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Defining hypoglycaemia: what level has clinical relevance?
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Never let the facts get in the way of a carefully thought-
out bad decision.

John Marshall (1755–1835)

Because hypoglycaemia is so common in insulin-treated
diabetes and remains the greatest impediment to strict
glycaemic control, its evaluation is mandatory as an outcome
measure of studies assessing new therapies for diabetes and
those comparing insulin regimens or management strategies.
Regrettably, the lack of consensus as to how hypoglycaemia
should be defined has permitted, if not actively encouraged,
a plethora of eccentric, vague and clinically irrelevant
definitions to be applied in many therapeutic trials. The
practical definition (from a clinical viewpoint) of severe
(requiring external help for recovery) and mild (self-treated)
hypoglycaemia, as described in the DCCT [1], has been
widely adopted for epidemiological and clinical use, but its
reliance on ascertaining the ability to self-treat hypoglycaemia
does not capture events that do not generate symptoms—so-
called asymptomatic ‘biochemical’ hypoglycaemia. This is a
common problem in people with impaired awareness of
hypoglycaemia, but is recognised to occur in all people treated
with insulin, either because the glycaemic thresholds that
trigger symptomatic and physiological responses are not
broached, or warning symptoms are not subjectively per-

ceived. The frequency with which biochemical hypoglycae-
mia appears to occur is dependent on how often it is measured.
Estimates based on continuous glucose monitoring systems
cannot be included because the sensors measure interstitial
tissue glucose, and the inter-relationship between this and
blood glucose is unclear.

Rationale for the American Diabetes Association
definition of biochemical hypoglycaemia

A wide range of glucose concentrations could therefore
represent biochemical hypoglycaemia; the difficulty arises in
determining at what level it starts. To address this and other
problems of defining hypoglycaemia, a Workgroup of the
American Diabetes Association (ADA) published an erudite
report in 2005 [2] in which the methods of identifying and
measuring hypoglycaemia were reviewed and a classification
of hypoglycaemia was proposed. Much of the report and
recommendations are sound, sensible and justifiable, based
on available evidence. The one contentious issue is their
proposal that any blood glucose value equal to, or below,
3.9 mmol/l (70 mg/dl) should represent hypoglycaemia,
whether or not symptoms are present. Many clinicians would
regard a blood glucose of this concentration in a non-diabetic
adult as being within the normal fasting range, and would
not consider it to indicate significant hypoglycaemia. This is
an important consideration as it is evident that the glucose
level that is selected to define hypoglycaemia can influence
estimates of the frequency of this therapeutic side effect—a
choice that could have important clinical and commercial
implications. To illustrate this, Swinnen et al. [3] applied a
range of different glucose levels defining hypoglycaemia to
the blood glucose data from two large prospective trials of
people with type 2 diabetes who had commenced treatment
with insulin. As reported in this issue of Diabetologia, they
unequivocally demonstrate how changing the glucose cut-off
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level can profoundly influence the estimated frequency of
hypoglycaemia. The higher the cut-off level for hypoglycae-
mia, the greater the reported frequency, predominantly of
asymptomatic events. The sensitivity to identify severe
hypoglycaemia was not greatly enhanced by setting the
definition of hypoglycaemia at a higher blood glucose level,
but the specificity was lowered considerably. The authors
suggest that exposure to blood glucose levels between 3.5
and 3.9 mmol/l is unlikely to be of great clinical conse-
quence and argue that the ADA definition of 3.9 mmol/l is
set at too high a level to have clinical credibility.

It is timely therefore to re-examine the ADA definition
with respect to this designated blood glucose level of
3.9 mmol/l [2]. Why was this level chosen? The ADA
Workgroup argued that this is the glycaemic level at which
hormonal counter-regulation is activated in non-diabetic
adults [4, 5], and that antecedent hypoglycaemia of this
modest degree can reduce the secretion of the counter-
regulatory hormones glucagon and adrenaline (epinephrine)
in response to a subsequent episode of hypoglycaemia [6].

Type of blood sample used for glucose measurement

It is important to appreciate that these key studies were all
performed using the hyperinsulinaemic glucose clamp
technique, in which plasma glucose is measured from
samples of arterialised venous blood. This differs from the
measurement of glucose in capillary whole blood, which is
used routinely with most glucose meters in clinical practice.
When ordinary venous blood is obtained by venepuncture
in hospital practice, the laboratory usually measures plasma
glucose, although this is not invariable. The plasma glucose
concentration derived from arterialised venous blood is
higher (about 15%) than glucose measured in capillary or
venous whole blood [7]. In the hypoglycaemic range the
arteriovenous difference is small (probably less than
0.2 mmol/l), but it can be influenced considerably by the
level and duration of hyperinsulinaemia [8]. However,
arterialised venous blood is not used for glucose measure-
ments in therapeutic trials or for routine management,
where capillary blood is the usual source for samples. It
would seem more pertinent to define biochemical hypo-
glycaemia by measuring glucose in the type of blood
sample that is typically used in clinical practice.

In addition, induction of hypoglycaemia using a glucose
clamp technique is highly unphysiological and does not
simulate how hypoglycaemia occurs in people treated with
insulin, in whom blood glucose falls continuously and is
not held at a plateau for predetermined intervals. In real life,
when the blood glucose level reaches the threshold for
sympathoadrenal activation, it triggers a profound ‘autonomic
reaction’, a valuable descriptive term that has unfortunate-

ly fallen into disuse, but which illustrates the sudden onset of
symptomatic hypoglycaemia. Such an effect does not occur
during a glucose clamp because of the slower method of
lowering blood glucose (often in a stepwise manner) so that
the onset of physiological changes and symptoms is gradual
and progressive.

Onset of counter-regulation for hypoglycaemia

It is misleading to infer that the ‘onset of counter-regulation’
[2] is a sudden all-or-none phenomenon or that glycaemic
thresholds for counter-regulatory secretion can be measured
with precision. Striking discrepancies between the results of
studies of the glycaemic thresholds for activation of counter-
regulatory hormones during hypoglycaemia have been
reported, and Heine has discussed in detail the difficulties
of accurate measurement by this method [9]. The reproduc-
ibility of the glycaemic thresholds was studied in normal
individuals by Vea et al. [10], who showed mean intra-
individual differences of 0.22 mmol/l for the secretion of
counter-regulatory hormones and 0.25 mmol/l for the onset
of symptoms. At best, only a range of glucose values can be
identified within which hormone production increases by
two standard deviations above the baseline level—the means
by which a significant rise in hormonal secretion is defined
in clamp studies. Not only do glycaemic thresholds differ
between non-diabetic individuals, but accurate determination
of the thresholds is difficult in all individuals, irrespective of
whether or not they have insulin-treated diabetes. In addition,
these glycaemic thresholds are dynamic in people with
diabetes and can be influenced by many factors, such as the
quality of glycaemic control or the development of impaired
hypoglycaemia awareness [11]. It is debatable whether
modest secretion of counter-regulatory hormones at blood
glucose levels between 3.5 and 4.0 mmol/l has pathological
significance, and in normal health may simply represent a
glucose homeostatic mechanism that maintains glucose
within a narrow physiological range. The relevance of basing
a biochemical definition for hypoglycaemia on the glycaemic
threshold for secretion of glucagon can also be disputed, as
this becomes deficient at an early stage of type 1 diabetes
[12] and in type 2 diabetes when pancreatic beta cell
failure is present [13]. It therefore has no role in promoting
glucose counter-regulation in people with insulin-treated
diabetes.

Antecedent hypoglycaemia and glycaemic thresholds
for responses to hypoglycaemia

Antecedent hypoglycaemia and recurrent exposure to
hypoglycaemia are recognised causal mechanisms underly-
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ing the acquired conditions of impaired awareness of
hypoglycaemia and counter-regulatory hormonal deficien-
cy. These are components of the syndrome known as
hypoglycaemia-associated autonomic failure (HAAF) [14].
This syndrome increases in prevalence with duration of
type 1 diabetes. Exposure to antecedent hypoglycaemia
diminishes symptomatic and counter-regulatory hormonal
responses to subsequent hypoglycaemia [11]. However,
most studies demonstrating these effects have subjected
volunteers to antecedent hypoglycaemia using a glucose
clamp for around 60 min, a duration which may certainly
occur during sleep, but would be unusual during waking
hours. Repeated, short episodes of hypoglycaemia (at an
arterialised venous blood glucose level of 2.8 mmol/l) of
15 min duration in non-diabetic men, induced by intrave-
nous injection of insulin, had no effect on counter-
regulatory hormones or symptomatic responses [15]. These
results are in contrast to those from another glucose clamp
study, which reported that a mere 5 min of antecedent
hypoglycaemia (at an arterialised venous blood glucose
level of 2.9 mmol/l) influenced subsequent counter-regula-
tory responses to hypoglycaemia, but not symptoms [16]. It
is possible that the method of induction of hypoglycaemia
influences the magnitude of the effect of antecedent
hypoglycaemia, but if this is so, then further studies of
hypoglycaemia should be performed in which blood
glucose is lowered by administering insulin by subcutane-
ous injection, in keeping with the usual method of delivery
of insulin in clinical practice. The key study cited by the
ADA Workgroup as providing evidence for a definitive
effect of antecedent hypoglycaemia at a plasma glucose of
3.9 mmol/l, again derived from arterialised venous blood,
involved observations in eight young non-diabetic adults,
whose symptom responses were not measured [6]. An
effect on the glucagon and epinephrine responses to
subsequent hypoglycaemia was described [6], but the
significance of these findings to diabetes is unknown and
they have not yet been replicated.

What is the clinician to make of these reported effects of
antecedent hypoglycaemia in non-diabetic volunteers,
conducted in the artificial environment of a research
laboratory using non-physiological techniques? Are they
relevant to the hypoglycaemia that occurs in people with
insulin-treated diabetes in everyday life? A biochemical
definition of hypoglycaemia that is based on the results of
a solitary study of antecedent hypoglycaemia in non-
diabetic adults is not compelling. While patient-orientated
slogans such as ‘Make Four the Floor’ (Diabetes UK) are
of practical value in encouraging safety and caution in
users of insulin to avoid hypoglycaemia, few physicians
will be convinced by the assertion that an arterialised
glucose level of 3.9 mmol/l might herald the onset of
significant hypoglycaemia.

Which blood glucose level defines clinically meaningful
hypoglycaemia?

So what definition of biochemical hypoglycaemia would
have greater clinical relevance? In non-diabetic volunteers
and in people with type 1 diabetes who have normal
awareness of hypoglycaemia and reasonable glycaemic
control, symptomatic responses are not usually generated,
and cognitive dysfunction does not commence, until the
(arterialised venous) blood glucose level approaches
3.2 mmol/l [11]. An arbitrary cut-off level of 3.5 mmol/l
to define the onset of hypoglycaemia in clinical practice
would probably be acceptable to most clinicians. It is still
above the accepted glycaemic thresholds for the onset of
the manifestations of hypoglycaemia that result from the
stimulation of the sympathoadrenal system and the onset of
cognitive dysfunction, and it is the activation of these
responses that generate autonomic and neuroglycopenic
warning symptoms. Although these responses may be
preceded by some release of counter-regulatory hormones
in non-diabetic individuals, the absence of glucagon
secretion in insulin-deficient diabetes negates the clinical
importance of defining hypoglycaemia on this basis. While
the difference between 3.5 and 3.9 mmol/l may appear to be
insignificant, Swinnen et al. [3] have clearly illustrated how
a small change in the cut-off level can magnify the
prevalence of asymptomatic hypoglycaemia. Ironically, an
arterialised venous glucose level of 3.9 mmol/l is probably
equivalent to a capillary blood glucose level of 3.5 mmol/l.
By defining biochemical hypoglycaemia as a capillary
blood glucose level of 3.5 mmol/l or lower, the unnecessary
inflation of the frequency of clinically meaningless bio-
chemical hypoglycaemia in clinical studies could be
avoided.
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