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Abstract

Aims/hypothesis We aimed to investigate the nationwide trends in incidence and associated risk factors, with focus on blood
glucose-lowering medication, for the first hypoglycaemic episode leading to hospitalisation in Denmark among people with type
1 and 2 diabetes mellitus.

Methods A cohort study of all people with diabetes from 1977 to 2018 experiencing hypoglycaemic episodes leading to
hospitalisation in 1998-2018 was established. Data were extracted from the Danish National Patient Registry. Trends in inci-
dence rates were investigated with Poisson regression models and linear regressions, and risk factors were investigated with Cox
proportional hazards models.

Results A total of 66,438 hypoglycaemic episodes leading to hospitalisation in 1998-2018 was investigated among 641,402
people with type 1 (mean + SD age 37 £22 years) and type 2 diabetes (mean = SD age 61 & 17 years). Between 2003 and 2018,
the incidence rate fell by 66% for type 1 diabetes (incidence rate ratio [IRR] 0.34 [95% CI1 0.31, 0.36], p < 0.0001) and 61% for
type 2 diabetes (IRR 0.39 [95% CI10.36, 0.42], p < 0.0001). With respect to hypoglycaemic episodes, insulin glargine (HR 1.20
[95% C11.05, 1.36], p = 0.0059), insulin detemir (HR 1.18 [95% CI 1.04, 1.32], p = 0.0077) and insulin degludec (HR 1.04 [95%
CI 0.81,1.33], p=0.7706) seemed safer than human insulin (long-acting insulin HR 1.38 [95% CI 1.25, 1.52], p <0.0001;
combination insulins HR 1.84 [95% CI 1.65, 2.05], p<0.0001) and, especially, sodium—glucose cotransporter 2 inhibitors
(HR 0.43 [95% CI 0.33, 0.56], p<0.0001), glucagon-like peptide 1 receptor agonists (HR 0.51 [95% CI 0.44, 0.58],
p<0.0001) and dipeptidyl peptidase 4 inhibitors (HR 0.44 [95% CI 0.38, 0.49], p <0.0001) seemed safer than sulfonylureas
(HR 2.27 [95% C1 2.18, 2.37], p< 0.0001).

Conclusions/interpretation Incidence rates of hypoglycaemic episodes leading to hospitalisation are declining in Denmark, and
the advent of new treatment alternatives may play a significant role in this decline. From a safety perspective, these findings are
important and should be considered by clinicians when assessing treatment options for patients.
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Research in context

What is already known about this subject?

e  Hypoglycaemic episodes leading to hospitalisation place a significant burden on society and patients

What is the key question?

e  What are the nationwide trend and risk factors for these hypoglycaemic episodes in Denmark?

What are the new findings?

e Theincidence rates of hypoglycaemic episodes leading to hospitalisation are declining in Denmark

e  The declining incidence may be due to the advent of new medications

How might this impact on clinical practice in the foreseeable future?

e These findings should be considered by clinicians when assessing treatment options for patients

insulin therapy to maintain tight glycaemic control will be neces-
sary [2]. This comes with the trade-off of an increased risk of
developing severe hypoglycaemic episodes, as reported by the
DCCT [3]. An analysis of the DCCT/Epidemiology of Diabetes
Interventions and Complications (EDIC) type 1 diabetes cohort
[4] showed equilibrated rates of severe hypoglycaemic episodes
(~40 episodes per 100 person-years) in the intervention group
(intensive diabetes therapy) and control group (conventional
diabetes therapy) after ~30 years of follow-up. This finding
was associated with advanced diabetes and similar HbA | levels,
making severe hypoglycaemic episodes a persistent challenge for
people with type 1 diabetes across their life span.

Severe hypoglycaemia is an unpleasant condition for the
affected individual; the current definition of an episode includes
severe cognitive impairment where the individual requires
external assistance [5]. Possibly linked to this effect on the
nervous system, several investigations have reported that
episodes are associated with increased mortality [6-9].
Furthermore, severe hypoglycaemic episodes may lead to
hospital admission/emergency room attendance. In a study of
people with type 1 and type 2 diabetes, Heller et al. found that
12% of 536 individuals experienced severe hypoglycaemic
episodes leading to a hospital/emergency room attendance of
<24 h and 7% required hospital admission (>24 h) [10]. The
healthcare cost associated with these admissions/attendances is
high, especially, for people with type 2 diabetes [10, 11].
Therefore, severe hypoglycaemic episodes, especially, those
that lead to hospitalisations, places a significant burden on
patients and society. The primary risk factors for severe
hypoglycaemic episodes are use of insulin, use of sulfonylurea,
hypoglycaemia unawareness, high age and longer duration of
diabetes [12-16].

In this study, our aim was to investigate the nationwide trends
in incidence and associated risk factors, with focus on blood
glucose-lowering medication, for the first hypoglycaemic

@ Springer

episode leading to hospitalisations in Denmark among people
with type 1 and 2 diabetes mellitus.

Methods

Study design The study was designed as a cohort study with
two cohorts of interest extracted from the Danish National
Patient Registry. Cohort 1 consisted of all people diagnosed
with diabetes in the period 1977-2018 and was used to
analyse trends of all hypoglycaemic episodes leading to
hospitalisation during the last two decades (i.e. 1998-2018).
Cohort 2 consisted of people diagnosed with diabetes in
1998-2018 and was used to analyse risk factors for
hypoglycaemic episodes leading to hospitalisation. The
reason for restricting cohort 2 to the period 1998-2018 was
that relevant medications were only available from 1996.
Diabetes cases were identified as people who were admitted
to hospital with a primary or secondary diabetes-related ICD-8
or ICD-10 (http://apps.who.int/classifications/icd10/browse/
2016/en) system code of 249.XX, 250.XX, 647.74, 761.19,
Y6449, E10.X, E11.X, E12.X, E13.X, E14.X, G63.2, H28.0,
H36.0, M14.2, O24 or R73 or who had received medicine
with an Anatomical Therapeutical Chemical (ATC) classifi-
cation system code (https://www.whocc.no/atc/structure-and-
principles/) of A10 (drugs used in diabetes). The first
occurrence of one of the codes defined date of diagnosis.
People treated with liraglutide for obesity (ATC A10BJ02)
were excluded using the product name. Diabetes cases were
further classified as type 1 diabetes if the individual had at
least one ICD code of E10 (type 1 diabetes mellitus), at least
one ATC code of A10A (insulins and analogues), and no ATC
code of A10B (blood glucose-lowering drugs, excluding insu-
lins). Otherwise, they were classified as having type 2 diabe-
tes. Episodes of hypoglycaemia were identified in 1998-2018
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from hospital admissions with a primary or secondary ICD-10
code of E159 (hypoglycaemic coma, unspecified), E160
(drug-induced hypoglycaemia without coma), E161 (other
hypoglycaemia) or E162 (hypoglycaemia, unspecified) after
diabetes diagnosis. These episodes leading to hospitalisation
are hereafter denoted as ‘hypoglycaemic episodes’.
Medication was extracted and categorised based on ATC
codes. Insulins were included as compounds (ATC level 5),
whereas non-insulin glucose-lowering drugs (termed non-
insulin antidiabetic drugs [NAIDs] by the WHO) were includ-
ed in drug classes (ATC level 4) according to the WHO clas-
sification. Users of long-acting human insulin (ATC
A10AEOQ1) and the combination of insulin degludec and insu-
lin aspart (ATC A10ADO06) were excluded due to low
numbers. Intermediate-acting isophane human insulin (ATC
A10ACO1) was categorised as long-acting for simplification
of later comparisons. The medication groups, abbreviations
and ATC codes are shown in Table 1. Anxiolytics (ATC

NO05B), antidepressants (ATC NO6AA), opioids (ATC
NO02A), corticosteroids (ATC H02) and drugs used in alcohol
dependence (ATC NO7BB) were extracted for analyses as
well. Women with polycystic ovarian syndrome are often
treated with clomifene and metformin and, to avoid the inclu-
sion of these, women who received clomifene (ATC
G03GBO02) before the age of 40 years were excluded.

Data sources Diagnoses of diabetes, hypoglycaemia and
concomitant illnesses were extracted from the Danish
National Patient Registry. The registry was established in
1977 and initially covered information on inpatients in somat-
ic wards. Since then it has been expanded and now includes
information on all patients in Danish hospitals. The validity of
registrations are in general very high [17-19]. Positive predic-
tive values for diabetes-related codes have been reported to
>90% on average [20]. Insulin use and concomitant medica-
tions were extracted from the National Pharmacological

Table 1 Categorisation of blood

glucose-lowering medications Medication Short name ATC code
used in Denmark

Fast-acting insulins
Insulin (human) Human (fast) A10ABO1
Insulin lispro Lispro A10AB04
Insulin aspart Aspart A10ABOS
Insulin glulisine Glulisine A10AB06

Long-acting insulins
Isophane insulin (human)* Human (long) A10ACO1
Insulin glargine Glargine A10AE04
Insulin detemir Detemir A10AE05
Insulin degludec Degludec A10AE06
Insulin glargine Glargine A10AEO01

Insulin combinations
Insulin (human) and isophane insulin (human) Human (comb) A10ADO1
Insulin lispro and Insulin lispro protamine Lispro and lispro protamine A10AD04
Insulin aspart and insulin aspart protamine Aspart and aspart protamine A10ADO5

NIADs
Biguanides Biguanides A10BA
Sulfonylureas SU A10BB
Combinations Combinations A10BD
«-Glucosidase inhibitors AGIs A10BF
Thiazolidinediones Thiazolidinediones A10BG
Dipeptidyl peptidase 4 inhibitorss DPP4-i A10BH
Sodium—glucose cotransporter 2 inhibitors SGLT2i A10BK
Glucagon-like peptide 1 receptor agonists GLP-1-RA A10BJ
Other Other A10BX

The classes and controlled terminology follow WHO definitions by the WHO (https://www.whocc.no/atc_ddd
index/). Only products used in Denmark are shown

? Intermediate-acting isophane insulin (ATC A10ACO01) has been included in the long-acting insulin group for

simplification

Comb, combinations
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Database of the Danish Medicines Agency. This database is a
nationwide register of medicines sold after 1996.

The study has ethics approval from Statistics Denmark to
use human data from the Danish registries.

Statistical analyses Descriptive statistics for cohorts 1 and 2
are presented as mean+ SD or number and percentage of
people. Number of episodes are presented as the number of
people with one episode, two episodes and more than two
episodes. Late-diabetic complications, representing the diabe-
tes severity in the cohorts, were reported as follows: nephrop-
athy (ICD-10 code E102, E112), retinopathy (ICD-10 E103,
E113), neuropathy (ICD-10 E104-5, E114-5), multiple (ICD-
10 DE107, DE117, or more than one of the mentioned
complications) and other (ICD-10 DE106, DE108, DE116,
DE118).

Trends in incidence of all hypoglycaemic episodes over the
last two decades (1998-2018) were investigated in cohort 1
descriptively as the number of hypoglycaemic episodes and
rate of episodes per 100 person-years per calendar year plotted
as time series. Furthermore, trends were analysed with
Poisson regression models of number of hypoglycaemic
episodes with year as a categorical independent variable and
the log, of person-years of exposure as offset. The year of
highest incidence rate was used as reference. Incidence rate
ratios (IRRs) were calculated from the model coefficients.
Finally, linear regression models of incidence rates with year
as independent variable were applied to specific time periods
to underpin trends, and the coefficients and model fits are
presented. Dispensing of blood glucose-lowering medications
over the two decades are also presented. Trends in incidence
of hypoglycaemic episodes and glucose-lowering medication
were stratified in type 1 and type 2 diabetes.

To investigate the risk factors of first-experienced
hypoglycaemic episode leading to hospitalisation, two Cox
proportional hazards models with time-varying covariates
were constructed using cohort 2: one for people on insulin
and one for people on NIADs. The first model (for insulin)
included only people with type 1 diabetes, whereas the second
model (for NIADs) included only people with type 2 diabetes.
We chose not to include people with type 2 diabetes in the
model for insulin, because this would make the patient group
very heterogenous and the covariates difficult to interpret. In
the first model, time from diabetes diagnosis to first
hypoglycaemic episode was modelled as a function of age
(0-19, 20-39, 4049, 50-59, 60-69, 70-79, 80+ years), sex
(female/male), diabetes duration (01, 2—4, 5-9, 10+ years),
alcohol abuse (yes/no), and use of anxiolytics (yes/no), anti-
depressants (yes/no), opioids (yes/no), corticosteroids (yes/
no) and the 12 insulin types (yes/no) shown in Table 1. In
the second model, time from diabetes diagnosis to first
hypoglycaemic episode was modelled as a function of age
(0-39, 40-49, 50-59, 60-69, 70-79, 80+ years), sex
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(female/male), diabetes duration (01, 2—4, 5-9, 10+ years),
alcohol abuse (yes/no), and use of anxiolytics (yes/no), anti-
depressants (yes/no), opioids (yes/no), corticosteroids (yes/
no) and the nine NIAD classes (yes/no) shown in Table 1.
The dichotomous insulin and NIAD variables were included
as time-varying covariates and take the values of ‘Y’ and ‘N’
depending on whether the person took the specific medication
in a specific period or not. The other time-dependent variables
of age, diabetes duration and other medications were also
included as time-varying covariates based on the periods
defined by the changes in insulin or NIAD. People were
censored at the first date of emigration, death or end of
follow-up (31 December 2018).

The descriptive and inferential analyses were conducted in
SAS 9.4 (TS1MS; SAS Institute, Cary, NC, USA). The signif-
icance level was set at a p value of less than 0.05 for two-sided
testing.

Results

Data for 657,590 people with diabetes-related diagnoses or
blood glucose-lowering medication codes in the period
1977-2018 were extracted; 13,581 women possibly with
polycystic ovarian syndrome were excluded and 2607 people
prescribed liraglutide for obesity were excluded. Cohort 1
consisted of 641,402 people and cohort 2 consisted of
425,200 people (characteristics are shown in Tables 2 and 3,
respectively). People in cohort 1 experienced 66,438
hypoglycaemic episodes leading to hospitalisation, whereas
people in cohort 2 experienced 19,351 episodes. Figure 1
shows the number and incidence rate of hypoglycaemic
episodes during 1998-2018. The incidence rate for people
with type 1 diabetes was approximately 8 episodes per 100
person-years in 1998. People with type 2 diabetes had a
tenfold lower incidence rate of episodes compared with people
with type 1 diabetes. In both series, a peak in incidence rate in
2003 was seen, with a consistent drop thereafter. From the
Poisson regression model, the overall effect of year on the
number of hypoglycaemic episodes was statistically signifi-
cant for both type 1 diabetes (x* 3808, df 20, p <0.0001) and
type 2 diabetes (x> 2631, df20, p < 0.0001). Table 4 shows the
IRR for each year from the Poisson model. The incidence rate
had dropped by 66% for type 1 diabetes (IRR 0.34 [95% CI
0.31,0.36], p<0.0001) and 61% for type 2 diabetes (IRR 0.39
[95% CI 0.36, 0.42], p<0.0001) in 2018 compared with
2003. From linear regression models applied to the calculated
crude incidence rates from 2003 to 2018, a decrease of 0.40
episodes per 100 person-years per calendar year for type 1
diabetes (R*=0.92, p <0.0001) and 0.05 episodes per 100
person-years per calendar year for type 2 diabetes (R =
0.97, p<0.0001) was derived.
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Table 2 Characteristics of all
people from cohort 1 with diabe-

tes in 1977-2018

Characteristic

Type 1 diabetes

Type 2 diabetes

n
Age at diagnosis, years (mean+SD)
Sex
Women, %
Men, %
Hypoglycaemic episodes®
No. of episodes, 714ps
Persons with one episode, 1 (%)
Persons with two episodes, 1 (%)
Persons with more than two episodes, n (%)
Late-diabetic complications, n (%)*
Nephropathy
Retinopathy
Neuropathy
Multiple
Other

44,297
37422

414
58.6

37,209
6567 (14.8)
2762 (6.2)
4128 (9.3)

636 (1.4)
2480 (5.6)
1509 (3.4)
15,739 (35.5)
5960 (13.5)

597,105
61+17

48.5
51.5

29,229
13,041 (2.2)
3599 (0.6)
2102 (0.4)

8289 (1.4)
3513 (0.6)
19,475 (3.3)
54,327 (9.1)
47,469 (7.9)

#Events during follow-up in the period 1998-2018

Figure 2 shows the dispensed medicine during the two  the insulin analogues such as insulin glargine and insulin detemir.
decades of follow-up stratified as insulins and NIADs. Human  Dispensing of insulin degludec began in 2013, with a rapid
insulin (fast-acting and long-acting) was the primary insulin ~ growth after 2015. With respect to NIADs, sulfonylureas were
dispensed in 1998-2007. Around 20022004 a drop canbe seen  the primary dispensed medicine from 1998 to 2003 and their use
in the dispensing of human insulin probably due to the advent of ~ declined after 2008, whereas dispensing of metformin increased

Table 3 Characteristics of people

with diabetes in cohort 2 diag- Characteristic Type 1 diabetes Type 2 diabetes
nosed in 1998-2018
n 18,031 407,169
Age at diagnosis, years 34424 60+16
Age at first hypoglycaemic episode, years® 34+22 70+15
Sex
Women, % 39.7 47.8
Men, % 60.3 52.2
Diabetes duration at first hypoglycaemic episode, years® S5+4 7+5
Hypoglycaemic episodes®
No. of episodes, 714ps 5521 13,830
Persons with one episode, 1 (%) 1786 (9.9) 6 (1.7)
Persons with two episodes, n (%) 549 (3.0) 1692 (0.4)
Persons with >2 episodes, 1 (%) 525(2.9) 863 (0.2)
Late-diabetic complications, n (%)°
Nephropathy 240 (1.3) 6555 (1.6)
Retinopathy 529 (2.9) 2192 (0.5)
Neuropathy 497 (2.8) 14,781 (3.6)
Multiple 1889 (10.5) 29,341 (7.2)
Other 2590 (14.4) 35,101 (8.6)

Data are presented as mean = SD or n (%) unless stated otherwise
 Only people with hypoglycaemic episodes contributed
®Events during follow-up in the period 1998-2018
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a Table 4 Estimated IRR and 95% Cls from the Poisson regression
& 144 - 2500 models of number of hypoglycaemic episodes with year as categorical
‘g 124 I independent variable and the log, of person-years of exposure as offset
© 2000 B . .
% 10 % Year  Type | diabetes Type 2 diabetes
% 8- - 1500 %. IRR  95% CI p value IRR  95% CI p value
38 @
qg, 6 | 1000 é_' 1998 0.82 0.77,0.87 <0.0001 0.65 0.59,0.71 <0.0001
£ ,8; 1999 097 091,1.03 0.2717 0.77  0.70,0.84  <0.0001
§ ] | 500 § 2000 090 0.84,0.95 0.0002 0.71  0.65,0.77 <0.0001
§’ 2 § 2001 094 0.89,1.00 0.0543 0.77 0.71,0.84  <0.0001
£ o Lo 2002 098 0.93,1.04 0.4984 0.88 0.81,0.95 0.0011
‘ ‘ ‘ ‘ ‘ ‘ 2003  1.00 - - 1.00 - -
1998 2002 2006 2010 2014 2018
Year 2004 090 0.85,0.95 0.0003 090 0.84,0.97 0.0060
Incidence rate of hypoglycaemic episodes leading to hospitalisation 2005 0.83 0.78,0.88 <0.0001 0.89 0.83, 0.96 0.0016
Number of hypoglycaemic episodes leading to hospitalisation 2006 0.73 0.68, 0.77 <0.0001 0.87 0.81, 0.94 0.0003
2007  0.64 0.60,0.69 <0.0001 0.84 0.78,0.90 <0.0001
b 14 L 2500 2008 0.60 0.56,0.64 <0.0001 0.82 0.76,0.88  <0.0001
g < 2009 0.62 058,066 <0.0001 0.76 0.71,0.81 <0.0001
g o000 3 2010 055 052,059 <0.0001 075 0.70,0.80  <0.0001
% 1.0 % 2011 049 045,052 <0.0001 058 0.54,0.62 <0.0001
% | 1500 ‘3" 2012 051 047,054 <0.0001 0.52 049,056 <0.0001
§ 087 E 2013 051 047,054 <0.0001 0.54 0.50,0.58 <0.0001
';i)- 0.6 - 1000 % 2014 050 0.47,0.54 <0.0001 048 045,052 <0.0001
qE_) 0.4 ,‘g 2015 042 039,046 <0.0001 047 043,050 <0.0001
_§ | 500 é_ 2016 035 032,038 <0.0001 041 038,044 <0.0001
§_’ 0.2+ K] 2017 036 033,039 <0.0001 038 035041 <0.0001
£ 0.04 Lo 2018 034 031,036 <0.0001 039 036,042 <0.0001

T T T T T
1998 2002 2006 2010 2014 2018

Year

Incidence rate of hypoglycaemic episodes leading to hospitalisation
Number of hypoglycaemic episodes leading to hospitalisation

Fig. 1 Number and incidence rate of hypoglycaemic episodes during the
20 years of follow-up for people with type 1 diabetes (a) and people with
type 2 diabetes (b). Incidence rate is shown as the number of episodes per
100 person-years

steadily from 1998 and plateaued around 2012. In 2007,
glucagon-like peptide 1 receptor agonists (GLP-1-RAs) began
to be dispensed and a rapid growth was seen in 2009. The
remaining medications had a slower uptake.

Figures 3 and 4 show results from the Cox regression
models presented as forest plots. In the model for insulins
(n=18,031, type 1 diabetes only), age was associated with
a comparable decrease in risk of hypoglycaemic episodes
in all age groups (except 80+ years) compared with 0—
19 years. Female sex was associated with a 9% decrease
in the risk of hypoglycaemic episodes. Results indicated
that a longer diabetes duration is associated with an
increase in the risk of hypoglycaemic episodes.
Furthermore, alcohol abuse was associated with a 62%
increase in risk of hypoglycaemic episodes. For the fast-
acting insulins, human (fast) had the highest HR when
compared with insulin lispro, aspart and glulisine,
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although the 95% Cls overlapped. For long-acting insulins,
human (long) had the highest HR compared with insulin
glargine, detemir and degludec, although 95% Cls over-
lapped. For the combination insulins, human (comb) had
the highest HR compared with insulin lispro and lispro
protamine, and insulin aspart and aspart protamine,
although CIs overlapped. In general, treatment with human
(long), glargine, detemir, human (comb) and a combination
of insulin aspart and aspart protamine was associated with
a statistically significant increase in risk of hypoglycaemic
episodes. Treatment with insulin aspart was associated
with a statistically significant decrease in risk of
hypoglycaemic episodes. Finally, opioids and corticoste-
roid use was associated with a decrease in the risk of
hypoglycaemic episodes, whereas anxiolytics and antide-
pressants were not associated with an effect.

In the model for NIADs (n=407,169), age was associated
with an increase in risk of hypoglycaemic episodes with three-
and fourfold increased risk for the 70—79 years and 80+ years
group, respectively, compared with the 0-39 years age group.
Female sex was associated with a 6% decrease in risk of
hypoglycaemic episodes. Diabetes duration was associated with
a comparable increase in risk of hypoglycaemic episodes for all
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Fig. 2 Dispensing data for blood a
glucose-lowering medication 125,000 - 30,000
during the 20 years of follow-up,
showmg .the n1.1mber of insulin - L 25,000
prescriptions dispensed for type 1 @ 100,000
diabetes (a) and the number of E,;,_ ~
NIADs dispensed for type 2 2 - 20,000 S
diabetes (b). The black lines @ 75,0007 =
represent the numbe.r of people .% L 15,000 5"
for whom the prescriptions were s °
dispensed. AGIs, «-glucosidase 3 50,0007 =
inhibitors; Comb, combinations; a - 10,000 =
T1D, type 1 diabetes; T2D, type 2 Z 25000
diabetes z ’ I 5000
0 - ! Fo
T T T T T T T T T T T
1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
Year
Human (fast) Lispro
Aspart ~—————— Glulisine
Human (long) ————— Glargine
Detemir ————— Degludec
Human (comb) Lispro and lispro protamine
Aspart and aspart protamine = T1D patients
1,000,000 - 350,000
I- 300,000
5 800,000
]
S - 250,000
: 2
O 600,000
@ - 200,000 g
s o
g - 150,000 B
@ 400,000 ' E’-
[e% —-
(2]
kS - 100,000
e}
=z 200,000
_ 50,000
0 ro
T T T T T T T T T T T
1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
Year
Metformin Sulfonylurea DPP-4i
GLP-1-RA SGLT2i Combinations
AGls Thiazolidinediones Other

—T2D patients

duration groups compared with the 0—1 years group. Alcohol
abuse was associated with a 2.3-fold increase in risk of
hypoglycaemic episodes. For NIADs, sulfonylureas, o-
glucosidase inhibitors and ‘other’ medications (e.g. repaglinide)
were associated with an increased risk of hypoglycaemic
episodes; notably sulfonylureas posed a 2.3-fold increase in risk.
On the other hand, metformin, ‘combinations’ (such as metfor-
min and sulfonylurea), dipeptidyl peptidase 4 inhibitors (DPP-
4is), GLP-1-RAs and sodium—glucose cotransporter 2 inhibitors
(SGLT2is) were associated with a decreased risk of
hypoglycaemic episodes, and an approximately fivefold
decrease in risk compared with sulfonylureas. Similarly to the

model for insulins, in the model for NIADs, opioids and corti-
costeroids were associated with a decrease in the risk of
hypoglycaemic episodes and anxiolytics were not associated
with an alteration in the risk. However, in contrast to the model
for insulins, antidepressants were associated with an 11%
increase in risk of hypoglycaemic episodes.

Discussion

The incidence rate of hypoglycaemic events leading to
hospitalisations has dropped by more than 60% for people with
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HR  95%Cl pvalue
Age
20-39 years = 0.71 0.64,0.78 <.0001
40-49 years —=— 0.74 0.64,0.85 <.0001
50-59 years —a— 0.80 0.69,0.93 0.0043
60-69 years f—a— 0.75 0.63,0.89 0.0011
70-79 years —a— 0.75 0.61,0.93 0.0082
80 years+ ——a—q 116 0.90,1.50 0.2519
Sex = 0.91 0.84,0.98 0.0113
Diabetes duration
2-4 years —=— 121 1.08,1.36 0.0016
5-9 years —a— 1.27 1.08,1.49 0.0036
10 years+ b—r— 155 1.18,2.03 0.0014
Alcohol abuse —a— 1.62 1.28,2.07 <.0001
Fast-acting insulins
Human (fast) —=— 1.07 0.95,1.22 0.2726
Lispro b 0.82 0.58,1.18 0.2899
Aspart = 0.87 0.78,0.97 0.0134
Glulisine | - | 0.74 0.42,1.32 0.3064
Long-acting insulins
Human (long) = 1.38 1.25,1.52 <.0001
Glargine —=—] 1.20 1.05,1.36 0.0059
Detemir —=— 1.18 1.04,1.32 0.0077
Degludec b 1.04 0.81,1.33 0.7706
Combination insulins
Human (comb) = 1.84 1.65,2.05 <.0001
Lispro and lispro protamine | & | 1.07 0.51,2.25 0.8596
Aspart and aspart protamine p—o— 1.48 1.28,1.71 <.0001
Other medications
Anxiolytics f—=— 0.95 0.80,1.12 0.5403
Antidepressants p—a— 0.98 0.76,1.26 0.8657
Opioids =] 0.80 0.71,0.90 0.0003
Corticosteroids p—a—q 0.47 0.39,0.58 <.0001
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Fig. 3 Forest plot showing estimated HRs and 95% Cls for the effect of
insulins on time to first hypoglycaemic episode for people with type 1
diabetes, adjusted for age, sex, diabetes duration, alcohol abuse and other
medications. The estimates are shown on a logarithmic scale (log;o). The
reference group for age was 0—19 years, the reference for sex was male

type 1 diabetes and people with type 2 diabetes since 2003 (a
decrease 0f 0.4 and 0.05 episodes per 100 person-years per calen-
dar since 2003, respectively). The estimated HRs from the Cox
models indicate that new treatment alternatives, especially for
NIADs for type 2 diabetes, may play a significant role in this
decline in incidence rates. Sulfonylureas were the primary
dispensed medication for type 2 diabetes until 2003, after which
metformin was the primary dispensed medication. DDP-4is and
GLP-1-RAs came onto the market in 2007 and SGLT2is in 2012
as second-line alternatives to sulfonylureas for the treatment of
type 2 diabetes. From the results in this study, these medications
seem much safer than sulfonylureas with respect to risk of
hypoglycaemic episodes. In addition, insulin analogues seem
safer than human insulins for the treatment of type 1 diabetes
although CIs overlap. The insulin analogues glargine and detemir
were introduced in 2004 and replaced human insulin for many
patients; this timing corresponds to the observed decline in the
incidence rate of hypoglycaemic episodes.

@ Springer

and the reference for diabetes duration was 0—1 years. Insulins, alcohol
abuse and other medications were added as dichotomous yes/no variables
to the model. Too few data were available to model the effect of human
(long) and degludec and aspart

The rate of eight episodes per 100 person-years in 1998 for
people with type 1 diabetes is approximately one-fifth that of the
rate reported in the EDIC cohort [4], a fraction similar to that
reported in an investigation by Heller et al. [10]. In 2018, the
incidence rate for type 1 diabetes presented in our study more
than halved (by four episodes per 100 person-years), whereas the
rate in the EDIC cohort did not seem to drop over time. The
reason for the drop in Denmark might be that the severity of
the hypoglycaemic episodes had decreased (i.e. the number of
severe hypoglycaemic episodes might be the same but the
episodes might lead less frequently to hospital admissions). In a
study by Lipska et al. [21], in 1999 the incidence rate in US
hospital admissions for diabetes-related hypoglycaemic episodes
was 0.68 per 100 person-years, with an increase in incidence rate
until 2003 and a subsequent consistent decline, which corre-
sponds to the incidence rate and trend for type 2 diabetes in our
study. The incidence rates in Denmark changed more rapidly,
which may be explained by several factors, such as changes in
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HR  95%Cl pvalue

Age
40-49 years - 144 1.28,1.61 <.0001
50-59 years = 143 1.29,1.59 <.0001
60-69 years - 1.81 1.64,2.00 <.0001
70-79 years - 2.99 2.71,3.30 <.0001
80 years+ ! 4.42 4.00,4.89 <.0001
Sex | 0.94 0.90,0.98 0.0019

Diabetes duration
2-4 years ] 245 229,261 <.0001
5-9 years p 242 225,260 <.0001
10 years+ - 2.37 2.14,2.63 <.0001
Alcohol abuse - 2.30 2.04,2.60 <.0001

NIADs
Metformin | 0.46 0.44,0.48 <.0001
Sulfonylureas | 227 2.18,2.37 <.0001
Combinations =] 0.19 0.16,0.22 <.0001
AGls —— 2.01 1.46,2.76 <.0001
Thiazolidinediones b—a— 0.87 0.58,1.31 0.5050
DPP-4i = 0.44 0.38,0.49 <.0001
GLP-1-RA = 0.51 0.44,0.58 <.0001
SGLT2i f—a—] 0.43 0.33,0.56 <.0001
Other —a—] 1.33 1.06,1.68 0.0136

Other medications
Anxiolytics ] 1.03 0.97,1.09 0.3454
Antidepressants 3 1.11 1.02,1.21 0.0178
Opioids ] 0.84 0.80,0.88 <.0001
Corticosteroids ] 0.78 0.74,0.83 <.0001
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Fig. 4 Forest plot showing estimated HRs and 95% Cls for the effect of
NIADs on time to first hypoglycaemic episodes for people with type 2
diabetes, adjusted for age, sex, diabetes duration, alcohol abuse and other
medications. The estimates are shown on a logarithmic scale (log;(). The

pre-hospital care of the patients and new stricter European Union
(EU) legislation on driver’s licensing resulting in concealed
severe hypoglycaemic episodes [22]. Moreover, the EDIC cohort
contained self-reported severe hypoglycaemic episodes, which
makes comparison with our results challenging.

In this study, the primary risk factor of duration of diabetes
for severe hypoglycaemic episodes leading to hospitalisation
was confirmed in the model of insulins, including people with
type 1 diabetes only, where estimated HRs increase with
increasing duration. It was only partly confirmed in the model
of type 2 diabetes, where increments in diabetes duration were
associated with increase in HR compared with the 01 years
group only. Age was also associated with a large increase in HR
for higher age intervals for type 2 diabetes. For type 1 diabetes
all age groups except 80+ years were associated with reduced
HRs compared with the 0—19 years group, which could indicate
that especially children, adolescents and young adults are at risk
of hypoglycaemic episodes. This is possibly due to difficulties
handling a chronic disease for children and risk-taking behav-
iours for adolescents and young adults including alcohol use. In
our study, use of human insulins (fast-acting, long-acting and

reference group for age was 0-39 years, the reference for sex was male
and the reference for diabetes duration was 0—1 years. NIADs, alcohol
abuse and other medications were added as dichotomous yes/no variables
to the model. AGIs, a-glucosidase inhibitors

combination insulins) was associated with higher HRs
compared with insulin analogues, indicating decreased safety
with respect to hypoglycaemic episodes, and this is confirmed
by literature [23—26]. Use of sulfonylureas was associated with
a 2.3-fold increased risk of hypoglycaemic episodes and was,
together with «-glucosidase inhibitors and ‘other’ agents (e.g.
repaglinide), associated with the highest risk of hypoglycaemic
episodes. The high risk of hypoglycaemic episodes associated
with sulfonylureas is confirmed in other studies but varies
across compounds [15, 27].

The Danish National Patient Registry does not include
information on hypoglycaemia awareness, and its association
with hypoglycaemic episodes leading to hospitalisation was
not explored in this study. A limitation is that women with
gestational diabetes were included in the cohort. However,
exclusion of these women would result in exclusion of the
population of interest as they are predisposed to type 2 diabe-
tes (up to 50% [28]) and may only have the pregnancy as
hospital contact if they are well controlled. However, the
trends in hypoglycaemic episodes and the risk factors are still
deemed valid despite the inclusion of these women in our
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study. Another limitation is that women with polycystic ovar-
ian syndrome only treated with metformin were included,
although we believe this noise is acceptable in light of the
>400,000 included people with type 2 diabetes. A further
limitation in this study is that only hypoglycaemic episodes
leading to hospitalisations were investigated and these consti-
tute only one-fifth of severe hypoglycaemic episodes [10].
Another issue is the lack of information on glycaemic control.
Some medications seem safer with respect to hypoglycaemic
episodes in this study but if the patients on these medications
have a less tight glycaemic control the safety may come at the
expense of increased risk of late-diabetic complications.
Furthermore, patients’ self-management might improve with
age, and glycaemic targets are probably less stringent. A limi-
tation is that we only analysed time to the first hypoglycaemic
episode and not recurrent episodes. Given that 2.9% of the
individuals with type 1 diabetes and 0.2% with type 2 diabetes
experienced more than two hypoglycaemic episodes
(Table 3), risk factor analysis on the recurrent episodes could
have been applied. However, we wanted to know what the risk
factors were for the first hypoglycaemic episode leading to
hospitalisation and concluded that analysis of recurrent
episodes would be more suitable for another investigation
and was out of the scope of this study. Moreover, we believe
that adding recurrent episodes could introduce noise and
confounding by indication bias would probably increase as
both the practitioner and the patient try to avoid future severe
episodes. Finally, new technological improvements in the
form of insulin pumps and continuous glucose monitoring
might also have improved treatment.

A strength of this study is the magnitude of data included.
We have included data from more than 640,000 Danish
people with diabetes. Furthermore, the quality of data is high
due to the validity of the registries and since the primary diag-
nosis codes of E159-162 are in most cases probably not
selected by coincidence.

In conclusion, the incidence rate of hypoglycaemic episodes
leading to hospitalisations in Denmark has declined by more than
60% since 2003 for both type 1 and type 2 diabetes. Based on
results in this study, the advent of new treatment alternatives,
such as, insulin glargine, insulin detemir and insulin degludec
compared with human insulins, and especially SGLT2is, GLP-
1-RAs and DPP-4is compared with sulfonylureas, may contrib-
ute to this decline. From a safety perspective, these findings are
important and should be considered by clinicians when assessing
treatment options for patients who are still treated with older
blood glucose-lowering medications. Other factors, such as
improved diabetes technology, care of the patients, and less strin-
gent glycaemic goals for some patient groups, may also play a
significant role in reducing the incidence rate of hypoglycaemic
episodes leading to hospitalisation.
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