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OBJECTIVEdTo compare the incidences of severe hypoglycemia and corresponding clinical
circumstances in a German population between 2007–2010 and 1997–2000.

RESEARCH DESIGNANDMETHODSdA screening for severe hypoglycemia was per-
formed in the Lippe-Detmold area in Germany to sensitively detect severe hypoglycemia. This
was defined as a symptomatic event requiring treatment with intravenous glucose and being
confirmed by a blood glucose measurement of ,50 mg/dL.

RESULTSdSevere hypoglycemia increased considerably from 264 events in 1997–2000 to
495 events in 2007–2010, which translated into an increase in frequency of severe hypoglycemia
among all emergency admissions from 0.68 to 0.83% (P = 0.015). This was mostly related to
intensification of antihyperglycemic therapy, particularly in the increasingly morbid group of
hypoglycemic patients with type 2 diabetes indicated by lower HbA1c, more comedication (3.3 vs.
7.7 drugs), and more concomitant diseases (3.6 vs. 4.4) (all P values,0.001).

CONCLUSIONSdWithin a 10-year period, there was an intensification of antihyperglyce-
mic therapy in increasingly comorbid subjects, leading to a considerably higher incidence of
severe hypoglycemia.
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Severe hypoglycemia remains the lim-
iting factor in successful metabolic
control of diabetesmellitus. Inpatients

with long-standing and complicated diabe-
tes mellitus, severe hypoglycemia may even
increase cardiovascular and all-cause mor-
tality (1). In the current study, we compared
the incidence rates of severe hypoglycemia
and corresponding clinical circumstances
between the years 2007–2010 and 1997–
2000 in a German population.

RESEARCH DESIGN AND
METHODSdIn this prospective pop-
ulation-based study, the incidences of
severe hypoglycemia and its clinical char-
acteristics were longitudinally compared

over two 4-year periods between 1 January
2007 and 31 December 2010 vs. 1 January
1997 and 31 December 2000. All patients
with severe hypoglycemia were recruited
at the medical department of the Lippe-
Detmold Hospital. This large tertiary-care
hospital in East Westphalia, Germany, cov-
ers all emergency patients in an urban-rural
region with a population of ;200,000 in-
habitants, which remained approximately
constant between the two periods. Results
from the period 1997–2000 have previ-
ously been published (2).

Using the same method of hypoglyce-
mia detection in both periods, our study
provided a possibility for longitudinal
assessment. Blood glucose testing was

systematically performed in every emer-
gency patient irrespective of the presenting
condition, either in the prehospital situa-
tion at the emergency site or immediately
after arrival at the emergency department.
Deaths and resuscitations were excluded
from blood glucose determination at the
emergency site. The entire emergency team
underwent continuing education related to
diagnosis and therapy of hypoglycemia (3).

Severe hypoglycemia was defined as a
symptomatic event requiring treatment
with intravenous glucose and was con-
firmed by a blood glucose measurement
of,50 mg/dL (,2.8 mmol/L). Renal im-
pairment was defined as a creatinine
clearance of ,60 mL/min (Cockroft-
Gault equation [4]).

RESULTSdThroughout both observa-
tional periods, 85 and 86.3% of all emer-
gency patients, respectively, received a
blood glucose measurement. From 1997–
2000, a total of 264 cases of severe hypo-
glycemiawere registered among the 30,768
patients who attended the emergency de-
partment of the Lippe-Detmold Hospital
and among7,804patientswhowere treated
by the emergency medical service. By
comparison, in the period from 2007 to
2010, we found a total of 495 episodes of
severe hypoglycemia occurring in 46,700
subjects attending the emergency depart-
ment and among 13,290 patients treated
by the emergency medical service. This
translated into an increase in frequency of
severe hypoglycemia among all emergency
admissions from 0.68% in 1997–2000 to
0.83% in 2007–2010 (P = 0.015, x2 test).
Expressed per 100,000 inhabitants, the
overall incidence of severe hypoglycemia
increased from 33 to 62 in 10 years. In
patients with type 1 diabetes mellitus
(T1DM), the incidence of severe hypogly-
cemia rose from 11.5 to 23.4 and in sub-
jects with type 2 diabetes mellitus (T2DM)
from 18.5 to 32.6. In both periods, more
severe hypoglycemia occurred in patients
with T2DM (56 and 53%) than in T1DM
(35 and 38%) (Supplementary Table 1).
In 2007–2010 (Table 1), concomitant
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diseases, in particular renal insufficiency,
and number of drugs had increased in
both types of diabetes mellitus. Especially
in hypoglycemic subjects with T2DM and
comorbid conditions, comedication not re-
lated to diabetes had increased from 3.3
drugs in 1997–2000 to 7.7 drugs in
2007–2010. Notably, the prevalence of re-
nal insufficiency in this group had in-
creased significantly from 54 to 76%.

HbA1c adjusted to the reference range
of ,5.0% was significantly lower in
2007–2010 than in 1997–2000 for both
types of diabetes mellitus. Significantly
more patients with T1DM were on inten-
sified insulin therapy (ICT), either con-
ventional or continuous subcutaneous
insulin infusion, in 2007–2010. In addition,
in subjectswith T2DMweobserved a signif-
icant increase of ICT in 2007–2010 com-
pared with the period 10 years earlier. The
incidence of severe hypoglycemia associ-
ated with sulfonylureas increased from 8.8
to 10.3. Correlating with the higher pre-
scribing frequency of glimepiride, severe
hypoglycemia associated with glimepiride
occurred fourfold more frequently than
severe hypoglycemia associated with
glibenclamide (65 vs. 16 episodes; 1 event
concerned gliquidone) (5) (Supplementary
Fig. 1). Severe hypoglycemia in subjects
without diabetes was related to advanced
stage malignancies, liver failure, and alco-
hol intoxication.

Supplementary Tables 1 and 2 pro-
vide detailed information about compar-
ison of severe hypoglycemia in the two
periods and patients’ metabolic control
during the period 2007–2010. In partic-
ular, the inappropriate low HbA1c values
(,6.0 to,6.5%) in a large proportion of
patients with T2DM are highlighted (Sup-
plementary Table 2).

CONCLUSIONSdCorresponding
with a substantial overall increase of
emergency treatments, a 22% increase
occurred in the total number of severe
hypoglycemia cases between 2007 and
2010 versus between 1997 and 2000.

In face of gradually changing cir-
cumstances in Germany concerning
epidemiological factors, diabetes guide-
lines, and the health care system, these un-
expected results should be interpretedwith
caution. Firstly, the growing incidence of
diabetes might have substantially contrib-
uted to our findings. Based on a large sam-
ple from a Statutory Health Insurance, a
recent estimate revealed a marked increase
of T2DM prevalence in Germany. Between
2000 and 2007, the official prevalence of

treated diabetes rose continuously from 6.5
to 8.9% (an increase of 36.8%). The num-
ber of patients treatedwith insulin or insulin
plus oral antidiabetic agents increased by
54.7 and 61.7%, respectively (6).Moreover,
the incidence of T1DMincreased on average
by 2.5–3%per year worldwide (7). Thus, in
2007–2010, considerably more people in
our area were affected by diabetes and re-
ceived antihyperglycemic therapy, with the
potential risk of severe hypoglycemia.

Furthermore, the significant increase
of severe hypoglycemia in 2007–2010
correlated with the implementation of
stringent goals for metabolic control by
the German Diabetes Association. As of
2003, the German Diabetes Association
defined a target HbA1c of ,6.5% for
T2DM and HbA1c values as low as possi-
ble for T1DM but explicitly avoiding se-
vere hypoglycemia (8,9). In addition, the
nationwide Disease Management Pro-
gram (DMP)-Diabetes for T2DM and
T1DM was progressively implemented
from 2003 onward to optimize diabetes
therapy (10).Within the DMP, participat-
ing general practitioners were requested
to refer to diabetes specialists every pa-
tient with T1DM and patients with
T2DM who did not reach target HbA1c.
Thus, intensification of therapy by diabe-
tologists was preprogrammed. Our find-
ings support a cumulative effect by the
shift toward more stringent glycemic
goals and the implementation of the
DMP. Apart from a significant decrease
in HbA1c, there were also increasing co-
morbidities including renal insufficiency
and concomitant drug use in hypoglyce-
mic patients with T1DM and in particular
in those with T2DM in the period from
2007 to 2010.

Consistent with previously published
rates in other larger studies (11,12), we ob-
served the highest incidences for severe hy-
poglycemia in patients with long-standing
insulin treatment irrespective of T1DM or
T2DM. Severe hypoglycemia associated
with long-acting sulfonylureas not only
continued to be a problem but even in-
creased in incidence. In both periods but
more so in 2007–2010, the overwhelming
proportion of our hypoglycemic subjects
with T2DM were characterized by ad-
vanced age, long-standing diabetes, comor-
bidities, and extensive comedication. Their
lowHbA1c of 6.6% seems to be an indicator
for recurrent but possibly unnoticed severe
hypoglycemia and raises the question of
dangerous overtreatment and adequate tar-
gets in elderly patients. Consequently, the
National Institute for Health and Clinical

Excellence (NICE) guidelines for T2DM
recommend a less stringent HbA1c tar-
get (7.5%) for individuals with longer
duration of diabetes and those who re-
quire third-line therapy (two or more
medications) (13).

Our data, determined under the con-
ditions of real life, revealed a substantial
increase of severe hypoglycemia also in
subjects with T1DM. By contrast, a con-
trolled trial in patients with T1DM and
suboptimal glycemic control showed that
the use of a sensor-augmented insulin
pump was associated with significant im-
provement in HbA1c without increasing the
rate of severe hypoglycemia compared with
a regimen of multiple daily injections (14).

Given the limitations of an observational
study and covering a relatively small region
represented by a single-center experience,
local specifics could have confounded our
results. Nevertheless, our study provides a
sensitive prospective screening for severe
hypoglycemia in an unselected population.

In conclusion, our study demonstrated
a considerably increased incidence of severe
hypoglycemia in2007–2010comparedwith
1997–2000. Apart from the increasing prev-
alence of diabetes, stricter goals formetabolic
control and the implementation of the DMP
could have contributed to this development.
In the course of time, there was a clear shift
toward intensification of antihyperglycemic
therapy in increasingly older and morbid
subjects with T1DM and in particular in
those with T2DM. A critical definition of
the metabolic target tailored to individual
circumstances will be vital for minimizing
the risk of hypoglycemia as a potentially
life-threatening condition.
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