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Multiple studies have shown that hypoglycemia is associated with increased mortality
and a variety of adverse outcomes. Whether hypoglycemia is a mediator of adverse
outcomes or simply represents a marker of critical illness has been unclear until now.
Based on observational data, spontaneous (but not iatrogenic) hypoglycemia is
associated with increased mortality during hospitalization for acute myocardial
infarction. In the recent ADVANCE trial of patients with diabetes, intensive glucose
lowering was associated with increased risk of hypoglycemia. Hypoglycemia was, in
turn, associated with increased risk of macro- and microvascular events and death,
and also with increased risk of noncardiac adverse events, including disorders of the
digestive, respiratory, and skin systems. Based on available evidence, hypoglycemia
does not appear to directly lead to death or cardiovascular events and is likely a
marker for more severe illness and comorbidity burden. Nevertheless, continued efforts
to avoid hypoglycemia are clearly warranted.
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over hypoglycemia. In randomized controlled trials of both acute and

long-term glycemic control, hypoglycemia occurs more frequently in pa-
tients treated intensively with insulin or insulin secretagogues, as compared
with patients assigned to conventional glucose control strategies.'” Several ob-
servational studies suggest that hypoglycemia during acute hospitalization is
associated with increased mortality.!®!? In addition, in the Action to Control
Cardiovascular Risk in Diabetes (ACCORD) trial, excess mortality risk observed
in the intensive glucose control group raised the possibility that hypoglycemia
may directly contribute to adverse outcomes.® Despite post hoc analyses of this

T he pursuit of strict glucose control is frequently hampered by concerns
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study, which suggest that hypo-
glycemia did not explain the excess
mortality risk, questions remain with
regard to the association between
hypoglycemia and adverse events.
Specifically, it has been unclear
whether hypoglycemia is a mediator
of adverse outcomes or simply repre-
sents a marker of critical illness.

In the inpatient setting, this issue
was directly addressed in a large retro-
spective cohort of patients with acute
myocardial infarction (AMI)." In this
study, hypoglycemia (random blood
glucose < 60 mg/dL) was associated
with increased in-hospital mortality,
but only among patients who experi-
enced spontaneous hypoglycemia, de-
fined as hypoglycemia occurring with-
out administration of any insulin
during hospital stay. In contrast, there
was no significant association between
hypoglycemia and in-hospital death
among patients who experienced ia-
trogenic hypoglycemia, defined as oc-
curring in the presence of any insulin
treatment during hospitalization.
Based on this study, hypoglycemia is
more likely to be a marker, rather than
a cause, for increased mortality, at least
in the setting of AMI hospitalization.

The recent Action in Diabetes and
Vascular Disease: Preterax and Diami-
cron Modified Release Controlled
Evaluation (ADVANCE) trial provided
another opportunity to investigate the
relationship between hypoglycemia
and adverse outcomes, specifically
among diabetic patients. ADVANCE
was a factorial trial with randomized
comparisons of blood pressure and
glucose lowering on the risk of vascu-
lar outcomes and death in patients
with type 2 diabetes. In this trial, in-
tensive glucose lowering with gli-
clazide (and other therapies as re-
quired) was  compared  with
conventional glucose control among
11,140 patients with major macro- or
microvascular disease or at least one
cardiovascular risk factor. There were
no significant differences in major

macrovascular outcomes or death be-
tween the groups after a median fol-
low-up of S years, but intensive glu-
cose therapy was associated with
increased risk of severe hypoglycemia
(2.7% vs 1.5% in the intensive versus
conventional arms, respectively; P <
.001). Severe hypoglycemia was de-
fined as any blood glucose < 50 mg/dL
accompanied by transient neurologic
dysfunction and requiring administra-
tion of treatment by someone else.
Recent analysis of the ADVANCE
trial by Zoungas and colleagues'
specifically examined the association
between severe hypoglycemia and the
risks of macro- and microvascular
events and death. The median time
from severe hypoglycemia to the first
major macrovascular event was 1.56
years (interquartile range [IQR], 0.84-
2.41), to the major microvascular
event was 0.99 years (IQR 0.40-2.17),
and to death was 1.05 years (IQR,
0.34-2.41). Patients reporting severe
hypoglycemic episodes were at higher
risk for major macrovascular events
(adjusted hazard ratio [HR] 3.45, 95%
confidence interval [CI], 2.34-5.08),
major microvascular events (adjusted
HR 2.07, 95% CI, 1.32-3.26), and

death from any cause (adjusted HR
3.30, 95% CI, 2.31-4.72). Moreover,
severe hypoglycemia was associated
with increased risk of a wide range of
noncardiac adverse events, including
disorders of the digestive, respiratory,
and skin systems. Importantly, the as-
sociation between severe hypo-
glycemia and these adverse outcomes
was similar among patients assigned
to intensive and conventional treat-
ment strategies.

Although there were a number of
limitations to this analysis (including
the relatively small number of hypo-
glycemic episodes and inability to ac-
count for unreported hypoglycemia),
the study suggests that hypoglycemia
may be a strong marker of sicker pa-
tients. Coexisting conditions and
health factors may make these indi-
viduals more vulnerable to both hy-
poglycemia and subsequent adverse
outcomes. In fact, patients experienc-
ing hypoglycemia in the ADVANCE
study were older, had longer duration
of diabetes, lower body mass index,
and other risk factors associated with
severe illness, compared with pa-
tients who did not report hypo-
glycemia (Table 1). The temporal

Table 1
Risk Factors for Hypoglycemia in Patients With Diabetes

Patient Factors

Older age

Longer duration of diabetes
Lower body mass index
Higher creatinine levels
Lower cognitive function

History of smoking or microvascular disease

History of severe hypoglycemia or hypoglycemia unawareness

Treatment Factors

Use of two or more glucose-lowering drugs

Use of insulin therapy or insulin secretagogues

Assignment to intensive glucose control

Other Factors

Alcohol use
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Figure 1. Potential mechanisms by which hypoglycemia may trigger cardiovascular events. BP, blood pressure; CRP,

C-reactive protein; ECG, electrocardiography.

relationship between hypoglycemia
and outcomes with long duration of
time between the two events also
supports the notion that hypo-
glycemia is a marker of critical illness.
In addition, the broad increases in
risks across various conditions (par-
ticularly skin and respiratory disor-

ders, for which no clear causative
mechanisms related to hypoglycemia
exist) make it less likely that hypo-
glycemia directly leads to these ad-
verse events (Figure 1).

This study provides further evi-
dence that hypoglycemia does not
appear to directly lead to death or

cardiovascular events, either in the
hospital or in the outpatient setting;
it is likely just a marker for more
severe illness and comorbidity bur-
den. Nevertheless, there is certainly
no benefit associated with hypo-
glycemia, and efforts to avoid it are
still warranted. ]
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Main Points

e Hypoglycemia is associated with increased mortality and adverse outcomes.

e Prior observational studies in hospitalized patients show that spontaneous (but not iatrogenic) hypoglycemia is asso-
ciated with increased mortality during hospitalization for acute myocardial infarction, suggesting that hypoglycemia

is a marker of sicker patients.

e Recent analysis of the ADVANCE trial demonstrates that hypoglycemia is associated with a broad range of adverse
outcomes without a clear causal pathway or temporal relationship. These data provide additional evidence that
hypoglycemia is likely not a direct cause of adverse events in patients with type 2 diabetes.
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