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Abstract In the Trial Comparing Cardiovascular Safety of
Insulin Degludec vs Insulin Glargine in Patients with Type 2
Diabetes at High Risk of Cardiovascular Events (DEVOTE),
insulin degludec was non-inferior to insulin glargine in terms of
cardiovascular events and mortality. However, there were low-
er rates of severe hypoglycaemia with insulin degludec.
DEVOTE investigators now extend these findings by present-
ing the results of two observational epidemiological analyses
based on trial data. In the first of these analyses (DEVOTE 2),
Zinman et al (DiabetologiaDOI: 10.1007/s00125-017-4423-z)
demonstrate that, compared with individuals with lower day-
to-day fasting glycaemic variability, those with higher day-to-
day fasting glycaemic variability had a similar risk of major
adverse cardiovascular events (MACE) but a higher risk of
severe hypoglycaemia and all-cause mortality. In the second
analysis (DEVOTE 3), Pieber et al (Diabetologia DOI:
10.1007/s00125-017-4422-0) found that individuals who
experienced severe hypoglycaemia had a similar risk of
MACE compared with those who never experienced severe
hypoglycaemia, but had a more than twofold higher risk of
subsequent total mortality and cardiovascular disease (CVD)
mortality. The strengths of these studies relate to the availability
of high-quality prospective data on adjudicated severe
hypoglycaemia, MACE and mortality events in a large number
of high-risk insulin-treated individuals with type 2 diabetes.

Limitations include the observational nature of the data and
thus residual confounding remains possible. Furthermore, the
short duration of the trial resulted in limited statistical power for
some analyses. Therefore, whilst DEVOTE 2 and DEVOTE 3
raise awareness of the mortality risks associated with glucose
variability and severe hypoglycaemia in high-risk, insulin-
treated patients with type 2 diabetes, they cannot clarify causal
relationships. Preventing severe hypoglycaemia in those with
type 2 diabetes should already be a priority in clinical practice.
However, findings from future clinical trials are needed to
guide physicians on whether it is beneficial to target glucose
variability, and risk for severe hypoglycaemia, to reduce the
risks for CVD events and mortality in these individuals.
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Abbreviations
CVD Cardiovascular disease
DEVOTE Trial Comparing Cardiovascular Safety of

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

MACE Major adverse cardiovascular event

Background

Individuals with type 2 diabetes continue to have a twofold
higher risk of cardiovascular death and all-causemortality com-
pared with people without diabetes [1]. Attempts to reduce
cardiovascular risk and mortality in type 2 diabetes through
intensive glucose lowering have been disappointing, with trials
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suggesting only modest benefits [2]. In the case of the Action to
Control Cardiovascular Risk in Diabetes (ACCORD) trial,
intensive therapy was associated with higher mortality, which
may have, in part, been owing to hypoglycaemia [3, 4].

Insulin is the most potent glucose-lowering therapy but its
clinical use is limited by associated hypoglycaemia. Newer
ultra-long-acting insulin therapies, with improved pharmaco-
dynamic profiles, promise less glucose variability and lower
risks of hypoglycaemia. Therefore, there is great interest in
knowing whether these new insulin therapies provide cardio-
vascular and mortality benefits beyond those achieved with
more traditional insulin therapies.

Against this backdrop, the results of the Trial Comparing
Cardiovascular Safety of Insulin Degludec vs Insulin
Glargine in Patients with Type 2 Diabetes at High Risk of
Cardiovascular Events (DEVOTE) were recently reported
[5]. This 2 year cardiovascular disease (CVD) safety trial
found that insulin degludec was non-inferior to insulin
glargine in terms of CVD events and mortality. However,
although equivalent glycaemic control was achieved in the
two groups, there was a 40% lower rate of severe
hypoglycaemia and a 53% lower rate of nocturnal severe
hypoglycaemia with insulin degludec.

In this issue of Diabetologia, the DEVOTE investigators
extend these findings by presenting the results of two obser-
vational epidemiological analyses based on DEVOTE trial
data [6, 7]. In addition to the importance of the research ques-
tions posed, major strengths of DEVOTE 2 and DEVOTE 3
relate to the availability of high-quality prospective data on
adjudicated severe hypoglycaemia, major adverse cardiovas-
cular events (MACE) and mortality events in a large number
of high-risk insulin-treated individuals with type 2 diabetes.
Both studies combined data on patients randomised to insulin
degludec or insulin glargine after assessing that the trial allo-
cation of these therapies did not influence the results.

DEVOTE 2

In DEVOTE 2 [6], the authors divided individuals into groups
depending on whether they were classified as having high,
medium or low glucose variability based on the result of three
pre-breakfast capillary blood glucose values (recorded by par-
ticipants each month). The risk of MACE, severe
hypoglycaemia and all-cause mortality was assessed in rela-
tion to the standard deviation of fasting glucose variability.
The authors found that higher day-to-day fasting glycaemic
variability was associated with a higher risk of severe
hypoglycaemia and all-cause mortality after adjusting for
baseline differences in CVD risk factors, including HbA1c.
However, higher glycaemic variability was not associated
with MACE after adjusting for baseline and/or time varying
risk factors, such as HbA1c.

DEVOTE 2 is the largest study to assess relationships be-
tween glucose variability and MACE/mortality in community-
living individuals with type 2 diabetes, and it is the largest study
to relate fasting blood glucose variability with risk for severe
hypoglycaemia [8–11]. However, it has some limitations: first,
this was a post hoc analysis of trial data obtained for another
purpose. This is important because there were many differences
in baseline risk factors across high, medium and low glucose
variability groups that could have influenced the study out-
comes. Adjusting for some of these differences led to quite large
attenuations in risk estimates suggesting a large influence of
measured confounders. Residual confounding because of un-
measured variables could explain at least some of the observed
relationships. Therefore, high glucose variability might simply
be a marker of other conditions or behaviours leading to severe
hypoglycaemia and higher mortality, such as autonomic neurop-
athy, cognitive dysfunction or frailty (Fig. 1). Consequently,
these data cannot be interpreted as proof that glucose variability
causes severe hypoglycaemia or higher mortality. Second, the
data comes from a 2 year duration CVD safety trial designed to
assess equivalence between two insulin therapies and, therefore,
the statistical power to identify relationships between glucose
variability and MACE/CVD mortality was limited. Third, as
acknowledged by the authors, glucose variability was assessed
from only three fasting blood glucose results each month; con-
tinuous glucose monitoring would have captured more data on
glucose variability over 24 h, including changes related to food
intake, physical activity and therapy. Fourth, other studies have
convincingly shown that glucose variability predicts severe
hypoglycaemia and, therefore, these findings have less novelty
than other findings.

Regarding mechanistic insights, there is a wealth of data
from other sources relating glucose variability to oxidative
stress, inflammation and thrombosis risk. These biological
data potentially increase the likelihood that there is a genuine
causal relationship between glucose variability and CVD
risk/mortality but one must be cautious in such an interpreta-
tion as biological plausibility can be ‘creatively’ argued for
many such questions. The data presented in DEVOTE 2 clear-
ly confirm that fasting glucose variability is related to severe
hypoglycaemia. We know from elegant studies, performed by
Heller’s group and others, that hypoglycaemia has the poten-
tial to cause fatal cardiac arrhythmias in those with type 2
diabetes [12–14]. Therefore, arguments related to biological
plausibility somewhat support a causal link between glucose
variability and CVD events/mortality. However, as
emphasised above, the observational data presented in
DEVOTE 2 do not take us closer to confirming causality.

Will the study change clinical practice? In type 1 diabetes
the association between glucose variability and severe
hypoglycaemia is fairly well understood in secondary care set-
tings [15–17]. However, in individuals with type 2 diabetes, who

44 Diabetologia (2018) 61:43–47



are mostly managed in primary care, this association is not ‘on
the radar’ for most clinicians. The study should certainly make
clinicians more aware of how glucose variability is associated
with severe hypoglycaemia and mortality. However, in view of
the uncertainty surrounding the nature of causal relationships, it
would seem premature to recommend targeting glucose variabil-
ity to reduce the risk of severe hypoglycaemia or mortality.

From a research perspective, a recent search on www.
clinicaltrials.gov (search date 4 August 2017) indicates that
several ongoing clinical trials in type 2 diabetes have a
reduction in glucose variability as the primary endpoint, but
none appear to target glucose variability to reduce CVD
events. This lack of ongoing trials might reflect the practical
issues of performing such trials, a lack of interest from
pharmaceutical companies and/or the disappointing results from
a previous trial targeting postprandial hyperglycaemia [18]. The
Acarbose Cardiovascular Evaluation (ACE) trial is soon to re-
port its results [19]. In this secondary prevention trial, 7500
people with impaired glucose tolerance and coronary artery dis-
ease were randomised to receive acarbose or placebo and were
followed for MACE. Although the ACE trial also targets post-
prandial hyperglycaemia, a positive result could stimulate inter-
est in trials targeting glucose variability to improve patient out-
comes. However, one must recognise that acarbose may have
other effects, such as lipid lowering, which could influence
CVD outcomes. From a research perspective, DEVOTE 2 also
highlights the need to standardise recording and reporting of
glucose variability, as also suggested by others [20].

In summary, these new observational data from DEVOTE
2 have shown that fasting glucose variability was related to
subsequent severe hypoglycaemia and mortality in people
with type 2 diabetes. However, given the inherent limitations
of observational data, only further trials can genuinely inform
clinicians whether targeting glucose variability will reduce
severe hypoglycaemia, CVD risk and mortality.

DEVOTE 3

In DEVOTE 3 [7], the temporal relationships between severe
hypoglycaemia and MACE/all-cause mortality were
evaluated.

During the study, 681 individuals experienced a MACE
and 439 participants experienced ≥ 1 episode of severe
hypoglycaemia. Thirty-two patients had an episode of severe
hypoglycaemia prior to a MACE, but only 16 patients expe-
rienced aMACE prior to an episode of severe hypoglycaemia.
Of the 423 individuals who died, 38 did so after an episode of
severe hypoglycaemia, sometimes many months after that
episode.

When comparing people who experienced severe
hypoglycaemia with those that did not, the relationship be-
tween severe hypoglycaemia and subsequent MACE was
non-significant, even before adjusting for potential con-
founders. However, compared with individuals who never
experienced severe hypoglycaemia during the study, those
who experienced severe hypoglycaemia had a more than two-
fold higher risk of subsequent total mortality and CVD mor-
tality. The relationship between severe hypoglycaemia and all-
cause mortality remained significant after adjusting for differ-
ences in several baseline risk factors between individuals with
and without severe hypoglycaemia. The investigators did not
analyse the data linking MACE to subsequent episodes of
severe hypoglycaemia.

In addition to the strengths of this study mentioned above,
DEVOTE 3 is novel in that it assessed the temporal relation-
ships between severe hypoglycaemia and MACE/mortality
[21]. However, the study also has several limitations, some of
which are similar to those of DEVOTE 2: first, as with
DEVOTE 2, this was a post hoc analysis of observational trial
data. Differences in baseline risk factors between people with
and without severe hypoglycaemia could explain relationships
with MACE/mortality. Although the authors adjusted for
several of these risk factors, residual confounding is a real
possibility (Fig. 2). As acknowledged by the authors, causality
cannot be inferred from this study: we do not know if those
who died after severe hypoglycaemia died because of severe
hypoglycaemia. Second, the analysis may have underestimated
the risks associated with hypoglycaemia for three reasons: (1)
the trial was of short duration and the number of MACE events
that were linked to severe hypoglycaemia events was small
and, thus, the power to detect relationships between severe
hypoglycaemia and MACE events was low; (2) the study
assessed the contribution of severe hypoglycaemia to outcomes
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Fig. 1 In DEVOTE 2, high
glucose variability was related to
a higher risk of severe
hypoglycaemia and higher
mortality. Explanations for these
findings could involve common
causes (confounding factors, such
as autonomic neuropathy) and/or
direct causal relationships
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but did not assess the contribution of non-severe hypo
glycaemia episodes, which could have potentially led to
prolonged QT intervals, repolarisation defects and
arrhythmias [14]; (3) an analysis was not carried out of
the individuals at highest-risk, who had multiple episodes
of severe hypoglycaemia (n = 130 experienced ≥ 2
episodes of severe hypoglycaemia) [5]. Third, there was
no explanation of how physicians managed episodes of
severe hypoglycaemia to prevent further events – was
this in line with standard clinical practice? [5]; fourth,
the authors did not report the strengths of the associa-
tions between severe hypoglycaemia and outcomes
after adjusting for potential confounders; and finally,
although the numbers of events were small, it may have
been appropriate to perform an exploratory analysis of
the MACE events that were followed by severe
hypoglycaemia. This would have created a more bal-
anced analysis plan that was less focused on the potential
causal pathway from severe hypoglycaemia to adverse
outcomes.

Regarding mechanistic insights, the authors rightly point
out the important physiological changes resulting from severe
hypoglycaemia episodes that could lead to cardiac events and
mortality, including autonomic, adrenal, prothrombotic and
proinflammatory changes. However, these responses occur
over hours or days, rather than over many months.
Therefore, clinical intuition suggests that it is implausible that
a single episode of severe hypoglycaemia could have an effect
on mortality up to 1 year after the event. What seems more
likely is that episodes of severe hypoglycaemia in this study
are acting as a marker of frequent recurrent, but less severe
hypoglycaemic episodes that may lead directly and rapidly to
death. Alternatively, as indicated in Fig. 2 above, the severe
hypoglycaemia episode might simply be a marker of other
conditions or behaviours that lead to higher mortality risks,
as suggested by others [22]. In their analysis, the authors ad-
justed for a small number of these potential confounders, such

as renal impairment, but there was no adjustment for several
potentially important factors, including autonomic neuropa-
thy, cognitive function or frailty (as in DEVOTE 2).

Should the study influence clinical practice? Annual rates
of severe hypoglycaemia in this high-risk trial population
were in the range of what has been observed in clinical prac-
tice using different methods (5% in DEVOTE vs 1–12% in
clinical practice) [23–28]. Most physicians would agree that
these rates are far too high. The main value of DEVOTE 3 is
that it raises awareness of the potential mortality risks associ-
ated with severe hypoglycaemia in high-risk insulin-
treated patients with type 2 diabetes. Preventing severe
hypoglycaemia in those with type 2 diabetes should already
be a priority in clinical practice. However, detection and pre-
vention of hypoglycaemia in type 2 diabetes is not given the
attention that it deserves. Greater efforts should be made to
identify individuals at high risk of hypoglycaemia, such as
elderly individuals with cognitive impairment or renal disease.
These patients could be harmed by use of complex therapies,
including insulin [29, 30]. There is a need for better ways of
detecting hypoglycaemia and, when appropriate, greater
use of therapies that are associated with low risk of
hypoglycaemia, including sodium−glucose cotransporter 2
(SGLT2) inhibitors, dipeptidyl peptidase-4 (DPP4) inhibitors,
glucagon-like peptide 1 (GLP-1) agonists, and fast-acting and
ultra-long-acting insulin analogues.

Regarding research implications, large cohort studies in-
volving simultaneous continuous glucose monitoring and
ECG monitoring could provide important insights into causal
relationships between severe hypoglycaemia and cardiac out-
comes, including arrhythmia, myocardial infarction and
cardiac death. Clinical trials targeting risk for severe
hypoglycaemia could quantify the benefits of clinical inter-
vention on hypoglycaemia risk to reduce the risk for CVD
events and mortality.

In summary, DEVOTE 3 raises awareness of the temporal
association between severe hypoglycaemia and mortality in a
large cohort of well characterised high-risk insulin-treated
patients with type 2 diabetes.

Conclusion

Taken together, these observational studies raise awareness of
the mortality risks associated with glucose variability and se-
vere hypoglycaemia in high-risk insulin-treated patients with
type 2 diabetes but they do not clarify causal relationships.
Only the results of further clinical trials can genuinely guide
physicians on whether to target glucose variability and risk for
severe hypoglycaemia to reduce the risks for CVD events and
mortality in these individuals.
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Fig. 2 In DEVOTE 3, severe hypoglycaemia was related to a higher risk
of mortality. Explanations for this finding could involve common causes
(confounding factors, such as frailty) and/or a direct causal relationship
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