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Abstract
Aims/hypothesis More than 25% of older adults (age ≥75 years) have diabetes and may be at risk of adverse events related to
treatment. The aim of this study was to assess the prevalence of intensive glycaemic control in this group, potential overtreatment
among older adults and the impact of overtreatment on the risk of serious events.
Methods We conducted a retrospective, population-based cohort study of community-dwelling older adults in Ontario using
administrative data. Participants were ≥75 years of age with diagnosed diabetes treated with at least one anti-hyperglycaemic
agent between 2014 and 2015. Individuals were categorised as having intensive or conservative glycaemic control (HbA1c

<53 mmol/mol [<7%] or 54–69 mmol/mol [7.1–8.5%], respectively), and as undergoing treatment with high-risk (i.e. insulin,
sulfonylureas) or low-risk (other) agents. We measured the composite risk of emergency department visits, hospitalisations, or
death within 30 days of reaching intensive glycaemic control with high-risk agents.
Results Among 108,620 older adults with diagnosed diabetes in Ontario, the mean (± SD) age was 80.6 (±4.5) years, 49.7%were
female, andmean (± SD) diabetes duration was 13.7 (±6.3) years. Overall, 61% of individuals were treated to intensive glycaemic
control and 21.6% were treated to intensive control using high-risk agents. Using inverse probability treatment weighting with
propensity scores, intensive control with high-risk agents was associated with nearly 50% increased risk of the composite
outcome compared with conservative glycaemic control with low-risk agents (RR 1.49, 95% CI 1.08, 2.05).
Conclusions/interpretation Our findings underscore the need to re-evaluate glycaemic targets in older adults and to reconsider
the use of anti-hyperglycaemic medications that may lead to hypoglycaemia, especially in setting of intensive glycaemic control.

Keywords Diabetes overtreatment . Healthcare delivery . Hypoglycaemia . Insulin secretagogues . Insulin therapy . Intensive
glycaemic control . Older adults

Abbreviations
ED Emergency department
IPTW Inverse probability of treatment weighting

Introduction

The prevalence of diabetes is highest in older age groups, with
more than 25% of adults aged ≥75 years affected by diabetes
[1–3]. For most individuals, intensive glycaemic control (i.e.
targeting HbA1c to <53 mmol/mol [7%]) is recommended to
reduce the risk of long-term microvascular complications
[4–6]. However, achieving intensive control, especially with
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insulin and/or sulfonylureas, increases the risk of
hypoglycaemia [7]. The care of diabetes in older adults is
complicated by multiple comorbidities and impaired
counter-regulatory mechanisms, rendering older adults more
vulnerable to hypoglycaemia than younger people [8, 9].
Hypoglycaemia is particularly dangerous in older individuals
at high risk of cardiovascular events, falls, neurocognitive
decline and increased mortality rate [10–15]. It may take up
to a decade for the benefits of intensive control to be seen
[16–18]; therefore, the short-term risks might outweigh the
longer-term benefits in older populations.

Recent guidelines recommend more conservative
glycaemic targets (i.e. HbA1c 54–69 mmol/mol [7.1–
8.5%]) in older adults [19, 20]. However, there is evidence
that this group continues to be treated to intensive
glycaemic targets, and is potentially overtreated with agents
that are associated with a high risk of hypoglycaemia (i.e.
insulin and sulfonylurea) [8, 21, 22]. Treatment to intensive
glycaemic targets using high-risk agents has been defined as
diabetes overtreatment in older adults [4, 7, 8, 22, 23].
While previous studies have shown an increased risk of
severe hypoglycaemia with intensive control [14, 24, 25],
few have focused on the risk of high-risk agents in the
setting of intensive glycaemic control. In addition, the risk
of serious events associated with intensive glycaemic
control with high-risk agents has not been evaluated at the

population level. Our primary objectives were to: (1)
describe the prevalence of intensive glycaemic control with
high-risk agents and potential overtreatment among older
adults with diabetes in Ontario; and (2) evaluate the impact
of intensive control with high-risk agents on serious events.

Methods

Study design and settingWe conducted a retrospective cohort
study using linked, population-based health administrative
databases for Ontario, Canada, held at ICES. These databases
have been used extensively for the study of older adults with
diabetes in Ontario [2, 26]. Datasets were linked using unique
encoded identifiers and analysed at ICES. The use of data in
this project was authorised under Section 45 of Ontario’s
Personal Health Information Protection Act, and did not
require review by a research ethics board.

ParticipantsWe identified all Ontario residents aged ≥75 years
with diagnosed diabetes who had a prescription dispensed for at
least one anti-hyperglycaemic agent between 1 September 2014
and 31 August 2015 (see Electronic supplementary material
[ESM] Fig. 1). Diabetes was defined based on entry in the
Ontario Diabetes Database (ESM Table 1), which is a validated
database of individuals with diabetes [27]. Participants had to
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have been diagnosed with diabetes at least 1 year prior to index
date to be included in the study. Study dates were chosen based
on the most recently available data on HbA1c levels in our
Ontario Laboratories Information System datasets. The first
available HbA1cmeasurement during the study period was used
as the index date. Outpatient prescription medication data were
captured in the Ontario Drug Benefit database, which records
prescription fills for all Ontarians aged ≥65 years.

To be included in our study cohort, individuals needed at
least one prescription for an anti-hyperglycaemic medication
with a start date that overlapped with the index date (+15 day
grace period) in order to ascertain current use of the anti-
hyperglycaemic agent. Exclusion criteria are shown in ESM
Fig. 1. We excluded individuals with HbA1c >69 mmol/mol
(8.5%) because those with poorly controlled diabetes may be
at higher risk of hospitalisation and mortality from factors
unrelated to either their diabetes treatment or glycaemic
control (e.g. poor adherence to medication and healthcare
visits, competing demands from other comorbidities, social
issues, end of life) [28].

Exposure and comparator groupsWe categorised individuals
into four mutually exclusive exposure groups based on HbA1c

at the index date and current prescriptions for anti-
hyperglycaemic agents. First, we defined glycaemic control
as intensive (HbA1c <53 mmol/mol [<7.0%]) or conservative
(HbA1c 54–69 mmol/mol [7.1–8.5%]). We then subdivided
each group into treatment with at least one high-risk agent
(insulin and/or sulfonylurea) vs one or more low-risk agents
only (metformin, dipeptidyl peptidase 4 inhibitor, acarbose,
thiazolidinediones). Individuals in the high-risk group could
be treated with concurrent low-risk anti-hyperglycaemic
agents. The primary exposure of interest was intensive
glycaemic control with high-risk anti-hyperglycaemic agents,
representing potential overtreatment. The following mutually
exclusive categories were used as the three comparator
groups: conservative glycaemic control with low-risk agents
(primary comparator), conservative glycaemic control with
high-risk agents and intensive control with low-risk agents.

Outcomes Our primary outcome was a composite measure
defined as a diabetes-related (including hypoglycaemia)
emergency department (ED) visit or hospitalisation or
all-cause mortality within 30 days of the index date. For
ED visits and hospitalisations, we used diagnosis codes
for: (1) hypoglycaemia, listed as the main responsible
diagnosis for the visit; and (2) any other diabetes-related
cause (e.g. hyperglycaemia, hypoglycaemia, ketoacidosis,
hyperosmolar coma) (ESM Table 2). For all-cause mortal-
ity, we used the Ontario Registered Persons Database as
the source of vital statistical records to determine death.
We examined each outcome from the composite separate-
ly in secondary analyses.

Covariates Demographic covariates included age, sex, region
of residence (rural vs urban) and income quintile (based on
postal code). This information was derived from the Ontario
Registered Persons Database. We used the Johns Hopkins’
Aggregated Diagnosis Groups case-mix system (version
10.0) to compute the number of Aggregated Diagnosis
Groups in the past 2 years as a general measure of comorbidity
[29]. In addition, individual comorbidities were ascertained
using ICD-10 codes from physician billing claims in the
Ontario Health Insurance Plan database. Where available,
we used validated ICES-derived cohorts or registries to
capture individual comorbidities (i.e. history of cancer [30],
dementia [31], congestive heart failure [32], coronary artery
disease [33], atrial fibrillation [34], cerebrovascular disease
[35]) (ESM Table 1). Diabetes complications (i.e. amputa-
tions, chronic renal failure/dialysis, skin/soft-tissue infections,
retinopathy and previous diabetes mellitus-related healthcare
contacts) and use of diabetes medications available on the
formulary within 1 year of the index date were ascertained.
As diabetes medications were captured up to 1 year prior to
the index date, baseline diabetes medication use could repre-
sent either current or past use. We also captured the most
recent serum creatinine, haemoglobin and HbA1c values prior
to the index date, based on available Ontario Laboratories
Information System data. Baseline data were expressed as
means (±SD) where appropriate.

Statistical analyses We used inverse probability of treatment
weighting (IPTW) using propensity scores to account for
baseline differences among exposure groups. The advantage
of propensity score methods is that, unlike conventional
regression adjustment, no outcome regression model must
be specified. Furthermore, it is possible to explicitly assess
the degree to which weighting removes systematic baseline
differences among groups [36]. We chose to use IPTW, in
part, because the number of individuals with intensive control
with high-risk agents (n = 23,484) was higher than in one of
the comparator groups (n = 16,488), but smaller than in the
other two comparator groups (n = 42,857 and n = 25,791).
Propensity score matching, in general, requires that the
number of exposed participants is smaller than the number
of potential control participants in each comparator group.
To account for selection biases resulting from systematic
differences in baseline characteristics among exposure groups,
a propensity score was derived from all available baseline
covariates using a multivariable logistic regression to deter-
mine the propensity for intensive glycaemic control with high-
risk agents vs other comparator categories (ESM Table 3). A
separate propensity score was derived for each pair of expo-
sure and comparator groups. Given that HbA1c and insulin
and sulfonylurea use were part of the definition for the expo-
sure group, these variables were not included in the logistic
regression model used to calculate the propensity score. We
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then derived the IPTW and performed a weighted univariate
analysis. A robust variance estimator that corrected for depen-
dence among the weighted observations was used [36, 37].
Weighted standardised differences were calculated comparing
the distribution of baseline covariates among treatment groups
before and after weighting [37].

We evaluated the risk of the composite outcome associated
with intensive glycaemic control with a high-risk agent within
30 days of the index date using a log-binomial model, weighted
for inverse probability treatment of the propensity score. We
performed three sets of unweighted and weighted analyses to
compare events between the intensive control high-risk agent
group and each of the three comparator groups separately.

Secondary analyses Assessment of the primary outcome was
repeated with the follow-up period extended to 90 days to
assess the longer-term risks associated with intensive
glycaemic control with high-risk agents. We also evaluated
the separate risks of: (1) hypoglycaemia-related ED visits/
hospi ta l i sa t ions; (2) diabetes- re la ted ED vis i ts /
hospitalisations (excluding hypoglycaemia); and (3) all-
cause mortality, using log-binomial models with IPTW using
the comparison-specific propensity scores.

In order to isolate the effect of intensive glycaemic control
with high-risk agents on the primary outcome, we also
compared the difference in the risk of the primary outcome
among individuals treated to intensive control with high- vs
low-risk agents.

To account for the risk associated with persistent intensive
control with high-risk agents on diabetes-related ED visit/
hospitalisations, we identified individuals who had intensive
control with high-risk agents based on two consecutive HbA1c

values in the study period. We then compared the risk of
diabetes-related ED visits/hospitalisations within 30 days
between the first and second HbA1c value.

Analyses were performed using SAS statistical software,
version 9.4 (SAS Institute, Cary, NC, USA).

Results

Baseline data We identified 313,575 community-dwelling
adults aged ≥75 years with diagnosed diabetes in Ontario.
After applying our exclusion criteria, 108,620 people were
included in the study (ESM Fig. 1). Among these individuals,
66,341 (61.1%) had intensive glycaemic control and 42,279
(38.9%) had conservative glycaemic control based on the first
available HbA1c. Overall, 23,484 (21.6%) had intensive
control with high-risk agents; and 42,857 (39.5%) had inten-
sive control with low-risk agents. There were 25,791 (23.7%)
individuals with conservative glycaemic control on high-risk
agents and 16,488 (15.2%) with conservative control on low-
risk agents (Table 1). The baseline characteristics were well

balanced after weighting for each pair of exposure and
comparator groups, with standardised differences among vari-
ables after weighting remaining below 0.1. After weighting,
the maximum standardised differences were 0.092 (for the
exposure group vs conservative glycaemic control with low-
risk agents), 0.064 (for exposure vs conservative glycaemic
control with high-risk agents) and 0.059 (for exposure vs
intensive glycaemic control with high-risk agents) (ESM
Table 4).

Primary analysis Figure 1 shows the crude cumulative inci-
dence of the composite outcome in the 90 days following the
index HbA1c measurement for each group. Among those with
intensive control with high-risk agents, 217 individuals
(0.92%) experienced the primary outcome at 30 days,
compared with 68 (0.41%) among those with conservative
glycaemic control with low-risk agents, 174 (0.67%) among
those with conservative glycaemic control with high-risk
agents and 178 (0.42%) among those with intensive control
with low-risk agents (Fig. 1). In unweighted results, intensive
control with high-risk agents was associated with a 2.24-fold
increased risk of the composite outcome compared with indi-
viduals with conservative glycaemic control with low-risk
agents (RR 2.24, 95% CI 1.74, 2.94) (Table 2). In propensity
score weighted analyses, there was a nearly 50% increased
risk of the composite outcome among individuals with inten-
sive glycaemic control with high-risk agents vs conservative
glycaemic control with low-risk agents (RR 1.49, 95% CI
1.08, 2.05) (Table 2). In weighted analyses, the risk associated
with intensive control with high-risk agents was also signifi-
cantly increased compared with conservative glycaemic
control with high-risk agents (RR 1.25, 95% CI 1.02, 1.52)
and intensive glycaemic control with low-risk agents (RR
1.48, 95% CI 1.18, 1.85) (Table 2).

Secondary analysesWhen the follow-up window was extend-
ed to 90 days, those with intensive glycaemic control with
high-risk agents had a 27% increased risk (RR 1.27, 95% CI
1.07, 1.51) of the composite outcome compared with individ-
uals with conservative glycaemic control with low-risk agents
(Table 2). The risk of the composite outcome remained
increased vs individuals with intensive control with low-risk
agents, but there was no difference in outcomes for individuals
on high-risk agents with either intensive or conservative
glycaemic control (Table 2).

Compared with individuals with conservative glycaemic
control with low-risk agents, those with intensive glycaemic
control with high-risk agents had a greater than sixfold
increased risk of a hypoglycaemia-related ED visit/
hospitalisation (RR 6.83, 95% CI 2.89, 16.2), a nearly twofold
increased r i sk of a d iabe tes - re la ted (exc luding
hypoglycaemia) ED visit/hospitalisation (RR 1.94, 95% CI
1.06, 3.57) and no increased risk of all-cause mortality (RR
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Table 1 Baseline characteristics of older adults in Ontario treated for diabetes with an HbA1c of ≤69 mmol/mol (≤8.5%)

Characteristic Overall population Intensive glycaemic control (HbA1c

≤53 mmol/mol [≤7.0%])
Conservative glycaemic control (HbA1c

54–69 mmol/mol [7.1–8.5%])

High-risk agentsa Low-risk agentsa High-risk agentsa Low-risk agentsa

n 108,620 23,484 42,857 25,791 16,488

Age, years 80.63 ± 4.53 80.73 ± 4.56 80.67 ± 4.54 80.44 ± 4.43 80.66 ± 4.61

Age category

75–79 years 52,281 (48.1) 11,124 (47.4) 20,441 (47.7) 12,823 (49.7) 7893 (47.9)

80–84 years 34,934 (32.2) 7511 (32.0) 13,852 (32.3) 8254 (32.0) 5317 (32.2)

>85 years 21,405 (19.7) 4849 (20.6) 8564 (20.0) 4714 (18.3) 3278 (19.9)

Female 54,015 (49.7) 10,817 (46.1) 22,183 (51.8) 12,679 (49.2) 8336 (50.6)

Income quintile

1 26,237 (24.2) 5838 (24.9) 10,234 (23.9) 6319 (24.5) 3846 (23.3)

2 25,740 (23.7) 5611 (23.9) 10,144 (23.7) 6053 (23.5) 3932 (23.9)

3 21,469 (19.8) 4609 (19.7) 8474 (19.8) 5160 (20.0) 3226 (19.6)

4 18,287 (16.9) 3938 (16.8) 7149 (16.7) 4416 (17.1) 2784 (16.9)

5 16,767 (15.5) 3453 (14.7) 6800 (15.9) 3825 (14.8) 2689 (16.3)

Urban region of residence 96,743 (89.2) 20,921 (89.2) 38,514 (90.0) 22,639 (87.8) 14,669 (89.0)

Baseline HbA1c, mmol/mol (%) 52.2 ± 9.4
(6.93 ± 0.86)

49.5 ± 8.20
(6.68 ± 0.75)

47.1 ± 6.10
(6.46 ± 0.56)

60.1 ± 9.20
(7.65 ± 0.84)

56.8 ± 7.80
(7.35 ± 0.71)

Baseline haemoglobin, g/l 127.90 ± 15.43 125.84 ± 16.08 129.08 ± 15.26 126.97 ± 15.13 129.25 ± 14.95

Serum creatinine, μmol/ml 98.53 ± 51.15 111.44 ± 71.23 90.77 ± 35.83 104.74 ± 55.96 90.55 ± 35.27

Diabetes duration, years 13.7 ± 6.28 15.53 ± 5.97 11.18 ± 5.76 16.89 ± 5.61 12.94 ± 5.98

Diabetes medication (within 1 year of index date)

Metformin 89,000 (81.9) 15,475 (65.9) 40,309 (94.1) 17,774 (68.9) 15,442 (93.7)

Sulfonylurea 39,777 (36.6) 18,379 (78.3) 1615 (3.8) 17,902 (69.4) 1881 (11.4)

DPP4 inhibitor 24,690 (22.7) 5332 (22.7) 7087 (16.5) 7803 (30.3) 4468 (27.1)

Insulin 20,169 (18.6) 6487 (27.6) 818 (1.9) 11,245 (43.6) 1619 (9.8)

TZD 1772 (1.6) 539 (2.3) 525 (1.2) 502 (1.9) 206 (1.2)

Acarbose 1426 (1.3) 380 (1.6) 269 (0.6) 617 (2.4) 160 (1.0)

Glitinide 336 (0.3) 20 (0.1) 140 (0.3) 46 (0.2) 130 (0.8)

No diabetes medication 378 (0.3) 31 (0.1) 309 (0.7) 6 (0.0) 32 (0.2)

Unique diabetes medication (1 year
prior)

2 (1–2) 2 (2–3) 1 (1–1) 2 (2–3) 1 (1–2)

Diabetes complications

Amputation 405 (0.4) 117 (0.5) 96 (0.2) 137 (0.5) 55 (0.3)

CKD 19,250 (17.7) 5976 (25.4) 5276 (12.3) 5992 (23.2) 2006 (12.2)

Dialysis 453 (0.4) 249 (1.1) 45 (0.1) 143 (0.6) 16 (0.1)

Skin/soft-tissue infection 1822 (1.7) 567 (2.4) 520 (1.2) 528 (2.0) 207 (1.3)

Treatment for retinopathy 4676 (4.3) 1181 (5.0) 1095 (2.6) 1802 (7.0) 598 (3.6)

ED/hospitalisation for
hyperglycaemia-related cause

462 (0.4) 120 (0.5) 73 (0.2) 214 (0.8) 55 (0.3)

ED/hospitalisation for
hypoglycaemia-related cause

2572 (2.4) 874 (3.7) 421 (1.0) 1013 (3.9) 264 (1.6)

ED/hospitalisation for diabetes-related
cause

7246 (6.7) 2132 (9.1) 1573 (3.7) 2716 (10.5) 825 (5.0)

Other comorbidity

Dementia 9014 (8.3) 2018 (8.6) 3635 (8.5) 2016 (7.8) 1345 (8.2)

CHF 19,640 (18.1) 5137 (21.9) 6340 (14.8) 5557 (21.5) 2606 (15.8)

History of PCI/CABG/MI/AF 36,879 (34.0) 8452 (36.0) 13,537 (31.6) 9431 (36.6) 5459 (33.1)

Cerebrovascular disease 1984 (1.8) 447 (1.9) 739 (1.7) 498 (1.9) 300 (1.8)

ADG score
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1.05, 95% CI 0.70, 1.57) after 30 days. Results comparing
outcomes among different comparator groups are summarised
in Table 3.

There was no difference in the risk of the primary outcome
among individuals treated with low-risk agents when compar-
ing those with intensive vs conservative glycaemic control
(RR 1.04, 95% CI 0.77, 1.39) (results not shown).

Among those with intensive glycaemic control with high-
risk agents, 12,475 (53.1%) individuals were persistently
treated to intensive control with high-risk agents based on
the subsequent HbA1c in the study period. This was associated
with a 15% increased risk of a diabetes-related ED visit/
hospitalisation compared with having only one episode of
intensive glycaemic control with high-risk agents (RR 1.15,
95% CI 1.05, 1.26) (results not shown).

Discussion

In this large population-based study of more than 100,000
community-dwelling older adults (age ≥75 years) with diabe-
tes treated with pharmacotherapy and an HbA1c of ≤69 mmol/
mol (≤8.5%), 61.1% were treated to intensive glycaemic
targets and, overall, 21.6%were treated to intensive glycaemic
targets with agents associated with a high risk of
hypoglycaemia. Intensive glycaemic control with high-risk
agents was associated with a significantly increased risk of
our composite outcome of diabetes-related hospital visits
and/or death compared with more conservative glycaemic
control, regardless of the type of anti-hyperglycaemic medi-
cation. Among individuals treated with intensive control, the
risk of serious adverse events was significantly higher with
high- vs low-risk agents, indicating that the dangers of inten-
sive control may be driven primarily by the use of high-risk
agents for hypoglycaemia. Our study is the first to examine the
combined influence of intensive glycaemic targets and high-
risk agents on adverse outcomes in adults over the age of
75 years.

Our study provides evidence of potential diabetes over-
treatment in a substantial proportion of individuals aged
≥75 years, with nearly 1% experiencing a serious adverse
event, including death, within 30 days. It adds to the growing
body of evidence demonstrating harm with intensive
glycaemic control and highlights the risk of adverse events
with high-risk agents in older adults. Previous clinical trials
reported an increased risk of severe hypoglycaemia with
intensive glycaemic control, and even mortality risk [5, 6,
15, 38]. However, these were primarily controlled clinical
trials where participants are younger and generally healthier
than in the real world [39], and the effects of treatment

Table 1 (continued)

Characteristic Overall population Intensive glycaemic control (HbA1c

≤53 mmol/mol [≤7.0%])
Conservative glycaemic control (HbA1c

54–69 mmol/mol [7.1–8.5%])

High-risk agentsa Low-risk agentsa High-risk agentsa Low-risk agentsa

Mean ± SD 11.42 ± 4.04 11.67 ± 4.08 11.31 ± 4.02 11.55 ± 4.05 11.18 ± 4.04

Median (IQR) 11 (9–14) 12 (9–15) 11 (8–14) 12 (9–14) 11 (8–14)

Provider type

Internal medicine 33,284 (30.6) 8061 (34.3) 11,805 (27.5) 8776 (34.0) 4642 (28.2)

Endocrinology 13,862 (12.8) 3521 (15.0) 2959 (6.9) 5731 (22.2) 1651 (10.0)

Family medicine 97,619 (89.9) 20,962 (89.3) 39,167 (91.4) 22,408 (86.9) 15,082 (91.5)

Other 5044 (4.6) 1269 (5.4) 1603 (3.7) 1452 (5.6) 720 (4.4)

Unknown 8048 (7.4) 1938 (8.3) 2397 (5.6) 2500 (9.7) 1213 (7.4)

Data are n (%), mean ± SD or median (IQR)

High-risk agents were insulin and sulfonylureas; low-risk agents were metformin, DPP4 inhibitors, TZDs, acarbose and glitinides

ADG, Aggregated Diagnosis Group; AF, atrial fibrillation; CABG, coronary artery bypass graft; CHF, congestive heart failure; CKD, chronic kidney
disease; DPP4; dipeptidyl peptidase 4; MI, myocardial infarction; PCI, percutaneous coronary intervention; TZD, thiazolidinedione

Fig. 1 Crude cumulative incidence of the composite of diabetes-related
ED visit/hospitalisation or all-cause death over 90 days among older
adults with diabetes. The shaded regions indicate the upper and lower
95% CI
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regimens were not isolated. More recently, a study using data
from the National Health and Nutrition Examination Survey
reported an attributable excess risk of hypoglycaemia-related
ED visits or hospitalisations with an HbA1c of <38 mmol/mol
(<5.6%), regardless of the anti-hyperglycaemic agents used
[25]. However, this study did not evaluate the excess risk in
older adults, who are the most vulnerable, nor did it isolate the
risk associated with high-risk medications. Another US study
reported that intensive control among older adults was asso-
ciated with a 77% increased risk of severe hypoglycaemia,
even when excluding individuals on insulin who would be
expected to have the highest risk of hypoglycaemia [24]. We
report that adults taking insulin or sulfonylurea, especially
with intensive control, had a higher risk of serious events
compared with those on low-risk agents.

Insulin and sulfonylureas are two of the top four drugs
associated with serious drug-related events among older
adults [7], and our findings underscore the dangers of inten-
sive control particularly among individuals using these high-
risk agents. While the use of insulin may be appropriate in
older adults in certain settings (e.g. reduced renal function,
loss of secretory insulin capacity), clinicians need to use it
with caution and aim for higher glycaemic targets in these
settings. Similarly, because longer-acting sulfonylureas (e.g.
glibenclamide [known as glyburide in the USA and Canada],
chlorpropamide) may further increase the risk of
hypoglycaemia, the use of these agents should be avoided
[40]. Assessing frailty in older adults is also critical when
choosing glycaemic targets. Frailty is associated with
decreased life expectancy and is a better predictor of mortality

Table 2 Impact of intensive glycaemic control with high-risk agents on risk of diabetes-related ED visit/hospitalisation or all-cause mortality

Comparator groups Events, n (%) Univariate RR (95% CI) Weighted RRa (95% CI)

30 days

Intensive control, high-risk agents vs 217 (0.92) 2.24 (1.71, 2.94) 1.49 (1.08, 2.05)

Conservative control, low-risk agents 68 (0.41) Ref. Ref.

Intensive control, high-risk agents vs 217 (0.92) 1.37 (1.12, 1.67) 1.25 (1.02, 1.52)

Conservative control, high-risk agents 174 (0.67) Ref. Ref.

Intensive control, high-risk agents vs 217 (0.92) 2.22 (1.82, 2.71) 1.48 (1.18, 1.85)

Intensive control, low-risk agents 178 (0.42) Ref. Ref.

90 days

Intensive control, high-risk agents vs 628 (2.67) 1.93 (1.66, 2.25) 1.27 (1.07, 1.51)

Conservative control, low-risk agents 228 (1.38) Ref. Ref.

Intensive control, high-risk agents vs 628 (2.67) 1.16 (1.04, 1.30) 1.07 (0.95, 1.19)

Conservative control, high-risk agents 592 (2.30) Ref. Ref.

Intensive control, high-risk agents vs 628 (2.67) 2.26 (2.01, 2.54) 1.55 (1.36, 1.77)

Intensive control, low-risk agents 507 (1.18) Ref. Ref.

High-risk agents were insulin and sulfonylureas; low-risk agents were metformin, dipeptidyl peptidase 4 inhibitors, thiazolidinediones, acarbose and
glitinides
aModel weighted by inverse probability of being overtreated based on propensity score of baseline variables

Table 3 Impact of intensive glycaemic control with high-risk agents vs comparators (conservative control, low/high-risk agents; intensive control, low-
risk agents) on the risk of hypoglycaemia- or diabetes-related ED visit/hospitalisation and all-cause mortality at 30 days

Comparator Hypoglycaemia-related ED visit/
hospitalisation

Diabetes-related ED visit/
hospitalisation

All-cause mortality

Univariate Weighteda Univariate Weighteda Univariate Weighteda

Conservative control, low-risk agents 8.07 (3.15, 18.6) 6.83 (2.89, 16.2) 2.65 (1.58, 4.46) 1.94 (1.06, 3.57) 1.61 (1.15, 2.27) 1.05 (0.70, 1.57)

Conservative control, high-risk agents 1.68 (1.16, 2.45) 1.57 (1.07, 2.29) 1.33 (0.94, 1.90) 1.25 (0.88, 1.79) 1.41 (1.06, 1.88) 1.24 (0.93, 1.65)

Intensive control, low-risk agents 7.00 (4.16, 11.8) 3.78 (2.13, 6.71) 2.82 (1.93, 4.12) 1.59 (1.04, 2.44) 1.59 (1.23, 2.06) 1.17 (0.87, 1.57)

Data are RR (95% CI)

High-risk agents were insulin and sulfonylureas; low-risk agents were metformin, dipeptidyl peptidase 4 inhibitors, thiazolidinediones, acarbose and
glitinides
aModel weighted by the inverse probability of being overtreated based on the propensity score of baseline variables
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risk and adverse events than age or number of comorbidities
[19, 41]. As such, intensive glycaemic targets and high-risk
agents should be particularly avoided in frail, older adults.
Future studies that assess the impact of frailty on adverse
outcomes with intensive glycaemic control are warranted.

The prevalence of intensive glycaemic control and poten-
tial overtreatment in our cohort is consistent with that reported
in other studies. Several US studies have reported intensive
control and overtreatment rates ranging from 26% to 54.9% in
adults >65 years [8, 21, 22]. Similarly, a large European study
reported that 44.7% of individuals aged >65 years identified
from primary care registries were potentially overtreated [23].
Of concern is that the prevalence of overtreatment is similar
among individuals who are frail or have multiple comorbidi-
ties, despite these groups being at the highest risk of
hypoglycaemia and least likely to benefit from intensive
glycaemic targets [8, 42]. In our cohort, the high prevalence
of intensive glycaemic control and potential overtreatment
was similarly worrisome, since the mean age was 80 years
and individuals had a high burden of comorbidities.

National and international diabetes guidelines are increas-
ingly recommending higher glycaemic targets for older adults,
especially for those with comorbidities and frailty. The ADA
recommends an HbA1c target of <58 mmol/mol (<7.5%) for
healthy older adults (>65 years) and <64–69 mmol/mol (<8–
8.5%) for older adults with multiple comorbidities, cognitive
impairment or functional impairment [43]. Similarly, Diabetes
Canada guidelines from 2013, which would have been
contemporary to this study, recommended careful use of insu-
lin and sulfonylureas in older adults and relaxing glycaemic
targets to ≤69 mmol/mol (≤8.5%) in frail, older adults with
multiple comorbidities [44]. More recently, the 2018 Diabetes
Canada guidelines recommend that HbA1c targets be no lower
than 53mmol/mol (7%) for older adults with frailty to account
for the potential harms of intensive control [19]. Strategies for
improving the dissemination and implementation of practice
guidelines, such as communications campaigns, clinician and
patient education, decision-support tools, audits and feedback
are critical for aligning diabetes practice with recommenda-
tions for this vulnerable population [45, 46].

Clinical inertia once a treatment is started as well as a focus
on standard glycaemic targets without adopting a personalised
approach to treatment goals may be contributing to these
trends [47]. We showed that the HbA1c remained under
53 mmol/mol (7%) by the second HbA1c test in over half of
individuals with intensive control on a high-risk agent.
Barriers for deintensifying glycaemic control in older adults
may be a lack of evidence-based guidel ines for
deintensification [47], misperceptions as to possible negative
repercussions of deprescribing and an underestimation of the
potential harms [48]. A shared decision-making process
between physician and patient, patient decision aids [6],
patient-specific education on both the risks and benefits of

treatment, and an understanding of each individual patient’s
values and preferences [18, 49] are critical for successful
deprescribing strategies.

Strengths and limitations There are numerous strengths to our
study. This is the first study, to our knowledge, that has eval-
uated the risk of serious adverse events associated with diabe-
tes overtreatment on a population level in older adults. We
used validated data sources and included a large population-
based, real-world sample of individuals with complete drug
and laboratory data. We performed several comparisons and
sensitivity analyses to support the robustness of our findings,
and we used a propensity-weighted approach to account for
baseline comorbidities and to minimise selection bias.
However, there are limitations to this study. First, we based
the category of glycaemic control on a single HbA1c value,
which may not be representative of ongoing glycaemic
control. To address this, we performed a secondary analysis
to account for ongoing overtreatment and found a similarly
increased risk of ED visits/hospitalisations with persistent
overtreatment. Second, while our analysis was propensity-
weight adjusted to account for all available baseline covari-
ates, as in all observational studies, biases may have remained
from unmeasured and unknown confounders. While propen-
sity score methods can mitigate bias from confounding due to
measured covariates, such methods are unable to account for
confounding due to unmeasured confounders (both known
and unknown unmeasured confounders). Nevertheless, in
subgroup analyses of the individual outcomes, we found that
after weighting there was no increased risk of mortality
between our exposure and comparator groups, which suggests
that we were able to account for important potential biases.
Third, we only accounted for severe hypoglycaemia and
diabetes-related events that resulted in ED visits,
hospitalisations or death, and we may therefore be
underreporting the true burden of serious events associated
with intensive glycaemic control and high-risk agents.

Conclusions Using large representative provincial databases,
we showed that a high proportion of community-dwelling older
adults with diabetes are treated to intensive glycaemic targets,
with one in five of these individuals exposed to potentially
harmful medications. We report a nearly 50% increased short-
term risk of diabetes-related hospital visits or death associated
with intensive glycaemic control with insulin or sulfonylureas,
indicating the harms outweigh the benefits for these individuals.
Our findings underscore recommendations from national diabe-
tes guidelines that emphasise the risks associated with intensive
control and overtreatment, especially among older adults.
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