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Abstract

Background: Few studies have evaluated continuous glucose monitoring (CGM) in older patients with type 2 diabetes
mellitus (T2DM) not using injectable therapy. CGM is useful for investigating hypoglycemia and glycemic variability, which is
associated with complications in T2DM.

Methods: A CGM substudy of Individualized treatMent aPproach for oldER patlents in a randomized trial in type 2 diabetes
Mellitus (IMPERIUM)) was conducted. Patients were vulnerable (moderately ill and/or frail) older (=65 years) individuals
with suboptimally controlled T2DM. Strategy A comprised glucose-dependent therapies (n = 26) with a nonsulfonylurea
oral antihyperglycemic medication (OAM) and a glucagon-like peptide-| receptor agonist as the first injectable. Strategy B
comprised non-glucose-dependent therapies (n = 21) with sulfonylurea as the preferred OAM and insulin glargine as the
first injectable. Primary endpoints were duration and percentage of time spent with blood glucose (BG) <70 mg/dL over 24
hours at week 24.

Results: Duration and percentage of time spent with hypoglycemia at <70 mg/dL were similar for Strategy A and Strategy
B; glycemic control improved similarly in both arms (LSM change in HbAlc at week 24; A = —1.2%, B = —1.4%). Duration
and percentage time spent with euglycemia and hyperglycemia were also similar in both arms. However, Strategy A was
associated with lower within-day (21.1 £ 1.2 vs 25.1 + 1.4, P = .046) and between-day (5.4 + 1.0 vs 9.1 £ 1.3, P = .038) BG
variability (coefficient of variance [LSM % SE]) at week 24.

Conclusions: This CGM substudy in older patients with T2DM showed lower within- and between-day BG variability with
glucose-dependent therapies but similar HbA | c reductions and hypoglycemia duration with glucose-independent strategies.
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Lowering blood glucose (BQG) to a safe but effective range
is important in the treatment of type 2 diabetes mellitus
(T2DM) but age and functional status should be taken into
account when setting treatment goals.'” National and inter-
national guidelines now recommend individualized glyce-
mic targets aligned with functional status for people with
T2DM.” The American Geriatric Society and the American

Diabetes Association recommend an A1C target of 7.5% to
8.0% for most older adults, and of 8.0% to 9.0% in older
adults with multiple comorbidities, poor health, and limited
life expectancy.®’

Older individuals are at higher risk of developing hypo-
glycemia which is often under-recognized in this population
and may be associated with severe consequences such as
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falls, cognitive impairment, and hospitalization.® Recurrent
episodes of hypoglycemia can have significant physical and
cognitive effects, and lead ultimately to frailty, disability and
increased mortality.’

Several treatments that exert glucose-dependent action but
do not increase hypoglycemia risk*'® (eg, dipeptidyl-pepti-
dase-4 [DPP-4] inhibitors, thiazolidinediones, glucagon-like
peptide-1 receptor agonists [GLP-1 RA] and sodium-glucose
cotransporter-2 [SGLT-2] inhibitors) are available. However,
older patients are commonly treated with medications that exert
a non-glucose-dependent action, such as sulfonylureas and
insulin, which may confer a higher risk of hypoglycaemia.'"

Hypoglycemia can be difficult to diagnose in older adults
and can easily be missed by intermittent BG monitoring,'*
Emerging data suggest that all hypoglycemic events may be
clinically relevant. For example, both severe hypoglycemia and
nocturnal hypoglycemia are associated with an increased risk of
cardiac arrhythmias'>'® Unrecognized hypoglycemic episodes
and nocturnal hypoglycemia are of particular concern in older
patients with T2DM." Unfortunately, the magnitude of this
potential problem is not well characterized in these individuals.

Continuous glucose monitoring (CGM) devices record
interstitial glucose values frequently and are therefore par-
ticularly useful for identification of asymptomatic and noc-
turnal hypoglycemic episodes.'” In addition, CGM is a useful
tool for investigating glycemic variability (GV), which has
been associated with the development of microvascular com-
plications in T2DM."®

The Individualized treatMent aPproach for oldER patlents
in a randomized trial in type 2 diabetes Mellitus (IMPERIUM)
study compared the efficacy and safety of 2 antihyperglycemic
treatment strategies in vulnerable (moderately ill and/or frail)
older (=65 years) individuals with suboptimally controlled
T2DM." Strategy A used oral and injectable therapies that do
not stimulate insulin secretion when BG reaches normal/low
values (a glucose-dependent mode of action). GLP-1 RA was
a preferred first-line injectable. Sulfonylureas and insulin were
excluded. Strategy B used treatments that exert their glucose-
lowering effect irrespective of prevailing glycemia; sulfonyl-
ureas were the preferred oral antihyperglycemic medication
(OAM) and insulin the preferred first-line injectable therapy
(non-glucose-dependent agents). The study results showed
similar proportions of older, vulnerable patients with T2DM

achieved/maintained glycemic treatment goals without clini-
cally significant hypoglycemia with Strategy A or Strategy B.
However, glucose-dependent therapies as expected, resulted
in lower risk of total, documented symptomatic and asymp-
tomatic hypoglycemia.

This CGM substudy of IMPERIUM was conducted to
better characterize the duration and percentage of time spent
in hypoglycemia for the 2 treatment strategies evaluated in
the main study.

Methods
Study Design

A detailed description of the main study design and results has
been reported.lg In brief, this randomized, multinational, open-
label, in-label, active-controlled, parallel group study involved
moderately ill and/or frail older patients. This study compared
the efficacy of 2 treatment strategies in achieving/maintaining
glycemic control without “clinically significant hypoglycemia,”
defined as severe hypoglycemia or repeated hypoglycemia
causing interruption of patients’ activities or BG <54 mg/dL.

The primary objective of this CGM substudy was to com-
pare the impact of the 2 treatment strategies (A and B) stud-
ied in the IMPERIUM trial on duration of time (in minutes)
and percentage of time spent with a BG <70 mg/dL during
the 24-hour period. The secondary objectives were to com-
pare the impact of the 2 treatment strategies on the following
outcome measures: (1) duration and percentage of time spent
during a 24-hour period for hypoglycemia (BG <70 mg/dL or
<54 mg/dL), euglycemia (BG >71 to <180 mg/dL) and
hyperglycemia (BG >180 mg/dL); (2) duration and percent-
age of time spent with hypoglycemia (BG <70 mg/dL and
<54 mg/dL) during the nocturnal period (midnight to 0600
hours); (3) mean glucose level during a 24-hour period; (4)
BG level variability during a 24-hour period.

The study was conducted according to the ethical principles of
the Declaration of Helsinki and Council for International
Organizations of Medical Science International Ethical Guidelines,
the International Conference on Harmonization Good Clinical
Practice Guidelines, and applicable laws and regulations.

CGM was offered to a subgroup of patients in the IMPERIUM
study at multiple study sites. All patients participating in the
CGM substudy had to meet the inclusion criteria for the main
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IMPERIUM study listed below. In addition, patients were
required to be willing to wear a CGM device without interrup-
tion for >72 hours and have a normal wake/sleep pattern.
Patients participating in the CGM substudy signed a CGM sub-
study-specific informed consent form at visit 1.

Patients (male or female) eligible for the IMPERIUM study
were >65 years with T2DM, HbAlc >7.3% and <10.9% and
>0.4% higher than the upper limit of the individualized target
range set at screening. Patients were assessed according to
established frailty scales (Clinical Frailty Scale [CFS])* and
comorbidities (Total Illness Burden Index [TIBI])*' and were
required to have a CFS score >4 and/or a TIBI score >5.
Patients could enroll if before study entry they were treated
with diet and exercise (only if metformin contraindicated) or
for >3 months received OAMs, as monotherapy/dual combi-
nation: sulfonylurea (any dose); maximally tolerated/effective
doses of metformin (=1500 mg/day), DPP-4 inhibitor (any
marketed dose), thiazolidinedione (=30 mg/day of piogli-
tazone/>4 mg/day of rosiglitazone), or acarbose (=75 mg/day).

Individualized treatment targets (HbAlc 7.5% to 7.9%,
7.0% to 7.4%, or <7%) were chosen before randomization
(at screening) and based primarily on life expectancy, hypo-
glycemic burden/risk, comorbidities, and cognitive/func-
tional status. These guidelines are described in more detail in
the IMPERIUM study manuscript.'’

Marketed OAMs and injectable glucose-lowering treat-
ments were used across different lines of treatment in each
strategy, beginning with a single OAM and progressing to 3
OAMs, and/or first-line injectable therapy. Patients random-
ized to Strategy A (Supplementary Figure 1) were excluded
from sulfonylurea and insulin therapy. If OAMs were not effec-
tive and injectable treatment was indicated, Strategy A patients
commenced available GLP-1 RA therapy (exenatide twice-
daily, exenatide once-weekly, or liraglutide at the discretion of
the investigator). Patients randomized to Strategy B
(Supplementary Figure 1) were treated with glimepiride as part
of any OAM treatment (monotherapy, dual, or triple combina-
tion) and insulin glargine (Lantus®) as first-line injectable
treatment. Treatments were titrated throughout the study until
the maximally tolerated and/or approved doses or preset, indi-
vidualized HbA 1¢ target were reached. If maximally tolerated
and/or approved doses were reached but individualized HbAlc
targets were not met, next-line therapy was initiated by adding
another treatment. The treatment strategies are described in
more detail in the IMPERIUM study manuscript."’

Enrollment in the IMPERIUM study began in February
2014, and the last patient completed/data cutoff in October
2015. The CGM substudy was conducted during the first 24
weeks of the IMPERIUM study. Patients were asked to per-
form CGM on 2 occasions, for 72 hours per occasion, within
10 days prior to randomization (Visit 2) and 24 weeks of
treatment (Visit 6) (Supplementary Figure 1). A Medtronic
iPro 2 CGM system (Northridge, CA) was used. Trained
investigative staff inserted the CGM device according to the
product directions for use. Patients were trained on the use of
the CGM device and the requirements for CGM, including

Table I. Patient Characteristics.

Glucose-dependent Glucose-independent
Strategy A (N = 26) Strategy B (N = 21)

Male, % of patients 61.5 61.9
Age, years 692 +43 71.0 £ 4.6
Race, % of patients

Caucasian 88.5 71.4
BMI, kg/m? 294 +49 292+48
HbAlc, % 85+ 1.0 83+07
FBG, mg/dL 158 + 38 160 + 38
TIBI? 4020 38+29
CFs* 40+0.2 4.1+0.2
Prior OAM, n (%)

| OAM 6 (23.1) 9 (42.9)

2 OAMs 18 (69.2) 12 (57.1)

3 OAMs 2(7.7) 0 (0)
Prior SU use, n (%) 16 (61.5) 12 (57.1)
eGFR group, n (%)

230 to <60 mL/min/1.73 m? 6 (23.1) 3(14.3)

260 to <90 mL/min/1.73 m? 11 (42.3) 9 (42.9)

290 mL/min/1.73 m? 9 (34.6) 9 (42.9)

Data are presented as mean * standard deviation unless otherwise indicated. No
statistically significant differences between treatment strategies for all parameters
except TIBl and CFS (the means for TIBI and CFS were not compared).

®n = 20 for glucose-independent arm.

the need to maintain a diary and collect self-monitoring
blood glucose readings. Patients were blinded to the CGM
results during the study. All patients who were enrolled in
this addendum and received at least 1 dose of study drug and
had CGM results from at least 1 collection time point were
included in these analyses.

Statistical Analyses

All endpoints were prespecified. A total of 40 patients (54
randomized) with valid CGM measurements were required
to provide 80% power to detect a difference between treat-
ment groups of 130 minutes of hypoglycemia <70 mg/dL,
assuming a standard deviation of 140 minutes and a two-
sided type I error of .05. Analysis of variance (ANOVA) and
analysis of covariance (ANCOVA) were applied to treat-
ment-arm comparisons of duration (in minutes) and percent-
age of time spent in prespecified glycemic ranges before
randomization (baseline) and week 24. Covariates included
treatment strategy, treatment target, country, prestudy OAM,
and prestudy sulfonylurea use. BG variability was assessed
using within-day standard deviation, and within-day and
between-day coefficient of variance. ANOVA and ANCOVA
were applied to treatment-arm comparisons of mean BG and
BG variability at baseline and week 24.

Results

A total of 47 patients were included in the CGM substudy of
IMPERIUM (Strategy A, n = 26; Strategy B, n = 21).
Baseline characteristics for patients in each strategy were
well balanced (Table 1). Patients were from Puerto Rico
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Table 2. Study Treatment.
Glucose-dependent Glucose-independent
Strategy A (N = 26) Strategy B (N = 20) P value
Maximum line of treatment
Biguanides: metformin 24 (92.3) 17 (85.0) .640
DPP-4 inhibitors 23 (88.5) Il (55.0) .010
Sitagliptin 13 (50.0) 7 (35.0) .309
Linagliptin 10 (38.5) 4 (20.0) 177
SU: glimepiride 0 (0.0) 19 (95.0) <.001
TZD: pioglitazone 19 (73.1) 2 (10.0) <.001
GLP-1 RA: exenatide QW 4 (15.4) 0 (0.0 121
Insulin glargine 0 (0.0) 2 (10.0) .184
Data are presented as n (%).
80 - m Glucose-Dependent Strategy-A
O Glucose-Independent Strategy-B
8 60 -
=
£
£ A-B:-257
3 95% Cl: -66.0, 14.5
2 40 - P=.203
© A-B:-189
3 95% Cl: -53.3, 15.5
a A-B:-133 '
95% CI--32.3, 5.8 p=213
20 | P=.165
A-B:0.22
95% Cl:-3.9, 4.3
42 P=915
0 347 19.6 234 145 093
Baseline Week 24 Baseline Week 24
BG <70 mg/dL BG <70 mg/dL BG =54 mg/dL BG <54 mg/dL

Figure I A. Duration of hypoglycemia during a 24-hour period at baseline and week 24. Data are presented as least squares mean.

(Strategy A, n = 23; Strategy B, n = 16) or the United States
(Strategy A, n = 3; Strategy B, n = 5). Predominant study
treatments were metformin (92.3%), DPP-4 inhibitors
(88.5%), and thiazolidinediones (pioglitazone, 73.1%) in
Strategy A, and glimepiride (95.0%), metformin (85.0%),
and DPP-4 inhibitors (55.0%) in Strategy B (Table 2).

A small number of patients spent time with BG <70 mg/
dL at baseline (Strategy A, n = 3; Strategy B, n = 5) and 24
weeks (Strategy A, n =4; Strategy B, n=6) and with BG <54
mg/dL at baseline (Strategy A, n = 1; Strategy B, n = 3) and
24 weeks (Strategy A, n = 1; Strategy B, n = 1). Durations of
hypoglycemia (BG <70 mg/dL and <54 mg/dL), euglycemia
(BG 271 mg/dL to <180 mg/dL), and hyperglycemia (>180
mg/dL) during a 24-hour period were similar between
Strategy A and Strategy B at baseline and at week 24 (Figure
1A, Supplementary Table 1). Similarly, percentage of time
spent with hypoglycemia (BG <70 mg/dL and <54 mg/dL),
euglycemia (BG >71 to <180 mg/dL), and hyperglycemia
(>180 mg/dL) during 24-hour period were similar between

Strategy A and Strategy B at baseline and at week 24 (Figure
1B, Supplementary Table 1).

Glycemic control improved similarly in both arms; mean
change in HbAlc from baseline to week 24 was similar
between Strategy A and Strategy B with reductions of —1.2%
and —1.4% (P = .405), respectively (Figure 2).

Duration of nocturnal hypoglycemia was similar between
Strategy A and Strategy B at baseline (<70 mg/dL [LSM + SE,
minutes]: A=5.3+4.3vs B=13.9+4.9, P=.200) and at week
24 (<70 mg/dL [LSM + SE, minutes]: A=3.7+3.3vs B=11.2
+3.7, P=.156) (Figure 3A, Supplementary Table 2). Similarly,
percentage of time spent with nocturnal hypoglycemia was
similar between Strategy A and Strategy B at baseline (<70 mg/
dL[LSM+SE]:A=15+12vs B=39+ 14, P=.200) and
at week 24 (<70 mg/dL [LSM = SE]: A=1.0+£09 vs B=3.1
+ 1.0, P =.200) (Figure 3B, Supplementary Table 2).

At baseline, glycemic variability over a 24-hour period
was similar between Strategy A and Strategy B (Figure 4,
Supplementary Table 3). At week 24, Strategy A was



1188

Journal of Diabetes Science and Technology 12(6)
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Figure IB. Percentage of time spent in euglycemia and hyperglycemia during a 24-hour period at baseline and week 24. Data are

presented as least squares mean.
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-2 - 95% CI: -0.3, 0.6

P=405

Figure 2. Change in HbAlc from baseline to week 24. Data are
presented as least squares mean * standard error.

associated with lower within-day (21.1 £ 1.2 vs 25.1 £ 1.4,
P = .046) and between-day (5.4 + 1.0 vs 9.1 £ 1.3, P =
.038) BG variability (coefficient of variance [LSM + SE])
(Figure 4, Supplementary Table 3).

Discussion

We describe the first report on glucose variability utilizing
CGM in a specific population of vulnerable (moderately ill
and/or frail) older (=65 years) individuals with suboptimally
controlled T2DM. This IMPERIUM substudy showed simi-
lar duration and percentage of time spent with hypoglycemia
at <70 mg/dL for newer glucose-dependent versus traditional
non-glucose-dependent treatment strategies. Glycemic con-
trol improved similarly in both arms, and duration and per-
centage time spent with euglycemia and hyperglycemia were
also similar in both arms. However, the glucose-dependent
strategy was associated with lower within- and between-day
BG variability.

The use of CGM, including real-time CGM, has been
reported to reduce episodes of severe hypoglycemia and
improve quality of life in older patients.”> However, most stud-
ies to date have evaluated use of CGM in older patients with
type 1 diabetes mellitus (TIDM). There have been very few
studies on CGM use in older patients with T2DM who do not
use injectable therapy. In addition, a significant barrier for
many patients, especially older patients who may be on a fixed
income, is lack of insurance coverage for CGM in patients
with T2DM. A recent CGM study showed that HbAlc levels
are not associated with hypoglycemia risk in older patients
with T2DM on insulin therapy, and that higher HbAlc goals
do not protect against hypoglycemia.® These findings are con-
sistent with a post hoc analysis of the Action to Control
Cardiovascular Risk in Diabetes (ACCORD) trial which
showed an increased risk of hypoglycemia in patients with
poorer glycemic control.”* In the current study, at baseline,
there were large differences between patients in daily glucose
control and in time spent in hypoglycemia. These differences
could not have been appreciated without the use of CGM.

One of the benefits of CGM is the ability to characterize GV.
GV increases with age™ and is thought to be a predictor of com-
plications.” A recent systematic literature review suggests that
in patients with T2DM, GV is associated with increased risk of
microvascular complications (eg, retinopathy) and with an
increased risk of cardiovascular complications (eg, coronary
artery disease).'® Severe hypoglycemia is associated with higher
GV, but not lower HbAlc or mean glucose levels, in older
patients with TIDM.”® In older patients with T2DM, impair-
ment of cognitive performance is associated with higher GV
independent of HbA l¢ and glucose levels.”” A recent subanaly-
sis of the Trial Comparing Cardiovascular Safety of Insulin
Degludec vs Insulin Glargine in Patients with Type 2 Diabetes
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Figure 3A. Duration of hypoglycemia during nocturnal period (midnight to 0600 hours). Data are presented as least squares mean.
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Figure 3B. Percentage of time spent with hypoglycemia during nocturnal period (midnight to 0600 hours). Data are presented as least

squares mean.
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Figure 4. Glycemic variability over 24-hour period.
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at High Risk of Cardiovascular Events (DEVOTE), showed that
higher day-to-day fasting GV is associated with increased risks
of severe hypoglycemia and all-cause mortality.® It has been
suggested that minimizing GV may be equally as important as
preventing hypoglycemia in older patients.”” Some have sug-
gested that GV may be as important as traditional measures of
glycemic control, such as HbA1c and BG, for optimal glycemic
control.*® Recent recommendations suggest that variables other
than HbA 1c such as GV, be used to adequately describe glucose
control and to tailor individualized approaches for patients.’'*
The findings of reduced GV (within-day and between-day
types) with Strategy A compared with Strategy B in the current
study are of interest because of the aforementioned associations
of GV with complications. In the main IMPERIUM study,'” the
low overall risk of severe hypoglycemia, driven by conservative
use of therapies and also because patients were less prone to
developing hypoglycemia than originally assumed, may explain
why the reduced GV findings were not reflected in the severe
hypoglycemia findings. A treatment strategy which reduces GV
may be particularly beneficial in older patients with T2DM,
who are often vulnerable because of comorbid conditions and/
or frailty.”*** However, the clinical significance of these find-
ings needs to be assessed in future studies which should include
more thorough CGM evaluations in larger patient groups.

While our study is the first of its kind in this population of older
adults, we acknowledge several limitations which include the
small sample size that contributed to the large numerical variations
within arms and the large numerical differences between arms,
especially for baseline hypoglycemia duration. An additional limi-
tation, which was also acknowledged in the main IMPERIUM
study,' is that enrolled patients were generally younger and less
frail than anticipated for Strategies-A and B (mean CFS, 4.0 and
4.1; mean TIBI, 4.0 and 3.8, respectively), and findings may not be
reflective of those in very frail and/or very old patients. In addition,
two-thirds of patients were taking sulfonylureas at baseline which
meant that we presumably selected for patients who did not
develop severe/symptomatic hypoglycemia on sulfonylureas.
Finally, our study demonstrates that in a randomized controlled
trial setting, and in the hands of experienced investigators, despite
treatment intensification for 24 weeks (HbA 1¢ reduction of —1.2%
and —1.4% for Strategy A and Strategy B, respectively) time spent
in hypoglycemia remained low (6 minutes and 20 minutes/24
hours, BG <70 mg/dl for Strategy A and Strategy B, respectively)
irrespective of the treatment strategy.

Conclusion

This CGM substudy in older patients with T2DM showed
lower within- and between-day BG variability for glucose-
dependent strategies, but similar HbAlc reductions and
hypoglycemia duration with glucose-independent strate-
gies. These results provide a platform for a more detailed
inquiry of GV in older people with T2DM, where achieving
suitable glycemic control is balanced with protection from
hypoglycemia.

Abbreviations

ACCORD, Action to Control Cardiovascular Risk in Diabetes;
ANCOVA, analysis of covariance; ANOVA, analysis of variance;
BG, blood glucose; BMI, body mass index; CFS, Clinical Frailty
Scale; CGM, continuous glucose monitoring; CI, confidence inter-
val; COV, coefficient of variance; DEVOTE, Trial Comparing
Cardiovascular Safety of Insulin Degludec vs Insulin Glargine in
Patients with Type 2 Diabetes at High Risk of Cardiovascular
Events; DPP-4, dipeptidyl-peptidase-4; eGFR, estimated glomeru-
lar filtration rate; FBG, fasting blood glucose; GLP-1 RA, gluca-
gon-like peptide-1 receptor agonists; GV, glycemic variability;
IMPERIUM, individualized treatment approach for older patients
in a randomized trial in type 2 diabetes mellitus; OAM, oral antihy-
perglycemic medication; QW, once weekly; SGLT-2, sodium-glu-
cose cotransporter-2; SU, sulfonylurea; TIBI, Total Illness Burden
Index; TIDM, type 1 diabetes mellitus; T2DM, type 2 diabetes mel-
litus, TZD, thiazolidinedione.

Acknowledgment

The authors thank Michelle Carey, PhD (Syneos Health) for writing
and editorial assistance.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of interest
with respect to the research, authorship, and/or publication of this
article: REP has consulted for AstraZeneca, Boehringer-Ingelheim,
GlaxoSmithKline, Hanmi Pharmaceutical Co, Janssen
Pharmaceuticals, Ligand Pharmaceuticals, Eli Lilly and Company,
Merck, Novo-Nordisk, and Takeda. He has received research support
from Eli Lilly and Company, Merck Sharp & Dohme, Novo Nordisk,
Sanofi, and Takeda and has spoken on behalf of AstraZeneca and
Novo Nordisk. All honoraria and fees from these activities have been
directed to a nonprofit. REP does not receive any direct or indirect
compensation for these services. JR has served on scientific advisory
boards and received honorarium or consulting fees from Eli Lilly,
Novo Nordisk, Sanofi, Merck, Daiichi Sankyo, Janssen, Boehringer
Ingelheim, AstraZeneca and Intarcia. He has received grants/research
support from Merck, Pfizer, Sanofi, Novo Nordisk, Bristol-Myers
Squibb, Eli Lilly, GlaxoSmithKline, Takeda, AstraZeneca, Hanmi,
Janssen, Daiichi Sankyo, Asahi, MannKind, Boehringer Ingelheim,
Intarcia, and Lexicon. SRH has undertaken consultancy for Novo
Nordisk, Eli Lilly and Company, Sanofi, Boehringer Ingelheim,
Merck Sharp & Dohme, and Takeda. He has received research sup-
port from Medtronic and has been a member of speaker bureaus for
Novo Nordisk, Eli Lilly and Company, Sanofi, Takeda, and Merck
Sharp & Dohme. AS has received consultancy fees from Merck,
Takeda, Novartis, and Eli Lilly and Company. RJH, JK, CSB, RD,
and AF and are full-time employees and minor stockholders of Eli
Lilly and Company.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: This
work was funded by Eli Lilly and Company.

Supplemental Material

Supplemental material for this article is available online.



Pratley et al

1191

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of
hyperglycemia in type 2 diabetes, 2015: a patient-centered
approach: update to a position statement of the American
Diabetes Association and the European Association for the
Study of Diabetes. Diabetes Care. 2015;38:140-149.

. Lee SJ, Eng C. Goals of glycemic control in frail older patients

with diabetes. JAMA. 2011;305:1350-1351.

. International Diabetes Federation. 2013. Managing older peo-

ple with type 2 diabetes: global guideline. http://www.idf.org/
sites/default/files/IDF-Guideline-for-older-people-T2D.pdf.
Accessed October 14, 2016.

. Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of

hyperglycaemia in type 2 diabetes: a patient-centered approach.
Position statement of the American Diabetes Association
(ADA) and the European Association for the Study of Diabetes
(EASD). Diabetologia. 2012;55:1577-1596.

. Kirkman MS, Briscoe VJ, Clark N, et al. Diabetes in older adults:

a consensus report. J Am Geriatr Soc. 2012;60:2342-2356.

. American Diabetes Association. 11. Older Adults. Diabetes

Care. 2017;40:5S99-S104.

. American Geriatrics Society Expert Panel on Care of Older

Adults with Diabetes Mellitus, Angione CM, Imbro L, Aisberg
E. Guidelines abstracted from the American Geriatrics Society
Guidelines for Improving the Care of Older Adults with Diabetes
Mellitus: 2013 update. J Am Geriatr Soc. 2013;61:2020-2026.

. Sinclair A, Morley JE, Rodriguez-Manas L, et al. Diabetes

mellitus in older people: position statement on behalf of
the International Association of Gerontology and Geriatrics
(IAGG), the European Diabetes Working Party for Older
People (EDWPOP), and the International Task Force of Experts
in Diabetes. J Am Med Dir Assoc. 2012;13:497-502.

. Abdelhafiz AH, Rodriguez-Manas L, Morley JE, Sinclair AJ.

Hypoglycemia in older people—a less well recognized risk
factor for frailty. Aging Dis. 2015;6:156-167.

Tahrani AA, Barnett AH, Bailey CJ. SGLT inhibitors in manage-
ment of diabetes. Lancet Diabetes Endocrinol. 2013;1:140-151.
Brouwer ES, West SL, Kluckman M, et al. Initial and subsequent
therapy for newly diagnosed type 2 diabetes patients treated in
primary care using data from a vendor-based electronic health
record. Pharmacoepidemiol Drug Saf. 2012;21:920-928.

Fu H, Curtis BH, Schuster DP, Festa A, Kendall DM. Treatment
patterns among older patients with type 2 diabetes in the United
States: a retrospective cohort study. Diabetes Technol Ther.
2014;16:833-839.

Payk SL, Drew RH, Smith JD, Jiroutek MR, Holland MA.
Sulfonylurea prescribing patterns after the introduction of
DPP-4 inhibitors and GLP-1 receptor agonists. Clin Ther.
2015;37:1477-1482.

Munshi MN, Segal AR, Suhl E, et al. Frequent hypoglycemia
among elderly patients with poor glycemic control. Arch Intern
Med. 2011;171:362-364.

Chow E, Bernjak A, Williams S, et al. Risk of cardiac arrhyth-
mias during hypoglycemia in patients with type 2 diabetes and
cardiovascular risk. Diabetes. 2014,63:1738-1747.

Stahn A, Pistrosch F, Ganz X, et al. Relationship between hypo-
glycemic episodes and ventricular arrhythmias in patients with
type 2 diabetes and cardiovascular diseases: silent hypoglyce-
mias and silent arrhythmias. Diabetes Care. 2014;37:516-520.
Gehlaut RR, Dogbey GY, Schwartz FL, Marling CR, Shubrook
JH. Hypoglycemia in type 2 diabetes—more common than you

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

think: a continuous glucose monitoring study. J Diabetes Sci
Technol. 2015;9:999-1005.

Smith-Palmer J, Brandle M, Trevisan R, Orsini FM, Liabat S,
Valentine W. Assessment of the association between glycemic
variability and diabetes-related complications in type 1 and
type 2 diabetes. Diabetes Res Clin Pract. 2014;105:273-284.
Heller SR, Pratley RE, Sinclair A, et al. Glycaemic outcomes
of an individualized treatment approach for older vulnerable
patients: a randomized, controlled study in type 2 diabetes mel-
litus (IMPERIUM). Diabetes Obes Metab. 2018;20:148-156.
Rockwood K, Song X, MacKnight C, et al. A global clini-
cal measure of fitness and frailty in elderly people. CMAJ.
2005;173:489-495.

Greenfield S, Billimek J, Pellegrini F, et al. Comorbidity
affects the relationship between glycemic control and cardio-
vascular outcomes in diabetes: a cohort study. Ann Intern Med.
2009;151:854-860.

Polonsky WH, Peters AL, Hessler D. The impact of real-time
continuous glucose monitoring in patients 65 years and older. J
Diabetes Sci Technol. 2016;10:892-897.

Munshi MN, Slyne C, Segal AR, Saul N, Lyons C, Weinger
K. Liberating AI1C goals in older adults may not protect
against the risk of hypoglycemia. J Diabetes Complications.
2017;31:1197-1199.

Miller ME, Bonds DE, Gerstein HC, et al. The effects of
baseline characteristics, glycaemia treatment approach, and
glycated haemoglobin concentration on the risk of severe hypo-
glycaemia: post hoc epidemiological analysis of the ACCORD
study. BMJ. 2010;340:b5444.

Gude F, Diaz-Vidal P, Rua-Perez C, et al. Glycemic variability
and its association with demographics and lifestyles in a general
adult population. J Diabetes Sci Technol. 2017;11:780-790.
Weinstock RS, DuBose SN, Bergenstal RM, et al. Risk factors
associated with severe hypoglycemia in older adults with type
1 diabetes. Diabetes Care. 2016;39:603-610.

Rizzo MR, Marfella R, Barbieri M, et al. Relationships
between daily acute glucose fluctuations and cognitive per-
formance among aged type 2 diabetic patients. Diabetes Care.
2010;33:2169-2174.

Zinman B, Marso SP, Poulter NR, et al. Day-to-day fasting
glycaemic variability in DEVOTE: associations with severe
hypoglycaemia and cardiovascular outcomes (DEVOTE 2).
Diabetologia. 2018;61:48-57..

Du YF, Ou HY, Beverly EA, Chiu CJ. Achieving glyce-
mic control in elderly patients with type 2 diabetes: a criti-
cal comparison of current options. Clin Interv Aging. 2014;9:
1963-1980.

Satya Krishna SV, Kota SK, Modi KD. Glycemic variability: clin-
ical implications. Indian J Endocrinol Metab. 2013;17:611-619.
Kohnert KD, Heinke P, Vogt L, Salzsieder E. Utility of dif-
ferent glycemic control metrics for optimizing management of
diabetes. World J Diabetes. 2015;6:17-29.

Wright LA, Hirsch IB. Metrics beyond hemoglobin A1C in
diabetes management: time in range, hypoglycemia, and other
parameters. Diabetes Technol Ther. 2017;19:S16-S26.
Sinclair A, Morley J. Frailty and diabetes. Lancet. 2013;382:
1386-1387.

Sinclair A, Dunning T, Rodriguez-Mafias L. Diabetes in
older people: new insights and remaining challenges. Lancet
Diabetes Endocrinol. 2015;3:275-285.


http://www.idf.org/sites/default/files/IDF-Guideline-for-older-people-T2D.pdf
http://www.idf.org/sites/default/files/IDF-Guideline-for-older-people-T2D.pdf

