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OBJECTIVE

This study aimed to examine nationwide incidence trends and predictors of hos-
pitalization for hypoglycemia (HH) in the adult population with type 1 diabetes in
Denmark.

RESEARCH DESIGN AND METHODS

All 17,230 patients with type 1 diabetes aged 16 years and above registered in the
Danish Adult Diabetes Database (DADD) from 2006 were followed to 2012 by
linkage of registers. Incidence rates of HH were modeled by Poisson regression by
calendar time, taking sex, age, diabetes duration, clinical variables, and previous HH
into account.

RESULTS

A total of 2,369 events of HH occurred among 1,735 patients with type 1 diabetes of
HH during 70,002 patient-years (mean follow-up 3.7 years). A decrease in incidence
rate was observed with calendar time with an 8.4% (4.9–11.7%) annual decrease.
Predictors of HH included previous HH, age, diabetes duration, albuminuria, and
HbA1c.

CONCLUSIONS

This study revealed a decreasing trend in incidence of HH in patients with type 1
diabetes. Previous HH, longer diabetes duration, macroalbuminuria, and HbA1c

were associated with increased risk of HH in type 1 diabetes, and attention to
those factors is warranted in both clinical and public health aspects.

Hypoglycemia is considered a major challenge to glucose-lowering therapy among
patients with type 1 diabetes, with 90% of all patients who receive insulin experiencing
hypoglycemia (1). Hypoglycemia can range from asymptomatic episodes that remain
unrecognized by the patient tomild symptomatic eventsmanaged by the patient alone
and severe hypoglycemia with cognitive disruption and need for assistance from
others. Ultimately, severe hypoglycemic episodes may require hospital treatment
as a result of severity or lack of treatment options in the surroundings. Such episodes
are feared by patients and relatives and generate considerable societal costs.
Numerous studies have measured the incidence rate of hypoglycemia and severe

hypoglycemia in type 1 diabetes, but results have varied considerably depending on
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the definition of hypoglycemia, group
selection (whether high-risk patients
were included or not), and the type of
study (2). Over the last decades, insulin
treatment has changed with increased
use of analog insulin, insulin pump treat-
ment, and continuous glucose monitor-
ing (3). However, it is not clear to what
extent recent advances in type 1 diabe-
tes care has reduced the incidence of
severe hypoglycemia, and we are not
aware of any study that examined the
recent trends in hospitalization for hy-
poglycemia (HH) incidence in adults and
older patients with type 1 diabetes in a
large sample. This study aims to describe
the time trends in HH in adults and older
patients with type 1 diabetes in Denmark
from 2006 to 2012 and to investigate
predictors of incident HH.

RESEARCH DESIGN AND METHODS

Study Population and Registries
The study base comprised all patients
diagnosed with type 1 diabetes aged
16 years and older who have been reg-
istered in the Danish Adult Diabetes Da-
tabase (DADD) during 2006 to the end
of 2011. In total, data from 23,268 pa-
tients were extracted from the DADD
register. DADD is a nationwide clinical
register, established in 2005, operated
and financed by the Danish Regions (4).
The aim of this register is to monitor
the quality of diabetes care in Denmark.
Hospital outpatient clinics and general
practitioners are obliged to report annual
clinical data for all patients with diabetes
aged $16 years, including information
on date of birth, sex, weight, height,
smoking, date of diabetes diagnosis,
HbA1c, blood pressure, antihypertensive
drug use, dyslipidemia drug use, urinary
albumin-to-creatinine ratio (ACR), and
status date (the date of clinical informa-
tion updated/reported in DADD). The
data completeness in DADD has been es-
timated to be .95%. The DADD data
were linked to the following registries
using the unique personal identification
number for all people in Denmark: 1) the
Danish Register of Causes of Death (in-
formation on cause of death and date of
death available since 1970 covering all
deaths in Denmark) and 2) the Danish
National Patient Register (all somatic
hospital admissions since 1977, including
information on HH). Since 1995, data on
outpatients and emergency contacts are
also included.

Diagnostic Criteria
The diagnosis of type 1 diabetes in DADD
is based on the clinical definition accord-
ing to national guidelines provided by the
reporting specialist clinic. HHwas defined
as the ICD-10 codes E100, E110, E120,
E130, E140, and E162; this wide range of
code for HH was considered to ensure
coverage of all HH events. However, the
codes E100 and E120made up the largest
part of HH diagnoses (87% and 7%).

Measures of Exposures
Baseline characteristics were derived
from DADD and measured based upon
the patients’ date of entry in DADD, as
shown in Table 1. BMI was categorized
as underweight (,18.50 kg/m2), normal
weight ($18.50 to#24.99 kg/m2), over-
weight ($25 to #29.99 kg/m2), and
obese ($30 kg/m2) adapted from the
World Health Organization; albuminuria
(ACR) was stratified into normoalbumi-
nuria (,3 mg/mmol), microalbuminuria
(3 to#30mg/mmol), and macroalbumi-
nuria (.30mg/mmol); smokingwas char-
acterized into never smoker, ex-smoker,
occasional smoker, and daily smoker; di-
chotomous variables were sex (male or
female), antihypertensive drug use (yes
or no), and lipid-lowering treatment (yes
or no). Age (age measured at entry), age
at diabetes onset (years), diabetes dura-
tion (years), HbA1c (%/mmol/mol), and
systolic blood pressure (mmHg) were in-
cluded as continuous variables.

Measurement of Outcome
HH was defined as an event when it
required an outpatient, inpatient, or
emergency care visit with the previously
mentioned corresponding diagnostic
code to ICD-10 code for HH.

Follow-up
All patients with type 1 diabetes in DADD
were followed fromor earliest status date
in DADD (May 2005 and onward) pro-
spectively to the end of 2011 or death,
whichever came first. We excluded
episodes of HH that followed ,1 week
after a previous event, as these are con-
sidered to be double registrations. A
group of patients had their first entry in
DADD by 31 December 2011 and were
excluded as their follow-up period was
estimated to be ,1 day. In addition,
due to erroneous coding, individuals
aged,16 years old at entry in DADD, di-
abetes duration longer than age, BMI,10
or .100, or HbA1c ,0 were also ex-
cluded (total n = 1,455). Finally, 17,320

individuals (9,873menand7,357women)
were included in the study.

Statistical Analysis
The follow-up of patients was subdivided
at thedates of recordedHH, and the num-
ber of HH events prior to entry of each
patient were counted, enabling us to clas-
sify each interval of follow-upby the num-
berof previously seenHHevents (0, 1,. . .5)
(Supplementary Fig. 1). Each follow-up in-
terval thus ended at death, next HH, or
censoring (at the end of the study period).
Finally, follow-up intervals were subdi-
vided in 3-month intervals along the cal-
endar timescale. For each interval we
could then compute the current age, cur-
rent date, current duration of diabetes,
and, for follow-up of people with at least
one prior HH, the time since last HH event,
thus rendering fourdifferent timescales.HH
occurrence rates were modeled in a multi-
statemodel by Poisson regression using the
event indicator (next HH) as outcome and
the log person-years as offset. The same
person may contribute several events, but
becausewe aremodeling these as separate
types of event (with different rates), differ-
ent events within the same individual con-
tribute to the underlying likelihood as were
they independent Poisson observations.
Mortality rates were not modeled.

We modeled the HH occurrence rates
by cubic splines (three parameters each)
for the four timescales, including an in-
teraction between number of previous
HH events and time since last HH event,
by sex, smoking status, and use of antihy-
pertensive medication and lipid-lowering
medication and by linear terms of the
clinical variables HbA1c, BMI, and sys-
tolic blood pressure. Because a substan-
tial fraction of patients hadmissing values
of albumin, the albumin effect (using the
log10 transform of it) was estimated in a
secondary (presented) analysis, including
albumin in addition to the other variables.
We tested for nonlinearity of all included
continuous variables by including a qua-
dratic term and using likelihood ratio
tests. A full description of the analysis
can be seen at http://bendixcarstensen
.com/SDC/KZIA/HH-DK.pdf.

Ethical Consideration
Register-based studies do not require
ethical approval in Denmark. The Danish
Data Protection Agency approved both
the access and the use of the described
data in this study (2007-58-0015, SDC-
2013-003, serial number 02090).
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RESULTS

A total of 18,285patients, ofwhom42.8%
(7,821) were female, contributed a total
of 70,002 patient-years during the fol-
low-up period of May 2005 to the end
of 2011. The analysis was based on
17,230 patients with all clinical variables
known and follow-up to the sixth HH;

65,476 patient-years and a total of 2,369
events of HH among 1,735 patients. Be-
fore December 2011, 3.5% (609 patients)
died.

Baseline characteristics are presented
in Table 1 for 17,230 patients with clin-
ical information. Median age at entry
was 45.6 years, the median diabetes

duration was 16.3 years, and median
HbA1c in the patient population was
64 mmol/mol. Almost half of the popula-
tionwas overweight, one-thirdwere daily
smokers, and one-thirdwere treatedwith
lipid-lowering or antihypertensive drugs.
Twenty-five percent had one or more
previous HH events at entry. In addition,
a nonsignificant increase in mean HbA1c
was observed from 2006 to 2012.

HH Incidence Trends
The overall crude incidence of HH during
follow-up was 3.38 per 100 patient-years
and decreased from 2006 to 2012. Total
number ofHHevents and crude incidence
rates according to calendar year and sex
are presented in Table 2. There was a
steady decline in crude incidence rates
over the 7 years of follow-up, with a re-
duction from 2005 at 5.1 per 100 patient-
years to 2.8 per 100 patient-years in 2011.
We found no evidence of nonlinear time
trends with HH (P = 0.826), and a linear
model of calendar time showed an annual
decrease in HH of 8.4% (4.9–11.7%), con-
firming the initially observed time trends.
Predicted rates of first HH occurrence ex-
cluding those with previous HH at entry
are shown in Supplementary Fig. 2 as a
function of age for the years 2006 and
2011, and approximate median values of
all other variables in the model.

Risk Factors for HH
Therewas a strong nonlinear effect of age
on HH with a rate ratio of ;1.6 for pa-
tients at age 20 and 80 years compared
with middle-aged patients (Fig. 1B). We
found a modest but clear increase in HH
incidence with increasing diabetes du-
ration (Fig. 1C). Previous HH was strongly
associatedwith HHwithmore than three-
fold increased risk of HH for patients with
four previous events of HH compared
with patients with no events, gradually
lower with fewer previous events (Fig.
1D). Furthermore, the highest relative
risk was observed within the first years
after the last HH event. We found no in-
teraction between time since last HH and
number of previous HHs (P = 0.239); thus
we report estimates from a model with a
(log-) linear effect of calendar time and
proportional hazards along the time since
HH event between different number of
previous HH events.

HbA1c and albuminuria were signifi-
cantly associated with incident HH
(P , 0.05), but sex, BMI, smoking, and
antihypertensive and lipid-lowering

Table 1—Baseline characteristics of patients with type 1 diabetes (n = 17,230)
in the DADD: n and % for categorical variables and percentiles (P) of
continuous variables

Characteristics n %

Population 17,230 100.0

Sex
Male 9,873 57.3
Female 7,357 42.7

BMI, (kg/m2)
Underweight 1,051 6.1
Normal weight 7,967 46.2
Overweight 6,035 35.0
Obese 2,177 12.6

Urinary ACR
Normoalbuminuria

(,3) 10,475 60.8
Microalbuminuria

(3 to #30) 400 2.3
Macroalbuminuria

(.30) 41 0.2
No information 6,314 36.6

Smoking
Never smoker 6,808 39.5
Ex-smoker 2,313 13.4
Occasional smoker 629 3.7
Daily smoker 5,248 30.5
No information 2,232 13.0

No. of past HH
No event 13,010 75.5
1 event 2,562 14.9
2 events 900 5.2
3 events 436 2.5
4 events 204 1.2
.4 events 118 0.7

Antihypertensive
drug use

No 10,968 63.7
Yes 6,262 36.3

Dyslipidemia drug use
No 11,464 66.5
Yes 5,766 33.5

Characteristics P5th P25th P50th P75th P95th

Date 03/2006 02/2007 06/2007 02/2009 02/2011

Person-year 0.6 2.2 4.1 4.8 5.7

Age (years) 20.0 34.1 45.6 57.7 71.7

BMI (kg/m2) 19.7 22.6 24.8 27.5 33.1

Diabetes duration
(years) 0.7 7.2 16.3 28.3 45.6

HbA1c (mmol/mol) 44 55 64 74 96

Systolic blood
pressure (mmHg) 108 120 130 141 165

Urinary ACR 0.0 0.5 1.0 2.3 22.8
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treatment were not significantly as-
sociated with HH (Table 3). The asso-
ciation with HbA1c was nonlinear,
with a marked increase in HH risk at
HbA1c .60 mmol/mol (Fig. 1A). Cate-
gorization into macro-, micro-, and
normoalbuminuria showed similar as-
sociations (hazard ratio [HR] 1.98
[95% CI 1.21–3.22] and HR 1.49 [95%
CI 1.22–1.84] vs. normoalbuminuria).

CONCLUSIONS

This longitudinal study provides the
most recent data on time trends in HH,
with information available until 2012. The
study shows a steady decline of HH inci-
dence rates during 2006–2012 in patients
with type 1 diabetes in Denmark. The in-
cidence rates observed were remarkably
low compared with previous studies in
patients with type 1 diabetes (5–8). This
study also reports a number of risk factors
of HH, including past history of HH, albu-
minuria, long diabetes duration, and high
HbA1c in adults with type 1 diabetes.

Incidence Rates and Trends of HH
A novel finding of our study was the re-
markably low rates of HH observed in pa-
tients with type 1 diabetes with a steady
decline from 2006 to 2012. Moreover,
this decrease in incidence rates was ob-
served in the fully adjusted model. These
low rates of incidence of HH are compa-
rable with a recent study in the U.S.
where the rate for an emergency depart-
ment visit due to hypoglycemia reported
was 1.8 in 2006 and 1.4 in 2011 per
100 patient-years; however, the study
was unable to classify diabetes into
type 1 and type 2 (5). Another recent
U.S. study in a large group of patients
with diabetes reported incidence rates
of any hypoglycemia-related emergency
care visits or inpatient encounter in the
range of 1.4–1.6 per 100 patient-years
during 2005–2011 (6). Nevertheless,
other studies that estimated high

incidence rates of HH differ from our
study in several aspects. A Scottish study
that reported a rate of 11.5% per year in
patients with type 1 diabetes in the study
period from 1997 to 1998 (7) defined hy-
poglycemia as an episode that required
emergency treatment from primary
care, ambulance, accident, emergency,
or hospital services. Another study in
Minnesota reported that 18% of patients
with type 1 diabetes were admitted to
the hospital due to hypoglycemia during
7 years of follow-up. In this study, hypo-
glycemia was defined as any ambulance
calls and emergency medical services due
to hypoglycemia in patients with type 1
diabetes (8). Most patients in the cohort
of Minnesota were treated with multiple
daily insulin injections and had a high de-
gree of comorbidities. Thismayexplain the
high rate together with the broad def-
inition of hypoglycemia (8). The steep de-
cline in HH with calendar time in our
study is in line with some recent studies;
Wang et al. (5) in their nationwide study
in the U.S. observed decreasing trends of
emergency department visits due to hy-
poglycemia for all age and sex groups.
Another recent U.S. study observed de-
creasing trends of HH in all age and sex
groups in older Medicare beneficiaries all
over the U.S. (9). However, none of these
studies were able to scrutinize incidence
trends of HH in adult patients with type 1
diabetes.

These encouraging findings are most
likely due to several improvements in
diabetes care. Changes in clinical prac-
tice by the implementation of the Amer-
ican Diabetes Association/International
Society for Pediatric and Adolescent Dia-
betes guidelines in 2007with glycemic tar-
get settings (HbA1c 7.5% [58 mmol/mol])
and widespread use of analog insulin,
improved diabetes education, and fre-
quent use of insulin pumps with or
without continuous glucose monitoring

in recent years may have contributed to
this improvement in severe hypoglycemia
control in Denmark (10–12). Further-
more, it is relevant to mention that as
part of the improvement in diabetes com-
plication treatment, it is likely that more
cases of severe hypoglycemia are now
treated at home with glucagon injection
by acute ambulance services or by edu-
cated family members. Finally, the reduc-
tion of HH observed during 2011 and
2012 may be explained by increased fam-
ily treatment as a consequence of the im-
plementation of stricter new EU driver
licensing regulations disqualifying pa-
tients with recurrent severe hypoglyce-
mia from maintaining their license (13).
Unfortunately, no register information
on prehospital treatment is available in
Denmark.

Risk Factors of HH
Like most of the existing studies, we also
found that previous HH was a strong pre-
dictor of HH in this patient group (14–16).
Risk of HHwas increased by;3 times, 2.6
times, ;2 times, and 1.6 times, respec-
tively, in the patient groups with four or
more events, three events, two events,
and one episode of HH before study entry
compared with those who had no event.
None of the earlier studies examined past
experience of HH similarly (14–16). Pre-
vious HH may be a marker of several risk
factors, including impaired hypoglycemia
awareness and poor self-care or lack of
family support during daily life. Further
studies are needed to understand this
mechanism.

Longer diabetes duration was identi-
fied as a risk marker for HH in our analy-
ses. This finding is consistent with several
other large studies (7,15) and may be
driven by a growing proportion of sub-
jects with impaired hypoglycemia aware-
ness with increasing diabetes duration.
Development of complications in the nat-
ural progression of diabetes at a later
stage could increase the risk of HH in pa-
tients with type 1 diabetes (17), sup-
ported by the fact that albuminuria was
also associated with increased risk of HH.
However, the current study could not ad-
just for patient’s comorbidity status, es-
pecially long-termdiabetes complications
and hypoglycemia unawareness, which
needs to be taken into account when in-
terpreting our results.

In contrast to previous large studies,
including the Diabetes Control and

Table 2—Crude incidence rates of HH (per 100 patient-years) in patients with
type 1 diabetes during 2006–2012

Calendar year No. of HH cases Patient-years/1,000
Incidence rate (in all patients)

with 95% CI

2006 92 1.8 4.5 (3.9–5.2)

2007 335 8.6 4.0 (3.7–4.3)

2008 453 12.4 3. 6 (3.3–3.9)

2009 478 14.4 3.4 (3.2–3.6)

2010 512 15.6 3.2 (3.0–3.5)

2011 494 17.1 2.8 (2.6–3.1)
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Complications Trial (DCCT) trial in patients
with type 1 diabetes, the current study
observed a positive association of HH
with increasing HbA1c .60 mmol/mol
(15,18). Lipska et al. (19) reported a
U-shaped relationship and increased risk
of HH with HbA1c levels lower or higher
than thenormal6–6.9%(42–52mmol/mol)
level. However, a possible explanation for
the observed association is that patients
with a high level of HbA1c may have poor
self-care as a predisposing factor andmay
be less familiar with handling hypoglycemia

(the same is probably true for the families).
On the other hand, as already mentioned,
the introduction of new treatment guide-
lines in Denmark with glycemic target set-
tings (HbA1c 7.5% [58mmol/mol]) (10)may
have prevented some cases of HH associ-
ated with strict glycemic control in type 1
diabetes over the last decade.

Albuminuria appeared to be a strong
independent marker of HH in our ana-
lysis; patients with macroalbuminuria
(ACR .30 mg/mmol) had nearly a dou-
bling of risk ofHH comparedwith patients

with normoalbuminuria (,3 mg/mmol).
None of any previously mentioned stud-
ies have examined albuminuria as a pre-
dictor of HH in adult patients with type 1
diabetes. Yun et al. (20) in their 10-year
follow-up study reported 2.5 times in-
creased risk of HH in patients with type 2
diabetes. Patients withmacroalbuminuria
in our studymight be under more aggres-
sive treatment than their counterpart of
patientswith normoalbuminuria; and fur-
thermore, macroalbuminuria is a marker
of comorbidities, especially chronic kidney

Figure 1—Estimated time effects on HH from a model with a linear effect of calendar time and proportional effects of time since previous HH
according to HbA1c (A), age (B), diabetes duration (C ), and time since last HH (D). Panel D shows the HR relative to the “No HH” level, one curve for
each of the levels for one, two, three, and four previous HH events in increasingly lighter color. Note that this panel has a different HR scale from the
other three. DM, diabetes.
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disease, which is widely considered as a
risk marker for HH.
Being underweight increased the risk

of HH compared with normal-weight pa-
tients in our study, although this finding
was not statistically significant. These
findings are in line with some previous
studies (21,22). This study is unable to
explain the mechanism behind this con-
nection, although we assume poor nu-
tritional status may potentially imply
poor glycogen depots or eating disor-
der, which might explain this relation.
The main strength of the study lies in

the large data set that covers the whole
Danishpopulation aged16years andolder
diagnosed with type 1 diabetes in recent
years. The follow-up information on HH is
individually linked and as such less suscep-
tible to nominator-denominator bias com-
pared with cross-sectional studies. The
diagnosis of type 1 diabetes is clinically
verified, which facilitated the inclusion of
patients diagnosed during adulthood. Al-
most one in three patients in the popula-
tion with type 1 diabetes is diagnosed
after age 30 years, and information on
this group of patients is particularly scarce
in the literature. Other strengths are its

prospective design with 7 years of follow-
up, using register data with precise infor-
mation about diabetes type, and unbiased
hospital-registered HH event records,
which indicates a precise estimation of in-
cidence trends of HH in an adult population
with type 1 diabetes. Moreover, the study
was able to analyze a number of lifestyle-
related factors and a wide variety of clin-
ical risk factors of HH in patients with
type 1 diabetes.

The study has some limitations. This
study is incapable of revealing the total
incidence and trends of severe hypogly-
cemia in type 1 diabetes in Denmark as a
lot of severe hypoglycemia cases are
treated at home by family members and
acute ambulance services at prehospital
triage (7,23–26). Furthermore, we were
unable to distinguish whether the events
of “hospitalized hypoglycemia” occurred
as inpatient or outpatient or emergency
care visits. The quality of the Danish Na-
tional Patient Register data is often dis-
cussed and a few studies reported minor
misclassification, especially where the
coding practice is not clear (27–29). How-
ever, these misclassifications are nondif-
ferential (27–29) and unlikely to influence

the observed trends. Also, we did not
have information on insulin type, ethnic-
ity, socioeconomic status, lifestyle factors
(including missing meals, alcohol intake,
and exercise), hypoglycemia awareness,
or diabetes education, which might influ-
ence the incidence of HH (30,31). As hy-
poglycemia unawareness may be a major
risk factor forHHandmay furthermore be
an important factor underlying the asso-
ciation between diabetes duration and
poor control with HH, systematic registra-
tion of hypoglycemia awareness in the
quality registers would be useful for
both clinical and research purposes.

In conclusion, this studyof recent trends
of HH in adult patients with type 1 diabe-
tes revealed low incidence rates of HH,
with a decreasing trend of incidence in
Denmark from 2006 to 2012. However,
due to increasing incidence of type 1 di-
abetes combined with a decline in mortal-
ity (32), the absolute number of cases of
HH will probably continue to increase in
the coming decades.
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3 events vs. 2 events 1.26 1.06–1.48 0.007
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