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Glucose-lowering medication and lifestyle modification are essential for optimal
glycemic control in patients with type 2 diabetes mellitus (T2DM). However, glu-
cose-lowering agents, particularly insulin and insulin secretagogues, may cause
hypoglycemia, which has multiple negative effects on the cardiovascular (CV)
system and may cause death. Previous studies using institutional data from the
Korean Nationwide Health Insurance database have consistently found a caus-
al relationship between severe hypoglycemia and CV outcomes and mortality.
Screening for high-risk patients, appropriate management, and intensive indi-
vidualized education are the most effective measures and essential for the preven-
tion of harmful hypoglycemic events. Based on identified risk factors that predict
severe hypoglycemia, we developed an 1-year risk prediction model for severe
hypoglycemia that can be used in clinical settings. In this review, we describe
the current understanding of severe hypoglycemia and the clinical implications
in patients with T2DM. Furthermore, we highlight the importance of intensive
individualized education for high-risk patients and the risk prediction model to
reduce severe hypoglycemia.
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INTRODUCTION

and many patients eventually require insulin treatment
[2]. Furthermore, as the proportion of older people with

The rising prevalence of type 2 diabetes mellitus (T2DM)
has increased the global burden of diabetic compli-
cations, morbidity, mortality, and healthcare costs.
Achieving optimal glycemic control with glucose-low-
ering agents and lifestyle modification are the only ef
fective means to prevent or minimize diabetes-related
complications in patients with T2DM [1]. However, pa-
tients may find it difficult to maintain a healthy lifestyle
and adhere to pharmacological treatment over a life-
time. Moreover, T2DM is a chronic metabolic disease
with progressive deterioration of the beta-cell reserve,
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multiple morbidities and polypharmacy increases, in-
tensive glycemic control with insulin in those with
long-standing, advanced T2DM (i.e., absolute endoge-
nous insulin deficiency) increases the risk of hypogly-
cemia [2-4].

Hypoglycemia is a major barrier to achieving optimal
glycemic control in patients with T2DM. Treatment-in-
duced hypoglycemia is associated with an increased
risk of cardiovascular (CV) events and all-cause mor-
tality in patients with type 1 diabetes mellitus (T1DM)
and T2DM [5]. Moreover, hypoglycemia has a negative
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impact on emotional well-being, cognitive function,
and quality of life, particularly in patients with severe
hypoglycemia (SH), which negates the benefits of strict
glycemic control. Hypoglycemic events incur substan-
tial economic and psychosocial costs for patients, their
family members, and society [6].

Prevention is recognized as the most effective strat-
egy for the management of hypoglycemia in patients
with T2DM. Therefore, an understanding of adverse CV
outcomes related to SH and screening for patients with
T2DM at high risk for SH are of particular importance.

DEFINITION OF HYPOGLYCEMIA IN DIABETES

The American Diabetes Association and Endocrine
Society (ADA/ES) workgroup on hypoglycemia defined
hypoglycemia in diabetes as all episodes of abnormally
low plasma glucose concentrations that expose the in-
dividual to potential harm [7]. Hypoglycemia may be a
frequent outcome of glucose-lowering treatments, par-
ticularly insulin and insulin secretagogues. In contrast
to the diagnosis of clinical hypoglycemia, which is based
on Whipple’s triad (symptoms consistent with hypo-
glycemia, a low plasma glucose concentration, and the
resolution of symptoms after the plasma glucose con-
centration is raised to normal), the presence of relevant
symptoms and signs is not a prerequisite for the diag-
nosis of diabetic hypoglycemia because episodes may be
asymptomatic, in which individuals are unaware of low
blood glucose levels. The ADA/ES workgroup recom-
mended that a plasma glucose concentration < 70 mg/dL
serve as an alert for the possibility of a hypoglycemic
event in patients at risk of hypoglycemia. This value is
data driven and approximates the glycemic threshold
for activation of physiological glucose counterregula-
tory systems in nondiabetic individuals. The ADA/ES
adapted the three-level iatrogenic hypoglycemia in dia-
betes clinical classification proposed by the Internation-
al Hypoglycemia Study Group (Table 1) [8]. Although the
overall incidence of hypoglycemia is higher in patients
with TiDM than in those with T2DM, given that the
prevalence of T2DM is approximately 20-fold greater
than that of T1DM and many patients with long-stand-
ing T2DM ultimately require insulin treatment, most
episodes of iatrogenic hypoglycemia occur in patients
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Table 1. Three-level classification of iatrogenic hypoglyce-

mia in diabetes [8]

Glycemic criteria/description

Level1 54 mg/dL < glucose <70 mg/dL

Level2  Glucose <54 mg/dL, sufficiently low to indicate
serious clinically important hypoglycemia

Level 3  Asevere event characterized by altered mental

and/or physical functioning that requires
assistance from another person for recovery

with T2DM [9-12].

Because the symptoms and signs of hypoglycemia can
be nonspecific, patients may not be aware of a hypogly-
cemic event, or mild episodes that are self-treated may
not be remembered or reported. In contrast, although
SH represents a small fraction of the total hypoglycemic
burden, estimates of the frequency of SH are more reli-
able because they are dramatic events that are difficult to
ignore and are more likely to be reported.

CLINICAL IMPLICATIONS OF SEVERE
HYPOGLYCEMIA

SH not only affects quality of life and healthcare costs
it also directly contributes to mortality Although pro-
found neuroglycopenia can cause fatal brain injury, the
condition is rare; thus, more attention has been focused
on the causal association between hypoglycemia and
cardiac dysfunction. SH is a strong predictor of major
CV events and mortality in patients with T2DM [13-16],
although it is unclear whether this is due to a direct
pathophysiological association or whether SH acts as a
marker of vulnerability to CV events. Accumulating ob-
servational evidence indicates that several CV events oc-
cur during SH either as a result of hypoglycemia itself or
via activation of the sympathoadrenal response. Several
underlying pathophysiological processes have been pro-
posed including (1) hemodynamic changes that increase
cardiac workload and attenuate myocardial perfusion;
(2) arrhythmogenic electrophysiological changes; (3) the
induction of a prothrombotic state; and (4) the release of
inflammatory cytokines [17]. Ultimately, it is likely that
multiple factors contribute to CV events, which can be
triggered by SH in high-risk patients.
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CARDIOVASCULAR EFFECTS OF SEVERE
HYPOGLYCEMIA

Evidence suggests that SH can cause myocardial isch-
emia. The autonomic nervous system is activated as part
of the counterregulatory response to a hypoglycemic
episode. Sympathoadrenal activation, which stimulates
plasma catecholamine secretion, has profound CV ef-
fects including decreased parasympathetic activity. A
hypoglycemic clamp study (plasma glucose 54 mg/dL) in
nondiabetic subjects found that a surge in plasma epi-
nephrine was associated with increased heart rate and
stroke volume and decreased peripheral vascular resis-
tance, resulting in an increase in cardiac output and a
fall in central arterial pressure [18-20]. Such hemody-
namic responses to SH may be detrimental to patients
with long-duration diabetes and underlying heart dis-
ease [21,22].

Of further clinical significance is the finding that hy-
poglycemia can induce cardiac arrhythmias, which may
cause sudden death [23-25]. The arrhythmogenic effect
of hypoglycemia may act through several mechanisms:
a low blood glucose concentration has a direct effect on
ion channels, and catecholamines induce hypokalemia
and action potential/QT prolongation, which increases
the risk of ventricular arrhythmias and sudden death
[26-28]. A previous study of lethal hypoglycemia in rats
revealed disturbances of cardiac electrical stability. SH
initially induced sinus tachycardia, QT prolongation,
and atrial fibrillation (AF) followed by ventricular tachy-
cardia, atrioventricular blockade, and eventual bradycar-
dia and cardiorespiratory arrest [29].

The prothrombotic and proinflammatory effects of
hypoglycemia may be associated with CV events. Hor-
mones, including catecholamines, released during
hypoglycemia increase blood viscosity and promote
platelet aggregation and activation [22,30-32]. Further-
more, insulin-induced hypoglycemia has been shown
to increase coagulation factors and promote the release
of inflammatory cytokines, which may remain elevated
for several days after hypoglycemia is corrected [31-35).
These proinflaimmatory and procoagulant effects to-
gether with endothelial dysfunction can directly affect
vascular flow for some time after a hypoglycemic epi-
sode and may contribute to the development of CV
events.
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Despite the suggestion of a causal relationship be-
tween SH and CV events reported by mechanistic stud-
ies, evidence from large prospective studies is limited.
A causal relationship between SH and CV events is sup-
ported by the findings of the Action in Diabetes and Vas-
cular Disease: Preterax and Diamicron-MR Controlled
Evaluation (ADVANCE), the Action to Control Cardio-
vascular Risk in Diabetes (ACCORD), and the Outcome
Reduction With Initial Glargine Intervention (ORIGIN)
studies, all of which found higher rates of hypoglyce-
mia-related mortality in the intensive treatment arm
than in the standard treatment arm [15,16,36]. However,
the association between SH and CV events is strongest
in patients at high CV risk Currently available evidence
suggests that SH can trigger CV events in vulnerable
patients with high CV risk; therefore, hypoglycemia
should be avoided in patients with known cardiovascu-
lar disease (CVD) [37].

INSTITUTIONAL RESEARCH FINDINGS: ASSO-
CIATION BETWEEN SEVERE HYPOGLYCEMIA
AND CARDIOVASCULAR EVENTS

Hospital-based cohort study

To investigate the association between SH and the risk
of CVD or all-cause mortality in patients with T2DM, we
analyzed the data of'1,260 patients with T2DM recorded
in the St. Vincent’s Hospital registry. During the 10.4-
year follow-up period, 9.4% of the patients experienced
at least one SH episode. SH was significantly associated
with an increased risk of all-cause mortality (hazard ra-
tio [HR], 2.64; 95% confidence interval [CI], 1.39 to 5.02;
p = 0.003) and CVD mortality (HR, 6.34; 95% CI, 2.02 to
19.87; p = 0.002) after adjusting for sex, age, diabetes du-
ration, mean glycosylated hemoglobin level, diabetic ne-
phropathy, hypertension, lipid profile, and insulin use
38].

SH is associated with cardiac arrhythmia; therefore,
we investigated the change in heart-rate-corrected QT
interval (QTc) during SH. We reviewed medical records
including the electrocardiograms of 208 patients with
T2DM who visited the emergency department with SH.
The QT'c was measured during SH and 6 months before
and after SH. During SH, 54.8% of the patients had QTc
prolongation followed by a significant decrease in QTc
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within 6 months of SH (QTc¢ prolongation after recov-
ery, 33.8%; p < 0.001). The prolonged QTc was signifi-
cantly associated with baseline QT'c prolongation (odds
ratio, 2.92; 95% CI, 1.22 to 6.96; p = 0.016) after adjusting
for multiple confounders [39].

Korean National Health Insurance Service database
The Korean National Health Insurance Service (NHIS)
program established a computerized database (DB) con-
taining all claims data, including patient demographics,
drug prescriptions, diagnostic codes based on the dis-
ease coding system, the International Classification of
Diseases, insurers’ payment coverage, patients’ deduct-
ibles, and claimed treatment details. Therefore, because
the Korean NHIS DB is representative of the Korean
population, the data are useful for a population-based
nationwide study of patients with T2DM [40]. Six diabe-
tes-related CV complications, including ischemic heart
disease, acute myocardial infarction, ischemic stroke,
hemorrhagic stroke, percutaneous coronary interven-
tion, and coronary artery bypass graft were identified in
the NHIS claims DB.

To investigate the association between SH and
new-onset AF and all-cause mortality in adult patients
with T2DM, retrospective data were extracted from
the NHIS DB. Of 1,509,280 patients with T2DM who
received healthcare checkups between 2005 and 2008,
10,864 (0.72%) had experienced SH in the 3 years be-
fore the checkup. During 8.5 years of follow-up, 3.24%
of those patients developed new-onset AF (3.5 per 1,000
person-years). The incidence of AF was significant-
ly higher in patients who had experienced SH than in
those who had not experienced SH (7.09 and 3.79 per
1,000 person-years, respectively; p < o.oo1). After mul-
tivariable adjustment, previous SH was identified as a
significant risk factor for the development of AF (HR,
1.10; 95% CI, 1.01 to 1.19). After adjustment for multiple
variables, all-cause mortality was significantly higher in
patients who experienced previous SH events (HR, 1.57;
95% CI, 1.50 to 1.64) and in those with prior SH and sub-
sequent AF onset (HR, 4.64; 95% CI, 4.55 to 4.74) than in
patients who had not experienced SH [41].

We further investigated the associations between SH
episodes and CVD (newly developed myocardial infarc-
tion, stroke, heart failure) and all-cause mortality in pa-
tients with T2DM. The incidence of adverse outcomes
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tended to be higher in the group who experienced SH.
Experiencing three or more SH episodes was associated
with an approximately 2-fold higher risk of each type of
CV event and a 3.28-fold higher risk of all-cause mor-
tality. After adjusting for confounding factors, the HR
of myocardial infarction significantly and sequentially
increased: o vs. 1 episode (HR, 1.56; 95% CI, 1.46 to 1.64);
o vs. 2 episodes (HR, 1.86; 95% CI, 1.61 to 2.15); and o vs.
3 or more episodes (HR, 1.86; 95% CI, 1.48 to 2.35; p for
trend < o.oo1). Similarly, the number of SH episodes
was associated with sequential increases in the risk of
stroke, heart failure, and all-cause mortality. Moreover,
we found a dose-response relationship between the
number of SH events and all main outcomes (p for trend
< 0.001). The risks for all CV outcomes and mortality
were highest within 1 year of the index date and showed
decreasing trends on follow-up. Significant results from
the dose-response, temporal, and sensitivity analyses
suggest direct causality between SH and CV outcomes
and mortality [42].

PREVENTION OF SEVERE HYPOGLYCEMIA

Screening of high-risk patients: a risk prediction
model for SH

Given the negative effects of SH on diabetes manage-
ment and CV outcomes, the ability to predict SH accu-
rately and manage the risk factors before an SH episode
is essential for patients with T2DM. For this reason, we
developed a 14-variable prediction model to estimate
the 1-year risk of SH in patients with T2DM using the
NHIS DB. Age, sex, smoking status, alcohol drinking
status, body mass index, exercise, previous SH episode,
use of insulin or multiple oral hypoglycemic agents, the
presence of hypertension or chronic kidney disease, du-
ration of diabetes, glucose level, and the Charlson Co-
morbidity Index score were included in the model (Figs.
1 and 2) [43).

Using this risk model, we created an interactive web-
based calculator for the 1-year risk of SH (http://md.koo-
bian.com/sh/index.html) for practical use in the clinical
setting (Fig. 2B). Our model showed good calibration
and discrimination with a C-statistic index of 0.871 (95%
CI, 0.863 to 0.881) [43]. This risk scoring system will en-
able healthcare professionals to screen patients at high
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Figure 1. Predictive nomogram for the 1-year probability of severe hypoglycemia (SH). Adapted from Han et al. [43]. BMI, body

mass index; OHA, oral hypoglycemic agent.

risk for SH easily, and the score can be immediately
incorporated into medical decision making such as ad-
justing the dose of the hypoglycemic agent, determining
the cause of hypoglycemia, and providing intensive pa-
tient education. Therefore, our prediction model could
reduce the incidence of SH in high-risk T2DM patients.

Diabetes self-management education: the role and
effectiveness of intensive individualized reinforce-
ment education for the prevention of hypoglycemia
in patients with T2DM

Patient education plays an essential role in diabetes
care, particularly for the prevention of SH. Well-orga-
nized, intensive patient education delivered by certified
professional healthcare providers has been shown to be
cost-effective and to improve glycemic control, self-care
behavior, well-being, and reduce CV risk factors [44-
406]. Previously, we reported that a structured, intensive
group education program helped patients with T2DM
improve their dietary habits, engage in more frequent
physical activity and regular self-monitoring of their
glucose levels, and achieve better glycemic control [47].

https://doi.org/10.3904/kjim.2020.327

Furthermore, intensive individualized education can
help patients with T2DM at high risk of SH manage hy-
poglycemia and avoid SH episodes [48]. Important skills
taught in the education program include the adjustment
of insulin or insulin secretagogues dose and recogniz-
ing the early signs of hypoglycemia. Detection of low
glucose concentration with no symptoms is critically
important because it is indicative of impaired awareness
of hypoglycemia, a treatable condition of conventional-
ly defined severe iatrogenic hypoglycemia caused by an
even lower glucose concentration [49]. Therefore, indi-
vidualized intensive education with reinforcement and
regular monitoring will reduce the number of hypogly-
cemic episodes and ultimately reduce related major CV
events and mortality in patients at high risk for SH [50].

CONCLUSIONS

Healthcare professionals who treat patients with T2DM
in the clinical setting should be aware of the potential
detrimental effects of hypoglycemia on prognosis, ma-
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Figure 2. (A) The 1-year incidence probability of severe hypoglycemia (SH) according to the total score. (B) An example of risk
prediction for SH in a 66-year-old woman with type 2 diabetes mellitus (no smoking or alcohol habits, body mass index 23.8
kg/m?, moderate intensity exercise, on insulin treatment, hypertension, chronic kidney disease, previous history of an severe
hypoglycemic event, diabetes duration of 10 years, fasting glucose 122 mg/dL, one class of oral hypoglycemic agent, and Charl-
son Comorbidity Index score of 2 points) using the risk prediction model (http://md.koobian.com/sh/index.html). Adapted

from Han et al. [43].

jor CV events, and mortality. Based on accurate assess-
ment of SH risk, immediate intervention should be con-
sidered for patients deemed high risk, including setting
a less stringent glycated hemoglobin target, modifying
antidiabetic management, increasing self-monitoring
of plasma glucose levels, adopting lifestyle modification
practices and regular mealtimes, and SH education. Of
these interventions, we believe that intensive individu-
alized education is the most fundamental and effective
way to prevent SH. Therefore, it is reasonable to devote
considerable attention and medical resources to educa-
tion for patients with T2DM at high risk of SH. More-
over, with technological advances, the availability of
continuous glucose monitoring systems (CGMS) has in-
creased. Wider use of CGMS will improve understand-
ing of blood glucose patterns and glucose management;
moreover, CGMS provide a more precise measurement
of blood glucose levels than self-monitoring. Therefore,
accurate CGMS data will allow the development of more
individualized and tailored SH prevention education
programs.
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