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F I G U R E  1  Distribution of overtreatment and flags for deprescribing. (a) Overtreatment status according to the cumulative count flags 
for deprescribing. Percentages are given per cumulative count group (N overtreatment group/N patients with at least N flags present). (b) 
UpSet plot representing co- occurrence of overtreatment and the five most prevalent flags for deprescribing. Numbers on the bars indicate 
the total count of patients within each intersection.
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patients with a very limited life expectancy for whom the 
long- term benefits of intensive treatment (i.e. overtreat-
ment) are probably very limited. This was further supported 
by the head- to- head multivariable analysis, in which the 
association between overtreatment and mortality was at-
tenuated after accounting for the cumulative burden of 
deprescribing flags. These findings should be interpreted 
as identifying patients in whom glycaemic treatment goals 
may warrant re- evaluation, rather than suggesting that 
deprescribing itself would improve survival. Our findings 
suggest this is especially true for patients living in nursing 
homes, those with multiple comorbidities, malnutrition 
or severely impaired renal function.

Our study has several limitations. First, our cohort con-
sisted of older inpatients, most of whom had poor health 
status. While this enhances the relevance of our findings 
for a high- risk population, it limits their generalisability 
to healthier, community- dwelling older adults with dia-
betes and to healthcare settings with different prescribing 
practices or more contemporary diabetes management ap-
proaches. Second, due to the retrospective design, some 
key data were missing or unavailable, including markers 
of frailty, hypoglycaemic events and other measures allow-
ing a more complete characterisation of patients' comor-
bidity burden. Additionally, this study lacks information 
on patients' and providers' preferences regarding GLT, 
which prevents a comprehensive understanding of the 
perceived risks and benefits that may have influenced GLT 
prescribing. HbA1c was measured within three months 
of hospitalisation. However, factors such as acute illness, 
malnutrition, renal dysfunction and anaemia could affect 
HbA1c levels, potentially impacting the classification of 

overtreatment. Finally, the low use of GLP- 1 receptor ag-
onists and SGLT2 inhibitors, together with the high use 
of sulfonylureas, should be interpreted in the context of 
the study period (2008–2015). Contemporary prescribing 
practices have substantially evolved following the wide-
spread adoption of SGLT2 inhibitors and GLP- 1 receptor 
agonists because of their cardiovascular and renal ben-
efits.21 Therefore, the observed treatment patterns and 
prevalence estimates of overtreatment may not fully re-
flect current clinical practice. Nevertheless, this limitation 
is less relevant for the interpretation of the deprescribing 
flags, which reflect patients' vulnerability rather than spe-
cific drug classes. Moreover, contemporary frameworks 
such as treatment realignment and the 4S Pathway em-
phasise treatment simplification and safer regimens, be-
yond specific glucose- lowering drug classes.20 Note that 
the estimated glomerular filtration rate was calculated 
using the MDRD formula, whereas since 2021 the CKD- 
EPI equation has been used as the standard.

In conclusion, our findings suggest that the current in-
dividualised definition of diabetes overtreatment is insuf-
ficient to guide appropriate GLT adjustments in geriatric 
patients. To improve care for very old adults with type 2 di-
abetes, and to support clinicians navigating complex treat-
ment decisions, there is a pressing need to move beyond 
existing definitions of diabetes overtreatment—or more 
broadly, inappropriate treatment—in this population, 
towards approaches that better support decisions about 
the appropriateness of continuing any glucose- lowering 
treatment according to patients' vulnerability, life expec-
tancy and goal of care. Meanwhile, the use of the flags for 
deprescribing might guide clinicians to identify geriatric 

F I G U R E  3  Forest plot of mortality risk associated with conditions calling for GLT prescription. Univariable and multivariable Cox 
regression of flags for deprescribing. N observed are the number of patients with the given flag for deprescribing. N events are the number of 
patients with the flag who died within 5 years. Multivariable analysis was additionally adjusted for sex and context of hospitalisation. GLT, 
Glucose- lowering treatment; HR, Hazard ratio; 95% CI, 95% Confidence interval; eGFR, estimated glomerular filtration rate.
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patients with diabetes who may benefit from glycaemic 
treatment deintensification.
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