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1 | INTRODUCTION

Type 2 diabetes (T2D) is a chronic and complex disease affecting more
than 500 million individuals worldwide.>? Managing this condition
requires multifaceted approaches, including behavioural modifications
and preventive pharmacological treatments.>* Glucose-lowering ther-
apies play a pivotal role in maintaining plasma glucose levels, prevent-
ing complications and enhancing overall quality of life for individuals
with T2D.

Individuals with T2D face an increased risk of cardiovascular dis-
ease (CVD) and chronic kidney disease (CKD) because of a high preva-
lence of cardio-renal-metabolic risk factors such as chronic
hyperglycaemia, insulin resistance, obesity, inflammation, hyperten-
sion and lipid abnormalities.” CVD affects approximately one-third
of the T2D population®? and accounts for a significant proportion of
mortality.*® Given this burden, the choice of glucose-lowering therapy
becomes critical, not only for glycaemic control, but also for cardiore-
nal protection.*>

Since 2015, results from large randomized clinical trials have
proven that the newer glucose-lowering therapies, glucagon-like
peptide-1 receptor agonists (GLP-1RAs) and sodium-glucose co-
transporter-2 inhibitors (SGLT-2is), provide considerable cardiorenal
benefits in individuals with T2D and a high risk of CVD independently
of glycaemic control,'? leading to marked changes in treatment rec-
ommendations.*> However, several studies have shown that individ-
uals at high risk are still not receiving organ-protective therapies, but
only older therapies, including sulphonylureas (SUs) and dipeptidyl
peptidase-4 inhibitors (DPP-4is).”12-14

The sharply rising number of individuals with T2D has resulted in
the management increasingly moving from hospitals to primary care.
To address the growing complexity of T2D treatment and expanding
treatment modalities, continuous professional development is being
provided to primary care physicians.'®> However, the outsourcing of
increasingly complex pharmacological treatment also necessitates
surveillance of evolving real-world utilization patterns of glucose-
lowering therapies, to understand unmet treatment needs and
optimize care for individuals with T2D.

Denmark has high-quality health registries that enable longitudi-

nal follow-up of all people diagnosed with T2D,%*>

enabling detailed
examination of individual treatment trajectories. We conducted a
Danish nationwide study to investigate contemporary glucose-
lowering treatment trajectories for individuals with T2D, in an era of

emerging therapies and rapidly changing treatment guidelines.

2 | MATERIALS AND METHODS

We applied a population-based cohort study design investigating
adults with HbAlc-confirmed T2D who received glucose-lowering
therapies in Denmark. Our study had three major aims. First, we per-
formed a detailed characterization of all people who initiated one of
the major glucose-lowering therapy classes for the first time (e.g. first-

time users of any SGLT-2i, first-time users of any GLP-1RA, etc.) and

examined any changes in their clinical profiles over calendar time. Sec-
ond, we included adults with T2D at the time they initiated their first
glucose-lowering therapy ever (most often metformin), and followed
them longitudinally for changes in their therapy to describe trajecto-
ries of T2D medication use, overall and according to cardiorenal dis-
ease. Third, we specifically followed the large majority of users who
initiated metformin as first-line treatment, investigating time to first

add-on of another glucose-lowering drug.

2.1 | Cohortidentification and data sources

We first identified potentially eligible study participants as all Danish
adults (age > 18 years) filling a prescription for a glucose-lowering
therapy from January 2016 through December 2023. This was carried
out using data from the Danish National Prescription Registry*® and
Anatomical Therapeutic Chemical code®” A10* (‘drugs used in diabe-
tes’). This registry covers prescriptions filled at all Danish community
pharmacies since 1995. During the study period, all glucose-lowering
therapies were included in the reimbursement scheme, with limited
self-payment from the patient.

For all individuals we identified filled prescriptions'® (since 2000),
hospital contacts'® (since 2000) and laboratory values®’ (available
since 2015). Data sources were linked using a unique person identifier
provided to all Danish residents.?° Glucose-lowering therapies were
classified as metformin, SUs, DPP-4is, GLP-1RAs, SGLT-2is, insulins
and other (glinides, thiazolidinediones and acarbose). Both for cohort
identification and assessment of glucose-lowering therapy use, pre-
scriptions for GLP-1RAs marketed with the indication of weight-loss
therapy were disregarded. In all analyses, prescriptions for combina-
tion drugs were split into their individual components. All codes used
to identify drugs, as well as diagnoses and laboratory codes, are
detailed in Appendix S1 (see the supporting information).

From the base cohort of potentially eligible study participants, we
performed sequential restrictions to identify the study population of
interest. First, we restricted to individuals with at least 5 years of con-
tinuous residency in Denmark prior to initiation of glucose-lowering
therapy, to ensure a sufficient look-back period for assessment of
prior treatment history and previous co-morbidities. Further, because
glucose-lowering therapies are increasingly used for indications other
than diabetes (e.g. in CVD or off-label use for weight loss), we only
included individuals who had HbAlc-defined diabetes* that is, a
recorded HbA1c above 48 mmol/mol either before (within 2 years) of
filling their first-ever glucose-lowering therapy prescription or within
the first 6 months after initiation (as initial therapy could have been
based on point-of-care tests at the general practitioner or on glucose
measures other than HbA1c). Individuals filling their first prescription
for glucose-lowering therapy prior to 2016, that is, before laboratory
data were available, were also considered eligible, as the use of
glucose-lowering therapies for non-diabetes reasons was limited at
that time. To further restrict our analyses to individuals with T2D and
reduce the likelihood of including individuals with type 1 diabetes, we

excluded all individuals starting insulin as first-line treatment and who
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did not fill other glucose-lowering therapy classes within 6 months
after initiation. Some patients with other forms of diabetes, for exam-
ple, latent autoimmune diabetes in adults or rare monogenic diabetes

types, were thus categorized as having T2D in our study.

2.2 | Analyses

For our first aim, to describe and compare contemporary initiators of
the main glucose-lowering therapy classes, we focused on the most
recent 1.5-year period in our data from January 2022 to June 2023.
We explored where each drug class is currently used in the treatment
trajectories, and performed a detailed characterization of all initiators
of metformin, DPP-4is, GLP-1RAs, SGLT-2is and insulins. The most
recent 1.5-year period ended in June 2023 to allow for subsequent
follow-up for at least 6 months for all initiators, that is, through
December 2023. Initiation, that is, new use, was defined as first fill of
the given drug class in at least 5 years (leveraging prescription data
going back to 2000). Next, to identify changes over time, a similar
characterization was performed for initiators of glucose-lowering
therapy classes during the 2-year periods, namely, 2016-2017,
2018-2019 and 2020-2021. This characterization was conducted on
the date of treatment initiation (i.e. date of first fill of the correspond-
ing glucose-lowering therapy) and was carried out in terms of age,
sex, previous (within the last 6 months) and concomitant (within the
next 6 months) use of other glucose-lowering therapies, diabetes
complications (based on hospital inpatient or outpatient contact his-
tory of diagnoses and procedures, and laboratory values), diabetes
duration, co-morbidities, co-medication, laboratory values (including
kidney function) and the type of prescriber initiating treatment (see
Appendix S1 for the definitions and codes used). Baseline characteris-
tics were described for initiators of each of the five glucose-lowering
therapy classes individually, as well as insulins split into basal and
bolus insulin.

For our second aim, we restricted to the group of first-ever users
of any glucose-lowering therapy for T2D, that is, new first-line treat-
ment initiators. We first described the most contemporary trajectories
in 2020 onwards, by identifying initiators (first-ever) of glucose-
lowering therapy during 2020 and followed them for 2.5 years. Next,
these longitudinal trajectories were compared with those of new first-
line glucose-lowering therapy initiators in each year from 2016 to
2019, to describe changes in trajectories over time. The use of
glucose-lowering therapies was described in 6-month intervals, start-
ing at the date of the first glucose-lowering therapy fill and for five
consecutive 6-month intervals (leveraging prescription data until the
end of 2023 and requiring at least 6 months of data to identify future
prescriptions after the 2.5 years; see below). All drugs used within
such a 6-month interval were considered as concomitantly used; for
example, if an individual filled a prescription for metformin, a SGLT-2i
and insulin during a 6-month interval, that individual would be classi-
fied as concomitantly using all three glucose-lowering therapies.
Acknowledging that switching would be incorrectly classified as

concomitant use with this approach, we systematically disregarded a

prescription if we observed no later fill (within 6 months) of the same
glucose-lowering therapy class. This meant that if an individual
switched during an interval from, for example, a DPP-4i to a GLP-
1RA, and thus did not later fill a prescription for a DPP-4i, then that
patient would be classified as having only used a GLP-1RA during
that interval. As a sensitivity analysis, we did not apply this restriction.
Further, we performed this analysis stratifying by baseline presence
(yes/no) of either CVD or CKD, based on laboratory and hospital
record data (see Appendix S1).

For our third aim, specifically regarding those initiating metformin
as first-line treatment during 2020-2021 (i.e. the more recent cohorts
who still had 2 full years of available follow-up), we identified the pro-
portion who filled a non-metformin glucose-lowering therapy within
the first 2 years after metformin initiation and the median time until
such therapy. Again, to investigate changes over time, similar analyses
were performed for characteristics of initiators during 2016-2017 and
2018-2019.

All analyses were performed using STATA v. 18.

2.3 | Approvals and ethics

According to Danish law, studies based solely on register data do not
require approval from an ethics review board.?! The data underlying
this study are available from the Danish Health Data Authority.
Restrictions apply to the availability of these data, which were used

under licence for this study.

3 | RESULTS

We identified a base cohort of 456 239 adult individuals filling at least
one glucose-lowering therapy prescription during 2016-2023. Within
this cohort, 348 879 individuals initiated a new glucose-lowering ther-
apy class within the study period. After excluding those with an insuf-
ficient look-back period, no recorded HbAlc of 48 mmol/mol or
higher prior to initiation, or insulin-only use, the final study cohort
comprised 260 393 individuals initiating or adding a new glucose-
lowering therapy class during 2016-2023. Of these, 140 948 initiated

their first-ever glucose-lowering therapy.

3.1 | Characteristics of glucose-lowering therapy
class initiators

The characteristics of individuals initiating or adding a glucose-
lowering therapy class during the most recent period, that is, from
January 2022 to June 2023, are outlined in Table 1. Metformin was
mainly used as first-line treatment, with initiators having a median
HbA1c of 54 mmol/mol. Initiators of DPP-4is, GLP-1RAs and SLGT-
2is had comparable diabetes durations (median 5-6 years) and similar
glycaemic control (median HbA1c 57-60 mmol/mol). However, initia-

tors of GLP-1RAs were, compared with initiators of DPP-4is and
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LDL-cholesterol, median (IQR); mmol/L

Albuminuria, n

2.50 (1.90-3.30)

1.90 (1.40-2.50)

2.00 (1.50-2.60)

1.80 (1.40-2.40)

TABLE 1 Clinical profiles of people who initiated glucose-lowering therapy classes for the first time® during January 2022 to June 2023.
Metformin DPP-4i GLP-1RA SGLT-2i Insulin
(n =33 196) (n = 5526) (n =32 874) (n =33423) (n = 8158)
Age at initiation, median (IQR); y 62 (53-72) 69 (59-77) 61 (53-70) 69 (59-77) 69 (58-78)
Female sex, n 13 885 (42%) 2326 (42%) 14 744 (45%) 12 251 (37%) 3106 (38%)
Diabetes duration, median (IQR); y 0(0-0) 6(2-12) 5(1-11) 6(1-12) 8 (2-13)
Previous use of glucose-lowering therapies, n
None 31 483 (95%) 676 (12%) 4484 (14%) 4688 (14%) 1214 (15%)
Metformin = 4289 (78%) 25 748 (78%) 25 977 (78%) 5800 (71%)
SUs 150 (0.45%) 312 (5.6%) 1489 (4.5%) 1522 (4.6%) 934 (11%)
DPP-4is 151 (0.45%) = 5514 (17%) 4644 (14%) 1708 (21%)
GLP-1RAs 601 (1.8%) 599 (11%) = 5850 (18%) 2720 (33%)
SGLT-2is 625 (1.9%) 1822 (33%) 11 365 (35%) = 3217 (39%)
Insulin 501 (1.5%) 452 (8.2%) 2966 (9.0%) 4128 (12%) =
Other 5(0.02%) 12 (0.22%) 48 (0.15%) 50 (0.15%) 34 (0.42%)
Concurrent use of glucose-lowering
therapies, n
Metformin - 3833 (69%) 24 334 (74%) 24 466 (73%) 5393 (66%)
SUs 224 (0.67%) 268 (4.8%) 805 (2.4%) 999 (3.0%) 190 (2.3%)
DPP-4is 678 (2.0%) - 1934 (5.9%) 3451 (10%) 1133 (14%)
GLP-1RAs 4302 (13%) 616 (11%) - 7361 (22%) 2414 (30%)
SGLT-2is 4104 (12%) 1728 (31%) 10 158 (31%) - 2984 (37%)
Insulin 1470 (4.4%) 647 (12%) 3132 (9.5%) 4470 (13%) -
Other 9 (0.03%) 10 (0.18%) 16 (0.05%) 22 (0.07%) 6 (0.07%)
Markers of diabetes severity and co-
morbidities”
HbA1c, median (IQR); mmol/mol 54 (50-66) 60 (54-70) 58 (50-68) 57 (50-67) 76 (62-97)
HbA1c, median (IQR); % 7.1(6.7-8.2) 7.6 (7.1-8.6) 7.5(6.7-8.4) 7.4 (6.8-8.3) 9.1(7.8-11.0)

1.90 (1.40-2.60)

Unknown 16 901 (51%) 1743 (32%) 9842 (30%) 8500 (25%) 2977 (36%)
No/Stage A1 (UACR < 30 mg/g) 12 054 (36%) 2386 (43%) 15 993 (49%) 14 938 (45%) 2736 (34%)
Stage A2 (UACR 30-300 mg/g) 3756 (11%) 1095 (20%) 5926 (18%) 7630 (23%) 1920 (24%)
Stage A3 (UACR > 300 mg/g) 485 (1.5%) 302 (5.5%) 1113 (3.4%) 2355 (7.0%) 525 (6.4%)
eGFR, median (IQR); mL/min/1.73m? 89 (74-100) 83(57-97) 91 (74-101) 82 (57-95) 85 (54-100)
<15 11 (0.03%) 40 (0.72%) 26 (0.08%) 43 (0.13%) 53 (0.65%)
15-29 66 (0.20%) 298 (5.4%) 355 (1.1%) 871 (2.6%) 377 (4.6%)
30-44 744 (2.2%) 449 (8.1%) 1224 (3.7%) 2931 (8.8%) 777 (9.5%)
45-59 3008 (9.1%) 706 (13%) 3004 (9.1%) 5316 (16%) 1244 (15%)
2 60 28 417 (86%) 3764 (68%) 27 296 (83%) 22 976 (69%) 5284 (65%)
Renal complications, n 7453 (22%) 2428 (44%) 10 313 (31%) 15 649 (47%) 4079 (50%)
Eye complications, n 999 (3.0%) 443 (8.0%) 2103 (6.4%) 2869 (8.6%) 842 (10%)
Neurological complications, n 646 (1.9%) 391 (7.1%) 1621 (4.9%) 2118 (6.3%) 663 (8.1%)
Hospital-diagnosed obesity, n 5418 (16%) 923 (17%) 9543 (29%) 6164 (18%) 1559 (19%)
Ischaemic heart disease, n 4889 (15%) 1064 (19%) 5621 (17%) 8418 (25%) 1700 (21%)
Atherosclerotic cerebrovascular disease, n 2545 (7.7%) 581 (11%) 2290 (7.0%) 3478 (10%) 1053 (13%)
Atherosclerotic peripheral vascular disease 1241 (3.7%) 470 (8.5%) 1857 (5.6%) 2968 (8.9%) 812 (10.0%)
and other atherosclerotic disease, n
Heart failure, n 1532 (4.6%) 448 (8.1%) 1813 (5.5%) 4806 (14%) 804 (9.9%)
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TABLE 1 (Continued)
Metformin DPP-4i GLP-1RA SGLT-2i Insulin
(n =33 196) (n = 5526) (n =32 874) (n =33423) (n = 8158)
Chronic lung disease, n 8771 (26%) 1507 (27%) 9683 (29%) 9304 (28%) 2411 (30%)
Markers of smoking, n 3832 (12%) 572 (10%) 4480 (14%) 4014 (12%) 1027 (13%)
Markers of alcohol overuse, n 2274 (6.9%) 380 (6.9%) 2128 (6.5%) 2131 (6.4%) 748 (9.2%)
Co-medication

Number of drugs

Median (IQR) 5(2-8) 6 (4-10) 6(4-9) 7 (4-10) 8(4-11)

0-1 5811 (18%) 346 (6.3%) 2366 (7.2%) 1884 (5.6%) 703 (8.6%)

2-4 9823 (30%) 1407 (25%) 8557 (26%) 7626 (23%) 1499 (18%)

5-9 11 866 (36%) 2322 (42%) 14 338 (44%) 14 751 (44%) 3033 (37%)

210 5696 (17%) 1451 (26%) 7613 (23%) 9162 (27%) 2923 (36%)
Statins, n 13 869 (42%) 3896 (71%) 22 630 (69%) 24 803 (74%) 5246 (64%)
Anticoagulants, n 3539 (11%) 835 (15%) 3363 (10%) 5919 (18%) 1454 (18%)
Antiplatelets, n 6224 (19%) 1487 (27%) 7794 (24%) 10 826 (32%) 2449 (30%)
ACEis/ARBs, n 15 112 (46%) 3452 (62%) 21 103 (64%) 23 443 (70%) 4736 (58%)

Prescriber type

General practitioner, n 30 510 (92%) 4457 (81%) 29 923 (91%) 26 849 (80%) 3935 (48%)
Hospital physician, n 2354 (7.1%) 998 (18%) 2460 (7.5%) 6245 (19%) 4025 (49%)
Private practising specialist, n 58 (0.17%) (n < 5) 54 (0.16%) 40 (0.12%) -

?Initiation for the first time in an individual implied that medication use was the first use observed in at least 5 y of the given medication class.

bBetween 42% and 49% of initiators had no recent LDL measurement available. The proportion of missing values for HbA1c was generally low (< 2%). A
recorded eGFR level of < 60 mL/min/1.73m? not confirmed by another eGFR measurement of < 60 mL/min/1.73m? within > 90 days prior was coded
missing and the level of missingness was 3%-8%. The proportion of missing values for albuminuria varied across glucose-lowering therapy classes and are
reported in the table. All co-morbidities were based on hospital-recorded diagnoses and procedures. Renal complications also comprised albuminuria Stage

A2-A3 and/or eGFR < 60 mL/min/1.73m2

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker; DPP-4i, dipeptidyl peptidase-4 inhibitor; eGFR,
estimated glomerular filtration rate; GLP-1RA, glucagon-like peptide 1-receptor agonist; IQR, interquartile range; LDL, low-density lipoprotein; SGLT-2i,
sodium-glucose co-transporter-2 inhibitor; SU, sulphonylurea; UACR, urine albumin-to-creatinine ratio.

SGLT-2is, generally younger and had lower levels of co-morbidities
(e.g. renal complications 31% vs. 44% and 47%, respectively). Con-
versely, initiators of insulin had a longer diabetes duration (median
8 years), markedly worse glycaemic control (median HbA1c 76 mmol/
mol) and higher levels of co-morbidities. Initiation of treatment with
new glucose-lowering therapy was generally performed by general
practitioners, in particular for metformin (92% of metformin initiators)
and GLP-1RAs (91%), to a lesser extent for DPP-4is (81%) and SGLT-
2is (80%), and much less so for insulin (48%). When splitting initiators
of insulin into initiators of basal and bolus insulin separately
(Table S1), initiators of basal insulin were slightly younger (median age
67 vs. 73 years) and had worse glycaemic control (median HbAlc
79 vs. 58 mmol/mol). Bolus insulin was most often initiated by hospi-
tal prescribers (64% of initiators).

When comparing individuals in 2022-2023 with individuals initiat-
ing or adding glucose-lowering therapy classes during 2016-2017,
2018-2019 and 2020-2021 (Tables S2-54), several pronounced trends
were revealed. The yearly number of initiators increased substantially
for the newer glucose-lowering therapies, that is, by approximately
3-fold for SGLT2is and by 6-fold for GLP-1RAs between 2016-2017
and 2022-2023. While the median age at metformin and GLP-1RA initi-
ation was stable over time at 61-63 years, age at initiation gradually

increased for DPP-4is and insulin (from a median of 66 and 67 years in
2016-2017 to 69 years in 2022-2023), and in particular for SGLT-2is
(from a median of 61 to 69 years). Further, the use of non-metformin
glucose-lowering therapies up to initiation of GLP-1RAs and SGLT-2is
decreased substantially. As an example, 35% of SGLT-2i initiators had
recently used a DPP-4i in 2016-2017 versus only 14% in 2022-2023.
Among GLP-1RA initiators in 2016-2017, 19% had recently used SUs,
41% DPP-4is and 24% insulin, compared with only 4.5%, 17% and 9%
in 2022-2023, respectively. Conversely, recent use of SGLT-2is
increased from 17% in 2016-2017 to 35% in 2022-2023. Finally, the
median HbA1c level at treatment initiation (i.e. intensification) gradually
decreased, for example, from a median of 67-68 mmol/mol among
GLP-1RA and SGLT-2i initiators to 57-58 mmol/mol from 2016-2017
to 2022-2023. Of note, HbA1c levels remained consistently high for

insulin initiators (median 76 mmol/mol).
3.2 | Trajectories of first-ever initiators of
glucose-lowering therapy

Among those initiating their first-ever glucose-lowering therapy in
2020, metformin monotherapy was the most common treatment
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FIGURE 1 Treatment trajectories among initiators of GLT during 2020 and followed in 6-month intervals for up to 2.5 years. All drugs used
within such a 6-month interval were considered as concomitantly used (for further details, please refer to Section 2). comb., combination; DPP-4i,
dipeptidyl peptidase-4 inhibitor; GLP-1RA, glucagon-like peptide-1 receptor agonist; GLT, glucose-lowering therapies; SGLT-2i, sodium-glucose

co-transporter-2 inhibitor.

23 GLT

Other 2 x GLT comb.

Metformin + SGLT-2i

Metformin + GLP-1RA

Insulin
SGLT-2i

GLP-1RA
== DPP-4i

No treatment

FIGURE 2 Treatment trajectories among individuals with known cardiovascular or chronic kidney disease initiating GLT during 2020 and
followed in 6-month intervals for up to 2.5 years. All drugs used within such a 6-month interval were considered as concomitantly used (for
further details, please see Section 2). comb., combination; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1RA, glucagon-like peptide-1 receptor
agonist; GLT, glucose-lowering therapies; SGLT-2i, sodium-glucose co-transporter-2 inhibitor.

and remained as such during the 2.5 years of follow-up (Figure 1).
Although the proportion of metformin monotherapy users
decreased from 78% to 50%, metformin use remained near con-
stant as part of combination therapies after 2.5 years, often
together with a SGLT2i or a GLP-1RA. Of all the initiators, 10%
did not receive any treatment at the end of follow-up, 59% used
monotherapy, while 31% used treatment regimens comprising two
or more different glucose-lowering therapies. Overall, 23% filled a
GLP-1RA during the 2.5 years of follow-up, while 20% used a
GLP-1RA after 2.5 years. The corresponding numbers for SGLT-2is
were 24% and 19%, respectively, and 6.9% and 3.4% for insulin.

When restricting to the 38% (n = 6629) of individuals with either
established CVD (26%) or CKD (22%) at baseline (Figure 2), 22%
used a SGLT-2i and 18% a GLP-1RA after 2.5 years, while 36%
used either/or. This compared with 17% using a SGLT-2i and 21%
using a GLP-1RA after 2.5 years (34% used either/or) among initia-
tors without cardiorenal disease. Similar analyses of initiators in
each year from 2016 to 2019 showed a gradual trend towards
slightly earlier treatment intensification and generally higher use of
GLP-1RAs and SGLT-2is (Figures S1-S4). The sensitivity analysis
not requiring later prescriptions returned results similar to the main

analysis (data not shown).
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3.3 | Trajectories of first-ever initiators of
metformin

Among those initiating metformin as their first-ever glucose-lowering
therapy during 2020-2021 (comprising 93% of all eligible initiators of
glucose-lowering therapies in 2020-2021), 39% had added another
glucose-lowering therapy after 2 years, with add-ons occurring gradu-
ally over the 2-year period (Figure 3). The proportion adding addi-
tional glucose-lowering therapy within 2 years increased gradually
over time from 25% in 2016 to 40% in 2021 (Figure S5).

4 | DISCUSSION

We document a trend towards earlier T2D treatment intensification,
and that SGLT-2is and GLP-1RAs are now increasingly used in individ-
uals with less pronounced hyperglycaemia and with less previous use
of DPP-4is or SUs. Although more patients with T2D now use
SGLT-2is or GLP-1RAs, most of them, including those with estab-
lished cardiorenal disease, still initiate metformin monotherapy as
first-line treatment and do not add early additional glucose-lowering
therapy.

Recent studies from North America,?>2® Asia?* and Europe®32>2¢
show that metformin remains overwhelmingly the most frequently ini-
tiated medication for T2D, which is in accordance with current guide-
lines.> However, the use of SGLT-2is and GLP-1RAs has generally
increased in clinical practice in many countries,*>222 although their
use remains low in the first years after T2D diagnosis, even in individ-
uals with T2D and established CvD.*22226:27

Previous studies had limitations in that they frequently reported
the use of glucose-lowering therapies in a cross-sectional manner; for
example, the proportion of the T2D population treated with specific

24,25

therapies in a given calendar year, or the proportions treated at a

certain time point after the onset of T2D.2¢ The current study lever-

16,18,28

ages nationwide high-quality, individual-level data, allowing us
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to apply a longitudinal trajectory approach that provides a more
detailed understanding of the clinical decision-making for individuals
with T2D. However, several weaknesses also need to be recognized.
Using prescription fills as a proxy for drug use might slightly overesti-
mate use and will incorrectly classify some switches in treatment as
concomitant use. However, the sensitivity analysis using different def-
initions of use (not requiring later refills) returned results highly com-
parable with the main analysis, suggesting that the impact from this is
limited. Furthermore, the data we accessed did not include socioeco-
nomic data, thus precluding an assessment of the influence on treat-
ment patterns in, for example, strata of income, which may affect
choices made regarding newer glucose-lowering therapies.?’

Recent medical advances have improved cardiorenal outcomes in
individuals with T2D. However, the adoption of new medication often
lags, especially in primary care. Our findings show a shift towards the
use of newer T2D glucose-lowering therapies, such as GLP-1RAs and
SGLT2is. Nevertheless, metformin remains the first-line treatment
choice. We report some improvement in early treatment intensifica-
tion, but note a treatment gap for individuals with early T2D and
established cardiorenal disease, in whom Danish guidelines now rec-
ommend SGLT-2is or GLP-1RAs as first-line co-therapy independent
of HbA1c level, highlighting the need for better treatment strategies
and guideline adherence that considers co-morbidities. Lastly, we
advocate for enhanced guideline implementation through education
and updated incentives. Further research is needed to assess the real-
world impact of these treatment trends on glycaemic control and
quality of life in people with T2D.

In conclusion, while we have shown that there is a trend towards
earlier T2D treatment intensification, including earlier use of
GLP-1RAs and SGLT-2is, a substantial proportion of T2D patients
remain on single use of metformin, including individuals with estab-
lished cardiorenal disease. Continuous monitoring of the real-world
use patterns of the newer glucose-lowering therapies and implemen-
tation of up-to-date guidelines are necessary to support the optimal

use of medication within this rapidly changing field.
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