ree  
of  i n t e l l ec tua l  i m p a i r m e n t .  Th i s  i m p a i r m e n t  cons i s t ed  of  a 
r e d u c t i o n  in  P e r f o r m a n c e  IQ ,  wi th  p r e s e r v a t i o n  of Ve rba l  
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Fig.1. Pre-morbid (black bars) and present IQ levels (white bars) 
for Group A (patients with no history of severe hypoglycaemia) and 
Group B (patients with at least five episodes of severe hypogty- 
caemia). Pre-morbid vs present IQ comparison for Group A is non- 
significant, comparison for Group B is significant at p < 0.01 
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Fig.2 a, b. Group A (no hypoglycaemia) and Group B (five or more 
episodes of severe hypoglycaemia) compared on (a) decision time 
(p < 0.02) and (b) decision time standard deviation (p < 0.03) on the 
four-choice reaction time test 

IQ. All correlations between frequency of severe hypo- 
glycaemia and WAIS-R Performance subtest raw scores 
are significant, while all of the Verbal subtests show near- 
to-zero correlations. These correlations were maintained 
when partial correlations were performed, suggesting that 
the relationship between the frequency of severe hypogly- 
caemia and intellectual function is not attributable to any 
of the confounding effects of age, duration of diabetes or 
the blood glucose concentration at the time of testing. 
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time (r =-0.34, p < 0.001) and the movement time (r = 
-0.20, p < 0.05). Decision time standard deviation cor- 
related significantly with both frequency (r =-0.28, 
p < 0.01) and number (r = 0.29, p < 0.01) of severe hypo- 
glycaemia episodes. A significant correlation was ob- 
served between inspection time and frequency of severe 
hypoglycaemia (r = -0.20, p < 0.05) only after the effects 
of age, duration of diabetes and blood glucose were par- 
tialled out. Therefore,  the diabetic patients who had a 
history of frequent severe hypoglycaemia had a slower 
mean speed of, and greater variance in, information pro- 
cessing. 

The PASAT test scores correlated significantly with 
the estimated total number of hypogtycaemic episodes 
in a lifetime (r =-0.21, p < 0.05), and tended to do so 
with the frequency of severe hypoglycaemia (r =-0.17, 
p < 0.1). 

Memory and verbal fluency 

The Pearson and partial correlations between estimates of 
memory and verbal fluency and the frequency of severe 
hypoglycaemia are shown in Table 5. No more significant 
correlations than would be expected due to chance were 
observed between these variables, suggesting that mem- 
ory and verbal fluency had not been impaired by exposure 
to recurrent severe hypoglycaemia. 

Between-group analyses 

To demonstrate the extent of the intellectual impairment 
established by correlational analysis, the two sub-groups 
of patients (Groups A and B) were examined. Patients 
with a history of five or more severe hypoglycaemic epi- 
sodes had an IQ decrement of 7.9 points (over half a 
standard deviation, p < 0.01, Fig. 1), whereas those with 
no episodes of severe hypoglycaemia fell from pre-morbid 
IQ levels by a mean of only 2.1 points (NS). Therefore,  pa- 
tients exposed to multiple episodes of severe hypogly- 
caemia lost 5.8 IQ points more than those with no history 
of severe hypoglycaemia, and this difference tended to- 
ward significance (Fig.l; t = 1.71, p <0.1). The two sub- 
groups tended to differ in Performance IQ (t = 1.80, 
p < 0.1). Furthermore,  the group with previous severe hy- 
poglycaemia exhibited significantly slower decision times 
(t = 2.44, p < 0.02, Fig.2a) and greater decision time 
standard deviations ( t=2.19,  p <0.03, Fig.2b), and 
tended to have slower movement  times (t = 1.78, p < 0.08) 
in the choice reaction time test. No other between group 
comparisons were significant. 

Information processing 

The Pearson and partial correlations between informa- 
tion processing measures and hypoglycaemia indices are 
shown in Table 4. In the choice reaction time test signifi- 
cant correlations were observed between the frequency 
of severe hypoglycaemia and both the median decision 

Discussion 

The potentially cumulative deleterious effect of repeated 
episodes of severe hypoglycaemia on cognitive function 
has been examined previously in diabetic patients. Bale, 
using a word learning test, reported that 17 of a group of 
100 adult diabetic patients scored within the "brain-dam- 
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aged" range [17]. Their impaired performance appeared 
to be associated with an increased number and severity of 
episodes of preceding hypoglycaemia, but other condi- 
tions such as co-existing cerebrovascular disease were not 
excluded. Bale estimated the IQ decrement of 15 of the 17 
'damaged' diabetic patients by subtracting their Wechsler 
Adult Intelligence Scale (WAIS) Performance IQ from 
their WAIS Verbal IQ. He found only one patient who had 
a "significant" IQ loss of 28 points. A decrement of this 
magnitude is very large and would not be expected follow- 
ing a moderate number of episodes of severe hypogly- 
caemia. We have re-analysed Bale's published data and 
found that the mean IQ decrement in the 15 diabetic pa- 
tients tested on the WAIS was 5 IQ points, which would be 
significant if it could be replicated in a larger group. A 
study by Franceschi et al. [18] suggested that some factor 
associated with diabetes results in poorer cognitive per- 
formance, but it failed to exclude causes other than hypo- 
glycaemia. 

Contrary to Bale [17], Lawson et al. [19] concluded that 
cognitive deficit was not a cardinal feature of a diabetic 
clinic population. However, an IQ decrement is usually 
recorded when a subject suffers organic brain damage 
after having attained full cognitive development. This may 
have been precluded in some of Lawson's diabetic 
subjects because patients with an onset of diabetes as early 
as 6 years of age were included. Wredling et al. [20] 
reported that insulin-dependent diabetic patients with 
recurrent and severe hypoglycaemia scored lower on tests 
of motor ability, memory and general problem solving 
than a matched group with no severe hypoglycaemia. This 
is a potentially important result because there appear to 
be few confounding variables in the study and the cogni- 
tive deficit appears to be attributable to the preceding 
hypoglycaemia. They concluded that the cognitive 
differences of the two groups were not related to pre-mor- 
bid intellectual status which was not estimated using a 
direct test, but was inferred from level of education. 

The results of the present study suggest that the fre- 
quency of severe hypoglycaemia is significantly related to 
the observed degree of intellectual impairment, and to 
measurements of Performance IQ, inspection time and re- 
action time. By partialling out potentially confounding 
variables from the correlations, and by adhering to rigo- 
rous exclusion criteria to avoid the possible effects of 
other organic cerebral disease, it appeared that the rela- 
tionship between the frequency of severe hypoglycaemia 
and cognitive function could not be attributed to age, 
duration of diabetes or transient derangement of blood 
glucose control. The correlations between the psychologi- 
cal variables and the indices of hypoglycaemia are not 
high, partly as a result of the limited reliability of the as- 
sessment of the frequency of hypoglycaemia and possibly 
because hypoglycaemia may not be the only cause of intel- 
lectual deficit. However, the magnitude of the correla- 
tions is less important than the potential replicability of 
these relationships which often achieved high levels of sig- 
nificance. Because large numbers of patients were in- 
volved in the significant correlations, the 95% confidence 
intervals are very small, and do not include zero, sugges- 
ting that these results will be replicable. The measure of 
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cognitive decline employed in this study is an improve- 
ment upon previous measures of IQ decrement, and relies 
upon the observation that the NART gives an accurate es- 
timate of pre~morbid IQ after an individual has under- 
gone cognitive decline. Without this measure of cognitive 
decline the question of whether low IQ led to more epi- 
sodes of severe hypoglycaemia rather than the converse 
would have remained open and unanswered. 

Correlational analysis, involving a large number of 
patients, was used to establish the relationship between 
hypoglycaemia and a reduction in cognitive function. 
Furthermore, by comparing patients who had never 
experienced severe hypoglycaemia with patients who had 
experienced five or more episodes of severe hypogly- 
caemia the extent of this impairment was demonstrated. 
The two groups were balanced for potentially confound- 
ing variables. This approach demonstrated that those 
diabetic patients who had experienced multiple severe 
episodes tended to have a significant reduction in intellec- 
tual capacity (over half a standard deviation on the IQ 
scale), and had declined by 5.8 IQ points more  than the 
group with no severe hypoglycaemia. The group exposed 
to severe hypoglycaemia also tended to exhibit reductions 
in Performance IQ and reaction time. This study has dem- 
onstrated a cumulative deficit attributable to multiple 
severe hypoglycaemic insults, but does not indicate the 
possible degree of intellectual impairment which may 
occur in individual diabetic patients following an isolated 
hypoglycaemic coma. 

One major difficulty of any retrospective study of this 
nature is the problem of accurate recall by the patients of 
the number of severe episodes of hypoglycaemia which 
may have occurred over several years. After reviewing the 
three estimates obtained from our hypoglycaemia ques- 
tionnaire, with respect to their accuracy of recall and their 
relevance to organic brain damage, it was concluded that 
'frequency of severe hypoglycaemia' offered the best 
combination of reliability and validity, and that this ex- 
plains why it was the measure which most often correlated 
significantly with cognitive test scores. Patients found that 
it was relatively easy to recall their approximate fre- 
quency of severe hypoglycaemia, but a retrospective 
determination of the total number of severe episodes over 
several years of treatment was very difficult. The number 
of episodes of hypoglycaemia in the preceding 8 weeks 
was easy to recall and was probably very accurate, but the 
episodes were so few in number that this measure was not 
considered to be relevant to an assessment of the role of 
hypoglycaemia in causing progressive and cumulative or- 
ganic brain damage over several years. In an attempt to 
validate our estimates of hypoglycaemia, the clinical rec- 
ords of those 47 patients who were included in the group 
analyses were examined in detail. Some general practi- 
tioners admitted that a written record of emergency treat- 
ments in the community was not always made in the pa- 
tient's case records, which thereby diminished the number 
of recorded events. Despite these difficulties with incom- 
plete documentation, we were able to verify that the two 
groups who reported either never having experienced 
severe hypoglycaemia or having been exposed to multiple 
episodes, had provided highly accurate information, 
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which was consistent with their allocation to each group 
on historical grounds. In all but one case the data obtained 
f rom the medical records was in perfect agreement  with 
the information provided by the patients. 

The findings of the present  study are congruent with 
the studies of diabetic adults by Bale [17] and Wredling et 
al. [20], and support  observations in diabetic children, 
which indicate that a relationship exists between a history 
of recurrent severe hypoglycaemia and intellectual status 
[31-33]. The present study suggests intellectual deficits in- 
duced by hypoglycaemia may occur in adults who develop 
diabetes after cerebral maturi ty has occurred. This pro- 
gressive reduction in IQ  related to hypoglycaemia has im- 
plications for individuals in occupations which depend 
heavily on intellectual function and which require the ap- 
plication of reasoning and judgement  to novel material. 
Patients who are performing at the limits of their intellec- 
tual capacity might decline below a threshold of com- 
petence as a result of hypoglycaemia-induced cognitive 
impairment.  This would reduce their efficiency and could 
jeopardize their employment .  IQ may be compromised 
further in diabetic patients by the supervening effects of 
age and the development  of premature  cerebrovascular 
disease. 

While this study does not provide incontrovertible 
proof  that recurrent hypoglycaemia directly damages 
cerebral function, the results do suggest an association be- 
tween frequency and severity of neuroglycopenia and a 
decline in cognitive function. Diabetic patients on intensi- 
fied insulin regimens experience more  severe hypogly- 
caemia than on conventional therapy, and this problem 
may be compounded by the development  of counterregu- 
latory hormonal  deficiencies and hypoglycaemia un- 
awareness [34]. Many patients are at risk of experiencing 
prolonged and severe hypoglycaemic coma, with the 
potential  result of inducing permanent  and cumulative in- 
tellectual deficit. Although this conclusion was supported 
by Wredling et al. they were unable to exclude conclusive- 
ly the possibility that those subjects with more  severe hy- 
poglycaemia have lower pre-morbid levels of ability [20]. 
Prospective diabetic management  with insulin should 
therefore take into account the possible long-term conse- 
quences of severe and frequent hypoglycaemia, which 
should be avoided at all costs. 

The design of this study overcomes some of the defi- 
ciencies of previous studies: confounding effects were 
eliminated, modern  IQ decrement  estimates were used, a 
large number  of subjects was studied, an at tempt  was 
made to quantify each subject's experience of hypogly- 
caemia, and a time-consuming, rigorous check was made 
on the validity of the retrospective reports of hypogly- 
caemia in approximately half of the subjects. It  will take a 
prolonged prospective study, which will estimate the num- 
ber and intensity of hypoglycaemic episodes in patients 
over several years [1], to provide definitive evidence, but 
the significance levels of our findings indicate that there is 
sufficient validity in detailed retrospective reports  to con- 
duct useful research in this area. 
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