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ABSTRACT
Introduction  Although individualized target glycated 
hemoglobin (HbA1c) levels are recommended in older 
people with type 2 diabetes, studies report high levels 
of potential overtreatment. We aimed to investigate 
the proportion of older patients (aged ≥65 years) who 
potentially received an inappropriately intensive treatment 
(HbA1c level <7.0% (53.0 mmol/mol)) in a global study. 
Factors associated with intensive glycemic management 
and using glucose-lowering medications associated with a 
high risk of hypoglycemia (high-risk medications (insulin, 
sulfonylureas, and meglitinides)) were also assessed.
Research design and methods  DISCOVER is a 3-year 
observational study program of 15 992 people with type 2 
diabetes initiating second-line glucose-lowering therapy in 
38 countries. Data were collected at baseline (initiation of 
second-line therapy) and at 6, 12, and 24 months. Factors 
associated with an inappropriately intensive treatment 
or using high-risk medications were assessed using a 
hierarchical regression model.
Results  Of the 3344 older patients with baseline 
HbA1c data in our analytic cohort, 23.5% received 
inappropriate treatment intensification. Among those who 
had follow-up HbA1c data, 55.2%, 54.2%, and 53.5% 
were inappropriately tightly controlled at 6, 12, and 24 
months, respectively, with higher proportions in high-
income than in middle-income countries. The proportion 
of patients receiving high-risk medications was higher in 
middle-income countries than in high-income countries. 
Gross national income (per US$5000 increment) was 
associated with increased odds of inappropriately intensive 
treatment but with decreased odds of receiving high-risk 
medications.
Conclusions  A large proportion of older DISCOVER 
patients received an inappropriately intensive glucose-
lowering treatment across the 2 years of follow-up, 
with substantial regional variation. The use of high-risk 
medications in these patients is particularly concerning.

INTRODUCTION
Guidelines generally recommend a glycated 
hemoglobin (HbA1c) target level of ≤7.5% 

(53.0 mmol/mol) in otherwise healthy older 
(aged ≥65 years) people with type 2 diabetes1–3 
and an HbA1c level of ≤8.5% in older individ-
uals with complex comorbidities. An HbA1c 
level target of >7.5% may therefore be more 
appropriate in some older patients1–7 because 
they are at an increased risk of hypoglycemic 
events8 and related complications, including 
falls,9 fractures,9 cognitive impairment,10 
vascular complications,11 and increased 

Significance of this study

What is already known about this subject?
►► Studies from high-income countries, such as the USA 
and the UK, show that a high proportion of older patients 
(aged ≥65 years) with type 2 diabetes are potentially 
overtreated (glycated hemoglobin (HbA

1c) level <7.0% 
(53.0 mmol/mol)) in routine clinical practice.

What are the new findings?
►► We found that although gross national income (per 
US$5000 increment) was associated with greater odds 
of an inappropriately intensive treatment, participants 
from lower-middle-income and upper-middle-income 
countries had greater odds of receiving high-risk 
glucose-lowering medication than those from high-
income countries.

►► Almost a quarter of older DISCOVER patients (aged ≥65 
years) received inappropriate treatment intensification 
(HbA1c level <7.0% (53.0 mmol/mol)) at baseline (ini-
tiation of second-line glucose-lowering treatment); for 
approximately half of the patients, treatment was inap-
propriately intensified during follow-up.

How might these results change the focus of 
research or clinical practice?

►► Our findings demonstrate the need for a more person-
alized approach to treatment of type 2 diabetes, partic-
ularly among older patients from lower-middle-income 
and upper-middle-income countries.
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mortality.12 Stringent HbA1c targets to control type 2 
diabetes and diabetes-related complications in older 
individuals often result in complex treatment regimens, 
leading to an increased risk of polypharmacy (most 
commonly described as concomitant use of five or more 
medications), which has been linked to adverse drug 
events, drug–drug interactions, prescribing cascades, 
and in some cases poor treatment adherence.13 With this 
in mind, guidelines suggest an individualized treatment 
approach in older patients, with a focus on simple treat-
ment regimens and glucose-lowering drugs that have a 
low risk of hypoglycemia, such as metformin, dipeptidyl 
peptidase-4 (DPP-4) inhibitors, glucagon-like peptide-1 
(GLP-1) receptor agonists, and sodium glucose cotrans-
porter 2 (SGLT-2) inhibitors.1 7 8 14

Studies from Europe and the USA suggest that these 
guidelines are not always followed in clinical practice, 
with high proportions of older patients potentially being 
overtreated (patients aged ≥65 years with an HbA1c level of 
<7.0% (53.0 mmol/mol)).14–18 This may partially explain 
the high number of hospitalizations for hypoglycemia 
among older patients from high-income countries.19 
There is currently lack of available data on the inappro-
priate intensification of treatment of patients with type 2 
diabetes from low-income and middle-income countries.

In order to fill this knowledge gap, we used data from 
the DISCOVER study program—a 3-year global prospec-
tive, observational study program investigating clinical 
outcomes, health-related quality of life, and treatment 
patterns in individuals with type 2 diabetes initiating 
second-line glucose-lowering therapy in 38 countries 
across 6 continents20 21—to assess the prevalence of, and 
factors associated with, an inappropriately intensive treat-
ment of older patients during the first 24 months of the 
study.

METHODS
Research design
The methods of the DISCOVER study program have 
been described in detail elsewhere.20 21 In brief, the 
DISCOVER study program comprises two similar 3-year 
non-interventional, prospective, observational studies of 
15 992 patients with type 2 diabetes initiating second-line 
glucose-lowering therapy across 38 countries (DISCOVER 
(NCT02322762) in 37 countries and J-DISCOVER 
(NCT02226822) in Japan).20 21 Countries participating 
in the DISCOVER study are as follows: Algeria, Argen-
tina, Australia, Austria, Bahrain, Brazil, Canada, China, 
Colombia, Costa Rica, Czech Republic, Denmark, Egypt, 
France, India, Indonesia, Italy, Japan, Jordan, Kuwait, 
Lebanon, Malaysia, Mexico, the Netherlands, Norway, 
Oman, Panama, Poland, Russia, Saudi Arabia, South 
Africa, South Korea, Spain, Sweden, Taiwan, Tunisia, 
Turkey, and the United Arab Emirates. In line with the 
non-interventional nature of the study, the protocol 
did not mandate the use of specific drugs. Treatment 

decisions were made by physicians, as they would be in 
routine clinical practice.

Patient enrollment
Patients were enrolled in DISCOVER from December 
2014 to June 2016 and in J-DISCOVER from September 
2014 to December 2015. To ensure that data were as 
reflective of routine clinical practice as possible, inclusion 
and exclusion criteria were kept to a minimum. Briefly, 
patients aged ≥18 years who were initiating second-line 
glucose-lowering therapy (defined as adding a glucose-
lowering drug or switching between therapies) were 
eligible for inclusion, provided that they were not preg-
nant, were not undergoing dialysis, and had no history 
of renal transplant, and if their first-line therapy was not 
an injectable agent, or a herbal remedy or natural medi-
cine alone. Whereas J-DISCOVER enrolled only patients 
who were receiving oral monotherapy as first-line treat-
ment, DISCOVER enrolled patients who were receiving 
any type of oral therapy (one or more oral agents, or a 
fixed-dose combination). Full inclusion and exclusion 
criteria are shown in online supplemental table 1. All 
eligible patients were invited to participate in the study by 
their physician and provided written informed consent. 
A list of participating investigators can be found in online 
supplemental appendix list 1.

Data collection
Data from China (n=1293) were not included because 
they were not available at the time of publication owing 
to governance reasons. Data were collected at baseline 
(initiation of second-line glucose-lowering therapy) and 
at 6, 12, and 24 months within a 4-month window (±2 
months) to reflect patient visits in routine clinical prac-
tice. Data were captured by the treating physician using a 
standardized electronic case report form (eCRF). Some 
data were extracted from existing electronic health 
records in Canada, Denmark, France, Norway, and 
Sweden. In these countries, data not routinely captured 
in electronic medical records, such as the reason(s) for 
treatment change, were obtained by the investigators 
using a questionnaire that was linked back to patients’ 
medical records. Data collected at baseline and during 
follow-up included the following: patient demographics 
(such as sex, age, body mass index (BMI), and dura-
tion of type 2 diabetes); clinical variables (such as HbA1c 
levels); and first-line and second-line glucose-lowering 
treatments. First-line and second-line therapy refers to a 
patient’s first ever treatment regimen for type 2 diabetes 
(before study entry) and second treatment regimen (at 
study baseline), respectively. Treatment at each follow-up 
visit was recorded because participants may have changed 
treatment at other routine clinical visits not recorded as 
part of DISCOVER. Clinical variables were measured in 
accordance with routine clinical practice, and data collec-
tion for these variables was not mandatory.

Gross national income (GNI) per capita in the 
DISCOVER countries in 2015 was sourced from the 
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World Bank using the Atlas method (online supplemental 
figure 1).6 The Atlas conversion factor uses a country’s 
exchange rate for the current and preceding 2 years, 
adjusted for the difference between the rate of inflation 
in that country and international inflation.

Statistical analyses
Our analytic cohort comprised older participants (aged 
≥65 years) with an available baseline HbA1c measurement 
(N=3344).22 Inappropriately intensive glucose-lowering 
treatment was defined (cross-sectionally) as participants 
having an HbA1c level of <7.0% (53.0 mmol/mol) at the 
time of data collection at baseline, and at 6, 12, and 24 
months after baseline. Insulin, sulfonylureas, and megli-
tinides were considered medications associated with a 
high risk of hypoglycemia (high-risk glucose-lowering 
medications). It is important to note that, while there 
is no formal definition of inappropriate tight glycemic 
management in older individuals with type 2 diabetes, 
our definition is in line with other published studies and 
is in agreement with the current American Diabetes Asso-
ciation (ADA) guidelines.1 18 23

Exploratory variables are presented as numbers 
(percentages), mean (SD), and median (IQR), as appro-
priate. P values were calculated, as a measure of statistical 
significance, using Student’s t-test (continuous variables), 
χ2 test (categorical variables), or Fisher’s exact test (cate-
gorical variables). P values <0.05 were considered statisti-
cally significant.

Factors associated with having an HbA1c level of <7.0% 
(53.0 mmol/mol) at 12 months were assessed using a hier-
archical regression model with country as a random effect, 
and with baseline covariates (sex, age, BMI, time since 
diabetes diagnosis, GNI, and medical history (microvas-
cular complications, macrovascular complications, and 
chronic kidney disease)) as well as treatment with high-
risk glucose-lowering medications at 12 months as fixed 
effects. A similar model was used to assess the factors asso-
ciated with use of high-risk glucose-lowering medications 
at 12 months, with country as a random effect and with 
the aforementioned baseline covariates and HbA1c level 
at 12 months as fixed effects. Multiple imputation was 
used to account for unreported data, which used iterative 
sequential regression to sample missing values from the 
predictive distribution of each variable, conditional to 
all other variables. Variables included in the imputation 
model were the dependent variables (HbA1c level or use 
of high-risk medication); all the independent variables 
(patient demographics (such as sex, age, BMI, and dura-
tion of type 2 diabetes), clinical variables (such as HbA1c 
levels), and first-line and second-line glucose-lowering 
treatments); and country. Ten randomly imputed data 
sets were generated in this way. Analyses were replicated 
on each imputed data set and the model estimates were 
pooled across imputations using Rubin’s rules. All statis-
tical analyses were performed using the SAS V.9.4 statis-
tical software system.

RESULTS
Among the 14 699 DISCOVER participants, 11 891 
(80.9%) had an HbA1c measurement at baseline. Our 
analytic cohort comprised 3344 patients (28.1%) aged 
≥65 years. At baseline, when initiating second-line 
glucose-lowering therapy, 785 (23.5%) patients aged 
≥65 years had an HbA1c level of <7.0% (53.0 mmol/mol; 
figure 1). Of these potentially inappropriately intensified 
patients, 252 (32.1%) received second-line treatment 
with high-risk glucose-lowering medications (figure 1A). 
Baseline characteristics were similar between patients 
with HbA1c levels of <7.0% or ≥7.0% (53.0 mmol/mol) at 
12 months (table 1).

Follow-up data at 6, 12, and 24 months were available 
for 2431 (72.7%), 2578 (77.1%), and 2465 (73.7%) older 
patients, respectively. An HbA1c level of <7.0% (53.0 
mmol/mol) was noted in 1343 (55.2%), 1398 (54.2%), 
and 1320 (53.5%) patients at 6, 12, and 24 months, 
respectively (figure  1A). Among patients with HbA1c 
levels of <7.0% (53.0 mmol/mol), high-risk glucose-
lowering medications were prescribed in 474 (35.4%), 
495 (36.0%), and 462 (36.1%) patients at 6, 12, and 24 
months, respectively (figure 1A).

The proportion of patients with an HbA1c level of <7.0% 
(53.0 mmol/mol) varied between lower-middle-income, 
upper-middle-income, and high-income countries 
(figure 1B–D). Whereas the proportion of patients with 
an HbA1c level of <7.0% (53.0 mmol/mol) was highest 
in high-income countries, the proportion of patients 
receiving treatment with high-risk glucose-lowering 
medications was highest in middle-income countries at 
all time points.

In the hierarchical regression model, patients with 
a longer duration of diabetes and those who were 
prescribed treatment with high-risk glucose-lowering 
medications, at the time of their 12-month visit, had 
decreased odds of having an HbA1c level of <7.0% (53.0 
mmol/mol) (figure  2). Country income (GNI per 
US$5000 increment) was associated with increased odds 
of a patient having an HbA1c level of <7.0% (53.0 mmol/
mol) at 12 months.

The proportion of patients receiving treatment with 
sulfonylureas at 12 months was significantly lower in 
patients with an HbA1c level of <7.0% (53.0 mmol/mol; 
29.5%) than in those with an HbA1c level of ≥7.0% (53.0 
mmol/mol; 42.4%) (table 1). Similarly, the proportion 
of patients receiving treatment with insulin at 12 months 
was also significantly lower in patients with an HbA1c level 
of <7.0% (53.0 mmol/mol; 2.3%) than in those with an 
HbA1c level of ≥7.0% (53.0mmol/mol; 10.9%) (table 1).

In the multivariable model, high BMI at baseline (per 
5 kg/m2 increment), 12-month HbA1c level of <7.0% 
(53.0 mmol/mol, vs ≥7.0%), and shorter duration of 
type 2 diabetes were associated with decreased odds of 
being treated with high-risk glucose-lowering medication 
(figure  3). Country income (GNI per US$5000 incre-
ment) was also associated with decreased odds of being 
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treated with high-risk glucose-lowering medications at 12 
months.

CONCLUSIONS
In an observational analysis of a large global cohort of 
patients with type 2 diabetes, we found that a quarter 
of older participants had an HbA1c level of <7.0% (53.0 
mmol/mol) at baseline and approximately half of partic-
ipants had an HbA1c level of <7.0% (53.0 mmol/mol) 
during follow-up. The overall increase in the proportion 
of patients receiving inappropriately intensive treatment 
could be explained, in part, by the fact that all DISCOVER 
participants were initiating second-line glucose-lowering 
therapy (defined as add-on or switching), which may 
result in a decrease in the overall mean HbA1c level 
between baseline and 6 months. Thereafter, the propor-
tion of participants for whom therapy was inappropriately 
tight remained high, possibly because some physicians 
failed to recognize inappropriate intensification and 
adapt treatment accordingly.

The proportion of patients who were overly intensively 
treated varied across countries in all income brackets. 
A novel finding was that patients in high-income coun-
tries were more likely to have intensive glycemic control, 
potentially reflecting stricter treatment regimens, with 

a greater emphasis placed on glucose monitoring and 
achieving glycemic targets, and better access to health-
care. The increased prevalence of baseline vascular 
complications in patients from high-income countries, 
compared with patients from lower-middle-income coun-
tries seen in a previous analysis of DISCOVER data,11 may 
also play a part in driving the high rate of inappropriately 
intensively treated diabetes, with a focus on ensuring 
that these patients achieve good glycemic control to 
minimize their risk of diabetes-related vascular compli-
cations. Intensive glycemic control and the presence of 
comorbidities that require medical treatment may place 
some patients at an increased risk of polypharmacy, with 
low HbA1c levels only achieved, in some cases, through 
the use of multiple glucose-lowering medications. In the 
USA, 57% of women and 59% of men reported using 
more than five different medications on a weekly basis, 
with older adults with type 2 diabetes at high risk of poly-
pharmacy.13 Similarly, in Italy, 51.7% of older individuals 
(aged ≥65 years) with type 2 diabetes were reported to 
have polypharmacy, with comorbidities and diabetes-
related complications shown to be associated with 
increased risk of polypharmacy.24

At each time point, approximately one-third of 
overly intensively controlled patients received a 

Figure 1  Proportion of older patients (aged ≥65 years) with HbA1c level of <7.0% treated with or without high-risk glucose-
lowering medications (insulin, sulfonylureas, and/or meglitinides): (A) overall, (B) lower-middle-income countries (GNI: 
US$1005–US$3955), (C) upper-middle-income countries (GNI: US$3956–US$12 235), and (D) high-income countries (GNI: 
≥US$12 236). This analysis included older patients with treatment information available at baseline and at 6, 12, and 24 
months. aPatients aged ≥65 years and had an HbA1c level of <7.0%. GNI, gross national income; HbA1c, glycated hemoglobin.
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Table 1  Characteristics of DISCOVER study patients aged ≥65 years, according to HbA1c level after 12 months of follow-up

Overall
n=2578

HbA1c level after 12 months of follow-up

HbA1c <7.0% n=1398 HbA1c ≥7.0% n=1180 P value*

Sex, male, n (%) 1422 (55.2) 788 (56.4)  � 634 (53.8) 0.188

 � Missing, n 3 1  � 2

Age, years, mean (SD) 72.2 (5.5) 72.4 (5.5)  � 71.9 (5.5) 0.042

HbA1c level at baseline, %, mean (SD) 7.8 (1.3) 7.4 (1.2)  � 8.3 (1.3) <0.001

BMI, kg/m2, mean (SD) 24.6 (4.3) 24.4 (4.3)  � 25.1 (4.2) 0.018

 � Missing, n 1777 884  � 893

Country GNI, n  �

 � Lower-middle 298 114  � 184 <0.001

 � Upper-middle 453 217  � 236 <0.001

 � High 1827 1067  � 760 <0.001

Time since diagnosis, years, mean (SD) 7.8 (6.4) 7.4 (6.2)  � 8.3 (6.4) <0.001

 � Missing, n 109 66  � 43

Medical history, n (%)  �

 � Macrovascular complications 676 (26.3) 370 (26.6)  � 306 (26.0) 0.712

 � Missing, n 10 8  � 2

 � Microvascular complications 759 (29.5) 406 (29.1)  � 353 (29.9) 0.661

 � Missing, n 4 4  �

 � Chronic kidney disease 323 (12.5) 192 (13.8)  � 131 (11.1) 0.041

 � Missing, n 4 4  � 0

First-line treatment†, n (%)  �

 � Metformin 1699 (65.9) 872 (62.4)  � 827 (70.1) <0.001

 � DPP-4 inhibitors 559 (21.7) 309 (22.1)  � 250 (21.2) 0.573

 � Sulfonylureas 488 (18.9) 204 (14.6)  � 284 (24.1) <0.001

 � α-glucosidase inhibitors 85 (3.3) 58 (4.1)  � 27 (2.3) 0.008

 � Meglitinides 62 (2.4) 31 (2.2)  � 31 (2.6) 0.498

 � SGLT-2 inhibitors 26 (1.0) 13 (0.9)  � 13 (1.1) 0.663

 � Thiazolidinediones 60 (2.3) 35 (2.5)  � 25 (2.1) 0.518

Treatment at 12 months†, n (%)  �

 � Metformin 1680 (66.7) 866 (63.0)  � 814 (71.3) <0.001

 � DPP-4 inhibitors 1514 (60.2) 861 (62.6)  � 653 (57.2) 0.005

 � Sulfonylureas 889 (35.3) 405 (29.5)  � 484 (42.4) <0.001

 � α-glucosidase inhibitors 145 (5.8) 89 (6.5)  � 56 (4.9) 0.092

 � GLP-1 receptor agonists 68 (2.7) 41 (3.0)  � 27 (2.4) 0.341

 � Meglitinides 143 (5.7) 73 (5.3)  � 70 (6.1) 0.375

 � SGLT-2 inhibitors 259 (10.3) 134 (9.7)  � 125 (10.9) 0.323

 � Thiazolidinediones 242 (9.6) 134 (9.7)  � 108 (9.5) 0.806

 � Insulin 157 (6.2) 32 (2.3)  � 125 (10.9) <0.001

 � Missing 61 23  � 38

Percentages were calculated for all patients with data available; patients with missing data were excluded.
*P value was calculated using Student’s t-test.
†Treatment categories are not mutually exclusive, and each category includes monotherapies and combination therapies.
BMI, body mass index; DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; GNI, gross national income; HbA1c, glycated 
hemoglobin; SGLT-2, sodium glucose cotransporter 2.



6 BMJ Open Diab Res Care 2021;9:e001585. doi:10.1136/bmjdrc-2020-001585

Epidemiology/Health services research

glucose-lowering treatment associated with a high risk of 
hypoglycemia. However, patients in lower-middle-income 
and upper-middle-income countries were more likely to 
use medications with a high risk of hypoglycemia. This 
may be indicative of the limited availability and afford-
ability of alternative glucose-lowering therapies, such as 
DPP-4 inhibitors, GLP-1 receptor agonists, and SGLT-2 
inhibitors, in middle-income countries.25–27 As such, 
there seems to be a substantial global opportunity for 
quality improvement by adopting a personalized treat-
ment approach to decrease the risk of hypoglycemia in 
older patients with type 2 diabetes.

Our findings are in line with a previous study in the USA 
in which half of the participants with type 2 diabetes who 
were aged ≥75 years were prescribed therapies associated 

with a high risk of hypoglycemia, despite having an HbA1c 
level of <7.0% (53.0 mmol/mol).15 18 A similar study in 
the UK found that 35.7% of people with type 2 diabetes 
aged ≥70 years were prescribed either insulin or a sulfony-
lurea; of these individuals, one-third had an HbA1c level of 
<7.0% (53.0 mmol/mol).16 Finally, the Guideline Adher-
ence to Enhance Care (GUIDANCE) study of people aged 
>65 years with type 2 diabetes in eight European coun-
tries found that 44.7% of patients were prescribed either 
insulin or a sulfonylurea despite having an HbA1c level 
of <7.0% (53.0 mmol/mol).17 In addition, these studies 
were all conducted in either Europe or the USA and are 
therefore not representative of a global population. Our 
study extends these previous findings to a global cohort of 
patients from countries with varied income levels.

Figure 2  Baseline factors associated with odds of having HbA1c level of <7.0% at 12 months of follow-up. OR was calculated 
using hierarchical logistic model, adjusted for baseline covariates and treatment at 12 months of follow-up, with country as a 
random effect. BMI, body mass index; GNI, gross national income; HbA1c, glycated hemoglobin; SU, sulfonylurea.

Figure 3  Baseline factors associated with odds of being treated with insulin, sulfonylureas, and/or meglitinides at 12 months. 
Data on treatment regimen at 12 months were available for 2980 patients. OR was calculated using hierarchical logistic model, 
adjusted for baseline covariates and HbA1c level at 12 months of follow-up, with country as a random effect. BMI, body mass 
index; GNI, gross national income; HbA1c, glycated hemoglobin.
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Our results, in combination with those of previous 
studies, indicate that many older patients are still poten-
tially being inappropriately tightly controlled.15–17 These 
individuals may thus be at an increased risk of poly-
pharmacy, with adherence to stringent glycemic targets 
requiring treatment with multiple glucose-lowering 
medications.13 The addition of multiple glucose-lowering 
medications to the treatment regimen of older indi-
viduals is associated with an increased risk of drug–
drug interactions and other adverse events.28 The use 
of glucose-lowering medications that are associated 
with hypoglycemia in a substantial proportion of these 
patients is of particular concern. Data from previous 
studies have shown severe hypoglycemia to be a common 
cause of hospitalization among older individuals with 
type 2 diabetes, with the proportion of individuals hospi-
talized for hypoglycemia exceeding that of hypergly-
cemia.29 30 Given the association between inappropriately 
intensive treatment and risk of hypoglycemia, there may 
be a need for some physicians to consider treatment 
regimen simplification (discontinuation of at least one 
glucose-lowering agent or a reduction in dosage) in some 
older patients, as per the current ADA guidelines.1 The 
benefits and risks of different combinations of glucose-
lowering therapies, in combination with medications for 
associated comorbidities, must be weighed and discussed 
with the individual and/or caregiver.13 Primary health-
care practitioners may also benefit from education on 
how to recognize and manage potentially inappropriate 
treatment intensifications in older patients. Too tightly 
controlled glycemia may also result from, at least in part, 
variables we were unable to measure, such as physician 
preference and experience, medication costs and avail-
ability, and number of physician visits. However, without 
studying the long-term effects of inappropriate treatment 
intensification on patient outcomes, our data do not 
support treatment de-intensification in these patients.

The primary strengths of the DISCOVER study program 
are both the large number of patients enrolled and the 
range of treatment sites and countries included, some of 
which have rarely been studied before. Data collection 
with a standardized eCRF allowed for the comparison of 
results between countries and regions. The observational 
nature of DISCOVER provided an ideal setting to inves-
tigate global treatment patterns, with minimal external 
influence and all treatment decisions made by the physi-
cian, as in routine clinical practice. However, our results 
must be interpreted with several limitations in mind. 
Although DISCOVER sites were selected to optimize 
diversity in each country, it is unclear if our findings truly 
reflect the quality of care within each country or can be 
generalized outside of the countries and regions included 
in the study. Participation in DISCOVER may have caused 
some healthcare practitioners to make different treat-
ment decisions than they would if the data were not being 
recorded. Given that participants enrolled in DISCOVER 
were all initiating second-line glucose-lowering therapy, 
our findings may also not be representative of the entire 

type 2 diabetes population and may overestimate the 
proportion of older individuals who are inappropriately 
strictly managed. Given their involvement in DISCOVER, 
participating physicians and sites may also be more 
focused on quality of care than others. This may have 
resulted in an over-representation of more advanced 
treatment centers. In line with the observational nature 
of the study, there was no requirement to record all study 
variables and a complete data set was not available for 
all patients. Although these analyses highlight a subset 
of patients whose treatments are inappropriately inten-
sive, associations between intensive glycemic control and 
potential adverse effects related to severe hypoglycemia 
could not be assessed due to the limited follow-up time. 
Of note, only a small number of participants experienced 
major hypoglycemic events during the first 12 months 
after baseline (no participants among those receiving 
inappropriate treatment intensification at baseline but 
no high-risk medication and three participants among 
those receiving inappropriate treatment intensification 
at baseline and high-risk medications; data not shown). 
Finally, our definition of an inappropriately intensive 
glucose-lowering treatment in this older population 
was based on an HbA1c level of <7.0%, in line with ADA 
guidelines, which recommend an HbA1c level of <7.5% 
in older patients. However, lower HbA1c targets may be 
appropriate for some of these patients. For example, 
patients early in the disease process, who are otherwise 
healthy without comorbidities, may benefit from initial 
tight glycemic control to reduce the risk of microvascular 
complications and may have been misclassified as being 
inappropriately tightly controlled.1

To conclude, in a global cohort of patients with type 2 
diabetes initiating second-line glucose-lowering therapy, 
we found that 23.5% of older patients treated in routine 
clinical practice are potentially receiving an inappropri-
ately intensive treatment, leaving them at an increased 
risk of polypharmacy and possible downstream compli-
cations, such as severe hypoglycemia. This propor-
tion of patients increased to more than 50% during 
follow-up, with substantial variation between regions. 
Overall, up to one-third of these patients, or more in 
lower-middle-income and upper-middle-income coun-
tries, received treatment with high-risk glucose-lowering 
medication, potentially leaving them at an even greater 
risk of hypoglycemia. This highlights the inequality of 
type 2 diabetes care across the globe and also the need 
for a more personalized approach to treatment of type 
2 diabetes in older patients, with a greater consideration 
of the benefit to risk ratio of intensive glycemic control. 
Future analyses could provide information on outcomes 
associated with inappropriate treatment intensifications 
and the possible benefits and harms of complex treat-
ment regimens and treatment with high-risk medica-
tions and could complement results from interventional 
studies.
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