
The goal of the treatment for Type I (insulin-depen-
dent) diabetes mellitus is to achieve near-normal gly-
caemia as early as possible in as many patients as is
safely possible. Hypoglycaemia is the most common
and dangerous side effect of insulin treatment and
the prevalence of severe episodes remains a major

obstacle in attempts to prevent long-term diabetic
complications with intensive insulin therapy. The Di-
abetes Control and Complications Trial has recently
shown that intensification of insulin therapy increases
threefold the risk of severe hypoglycaemia in adoles-
cent and adult Type I patients [1, 2]. Undesirable con-
sequences of hypoglycaemia are particularly impor-
tant in children, and primarily in young children, be-
cause severe hypoglycaemic events may impair nor-
mal brain development and neuropsychologic func-
tioning [3, 4, 5, 6]. The perception of symptoms of hy-
poglycaemia (hypoglycaemia awareness) is the first
line of defence mechanisms against blood glucose de-
cline: it alerts the patient to the early development of
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Summary To establish whether impaired hypo-
glycaemic awareness is associated with increased
rate of severe hypoglycaemia and to assess clinical
predictors of severe episodes without warning symp-
toms a prospective study of 130 insulin-dependent di-
abetic children and adolescents was undertaken for
1 year. Using a structured questionnaire, 48 patients
reported impaired awareness and 82 reported normal
awareness of hypoglycaemia at baseline of the study.
The two groups did not differ regarding clinical and
metabolic characteristics. Episodes of severe hypo-
glycaemia were recorded for 1 year. The rate of se-
vere hypoglycaemia was higher in the group with im-
paired awareness than in the group with normal
awareness (p < 0.0001). Of the severe hypoglycaemic
episodes, 34.0% developed without warning symp-
toms. Patients with impaired awareness experienced
more severe episodes without warning symptoms
than those with normal awareness (p = 0.0054). Se-
vere hypoglycaemia occurred more frequently in pa-
tients with impaired awareness aged 6 years and less

(p = 0.0041) than in older counterparts. Impaired
awareness reported at baseline [adjusted odds ratio
(OR): 5.8; p = 0.0021], age 6 years or less (3.4;
p = 0.0121), previous severe episode (4.8; p = 0.0043)
and more than 5% of home blood glucose readings
3.3 mmol/l or less in the preceding month (4.2;
p = 0.0211) proved to be independently predictive of
severe hypoglycaemic events without warning symp-
toms. In conclusion, impaired hypoglycaemic aware-
ness is associated with an increased rate of severe hy-
poglycaemia in diabetic children and adolescents.
One third of severe episodes developed without
warning symptoms. Impaired awareness, young age
and recent biochemical or severe hypoglycaemias
are independent risk factors for such episodes. Avoid-
ance of hypoglycaemia should be a priority in pre-
school children with diabetes. [Diabetologia (1998)
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a low blood glucose and so initiates self treatment. It
has been shown that about 20±35% of insulin-treated
patients, at least occasionally, lose ability of the
awareness of hypoglycaemic symptoms [7, 8, 9, 10].
Therefore, impaired awareness of hypoglycaemia
has important clinical impact and interferes with the
aim of normoglycaemic control to prevent long-term
complications of Type I diabetes. The effect of im-
paired awareness of hypoglycaemia on the frequency
and severity of hypoglycaemic episodes in children
and adolescents with diabetes is not known. The
aims of the present study were to investigate the rela-
tionship between severe episodes of hypoglycaemia
and impaired hypoglycaemic awareness in children
and adolescents with Type I diabetes studied prospec-
tively and to establish clinical predictors of severe hy-
poglycaemic events without warning symptoms.

Subjects and methods

Patients. Patients having Type I diabetes for more than 1 year,
not older than 18 years and who agreed to participate in a close
follow up for 1 year were included in this study. Patients with au-
tonomic neuropathy (assessed by cardiovascular tests) were ex-
cluded (11) but no other exclusion criteria were used. The pro-
spective study from February 1996 to March 1997 was complet-
ed by 130 patients (aged 3 to 17 years). They represented 76 %
of the diabetic children seen in our clinic during the study peri-
od. All patients were treated with combinations of short and in-
termediate acting human insulin injected two to five times daily.
Pre-school children were treated mainly with a twice daily insu-
lin regimen. The majority of older children, especially pubertal
patients, were treated using a multiple insulin injection regi-
men. Patients and parents had undergone standard diabetes ed-
ucation, including the recognition and treatment of hypoglycae-
mia. All parents and children were encouraged to achieve opti-
mal metabolic control by the diabetes care team. Parents and
patients routinely adjusted insulin according to home glucose
levels to allow for exercise patterns and food intake. All sub-
jects and their parents gave their informed consent, and the
study was approved by the regional ethics committee.

Classification of awareness of hypoglycaemia. At baseline of
the study, patients and parents were interviewed using a struc-
tured questionnaire about hypoglycaemic episodes during the
preceding year, how frequently these had occurred, which
symptoms were usually experienced and whether they were
aware of the onset of symptoms of hypoglycaemia. The pati-
ents were not informed of a specific interest in hypoglycaemia
unawareness. Patients were categorised into two groups ac-
cording to their state of awareness of the onset of hypoglycae-
mia. Those patients who were always aware of the onset of
their hypoglycaemic episodes were classified as having normal
awareness. Those who were aware of some episodes but not
others or who were never able to recognise any episodes of hy-
poglycaemia were classified as having impaired awareness (Ta-
ble 1). Hypoglycaemia awareness was defined by clinical histo-
ry criteria rather than by the response to experimental hypo-
glycaemia induced in a laboratory setting, as this was consid-
ered to be more relevant to the hypoglycaemia experienced
during daily life and takes into account the patient's subjective
reality. To validate the questionnaire, the accuracy of alloca-
tion of patients on historical grounds to each of the groups

was assessed by a linear analogue scale of 1 to 7 (1 = never
aware and 7 = always aware of the onset of hypoglycaemia).
The group of patients that reported impaired awareness of hy-
poglycaemia estimated their awareness on the linear analogue
scale significantly lower than the group of patients with normal
awareness. There were no significant differences between the
two groups regarding clinical characteristics (Table 1).

Protocol. Data were collected prospectively over a 1-year peri-
od. Children and parents were asked to record any hypo-
glycaemic episodes when they occurred, along with details of
the event in a standardised data collection form. Patients were
requested to come to the clinic or contact the physician immedi-
ately in the event of severe hypoglycaemia. Patients were seen
in clinic every 6 to 12 weeks and over the 1-year study, all pati-
ents attended a minimum of four visits per year. At each clinic
attendance, a detailed history was obtained by the physician
about any episode of hypoglycaemia since the previous visit.
The patients were questioned about warning symptoms and
signs and the circumstances of the event. The mode of treatment
was also recorded. In addition, the number of total blood glu-
cose determinations and results with a blood glucose level
3.3 mmol/l or less (biochemical hypoglycaemia) were also
counted in the daily diabetes notebooks. Patients with impaired
awareness of hypoglycaemia were compared with the group of
patients with normal hypoglycaemia awareness. Comparisons
between the groups were made by clinical and biochemical char-
acteristics and by the occurrence of hypoglycaemic episodes
during the study period. Furthermore, possible risk factors for
severe episodes without warning symptoms were analysed.

Definition of hypoglycaemia. A hypoglycaemic event was de-
fined as an episode which was accompanied by typical com-
mon symptoms of hypoglycaemia and which was corrected by
oral carbohydrate, parenteral glucose or glucagon therapy, ir-
respective of whether hypoglycaemia had been demonstrated
by blood glucose measurement. Severe hypoglycaemia was de-
fined as any event requiring the assistance of another person
for treatment; all other episodes were considered to be mild.
Episodes of asymptomatic blood glucose level 3.3 mmol/l or
less, identified by the random blood glucose monitoring dia-
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Table 1. Baseline characteristics of children and adolescents
with Type I diabetes with impaired and normal awareness of
hypoglycaemia. Means ± SD or number (%)

Impaired
awareness

Normal
awareness

p value

n 48 82

Male/female 26/22 42/40 NS

Age (years) 12.5 ± 4.0 13.1 ± 3.2 NS

Patients aged 6 years or less 7 (14.6) 11 (13.4) NS

Diabetes duration (years) 4.6 ± 3.3 4.7 ± 3.4 NS

No. insulin injections 3.5 ± 0.8 3.7 ± 0.7 NS

Dose of insulin
(U × kg�1 × day�1) 0.81 ± 0.1 0.86 ± 0.3 NS

HbA1c since diabetes onset (%) 8.6 ± 2.1 8.6 ± 1.9 NS

BMI (kg/m2) 20.2 ± 4.1 20.4 ± 3.8 NS

Awareness on linear analogue
scale, median (range) 1.8 ± 0.3 4.9 ± 1.4 < 0.0001

History of hypoglycaemia
1 or more events per month 18 (37.5) 32 (39.0) NS
less than 1 event per month 30 (62.5) 50 (61.0) NS



ries, were not included in the total number of episodes of mild
hypoglycaemia. For younger children the definition of severe
hypoglycaemia is troublesome, as all symptomatic episodes
need parental assistance and can be designated as severe
events. Therefore, events resulting in coma or seizure were
counted separately as a subset of severe events.

Laboratory measurements. Long-term metabolic control was
estimated by mean glycated haemoglobin (HbA1 c) measured
3 monthly. This was measured by an ion capture assay (IMx
Glycated Haemoglobin Assay, Abbott Laboratories, Chicago,
USA), with a non-diabetic range of 4.4 to 6.4 %.

Statistical analysis. Clinical characteristics of study groups are
given as means ± SD or number (%). Student's t-test was used
for unpaired samples. Data that were not normally distributed
were analysed using Wilcoxon rank sum test. Fisher's exact
test was used to assess association between categorical vari-
ables. Multiple logistic regression analysis was applied for dis-
crete binary variables and odds ratios (OR) with 95 % confi-
dence intervals (95 % CI) were calculated. P value less than
5 % was considered statistically significant.

Results

Clinical characteristics of study groups with impaired
and normal awareness are shown in Tables 1 and 2.
There were no significant differences between the
two groups regarding treatment modalities, pattern
of home blood glucose monitoring and level of gly-
caemia either at baseline or during the follow-up pe-
riod. Of the patients 16 (33.3%) in the impaired
awareness group as compared with 12 (14.6%) in
the normal awareness group experienced at least
one episode of severe hypoglycaemia in 1 year
(p = 0.0156). Five (10.4%) patients in the group with
impaired awareness and one (1.2%) patient in the
group with normal awareness had one or more epi-
sodes of coma or seizure in 1 year (p = 0.0256).

During the 1-year study, a total of 50 severe hypo-
glycaemic episodes and 8 episodes of coma or seizure
were recorded. Thus, the overall incidence of all se-
vere episodes was 38.5 per 100 patient-years and of
coma or seizure was 6.2 per 100 patient-years. As
shown in Figure 1, the rate of severe hypoglycaemia
was significantly higher in the group with impaired
awareness than in the group with normal awareness:
30 and 20 episodes were registered in the two groups,
(62.5 vs 24.4 episodes per 100 patient-years,
p < 0.0001). Similarly, seven episodes compared with
one episode of a coma or seizure were observed in
the groups with impaired and normal awareness, re-
spectively (14.6 vs 1.2 episodes per 100 patient-years,
p = 0.0020). The frequency of mild hypoglycaemic
episodes was similar in the two study groups (402.1
vs 390.2 episodes per 100 patient-years, NS). Overall,
the majority of severe hypoglycaemic episodes oc-
curred during awake periods and a similar proportion
of episodes occurred in both groups during sleeping
periods (5/30 vs 3/20, NS). Over the 1-year period,

17 of 50 (34.0%) severe hypoglycaemic episodes de-
veloped without warning symptoms or signs. Patients
with impaired awareness experienced more severe
episodes without warning symptoms than those with
normal awareness (15/30 vs 2/20, p = 0.0054). In the
group with impaired awareness, young diabetic chil-
dren ( £ 6 years) experienced more episodes of se-
vere hypoglycaemia (114.3 vs 53.7 episodes per 100
patient-years, p = 0.0041) and coma or seizure (57.1
vs 7.3 episodes per 100 patient-years, p = 0.0003)
than older patients (Fig.2 and 3).

When the blood glucose control prior to the severe
episodes was analysed (Table 3), a significantly high-
er percentage of episodes with values of 3.3 mmol/l
or less was observed in the preceding month without
warning symptoms compared with those that oc-
curred with warning symptoms. Mean blood glucose
concentration of the preceding month and the closest
HbA1c did not differ significantly. Using multiple lo-
gistic regression analysis, impaired awareness of hy-
poglycaemia reported at baseline, age 6 years or less,
a severe episode within one month prior to the event
and more than 5% of home blood glucose readings
3.3 mmol/l or less in the preceding month proved to
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Table 2. Characteristics of children and adolescents with
Type I diabetes with impaired and normal awareness of hypo-
glycaemia during 1 year of follow-up. Means ± SD

Impaired aware-
ness (n = 48)

Normal aware-
ness (n = 82)

p value

No. insulin injections 3.5 ± 0.8 3.7 ± 0.7 NS

Dose of insulin
(U × kg�1 × day�1) 0.82 ± 0.2 0.87 ± 0.3 NS

No. daily blood glucose
measurements 2.4 ± 0.9 2.2 ± 0.7 NS

HbA1c (%) over 1 year 8.6 ± 2.3 8.7 ± 2.1 NS

% blood glucose
3.3 mmol/l or less
during 1 year 4.2 ± 3.9 4.6 ± 3.5 NS
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Fig.1. Rates of severe hypoglycaemia in children and adoles-
cents with Type I diabetes according to state of hypoglycaemic
awareness



be independently predictive to severe hypoglycaemic
events without warning symptoms when the latter
was used as a dependent variable in the model (Ta-
ble 4). None of the other baseline characteristics
(age, sex, HbA1c since diabetes onset, number of in-
sulin injections, dose of insulin, history of hypogly-
caemia), the closest HbA1c, mean blood glucose level
in the preceding month or time of event were associ-
ated with the absence of warning symptoms in this
multivariate analysis.

Discussion

In our prospective study the incidence of severe hy-
poglycaemic episodes, defined as any event requiring
external assistance with treatment, was 38.5 per 100
patient-years. This is lower than the frequency ob-
served in adolescents treated intensively (85.7 per
100 patient-years) but higher than the rate reported
in those treated conventionally (27.8 per 100 patient-

years) in the DCCT study [2]. The incidence of 6.2
per 100 patient-years for episodes of coma or seizure
in our study is lower than that reported by the
DCCT study which was 26.7 and 9.7 per 100 patient-
years in the intensive and conventional groups, re-
spectively [2]. These differences could be due to dif-
ferences in age and treatment modalities but compar-
ison is difficult as patient selection was also different.
In a recent prospective study from Western Australia,
the rate of all episodes of significant hypoglycaemia
in diabetic children and adolescents, defined as
events requiring the assistance from another person
for treatment, was 17.9 per 100 patient-years and the
rate of episodes of coma or convulsion was 4.8 per
100 patient-years [12]. These rates are lower than cor-
responding rates observed in our study, which could
be due to the less extensive use of multiple insulin in-
jection regimen in the Australian study. There is no
paediatric data available with which to compare our
present findings of the relationship between hypogly-
caemia awareness and rate of severe hypoglycaemia.
In adult Type I diabetic patients, Gold et al. [13] dem-
onstrated that impaired hypoglycaemia awareness
predisposes to a sixfold increase in the frequency of
severe hypoglycaemia defined as any episode requir-
ing external assistance. It is difficult, however, to ex-
trapolate the findings of studies on adult patients to
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Fig.2. Rates of all severe hypoglycaemia in children and ado-
lescents with Type I diabetes with impaired and normal hypo-
glycaemic awareness for two age groups
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Fig.3. Rates of coma or seizure in children and adolescents
with Type I diabetes with impaired and normal hypoglycaemic
awareness for two age groups

Table 3. Preceding blood glucose control of severe hypoglycae-
mic episodes according to the presence or absence of warning
symptoms. Means ± SD

Episodes
without
warning
symptoms
(n = 17)

Episodes
with warning
symptoms
(n = 33)

p value

Closest HbA1c (%) 8.4 ± 2.2 8.3 ± 2.3 NS

Mean blood glucose in
preceding month (mmol/l) 8.7 ± 3.8 8.8 ± 3.1 NS

No. daily blood glucose
measurements 2.3 ± 0.6 2.2 ± 0.8 NS

Percent blood glucose
3.3 mmol/l or less in
preceding month 7.4 ± 4.5 4.4 ± 3.8 0.028

Table 4. Risk factors for severe hypoglycaemic episodes with-
out warning symptoms

Adjusted
OR

95% CI p value

Impaired awareness
at baseline 5.8 2.3±13.2 0.0021

Age 6 years or less 3.4 1.3±5.8 0.0121

Severe hypoglycaemic episode
in preceding month 4.8 2.2±8.4 0.0043

> 5% of home blood glucose
readings 3.3 mmol/l or less 4.2 1.8±7.3 0.0211



younger subjects because of the differences in treat-
ment regimens, in behaviour and in responses to hy-
poglycaemia between adults and children [14, 15,
16]. In our study, the rate of all severe hypoglycaemia
was three times higher in patients with impaired
awareness than in those with normal awareness.
When episodes with coma or seizure were analysed
separately, impaired awareness was associated with a
15-fold increase in the rate. Therefore, our data indi-
cate that children and adolescents with diabetes and
impaired awareness are at an extreme risk of the
most severe hypoglycaemic attacks.

The diabetic patient's best defence against hypo-
glycaemia severe enough to cause temporary loss of
cognitive function, confusion, and coma is subjective
awareness of a falling blood glucose concentration at
a time when appropriate remedial action can be taken.
Hypoglycaemia without warning symptoms has been
known for a long time [17]. Impaired awareness of hy-
poglycaemia affects a considerable proportion of pati-
ents with Type I diabetes [9] and is a dangerous com-
plication which limits the use of intensified insulin
therapy to reduce chronic diabetic complications.
The cause of impaired awareness is not clear, although
it seems that it is multifactorial in origin [18]. The ma-
jor risk factors for the phenomenon are longer dura-
tion of diabetes, a history of recurrent severe hypogly-
caemia and intensive diabetes management [9, 19, 20].
Some data indicate that autonomic neuropathy could
be one of the causes [21, 22, 23], but this may not be
the whole explanation. Additional potential mecha-
nisms include decreased responsiveness to autonomic
activation and decreased perception of both autonom-
ic and neuroglycopenic symptoms [24, 25]. Recent at-
tention has focused on the role of the central nervous
system glucoregulatory mechanisms [26, 27]. The ma-
jor defect is a lowering of the glucose level at which
the various responses to hypoglycaemia, including
warning autonomic symptoms, begin [28]. This malad-
aptation of the glucoregulatory centre can be the re-
sult of enhanced brain glucose uptake induced by an-
tecedent hypoglycaemia or tight glycaemic control
[29]. In our present study, recent episodes of severe hy-
poglycaemia and frequent biochemical hypoglycae-
mias prior to the event were independent risk factors
for the development of severe episodes without warn-
ing symptoms which support the hypothesis that previ-
ous hypoglycaemic experience can contribute to a
shift of the hypoglycaemic threshold towards lower
blood glucose levels. Recent studies show that re-
sponses of hypoglycaemia in subjects with impaired
awareness can be restored by adjusting treatment reg-
imens with the aim of avoiding all episodes of even
mild hypoglycaemia in daily life [30, 31]. Whether the
change in target blood glucose level or avoiding home
glucose levels of 3.3 mmol/l or less would be successful
in preventing subsequent hypoglycaemic events with-
out warning symptoms in children and adolescents is

not known at present and further studies are necessary
to answer this question.

Severe hypoglycaemia, in which blood glucose con-
centrations fall so low that cognitive function is im-
paired, is a dangerous complication of insulin use af-
fecting many children with Type I diabetes [3, 32]. A
severe episode of hypoglycaemia is generated by a se-
ries of complex biological, psychological, and behav-
ioural processes [33]. Although, studies on the effect
of recurrent episodes of hypoglycaemia on cortical
function in adult subjects are inconclusive [1, 34],
the finding that younger diabetic children (aged
£ 6 years) with impaired awareness have a substantial-
ly higher rate of severe hypoglycaemia than older
counterparts is of concern, since this age group may
be more susceptible to the adverse effects of neurogly-
copenia [3, 4, 5, 6]. On the other hand, young age
proved to be an independent predictor for a severe ep-
isode without warning symptoms. A very recent pro-
spective study on a large cohort of children and adoles-
cents with Type I diabetes indicates that younger chil-
dren are generally at increased risk of severe hypogly-
caemia [12]. In addition, Beregszµszi et al. [35] demon-
strated that younger age is an independent risk factor
for nocturnal hypoglycaemia in diabetic children. In
children with diabetes, neuroglycopenic symptoms co-
segregate with autonomic symptoms and the children
may not experience or be able to express autonomic
symptoms to the same degree as adults [16]. Although,
it is known that very loose metabolic control has dele-
terious effects on complications and can impair linear
growth, the above data underline the concept that tight
control should be undertaken with extreme caution in
young children with diabetes [36, 37].

In conclusion, impairment in hypoglycaemic symp-
tom awareness is a frequent phenomenon in children
and adolescents with Type I diabetes: one third of se-
vere episodes develop without warning symptoms
and signs. Loss of awareness of hypoglycaemia pro-
motes susceptibility to the most severe and damaging
episodes of neuroglycopenia in children and adoles-
cents. Impaired awareness reported, young age, re-
cent biochemical and severe hypoglycaemias are inde-
pendent risk factors for severe episodes without warn-
ing symptoms and signs. Thus, more caution is needed
in setting target blood glucose control in pre-school
children with diabetes and avoidance of hypoglycae-
mia should be a priority in this age group.
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