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1   |   INTRODUCTION

Type 2 diabetes (T2D) is one of the most prevalent chronic 
conditions in older people. In European countries, the prev-
alence of T2D in older people (aged 65 years or older) is esti-
mated at 20.1% and is expected to rise in the next 25 years.1,2 
In older patients, T2D is often associated with multiple co-
morbidities, disability or functional impairment, promoting 

frailty and being complicated by more frequent hospitali-
sation, decreased quality of life and increased mortality.3,4 
T2D is, therefore, a real burden for patients, and public 
health due to the high health costs associated with T2D 
in older patients.5 Appropriate therapeutic management 
of T2D is crucial in older people. Overtreatment should 
be avoided particularly when managing glycaemic control 
with glucose-lowering treatment (GLT).6,7
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Abstract
Background: Diabetes overtreatment is a frequent and major issue in older peo-
ple with type 2 diabetes but its definition is often inconsistent and may be mis-
leading. This critical review has aimed at examining the definitions of diabetes 
overtreatment in older people used in research studies.
Methods: Studies addressing diabetes overtreatment in people aged 65 or older 
were identified by searching the PubMed database according to an extensive 
search equation.
Results: Twenty-two research studies providing a definition of diabetes over-
treatment in people aged were found. Overall, 12 different definitions of diabe-
tes overtreatment were used. All studies defined overtreatment according to a 
HbA1c threshold (varying from <42 mmol/mol [<6.0%] to <64 mmol/mol [<8%]). 
Amongst them, 2 definitions had no consideration about glucose-lowering (GL) 
treatment, 6 required the prescribing of ≥1 GL agent(s), and 4 the prescribing of 
≥1 GL agent(s) inducing the high risk of hypoglycaemia (i.e., sulfonylurea(s) or 
insulin(s)). Only 4 definitions (four studies) were individualised, using varying 
HbA1c thresholds according to patients' age or health status.
Conclusions: Definitions of diabetes overtreatment are heterogeneous across re-
search studies, which is confusing. A standardised definition, based on the indi-
vidual risk of hypoglycaemia and/or its complications must be promoted in order 
to bring clarity and greater insight into this field, as well as to improve the quality 
of management of diabetes in older patients.
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Given the wide heterogeneity of this population in terms 
of overall health status and life expectancy, the potential long-
term benefits of an intensive GLT approach may differ con-
siderably between patients. Furthermore, older patients are 
more sensitive and vulnerable to GLT adverse events (such as 
hypoglycaemia), which are particularly harmful to older pa-
tients and costly to the health care system.8–11 Hypoglycaemic 
events have serious consequences for older patients, espe-
cially for more vulnerable patients with frailty or impaired 
awareness of hypoglycaemia, namely because of increases 
in cardiovascular events, cognitive impairment, frailty, falls 
with fracture, disability and mortality.12–15 Hypoglycaemia 
occurs especially in the context of (too) intense treatment, 
which is referred to as ‘diabetes overtreatment’.

Few clinical practice guidelines (CPGs) on the man-
agement of T2D in older people have been released by 
Scientific Societies. They all recommend the avoidance of 
hypoglycaemia.16–19 However, none of these recent guide-
lines provides any precise definition of glycaemic over-
treatment. Such a definition seems crucial for delivering 
quality research and appropriate management of older 
patients. This review aimed at reporting and critically dis-
cussing the definitions of diabetes overtreatment used in 
clinical research studies.

2   |   METHODS

This review was conducted through a comprehensive 
search of the literature.

2.1  |  Search strategy and 
inclusion criteria

The literature search was carried out on March 31 2021 
using a search equation designed to identify the studies of 
interest (Appendix  S1), in all scientific journals indexed 
in MEDLINE®. This search equation used keywords be-
longing to the field of ‘older patient’, ‘diabetes’ and ‘over-
treatment’. The search was not limited to some designs 
of studies, publication date or language. Duplicates were 
removed.

Inclusion criteria were original research studies ad-
dressing diabetes overtreatment in older people (65 years 
or older) with type 2 diabetes and providing a clear defi-
nition of ‘overtreatment’. ‘Diabetes overtreatment’ was 
understood as ‘overtreatment by glucose-lowering drugs’.

The selection of the studies followed a 2-step process 
and was carried out by one author (AC). First, the titles 
and abstracts were screened and all records not meet-
ing the inclusion criteria were excluded. Second, the full 
papers of the remaining studies were examined. Studies 

were included if they were confirmed to be eligible on the 
basis of the inclusion criteria.

2.2  |  Data extraction

General information was extracted from the included 
studies (year of publication, country, study design, set-
ting, patients' inclusion criteria, number of patients). 
Definitions of diabetes overtreatment were extracted and 
summarised. Amongst existing glucose-lowering agents, 
those inducing a high risk of hypoglycaemia were insu-
lins, sulfonylureas and glinides.

3   |   RESULTS

A total of 248 records were identified. After the removal 
of 1 duplicate, titles and abstracts of 247 records were 
screened, of which 216 were excluded (Figure 1). Of the 
31 full texts further assessed for eligibility, 22 fitted with 
the inclusion criteria.

3.1  |  Characteristics of the studies

The majority of the 22 studies were from Europe (n = 13) 
and North America (n  =  6). None was published be-
fore 2010 and three-quarters were from the last 5 years 
(Table  1). Thirteen studies (59%) were conducted in 
outpatient settings (geriatric medicine units, diabetes 
centres or general practice). Sample sizes varied widely 
across studies, with three of them (registered-based, from 
North America) including a very large number of patients 
(42,000—108,000). All but two were cross-sectional or ret-
rospective cohort studies. All but one study had a retro-
spective design (cross-sectional or cohort).

Novelty statement
•	 Type 2 diabetes overtreatment is a major issue 

for older people.
•	 This critical review aimed at reporting the defi-

nitions of diabetes overtreatment in older peo-
ple used in research studies.

•	 Twelve heterogeneous definitions were iden-
tified across 22 studies, based on different 
criteria.

•	 A standardised definition of diabetes overtreat-
ment based on the individual risk of hypogly-
caemia must be promoted.
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3.2  |  Definitions of overtreatment

Overall, the 22 studies used 12 different definitions of dia-
betes overtreatment. The definitions were classified into 
non-individualised definitions (‘the same for all patients’: 
8 definitions shared by 18 studies) and individualised defi-
nitions (‘the definition varied according to patient's char-
acteristics’: 4 definitions used in four studies).

3.2.1  |  Non-individualised definitions (n = 8)

The 8 non-individualised definitions of diabetes overtreat-
ment were all based on a HbA1c threshold and for 6 of them, 
additionally on the presence of a GLT (Table 2). Indeed, 2 
definitions took only HbA1c values into account,28,29,31,40 4 
definitions required the use of any GL agent(s)22,23,25,27,34 
and 2 definitions required the use of a GLT inducing a 
high risk of hypoglycaemia, i.e. a GLT including insu-
lin, sulfonylurea or a glinide.15,20,24,30,32,35,37–39 The HbA1c 
threshold considered by the different definitions varied 
from <42 mmol/mol (6.0%) to <58 mmol/mol (7.5%). 
The most frequent definition of diabetes overtreatment, 
shared by eight different studies, was HbA1c < 53 mmol/
mol (7.0%) in patients prescribed a GLT inducing a higher 
risk of hypoglycaemia.

3.2.2  |  Individualised definitions (n = 4)

Four studies provided individualised definitions of diabe-
tes overtreatment,21,26,33,36 i.e. definitions with different 
criteria according to patients' characteristics (Table  3). 

These studies defined diabetes overtreatment as a HbA1c 
value lower than a given threshold in the presence of a 
GLT (with high hypoglycaemic risk for 2 studies).21,26 In 
the individualised definitions, this HbA1c threshold varied 
according to specific patient characteristics: patients' age26 
or patients' health status.21,33,36 Each of the three latter 
definitions was based on the recommendations of clini-
cal practice guidelines for the treatment of type 2 diabetes 
in older patients (American Diabetes Association 2020,18 
Nederlands Huisartsen Genootschap—Standaard 201341 
and the American Endocrine Society 201917).

4   |   DISCUSSION

This study found that 12 different definitions of diabe-
tes overtreatment were used in the 22 original research 
articles addressing diabetes overtreatment. These defini-
tions were all based on the HbA1c threshold and, for most 
of them, on a glucose-lowering drug regimen. Amongst 
these 12 definitions, 8 were non-individualised definitions 
(the same definition for all patients), whereas 4 defini-
tions were individualised according to the patient's char-
acteristics (age or health status).

The studies were all published after 2010. This obser-
vation probably results from the beginning of the medical 
consideration of a potential risk of too strict glycaemic con-
trol in older patients with T2D.8,42 The concept of diabetes 
overtreatment in older patients is, therefore, relatively re-
cent. Nevertheless, in the past 10 years of clinical research, 
only 22 publications addressed diabetes overtreatment in 
older people, despite the high relevance of this issue for 
patients and public health. The lack of research on this 

F I G U R E  1   PRISMA flow diagram.
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issue is correlated with the overall paucity of research on 
diabetes in older patients.43,44

The definitions of overtreatment used by the 22 studies 
are very heterogeneous, being based on different combina-
tions of various criteria. Amongst those, a HbA1c value below 
a defined threshold (i.e., a ‘too tight glycaemic control’) is 
shared by all definitions. However, the recent major clinical 
practice guidelines on T2D management in older patients,16 
recommend the individualisation of the treatment goal for 
each patient by setting the HbA1c target according to her/his 
health status. It would, therefore, seem logical to consider 
an individualised definition of a ‘too tight glycaemic con-
trol’ according to the patient's health status, as proposed in 
only 3 of the 12 definitions reported.21,33,36

The majority of the 22 studies also included the pres-
ence of a glucose-lowering treatment as a required con-
dition to define diabetes overtreatment. This is expected 
since overtreatment first requires being pharmacologi-
cally treated. Moreover, four definitions considered over-
treatment only when a glucose-lowering agent with a high 
risk of causing hypoglycaemia (insulin, sulfonylureas or 
glinides) was prescribed.

This wide variety of definitions can be confusing for 
clinicians and researchers working in the area of diabetes 
overtreatment. At the very least, this unmasks a lack of 
consistency and comparability amongst studies where dif-
ferent definitions of overtreatment are used. The prospect 
of a consensual definition of overtreatment, therefore, 
seems attractive. In our view, the new definition of diabe-
tes overtreatment should correspond to a level of glycaemia 
that is inappropriate to a patient's health status that places 
a high risk of unwanted side effects of GLT, such as hypogly-
caemia and/or its harmful consequences.

At this stage, we can only speculate on what might 
be the additional criteria that could be used for defining 
overtreatment. Amongst these, known risk factors for 
hypoglycaemia in older patients could be indeed used as 
criteria to modulate the definition of diabetes overtreat-
ment, such as frailty, care home residency, polypharmacy 
(≥10 drugs/day) or undernutrition.9,13 This would enable 
the overtreatment of some patients to be considered more 
severe than that of others, alerting them to the greater risk 
of hypoglycaemia which overtreatment exposes.

This new definition should be developed carefully, 
based on the strongest available evidence. Research in 
this field needs to progress to provide new evidence.44,45 
Furthermore, it is essential that this new definition also 
takes into account patient preferences. The participation 
of the patient in therapeutic decision-making is indeed 
central and is part of the recent recommendations.16–19 
This new definition should clearly be developed from 
both a patient-centred, and diabetes-centred perspective 
to emphasise the importance of considering the quality 
of life of older people with diabetes. In addition, any new 
definition will require validation through the clinical trial 
process to achieve an evidence-based footing which will 
serve to distinguish it from existing empirical definitions 
as we have now.

Finally, it should be remembered that the concept of ‘over-
treatment of diabetes’ we have discussed here relates only to 
the glycaemia perspective of overtreatment. Overtreatment 
with anti-hypertensive or lipid-lowering therapy is also pos-
sible and may also have adverse consequences for older pa-
tients, but is not the subject of this review.

In conclusion, the prospect of a new consensual definition 
of overtreatment is attractive, especially given the heterogeneity 

T A B L E  2   Summary of the 12 definitions of diabetes overtreatment (22 studies)

Criterion = Glucose-lowering treatment

No 
consideration 
about GLT GLT use, any

GLT inducing high risk of 
hypoglycaemia

Criterion = HbA1c values HbA1c < 42 mmol/mol
(6.0%) for all patients

●22

HbA1c < 48 mmol/mol
(6.5%) for all patients

●40 ●●25,34a

HbA1c < 53 mmol/mol
(7.0%) for all patients

●●●28,29,31 ●27 ●●●●●●●●15,20,24,30,32,35,37,38

HbA1c < 58 mmol/mol
(7.5%) for all patients

●23 ●39b

Individualised thresholds of 
HbA1c

●33 ●21

●36 ●26

Note: ●: a study included in the review. GLT: Glucose-lowering treatment.
aIn Sonmez et al.25: GLT including ≥2 glucose-lowering agents.
bIn Perfornis et al.39: GLT including ≥2 glucose-lowering agents, including at least 1 agent inducing high risk of hypoglycaemia (Sulfonylurea and/or insulin).
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of definitions in the current scientific literature. We believe that 
this advance would contribute to better evidence in the field of 
diabetes in older people, whilst directly improving the quality 
of therapeutic management for those patients.
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