
OR I G I N A L AR T I C L E

Trends in clinical characteristics, medication use, and
glycemic control in insulin-treated patients with type 1
and type 2 diabetes in Finland in 2012–2019: Nationwide
real-world evidence study

Leo Niskanen1 | Minna Hannula2 | Kai Kysenius3 | Saara Kaijala3 |

Mariann I. Lassenius3 | Timo T. Valle4

1Päijät-Häme Central Hospital,
Department of Internal Medicine, Lahti,
Finland, Eira Hospital, Helsinki Finland
and University of Eastern Finland,
Institute of Clinical Medicine,
Kuopio, Finland
2Sanofi, Espoo, Finland
3Medaffcon Oy, Espoo, Finland
4Boa-8 Oy, Helsinki, Finland

Correspondence
Minna Hannula, Sanofi, Espoo, Finland.
Email: minna.hannula@sanofi.com

Funding information
Sanofi Oy

Graphical Abstract

Highlights

• This Finnish nationwide real-world evidence study used national identity

numbers to link data from several registries to identify 145 020 people with

diabetes treated with insulin.

• Medication use has evolved with newer generation insulin and noninsulin

diabetes medications between 2012 and 2019.

• Despite the aging population, glycemic control of insulin users has remained

stable or improved between 2012 and 2019 in Finland.
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Abstract

Aims: To describe the clinical characteristics and medication purchases of insulin-

treated adults in Finland at index (January 1, 2012 or first insulin purchase) and

December 31, 2019. Additionally, to describe basal insulin (BI) treatment patterns

and associated changes in hemoglobin A1c (HbA1c) values.

Materials and Methods: In this descriptive study using nationwide registries,

we included adults with at least two reimbursed insulin purchases within

12 months of the first purchase between January 1, 2012 and December

31, 2019. We formed four study groups: type 1 diabetes (T1D) and type 2 diabe-

tes (T2D)-diagnosed people who were further divided into prevalent or naïve

users (start of insulin use before or after January 1, 2012). Insulin treatment

patterns were estimated from medication purchase data and glycemic control

from HbA1c results.

Results: Out of 145 020 people included, 34 359 had T1D and 110 661 T2D. By

2019, in parallel with the adaptation of new noninsulin medications, second-

generation basal insulin (BI) analogues were adopted by 45.9% and 21.1% of

prevalent T1D and T2D users. At index, HbA1c target (≤53 mmol/mol) was

reached by 17% and 35% of T2D naïve and prevalent users, respectively, and

by 17% of T1D prevalent users. At study end, the target was reached respec-

tively by 41%, 34%, and 22% of insulin users. Insulin initiation improved and

discontinuation worsened glycemic control in T2D, with lesser effects seen

after treatment gaps or switches between BIs.

Conclusions: Our study showed that glycemic control in insulin users has

remained stable or improved between 2012 and 2019 despite aging population

and in parallel with introduction of new treatment options, providing valuable

insight into Finnish national diabetes care.
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1 | INTRODUCTION

Diabetes is a growing global epidemic affecting over 10%
of world's adult population.1 In Finland, an estimated
429 000 people (total population ≈5.5 million) had diabe-
tes in 2017 (not including people under 30 years) repre-
senting 15% of men and 10% of women.2 Diabetes is
associated with major morbidity and high mortality, and
prolonged hyperglycemia can affect several tissues and
lead to serious complications if left untreated.3 This is
especially true within the older demography of patients
with type 2 diabetes (T2D), due to their increased comor-
bidity burden.4

Interestingly, Finland surpasses the other Nordic
countries (Denmark, Iceland, Norway, and Sweden) in
diabetes medication use, especially in the 45–64 age
group: 87.3 per 1000 people nationwide in 2019 used dia-
betes medications in Finland, compared to 54.5–64.2 per
1000 in the other Nordic countries in this age group.5 In
2012–2019, second-generation insulin analogues (insulin
degludec and glargine U300 [Gla-300]) and many nonin-
sulin diabetes medications (such as dipeptidyl
peptidase-4 [DPP-4] inhibitors, sodium-glucose linked
transporter-2 [SGLT2] inhibitors, and glucagon-like
peptide-1 [GLP-1] analogues) became available.6

Although metformin remains the agent of first choice for
treating hyperglycemia in most people with T2D, and
GLP-1 analogues are now recommended before initiating
insulin, insulin still remains essential for all patients with
type 1 diabetes (T1D), severe hyperglycemia, or with T2D
when other treatments prove insufficient in managing
blood glucose levels.7 Nevertheless, the persisting univer-
sal problem with insulin initiation in T2D is clinical
inertia – introduction of insulin therapy being delayed
due to patient- or physician-related factors.3,8,9

The Finnish Development Program for the Preven-
tion and Care of Diabetes (DEHKO) project evaluated
treatment practices, glycemic control, and population
characteristics of a representative cohort of Finnish
diabetes population cross-sectionally at 2000–2001 and
2009–2010.10 However, there remains a need for recent
detailed clinical data on insulin-treated patients with
T1D and T2D in Finland, especially in the light of the
high frequency and fast adaptation of new treatment
options. Thus, the primary objective of this study was
the characterization of insulin-treated patients with
T1D or T2D in Finland between 2012 and 2019. In
addition, insulin treatment patterns and switches
between basal insulins (BIs), as well as glycemic con-
trol were evaluated. Also, the differences in results
between the set index and end of study (EOS), were
described.

2 | MATERIALS AND METHODS

2.1 | Data sources and data coverage

This descriptive study used existing medical data from vari-
ous data sources in Finland to investigate the characteristics
and comorbidities of individuals with diabetes. People with
diabetes were identified based on their insulin purchases
and reimbursement rights from the Finnish Social Insur-
ance Institution (SII) Register. Other data sources included
the Care Register for Health Care (HILMO), Register of Pri-
mary Health Care Visits (AvoHILMO), local primary and
specialty care laboratories, and Statistics Finland Causes of
Death Register. All data on medication purchases, health
care visits and diagnoses, date and cause of death, and
selected laboratory results were linked through Finnish per-
sonal identity numbers. We attained good geographical cov-
erage of laboratory data but were limited to selected
municipalities and regional laboratory providers due to data
access limitations. We received laboratory data from the fol-
lowing primary care providers: Turku, Joensuu, Mikkeli,
Espoo, and Keusote (includes four cities) that cover ≈14%
of total Finnish population. Regional specialty care labora-
tory providers were HUSLAB (Helsinki and Uusimaa
region), TYKSLAB (Turku region), and ISLAB (Kuopio
region) that cover ≈40% of total Finnish population. Both
primary and specialty care laboratory data were included in
the analyses. For example, at least a single hemoglobin A1c
(HbA1c) value was available for 27.8% of the entire 145 020
insulin-treated diabetes cohort and for 15.8% of the entire
cohort within 12 months before the index date. The exact
numbers of available laboratory test data per study group at
index and EOS are shown in Table 1.

The study was based on the secondary use of health
care data and approved by Findata, the Finnish Social
and Health Data Permit Authority (study approval num-
ber THL/684/14.02.00/2021). No separate ethics state-
ment was required for the study.

2.2 | Cohort formation

The study cohort included all adult patients with a reim-
bursement number for insulin (103) and at least two insulin
purchases (Anatomical Therapeutic Chemical [ATC] code:
A10A*) within 12 months of the first purchase in the years
2005–2019. Maximum follow-up time was from 1.1.2012
until 31.12.2019 or death, with no minimum follow-up time
used. Data from January 1, 2005 until December 31, 2011
were used to assess baseline information on patients, unless
otherwise stated. The start date of January 1, 2012 was cho-
sen considering that the last nationwide characterization of
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people with diabetes had been performed in Finland in
2010.10 Patients were divided into T1D and T2D based on
visit-associated diagnoses given at specialty care (Interna-
tional Classification of Diseases code E10 or E11, respec-
tively), and if unavailable, based on diagnoses from
primary care. However, many patients (approximately
25%) had records of both E10 (T1D) and E11 (T2D) diag-
noses associated with their health care visits. Hence, we
implemented cutoff rules of relative diagnosis consis-
tency to determine whether a patient was considered
T1D or T2D. These cutoffs were set at 75% for specialty
care diagnoses (shown as a histogram in Figure S1C) and
80% for primary care diagnoses. In the end, only 1704
patients or 1.2% of the final cohort were excluded from
analyses due to an unclear diagnosis. T1D and T2D insu-
lin users were further divided into naïve users who
started insulin after 1.1.2012 and for whom the index was
set according to their first insulin purchase, and into
prevalent users who had already been using insulin for
any number of years before January 1, 2012 and for
whom the index was set as January 1, 2012. The cohort
formation process has been visualized in Figure S1. The
data were analyzed both at the index and EOS.

2.3 | Statistical methods and data
analysis

All the conducted statistical analyses were descriptive in
nature. pvalues <.05 were considered statistically significant.
No correction for multiple testing was applied. Analyses
were performed with R (version 4.0.3; R-packages tidyverse
1.3.1, survival 3.2–13, survminer 0.4.9, ggalluvial 0.12.3).

2.3.1 | Clinical characteristics, medication
purchases, and laboratory values at index
and EOS

The number of patients and the characteristics were
reported using summary statistics (mean and SD;
median, first and third quartiles; N and %; where appro-
priate). Duration of diabetes was calculated based on the
first date of the reimbursement number for diabetes
(could be before 2005), diagnosis for diabetes, or insulin
purchases. The medication usage was assessed from the
reimbursed medication purchases up to 1 year before
index until EOS. Furthermore, the diabetes-related labo-
ratory values, including HbA1c, were assessed from
laboratory data within 365 days of the index and/or EOS
with the closest value reported. Comorbidities were
assessed based on all available HILMO and avoHILMO
data from 2005 onwards.

2.3.2 | Insulin treatment patterns

Treatment persistence was assessed by defining continu-
ous treatment continuum for each patient based on
insulin purchases and estimated using Kaplan–Meier
analyses. For the analyses, treatment persistence was
defined as the duration between treatment initiation
and an event, with an event defined as BI switch (mea-
sured from the first observed switch), no BI purchase
within 7 months after the previous purchase (treatment
gap, see definition below), no BI purchase for the rest of
the study (treatment discontinuation), or death. EOS
was a censoring event. The sequence of different BI
treatments and their patterns were assessed and illus-
trated using Sankey plots. A new treatment was defined
as a purchase of a new insulin type in the Sankey plots.

In Finland, a patient can get reimbursed for an
amount of insulin that is sufficient for 3-month usage
at a time. To define the treatment gap, median times
between the BI purchases (3.5 months; interquartile
range [IQR, 2.9, 4.3]) were assessed to justify the length
of a grace period that the patients were allowed to have
between the purchases, so that the treatment contin-
uum was still perceived to be continued. The 7-month
treatment gap time was selected based on the median
time between insulin purchases of 3.5 months plus a
3-month grace period, confirmed with sensitivity ana-
lyses of 5-, 7-, and 9-month gap times.

2.3.3 | Glycemic control

All patients with BI purchases and at least one available
HbA1c laboratory measurement were included in the anal-
ysis of HbA1c outcomes (presented in mmol/mol) at differ-
ent time intervals. HbA1c values were treated with carry
forward imputation, that is, considered unchanged until a
new value was available before the following timepoint cut-
off (eg, value at 7 months before event would be recorded
at 6-month time point but not carried forward to subse-
quent time points). Population-level median values were
calculated for patients with T2D before and after insulin
treatment initiation, treatment gap, and treatment discon-
tinuation and before and after the first observed BI switch
for both T1D and T2D. Patients were categorized into four
groups based on HbA1c values: ≤53, >53 to ≤63, >63 to
≤74, and >74 mmol/mol (these mmol/mol values translate
to HbA1c glycation percentage values of 7.0%, 7.9%, and
8.9%),11 in line with a recent Finnish VALTAVA-diabetes
register pilot study,12 with ≤53 mmol/mol as the target
value based on the national recommendation.13 The signifi-
cance of the changes in the proportion of patients reaching
the target HbA1c (≤53 mmol/mol) in index and in 2019
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was assessed with the chi-square test. The unpaired two-
sample Wilcoxon test was used to assess the significance of
the change in the HbA1c values up to 6 months after the
event (BI initiation, treatment gap, treatment discontinua-
tion, BI switch) of interest.

3 | RESULTS

3.1 | Clinical characteristics, laboratory
values, and medication purchases at index
and EOS

The insulin use of 4016 naïve users and 30 343 prevalent
users with T1D, and 47 154 naïve users and 63 507 preva-
lent users with T2D was assessed in the study, along with
clinical characteristics at index and EOS (Table 1). T2D
naïve users started insulin treatment on average 6.6 years
after initial diagnosis. Follow-up times ranged from 3.81
(SD 2.16) in naïve T2D users to 7.61 (SD 1.35) years in
prevalent T1D users.

Laboratory values gathered from both primary and
specialty care were assessed for a subset of users. The
median HbA1c decreased significantly (p < .001) from
index (70 [IQR 57, 91] mmol/mol) to 2019 (56 [IQR
49, 67] mmol/mol) in T2D naïve users, also reflected in
the proportion of users reaching a HbA1c ≤ 53 mmol/
mol, which increased from 17% to 41% (p < .001). In T2D
prevalent users, HbA1c (59 [50, 69] vs 59 [50, 70] mmol/
mol) or proportion reaching the target (35% at index and
34% in 2019) remained unchanged (p = .129), (Figure 1,
right panels). In T1D prevalent users HbA1c was a little
lower in 2019 (63 [55, 73] mmol/mol) than at index
(67 [57, 78] mmol/mol), but significantly more people
reached the glycemic target (22% vs 17%; p < .001) and
fewer people had a HbA1c > 74 mmol/mol (22% vs 31%;
p < .001) (Figure 1, left panels).

Diabetes medication purchases at index and EOS
are presented in Table 2. The first and second most
used insulins throughout the study and in all cohorts
were Gla-100 and detemir. By 2019, prevalent T1D
insulin users had been the quickest to adapt Gla-300
(20%) and degludec (25.9%) insulins. Fast-acting insu-
lin use was more common in T1D than T2D, as
expected. The use of intermediate-acting neutral prot-
amine Hagedorn insulin decreased in prevalent users
through follow-up, from 7.6% to 2.4% in T1D and 17%
to 4.1% in T2D.

The use of noninsulin diabetes medications (all medi-
cations under the ATC category A10B) increased during
the study period in T2D insulin users (Table 2). This was
due to strong uptake of SGLT inhibitors and GLP-1 ana-
logues, which was also seen to a small extent in T1D

insulin users. At index, 85.5% of T2D naïve users and 70%
of T2D prevalent users also used noninsulin diabetes
medication. Naïve insulin users used more noninsulin
medications than the prevalent insulin users. Metformin
and DPP-4 inhibitors remained the most used medica-
tions throughout the study although the number of users
declined over time. By 2019 the use of sulphonylurea and
thiazolidinedione had become marginal. In contrast,
there was a significant adoption of SGLT2 inhibitors and
GLP-1 analogues (respectively 26.7% and 15.5% of T2D
prevalent users).

Renal and cardiovascular comorbidities and con-
comitant medication use are detailed in Table S1. Mod-
est increases in renal and cardiovascular comorbidities
were noted between index and 2019. Of note, cardio-
vascular comorbidities were pronounced in prevalent
insulin users: 9.4% of T1D prevalent users were diag-
nosed with myocardial infarction, ischemic stroke, or
unstable angina pectoris by the EOS. Additionally,
9.5% of T2D prevalent users had been diagnosed with a
myocardial infarction in the 7 years before index, of
whom only 13.9% were alive at the end. Atrial fibrilla-
tion also posed a significant comorbidity in both preva-
lent patients with T1D and T2D at EOS. Concomitant
medication use increased moderately between index
and 2019 throughout, except for diuretics and other
antihypertensives in T2D prevalent users. Particularly
in T1D prevalent users the use of lipid modifying
agents (index vs 2019: 34.9% vs 48.8%), beta blocking
agents (19.1% vs 24.7%), calcium channel blockers
(15.9 vs 22.5%), and renin-angiotensin system medica-
tion (41.2% vs 49.5%) increased.

3.2 | Insulin treatment patterns

Insulin treatment patterns were described using Kaplan–
Meier persistence analyses (Figure 2), Sankey plots
(Figure 3), and persistence point estimates (Tables S2 and
S3). The median persistence for the most used BI, Gla-
100, was 3.9 years in T2D naïve users and 3.7 years after
the first observed switch in T2D prevalent users and
1.8 years in T1D prevalent users. Statistically significant
differences were noted between median persistence
values using the log-rank test in all study groups
(p < .0001), although the follow-up time for Gla-300 and
degludec was limited, and prevalent users were followed
only after the first observed switch. Gla-100 and detemir
were the most common BIs in the first observed treat-
ment line and degludec and Gla-300 in the second
treatment line (Figure 3). In general, people with T2D
were less likely to switch from one BI to another and they
underwent fewer switches than people with T1D during
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the follow-up (Figure 3). Observing the persistence point
estimates (Tables S2 and S3), at 3 years, T2D naïve users
were most likely to stay on Gla-100 (58%) and least likely
to switch (7%) to another BI, and T1D prevalent users
were least likely to stay on Gla-100 (32%) and mostly
likely to switch (44%). Treatment gaps of over 7 months
were similar in these groups (15%–18%). Discontinuation
was low (7% or below), and death occurred in 12% (T2D
prevalent users), 10% (T2D naïve users), and 3% (T1D
prevalent users).

3.3 | Glycemic control associated with
insulin treatment patterns

HbA1c levels were assessed in the year before and after the
following events: BI initiation in T2D naïve users, treatment
gap or BI discontinuation in both T2D naïve and prevalent
users, and BI switch in both T1D and T2D (Figure 4). Total
number of unique patients per each event were 45 374 (ini-
tiation), 27 425 (treatment gap), 12 012 (discontinuation),
16 960 (switch T1D), and 25 646 (switch T2D). At least one
HbA1c value within a year of each event were available for
8536, 5435, 2425, 4393, and 4529 patients, respectively, with
HbA1c coverage ranging between 17.6% (T2D switch) to
25.9% (T1D switch) per event.

BI initiation coincided with a peak in HbA1c levels in
individuals with T2D. Proportion of individuals achieving
HbA1c target (≤ 53mmol/mol) at 6 months after initia-
tion increased to 42% from 11% at index (p< .001; insulin
start), whereas individuals with very poor (>74mmol/

mol) glucose control decreased from 52% to 12%
(p< .001; Figure 4A). Furthermore, there was a signifi-
cant (p< .001) decrease in the median HbA1c at the time
of the BI initiation (76 [62, 96] mmol/mol) and up to
6 months after the initiation (56 [48, 66] mmol/mol).
Treatment gap had little effect on HbA1c levels in the
short term, but fewer patients 41% remained under
the HbA1c target after 6months (p< .001; Figure 4B). At
insulin discontinuation, 62% were under the HbA1c
target, which lowered to 49% at 6months after
(p < .001; Figure 4C) and a higher median HbA1c value
was reached (49 [41, 63] mmol/mol vs 54 [45, 70] mmol/
mol; p <.001) at 6months. No significant changes in
HbA1c levels were evident after switches in either group,
but the proportion of people reaching the target group in
T2D increased to 23% from 17% (p< .001; Figure 4D).

4 | DISCUSSION

In this descriptive nationwide non-interventional register
study, we assessed the clinical and demographic character-
istics, medication purchases, BI treatment patterns, and gly-
cemic control in people with insulin-treated diabetes in
Finland between 2012 and 2019. We identified 145 020 peo-
ple with the reimbursement right for insulin and more than
2 insulin purchases within their first year of insulin treat-
ment initiation using national reimbursement and medica-
tion purchase register data. The demographical structure
and numbers of people with T1D/T2D confirmed by this
study were in line with prevailing literature and statistics,

FIGURE 1 Proportion of patients

reaching HbA1c targets (≤53 mmol/L)

at index and in 2019, on the top row

insulin naïve patients with T1D or T2D;

on the bottom row prevalent users with

T1D or T2D. HbA1c, hemoglobin A1c;

T1D, type 1 diabetes; T2D, type

2 diabetes.

6 of 12 NISKANEN ET AL.



T
A
B
L
E

2
In
su
lin

an
d
n
on

in
su
lin

di
ab
et
es

m
ed
ic
at
io
n
pu

rc
h
as
es

fo
r
pa

ti
en

ts
ba
se
d
on

da
ta

1
ye
ar

be
fo
re

in
de
x
an

d
E
O
S
(y
ea
r
20
19
).

N
aï
ve

u
se
rs

P
re
va

le
n
t
u
se
rs

T
1D

in
d
ex

T
1D

20
19

T
2D

in
d
ex

T
2D

20
19

T
1D

in
d
ex

T
1D

20
19

T
2D

in
d
ex

T
2D

20
19

N
40
16

38
39

47
15
4

38
03
1

30
34
3

27
22
7

63
50
7

37
99
0

In
su
lin

pu
rc
ha

se
s

A
n
y
in
su
lin

pu
rc
h
as
e
(A

10
A
)

-
37
19

(9
6.
9)

-
35

35
2
(9
3)

30
15
1
(9
9.
4)

26
84
7
(9
8.
6)

62
25
9
(9
8.
0)

35
53
1
(9
3.
5)

A
n
y
fa
st
-a
ct
in
g
in
su
lin

(A
10
A
B
)a

-
34
39

(8
9.
6)

-
84
53

(2
2.
2)

28
75
1
(9
4.
8)

26
11
6
(9
5.
9)

22
38
6
(3
5.
2)

17
21
0
(4
5.
3)

D
eg
lu
de
c

-
82
4
(2
1.
5)

-
23
33

(6
.1
)

0
(0
)

70
62

(2
5.
9)

0
(0
)

26
18

(6
.9
)

D
et
em

ir
-

10
07

(2
6.
2)

-
82
70

(2
1.
7)

11
17
8
(3
6.
8)

76
49

(2
8.
1)

18
71
3
(2
9.
5)

84
70

(2
2.
3)

G
la
-1
00

-
17
49

(4
5.
6)

-
21

80
8
(5
7.
3)

16
28
7
(5
3.
7)

79
51

(2
9.
2)

31
52
7
(4
9.
6)

19
11
4
(5
0.
3)

G
la
-3
00

-
51
9
(1
3.
5)

-
36
55

(9
.6
)

0
(0
)

54
50

(2
0.
0)

0
(0
)

53
83

(1
4.
2)

N
PH

in
su
lin

-
28

(0
.7
)

-
10
95

(2
.9
)

23
11

(7
.6
)

65
7
(2
.4
)

10
82
3
(1
7.
0)

15
53

(4
.1
)

O
n
ly

fa
st
-a
ct
in
g
in
su
li
n
(A

10
A
B
)a

-
77

(2
.0
)

-
25

(0
.1
)

10
07

(3
.3
)

13
13

(4
.8
)

68
(0
.1
)

50
(0
.1
)

N
on

in
su
lin

di
ab

et
es

m
ed
ic
at
io
n
pu

rc
ha

se
sb

A
n
y
A
10
B
;n

(%
)

88
0
(2
1.
9)

58
0
(1
5.
1)

40
32
6
(8
5.
5)

33
00
7
(8
6.
8)

16
94

(5
.6
)

20
86

(7
.7
)

44
45
8
(7
0.
0)

29
49
5
(7
7.
6)

M
et
fo
rm

in
75
0
(1
8.
7)

42
3
(1
1.
0)

30
36
7
(6
4.
4)

20
50
8
(5
3.
9)

14
61

(4
.8
)

14
67

(5
.4
)

38
02
6
(5
9.
9)

19
72
7
(5
1.
9)

Su
lf
on

yl
ur
ea
s

68
(1
.7
)

<
5
(0
.1
)

94
77

(2
0.
1)

42
0
(1
.1
)

57
(0
.2
)

6
(0
.1
)

57
39

(9
.0
)

22
2
(0
.6
)

T
h
ia
zo
lid

in
ed
io
n
es

23
(0
.6
)

5
(0
.1
)

23
25

(4
.9
)

44
8
(1
.2
)

30
(0
.1
)

24
(0
.1
)

12
84

(2
.0
)

35
8
(0
.9
)

D
PP

-4
in
h
ib
it
or
s

29
0
(7
.2
)

11
7
(3
.0
)

23
08
3
(4
9.
0)

14
46
4
(3
8.
0)

22
4
(0
.7
)

12
2
(0
.4
)

10
37
7
(1
6.
3)

99
61

(2
6.
2)

G
L
P-
1
an

al
og
u
es

<
5
(0
.1
)

23
(0
.6
)

17
31

(3
.7
)

58
98

(1
5.
5)

0
(0
)

11
0
(0
.4
)

0
(0
)

64
25

(1
6.
9)

SG
L
T
2
in
h
ib
it
or
s

65
(1
.6
)

13
3
(3
.5
)

52
57

(1
1.
1)

10
16
3
(2
6.
7)

0
(0
)

60
6
(2
.2
)

0
(0
)

85
25

(2
2.
4)

O
th
er

A
10
B

16
0
(4
.0
)

79
(2
.1
)

11
14
7
(2
3.
6)

62
90

(1
6.
5)

17
2
(0
.6
)

14
4
(0
.5
)

60
89

(9
.6
)

45
12

(1
1.
9)

N
ot
e:
D
at
a
n
ot

sh
ow

n
fo
r
pa

ti
en

ts
cl
as
si
fi
ed

as
ot
h
er

th
an

T
1D

or
T
2D

.V
al
ue

s
pr
es
en

te
d
as

n
(p
er
ce
n
ta
ge

in
pa

re
n
th
es
is
).
A
bb

re
vi
at
io
n
s:
A
T
C
,A

n
at
om

ic
al

T
h
er
ap

eu
ti
c
C
h
em

ic
al
;D

P
P
-4
,d

ip
ep
ti
dy

lp
ep
ti
da

se
-4
;G

la
,

gl
ar
gi
n
e;
G
L
P-
1,

gl
uc
ag
on

-l
ik
e
pe
pt
id
e-
1;

E
O
S,

en
d
of

st
ud

y;
SG

L
T
-2
,s
od

iu
m
-g
lu
co
se

li
n
ke
d
tr
an

sp
or
te
r-
2;

T
1D

,t
yp

e
1
di
ab
et
es
;T

2D
,t
yp

e
2
di
ab
et
es
.

a D
en

ot
es

al
lm

ed
ic
at
io
n
s
un

de
r
th
e
A
10
A
B
gr
ou

p
–
n
ot
e
th
at

on
ly

m
ed
ic
at
io
n
pu

rc
h
as
e
da

ta
12

m
on

th
s
pr
io
r
to

in
de
x
or

E
O
S
da

te
in
cl
ud

ed
.

b
N
on

in
su
lin

di
ab
et
es

m
ed
ic
at
io
n
s
re
po

rt
ed

at
A
10
B
(X
)
A
T
C
-c
od

e
le
ve
l.

NISKANEN ET AL. 7 of 12



although only insulin users were included in the cohort
and the age cutoff was 18 years, which decreased the num-
ber of eligible patients with T1D.12 Our study showed that
glycemic control in insulin users has remained stable or
improved between 2012 and 2019, and that both novel insu-
lins and novel noninsulin diabetes medications have been
adopted in practice.

The Finnish diabetes population and disease manage-
ment have been evaluated through several questionnaire-
based studies since the 1990s.10,14 A study to evaluate
diabetes care in 1993 concluded that glycemic control was
poor in the majority of people with diabetes, with a mean
HbA1c level of 73 mmol/mol (8.8%) in patients with T2D
on insulin treatment alone, and 80 mmol/mol (9.5%) in

patients with T2D treated with a combination of insulin
and non-insulin diabetes medications.14 In the DEHKO
study (2000–2010),10 improved disease management
results were reported; glycemic control in people with T2D
in 2010 with 10–12 years disease duration was comparable
to people with T2D with 0–3-year diabetes duration in
2000, although a rise in HbA1c is normally observed with
increased disease duration and age.15,16 The median
HbA1c further decreased in insulin using T2D population
from 67 to 68 mmol/mol (8.3%–8.4%) in 2000–2001 to 61–
62 mmol/mol (7.7%–7.8%) in 2009–2010. In our current
study, despite the introduction of new medications, the
median HbA1c in T2D prevalent users remained stable
between 2012 and 2019 (58.5 vs 59 mmol/mol). However,
it should be noted that in the same period, average diabe-
tes duration increased from 11.9 to 18.7 years and average
age from 68.5 to 72 years. In the T1D population the
improvement has been slow, as the median HbA1c in
1993 was 69 mmol/mol (8.5%) and in 2019, 63 mmol/L
(prevalent T1D population).10,14 Direct comparisons
between these studies should be interpreted with caution,
however, as our current study focused on the nationwide
insulin-treated adult diabetes population instead of a sam-
ple of the entire diabetes population.

Significant changes in diabetes medication use were
noted between the study groups and between index and
2019. At a national level in Finland, the SII reimburse-
ment level for insulins (A10A) remained at 100% through-
out the follow-up time in this study, but noninsulin
diabetes medication (A10B) reimbursement level changed
from 100% to 65% at the beginning of 2017.17,18 The intro-
duction of new treatment options, namely GLP-1 ana-
logues and SGLT-2 inhibitors (market authorization
granted by European Medicines Agency respectively in
2006 and 201319), as well as second-generation BIs, Gla-
300 and degludec (which entered the market respectively
in 2015 and 2013), makes it interesting to compare glyce-
mic control in T2D naïve insulin users at EOS and T2D
prevalent users at index. These cohorts have a similar
demographic profile (mean age 68.4 vs 68.5 years) and
duration of diabetes (mean duration 10.4 vs 11.9 years).
Our analyses showed that a larger proportion of T2D naïve
users reached the HbA1c target of <53 mmol/mol (41% vs
35%) and fewer remained with poor control (15% vs 18%)
in 2019 than T2D prevalent users in 2012. Concomitantly,
the use of novel noninsulin medications and BIs was
higher in T2D naïve users in 2019 than for T2D prevalent
users in 2012. Although this applies no direct causal con-
nection between novel medications and glycemic control,
these data seem to support that treatment practices have
evolved and adapted into practice between 2012 and 2019,
despite a change in the reimbursement level of noninsulin
diabetes medication in 2017.17,20

FIGURE 2 BI treatment persistence for each insulin type in

T2D naïve users (A); from first observed switch in T2D prevalent

users (B); from first observed switch in T1D prevalent users (C).

Insulin purchase gap of 7 months. The follow-up time for degludec

and Gla-300 was limited, and median persistence thus not reached

in all settings. p < .0001 denotes significant differences between

median persistence with medications reaching a median value

obtained using the log-rank test. Gla, glargine; T1D, type 1 diabetes;

T2D, type 2 diabetes.
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Studies assessing real-world BI use and persistence at
a national scale remain rare. In our study, type-specific
BI median persistence was assessed using Kaplan– Meier
analyses with respect to treatment gaps, insulin switches,
and treatment discontinuations. The median persistence
for Gla-100 and detemir in T2D naïve users was 3.4 and
3.9 years, respectively. Median persistence for Gla-300
and degludec was not reached within our study period
due to limited follow-up time but was showing better per-
sistence in the first 3 years in prevalent cases and after
1 year in T2D naïve users. Interestingly, this result is in
line with a recent study reporting better persistence in
people with T2D switching to a second-generation BI
compared to an alternative first-generation BI.21 How-
ever, these results must be interpreted with caution
because the underlying reasons for the observed treat-
ment patterns and changes in BI use were not explored
in this study. Also, persistence was measured only from
first observed switch during the study period for preva-
lent users and may thus be confounded by patients with
multiple preceding switches.

Tracking glycemic control through HbA1c levels may
provide some clues to reasons behind BI treatment initia-
tion, gaps, discontinuations, or switches, but it is not the
sole measure of optimal disease management.22 As
expected, BI initiation in T2D was effective in lowering

HbA1c levels. We observed a slight rise in HbA1c after
treatment gaps and discontinuation, with reductions in
patients reaching target levels at 6 months, reflecting the
role of other interventions, such as lifestyle interventions,
intensified noninsulin medications, and gastric bypass sur-
gery. For people with T1D especially, switching to insulin
pump and hospital-administered insulin are likely to con-
tribute to discontinuation figures. We report no significant
changes in median HbA1c levels in the 12 months follow-
ing a BI switch for patients with T1D but a small yet sig-
nificant change in the proportion of patients reaching the
target group in T2D. However, our study did not consider
other key factors needed to improve glycemic control, such
as titration or adherence. Also, if BI switch occurred due
to hypoglycemic events, which remain underreported two-
to ninefold,23 or other adverse effects, less lowering of
HbA1c would be expected. These factors are important to
note when comparing these real-world data to randomized
controlled trials (RCTs), where HbA1c improvements after
switches to second-generation insulin analogues have been
reported.21,24

A significant strength of our study was the ability to
identify all insulin users in Finland (only excluding the
patients treated in hospitals and other institutions) and
aggregate and combine their data from numerous nation-
wide and local registries using unique personal identity

FIGURE 3 Sankey plot of switches from one BI to another, BI discontinuation, EOS, or death in naïve users (left) and prevalent users

(right). Top panels T1D, bottom panels T2D. Please note the scale difference for each panel. BI, basal insulin; EOS, end of study; Gla,

glargine; T1D, type 1 diabetes; T2D, type 2 diabetes.
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codes. By tracking nearly all insulin purchases and diag-
noses from primary and specialty care, we could reliably
assess demographic data to support accurate T1D/T2D
classification and evaluate patterns in insulin use, which
remains unique to our study to the best of our knowl-
edge. Not limited by strict inclusion criteria imposed on
RCTs, a broader view of overall diabetes management
and standard of care at national level is thus gained.

Due to the retrospective nature of our study, however,
interpretations of the data should be made with caution.
Real-world data are, by default, partially nonstandardized
and have some incomplete parameters. Therefore, some
missing values were to be expected and no imputation of
the missing data points was undertaken. Although certain
associations were observed, causation should not be
inferred. A specific limitation was the lack of data on
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insulin dosage. Also, we were unable to track all hypogly-
cemias, as many cases tend to be treated outside of health
care facilities and thus not reported.23 Data on insulin
pump use are missing, as the identification of pump users
based on the type of insulin purchased is confounded by
BI purchased for backup and a small proportion of
patients with T2D using only fast-acting insulin (0.1% in
our study). Additionally, due to lack of access and dis-
persed ownership of data by separate registry holders, that
is, primary and specialty care laboratory results, the cover-
age of patients for laboratory results was somewhat lower
than expected (at least on HbA1c value from either source
for 27.8% of the entire cohort). However, geographically
we have good coverage of south, central, west, and east
Finland, and the same current care guidelines25 are
applied to HbA1c testing throughout. All insulin pump
users and most T1D patients are monitored in specialty
care, but otherwise patients are mostly monitored in pri-
mary care. It is possible that quick HbA1c measurements
done at the clinic are not recorded in the laboratory
results, causing some lack of coverage. Overall, although
not ideal, these data are representative of the cohort.

In conclusion, we successfully provided insight on
nationwide insulin use, insulin treatment patterns and
glycemic control in Finnish T1D and T2D populations
between 2012 and 2019. Glycemic control has remained
stable or improved during 2012–2019 despite an aging
demographic during a period when many new insulin
and noninsulin diabetes medications became available.
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