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OBJECTIVEdTo examine rates of severe hypoglycemia (SH) in a large population-based
cohort of children with type 1 diabetes and relationships to HbA1c.

RESEARCH DESIGN AND METHODSdData from 1,683 children (mean [SD] age at
diagnosis 10.5 [4.2]; range 1–18 years) from 2000 to 2009 were analyzed from the Western
Australian Children’s Diabetes Database. Rates of SH were related to HbA1c using negative bi-
nomial regression.

RESULTSdA total of 7,378 patient-years of data and 780 SH events were recorded. The rate
of SH per 100 patient-years peaked at 17.3 in 2001 and then declined from 2004 to a nadir
of 5.8 in 2006. HbA1c ,7% was not associated with higher risk of SH (incidence rate ratio 1.2
[95% CI 0.9–1.6], P = 0.29) compared with HbA1c of 8–9%.

CONCLUSIONSdIn a sample of youth with type 1 diabetes, there has been a decrease in
rates of SH and a weaker relationship with glycemic control than previously observed.
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The threat of hypoglycemia as a
consequence of insulin treatment
is a major barrier to optimizing

glycemic control in type 1 diabetes (1).
Previous studies have demonstrated a
close relationship between glycemic
control and increased rates of severe
hypoglycemia (SH) (2). In the 1990s,
increased emphasis on strict glycemic
control was paralleled with an increase
in the rate of SH, particularly in younger
children (,6 years) (3,4). Therapies have
changed, however, and the objectives in
this study were to examine contemporary
rates of SH in a large population-based
cohort of pediatric type 1 diabetes and
changes over the past decade and to in-
vestigate relationships with glycemic
control.

RESEARCH DESIGN AND
METHODSdAll children with type 1
diabetes aged #18 years attending Prin-
cess Margaret Hospital for Children from
2000 to 2009 were prospectively in-
cluded in the study. Princess Margaret
Hospital for Children is the only pediatric
referral center for diabetes in Western
Australia, with a case ascertainment of
99.9% (5). Consent for data to be entered
into the database was obtained from all
parents, and the study was approved by
the institution’s ethics committee.

SH was strictly defined as a hypo-
glycemic event leading to loss of con-
sciousness or seizure. For each patient,
SH events were counted if they were
reported during any clinical visit after
the 1 January 2000. Subjects exited the

study upon turning 18 years, perma-
nently leaving the state, or if 12 months
had elapsed since their last clinic visit.
The number of patient-years contributed
by each respective clinic visit was calcu-
lated as the number of days elapsed since
the previous visit.

All children attending the center are
managed by a multidisciplinary diabetes
care team. The children and parents were
advised to keep a logbook of blood glu-
cose levels (BGL) and insulin doses and
to record all atypical events such as epi-
sodes of hypoglycemia or illness. They
were taught to obtain a BGL, if possible,
to confirm hypoglycemia. They were seen
in the clinic every 3 months, and data on
all diabetes outcomes, including hypogly-
cemia events and treatment types, were
recorded in the Western Australian Child-
ren’s Diabetes Database.

HbA1c was determined at each clinic
visit by agglutination inhibition immu-
noassay (nondiabetic reference ,6.2%;
Ames DCA 2000).

Statistical analysis
Annual SH incidence rates were calcu-
lated by obtaining the total number of
SH events and dividing by the total length
of follow-up represented by each clinic
visit recorded in that year. Initial analyses
involved revisiting previously identified
risk factors by applying negative binomial
regression methodology, as already de-
scribed (3), to the new data. This was the
basis of defining the final models for ef-
fect size estimates and age by treatment
interaction analysis (6). Analyses were
performed using R 2.11.1 and Stata 10
software (StataCorp 2007, Stata Statistical
Software: Release 10; StataCorp LP, College
Station, TX).

RESULTSdThe study included 1,683
children (51% boys). In total, 7,378
patient-years of data were available for
analysis, and 780 SH events occurred
during the decade. Of all patients, 77.4%
had no episodes, 11.8% had one event,
5.2% had two events, and 5.6% had three
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or more episodes. The incidence rate for
SH (Fig. 1), adjusted for age and sex, de-
creased by an average of 14% per year
compared with previous year for the first
7 years (z = 5.33, P , 0.001) and did not
change after that time (P = 0.446).

Univariate analysis quantified the an-
nual rate of decline in the SH incidence
rate over the decade as 12.1% (95% CI
8.7–15.4, P , 0.001) per year.

The mean HbA1c level for the decade
was 8.3% (SD 1.5%), with only minor
fluctuations. After adjusting for age and
sex, the overall trend showed a decline
in mean HbA1c levels of 0.07% per year
(95% CI 0.009–0.15; P = 0.03). Multivar-
iate analysis, adjusting for age and treat-
ment type, showed an HbA1c ,7% was
not significantly associated with higher
risk of SH (incidence rate ratio 1.2 [0.9–
1.6]; P = 0.29) compared with the refer-
ence group of HbA1c 8–9%, which was
the average level in our cohort across the
decade.

There was no relationship between
age and risk of SH and no sex difference.
Children with duration of diabetes .1
year had a significantly higher risk (inci-
dence rate ratio 3.7 [95% CI 2.4–5.7]; P,
0.001 for 1–5 years, increasing thereafter),
than those with duration of diabetes ,1
year. In adolescents (.13 years), pump
therapy was associated with a reduced in-
cidence of SH (64% lower, P = 0.048).

CONCLUSIONSdTheprimary objec-
tive of this study was to determine in-
cidence rates of SH in a population-based

sample of pediatric type 1 diabetes during
a period when there were changes to
treatment regimens. This is one of the
largest population-based cohorts for
which clinical data have been collected
prospectively, and this report follows
on from rates previously reported for
1992–2002 (3) and 1992–1995 (4). The
reduction in the hypoglycemia rate may
have resulted from changes in clinical
practice (e.g., new insulin regimens, more
intensive glucose monitoring, improved
management guidelines), but this remains
speculative.

Despite the decrease in SH rates,
glycemic control has remained relatively
static since the middle of the decade.
This is similar to a recent report from the
Hvidoere group demonstrating no recent
improvement in glycemic control (7,8).
An important finding was that compared
with past studies, the relationship be-
tween glycemic control and the risk of
SH is now weaker, with no significant
increased risk of SH associated with
improved glycemic control range from
8–9% to ,7%. Another change has been
the reduced risk of SH in children aged
,6 years (3). This is an important ob-
servation in view of concerns regarding
the potential effect of hypoglycemia on
the developing brain (9).

In summary, in a population-based
sample of pediatric type 1 diabetes, rates
of SH have decreased during the past
decade, and the previously close relation-
ship between tight glycemic control and
risk of severe events is now weaker. Al-
though the data are encouraging and
suggest that the risk of SH is in part being
reduced with modern therapy, the risk
remains significant and fear of hypogly-
cemia continues to be a barrier to optimal
glycemic control.
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Figure 1dRates of severe hypoglycemia by
calendar year.
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