'.) Check for updates

Diabetes, Obesity and Metabolism WI LEY

| ORIGINAL ARTICLE EEIEEED

Use of Glucose-Lowering Drugs for Type 2 Diabetes
Among Danish Care Home Residents

Hanin Harbi*»3 (2 | Reimar W. Thomsen* 2 | Carina Lundby"? ‘2 | Jacob Volmer Stidsen®> | Kurt Hejlund> @ |
Jesper Ryg®”® | Mette Reilevi>1° | Anton Pottegérd!?

IClinical Pharmacology, Pharmacy and Environmental Medicine, Department of Public Health, University of Southern Denmark, Odense,

Denmark | 2Hospital Pharmacy Funen, Odense University Hospital, Odense, Denmark | 3Steno Diabetes Center Odense, Odense University Hospital,
Odense, Denmark | *Department of Clinical Epidemiology, Aarhus University and Aarhus University Hospital, Aarhus, Denmark | Department of
Clinical Research, University of Southern Denmark, Odense, Denmark | ®Department of Clinical Medicine, University of Copenhagen, Copenhagen,
Denmark | 7Geriatric Research Unit, Department of Clinical Research, University of Southern Denmark, Odense, Denmark | 8Geriatric Research
and Clinical Evidence, Department of Internal Medicine, Copenhagen University Hospital, Herlev, Denmark | °Centre for Suicide Research, Odense,
Denmark | 1°Unit of Mental Health Research, Southwest Denmark, Department of Psychiatry, Aabenraa, Region of Southern Denmark, Denmark

Correspondence: Anton Pottegdrd (apottegaard@health.sdu.dk)
Received: 15 June 2026 | Revised: 25 August 2026 | Accepted: 26 August 2026
Handling Editor: Huilin Tang

Keywords: antidiabetic drug | pharmaco-epidemiology | real-world evidence | type 2 diabetes

ABSTRACT

Aims: Care home admission often reflects frailty and limited life expectancy, potentially altering the benefit-harm balance of
glucose-lowering drug (GLD) treatment for type 2 diabetes (T2D). Real-world data on treatment patterns in this setting remain
limited. We examined GLD use for T2D among Danish care home residents.

Materials and Methods: We conducted a nationwide, population-based drug utilisation study of all individuals admitted to
Danish care homes between 2018 and 2023, using linked national health registries.

Results: Among 88 658 residents (median age: 84 years [IQR: 78-90]; 60% women), 13% (n=11101) used GLDs for T2D at ad-
mission, with 84% continuing treatment beyond 2 years. Residents using GLDs at admission had long-standing diabetes (median
duration: 12years [IQR: 6.8-15]), relatively low glycated haemoglobin levels (median: 6.9% [IQR: 6.3-7.8]; 52 mmol/mol [45-62])
with little change around admission, and 43% used more than one GLD class, most commonly metformin (70%) and insulin (36%;
basal: 30%; bolus: 16%). Use of glucagon-like peptide-1 receptor agonists and sodium-glucose cotransporter-2 inhibitors increased
over time but remained limited (13% and 24%, respectively, in 2023), despite a high prevalence of cardiorenal disease (84%), and
did not differ by cardiorenal disease status. Overall GLD use remained stable around admission, but initiation spiked 3 months
before admission (36 initiators/10 000 residents), often following hospitalisation (63%) and primarily involved bolus insulin ini-
tiated by hospital physicians.

Conclusions: GLD use for T2D among Danish care home residents is high and shows limited deintensification and potential
misalignment with guideline recommendations.

1 | Introduction population is characterised by multimorbidity, frailty, and lim-

ited life expectancy [4], reducing the potential for long-term
Glucose-lowering drug (GLD) treatment of type 2 diabetes (T2D)  benefit from intensive glycaemic control and increasing the
in care home residents requires careful consideration [1-3]. This risk of hypoglycaemia [1, 3]. Guidelines therefore recommend
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individualised glycaemic targets based on health status [1, 2].
While glycated haemoglobin (HbAlc) targets of <7.0%-7.5%
(< 53-58 mmol/mol) are recommended for healthy older adults,
less stringent targets are advised for those with intermediate/
complex health, including frailty [1, 2]. For example, Danish
guidelines recommend targets of 7.5%-8.0% (58-64 mmol/mol)
[2], while the American Diabetes Association's Standards of
Care in Diabetes recommends a target of <8.0% (<64 mmol/
mol) [1]. For older adults with very complex/poor health, includ-
ing most care home residents, the main goal is to avoid hypo-
glycaemia and symptomatic hyperglycaemia [1, 2|, with Danish
guidelines suggesting HbA1c targets of 7.5%-8.6% (58-70 mmol/
mol) or higher if tolerated [2].

Beyond glycaemic control, GLD selection should account for
class-specific benefits and harms [1]. For example, although
glucagon-like peptide-1 receptor agonists (GLP-1RAs) and
sodium-glucose cotransporter-2 inhibitors (SGLT2is) have lower
hypoglycaemia risk than insulin and sulfonylureas (SUs) and
may provide cardiovascular and renal benefits [1, 5, 6], adverse
effects such as weight loss and volume depletion may be prob-
lematic in care home residents [1, 2].

Because care home residents are rarely included in clinical
trials, the benefit-harm balance of GLDs in this population re-
mains uncertain. Contemporary national data on GLD use are
also limited. Such data are needed to understand treatment pat-
terns and identify opportunities for optimisation. We therefore
assessed GLD use for T2D in a nationwide cohort of Danish care
home residents.

2 | Materials and Methods

We described GLD use for T2D in a nationwide cohort of Danish
care home residents admitted between 2018 and 2023.

2.1 | Setting

Danish citizens requiring continuous care can apply for care
home residency, with municipalities prioritising admission
based on functional capacity. General practitioners (GPs) hold
medical responsibility for residents. Most care homes are affili-
ated with a designated GP (‘care home physician’) who supports
staff and provides primary care, although residents may keep
their own GP [7].

2.2 | Data Sources

Using the personal identification number [8], we linked the
national care home cohort [9] to individual-level data from
Danish registries, including demographics from the Civil
Registration System [8], filled prescriptions from the Danish
National Prescription Registry [10, 11], hospital diagnoses and
procedures from the Danish National Patient Registry [12] and
laboratory values from the Register of Laboratory Results for
Research [13]. Prescriber type was obtained from the Danish
National Prescription Registry and the Registry of Health Care
Providers [14].

2.3 | Study Cohort

The study included all individuals admitted to Danish care
homes between 1 January 2018 and 31 December 2023, forming
a contemporary cohort with at least 2years of follow-up after
admission (data available until 31 December 2025). Cohort
entry was defined by care home admission, with censoring at
death or emigration. For individuals with multiple admissions,
only the first was included, assuming continuous residence
until censoring. We excluded residents with less than 5years of
continuous residence in Denmark before admission to ensure
sufficient medical history, as well as those who died on the ad-
mission date.

Within the study cohort, we identified residents using GLDs for
T2D. Individuals using only insulin (lookback to 1995) [10] were
excluded, as they were likely treated for type 1 diabetes. We also
excluded individuals initiating a GLP-1RA or an SGLT2i as their
first and only GLD from 2019 onward and had normal HbAlc
(<6.5% [<48 mmol/mol]) from 2years before to 6 months after
initiation, as these drugs increasingly came into use for non-T2D
indications [15-17]. HbAlc values up to 6 months after initiation
were included to capture individuals initiating these drugs for
T2D based on other glucose measures.

2.4 | Study Drugs

GLDs were classified as metformin, SUs, dipeptidyl peptidase-4
inhibitors (DPP4is), GLP-1RAs, SGLT2is, basal insulin, bolus
insulin, and other (glinides, thiazolidinediones, and acarbose).
GLP-1RAs marketed specifically for weight loss (Wegovy and
Saxenda) were excluded. Combination products were split
into their individual components. Definitions are provided in
Table S1.

2.5 | Analyses of Individuals Using GLDs for T2D
at Care Home Admission

The following analyses described individuals using GLDs for
T2D at care home admission, defined as at least one filled pre-
scription in the past 4 months:

First, we calculated the annual proportion using GLDs at ad-
mission. Unlike the other analyses, this extended back to 2010
to capture temporal trends.

Second, we characterised individuals according to sex, age, T2D
duration (time since initiation of GLD treatment), number and
types of GLD classes, concomitant medications (at least one
filled prescription in the past 4 months), Nordic Multimorbidity
Index [18], diabetes-related complications, and comorbidities.
Characteristics were reported overall and by cardiorenal disease
status and HbAlc level (most recent value in the past year, if
available) [2, 19]. For comparison, we also characterised indi-
viduals not using GLDs at admission and those initiating GLD
treatment after admission. In a post hoc analysis among indi-
viduals using GLDs at admission, we assessed temporal trends
in the use of newer GLDs by calculating the annual proportions
of individuals using GLP-1RAs, SGLT2is, or either drug class
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at admission from 2018 to 2023. Definitions are provided in
Table S1.

Third, we assessed glycaemic control by calculating the median
HbA1lc at admission for each calendar year, using the most re-
cent value in the past year among individuals with at least one
measurement, and the median HbAlc for each 6-month period
in the 2years before and after admission, using a randomly se-
lected value among individuals who survived the period and
had at least one measurement.

Last, we evaluated GLD persistence in the 2years after admis-
sion using the ‘proportion of patients covered’ approach [20].
For each month, we calculated the proportion who survived
that month and had filled a prescription in the past 4 months.
Analyses were conducted overall and by GLD class. For compar-
ison, we repeated the same analyses among individuals initiat-
ing GLD treatment after admission.

2.6 | Analyses of GLD Use for T2D Before
and After Care Home Admission

The following analyses explored patterns of GLD use for T2D
among all care home residents around the time of admission,
a transition often marked by substantial health deterioration
[4]. The observation window covered the 2years before and
after admission. The two-year post-admission period reflected
the median survival of Danish care home residents [4].

First, we calculated four-month prevalence proportions of GLD
use, overall and by GLD class, defined as at least one filled pre-
scription during a four-month period. Only individuals surviv-
ing the period were included.

Second, we calculated quarterly incidence rates of GLD use per
10000 residents, overall and by GLD class, defined as the first
filled prescription in at least 2years during a three-month pe-
riod. Only individuals surviving the period were included. In a
post hoc analysis, we calculated the proportion of incident GLD
prescriptions in the 3months before admission that were pre-
ceded by hospitalisation within 14 days.

Third, among incident users of any insulin in the 6 months be-
fore or after admission, we calculated the proportion already
using GLDs, defined as at least one filled prescription for another
GLD class in the past 4months, and the median HbAIc at insulin
initiation, using the most recent value in the past year. Analyses
were stratified by insulin type and timing relative to admission.

Last, we described prescriber types initiating and maintaining
GLD treatment by calculating the proportion of incident and
non-incident (all other) prescriptions issued by GPs, hospital
physicians, and private specialists during each three-month pe-
riod, overall and by GLD class.

2.7 | Ethics

According to Danish law, studies based entirely on registry data
do not require ethical approval or informed consent [21].

3 | Results

3.1 | Analyses of Individuals Using GLDs for T2D
at Care Home Admission

We identified 88658 individuals (median age: 84years [in-
terquartile range (IQR): 78-90]; 60% women) admitted to
Danish care homes between 2018 and 2023. At admission, 13%
(n=11101) used GLDs for T2D. This proportion increased from
9.4% in 2010 to 13% in 2023 (Figure S1).

Individuals using GLDs at admission had a median T2D dura-
tion of 12years (IQR: 6.8-15) (Table 1). Nearly half (43%) used
multiple GLD classes, most commonly metformin (70%), insu-
lin (36%; basal: 30%; bolus: 16%), and DPP4is (19%). GLP-1RAs
(9.3%), SGLT2is (11%), and SUs (5.0%) were less common. Use of
newer GLDs at admission increased over time, with use of ei-
ther GLP-1RAs or SGLT2is increasing from 6.9% in 2018 to 32%
in 2023. GLP-1RA use increased from 4.1% to 13% and SGLT2i
use from 3.1% to 24% over the same period (Table S2). Diabetes-
related complications were frequent, including renal compli-
cations (66%), atherosclerotic cerebrovascular disease (32%),
ischemic heart disease (28%), and heart failure (18%). In com-
parison, individuals not using GLDs at admission (n=77557)
were slightly older, more often women, and had a lower disease
burden (Table S3). Among these individuals, 1.9% (n =1466) ini-
tiated GLD treatment after admission.

Most individuals using GLDs at admission had cardiorenal dis-
ease (84%; n=9340) (Table S4). Compared with those without
cardiorenal disease, they were more often men (50% vs. 43%),
slightly older (median age: 83 vs. 80years), and had longer T2D
duration (median: 13 vs. 10years). They more often used multi-
ple GLD classes (45% vs. 36%), with lower metformin use (67%
vs. 86%) but higher insulin (38% vs. 21%) and DPP4i use (20%
vs. 13%). GLP-1RA and SGLT2i use was largely similar between
groups. Among those with cardiorenal disease, 9.6% used GLP-
1RAs, 11% SGLT2is, and 19% either class, compared with 7.4%,
10%, and 16% among those without cardiorenal disease.

Among individuals using GLDs at admission, median HbAlc
was 6.9% (IQR: 6.3-7.8; 52mmol/mol [IQR: 45-62]). In addi-
tion, 74% (n=28188) had HbA1lc<8.0% (<64mmol/mol), 63%
(n=6948) had HbAlc<7.5% (<58 mmol/mol), 50% (n=>5504)
had HbA1lc<7.0% (<53mmol/mol), and 32% (n=3581) had
HbA1c<6.5% (<48 mmol/mol) (Table S5). With higher HbAlc,
T2D duration, use of multiple GLD classes, insulin use, and
microvascular complications (renal, eye, and neurological) in-
creased, while metformin use decreased. HbAlc was stable
across calendar years (Figure S2) and varied little around ad-
mission, with median values of 6.8%-7.0% (51-53 mmol/mol) in
the 2years before and after admission (Figure 1).

Most individuals using GLDs at admission continued treat-
ment with at least one GLD beyond 2years (84%) (Figure S3).
Persistence was highest for basal insulin (79%), followed by
metformin (69%), SGLT2is (67%), GLP-1RAs (61%), and DPP4is
(59%), and lowest for bolus insulin (43%) and SUs (31%). Similar
patterns were observed among individuals initiating GLD treat-
ment after admission (data not shown).
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TABLE 1 | Baseline characteristics of individuals using glucose- TABLE1 | (Continued)
lowering drugs for type 2 diabetes at admission to care homes in

Denmark between 2018 and 2023.% Overall
Characteristic n=11101
Overall ( )
N 26-35 2585 (23%
Characteristic (n=11101) (23%)
>36 2816 (25%
Sex - (25%)
Diabetes-related complications and comorbidities
Male 5470 (49%) ! ¢ prcations and comorbiditt
Renal licati 7293 (66%
Female 5631 (51%) enal complications (66%)
E licati 1792 (16%
Age, years ye complications 16%)
Neurological complications 1718 (15%
Median (IQR) 82 (76-87) & P (15%)
Hospital-diagnosed obesit 1697 (15%
<65 406 (3.7%) prial-clag 1y (15%)
65-74 1802 (16%) Ischemic heart disease 3079 (28%)
75-89 7399 (67%) Atherosclerotic cerebrovascular disease 3537 (32%)
Atherosclerotic peripheral vascular 2176 (20%)
> 1494 (1 . L.
290 94 (13%) disease and other atherosclerotic disease
Type 2 diabetes duration,’ years Heart failure 1978 (18%)
Median (IQR) 12(6:8-15) Chronic lung disease 3259 (29%)
Number of glucose-lowering drug classes Dementia 3352 (30%)
0
Median (IQR) 10-2) Markers of smoking 989 (8.9%)
1 2
6287 (57%) Markers of alcohol overuse 894 (8.1%)
2 3261 (29%) Abbreviation: IQR, interquartile range.
3 1208 (11%) #Use of glucose-lowering drugs and concomitant medications at care home
° admission was defined as having filled at least one prescription in the past 4months.
PType 2 diabetes duration was defined as the time from initiation of glucose-
24 345 (3'1%) lowering drug treatment to care home admission.
Glucose-lowering drugs ;(E;l;glr) ;gel.ucose-lowering drugs included glinides, thiazolidinediones, and
Metformin 7743 (70%)
Sulfonylureas 557 (5.0%) 3.2 | Analyses of GLD Use for T2D Before
o . o and After Care Home Admission
Dipeptidyl peptidase-4 inhibitors 2112 (19%)
Glucagon-like peptide-1 receptor agonists 1027 (9.3%) The proportion of all care home residents using GLDs was sta-

ble at 12%-13% in the 2years before and after admission, with
metformin and basal insulin being the most used GLD classes
Basal insulin 3359 (30%) (Figure S4). Apart from a temporary increase in bolus insulin
use around admission, increasing SGLT2i use, and decreasing
SU use, use of other GLD classes changed little.

Sodium-glucose cotransporter-2 inhibitors 1238 (11%)

Bolus insulin 1815 (16%)

Other glucose-lowering drugs® 18 (0.16%)
GLD initiation among all care home residents increased

Concomitant medications? .S .
sharply around admission, from 15 initiators of any GLD class

Statins 6284 (57%) per 10000 residents 15-12 months before admission to a peak
Anticoagulants 3540 (32%) of 36 per 10000 in the 3 months before admission, before re-

turning to pre-increase levels (Figure S5). Bolus insulin was
Antiplatelets 4335 (39%) the most initiated GLD class (68 per 10000 in the 3 months

before admission), followed by basal insulin and metformin
(45 and 36 per 10000, respectively) (Figure 2). Initiation of
bolus insulin, basal insulin, metformin, and DPP4is increased

Angiotensin-converting enzyme 5629 (51%)
inhibitors/angiotensin receptor blockers

Nordic Multimorbidity Index around admission, whereas initiation of other GLD classes re-
Median (IQR) 25 (16-36) mained stable or decreased slightly. Most GLD initiations in
the 3 months before admission were preceded by hospitalisa-
<15 2705 (24%) tion within 14 days (63%; 1104/1753).
16-25 2995 (27%)

Among residents initiating insulin in the 6 months before or
(Continues) after admission, 76% already used at least one other GLD class
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(Table S6). This proportion was slightly higher for bolus insu-
lin (85%) than basal insulin (81%). Median HbA1lc at insulin
initiation was 8.1% (IQR: 6.9-9.9; 65 mmol/mol [IQR: 52-85])
and was lower for bolus insulin (7.7% [IQR: 6.8-9.3]; 61 mmol/
mol [IQR: 51-78]) than basal insulin (8.6% [IQR: 7.3-10];
71 mmol/mol [IQR: 56-89]) (Table S7). Apart from slightly

g0 N=8421 n=8350 n=8579 n=9.296 n=7458 n=5502 n=4604 n=3420
3
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Six—month intervals relative to care home admission

FIGURE1 | Boxplot of glycated haemoglobin (HbA1c) levels among
individuals using glucose-lowering drugs for type 2 diabetes at admis-
sion to care homes in Denmark between 2018 and 2023, by 6-month
periods in the 2years before and after admission. The edges of the box-
es represent the interquartile range (first and third quartiles), the line
inside the boxes represents the median, and the whiskers extend to the
10th and 90th percentiles.

lower HbA1c levels at basal insulin initiation before than after
admission, no major differences were observed by timing rel-
ative to admission.

Most GLD treatments initiated before admission were pre-
scribed by GPs (66% 12-9 months before admission), followed
by hospital physicians (30%) (Figure 3). From 9 months before
admission, the proportion initiated by hospital physicians in-
creased, peaking in the 3months before admission (54% vs.
43% for GPs), before decreasing to below pre-increase levels.
GPs maintained most treatments at all times (84% vs. 11%
for hospital physicians in the 3months before admission).
Hospital physicians were more involved in initiating and
maintaining basal and bolus insulin than other GLD classes
(data not shown).

4 | Discussion

In this population-based drug utilisation study of all individ-
uals admitted to Danish care homes between 2018 and 2023,
one in eight used GLDs for T2D at admission, and most con-
tinued treatment during residency. Residents typically had
long-standing T2D, with glycaemic levels below recommended
targets, as indicated by a median HbAlc of 6.9% (52mmol/
mol), and frequent use of multiple GLD classes. Although use
of GLP-1RAs and SGLT2is increased over time, fewer than one
in five residents with cardiorenal disease used these drugs, with
similar use among those with and without cardiorenal disease.
Glycaemic control and overall GLD use changed little before
and after admission, whereas GLD initiation increased sharply
around admission, often following hospitalisation and primarily
involved insulin, particularly bolus insulin, most often initiated
by hospital physicians.
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FIGURE 2 | Quarterly incidence rates of glucose-lowering drug use for type 2 diabetes per 10000 care home residents in the 2years before and

after admission to care homes in Denmark between 2018 and 2023 (n =88 658). Incident use is defined as the first filled prescription in at least 2 years.

The “Other” category was omitted due to low counts.
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TREATMENT INITIATION
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FIGURE3 | Quarterly distribution of prescriber types responsible for initiating (incident prescriptions, left panel) and maintaining (non-incident
prescriptions, right panel) glucose-lowering drug treatment for type 2 diabetes in the 2years before and after admission to care homes in Denmark

between 2018 and 2023.

To our knowledge, this is the first study to describe contempo-
rary GLD use for T2D among Danish care home residents. A key
strength is the use of a nationwide cohort [9] linked to individual-
level data from high-quality national health registries [8, 10-14].
This population-based design reduces selection bias and en-
hances generalisability. Limitations include the use of data on
filled prescriptions, which may overestimate medication use if
dispensed medications are not taken as prescribed. However,
this limitation was likely mitigated by the medication manage-
ment support provided in Danish care homes. Misclassification
of GLD use for non-T2D indications is also possible, although
several steps were taken to minimise this risk. Further, we
lacked data on hypoglycaemia and were therefore unable to
assess whether the observed low HbAIc levels were associated
with hypoglycaemic episodes. HbAlc values should also be in-
terpreted with caution in care home residents, as comorbidities
affecting erythrocyte turnover may be more prevalent in this
population (e.g., kidney failure, anaemia, haemodialysis, eryth-
ropoietin therapy, and recent blood loss or transfusion), poten-
tially leading to underestimation of glycaemic levels [1, 2, 22].
Finally, we had no data on residents’ treatment goals and pref-
erences, on contraindications or previous tolerability, or on
the reasoning behind individual treatment decisions. We were
therefore unable to evaluate whether a pattern reflects over-
treatment, undertreatment, or appropriate individualisation.

Consistent with our findings, previous studies reported increas-
ing GLD use over time [23] and a temporary increase around
admission driven by insulin initiation [24]. Previous studies
have also identified GPs as the main prescribers [25], and met-
formin as the most used GLD [24-26], reflecting its historical
first-line use status [27]. Because metformin is contraindicated
in severe renal impairment, this likely explains the lower use
observed among individuals with cardiorenal disease, a pat-
tern also reported elsewhere [28, 29]. Previous studies gener-
ally found higher SU use and lower GLP-1RA and SGLT2i use

than in our study [23-26, 29]. This likely reflects changing pre-
scribing patterns, with increasing uptake of newer GLDs due
to growing evidence of cardiorenal benefits and guidelines in-
creasingly recommending these drugs over SUs. This may also
explain the higher one-year SU discontinuation rate observed in
our study (53% vs. 21%) [24]. In contrast, one-year discontinua-
tion rates for overall GLD use (14%) and metformin (24%) were
consistent with previously reported values [24]. Half of resi-
dents had HbAlc<7.0% (53 mmol/mol), and a similar propor-
tion used multiple GLD classes, consistent with previous studies
[24, 26, 28], suggesting that treatment intensity has remained
largely unchanged over time.

Although guidelines recommend relaxed glycaemic control in
older adults with frailty [1, 2], most residents had HbA1c levels
below recommended targets, with little change before and after
admission, suggesting limited deintensification of GLD treat-
ment. While intensive glycaemic control may reduce microvas-
cular and, to a lesser extent, macrovascular complications, these
benefits typically take several years to emerge and are therefore
unlikely to be realised within residents’ remaining lifespan [3, 4].
In contrast, harms such as (severe) hypoglycaemia may occur
immediately [3]. However, the evidence informing these consid-
erations is largely derived from clinical trials conducted before
newer GLDs became widely available, when intensive glycae-
mic control was achieved primarily with insulin and SUs [1, 19],
limiting applicability to contemporary practice. Nevertheless,
potential overtreatment in this population warrants attention.
Care home residents may be at increased risk of hypoglycaemia
due to factors such as reduced renal function, cognitive impair-
ment, and use of hypoglycaemia-inducing GLDs (e.g., insulin,
which was used by more than one-third of residents in this
study). The consequences of hypoglycaemia may also be more
severe in this population, including falls, fractures, and cogni-
tive decline [1]. Importantly, hypoglycaemia may occur even at
recommended HbA1c levels, as HbAlc measures average blood
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glucose over the last ~2-3 months and does not capture short-
term fluctuations [22]. Conversely, potential undertreatment
should not be overlooked, as a notable proportion of residents
in this study may have had HbA1lc levels in the hyperglycaemic
range (e.g., 14% had HbAlc>8.6% [>70mmol/mol]). Severe
hyperglycaemia may contribute to complications such as in-
fections, impaired wound healing, and dehydration [1]. Thus,
treatment decisions in this population require individualised
clinical judgement rather than reliance on HbAIc targets alone.
This judgement extends beyond glycaemic targets. For many
residents, the aim of treatment is symptom control, preserved
function, and quality of life rather than prevention of long-term
complications. Treatment burden and the resident's own prefer-
ences therefore carry weight alongside expected benefit.

GLD initiation increased markedly before care home admission,
most notably for bolus insulin followed by basal insulin. Bolus
insulin may be added when basal insulin alone is insufficient,
for example in individuals with acceptable fasting glucose levels
but postprandial hyperglycaemia [2]. This may partly explain
the lower HbA1c levels among bolus insulin initiators, despite
potentially high postprandial peaks. Nearly two-thirds of initi-
ations occurred shortly after hospital discharge, most often by
hospital physicians. Bolus insulin initiation in close temporal
relation to hospitalisation may reflect temporary needs due to
acute illness or glucocorticoid treatment, which may not be cap-
tured by HbAlc. Discontinuation of bolus insulin in over half of
users within a few months after care home admission is consis-
tent with short-term use. However, continued insulin use after
discharge may also reflect limited reassessment of treatment ini-
tiated during hospitalisation. Insulin should be used cautiously
in care home residents due to the high risk of hypoglycaemia
and related complications, as well as the practical challenges of
administration and monitoring, increasing treatment burden for
both residents and staff [1].

Use of GLP-1RAs and SGLT2is raises a different question from
glycaemic intensity. Despite guidelines recommending GLP-
1RAs and SGLT2is for individuals with T2D and established
or high risk of atherosclerotic cardiovascular disease, heart
failure, or chronic kidney disease [2, 27], uptake remained lim-
ited among care home residents. Although use increased over
time, fewer than one in five residents with T2D and cardiorenal
disease received these drugs, and use was only slightly higher
than among those without cardiorenal disease. The study pe-
riod used might be part of the explanation. Danish guidelines
first recommended these drugs, independent of HbAlc, for T2D
with established cardiovascular or kidney disease in 2022, and
for isolated albuminuria or isolated reduced estimated glomer-
ular filtration rate they advise that these drugs be considered
rather than used routinely [30]. Most residents had their treat-
ment established before admission, and uptake in this group can
therefore be expected to follow the wider T2D population with
a delay. Clinical trials suggest that the cardiorenal benefits of
GLP-1RAs and SGLT2is are largely independent of glucose low-
ering [31], with benefits potentially emerging within as little as
3months [32-34]. In heart failure, present in 18% of residents
using GLDs, SGLT2is have also been associated with improved
symptom scores, exercise capacity, and quality of life [35]. These
benefits appear to extend to older adults [36, 37]. Very old or frail
individuals, including care home residents, nonetheless remain

underrepresented in clinical trials. The benefit-harm balance
in this group is therefore unresolved, with high cardiorenal
risk pointing to a large absolute benefit, while frailty points to
greater harm and burden.

More than one third of residents used insulin and 5.0% used
SUs, both of which carry a risk of hypoglycaemia, with SUs
generally not recommended in individuals above 75years of age
in Denmark [38]. Insulin also requires glucose monitoring and
dose adjustment, adding burden for residents and staff. Where
a GLP-1RA or an SGLT2i could replace insulin or an SU, treat-
ment burden may fall rather than rise. The limited evidence
complicates the benefit-harm assessment and may contribute to
cautious prescribing, partly explaining the observed use, includ-
ing the stable or reduced use around admission. Low use is not
in itself evidence of undertreatment, and our findings should not
be read as documentation of an unmet need or proof of under-
treatment of residents with cardiorenal disease.

In conclusion, GLD use for T2D among Danish care home res-
idents is characterised by persistent and often intensive treat-
ment, limited deintensification at care home admission, and
frequent initiation of insulin, particularly bolus insulin, shortly
before care home admission, often following hospitalisation.
Although GLP-1RA and SGLT2i use increased over time, use
remained low and varied little by cardiorenal disease status.
Whether this reflects undertreatment or appropriate individual-
isation cannot be determined from registry data. These patterns
highlight the need for better evidence to support individualised,
benefit-harm-balanced treatment decisions in this population.
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the sum of incidence rates across all individual glucose-lowering drug
classes. Table S6: Proportion of individuals admitted to care homes in
Denmark between 2018 and 2023 who initiated insulin for type 2 di-
abetes in the 6 months before or after admission while already using
other glucose-lowering drugs, defined as at least one filled prescription
for another glucose-lowering drug class in the past 4 months, stratified
by insulin type (basal or bolus) and 6-month period relative to admis-
sion. Table S7: Glycated haemoglobin levels among individuals admit-
ted to care homes in Denmark between 2018 and 2023 who initiated
insulin for type 2 diabetes in the 6 months before or after admission,
stratified by insulin type (basal or bolus) and 6-month period relative
to admission.
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