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Abstract
Aims/hypothesis The double-blind Trial Comparing
Cardiovascular Safety of Insulin Degludec vs Insulin
Glargine in Patients with Type 2 Diabetes at High Risk of
Cardiovascular Events (DEVOTE) assessed the cardiovascu-
lar safety of insulin degludec. The incidence and rates of
adjudicated severe hypoglycaemia, and all-cause mortality
were also determined. This paper reports a secondary analysis
investigating associations of severe hypoglycaemia with car-
diovascular outcomes and mortality.
Methods In DEVOTE, patients with type 2 diabetes were
randomised to receive either insulin degludec or insulin
glargine U100 (100 units/ml) once daily (between dinner
and bedtime) in an event-driven, double-blind, treat-to-target
cardiovascular outcomes trial. The primary outcome was the
first occurrence of an adjudicated major adverse cardiovascu-
lar event (MACE; cardiovascular death, non-fatal myocardial
infarction or non-fatal stroke). Adjudicated severe

hypoglycaemia was the pre-specified secondary outcome. In
the present analysis, the associations of severe hypoglycaemia
with both MACE and all-cause mortality was evaluated in the
pooled trial population using time-to-event analyses, with se-
vere hypoglycaemia as a time-dependent variable and
randomised treatment as a fixed factor. An investigation with
interaction terms indicated that the effect of severe
hypoglycaemia on the risk of MACE and all-cause mortality
were the same for both treatment arms, and so the temporal
association for severe hypoglycaemia with subsequentMACE
and all-cause mortality is reported for the pooled population.
Results There was a non-significant difference in the risk of
MACE for individuals who had vs those who had not experi-
enced severe hypoglycaemia during the trial (HR 1.38, 95%
CI 0.96, 1.96; p = 0.080) and therefore there was no temporal
relationship between severe hypoglycaemia and MACE.
There was a significantly higher risk of all-cause mortality
for patients who had vs those who had not experienced severe
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hypoglycaemia during the trial (HR 2.51, 95% CI 1.79, 3.50;
p < 0.001). There was a higher risk of all-cause mortality 15,
30, 60, 90, 180 and 365 days after experiencing severe
hypoglycaemia compared with not experiencing severe
hypoglycaemia in the same time interval. The association be-
tween severe hypoglycaemia and all-cause mortality was main-
tained after adjustment for the following baseline characteris-
tics: age, sex, HbA1c, BMI, diabetes duration, insulin regimen,
hepatic impairment, renal status and cardiovascular risk group.
Conclusions/interpretation The results from these analyses
demonstrate an association between severe hypoglycaemia
and all-cause mortality. Furthermore, they indicate that pa-
tients who experienced severe hypoglycaemia were particu-
larly at greater risk of death in the short term after the
hypoglycaemic episode. These findings indicate that severe
hypoglycaemia is associated with higher subsequent mortali-
ty; however, they cannot answer the question as to whether
severe hypoglycaemia serves as a risk marker for adverse
outcomes or whether there is a direct causal effect.
Trial registration ClinicalTrials.gov NCT01959529

Keywords Hypoglycaemia . Insulin therapy .Macrovascular
disease

Abbreviations
ACCORD Action to Control Cardiovascular Risk in

Diabetes
DEVOTE Trial Comparing Cardiovascular Safety of

Insulin Degludec vs Insulin Glargine in Patients
with Type 2 Diabetes at High Risk of
Cardiovascular Events

LEADER Liraglutide Effect and Action in Diabetes:
Evaluation of Cardiovascular Outcome Results

MACE Major adverse cardiovascular event

Introduction

People with diabetes are at an increased risk of cardiovascular
disease and cardiovascular-related death compared with those
without diabetes [1]. Hypoglycaemic events, particularly
when severe, have been linked to subsequent adverse cardio-
vascular outcomes and mortality in individuals with diabetes,
although it is currently unknown whether this link is causal,
predictive of greater vulnerability or both [2–4].

The Action to Control Cardiovascular Risk in Diabetes
(ACCORD) trial was the first large-scale diabetes trial to re-
port that intensive blood glucose management to normalise
blood glucose levels (HbA1c target < 6% [42 mmol/mol])
was associated with a significant increase in the risk of
cardiovascular-specific mortality, a factor that led to the early
termination of the trial [5]. Hypoglycaemia was suggested as a

possible mechanism for the increased number of fatal events
in the intensive treatment arm of ACCORD, although this
association was not clearly demonstrated [6]. However, the
ACCORD trial did describe a significantly increased risk of
a fatal event after a severe hypoglycaemic event, in both the
standard and the intensive treatment arms [6]. Furthermore, a
subsequent meta-analysis of several clinical trials and obser-
vational studies suggested that severe hypoglycaemia was as-
sociated with a higher risk of cardiovascular events [7, 8].
Conclusive evidence of a direct causal relationship between
hypoglycaemia and cardiovascular events and mortality is
lacking, but experimental evidence in adults without diabetes
suggests that hypoglycaemia-induced abnormalities of cardiac
repolarisation may contribute to the risk of sudden death [9].

Insulin degludec is a once-daily basal insulin with an ultra-
long duration of action, approved for use in adults, adolescents
and children with either type 1 or type 2 diabetes [10, 11]. A
major clinical benefit of insulin degludec is that it significantly
lowers the risk of hypoglycaemia compared with insulin
glargine U100 (100 units/ml) [12–15].

The double-blind Trial Comparing Cardiovascular Safety of
Insulin Degludec vs Insulin Glargine in Patients with Type 2
Diabetes at High Risk of Cardiovascular Events (DEVOTE)
was initiated to assess the cardiovascular safety of insulin
degludec compared with insulin glargine U100. DEVOTE
demonstrated that in a treat-to-target trial design, insulin
degludec was non-inferior to insulin glargine in terms of car-
diovascular events and superior with regard to hypoglycaemia
risk, with lower rates of both severe and nocturnal severe
hypoglycaemia at equivalent glycaemic control [15]. Because
of the size and design of the trial and the relatively large number
of episodes of severe hypoglycaemia, DEVOTE provides a
valuable opportunity to explore the associations of severe
hypoglycaemia with cardiovascular outcomes and mortality.

Methods

The detailed methods of the trial, the trial protocol, the statis-
tical analysis plan and the list of members of the trial teams
and committees have been published previously [15, 16].
DEVOTE is registered at ClinicalTrials.gov (number
NCT01959529). The trial was conducted in accordance with
the Declaration of Helsinki and the ICH Good Clinical
Practice Guideline [17, 18]. The protocol was approved by
independent ethics committees or institutional review boards
for each centre; written informed consent was obtained from
each participant before any trial-related activities.

In brief, DEVOTE was a multicentre, prospective, treat-to-
target, randomised, double-blind, active comparator cardiovas-
cular outcomes trial, designed to continue until at least 633
major adverse cardiovascular events (MACEs), confirmed by
a central, blinded, independent Event Adjudication Committee
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(EAC), had accrued [15, 16]. All participants had type 2 dia-
betes treated with at least one oral or injectable glucose-
lowering agent with HbA1c ≥ 7.0% (53 mmol/mol), or with
≥ 20 units/day of basal insulin. Patients were eligible for the
trial if they either had at least one co-existing cardiovascular or
renal condition andwere aged ≥ 50 years or had at least one of a
list of pre-specified cardiovascular risk factors and were aged
≥ 60 years. Patients were not excluded if they had experienced
severe hypoglycaemia prior to randomisation.

Patients with type 2 diabetes at high risk of cardiovascular
events were randomised 1:1 to receive either insulin degludec
(Novo Nordisk, Bagsværd, Denmark) or insulin glargine
(Sanofi, Paris, France), in a blinded fashion, both in identical
100 U/ml, 10 ml vials, administered once daily between dinner
and bedtime, in addition to standard care. All patients were
allowed to continue their pre-trial glucose-lowering therapy,
with the exception of basal and premix insulins, which were
discontinued.

The primary adjudicated composite endpoint of DEVOTE
was the time from randomisation to the first occurrence of
death from cardiovascular causes, non-fatal myocardial in-
farction or non-fatal stroke. Secondary outcomes included an
expanded composite cardiovascular outcome (the primary
composite endpoint plus adjudicated unstable angina leading
to hospitalisation) and time from randomisation to death from
any cause. Adjudication-confirmed severe hypoglycaemia
was a pre-specified, multiplicity-adjusted secondary outcome,
as defined by the ADA as an episode requiring the assistance
of another person to actively administer carbohydrate or glu-
cagon, or to take other corrective actions. Plasma glucose
levels may not be available during an event, but neurological
recovery after the return of plasma glucose to a normal level is
considered sufficient evidence that the event was induced by a
low plasma glucose level [19].

In the present analysis, the association between severe
hypoglycaemia and either MACE or all-cause mortality was
investigated by comparing the risk of an event with or without
having experienced severe hypoglycaemia in different time
periods (15, 30, 60, 90, 180 and 365 days) prior to the event.
Cox regression models were used to analyse these associa-
tions for each time period. The indicator of whether a severe
hypoglycaemic event had occurred was included in the model
as a time-dependent variable. All episodes of severe
hypoglycaemia prior to first MACE or all-cause mortality
were included in the analysis. Randomised treatment was also
included in the model as a fixed factor. For sensitivity analy-
ses, additional baseline information (age, sex, HbA1c, BMI,
diabetes duration, insulin regimen, hepatic impairment, renal
status and cardiovascular risk group inclusion criteria) was
accounted for. An investigation with interaction terms indicat-
ed that the effect of severe hypoglycaemia on the risk of
MACE and all-cause mortality were the same for both treat-
ment arms (insulin degludec and insulin glargine), and so the

temporal association for severe hypoglycaemia with subse-
quentMACE and all-cause mortality is reported for the pooled
population. ForMACEs occurring on the same day as a severe
hypoglycaemic event, 0.5 days was added to the day of the
MACE. All analyses were conducted using SAS, version 9.4
(https://www.sas.com/en_ca/software/sas9.html). A p value of
< 0.05 was considered statistically significant.

Results

Overall results from DEVOTE Detailed results from
DEVOTE have been published previously [15]. To summarise,
a total of 7637 patients were randomised to either insulin
degludec (n = 3818) or insulin glargine (n = 3819). Of these,
98% completed the final follow-up visit or died during the trial.
Vital status was known for 99.9% of participants. The median
observation time was 1.99 years in both treatment arms.

The pre-specified analysis demonstrated that insulin degludec
was non-inferior to insulin glargine in terms of cardiovascular
events (HR 0.91, 95% CI 0.78, 1.06; p < 0.001 for non-inferi-
ority), and superior with regard to hypoglycaemia risk, with a
lower rate of both severe and nocturnal severe hypoglycaemia
(by 40% and 53%, respectively; both p < 0.001) [15].

Severe hypoglycaemia and its association with cardiovas-
cular outcomes and all-cause mortality (secondary analy-
sis)Of the 681 patients who experienced aMACE and the 439
patients who experienced a severe hypoglycaemic event dur-
ing the trial, 32 patients had a severe hypoglycaemic event
prior to a MACE (14 patients treated with insulin degludec
and 18 patients treated with insulin glargine) and 16 patients
experienced a MACE prior to severe hypoglycaemia (Table 1
and Electronic supplementary material [ESM] Fig. 1). Of the
423 patients who died from any cause, 38 patients died after
experiencing a severe hypoglycaemic event (Table 1). The
baseline characteristics of participants who experienced se-
vere hypoglycaemia were not different from those who did
not experience severe hypoglycaemia during the trial (ESM
Table 1). There was no between-treatment difference in terms
of risk ofMACE (p = 0.679) or all-cause mortality (p = 0.209)
following severe hypoglycaemia. On this basis, the associa-
tion between severe hypoglycaemia and time to first MACE
or all-cause mortality is reported for the pooled population.

In the pooled population, there was a non-significant dif-
ference in the risk of MACE between participants who had
and those who had not experienced severe hypoglycaemia
during the trial (HR 1.38, 95% CI 0.96, 1.96; p = 0.080)
(Fig. 1). A similar result was observed for the expanded
four-point MACE definition (HR 1.37, 95% CI 0.99, 1.91;
p = 0.060) (Fig. 1). When the individual components of the
three-point and four-point MACE were investigated, there
was a significantly higher risk of cardiovascular death at any
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time following a severe hypoglycaemic event vs not
experiencing a severe hypoglycaemic event (HR 2.14, 95%
CI 1.37, 3.35; p < 0.001), whereas there was not a significantly
higher risk of non-fatal myocardial infarction (HR 0.74, 95%
CI 0.36, 1.49; p = 0.395), non-fatal stroke (HR 1.81, 95% CI
0.92, 3.57; p = 0.085) or unstable angina requiring
hospitalisation (HR 1.34, 95% CI 0.59, 3.04, p = 0.490)
(Fig. 1). When dividing the time period following a severe
hypoglycaemic event into time intervals of different durations
(15, 30, 60, 90, 180 and 365 days), there was no temporal
relationship between severe hypoglycaemia and MACE
(Fig. 2). The non-significant relationship between severe
hypoglycaemia and MACE was maintained after adjustment
for the following baseline characteristics: age, sex, HbA1c,
BMI, diabetes duration, insulin regimen, hepatic impairment,
renal status and cardiovascular risk group inclusion criteria
(ESM Table 2). Only a small number of participants

experienced a MACE prior to severe hypoglycaemia
(n = 16) (Table 1), and therefore a possible opposite temporal
association could not be analysed. Only three nocturnal severe
hypoglycaemic events occurred prior to a MACE and there-
fore these could also not be analysed separately.

In the pooled population, experiencing severe hypoglycaemia
at any time was a significant predictor of all-cause mortality, as
the risk for these participants was 2.5-fold that for the participants
who did not experience an event (HR 2.51, 95% CI 1.79, 3.50;
p < 0.001) (Fig. 3). When dividing the time period following
severe hypoglycaemia into time intervals of different durations,
there was a higher risk of all-cause mortality 15, 30, 60, 90, 180
and 365 days after experiencing severe hypoglycaemia com-
pared with not experiencing severe hypoglycaemia in the same
time interval (Fig. 3). The risk appeared to be highest in the
shorter-term windows and decreased with the longer-term win-
dows, but remained significant for all (p < 0.05 for all). The
relationship between severe hypoglycaemia and all-cause mor-
tality was maintained after adjustment for the following baseline
characteristics: age, sex, HbA1c, BMI, diabetes duration, insulin
regimen, hepatic impairment, renal status and cardiovascular risk
group inclusion criteria (ESM Table 2). The cause of each death
occurring after a severe hypoglycaemic event is listed in ESM
Table 3, including the days the severe hypoglycaemic events
occurred and the time between the last event and the fatal event.
The majority of these fatal events were ascribed to non-
cardiovascular reasons (n = 17) and the remainder to cardiovas-
cular (n = 14) or undetermined causes (n = 7).

Discussion

The results of DEVOTE demonstrated that insulin degludec
was superior with regard to severe hypoglycaemia risk at
equivalent glycaemic control compared with insulin glargine,
thereby confirming observations from earlier studies includ-
ing the open-label Phase 3a programme and the double-blind,

HR

(95% CI)

MACE with

prior severe

hypoglycaemia

MACE without

prior severe

hypoglycaemia

n Rate n Rate

First three-point MACE 1.38 (0.96, 1.96) 32 6.34 649 4.57

First four-point MACE 1.37 (0.99, 1.91) 37 7.44 768 5.47

Individual components

Non-fatal MI 0.74 (0.36, 1.49) 8 1.57 305 2.13

Non-fatal stroke 1.81 (0.92, 3.57) 9 1.76 141 0.97

Cardiovascular death (incl. unknown) 2.14 (1.37, 3.35) 21 4.05 257 1.76

Unstable angina requiring hospitalisation 1.34 (0.59, 3.04) 6 1.18 139 0.96

HR (95% CI)

Higher risk of MACE any time following

severe hypoglycaemia

0.25 0.5 1 2 4

Fig. 1 Risk ofMACE following a severe hypoglycaemic event. Cardiovascular death includes patients with an unknown cause of death. MI, myocardial
infarction; n, number of patients; rate, events per 100 patient-years of observation

Table 1 Overview of outcomes (pooled data)

Outcome Number
of patients

Rate
(events/100 PYO)

MACE 681 4.50

Non-fatal myocardial infarction 313 2.07

Non-fatal stroke 150 0.99

Cardiovascular death 278 1.84

Unstable angina requiring
hospitalisation

145 0.96

Severe hypoglycaemia 439 4.97

≥ 1 severe hypoglycaemic events prior
to MACE

32 6.34

≥ 2 severe hypoglycaemic events prior
to MACE

6 4.35

MACE prior to severe hypoglycaemia 16 –

All-cause mortality 423 2.80

Severe hypoglycaemia prior to all-cause
mortality

38 7.32

PYO, patient-years of observation
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crossover SWITCH trial in patients with type 2 diabetes [12,
13, 15]. The results from the new analyses reported here dem-
onstrate an association between severe hypoglycaemic events
and a higher risk of all-cause mortality (p < 0.001) in the
overall DEVOTE population. In addition, the DEVOTE data
suggest that an elevated risk of a fatal event might persist for
many weeks and months after a severe hypoglycaemic event,
although the highest risk appears to be in the shorter time
periods, albeit with small numbers of events. The null hypoth-
esis for the temporal analyses was that there would be an
increased risk of an event immediately following severe
hypoglycaemia. On this basis we would therefore expect that
the ‘any time’ hazard ratio would be lower than those for the
shorter time periods, which is what was observed for all-cause
mortality. These results are similar to those observed in the
Liraglutide Effect and Action in Diabetes: Evaluation of
Cardiovascular Outcome Results (LEADER) trial, where a
similar temporal analysis was conducted [20].

Hypoglycaemia can have a number of adverse cardiovascular
pathological effects in addition to the symptomatic effects

experienced by patients. In healthy people, hypoglycaemia trig-
gers a counter-regulatory response with a subsequent increase in
catecholamine levels [21–24]. This response induces an increase
in myocardial contractility and cardiac output, with a corre-
sponding increase in elasticity of blood vessels and a reduction
in central arterial pressure [25–27]. People with a long duration
of diabetes may have arterial stiffness or underlying cardiac dis-
ease that can compromise the benefits of this counter-regulatory
response and lead to adverse outcomes. In an observational study
investigating the risk of arrhythmias during spontaneous
hypoglycaemia in people with type 2 diabetes at high risk of
cardiovascular events, clinically important hypoglycaemia
(< 3.5 mmol/l) was common, occurring 6% of the time [28].
These hypoglycaemic events were associated with ECG changes
consistent with ischaemia, prolongedQT intervals, repolarisation
defects and various cardiac arrhythmias, suggesting that these
events could be interconnected. Bradycardia and atrial and ven-
tricular ectopic counts were also significantly higher during ep-
isodes of nocturnal vs daytime hypoglycaemia [28].
Furthermore, animal studies have shown that the counter-

Window (days)

Any time 1.38 (0.96, 1.96) 32 6.34 649 4.57

365 days 1.15 (0.74, 1.79) 20 5.34 661 4.62

180 days 1.24 (0.72, 2.15) 13 5.74 668 4.62

90 days 1.12 (0.53, 2.37) 7 5.28 674 4.63

60 days 1.16 (0.48, 2.80) 5 5.46 676 4.63

30 days 1.28 (0.41, 3.99) 3 6.10 678 4.63

15 days 0.82 (0.11, 5.80) 1 3.87 680 4.64

HR (95% CI)

Higher risk of MACE any time following

severe hypoglycaemia

0.0625 0.125 0.25 0.5 1 2 4 8

HR

(95% CI)

MACE with

prior severe

hypoglycaemia

in window

MACE without

prior severe

hypoglycaemia

in window

n Rate n Rate

Fig. 2 Risk of MACE following a severe hypoglycaemic event by time period. n, number of patients; rate, events per 100 patient-years of observation

Any time 2.51 (1.79, 3.50) 38 7.32 385 2.64

365 days 2.78 (1.92, 4.04) 30 7.78 393 2.67

180 days 3.13 (1.99, 4.90) 20 8.56 403 2.71

90 days 3.28 (1.85, 5.83) 12 8.95 411 2.74

60 days 2.74 (1.30, 5.79) 7 7.40 416 2.77

30 days 3.66 (1.51, 8.84) 5 9.84 418 2.77

15 days 4.20 (1.35, 13.09) 3 11.23 420 2.78

Higher risk of all-cause mortality any time
following severe hypoglycaemia

0.25 0.5 1 2 4 8 16

Window (days)

HR (95% CI)

HR
(95% CI)

All-cause
mortality without

prior severe
hypoglycaemia

in window

All-cause
mortality with
prior severe

hypoglycaemia
in window

 

n Rate n Rate

Fig. 3 Risk of all-cause death following a severe hypoglycaemic event by time period. n, number of patients; rate, events per 100 patient-years of
observation
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regulatory sympathoadrenal response is capable of inducing fatal
cardiac arrhythmias during severe events [29].

Hypoglycaemia has also been linked to both prothrombotic
and proinflammatory effects, which could alter blood flow,
increasing the risk of cardiovascular events [21, 30]. The cat-
echolamines released during the counter-regulatory response,
as well as the release of coagulation factors and inflammatory
cytokines into the circulation, can all increase blood viscosity
and promote platelet aggregation and activation, thereby af-
fecting vascular flow [22, 29, 31, 32]. These proinflammatory
and procoagulant factors may remain elevated for several days
after the hypoglycaemia has resolved, leaving the person vul-
nerable for some time after the hypoglycaemic event, and
potentially contributing to the occurrence of major vascular
events [33, 34]. In a clinical setting, analyses from the
Veterans Affairs Diabetes Trial (VADT) also demonstrated
that a severe hypoglycaemic event was an independent pre-
dictor of death at 90 days [19, 35].

There remains considerable controversy over the potential
causal relationship between severe hypoglycaemia and adverse
cardiovascular events. Several clinical outcome trials and obser-
vational studies have shown such an association [23]. In
ACCORD, patients who had one or more severe hypoglycaemic
episodes had higher rates of death than those who did not expe-
rience such episodes [6]. In the Outcome Reduction with Initial
Glargine Intervention (ORIGIN) trial, severe hypoglycaemia in-
creased the risk of arrhythmic death (by 77%), all-cause death
(by 74%) and cardiovascular death (by 71%) [36]. In addition, a
post hoc analysis of the Action in Diabetes andVascular Disease:
PreterAx and Diamicron MR Controlled Evaluation
(ADVANCE) trial suggested that severe hypoglycaemia was as-
sociated with significantly higher risks for major macrovascular
events, cardiovascular death and all-cause death [37]. The major
limitation, however, is the inability to definitively attribute the
cause of death or cardiovascular event to hypoglycaemia and to
determine the exact temporal relationship between
hypoglycaemia and a subsequent vascular outcome. A recent
analysis of The Examination of Cardiovascular Outcomes with
Alogliptin Versus Standard of Care (EXAMINE) trial demon-
strated that the relationship between severe hypoglycaemia and
MACE was less strong for events occurring after a severe
hypoglycaemic event compared with all events and severe
hypoglycaemia, suggesting that confounding by comorbidities
and hypoglycaemia is important [38]. Indeed, in DEVOTE, the
trial population was at particularly high risk of MACE and fatal
events, with a long duration of diabetes (> 16 years) and previous
insulin use (85%), and the majority of participants with
established cardiovascular or chronic kidney disease (85%)
[15]. This is in line with other studies that have reported that
these patient characteristics were more common amongst those
who died following a severe hypoglycaemic event [39].
Similarly, results from a recent post hoc analysis of the
LEADER trial data have demonstrated a significantly higher risk

of MACE, cardiovascular death and non-cardiovascular death
following a severe hypoglycaemic event, particularly in the short
term. Those patients who experienced severe hypoglycaemia had
a longer duration of diabetes, greater insulin use and a higher
incidence of heart failure and kidney disease at baseline [20].
However, confounding by comorbidities does not appear to ac-
count for the association alone. A meta-analysis of several clin-
ical trials and observational studies, including over 900,000 pa-
tients with type 2 diabetes, observed that severe hypoglycaemia
was associated with a higher risk of cardiovascular disease, but
that this was unlikely to be entirely a consequence of confound-
ing by comorbid severe illness [7]. In addition, as described
above, there is also considerable experimental evidence that
hypoglycaemia can lead to arrhythmias and other adverse cardio-
vascular pathological effects. Overall, it is most likely that
hypoglycaemia is just a single contributory factor to cardiovas-
cular events in a much larger multifactorial landscape.

The analyses reported here have several limitations.
DEVOTE was designed to collect only severe hypoglycaemic
events and therefore the contribution of non-severe events
could not be assessed. There are several studies that show that
both non-severe and severe hypoglycaemic events are associat-
ed with a higher risk of cardiovascular events, hospitalisation
and all-cause mortality [40, 41]. Although DEVOTE did not
collect non-severe events, the severe events collected were in-
dependently adjudicated and provide an accurate view of these
events in an at-risk patient population. In addition, while the
overall DEVOTE trial population was large, only a small pro-
portion of patients experienced severe hypoglycaemia prior to a
MACE or a fatal event, particularly during the shorter time
periods (15–60 days), which limits the statistical power of our
time-to-event analysis. Furthermore, history of a patient’s pre-
vious experience of severe hypoglycaemia prior to the trial was
not collected, therefore the contribution of these events to the
risk of MACE or all-cause mortality could not be assessed. In
addition, it was observed from our analyses and those of other
trials that the association between a severe hypoglycaemic
event and a higher risk of a fatal event lasts for at least 1 year
[20]. It is therefore possible that with a population that mostly
used insulin prior to randomisation, confounding from severe
hypoglycaemic events prior to trial initiation could have oc-
curred. However, it is also important to note that approximately
30% of the DEVOTE population were on basal insulin alone
and 15% were insulin-naive at baseline, and therefore the rela-
tive risk of severe hypoglycaemia-induced cardiovascular
events in these populations is unlikely to be very high compared
with the risk for patients treated with a basal–bolus regimen.
Finally, the incorporation of a continuous glucose monitoring
element in future trials may also be warranted to provide further
information on blood glucose levels at the time of severe
hypoglycaemic events as well as up to the time of a MACE.

These analyses also have several strengths. DEVOTE is the
first cardiovascular outcomes trial to compare the cardiovascular
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safety of two basal insulins in a double-blind fashion. Many
previous cardiovascular outcome trials have been limited in their
potential to explore the relationship between hypoglycaemia and
MACE because the therapies used in the two treatment arms
were different and hence might have had differing pharmacolog-
ical influences on the risk of MACE. DEVOTE, a trial compar-
ing two basal insulins, allowed the effect of hypoglycaemia
alone to be explored more precisely. Furthermore, the indepen-
dent adjudication of both severe hypoglycaemic events and
MACE provided additional strength to the analyses.

The results from these analyses add to the evidence for an
association between severe hypoglycaemia and mortality.
However, they do not establish whether hypoglycaemia serves
as a risk marker for these events or directly contributes to their
occurrence.

Acknowledgements Open access funding provided by Medical
University of Graz. We thank the trial investigators, trial staff and trial partic-
ipants for their participation, P.-M. Haahr (Novo Nordisk A/S, Denmark) for
insights that assisted in the development of this article, and F.Hemingway and
R. McDonald from Watermeadow Medical (UK; sponsored by Novo
Nordisk) for providing medical writing and editorial support. DEVOTE re-
search activities were supported at numerous US centres by Clinical and
Translational Science Awards from the National Institutes of Health’s
National Center for Advancing Translational Science.

Data availability The data generated during and/or analysed during the
current trial are available from the corresponding author on reasonable
request.

Funding This trial and secondary analysis was sponsored and funded
by Novo Nordisk (Bagsvaerd, Denmark). JBB received support from The
National Institutes of Health (UL1TR001111). The trial sponsor was in-
volved in the design of the trial; the collection, and analysis of data; and
writing the clinical report.

Duality of interest TRP has received research support from Novo
Nordisk and AstraZeneca (paid directly to the Medical University of
Graz); personal fees as a consultant from AstraZeneca, Bristol-Myers
Squibb, Eli Lilly, Novo Nordisk and Roche Diabetes Care. TRP is also
the Chief Scientific Officer of CBmed (Center for Biomarker Research in
Medicine), a public-funded biomarker research company.

SPM has received personal fees fromAbbott Vascular, Novo Nordisk,
University of Oxford, AstraZeneca and Bristol-Myers Squibb; and re-
search support from Novo Nordisk, The Medicines Company and
Terumo Medical.

DKM has received personal fees from Boehringer Ingelheim, Janssen
Research and Development LLC, Sanofi US, Merck Sharp and Dohme
Corp., Eli Lilly USA, Novo Nordisk, GlaxoSmithKline, AstraZeneca,
Lexicon Pharmaceuticals, Eisai and Esperion.

BZ has received grant support from Boehringer Ingelheim, AstraZeneca
and Novo Nordisk; and consulting fees from AstraZeneca, Boehringer
Ingelheim, Eli Lilly, Janssen, Merck, Novo Nordisk and Sanofi.

NRP has received personal fees from Servier, Takeda, Novo Nordisk
andAstraZeneca in relation to speakers’ fees and advisory board activities
(concerning diabetes mellitus); and research grants for his research group
(relating to type 2 diabetes mellitus) from Diabetes UK, National Institute
for Health Research Efficacy and Mechanism Evaluation (NIHR EME),
Julius Clinical and the British Heart Foundation.

SSE has received personal fees related to Data Monitoring
Committees from CTI BioPharma, Arena Pharmaceuticals, SFJ
Pharmaceuticals, BioMarin, Medivation, Biom’up, Dynavax,
Genentech, GlaxoSmithKline, Janssen Research, Novartis, Novo
Nordisk, Pfizer, Roche, Sarepta Therapeutics and Xoma; personal fees
related to other statistical consulting from AstraZeneca, Celltrion, Sprout
Pharmaceuticals, Sanofi, Collegium Pharmaceutical, Intercept, Coherus
BioMedical and Emmaus Life Sciences; and research grant support from
National Heart, Lung, and Blood Institute (NHLBI).

REP’s services were paid directly to Florida Hospital, a non-profit or-
ganisation. Consultancy and speaker fees from AstraZeneca, Takeda and
Novo Nordisk; consultancy fees from Boehringer Ingelheim,
GlaxoSmithKline, Hanmi Pharmaceutical Co. Ltd., Janssen Scientific
Affairs LLC, Ligand Pharmaceuticals, Inc., Eli Lilly, Merck, Pfizer, Eisai,
Inc.; research grant from Gilead Sciences, Lexicon Pharmaceuticals,
Ligand Pharmaceuticals, Inc., Eli Lilly,Merck, Sanofi USLLC and Takeda.

VW has received personal fees in relation to speakers’ fees and advi-
sory board activities from Novo Nordisk, Eli Lilly, Sanofi, AstraZeneca,
Boehringer Ingelheim and Merck; he also reports serving as an investi-
gator for clinical trials sponsored by Merck, Novo Nordisk, Eli Lilly,
Sanofi, AstraZeneca, Boehringer Ingelheim, GlaxoSmithKline and
Locemia Solutions.

SH has served on speaker panels for Sanofi, Eli Lilly, Takeda, Novo
Nordisk and AstraZeneca, for which he has received remuneration. He
has served on advisory panels or as a consultant for Boehringer
Ingelheim, Novo Nordisk, Eli Lilly and Takeda for which his institution
has received remuneration.

ML, KBF, AM, JBL, LL and KK are full-time employees of, and hold
stock in, Novo Nordisk A/S.

JBB reports receiving contracted consulting fees, paid to his institution,
and travel support from Novo Nordisk, Eli Lilly, GI Dynamics, Elcylex,
Merck, Metavention, vTv Pharma, PhaseBio, AstraZeneca, Dance
Biopharm, Sanofi, Lexicon Pharmaceuticals, Orexigen, Takeda, Adocia,
Roche, NovaTarg, Shenzen HighTide, Fractyl and Dexcom; grant support
from Eli Lilly, Bristol-Myers Squibb, GI Dynamics, Merck, PhaseBio,
AstraZeneca, Medtronic Minimed, Sanofi, Johnson & Johnson,
Andromeda, Boehringer Ingelheim, GlaxoSmithKline, MacroGenics,
Intarcia Therapeutics, Lexicon Pharmaceuticals, Scion NeuroStim,
Orexigen, Takeda, Theracos and Bayer; he also reports receiving fees and
holding stock options in PhaseBio and Insulin Algorithms; he also reports
serving on the board of the AstraZeneca Healthcare Foundation.

Contribution statement All authors confirm that they meet the
International Committee of Medical Journal Editors uniform require-
ments for authorship. Specifically, all authors made substantial contribu-
tions to the interpretation of data for the manuscript, drafted and critically
revised the manuscript, provided final approval of the version to be pub-
lished and agreed to be accountable for all aspects of the manuscript. All
authors had access to the final results and vouch for the fidelity of the trial
to the protocol. Medical writing and editorial support, under the guidance
of the authors, was provided by Watermeadow Medical, an Ashfield
company, part of UDG Healthcare plc, funded by Novo Nordisk. All
authors are responsible for the integrity of the work as a whole.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Dailey G (2011)Overall mortality in diabetes mellitus: where dowe
stand today? Diabetes Technol Ther 13(Suppl. 1):S65–S74

64 Diabetologia (2018) 61:58–65



2. Lung TW, Petrie D, HermanWH et al (2014) Severe hypoglycemia
andmortality after cardiovascular events for type 1 diabetic patients
in Sweden. Diabetes Care 37:2974–2981

3. Paty BW (2015) The role of hypoglycemia in cardiovascular out-
comes in diabetes. Can J Diabetes 39(Suppl. 5):S155–S159

4. Snell-Bergeon JK, Wadwa RP (2012) Hypoglycemia, diabetes, and
cardiovascular disease. Diabetes Technol Ther 14(Suppl. 1):S51–S58

5. Gerstein HC et al (2008) Effects of intensive glucose lowering in
type 2 diabetes. N Engl J Med 358:2545–2559

6. Bonds DE, Miller ME, Bergenstal RM et al (2010) The association
between symptomatic, severe hypoglycaemia and mortality in type
2 diabetes: retrospective epidemiological analysis of the ACCORD
study. BMJ 340:b4909

7. Goto A, Arah OA, Goto M et al (2013) Severe hypoglycaemia and
cardiovascular disease: systematic review and meta-analysis with
bias analysis. BMJ 347:f4533

8. Skyler JS, Bergenstal R, BonowRO et al (2009) Intensive glycemic
control and the prevention of cardiovascular events: implications of
the ACCORD, ADVANCE, and VA diabetes trials: a position state-
ment of the American Diabetes Association and a scientific state-
ment of the American College of Cardiology Foundation and the
American Heart Association. Circulation 119:351–357

9. Robinson RT, Harris ND, Ireland RH et al (2003) Mechanisms of
abnormal cardiac repolarization during insulin-induced hypoglyce-
mia. Diabetes 52:1469–1474

10. Tresiba® [prescribing information] (2015) Available from http://
www.accessdata.fda.gov/drugsatfda_docs/label/2015/203314lbl.
pdf. Accessed 5 July 2017

11. Tresiba® Summary of product characteristics (2015) Available
from http://www.ema.europa.eu/docs/en_GB/document_library/
EPAR_-_Product_Information/human/002498/WC500138940.
pdf. Accessed 5 July 2017

12. Ratner RE, Gough SC, Mathieu C et al (2013) Hypoglycaemia risk
with insulin degludec compared with insulin glargine in type 2 and
type 1 diabetes: a pre-planned meta-analysis of phase 3 trials.
Diabetes Obes Metab 15:175–184

13. Wysham C, Bhargava A, Chaykin L et al (2017) Effect of insulin
degludec vs insulin glargine U100 on hypoglycemia in patients
with type 2 diabetes; the SWITCH 2 randomized clinical trial.
JAMA 318:45–56

14. Lane W, Bailey TS, Gerety G et al (2017) Effect of insulin degludec
vs insulin glargine U100 on hypoglycemia in patients with type 1
diabetes; the SWITCH 1 randomized clinical trial. JAMA318:33–44

15. Marso S, McGuire DK, Zinman B et al (2017) Efficacy and safety
of degludec versus glargine in type 2 diabetes. N Engl J Med 377:
723–732

16. Marso SP, McGuire DK, Zinman B et al (2016) Design of DEVOTE
(trial comparing cardiovascular safety of insulin degludec vs insulin
glargine in patients with type 2 diabetes at high risk of cardiovascular
events)—DEVOTE 1. Am Heart J 179:175–183

17. World Medical Association (2013) Declaration of Helsinki. Ethical
principles for medical research involving human subjects. JAMA
310:2191–2194

18. ICH (2001) ICH harmonised tripartite guideline: guideline for good
clinical practice. J Postgrad Med 47:199–203

19. Seaquist ER, Anderson J, Childs B et al (2013) Hypoglycemia and
diabetes: a report of a workgroup of the American Diabetes
Association and the Endocrine Society. Diabetes Care 36:1384–1395

20. Zinman B, Marso SP, Christiansen E, Calanna S, Rasmussen S,
Buse JB (2017) Severe hypoglycemia, cardiovascular outcomes
and death—the LEADER experience. Diabetes 66(Suppl. 1):A95
Abstract

21. Hanefeld M, Frier BM, Pistrosch F (2016) Hypoglycemia and car-
diovascular risk: is there a major link? Diabetes Care 39(Suppl. 2):
S205–S209

22. Wright RJ, Frier BM (2008) Vascular disease and diabetes: is
hypoglycaemia an aggravating factor? Diabetes Metab Res Rev
24:353–363

23. Frier BM, Schernthaner G, Heller SR (2011) Hypoglycemia and
cardiovascular risks. Diabetes Care 34(Suppl. 2):S132–S137

24. Desouza CV, Bolli GB, Fonseca V (2010) Hypoglycemia, diabetes,
and cardiovascular events. Diabetes Care 33:1389–1394

25. Fisher BM, Gillen G, Hepburn DA, Dargie HJ, Frier BM (1990)
Cardiac responses to acute insulin-induced hypoglycemia in
humans. Am J Phys 258:H1775–H1779

26. Hilsted J, Bonde-Petersen F,NørgaardMBet al (1984)Haemodynamic
changes in insulin-induced hypoglycaemia in normal man.
Diabetologia 26:328–332

27. Sommerfield AJ, Wilkinson IB, Webb DJ, Frier BM (2007) Vessel
wall stiffness in type 1 diabetes and the central hemodynamic ef-
fects of acute hypoglycemia. Am J Physiol Endocrinol Metab 293:
E1274–E1279

28. Chow E, Bernjak A, Williams S et al (2014) Risk of cardiac ar-
rhythmias during hypoglycemia in patients with type 2 diabetes and
cardiovascular risk. Diabetes 63:1738–1747

29. Reno CM, Daphna-Iken D, Chen YS, VanderWeele J, Jethi K,
Fisher SJ (2013) Severe hypoglycemia-induced lethal cardiac ar-
rhythmias are mediated by sympathoadrenal activation. Diabetes
62:3570–3581

30. Dandona P, Chaudhuri A, Dhindsa S (2010) Proinflammatory
and prothrombotic effects of hypoglycemia. Diabetes Care 33:
1686–1687

31. Wright RJ, Newby DE, Stirling D, Ludlam CA, Macdonald IA,
Frier BM (2010) Effects of acute insulin-induced hypoglycemia
on indices of inflammation: putative mechanism for aggravating
vascular disease in diabetes. Diabetes Care 33:1591–1597

32. Gogitidze Joy N, Hedrington MS, Briscoe VJ, Tate DB, Ertl AC,
Davis SN (2010) Effects of acute hypoglycemia on inflammatory
and pro-atherothrombotic biomarkers in individuals with type 1
diabetes and healthy individuals. Diabetes Care 33:1529–1535

33. Hutton RA, Mikhailidis D, Dormandy KM, Ginsburg J (1979)
Platelet aggregation studies during transient hypoglycaemia: a po-
tential method for evaluating platelet function. J Clin Pathol 32:
434–438

34. Pistrosch F, Hanefeld M (2015) Hypoglycemia and cardiovascular
disease: lessons from outcome studies. Curr Diab Rep 15:117

35. DuckworthW, Abraira C,Moritz Tet al (2009) Glucose control and
vascular complications in veterans with type 2 diabetes. N Engl J
Med 360:129–139

36. Mellbin LG, Rydén L, RiddleMC et al (2013) Does hypoglycaemia
increase the risk of cardiovascular events? A report from the
ORIGIN trial. Eur Heart J 34:3137–3144

37. Zoungas S, Patel A, Chalmers J et al (2010) Severe hypoglycemia
and risks of vascular events and death. N Engl JMed 363:1410–1418

38. Heller SR, Bergenstal RM, White WB et al (2017) Relationship of
glycated haemoglobin and reported hypoglycaemia to cardiovascu-
lar outcomes in patients with type 2 diabetes and recent acute cor-
onary syndrome events: the EXAMINE trial. Diabetes Obes Metab
19:664–671

39. Cha SA, Yun JS, Lim TS et al (2016) Severe hypoglycemia and
cardiovascular or all-cause mortality in patients with type 2 diabe-
tes. Diabetes Metab J 40:202–210

40. Hsu PF, Sung SH, Cheng HM et al (2013) Association of clinical
symptomatic hypoglycemia with cardiovascular events and total
mortality in type 2 diabetes: a nationwide population-based study.
Diabetes Care 36:894–900

41. Finfer S, Liu B,Myburgh JA et al (2012) Hypoglycemia and risk of
death in critically ill patients. N Engl J Med 367:1108–1118

Diabetologia (2018) 61:58–65 65

http://www.accessdata.fda.gov/drugsatfda_docs/label/2015/203314lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2015/203314lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2015/203314lbl.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002498/WC500138940.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002498/WC500138940.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002498/WC500138940.pdf

	DEVOTE 3: temporal relationships between severe �hypoglycaemia, cardiovascular outcomes and mortality
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Results
	Discussion
	References


