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Background/Aims: Severe hypoglycemia (SH) is a major concern in type 2 diabetes mellitus (T2DM). We evaluated whether 
a composite diabetes progression score could predict incident SH.
Methods: Using the Korean National Health Insurance Service database, we identified 2,475,605 adults with T2DM who 
underwent health examinations in 2015−2016. Incident SH was defined by ICD−10 codes plus emergency department visit 
or hospitalization. The progression score (range, 0−6) comprised six indicators: longer diabetes duration, use of ≥ 3 oral glu-
cose-lowering drug classes, insulin use, chronic kidney disease (CKD), cardiovascular disease, and diabetic retinopathy.
Results: During 1 year of follow-up, 1,186 SH events occurred. Each component of diabetes progression was independently 
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INTRODUCTION 

Severe hypoglycemia (SH) is one of the most serious acute 
complications of diabetes mellitus (DM), and may lead to 
cardiovascular disease (CVD), dementia, falls, and death [1]. 
Repeated episodes of SH adversely affect patient prognosis 
and are associated with cognitive decline, stress, reduced 
quality of life, and increased hospital readmissions [2]. This is 
a significant burden for both patients and the entire health-
care system. SH should not be regarded as a failure of diabe-
tes management, but rather as a condition requiring more 
proactive prevention and early intervention.

The prevalence of SH increased steadily from 0.29% in 
2002 to a peak of 0.87% in 2012, before gradually declin-
ing to 0.60% in 2019 with an incidence rate of 4.43 per 
1,000 person-years [3]. The observed reduction in SH inci-
dence is likely attributable to increased use of newer glu-
cose-lowering agents associated with a lower risk of hypo-
glycemia, adoption of less stringent glycemic targets, and 
growing emphasis on individualized treatment strategies 
[3]. Although the incidence has shown a declining trend, SH 
events remain a significant clinical concern among patients 
with type 2 diabetes mellitus (T2DM) [3].

As with other diabetes-related complications, prevention 
is the best approach to SH management, and identification 
of associated risk factors is the first essential step. Estab-
lished risk factors for SH include older age, multiple co-
morbidities, renal impairment, cognitive dysfunction, CVD, 
longer duration of diabetes, and intensive glycemic control 
[4]. Although many studies have examined the associations 
between these individual factors and SH risk, such clinical 
characteristics often coexist within a single patient. Previous 
reports have also shown that certain classes of antidiabetic 
agents, such as sulfonylureas, insulin, as well as polypharma-
cy, are associated with an increased risk of hypoglycemia [5].  

Compared with patients prescribed a single class, those 
prescribed three or more classes of glucose-lowering drugs 
(GLDs) showed approximately a fourfold higher risk of hy-
poglycemia [5]. Collectively, these findings suggest that as 
diabetes progresses—characterized by a longer disease du-
ration, a greater need for multiple GLDs, and development 
of diabetes-related complications—the likelihood of SH in-
creases. Therefore, this study was conducted to investigate 
this potential relationship. 

METHODS 

Data source
We conducted a retrospective cohort study analysis using 
nationwide, population-based data from the Korean Nation-
al Health Insurance Service (NHIS). NHIS serves as a single in-
surer, providing mandatory health insurance to 97% of Ko-
reans, while the Medical Aid program covers the remaining 
3% [6,7]. The NHIS database contains diagnostic codes as 
classified by the International Classification of Disease, 10th 
revision (ICD−10), medical treatments, procedures, prescrip-
tions, and demographics and socioeconomics, such as age, 
sex, and income level. The NHIS also provides biennial na-
tional health screening to subscribers older than 40 years. 
The screening data include anthropometric measurements, 
laboratory tests, and self-reported questionnaires [7].

Study population
We analyzed patients with T2DM aged 20 years and above 
who underwent national health examination programs 
from January 2015 to December 2016. T2DM was defined 
as a fasting blood glucose level of 126 mg/dL or higher as 
measured at the health examination, or the presence of the 
ICD−10 codes E11 with a prescription for oral GLDs or insu-

associated with SH risk hazard ratios (HRs) from 1.19–3.27, with insulin use and CKD showing the largest effects. SH risk in-
creased stepwise with higher progression scores. Compared with a score of 0, the adjusted HRs (95% confidence intervals) 
were 3.35 (2.63−4.27), 7.74 (6.15−9.74), 12.61 (9.97−15.95), 22.39 (17.44−28.75) for scores 1, 2, 3, and ≥ 4, respectively.
Conclusions: A concise diabetes progression score strongly stratified short-term SH risk in this nationwide cohort, and may 
help target proactive prevention and early intervention.
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lin. Participants with missing data were excluded, resulting 
in a final cohort of 2,475,605 patients. This study was ap-
proved by the Institutional Review Board, College of Med-
icine, The Catholic University of Korea (MC25ZASI0052). 
This study was conducted in accordance with the Strength-
ening the Reporting of Observational Studies in Epidemiolo-
gy (STROBE) reporting guidelines [8].

Definition of diabetes progression score
The progression of diabetes was scored based on six com-
ponents: (1) diabetes duration of ≥ 10 years, (2) use of ≥ 3 
oral GLDs, (3) use of insulin, (4) presence of chronic kidney 
disease (CKD), (5) presence of diabetic retinopathy (DR), 
and (6) presence of CVD [9-11]. One point was assigned 
for each component, yielding a total diabetes progression 
score ranging from 0 to 6. CKD was defined as an estimat-
ed glomerular filtration rate (eGFR) < 60 mL/min/1.73 m2 
at the health examination or the presence of rare intracta-
ble diseases codes (hemodialysis, V001; peritoneal dialysis, 
V003; kidney transplantation V005) before the index date. 
The eGFR was calculated using CKD Epidemiology Collab-
oration method [12]. CVD was defined as prior myocardial 
infarction (ICD−10 codes I21, I22) or prior stroke (ICD−10 
codes I63, I64), diagnosed within 3 years before the index 
date. DR was defined as the ICD−10 code H36.0 recorded 
at least once as an inpatient, or twice as an outpatient with-
in 3 years before the index date. 

Definition of SH
SH was defined using the ICD−10 codes E16.0 and E11.63 
with emergency care or hospitalization [13]. All patients 
were followed from the index date until the occurrence 
of SH, death, or 1 year after the index date, whichever oc-
curred first. 

Covariates
Body mass index (BMI) was calculated as weight (kg) divided 
by the square of height (m2). Low household income was 
defined as the lowest quartile or as medical aid beneficia-
ries. Smoking status, alcohol consumption, and physical ac-
tivity were assessed using self-reported questionnaires. Al-
cohol consumption was categorized as heavy (≥ 30 g/day), 
mild (1−29 g/day), or non-consumption (0 g/day). Regular 
exercise was defined as performing > 20 min of strenuous 
physical activity ≥ 3 times per week, or > 30 min of mod-
erate physical activity ≥ 5 times per week. Blood samples 

were collected after overnight fasting for measurement of 
serum glucose, total cholesterol, and serum creatinine. Hy-
pertension was defined as a systolic/diastolic blood pressure 
of 140/90 mmHg or higher, or the presence of the ICD−10 
code I10−13 and I15 with a prescription for anti-hyperten-
sive agents. Dyslipidemia was defined as a total cholesterol 
level of 240 mg/dL or higher, or the presence of the ICD−10 
code E78 with a prescription for lipid-lowering agents. The 
history of SH was defined by the presence of the ICD−10 
codes for SH within 3 years before the index date. The glu-
cose-lowering agents analyzed in this study were grouped 
into 8 classes: insulin, metformin, sulfonylureas, megli-
tinides, thiazolidinediones, dipeptidyl–peptidase IV inhibi-
tors, sodium–glucose cotransporter–2 inhibitors (SGLT2 in-
hibitors), and alpha–glucosidase inhibitors. GLP−1 receptor 
agonists were not considered in the present analysis, due to 
their very low prescription rate (< 1%).

Statistical analysis
Baseline characteristics were presented as the mean ± stan-
dard deviation or number (%) for categorical variables. 
For non-normally distributed variables, the variables were 
log-transformed, and presented as geometric means (95% 
confidence intervals [CI]). Chi-square tests were performed 
for categorical variables and independent t–tests for con-
tinuous variables to analyze differences according to the 
incidence of SH. The incidence rate of SH was calculated by 
dividing the number of incident cases by the total follow-up 
duration (person–years). Kaplan–Meier curves were used to 
present the cumulative incidence of diagnosed SH accord-
ing to the diabetes progression score, and the log–rank test 
was used to assess differences between groups. The Cox 
proportional hazards regression was used to estimate haz-
ard ratios (HRs) and 95% CIs for SH. The proportional haz-
ards assumption was evaluated using both the Schoenfeld 
residuals test and a log–log plot. This assumption was found 
to be satisfied. The multivariable model was adjusted for 
age, sex, low income, BMI, smoking, alcohol consumption, 
regular exercise, hypertension, dyslipidemia, history of SH, 
and fasting glucose. In the analysis of diabetes progression, 
the model was adjusted for other variables, excluding the 
components used to calculate the progression. All statistical 
analyses were performed using SAS software (SAS Enter-
prise Guide 7.1; SAS Institute Inc., Cary, NC, USA). All sta-
tistical tests were two-tailed, and statistical significance was 
set at p < 0.05.
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Table 1. Baseline characteristics

Characteristic
Non-incidence SH

(n = 2,474,419) 
Incidence SH
(n = 1,186) 

p value

Age, yr 59.6 ± 12.0 70.6 ± 10.4 < 0.0001

Male 1,495,372 (60.4) 599 (50.5) < 0.0001

Low income 534,401 (21.6) 296 (25.0) 0.0049

Smoking < 0.0001

Never 1,357,943 (54.9) 799 (67.4)

Former 556,160 (22.5) 215 (18.1)

Current 560,316 (22.6) 172 (14.5)

Alcohol consumption < 0.0001

Non 1,428,369 (57.7) 953 (80.4)

Mild 819,838 (33.1) 170 (14.3)

Heavy 226,212 (9.2) 63 (5.3)

Regular exercise 534,375 (21.6) 158 (13.3) < 0.0001

Insulin 190,549 (7.7) 448 (37.8) < 0.0001

Metformin 1,356,679 (54.8) 890 (75.0) < 0.0001

α–glucosidase inhibitors 72,119 (2.9) 143 (12.1) < 0.0001

Sulfonylureas 775,581 (31.3) 852 (71.8) < 0.0001

Thiazolidinediones 160,320 (6.5) 147 (12.4) < 0.0001

DPP−4 inhibitors 838,235 (33.9) 594 (50.1) < 0.0001

Meglitinides 13,214 (0.5) 32 (2.7) < 0.0001

SGLT−2 inhibitors 41,729 (1.7) 23 (1.9) 0.4989

Duration of diabetes ≥ 10 yr 575,807 (23.3) 699 (58.9) < 0.0001

Hypertension 1,443,502 (58.3) 961 (81.0) < 0.0001

Dyslipidemia 1,336,533 (54.0) 694 (58.5) < 0.0001

History of severe hypoglycemia 6,227 (0.3) 102 (8.6) < 0.0001

Cardiovascular disease 209,704 (8.5) 286 (24.1) < 0.0001

Chronic kidney disease 210,958 (8.5) 544 (45.9) < 0.0001

Diabetic retinopathy 325,166 (13.1) 390 (32.9) < 0.0001

BMI, kg/m2 25.3 ± 3.6 24.0 ± 3.7 < 0.0001

Waist circumference, cm 86.2 ± 9.0 85.3 ± 9.6 < 0.0001

Systolic blood pressure, mmHg 128.5 ± 15.1 130.2 ± 17.0 < 0.0001

Diastolic blood pressure, mmHg 78.1 ± 10.0 76.8 ± 10.9 < 0.0001

Fasting glucose, mg/dL 145.4 ± 46.0 139.2 ± 78.0 < 0.0001

Total cholesterol, mg/dL 185.4 ± 43.8 167.4 ± 40.9 < 0.0001

HDL cholesterol, mg/dL 50.9 ± 14.8 49.0 ± 15.0 < 0.0001

LDL cholesterol, mg/dL 103.3 ± 38.5 89.5 ± 34.3 < 0.0001

eGFR, mL/min/1.73 m2 88.0 ± 19.6 64.2 ± 25.4 < 0.0001

Triglyceride, mg/dL 137.9 (137.8, 138.0) 126.1 (122.3, 130.0) < 0.0001

Values are presented as the mean ± standard deviation, geometric mean (95% confidence interval), or number (%).
SH, severe hypoglycemia; BMI, body mass index; DPP−4 inhibitors, dipeptidyl peptidase 4 inhibitors; SGLT−2 inhibitors, sodium 
glucose cotransporter–2; eGFR, estimated glomerular filtration rate; HDL, high density lipoprotein; LDL, low density lipoprotein.
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RESULTS

Baseline characteristics of the study 
population
During the 1-year follow-up, a total of 1,186 SH events 
were recorded. The baseline characteristics were presented 
according to the incidence of SH (Table 1). At baseline, pa-
tients with incident SH were older, more likely to be female, 
and had lower income levels. They also used more oral GLDs 
(except for SGLT2 inhibitors) and insulin, and had a higher 
prevalence of CVD and DR. In addition, these patients had a 
lower BMI, fasting blood glucose levels, and eGFR.

Risk of SH according to diabetes progression 
score components
Each component of the diabetes progression score was 
significantly associated with an increased risk of SH after 
adjustment for covariates (Table 2). The risk of SH was 1.47-

fold higher in individuals with a diabetes duration of ≥ 10 
years than in those with a duration of < 10 years (adjusted 
HR [aHR]: 1.47, 95% CI: 1.29–1.68). Patients receiving three 
or more oral GLDs had a 2.07-fold higher risk compared 
with those receiving fewer than three (aHR: 2.07, 95% 
CI: 1.84–2.34). Insulin use was associated with a 3.27-fold 
higher risk of SH compared with non-use (aHR: 3.27, 95% 
CI: 2.87–3.72). The presence of CKD conferred a 3.16-fold 
increased risk (aHR: 3.16, 95% CI: 2.78–3.59), while CVD 
and DR were associated with 1.31-fold (aHR: 1.31, 95% CI: 
1.14–1.51) and 1.19-fold (aHR: 1.19, 95% CI: 1.05–1.36) 
higher risks of SH, respectively.

Risk of SH according to diabetes progression 
score
The Kaplan–Meier curve and log–rank test demonstrated a 
significant linear trend between higher diabetes progression 
scores and the incidence of SH (Fig. 1). After adjusting for 

Table 2. Hazard ratio for severe hypoglycemia according to diabetes progression components

Diabetes progression 
components

Total
(n)

Events
(n)

IR
Hazard ratioa)

(95% confidence interval)

Duration of diabetes

< 10 yr 1,899,099 487 0.26 1 (reference)

≥ 10 yr 576,506 699 1.22 1.47 (1.29, 1.68)

Number of oral glucose-lowering drugs (GLDs)

< 3 1,946,599 628 0.32 1 (reference)

≥ 3 529,006 558 1.06 2.07 (1.84, 2.34)

Use of insulin

No 2,284,608 738 0.32 1 (reference)

Yes 190,997 448 2.37 3.27 (2.87, 3.72)

Chronic kidney disease

No 2,264,103 642 0.28 1 (reference)

Yes 211,502 544 2.60 3.16 (2.78, 3.59)

Cardiovascular disease

No 2,265,615 900 0.40 1 (reference)

Yes 209,990 286 1.38 1.31 (1.14, 1.51)

Diabetic retinopathy

No 2,150,049 796 0.37 1 (reference)

Yes 325,556 390 1.20 1.19 (1.05, 1.36)

IR per 1,000 person–years.
IR, incidence rate.
a)Adjusted for age, sex, body mass index, low income, smoking, alcohol consumption, regular exercise, hypertension, dyslipidemia, 
history of severe hypoglycemia, fasting glucose, and each of the diabetes progression components (duration of diabetes, number 
of oral GLDs, insulin, chronic kidney disease, cardiovascular disease, diabetic retinopathy–except for same component).

www.kjim.org


921

Lee KN, et al. Diabetes progression and hypoglycemia

www.kjim.orghttps://doi.org/10.3904/kjim.2026.084

covariates, an increase in the diabetes progression score was 
shown to be significantly associated with increased risk of 
SH (Table 3). Compared with patients who had a diabetes 
progression score of 0, the risk of SH increased progres-
sively with higher scores: 3.35-fold for a score of 1 (aHR: 
3.35, 95% CI: 2.63–4.27), 7.74-fold for a score of 2 (aHR: 
7.74, 95% CI: 6.15–9.74), 12.61-fold for a score of 3 (aHR: 
12.61, 95% CI: 9.97–15.95), 22.39-fold for a score of 4 
(aHR: 22.39, 95% CI: 17.44–28.75), 25.90-fold for a score 
of 5 (aHR: 25.90, 95% CI: 18.62–35.94), and 45.03-fold for 
a score of 6 (aHR: 45.03, 95% CI: 25.49–79.55).

Subgroup analyses and sensitivity analyses
Subgroup analyses were conducted, with patients divided 
into two groups according to their age, sex, BMI, and history 
of SH (Fig. 2, Supplementary Table 1). Patients with high-
er diabetes progression score had a significantly increased 
risk of SH, compared with those with a score of 0. This as-
sociation was consistently observed across all subgroups. 
It was particularly pronounced among younger patients  
(< 65 years), those with obesity (BMI ≥ 25 kg/m2), and pa-
tients without a history of SH (all p for interaction < 0.05), 
whereas no significant interaction was observed by sex  
(p for interaction = 0.3189). The HR for younger patients 
with a score of ≥ 4 was 37.07 (95% CI: 24.50–56.08), while 
the HR for older patients with a score of ≥ 4 was 17.84 (95% 
CI: 13.39–23.76). For patients with obesity and a score of 
≥ 4, the HR was 34.49 (95% CI: 23.45–50.73), while in pa-
tients without obesity, the HR was 18.59 (95% CI: 13.82–
25.01). For patients without a history of SH, the HR for a 
score ≥ 4 was 24.80 (95% CI: 19.40–31.71), while for those 
with a history of SH was 6.56 (95% CI: 2.03–21.22).

We performed two additional sensitivity analyses to con-
firm the robustness of our findings. Firstly, we used a weight-
ed score based on the regression coefficients derived from 
the multivariable Cox regression analysis for each component 
of diabetes progression (Supplementary Table 2). Secondly, 
we evaluated the long-term follow-up results over a medi-
an follow-up period of 7.59 years (Supplementary Table 3).  
Both sensitivity analyses yielded results that were very similar 
to those of the primary analysis, showing a consistent and 
significant increase in the risk of SH with higher scores.

Figure 1. Kaplan–Meier curves for the cumulative incidence of 
severe hypoglycemia according to the diabetes progression score.
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Table 3. Hazard ratio for severe hypoglycemia according to diabetes progression score

Diabetes progression score
Total
(n)

Events
(n)

IR
Hazard ratioa)

(95% confidence interval)

0 1,345,459 100 0.07 1 (Ref.)

1 552,783 199 0.36 3.35 (2.63, 4.27)

2 333,007 311 0.94 7.74 (6.15, 9.74)

3 169,333 291 1.73 12.61 (9.97, 15.95)

4 59,844 208 3.51 22.39 (17.44, 28.75)

5 13,689 63 4.68 25.90 (18.62, 35.94)

6 1,490 14 9.64 45.03 (25.49, 79.55)

IR per 1,000 person–years.
IR, incidence rate.
a)Adjusted for age, sex, body mass index, low income, smoking, alcohol consumption, regular exercise, hypertension, dyslipidemia, 
history of severe hypoglycemia, and fasting glucose.
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DISCUSSION

We found that, apart from insulin use, the accumulation of 
other indicators reflecting diabetes progression was associ-
ated with an increased risk of SH. These findings highlight 
the importance of preventive strategies and patient educa-
tion to mitigate the risk of SH in such patients. Notably, pa-
tients with multiple coexisting complications or overlapping 
with clinical characteristics indicating diabetes progression 
exhibited an even higher risk of SH. Beyond insulin use, 
CKD, a disease duration of more than 10 years, and DR 
were sequentially associated with an increased risk of SH. 
More importantly, when these clinical characteristics coex-
isted in a single patient, the risk of SH was further amplified. 
Patients with a progression score of 2 or higher demonstrat-
ed more than a 7–fold increase in the risk of SH. Those with 
a score of 3 exhibited a more than 12–fold higher risk. For 
example, patients with a diabetes duration of ≥ 10 years, 
CKD, and CVD had an approximately 12–fold increased risk 
of developing SH.

Currently, there is no universally accepted scoring system 

to quantify diabetes progression [9-11]. This lack of con-
sensus reflects the heterogeneous nature of T2DM, where 
disease trajectories may vary widely among patients. In this 
context, our study proposed a pragmatic approach by inte-
grating multiple clinical indicators—such as disease duration, 
the presence of complications, and treatment intensity—to 
capture the extent of diabetes progression [9-11]. Previous 
studies have used a variety of surrogate indicators to reflect 
diabetes progression, including complication burden, glyce-
mic parameters, treatment intensity, and medication bur-
den [14-16]. Although laboratory measures such as blood 
glucose and HbA1c are widely used in clinical practice, they 
may not fully represent cumulative disease severity because 
they can vary over time. Escalation of glucose-lowering ther-
apy, including the initiation of insulin, often reflects increas-
ing difficulty in glycemic management. Therefore, the num-
ber of oral GLDs and the need for insulin therapy may serve 
as practical markers of disease progression. Likewise, longer 
diabetes duration has been associated with more advanced 
disease status and worse clinical outcomes, likely reflecting 
prolonged exposure to hyperglycemia and an increased risk 

Figure 2. Subgroup analyses of the association between the diabetes progression score and risk of severe hypoglycemia according to age 
(A), sex (B), BMI (C), and history of severe hypoglycemia (D). Hazard ratios (HRs) and 95% confidence intervals (CI) for the risk of severe 
hypoglycemia according to diabetes progression score. The HR was adjusted for age, sex, BMI, low income, smoking, alcohol consump-
tion, regular exercise, hypertension, dyslipidemia, history of severe hypoglycemia, and fasting glucose. BMI, body mass index.
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of vascular and other diabetes-related complications. Based 
on these considerations, we constructed a simple diabe-
tes progression score using 3 clinical indicators: use of 3 
or more oral GLDs, diabetes duration of at least 10 years, 
and insulin therapy. We further incorporated the number 
of diabetes-related complications to reflect the cumulative 
burden of disease progression. In our previous studies, this 
approach was associated with increased risks of diabetic 
foot amputation [10] and Parkinson’s disease [9].

This concept is also broadly aligned with the recent Kore-
an Diabetes Association framework for severe DM, which 
integrates both difficulty in glycemic control and disease 
progression, including glycemic deterioration and com-
plication progression [17]. Severe diabetes was defined as 
either a metabolic grade ≥ 3, indicating marked insulin de-
ficiency or severe insulin resistance that often requires in-
tensive treatment, including basal-bolus insulin therapy, or 
a complication stage ≥ 3, indicating overt diabetes-related 
complications such as CKD with macroalbuminuria and sta-
ble angina. In this context, our diabetes progression score 
was intended as a simple and pragmatic measure that cap-
tures treatment intensity together with complication bur-
den. Moreover, we performed a sensitivity analysis using a 
weighted score based on the regression coefficients derived 
from the multivariable Cox regression analysis for each com-
ponent of diabetes progression (Supplementary Table 2). 
In the weighted score model, the risk of SH also increased 
consistently and significantly with increasing score, showing 
findings very similar to those of the original analysis. This is 
because a simple unweighted score is more practical and 
easier to apply in routine clinical settings than a more com-
plex weighted calculation. We retained the diabetes pro-
gression score constructed by simple counting of diabetes 
progression components. 

Importantly, we demonstrated that a higher progression 
score was strongly associated with an increased risk of SH, 
one of the most serious adverse events in patients with dia-
betes. SH is a life-threatening condition that can cause loss 
of consciousness and CVD, and has a negative impact on 
health-related quality of life, as well as increased health-
care costs. Most importantly, because prevention is critical 
in the management of SH, careful evaluation and identifi-
cation of its risk factors are of paramount importance. In 
this study, patients who experienced incident SH were more 
likely to be treated with insulin and sulfonylureas. In addi-
tion to these agents, most oral GLDs were more frequent-

ly prescribed in the SH group (Table 1). The use of SGLT2 
inhibitors was low and did not differ significantly between 
groups, likely reflecting their relatively recent introduction. 
Patients with T2DM requiring insulin therapy are general-
ly considered to exhibit indicators of diabetes progression. 
The intensification of treatment—particularly the initiation 
of insulin therapy or the use of multiple oral GLDs—often 
reflects worsening glycemic control and increased insulin 
resistance, both of which are characteristic features of dia-
betes progression. Therefore, risk factors for SH may include 
not only glucose-lowering agents that can induce hypogly-
cemia, but also the concurrent use of multiple antidiabetic 
medications—reflecting a more advanced stage of diabetes.

In terms of SH risk, CKD, DR, and longer disease duration 
appeared to be stronger predictors than CVD history. Nev-
ertheless, previous studies have reported that CVD is both a 
risk factor for SH, and contributes to increased CVD risk and 
mortality associated with SH [18]. It is plausible that medi-
cations administered for the management of CVD may con-
tribute to the risk of SH. Previous studies have reported that 
the concomitant use of sulfonylureas and beta-blockers was 
associated with a 53% increase in the risk of SH, compared 
with the use of sulfonylureas alone [19]. Beta-blockers may 
lower blood glucose levels by suppressing glycogenolysis 
and inhibiting hepatic glucose production [19]. In addition, 
beta-blockers can mask early hypoglycemic symptoms, such 
as tachycardia, thereby leading to delayed recognition of 
SH. 

A history of prior SH also played a critical role, with a 
HR exceeding 10 (HR: 11.4; 95% CI: 10.8–12.1; fully ad-
justed model), which was comparable to the elevated risk 
observed in patients with a progression score of three or 
more. In analyses stratified by prior SH history, the associ-
ation between diabetes progression score and SH risk was 
more pronounced among patients without a prior history of 
SH. In patients with prior SH, previous SH itself is a strong 
predictor of subsequent SH, which may have attenuated the 
relative contribution of the progression score. In contrast, 
among those without prior SH, the score may function as a 
more sensitive indicator of future SH risk, resulting in higher 
HRs. Notably, after adjustment for prior SH history, diabetes 
progression remained significantly associated with SH risk, 
suggesting that this relationship was independent of previ-
ous SH events. Patients with both prior SH and an elevated 
diabetes progression score may therefore warrant particu-
larly careful monitoring for recurrent SH.
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CKD represents a major risk factor for SH, as consistently 
reported in previous studies [4,20]. In this study, CKD also 
exhibited the highest HR, apart from insulin use, under-
scoring the need for heightened vigilance in patients with 
impaired renal function. Several mechanisms may explain 
this association: kidney impairment reduces the clearance of 
hypoglycemic agents, decreases the degradation of insulin 
in peripheral tissues, impairs renal gluconeogenesis, and al-
ters insulin metabolism, all of which can predispose patients 
with CKD to hypoglycemia [4,20]. Furthermore, recent stud-
ies have reported that participants who experienced SH in 
the presence of renal impairment had an 11–12-fold higher 
risk of progressing to end-stage kidney disease compared 
to those without SH and renal impairment, highlighting the 
bidirectional relationship between SH and kidney outcomes 
[20]. The apparent increase in the risk of SH among patients 
with DR may be explained by other underlying clinical char-
acteristics, as CKD frequently coexists with DR. The evidence 
that DR per se increases the risk of SH is mixed, and likely 
confounded by coexisting factors, such as longer diabetes 
duration, insulin use, and renal impairment. Previous stud-
ies have indicated that a history of SH is associated with 
a higher risk of incident or progressive DR. In retinal cells, 
glucose deprivation leads to the upregulation of vascular en-
dothelial growth factor [21]. Rapid normalization of glucose 
status with intensive glucose management was suggested 
to have a potential role in aggravating the progression of 
DR, known as ‘early worsening’. The entire mechanism of 
this early worsening has not been fully elucidated, but hy-
poglycemia is known to induce changes in blood viscosity 
and microcirculatory flow, along with white cell activation, 
vasoconstriction, and the release of inflammatory mediators 
and cytokines.

This study has several limitations. First, HbA1c levels were 
not measured. Furthermore, some biochemical parameters 
only reflected information at a single point in time, exclud-
ing from the analysis glycemic variability, or changes during 
treatment. Furthermore, as this study is a retrospective 
observational study using NHIS claims data, establishing a 
definitive causal relationship between diabetes progression 
and SH risk remains challenging. Diabetes-related compli-
cations are known risk factors for SH, SH events can also 
exacerbate these complications. Due to this bidirectional 
relationship, the potential for reverse causality cannot be 
entirely excluded in our findings. Future studies should as-
sess actual hypoglycemic exposure time using continuous 

glucose monitoring, and evaluate impaired hypoglycemic 
awareness through patient-reported outcomes or struc-
tured surveys. Lastly, further validation of the diabetes pro-
gression score used in this study is warranted in indepen-
dent cohorts, such as hospital-based cohorts or prospective 
community-based cohorts. Nevertheless, the strengths of 
this study include the assessment of diabetes progression by 
incorporating information on diabetes complications, med-
ication use, and other clinical factors through the linkage 
of large-scale nationwide health insurance claims data with 
health screening information. This comprehensive approach 
has allowed for a more accurate evaluation of the degree of 
diabetes progression and its relationship to the risk of SH. 

In conclusion, the risk of incident SH is notably elevated 
in individuals with multiple indicators of diabetes progres-
sion, such as prolonged duration of diabetes, presence of 
CKD, and poor glycemic control requiring the use of insulin 
or multiple oral GLDs. Because prevention is critical in the 
management of SH, identifying high-risk individuals is of 
importance. Our findings suggest that, beyond insulin use, 
patients exhibiting multiple features of advanced diabetes—
such as CKD and long disease duration—are at substantially 
higher risk of developing SH.

KEY MESSAGE 
1.	 A diabetes progression score (ranging from 0 to 

6)—based on diabetes duration, number of oral 
glucose-lowering drugs, insulin use, and the pres-
ence of chronic kidney disease, cardiovascular 
disease, and diabetic retinopathy—significantly 
increases the risk of incident severe hypoglycemia 
(SH).

2.	Among the individual components of the score, 
insulin use and chronic kidney disease are the most 
potent predictors of SH risk, with adjusted hazard 
ratios of 3.27 and 3.16, respectively.

3.	The risk of SH increases in a stepwise manner as 
the progression score rises, with patients scoring ≥ 
4 exhibiting a more than 22-fold higher risk com-
pared to those with a score of 0.
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Supplementary Table 1. Subgroup analyses of the association between the diabetes progression score and risk of severe 

hypoglycemia according to age, sex, BMI, and history of severe hypoglycemia

Diabetes 
progression score

Total
(n)

Events
(n)

IR
Hazard ratioa)

(95% confidence interval)
p value for 
interaction

Age groups 0.0284

< 65 yr 0 1,032,265 38 0.04 1 (Ref.)

1 320,259 67 0.21 4.75 (3.18, 7.08)

2 169,974 83 0.49 10.06 (6.84, 14.81)

3 73,909 78 1.06 19.61 (13.25, 29.05)

≥ 4 26,352 61 2.33 37.07 (24.50, 56.08)

≥ 65 yr 0 313,194 62 0.20 1 (Ref.)

1 232,524 132 0.57 2.55 (1.89, 3.45)

2 163,033 228 1.41 6.13 (4.62, 8.13)

3 95,424 213 2.25 9.40 (7.07, 12.51)

≥ 4 48,671 224 4.67 17.84 (13.39, 23.76)

Sex 0.3189

Male 0 860,300 56 0.07 1 (Ref.)

1 321,199 96 0.30 3.20 (2.30, 4.46)

2 187,701 156 0.84 7.80 (5.72, 10.64)

3 89,005 140 1.59 12.78 (9.29, 17.57)

≥ 4 37,766 151 4.06 27.15 (19.69, 37.43)

Female 0 485,159 44 0.09 1 (Ref.)

1 231,584 103 0.45 3.47 (2.44, 4.95)

2 145,306 155 1.07 7.62 (5.44, 10.68)

3 80,328 151 1.89 12.34 (8.79, 17.32)

≥ 4 37,257 134 3.63 20.44 (14.45, 28.91)

BMI 0.0074

< 25 kg/m2 0 618,703 65 0.11 1 (Ref.)

1 275,242 136 0.50 3.28 (2.44, 4.42)

2 182,256 206 1.14 6.95 (5.24, 9.22)

3 95,898 183 1.93 10.51 (7.87, 14.03)

≥ 4 41,755 169 4.11 18.59 (13.82, 25.01)

≥ 25 kg/m2 0 726,756 35 0.05 1 (Ref.)

1 277,541 63 0.23 3.34 (2.21, 5.06)

2 150,751 105 0.70 9.05 (6.15, 13.32)

3 73,435 108 1.48 16.86 (11.45, 24.81)

≥ 4 33,268 116 3.52 34.49 (23.45, 50.73)

History of severe hypoglycemia 0.0152

No 0 1,344,659 97 0.07 1 (Ref.)

1 551,537 187 0.34 3.31 (2.58, 4.24)

2 331,495 290 0.88 7.80 (6.17, 9.86)

3 167,839 266 1.60 13.08 (10.30, 16.62)

≥ 4 73,746 244 3.35 24.80 (19.40, 31.71)
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Diabetes 
progression score

Total
(n)

Events
(n)

IR
Hazard ratioa)

(95% confidence interval)
p value for 
interaction

Yes 0 800 3 3.80 1 (Ref.)

1 1,246 12 9.80 2.17 (0.61, 7.70)

2 1,512 21 14.20 3.03 (0.90, 10.17)

3 1,494 25 17.16 3.44 (1.04, 11.41)

≥ 4 1,277 41 33.38 6.56 (2.03, 21.22)

IR per 1,000 person–years.
IR, incidence rate; BMI, body mass index.
a)Adjusted for age, sex, body mass index, low income, smoking, alcohol consumption, regular exercise, hypertension, dyslipidemia, 
history of severe hypoglycemia, and fasting glucose.

Supplementary Table 1. Continued
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Supplementary Table 2. Hazard ratio for severe hypoglycemia according to weighted diabetes progression score

Diabetes progression score
Total
(n)

Events
(n)

IR
Hazard ratioa)

(95% confidence interval)

0 1,345,459 100 0.07 1 (Ref.)

0.1–0.9 506,949 128 0.25 2.55 (1.96, 3.32)

1.0–1.9 276,465 193 0.70 6.87 (5.38, 8.78)

2.0–2.9 221,124 317 1.45 10.36 (8.20, 13.10)

3.0–3.9 84,785 231 2.75 19.21 (15.02, 24.56)

4.0–4.9 27,180 128 4.79 29.58 (22.46, 38.94)

5.0–5.9 12,153 75 6.30 36.19 (26.44, 49.55)

6 1,490 14 9.64 49.88 (28.22, 88.16)

IR per 1,000 person–years.
IR, incidence rate.
a)Adjusted for age, sex, body mass index, low income, smoking, alcohol consumption, regular exercise, hypertension, dyslipidemia, 
history of severe hypoglycemia, and fasting glucose.
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Supplementary Table 3. Hazard ratio for severe hypoglycemia according to diabetes progression score during long-term 

follow-up

Diabetes progression score
Total
(n)

Events
(n)

IR
Hazard ratioa)

(95% confidence interval)

0 1,345,459 1,527 0.15 1 (Ref.)

1 552,783 2,156 0.52 2.50 (2.34, 2.67)

2 333,007 2,834 1.15 4.96 (4.66, 5.29)

3 169,333 2,401 1.95 7.63 (7.14, 8.16)

4 59,844 1,461 3.54 12.43 (11.53, 13.41)

5 13,689 416 4.71 14.86 (13.29, 16.63)

6 1,490 56 6.25 17.97 (13.74, 23.51)

IR per 1,000 person–years.
IR, incidence rate.
a)Adjusted for age, sex, body mass index, low income, smoking, alcohol consumption, regular exercise, hypertension, dyslipidemia, 
history of severe hypoglycemia, and fasting glucose.
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