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INTRODUCTION 

Hypoglycemia, defined as a measured glucose level <70 

mg/dL regardless of the severity of accompanying hypo-

glycemic symptoms, is considered clinically important for 

patients with diabetes [1,2]. An increase in hypoglycemia 

frequency or severity is a major barrier to optimal glycemic 

control and has a negative impact on health-related quality 
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Hypoglycemia in people with type 2 diabetes mellitus (T2DM) is troublesome and an important barrier to diabetes management. Al-
though more intensive glycemic control is emphasized to prevent diabetes-related long-term complications, it raises the risk of hypo-
glycemia in people with T2DM. Severe hypoglycemia (SH), defined as critical events characterized by altered mental and/or physical 
status requiring assistance for recovery, is considered an advanced and life-threatening form of hypoglycemia. The detection of SH 
is an important issue because it is associated with further adverse clinical outcomes such as cardiovascular events, mortality, cog-
nitive impairment, and decreased quality of life. By identifying the potential risk factors for SH and introducing measures to minimize 
SH, SH itself and subsequent harmful clinical outcomes could be prevented in people with T2DM. The traditional risk factors for SH 
in T2DM, such as older age, long-standing diabetes with decreased insulin secretion, advanced vascular complications, serious co-
morbidities, and insulin use, are usually unmodifiable. However, unhealthy lifestyle factors, defined as current smoking, heavy alco-
hol consumption, and lack of regular exercise, can be improved through active patient education. In recent research, greater adher-
ence to healthy lifestyle factors and any improvement in unhealthy lifestyle habits were found to be associated with a substantially 
lower risk of SH in individuals with T2DM. As well as being an essential component of diabetes self-care and optimal glycemic con-
trol, lifestyle modification probably contributes to the prevention of SH in individuals with T2DM. 
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of life and the overall burden on healthcare resource use in 

both type 1 diabetes mellitus and type 2 diabetes mellitus 

(T2DM) [3,4]. Severe hypoglycemia (SH), classically defined 

as a hypoglycemic event requiring the assistance of another 

person, is of special concern for diabetes management [5,6]. 

Both recent and lifetime SH have been found to be associ-

ated with impaired cognition or dementia, impaired cogni-

tion or dementia, incident falls, irreversible brain damage, 



cardiovascular (CV) events, and fatal arrhythmia [7]. There-

fore, diabetes treatment-related SH should be avoided, es-

pecially for elderly patients with diabetes. 

The American Diabetes Association and Endocrine So-

ciety workgroup on hypoglycemia adapted the three-level 

classification of iatrogenic hypoglycemia in diabetes pro-

posed by the International Hypoglycemia Study Group 

(Table 1) [1,5–8]. In 2017, the International Hypoglycaemia 

Study Group also recommended that a blood glucose level 

<54 mg/dL is sufficiently low to indicate serious, clinically 

important hypoglycemia in patients with diabetes [5,8]. No-

tably, it proposed expanding the previous definition of SH 

as a hypoglycemic event requiring the assistance of another 

person in diabetes to include a measured glucose level <50 

mg/dL, a level associated with cardiac arrhythmia and sud-

den death [5–9]. 

EPIDEMIOLOGY OF SH IN PATIENTS WITH TYPE 2 
DIABETES IN KOREA 

We previously investigated the trends of SH in Korean pa-

tients with T2DM using the Korean National Health Insur-

ance Service (NHIS) database. The prevalence of SH events 

in T2DM patients increased from 2002 to 2012; however, it 

decreased between 2012 and 2019 (Fig. 1) [10]. However, 

because the prevalence of T2DM has steadily increased, the 

absolute number of patients experiencing SH has actually 

increased during the past 17 years, despite several efforts 

to reduce SH [10,11]. Roughly 23,000 SH events occur in 

Korea every year, and the prevalence of SH was 0.6%, with 

an incidence rate of 4.43 per 1,000 person-years, in 2019 

(Fig. 1) [10]. In particular, 15% to 17% of patients with SH 

experienced at least one previous episode of SH within the 

Table 1. Recommended classification of hypoglycemia in diabetes
Level Glycemic criteria Clinical description
1 54 to <70 mg/dL Clinically important hypoglycemia independent of the severity of hypoglycemic symptoms; should be 

treated with glucose
2 <54 mg/dL Sufficiently low to indicate serious, clinically important hypoglycemia
3 No specific glucose level A severe event characterized by altered mental and/or physical functioning that requires assistance 

from another person for recovery

Fig. 1. Trends in the prevalence of severe hypoglycemia in patients with type 2 diabetes mellitus in Korea between 2002 and 2019 us-
ing the Korean National Health Insurance Service database (shown as gray bars). Severe hypoglycemia was more prevalent in female 
patients (red dotted line), and dramatically increased with age.
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preceding 3 years. 

In general, hypoglycemia is caused by glucose-lowering 

medications such as insulin, a sulfonylurea, or a glinide. 

Therefore, the reduction in the incidence of SH seems to 

be related to the increased prescription rate of antihyper-

glycemic medications without hypoglycemia risk (dipepti-

dylpeptidase-4 inhibitors, glucagon-like peptide-1 receptor 

agonists [GLP-1RAs], or sodium-glucose cotransporter-2 

[SGLT2] inhibitors), less strict hemoglobin A1c (HbA1c) 

goals, the individualization of diabetes treatment, and dia-

betes education for preventing hypoglycemia [12–14]. 

SH AND CV OUTCOMES IN T2DM 

The relationship between SH and CV disease (CVD) out-

comes or mortality is supported by many previous studies 

[15–18]. Most of the available evidence from large epidemi-

ological studies has shown a positive association between 

hypoglycemia (severe or nonsevere) and the risk of CVD 

events or death [19,20]. The results from the Trial Compar-

ing Cardiovascular Safety of Insulin Degludec vs. Insulin 

Glargine in Patients With Type 2 Diabetes at High Risk of 

Cardiovascular Events (DEVOTE) population demonstrated 

an association between SH events and a higher risk of all-

cause mortality, particularly in the short term after an SH 

episode [16]. According to a prospective cohort analysis of 

1,209 participants with diagnosed diabetes from the Ath-

erosclerosis Risk in Communities (ARIC) study, SH was 

a significant and potent marker of high risk for CV events 

and mortality [21]. A meta-analysis found that, in T2DM 

patients, the occurrence of an SH event was associated with 

about a twofold increase in the risk of all-cause mortality, 

CV mortality, and major adverse CV events [22]. We also 

investigated the association between SH and subsequent 

CVD and mortality events, and found an increased risk of 

myocardial infarction, stroke, heart failure, and all-cause 

mortality in Korean patients with T2DM who experienced 

an SH event with a dose-response, temporal relationship 

[23]. A consistent causal relationship between SH and CVD 

outcomes was found in Asian populations [23,24]. SH was 

also associated with the risk of hospitalization and mortal-

ity, mainly in elderly patients, and it may be predictive of 

future CV events in patients with diabetes who have pre-ex-

isting heart disease and obesity [25]. 

Hypoglycemia has been shown to exert arrhythmogenic 

effects. Prior SH events were associated with a higher risk 

of new-onset atrial fibrillation (hazard ratio [HR], 1.10; 95% 

confidence interval [CI], 1.01–1.19) and all-cause mortality 

(HR, 1.57; 95% CI, 1.50–1.64) in Korean patients with T2DM 

[26]. The mean length of the corrected QT interval was also 

significantly prolonged in patients with diabetes present-

ing to the emergency department during or soon after an 

SH episode [27–29]. In a large cohort of adults with T2DM 

enrolled in the Action to Control Cardiovascular Risk in Di-

abetes (ACCORD) study, SH was independently associated 

with a 49% higher relative risk of heart failure (HR, 1.49; 95% 

CI, 1.01–2.21) [30].  

PATHOGENESIS OF SH AND ITS EFFECTS ON CARDIAC 
FUNCTION 

Hypoglycemia is associated with several changes on elec-

trocardiography, including ST-segment depression consis-

tent with ischemia, heart rate variability, and QT prolonga-

tion that can be associated with arrhythmias and increased 

mortality [31–33]. The parasympathetic nervous system was 

identified as the primary mediator of SH-induced cardiac 

arrhythmias in a nondiabetic rodent model [34]. In addi-

tion, hypoglycemia was found to increase blood viscosity, 

platelet aggregation, plasminogen activator inhibitor-1, 

thromboglobulin, coagulation factor VIII, von Willebrand 

factor, and thrombin generation, resulting a hypercoagula-

ble and atherothrombotic status [15,35–37]. In older adults, 

SH history was associated with alterations in cardiac func-

tion, including lower ejection fraction, greater left ventric-

ular mass and chamber size, and impaired left ventricular 

filling [38]. 

SH exacerbated myocardial injury and enhanced myocar-

dial inflammation in diabetic mice. With enhanced produc-

tion of myocardial proinflammatory cytokines and oxida-

tive stress, myocardial metabolic remodeling was mediated 

by peroxisome proliferator-activated receptor beta or delta, 

leading to myocardial injury and dysfunction triggered by 

hypoglycemia in diabetic mice, but not in controls [39]. 

RISK FACTORS FOR SH IN T2DM 

Various studies have identified risk factors for SH in patients 

with T2DM. Older age, sulfonylureas and/or insulin treat-

ment, intensive glycemic control, low HbA1c values, lower 
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body mass index, longer duration of diabetes with insuffi-

cient insulin secretion, poor cognitive function, current use 

of various medications (polypharmacy in addition to antidi-

abetic drugs), a greater prevalence of coexisting multimor-

bidity (such as cancer, myocardial infarction, heart failure, 

peripheral arterial disease, atrial fibrillation, or stroke), 

renal dysfunction (low estimated glomerular filtration 

rate, proteinuria), a short life expectancy, severe vascular 

complications or severe comorbidities, and a prior history 

of SH significantly increase SH development [5,22,40–45]. 

The ARIC study showed that glucose fluctuations and the 

level of activities of daily living could be associated with 

the incidence of SH, as well as traditional risk factors [44]. 

Definite cardiovascular autonomic neuropathy was also an 

independent prognostic factor for the development of SH in 

patients with T2DM [40]. 

Remarkably, in addition to the clinical characteristics 

and underlying comorbidities mentioned above, unhealthy 

lifestyle factors such as alcohol abuse or current smoking 

were associated with an increased risk of SH in patients 

with diabetes [46,47]. Real-world nested case-control data 

demonstrated that people with T2DM in poor health and 

with some lifestyle behaviors were more vulnerable to de-

veloping SH [46]. Alcohol can suppress hepatic glucone-

ogenesis, thereby interfering with the counter-regulatory 

response to hypoglycemia, and it diminishes awareness of 

hypoglycemia [48,49]. Smoking may reduce insulin clear-

ance in people with T2DM, leading to hyperinsulinemia, 

an increased risk of postprandial hypoglycemia, and poorer 

overall metabolic control [50,51]. It is also important to note 

that alcohol abuse and smoking tend to be more prevalent 

in people with other behavioral risk factors, including poor 

diet, which can be associated with poor glycemic control 

[46,52]. These findings provide important clinical evidence 

regarding correctable and modifiable risk factors for the 

prevention of SH, especially in high-risk populations. 

IS SH PREVENTABLE? A FOCUS ON LIFESTYLE 
MODIFICATION 

Considering the harmful clinical consequences of SH, more 

attention and proper strategies for SH are needed in pa-

tients at high risk for SH. Screening and stratifying high-risk 

patients for SH can be conducted using a risk prediction 

model, which may also be a useful tool for individualized 

care in routine clinical practice [15,41]. Recent trials have 

shown that the use of newer antidiabetic medications (GLP-

1RAs and SGLT2 inhibitors) demonstrated advantages in 

reducing CV outcomes among individuals with T2DM and 

established CVD or those at high risk for CVD, without in-

creasing the risk of SH [14,15,53–55]. Less glycemic target 

goals (i.e., higher HbA1c) with intensive individualized 

diabetes education are appropriate for those who have pre-

viously experienced SH or potentially are at high risk for SH 

[1,9,13,14]. Frequent glucose monitoring using a continuous 

glucose monitoring system has been useful for identifying 

undetected recurrent hypoglycemia and for safe titration of 

medications [1,14,56]. 

Although many clinical risk factors have been recognized 

as risk factors for SH in T2DM, most of them are not modifi-

able or correctable. Therefore, the strategy for prevention of 

SH has mainly focused on education, glucose monitoring, 

or dose adjustment of antihyperglycemic agents [1,14,56]. 

Interestingly, our recent study demonstrated that be-

havioral modification from an unhealthy to a healthier 

lifestyle was significantly associated with lower SH devel-

opment among adults with T2DM. From health check-

up self-report questionnaires using the Korean NHIS 

database, information was collected on patients’ history 

of smoking, alcohol consumption, and exercise habits. 

Unhealthy lifestyle factors were defined as follows: current 

smoking, heavy alcohol consumption (≥30 g/day), and a 

lack of regular exercise (moderate-intensity physical ac-

tivity for <30 min/day, <5 times/wk or strenuous-intensity 

physical activity for <20 min/day, <3 times/wk) [47]. In 

this cohort study using the Korean NHIS database, cur-

rent smoking, heavy alcohol consumption, and a lack of 

regular exercise were associated with 28%, 22%, and 21% 

higher risks for new-onset SH in patients with T2DM, 

respectively [47]. Combinations of these three unhealthy 

factors were significantly associated with a higher risk of 

incident SH in a dose-dependent manner. Individuals 

with all three unhealthy lifestyle factors showed an 81% 

higher risk of SH than those without any unhealthy life-

style factors [47]. However, any improvement of unhealthy 

lifestyle factors, such as abstinence from alcohol abuse, 

quitting smoking, or starting regular exercise, demonstrat-

ed significant association with a lower risk of subsequent 

SH events, compared to persistence of unhealthy lifestyle 

behaviors. Moreover, starting unhealthy lifestyle habits 
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Hazard Ratio (95% CI) of SH Incidence According to the Change in Each Lifestyle Factors

Age, Sex, Smoking, Drinking, Regular exercise, Income (lower 25%), Hypertension, Dyslipidemia, CVD, BMI, eGFR, FPG, Previous SH event, Insulin use, Oral hypoglycemic agent (≥3), Duration of hypoglycemic agent ≥5 years

1 (Ref)

1.32 (1.23, 1.43)

1.17 (1.10, 1.24)

1.30 (1.25, 1.36)

1 (Ref)

1.20 (1.11, 1.31)

1.13 (1.05, 1.21)

1.28 (1.18, 1.39)

1 (Ref)

0.86 (0.83, 0.89)

0.80 (0.77, 0.83)

0.73 (0.70, 0.76)

PP  for trend <0.001 for all 

Smoking Alcohol consumption Regular exercise

 Adherence to a healthy lifestyle is significantly associated with a lower risk of subsequent SH event. 

 However, any improvements in these lifestyle factors were also significantly associated with a lower risk of 

subsequent SH events

1

was as harmful as maintaining them (Fig. 2). Therefore, in-

tensive individualized education programs need to include 

this information on lifestyle modification for high-risk pa-

tients with SH in T2DM and encourage them to maintain a 

healthy lifestyle. 

CONCLUSIONS 

In summary, SH is a critical issue in T2DM, especially in 

high-risk populations. Clinicians should ask patients about 

hypoglycemic events at every visit and pay close attention to 

this issue. The identification of high-risk patients, intensive 

individualized education, and frequent monitoring are key 

factors for preventing SH. In addition to the management 

of traditional risk factors for SH, adherence to a healthy life-

style should be emphasized to reduce the development of 

SH events. Closer adherence to healthy lifestyle factors and 

changes from unhealthy to healthy lifestyle habits are prob-

ably helpful for preventing SH in individuals with T2DM. 

Therefore, a more patient-centered detailed approach 

based on clinical evidence needs to be developed for T2DM 

patients at high risk for SH. 
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