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INTRODUCTION 

Hyperglycemia is synergistically caused by defects in the 

peripheral action of insulin (insulin resistance) and the 

inadequacy of insulin secretion by pancreatic beta cells 

(beta cell failure) [1]. Dysfunctional insulin secretion due 

to beta cell impairment is essential for the onset and pro-

gression of diabetes [2]. Various physiologic stressors create 

harmful environments that influence beta cell function. 

These stressors include chronic exposure to high levels of 

glucose and lipids, and increased insulin demand due to 

insulin resistance in peripheral tissues, both of which are 

commonly observed in obesity-associated type 2 diabetes 

Review Article
Cardiovasc Prev Pharmacother 2022;4(2):57-62
eISSN 2671-700X
https://doi.org/10.36011/cpp.2022.4.e9

A persistent intake of excess calories increases plasma levels of free fatty acids, particularly the saturated form that has been 
shown to exert toxic effects on pancreatic beta cells by inducing dysfunction and apoptosis (i.e., lipotoxicity). An insufficient supply 
of insulin due to beta cell failure is a major factor in the onset and progression of type 2 diabetes; therefore, it is crucial to under-
stand the cellular mechanisms of lipotoxicity to prevent beta cell failure. Many studies on the effects of lipotoxicity have demonstrat-
ed the various factors responsible for beta cell impairment, but the mechanisms of dysfunction and apoptosis resulting from lipotox-
icity have not been fully described. This review discusses lipotoxicity-induced alterations of cellular mechanisms, and assesses 
drugs such as incretin mimetics, thiazolidinedione, and clusterin. Understanding the molecular mechanisms of lipotoxicity-induced 
beta cell failure is useful in guiding the development of new therapeutic targets for diabetes treatment. 

Keywords: Insulin-secreting cells; Lipotoxicity; Inflammation; Endoplasmic recticulum stress; Autophagy

Targets for rescue from fatty acid-induced lipotoxicity in 
pancreatic beta cells
Seok-Woo Hong1, Won-Young Lee2

1Institute of Medical Research, Department of Internal Medicine, Kangbuk Samsung Hospital, Sungkyunkwan University School of Medicine, 
Seoul, Korea

2Division of Endocrinology and Metabolism, Department of Internal Medicine, Kangbuk Samsung Hospital, Sungkyunkwan University School 
of Medicine, Seoul, Korea

Received: February 4, 2022; Revised: April 4, 2022; Accepted: April 13, 2022
Correspondence to Won-Young Lee, MD, PhD 
Division of Endocrinology and Metabolism, Department of Internal Medicine, Kangbuk Samsung Hospital, Sungkyunkwan University School of 
Medicine, 29 Saemunan-ro, Jongno-gu, Seoul 03181, Korea. E-mail: wonyoung2.lee@samsung.com

(T2D). In harmful environments, beta cells initially perform 

compensatory mechanisms to handle the cellular stress, 

but ultimately the reactions become pathologic and induce 

beta cell dysfunction and apoptosis. 

Although lipids are essential building blocks of cellular 

membranes and are mediators of signaling, free fatty acids 

(FFAs) are a harmful environmental factor that can cause 

stress for beta cells in pathologic conditions. Many studies 

have observed high levels of plasma FFAs in animal models 

of diabetes and in patients with T2D [3–5], and negative pa-

rameters such as glucose intolerance and impaired insulin 

release are related to increased levels of saturated fatty ac-

ids (FAs) [6–8]. Lipotoxicity due to chronic exposure to high 



levels of saturated FAs seriously damages beta cell function 

with reduced insulin synthesis [9–11] and secretion [12,13], 

and eventually induces apoptosis [14,15]. Studies on beta 

cell failure have reported various cellular mechanisms 

responsible for the lipotoxicity-induced dysfunction and 

apoptosis, but the mechanisms have not been fully de-

scribed and new models of beta cell impairment are still be-

ing investigated [16]. The present review focuses on several 

mechanisms affected by lipotoxicity and discusses chemical 

means of preventing beta cell impairment. 

SREBP-1C ACTIVATION AND DISORDERS OF LIPID 
METABOLISM 

T2D is associated with high levels of FFAs, as well as accu-

mulation of triglycerides in peripheral tissues [17]. Although 

FFAs can be cytotoxic in pancreatic beta cells by inducing 

apoptotic pathways that initiate mitochondrial dysfunction 

and cellular stress [18,19], the deposition of ectopic lipid in 

beta cells has been implicated as a main cause of beta cell 

impairment [20]. Chronic lipid stimulation of beta cells, 

such as in the later stages of T2D, appears to cause lipid ac-

cumulation and, ultimately, apoptosis [19,21]. Although the 

mechanism of beta cell apoptosis by FFAs is not completely 

understood, it is believed that lipotoxicity occurs when ex-

cess FFAs enter beta cells by non-oxidative metabolic path-

ways and cause lipid accumulation in beta cells [22,23]. 

Sterol regulatory element-binding proteins (SREBPs) are 

essential transcription factors that regulate the expression 

of the genes involved in cholesterol and fatty acid synthesis 

[24]. Three isoforms of SREBPs have been identified (SREBP-

1a, SREBP-1c, and SREBP-2). SREBP-1a and SREBP-1c are 

isoforms of SREBP-1 that are produced from a single gene via 

the use of alternative promoters and first exons. SREBPs are 

produced in the membrane of the endoplasmic reticulum 

(ER) following cleavage of the NH2-terminal domain, and 

the mature form moves to the nucleus and operates as a tran-

scription factor [24,25]. SREBP-1 preferentially regulates the 

expression of genes associated with the biosynthesis of FFAs 

and triglycerides, whereas SREBP-2 mainly controls genes 

associated with cholesterol [26,27]. Significantly increased 

SREBP-1c expression has been observed in the islets and liv-

ers of animals in diabetes models [28]. Moreover, SREBP-1c 

activation partially blocked the effect of anti-diabetic mole-

cules, including leptin, metformin, adiponectin, and thi-

azolidinedione (TZD) [29]. SREBP1c might be an important 

target in alleviating lipotoxicity. Our team demonstrated that 

SREBP1c is involved in the protective effect of exendin-4 (an 

incretin mimetic) against FFA-induced lipotoxicity in beta 

cells [30]. Treatment with an exendin-4 agonist dramatically 

decreased FFA-induced beta cell dysfunction and apopto-

sis by repressing SREBP1c expression and activity (Fig. 1A). 

Additionally, genetic ablation of SREBP1c significantly atten-

uated the FFA-induced lipotoxicity in insulin secretion and 

beta cell apoptosis. These results suggest that there is a strong 

correlation between lipotoxicity and SREBP1c, and that regu-

lation of SREBP1c could be an effective means of preventing 

lipotoxicity in pancreatic beta cells. 

INFLAMMATION AND ER STRESS 

Several clinical studies have reported that anti-inflamma-

tory therapy in patients with T2D improved beta cell func-

tion and hyperglycermia [31,32]. Exposure of pancreatic 

beta cells to circulating cytokines, such as tumor necrosis 

factor-alpha (TNF-α), interleukin 1-beta (IL-1β), and in-

terferon-gamma, decreases insulin secretion and induces 

apoptosis by interruption of calcium (Ca2+) flow and cel-

lular accumulation of islet amyloid polypeptide (IAPP) 

[32–35]. Inflammation of beta cells is also caused by lipo-

toxicity through activation of the c-Jun N-terminal kinase 

(JNK) pathway. Exposure to FFAs induces various cellular 

disorders such as ceramide formation, ER stress, and mito-

chondrial dysfunction, and the chronic cellular dysfunction 

associated with activated JNK [36]. Activated JNK signaling 

increases the expression of TNF-α, IL-1β, IL-6, and IL-8, and 

activates nuclear factor-kappa B (NF-κB), leading to beta 

cell dysfunction and apoptosis [35,37]. 

ER stress is associated with cellular damage in all tissues 

[38], and pancreatic beta cells are particularly susceptible due 

to characteristics of the biosynthesis and secretion of insulin. 

Irregular expansion of the ER was measured in beta cells from 

patients with T2D, and ER stress markers were increased in 

islets from db/db mice and patients with T2D [39,40]. These 

studies suggest that increased ER stress is an etiologic factor 

causing T2D via induction of beta cell failure. High levels of 

glucose and lipids in the blood are known to induce the over-

production of insulin, leading to beta cell dysfunction and 

apoptosis through ER stress.40 In beta cells, FFA-induced 

ER stress is promoted by the reduction of ER Ca2+ caused by 
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mitochondrial dysfunction and a decreased influx of cellular 

Ca2+ [41]. In the early phase of ER stress, the unfolded protein 

response (UPR) occurs to maintain ER function by upregu-

lation of UPR-associated proteins, such as glucose-regulated 

protein 78 (GRP78), phospho-eukaryotic translation initia-

tion factor 2-α (p-eIF2α), and activating transcription factor 

6 (ATF6). However, the chronic activation of UPR eventually 

induces excessive expression of C/EBP homologous protein 

(CHOP) and finally results in apoptosis. CHOP is a transcrip-

tional regulator that stimulates cell death by downregulating 

the anti-apoptotic protein Bcl-2 and upregulating cellular 

reactive oxygen species and ER oxidoreductase 1, leading to 

hyper-oxidizing conditions in the ER [42]. 

In a recent study, the authors investigated the relation-

ship between the inflammatory response and ER stress in 

pancreatic beta cells [43]. The expression of inflammatory 

cytokines and ER stress markers spontaneously increased 

in lipotoxicity-induced beta cells; therefore, we established 

a toxicity model to induce inflammation and ER stress. 

Treatment with lipopolysaccharide, an inducer of the in-

flammatory response, significantly increased the expression 

of TNF-α, IL-6, and IL-1β via JNK/NF-κB activation. The 

expression of ER stress markers also remarkably increased 

with lipopolysaccharide treatment. Although treatment with 

tunicamycin, an ER stress inducer, significantly increased 

the expression of ER stress markers, it did not impact the 

expression of inflammatory cytokines. These results suggest 

that an inflammatory response is an inducer of ER stress, but 

not vice versa, in pancreatic beta cells. We also investigated 

a protector from inflammation and ER stress. TZDs have 

mainly been reported to improve the insulin sensitivity of 

peripheral tissues via regulation of peroxisome prolifera-

tor-activator gamma (PPARγ) [44,45]. However, several re-

cent studies in human and animal models also reported that 

TZDs protect pancreatic beta cells against lipotoxicity [46]. 

Treatment with TZDs improved the viability and function 

Fig. 1. Summary of lipotoxicity by fatty acids (FAs) and autophagy activation by clusterin. (A) Chronic exposure to FAs induces beta 
cell dysfunction and apoptosis through cellular lipid synthesis, inflammation, and endoplasmic reticulum (ER) stress. Activated sterol 
regulatory element-binding protein-1c (SREBP1c) by FAs is translocated to the nucleus and upregulates the expression of fatty acid 
synthase (Fas) and acetyl-CoA carboxylase-1 (Acc1) for synthesis of cellular lipid. Expression of inflammatory cytokines, including tumor 
necrosis factor-alpha (TNF-α), interleukin (IL)-6, and IL-1β, is upregulated by c-Jun N-terminal kinase (JNK)/nuclear factor-kappa B (NF-κB) 
activation, and severe ER stress by FAs ultimately causes the expression of C/EBP homologous protein (CHOP), an apoptotic protein. 
This alteration of cellular mechanisms is a strong inducer of the apoptosis of pancreatic beta cells. Exendin-4 (Ex-4) or pioglitazone 
(PIO) showed a strong effect in the rescue of pancreatic beta cells from lipotoxicity. Treatment with Ex-4 maintains lipid metabolism by 
repressing the activation of SREBP1c. Pioglitazone blocks inflammatory responses repressing JNK/NF-κB activation and decreases 
CHOP expression mediated by the attenuation of ER stress. Protein kinase RNA-like endoplasmic reticulum kinase (PERK), Activating 
transcription factor-4 (ATF4), phosphorylated eukaryotic translation initiation factor 2 alpha subunit (pe-IF2α). (B) Autophagy activation 
protects pancreatic beta cells from lipotoxicity. Clusterin (CLU) facilitates the binding of microtubule-associated protein light chain 3 (LC3) 
with autophagy-related gene-3 (Atg3) and p62, activating autophagy.
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of human beta cells by protecting them from IAPP accumu-

lation induced by lipotoxicity [47]. Using in vivo and in vitro 

models, we also showed that treatment with pioglitazone, a 

TZD, attenuated the lipotoxicity-induced inflammatory re-

sponse and ER stress in beta cells [43]. Treatment with piogli-

tazone in mice fed a high-fat diet significantly reduced fasting 

blood glucose levels, as well as the expression of ER stress 

markers (ATF6 and GRP78) and monocyte chemoattractant 

protein (MCP1, a marker of the inflammatory response) in 

pancreatic islets. These results suggested that the protective 

effect of TZDs against lipotoxicity in pancreatic beta cells is 

mediated by repression of the inflammatory response and ER 

stress (Fig. 1A). 

AUTOPHAGY 

Autophagy is an essential process for the recycling of un-

necessary cellular components and guaranteeing survival 

of the cell during starvation. Whether autophagy is harmful 

or beneficial to beta cell function and survival has been a 

matter of debate, but several recent studies suggest that au-

tophagy is essential to maintain beta cell homeostasis and 

insulin secretion. Indeed, long-term treatment of beta cells 

with FFAs showed increased autophagosome numbers, 

and the activation of autophagosomes is an indicator of 

their protective role against FFA-induced cell death [48,49]. 

Exposure of pancreatic beta cells to interleukin-1 induced 

an accumulation of autophagic vacuoles, presenting severe 

damage in the late phase of autophagy [50]. Defective auto-

phagy was also detected in the pancreatic islets of animals 

in a diabetes model (db/db mice, high-fat fed mice and 

Zucker rats) [48,51]. In addition, knockout of the beta cell 

specific autophagy-related 7 (Atg7) gene, which regulates 

autophagy, resulted in insulin deficiency and impaired 

glucose tolerance, suggesting that autophagy is essential 

to beta cell function and survival [52]. Consistently, our 

study showed that upregulation of autophagy via increased 

microtubule-associated protein light chain 3 (LC3) affinity 

protects beta cells from lipotoxicity-induced apoptosis [53]. 

We found that clusterin, a molecular chaperone, binds to 

LC3 and increases the affinity of LC3 to autophagy-associ-

ated factors, and treatment with clusterin significantly re-

pressed beta cell apoptosis through facilitation of the auto-

phagy process in palmitate-induced lipotoxicity conditions 

(Fig. 1B). 

CONCLUSIONS 

Pancreatic beta cell impairment is a critical risk factor for 

the onset and progression of T2D. Chronic exposure to FFAs 

causes lipotoxicity and is the leading cause of beta cell dys-

function, ultimately resulting in T2D. Therefore, a thorough 

understanding of the metabolism of lipotoxicity is essential 

for the prevention of beta cell failure and, ultimately, the 

treatment of T2D. This review discussed the intracellular 

metabolisms disturbed by lipotoxicity, including alteration 

of lipid metabolism, inflammatory response, ER stress, and 

autophagy. In addition, we discussed the possible role of 

several drugs in correcting broken cellular mechanisms and 

rescuing beta cells from lipotoxicity. This review supports 

an understanding of the molecular mechanisms of lipotox-

icity-induced beta cell impairment and suggests attractive 

targets for therapies aimed at preventing beta cell failure, and 

ultimately treating T2D. 
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INTRODUCTION 

Antithrombotic therapy is fundamental for preventing 

thrombotic events in patients with acute coronary syn-

drome (ACS), particularly those undergoing percutaneous 

coronary intervention (PCI) [1]. Over the past few decades, 

advances have been made in antithrombotic therapies 

developed to alleviate the risk of systemic and local throm-

botic events. The current standard antiplatelet therapy after 

PCI with drug-eluting stents (DESs) is dual antiplatelet 

therapy (DAPT) with aspirin and a P2Y12 inhibitor [1,2]. 

However, prolonged and potent DAPT increases the risk of 
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bleeding, which offsets the benefit from reducing recurrent 

ischemic events [3–5]. Newer-generation DESs require less 

aggressive antithrombotic drugs to prevent ischemic events. 

Furthermore, there is increasing recognition of the prognos-

tic relevance of bleeding events in patients undergoing PCI 

[6,7]. For these reasons, several key randomized controlled 

trials (RCTs) have been recently conducted to identify anti-

platelet therapies associated with a more favorable balance 

between ischemic and bleeding risks (Table 1) [8–13]. This 

review presents newer evidence regarding de-escalation 

strategies of DAPT for ACS patients receiving PCI, focusing 

on recent clinical trials and their implications. 



Table 1. Key clinical trials on the de-escalation of DAPT therapy in ACS patients

Study No. of 
patients Design Timing of 

randomization Treatment groups Primary endpoint Key findings

TOPIC [8] 645 Single-center, 
open-label, 
randomized trial 
in ACS patients

1 mo post-ACS Switched DAPT (from 
prasugrel or ticagre-
lor to clopidogrel) vs. 
continued DAPT with 
prasugrel or ticagrelor

Composite of cardio-
vascular death, urgent 
revascularization, 
stroke, and BARC ≥2 
bleeding at 1 yr

Primary endpoint: 13.4% 
in the switched DAPT 
group vs. 26.3% in the 
unchanged DAPT (HR, 
0.48; 95% CI, 0.34–0.68; 
P<0.01) 

HOST-REDUCE-
POLYTECH-
ACS [9]

2,338 Multicenter, 
open-label, 
randomized trial 
in ACS patients

1 mo post-ACS De-escalation (prasugrel 
5 mg) vs. conventional 
(prasugrel 10 mg)

Composite of all-cause 
death, nonfatal MI, 
stent thrombosis, re-
peat revascularization, 
stroke, and BARC ≥2 
bleeding at 1 yr

Primary endpoint: 7.2% in 
the de-escalation group vs. 
10.1% in the conventional 
group (HR, 0.70; 95% CI, 
0.52–0.92; P=0.012) 

TALOS-AMI [10] 2,697 Multicenter, 
open-label, 
randomized trial 
in AMI patients

1 mo post-AMI De-escalation (from 
ticagrelor to clopido-
grel) vs. active control 
(continued ticagrelor)

Composite of cardio-
vascular death, MI, 
stroke, or BARC 2, 3, 
or 5 bleeding at 1 yr 
post-AMI

Primary endpoint: 4.6% in 
the de-escalation group 
and 8.2% in the active con-
trol group (HR, 0.55; 95% 
CI, 0.40–0.76; P=0.0001)

TROPICAL-ACS 
[11,12]

2,610 Multicenter, 
open-label, 
randomized 
trial in biomark-
er-positive ACS 
patients with 
successful PCI

2 wk post-ACS PFT guided de-escala-
tion to clopidogrel vs. 
continued prasugrel

Composite of cardio-
vascular death, MI, 
stroke, and BARC ≥2 
bleeding at 1 yr

Primary endpoint: 7% in 
the guided de-escalation 
group vs. 9% in the contin-
ued prasugrel group (HR, 
0.81; 95% CI, 0.62–1.06; 
P=0.0004 for noninferiori-
ty; P=0.12 for superiority)

POPular  
Genetics [13]

2,488 Multicenter, 
open-label, ran-
domized trial in 
STEMI patients 
undergoing 
primary PCI

1–3 day after 
primary PCI

Genotype-guided therapy 
(ticagrelor or prasugrel 
in LOF alleles carriers 
and clopidogrel in non-
carriers) vs. standard 
treatment with ticagre-
lor or prasugrel

Composite of death 
from any cause, MI, 
definite stent throm-
bosis, stroke, or PLATO 
major bleeding at 1 yr

Primary endpoint: 5.1% in 
the genotype-guided group 
vs. 5.9% in the stan-
dard-treatment group (HR, 
0.87; 95% CI, 0.62–1.21; 
P<0.001 for noninferiority; 
P=0.40 for superiority)

PLATO major or minor 
bleeding at 1 yr

PLATO major or minor 
bleeding: 9.8% in the 
genotype-guided group 
vs. 12.5% in the stan-
dard-treatment group (HR, 
0.78; 95% CI, 0.61–0.98; 
P=0.04)

DAPT, dual antiplatelet therapy; ACS, acute coronary syndrome; TOPIC, Timing of Platelet Inhibition after Acute Coronary Syndrome; BARC, Bleeding Aca-
demic Research Consortium; HR, hazard ratio; CI, confidence interval; HOST-REDUCE-POLYTECH-ACS, Harmonizing Optimal Strategy for Treatment of Cor-
onary Artery Diseases-Comparison of Reduction of Prasugrel Dose or Polymer Technology in Acute Coronary Syndrome Patients; MI, myocardial infarction; 
TALOS-AMI, Ticagrelor versus Clopidogrel in Stabilized Patients with Acute Myocardial Infarction; AMI, acute myocardial infarction; TROPICAL-ACS, Testing 
Responsiveness To Platelet Inhibition On Chronic Antiplatelet Treatment For Acute Coronary Syndromes; PCI, percutaneous coronary intervention; PFT, 
platelet function testing; POPular Genetics, CYP2C19 Genotype-Guided Antiplatelet Therapy in ST-Segment Elevation Myocardial Infarction Patients — Pa-
tient Outcome after Primary Percutaneous Coronary Intervention; STEMI, ST-segment elevation myocardial infarction; LOF, loss of function; PLATO, PLATelet 
inhibition and patient Outcomes.

DE-ESCALATION STRATEGIES 

Potent P2Y12 inhibitors, such as prasugrel and ticagrelor, 

show stronger and more consistent platelet inhibition and 

have been shown to reduce major adverse cardiovascular 

events when compared to clopidogrel [4,5]. Therefore, cur-

rent guidelines support the preferred use of prasugrel and 

ticagrelor over clopidogrel due to their significant ischemic 

benefit in patients with ACS [1,14]. However, these potent 

P2Y12 inhibitors carry a higher risk of bleeding [15]. Con-

sidering that the risk of ischemic events after PCI for ACS is 

more prominent in the early phase, de-escalation after short-

term DAPT with a potent P2Y12 inhibitor could achieve an 

optimal balance between ischemia and bleeding risks [16–

19]. Therefore, the challenge of coordinating P2Y12 receptor 

inhibitor therapy has been intensively studied to prevent 

ischemic events with an acceptable bleeding risk in patients 

with ACS. Three different methods of de-escalation have 
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recently been investigated: unguided de-escalation, platelet 

function testing-guided de-escalation, and genotype-guided 

de-escalation (Fig. 1).  

UNGUIDED P2Y12 INHIBITOR DE-ESCALATION 

The Timing of Platelet Inhibition after Acute Coronary Syn-

drome (TOPIC) trial investigated unguided de-escalation 

from prasugrel or ticagrelor to clopidogrel and evaluated 

long-term treatment with aspirin and clopidogrel (de-es-

calation of DAPT) compared with aspirin and a potent 

P2Y12 inhibitor (unchanged DAPT) after 1 month of initial 

treatment with aspirin and a potent P2Y12 inhibitor for 

ACS [8]. Patients who were event-free for 1 month after 

ACS were randomized to de-escalation of DAPT (n=323) 

or unchanged DAPT (n=323). The risk of the combined 

primary endpoint, defined as a composite of death, urgent 

revascularization, stroke, and Bleeding Academic Research 

Consortium (BARC) ≥2 bleeding dropped by half in patients 

with de-escalation of DAPT therapy (26.3% vs. 13.4%; haz-

ard ratio [HR], 0.48; 95% confidence interval [CI], 0.34–0.68). 

While there was no significant difference in ischemic end-

points between the groups (11.5% vs. 9.3%; HR, 0.80; 95% 

CI, 0.50–1.29), BARC ≥2 bleeding was significantly lower in 

the de-escalation group (14.9% vs. 4.0%; HR, 0.30; 95% CI, 

0.18–0.50). All BARC and Thrombolysis in Myocardial In-

Fig. 1. Different methods of de-escalation strategies of dual antiplatelet therapy in patients undergoing percutaneous coronary inter-
vention for acute coronary syndrome. TOPIC, Timing of Platelet Inhibition after Acute Coronary Syndrome; TALOS-AMI, Ticagrelor versus 
Clopidogrel in Stabilized Patients with Acute Myocardial Infarction; HOST-REDUCE-POLYTECH-ACS, Harmonizing Optimal Strategy for 
Treatment of Coronary Artery Diseases-Comparison of Reduction of Prasugrel Dose or Polymer Technology in Acute Coronary Syndrome 
Patients; TROPICAL-ACS, Testing Responsiveness To Platelet Inhibition On Chronic Antiplatelet Treatment For Acute Coronary Syn-
dromes; POPular Genetics, CYP2C19 Genotype-Guided Antiplatelet Therapy in ST-Segment Elevation Myocardial Infarction Patients — 
Patient Outcome after Primary Percutaneous Coronary Intervention; TAILOR-PCI, Tailored Antiplatelet Initiation to Lesson Outcomes Due 
to Decreased Clopidogrel Response After Percutaneous Coronary Intervention.
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farction (TIMI) minor bleeding also favored the de-escala-

tion group, while TIMI major bleeding was not significantly 

different between the groups. The results of the TOPIC trial 

seem promising and pose a challenge to the current DAPT 

guidelines, but the single-center nature of the study and the 

small sample size warrant future larger trials in this field. 

The Harmonizing Optimal Strategy for Treatment of Coro-

nary Artery Diseases-Comparison of Reduction of Prasugrel 

Dose or Polymer Technology in Acute Coronary Syndrome 

Patients (HOST-REDUCE-POLYTECH-ACS) trial, which 

evaluated the prasugrel-based de-escalation of DAPT after 

PCI in patients with ACS, compared unguided prasugrel 

de-escalation (5 mg daily) versus standard-dose prasugrel 

(10 mg daily) 1 month after ACS patients underwent PCI [9]. 

Net adverse clinical events, defined as a composite of all-

cause death, myocardial infarction (MI), stent thrombosis, 

repeat revascularization, stroke, and BARC ≥2 bleeding, oc-

curred in 82 patients (7.2%) in the de-escalation group and 

116 patients (10.1%) in the conventional group. Prasugrel 

dose de-escalation showed a significant risk reduction of net 

adverse clinical events compared with conventional-dose 

therapy (HR, 0.70; 95% CI, 0.52–0.92; P=0.012), which was 

mainly driven by a lower risk of BARC 2 bleeding, the only 

individual component of the primary endpoint that showed 

a significant difference. There was no significant difference 

in major bleeding (BARC ≥3) between the groups. The 

promising results of that trial should be weighed against sev-

eral considerations. Although only patients with ACS were 

included, half of them had low-to-moderate risk profiles. 

Further analysis is required to determine whether prasugrel 

de-escalation is beneficial even in high-risk patients. In ad-

dition, the trial included only East Asian patients, who are 

known to be less prone to thrombosis and more prone to 

bleeding. Whether the findings are reproduceable in Euro-

pean and North American patients is uncertain. 

The Ticagrelor versus Clopidogrel in Stabilized Patients 

with Acute Myocardial Infarction (TALOS-AMI) trial, which 

analyzed unguided de-escalation from ticagrelor to clopi-

dogrel in stabilized patients with acute myocardial infarc-

tion undergoing PCI, randomized 2,697 Korean acute MI 

patients (STEMI, 54%) who had all received 1 month of 

ticagrelor and aspirin with no events to either de-escalation 

with aspirin and clopidogrel (n=1,349) or continued ticagre-

lor and aspirin (n=1,348) [10]. At 1 year, the risk of cardio-

vascular death, MI, stroke, or BARC ≥2 bleeding was almost 

halved in patients in the de-escalation group compared 

with the continued group (4.6% vs. 8.2%; HR, 0.55; 95% CI, 

0.40–0.76), which was mainly driven by less bleeding (3.0% 

vs. 5.6%; HR, 0.52; 95% CI, 0.35–0.77). There was no signifi-

cant difference in ischemic events between the groups (2.1% 

vs. 3.1%; HR, 0.69; 95% CI, 0.42–1.14). Per-protocol and 

subgroup analyses were consistent with the primary results. 

Like the HOST-REDUCE-POLYTECH-ACS trial, the TALOS-

AMI trial only included East Asian patients, so its generaliz-

ability to Western populations is unclear. 

PLATELET FUNCTION TESTING-GUIDED P2Y12 
INHIBITOR DE-ESCALATION 

The Testing Responsiveness To Platelet Inhibition On 

Chronic Antiplatelet Treatment For Acute Coronary Syn-

dromes (TROPICAL-ACS) trial evaluated guided de-es-

calation of antiplatelet treatment in patients with acute 

coronary syndrome undergoing percutaneous coronary in-

tervention, testing a guided de-escalation strategy based on 

platelet function tests in ACS patients undergoing PCI [11]. 

Patients were randomized to de-escalation of antiplatelet 

therapy (n=1,304) or continued prasugrel for 12 months 

(n=1,306). In the de-escalation group, patients received 

prasugrel for 1 week, then clopidogrel for 1 week at which 

time platelet function testing was performed. Patients with-

out high platelet reactivity (HPR) continued clopidogrel, 

whereas those with HPR were switched to prasugrel. The 

rate of cardiovascular death, MI, stroke, or BARC grade ≥2 

bleeding was 7.3% in the guided de-escalation group and 

9.0% in the control group (P=0.0004 for noninferiority). The 

rates of BARC grade ≥2 bleeding and composite ischemic 

outcomes did not significantly differ between the groups. A 

prespecified analysis of the TROPICAL-ACS trial assessed 

the impact of age on clinical outcomes following guided 

de- escalation of antiplatelet treatment in ACS patients [12]. 

There was significant treatment interaction when age was 

analyzed as a continuous variable (P for interaction=0.02). 

The net clinical benefit was due to a reduction in major 

bleeding among younger patients receiving de-escalation 

therapy. 

GENOTYPE-GUIDED DE-ESCALATION 

Clopidogrel is a prodrug that is converted to its active me-
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tabolite in the liver via two oxidative steps that involve the 

cytochrome P450 superfamily enzyme system, of which 

the CYP2C19 enzyme is the most important component. 

Patients who have a loss of function (LOF) variant of the 

CYP2C19 gene are unable to fully metabolize the prodrug 

into the active metabolite, reducing its effectiveness and in-

creasing the risk of ischemic events. The most common LOF 

alleles are CYP2C19*2 and CYP2C19*3. Previous studies 

have shown that patients who carry these LOF alleles have 

a higher incidence of ischemic events when they take clopi-

dogrel than those without the alleles [20,21]. It is unknown 

whether routinely genotyping for CYP2C19 LOF alleles and 

prescribing antiplatelet therapy based on the results can re-

duce the incidence of ischemic events. 

The CYP2C19 Genotype-Guided Antiplatelet Therapy in 

ST-Segment Elevation Myocardial Infarction Patients — Pa-

tient Outcome after Primary Percutaneous Coronary Inter-

vention (POPular Genetics) trial evaluated a genotype-guid-

ed strategy for selection of a P2Y12 inhibitor compared to 

standard DAPT with ticagrelor or prasugrel [13]. Patients un-

dergoing primary PCI for STEMI were randomized to a gen-

otype-guided strategy for selection of an oral P2Y12 inhibitor 

(n=1,242) versus standard therapy with ticagrelor or prasu-

grel (n=1,246). In the genotype-guided group, patients with 

LOF received either ticagrelor (97%) or prasugrel (3%). Oth-

erwise, patients received clopidogrel. The genotype-guided 

strategy was noninferior to standard care with respect to the 

primary composite endpoint of all-cause death, MI, defi-

nite stent thrombosis, stroke, and PLATelet inhibition and 

patient Outcomes (PLATO) major bleeding (5.1% vs. 5.9%; 

P for noninferiority <0.001). Additionally, genetic testing 

was associated with less major or minor bleeding (9.8% vs. 

12.5%; HR, 0.78; 95% CI, 0.61–0.98; P=0.04). There were no 

significant differences between the cohorts regarding any 

other thrombotic secondary outcomes. The results were 

maintained in both per-protocol and sensitivity analyses. 

The use of a genotype-guided de-escalation strategy to se-

lect P2Y12 inhibitors has been proven to be beneficial by 

reducing bleeding risk without increasing ischemic events in 

STEMI patients undergoing primary PCI. 

The Tailored Antiplatelet Initiation to Lesson Outcomes 

Due to Decreased Clopidogrel Response After Percutane-

ous Coronary Intervention (TAILOR-PCI) study tested the 

hypothesis that altering antiplatelet therapy based on CY-

P2C19 LOF status would lead to improved outcomes [22]. 

Patients undergoing PCI for stable or unstable angina were 

randomized to a genotype-guided strategy (n=2,652), in 

which patients without CYP2C19 LOF alleles received clopi-

dogrel and patients with the LOF alleles received ticagrelor 

or prasugrel. The standard therapy (n=2,650) group re-

ceived clopidogrel without prospective genotyping. The pri-

mary analysis cohort, based on a prespecified analysis plan, 

consisted of 946 patients in the conventional group and 903 

patients in the genotype-guided group, who were identified 

as being carriers, at 12 months. Among patients who carried 

the genetic variant, the primary endpoint occurred in 4.0% 

of the genotype-guided group, compared with 5.9% in the 

conventional group (HR, 0.66; 95% CI, 0.43–1.02; P=0.056). 

No significant difference was seen in the safety endpoint of 

TIMI major bleeding or minor bleeding (1.9% vs. 1.6%, re-

spectively). A prespecified sensitivity analysis for the prima-

ry endpoint found a 40% reduction for cumulative primary 

endpoint events that occurred during the study period (95% 

CI, 0.41–0.89; P=0.011). Therefore, when the time to multi-

ple recurrent events was considered, there was a possible 

benefit to a genotype-guided strategy to identify patients 

with LOF. 

CONCLUSIONS 

With improvements in the understanding of the prognostic 

relevance of bleeding events in ACS patients with PCI, as 

well as the safety and efficacy of DESs, clinicians’ focus has 

shifted more towards preventing bleeding events. Although 

current guidelines do not recommend elective de-escalation 

of antiplatelet therapy, there is a growing body of evidence 

supporting a de-escalation strategy for antiplatelet therapy 

in ACS patients undergoing PCI. The most important con-

sideration is to identify patient groups that might benefit 

more from de-escalation of potent antiplatelet therapy. 
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INTRODUCTION 

The increasing prevalence of heart failure (HF) has placed a 

substantial burden on the public health system [1]. The per-

centage of people with HF is expected to rise from 2.4% in 

2012 to 3.0% in 2030 [2,3]. Therefore, identifying modifiable 

factors that contribute to HF is essential. 

Obesity refers to excess fat distribution in the body and is 

a risk factor for various cardiovascular diseases [4]. Obesity 

could also affect the pathophysiology of HF more strongly 

than that of other subtypes of cardiovascular disease, in 
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Obesity is a risk factor for heart failure and other types of cardiovascular disease. Of particular note, over 80% of patients with heart 
failure with a preserved ejection fraction (HFpEF) are overweight or obese. In this study, we aimed to review the association between 
obesity and HFpEF. Obese patients with HFpEF exhibit a distinct phenotype. In addition to impaired left ventricular (LV) diastolic func-
tion and high filling pressures, obese patients with HFpEF possess other factors that cause elevated LV filling pressure, such as a 
greater dependence on plasma volume expansion, aggravated pericardial restraint, and increased ventricular interaction. Obesity can 
contribute to HFpEF through hemodynamic, neurohormonal, inflammatory, and mechanical mechanisms. An increased amount of 
body fat can induce plasma volume expansion, resulting in chamber remodeling, pericardial restraint, and ultimately elevations in LV 
filling pressure. Obesity can mediate the activation of sympathetic nervous system signaling and the renin-angiotensin-aldosterone 
system. These unique pathophysiological characteristics of individuals with both obesity and HFpEF suggest that obesity with HFpEF 
can be considered a specific phenotype. Future research is expected to clarify effective treatment modalities for obesity-related HF-
pEF. 
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which obesity-related cardiovascular risk factors are less 

strongly implicated [5]. 

Approximately 50% of HF patients have HF with a pre-

served ejection fraction (HFpEF), meaning that their left 

ventricular (LV) diastolic function is not impaired [6]. 

Since the prevalence of overweight or obesity is over 80% 

in patients with HFpEF, the contribution of obesity to the 

pathophysiology of HFpEF has been of interest to many re-

searchers [7]. Therefore, we aimed to review the association 

between obesity and HFpEF. 



THE PHENOTYPE OF OBESITY-RELATED HFPEF 

Previous studies have defined a distinct phenotype of obe-

sity-related HFpEF, which is a heterogeneous syndrome [8]. 

Obokata et al. [8] assessed and compared the clinical char-

acteristics of subjects with obesity-related HFpEF to those 

of nonobese subjects with HFpEF and control subjects 

without HF. Obese patients with HFpEF exhibited increased 

plasma volume expansion, more concentric biventricular 

remodeling, more profound right ventricular (RV) dysfunc-

tion, worse exercise competence, more severe hemody-

namic disarrangements upon exercise, and weaker pulmo-

nary vasodilation than nonobese subjects with HFpEF and 

control subjects without HF [8]. In addition to the common 

findings of impaired LV diastolic function and high filling 

pressures in HFpEF regardless of adiposity, obese patients 

with HFpEF possessed other causes of elevated LV filling 

pressure, such as a greater dependence on plasma volume 

expansion, aggravated pericardial restraint, and increased 

ventricular interaction, which could be synergistically am-

plified with an increasing RV afterload (Fig. 1) [8]. 

A secondary analysis of the RELAX (Phosphodiesterase-5 

Inhibition to Improve Clinical Status and Exercise Capacity 

in Heart Failure with Preserved Ejection Fraction) trial, a 

multicenter randomized clinical trial, displayed that obese 

HFpEF was related to poor quality of life, severe symptoms 

of heart failure, enhanced systemic inflammation, impaired 

exercise capacity, and an elevated metabolic cost of exer-

tion, in comparison with nonobese HFpEF (Fig. 2) [9]. 

THE PATHOPHYSIOLOGY OF OBESITY-RELATED 
CHANGES IN HEART STRUCTURE AND FUNCTION 

Obesity can contribute to HFpEF through hemodynamic, 

neurohormonal, inflammatory, and mechanical mecha-

nisms (Fig. 3) [1]. In obese patients with HFpEF, plasma 

volume expansion can cause chamber remodeling such 

as RV dilatation, RV dysfunction, LV hypertrophy, and LV 

diastolic dysfunction, resulting in pericardial restraint and, 

finally, elevations in LV filling pressure [8,10–12]. The body 

fat distribution is more important than the simple quantity 

of fat mass itself [13]. In particular, obesity-related diastolic 

dysfunction is more pronounced in individuals with high 

central or visceral adiposity [14–16]. In addition, excessive 

systemic vasodilation can occur in response to the increase 

in plasma volume [8,17–19] and several adipokines released 

by perivascular adipose tissues [20,21]. 

Obesity may mediate neurohormonal activation, such as 

sympathetic nervous system (SNS) signaling, renin-angio-

tensin-aldosterone system (RAAS) activation, and an incre-

ment of adipokines that can enhance SNS and RAAS activity 

(e.g., leptin or aldosterone) [19,22]. SNS activation promotes 

Fig. 1. Positive correlations between the left heart filling pressure and (A) body mass and (B) plasma volume in obese heart failure 
with preserved ejection fraction (HFpEF) but not in nonobese HFpEF. PCWP, pulmonary capillary wedge pressure. Adapted from Oboka-
ta et al. [8] with permission from Wolters Kluwer Health Inc.
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Fig. 2. Higher proportion of individuals suffering the symptoms and signs related to heart failure (HF) despite a lower prevalence of left 
atrial enlargement and lower levels of N-terminal pro B-type natriuretic peptide (NT-proBNP). HFpEF, heart failure with preserved ejec-
tion fraction; NYHA, New York Heart Association. Adapted from Reddy et al. [9] with permission from Elsevier.

Fig. 3. Adverse effects of obesity on the cardiovascular system in heart failure with preserved ejection fraction. LV, left ventricular; RV, 
right ventricular; RAAS, renin-angiotensin-aldosterone system; SNS, sympathetic nervous system; NO, nitric oxide; HFpEF, heart failure 
with preserved ejection fraction. Adapted from Harada et al. [1] with permission from Elsevier.
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increased sodium reabsorption, leading to blood shift from 

the splanchnic to the central circulation and exacerbating 

HF [23]. 

As a mechanical pathway, the accumulation of visceral, 

retroperitoneal, and perirenal fat and degradation of natri-

uretic peptides by adipocytes induce renal sodium reab-

sorption, resulting in plasma volume expansion [19,24–26]. 

CONCLUSIONS 

Since little effective treatment for HFpEF is available, unlike 

HF with reduced ejection fraction [27,28], recognizing the 

significance of obesity in the development of HFpEF may 

pave the way towards it serving as a key therapeutic target 

in the future. Individuals with obesity-related HFpEF pres-

ent unique pathophysiological characteristics, suggesting 

that obesity with HFpEF can be considered a specific phe-

notype. Future research is expected to clarify effective treat-

ment modalities for obesity-related HFpEF. 
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Background: Exercise and estrogen play key roles in preventing diabetes and obesity. Women’s risk of diabetes could increase due 
to the loss of the protective effect of estrogen after menopause. Therefore, we investigated the relationship of the intensity and fre-
quency of exercise with diabetes risk in Korean women. 
Methods: Hazard ratios (HRs) for the development of diabetes were analyzed in 926,807 premenopausal and 1,188,346 post-
menopausal women without diabetes over the age of 40 who underwent the Korean National Health Examination in 2009 and were 
followed up until 2018. The number of days of physical activity according to exercise intensity and metabolic equivalent of task-min-
utes per week (MET-min/wk) were calculated. 
Results: In total, 38,096 premenopausal (4.1%) and 120,605 postmenopausal (10.2%) women were newly diagnosed with diabe-
tes. Regardless of menopausal history, the risk of diabetes was significantly lower in groups with higher MET-min/wk than in seden-
tary participants (0 MET-min/wk, reference), although this effect disappeared in postmenopausal women with the highest level of 
MET-min/wk (MET-min/wk ≥1,500) after adjusting for all variables (HR, 1.0; 95% confidence interval, 0.97–1.02). Participants who 
exercised for more than 1 day per week had a significantly lower risk of diabetes, regardless of the intensity. However, this benefit 
was lost in women with near-daily exercise (≥6 days/wk). 
Conclusions: Exercise was effective in preventing diabetes in both premenopausal and postmenopausal women. A moderate 
amount of exercise should be actively encouraged to lower the risk of diabetes in women, especially after menopause, while simul-
taneously considering the insignificant benefits of excessive exercise. 
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INTRODUCTION 

Exercise plays a key role in preventing obesity by increasing 

blood flow to adipose tissue and inducing fat mobilization. 

Exercise consumes fatty acids by inducing their transfer 

from adipose tissue to skeletal muscle and improves adi-

pose tissue metabolism by alleviating hypoxia and reducing 

the local inflammatory response [1]. Exercise also induces 

weight loss, increases muscle mass and glucose uptake in 

muscles, enhances the action of insulin, improves insulin 

resistance with less hypoglycemia, and enhances cardio-

vascular function to create a healthy body in the long run 

[2]. Therefore, the current guidelines recommend regular 

physical activity for the prevention of diabetes, with moder-

ate exercise of 150 minutes or more and vigorous exercise of 

75 minutes or more a week [3,4]. Despite these advantages 

of exercise, less than half of women were found to be physi-

cally active [5]. An observational study of more than 70,000 

Korean women found that only one-third walked regularly 

[6]. According to the Diabetes Fact Sheet of the Korean Di-

abetes Association published in 2020 [7], the prevalence of 

diabetes among women in their 40s is 3.5%, but there is a 

steep upward trend in its prevalence, which reaches more 

than 10% in women over 50, corresponding to the age range 

when women generally enter menopause. 

Estrogen plays a protective role against obesity by regulat-

ing food intake and energy expenditure, body fat accumu-

lation via lipolysis with or without lipogenesis control, and 

inflammatory pathways in adipose tissue [8]. Weight gain 

is primarily attributable to the aging process rather than 

estrogen depletion after menopause, but changes in body 

composition and fat distribution occur as an independent 

effect of menopause [9]. In addition to preventing changes 

in body composition in ways that are detrimental to glucose 

metabolism, there are several possible mechanisms through 

which estrogen can directly contribute to improving glucose 

homeostasis and preventing diabetes, including improve-

ments of insulin sensitivity and lipogenic pathways, control 

of hepatic gluconeogenesis, and enhancement of beta-cell 

function and survival in pancreatic islet cells [10,11]. 

Although no consensus exists regarding whether meno-

pause independently increases the risk of diabetes [9,12], 

many clinical studies have reported that hormone replace-

ment therapy in postmenopausal women consistently 

lowers blood glucose and reduces the risk of developing 

diabetes [13,14]. The protective effect of estrogen could 

also be inferred from studies stating that the early onset 

of menopause increases the risk of diabetes in postmeno-

pausal women [15,16]. Regular exercise in postmenopausal 

women could improve insulin sensitivity and beta-cell 

function and mass [17]. In addition, adequate physical ac-

tivity is important for postmenopausal women to prevent 

changes in body composition that make them vulnerable 

to metabolic risk [18]. Higher-volume aerobic exercise has 

additional benefits in lowering the total body and subcuta-

neous abdominal fat, especially in obese postmenopausal 

women [19]. Many studies have provided evidence support-

ing the proposal that exercise can prevent diabetes in post-

menopausal women [20,21]. However, contrary to those 

studies, Hsia et al. [22] published research with more than 

90,000 multiethnic menopausal women suggesting that the 

association between exercise and a reduced risk of diabetes 

was not statistically significant after adjusting for age and 

multiple risk factors except in Caucasians. Interestingly, it 

was observed that in Asians, the hazard ratio (HR) for dia-

betes was higher in the quintile that exercised the most than 

in more sedentary quintiles, unlike other ethnicities that 

showed a trend for risk reduction with increasing exercise. 

Therefore, we investigated the effects of exercise in post-

menopausal women, who are exposed to a greater risk of 

diabetes than premenopausal women, using data from 

Korean women who underwent health insurance screening 

through the National Health Insurance Service (NHIS).  

METHODS 

The NHIS database 

The NHIS, a government agency that implements a medical 

insurance system for all Koreans, manages a database con-

taining individual medical records, including hospital visits, 

diagnoses of diseases, performed tests, and prescriptions 

of medications. In addition to these data, records of regular 

(annual to biennial) health examinations for adults over 40 

years and workers over 20 years were merged. These health 

screening databases include anthropometric measurements 

and personalized questionnaires, such as past medical his-

tory; information on drinking, smoking, and physical activ-

ity; and laboratory findings. The NHIS has processed and 

distributed all these databases for use in cohort studies [23]. 
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This study was approved by the NHIS and the Institution-

al Review Board of Kangbuk Samsung Hospital (No. KBSMC 

2021-04-049). The data are converted by deleting individ-

uals’ names and IDs and encrypted, so there is no risk of 

exposing individuals’ personal information. Therefore, in-

formed consent was not required. 

Study participants 

This study included Korean women over 40 years of age 

who underwent an examination through the Korean Na-

tional Health Screening program in 2009 (n=3,109,506). 

Among them, participants who had already undergone 

hysterectomy (n=314,529), had missing data (n=432,111), 

had been diagnosed with diabetes (n=237,949), and were 

diagnosed with diabetes within 1 year of participating in 

the study (n=9,764) were excluded. Following this exclusion 

process, 926,807 premenopausal and 1,188,346 postmeno-

pausal women with a confirmed menstrual history were 

included in the study. These participants were followed up 

until December 31, 2018 (Fig. 1). 

Definition of exposure and outcome 

The exercise history was determined by participants’ an-

swers to a self-questionnaire on the number of exercise 

sessions, days, and the intensity of physical activity. The 

intensity of physical activity consists of three categories: 

vigorous exercise (running, aerobics, fast cycling, field 

work, and carrying heavy objects on the stairs), moderate 

exercise (brisk walking, tennis, cycling at normal speed, 

carrying light objects, and cleaning), and walking. Regular 

exercise was defined as moderate exercise for more than 5 

days per week or vigorous exercise for more than 3 days per 

week. In addition, metabolic equivalents-minutes per week 

(MET-min/wk) were calculated based on the results of the 

questionnaire. MET values of 2.9, 4.0, and 7.0 were assigned 

for walking, moderate exercise, and vigorous exercise, re-

spectively [24]. We divided participants into five groups of 

exercise volume according to MET-min/wk (0, 0–500, 500–

1,000, 1,000–1,500, and ≥1,500) with 500–1,000 MET-min/

wk defined as the normal range, since the current guideline 

for exercise recommends 500 to 1,000 MET-min/wk [3]. 

Diabetes was defined as a blood sugar level of 126 mg/

dL or higher according to the Clinical Practice Guideline 

for Diabetes by the Korean Diabetes Association [25], a re-

sponse of “yes” to the item asking “Do you have diabetes?” 

on the self-questionnaire, a medical history in the NHIS 

database with International Classification of Diseases, 10th 

revision (ICD-10) codes of E11 to E14, or a history of being 

prescribed antidiabetic medications during follow-up. If the 

participant was diagnosed with diabetes, follow-up was ter-

minated. 

Fig. 1.  Flowchart of the enrollment of study participants.

Premenopausal women 
(n=926,807)

Missing data 
(n=432,111)
Had hysterectomy 
(n=314,529)
Had been diagnosed 
(n=237,949)

Diagnosis of diabetes 
within 1 year (n=9,764)

Included (n=2,115,153)

Baseline (2009)

Korean women (age ≥40 yr) who underwent
the Korean National Health Screening in 2009

(n=3,109,506)

Diagnosis of diabetes until December 31, 2018

End of follow-up

Excluded (n=994,353)

Postmenopausal women 
(n=1,188,346)

Effects of exercise on diabetes risk in women
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Statistics 

We analyzed the effect of exercise on the risk of diabetes in 

each premenopausal and postmenopausal group using a 

Cox proportional hazards model with a 95% confidence in-

terval (CI). Using the sedentary group (0 MET-min/wk) as a 

reference, the HRs of each exercise volume group were ana-

lyzed to confirm the difference in risk. Additionally, the risk 

differences according to the number of days of each degree 

of exercise intensity (0, reference; 1–3 day/wk; 4–5 day/wk; 

≥6 day/wk) were analyzed. After the calculation of crude inci-

dence and nonadjusted HR, the variables influencing the oc-

currence of outcomes, such as age, smoking history (current 

smoking or not), drinking history (drinking more than 30 g/d 

or not), income (below the 20th percentile or not), body mass 

index (BMI), hypertension (blood pressure ≥140/90 mmHg, 

ICD-10 codes I10 to I15, or a report of antihypertensive med-

ication usage), hyperlipidemia (total cholesterol ≥240 mg/

dL, ICD-10 code E78, or a claim for antihyperlipidemic med-

ications), and baseline blood glucose level, were included in 

the multivariable-adjusted analysis (model 1, nonadjusted; 

model 2, age; model 3, model 2+smoking history, drinking 

history, income; model 4, model 3+baseline BMI, hyperten-

sion, dyslipidemia, blood glucose). A subgroup analysis was 

also conducted, in which participants were divided into ter-

tiles according to MET-min/wk. 

Statistical analysis was performed using IBM SPSS ver. 20.0 

(IBM Corp., Armonk, NY, USA). Statistical significance was 

set at P<0.05. The t-test or analysis of variance was performed 

for continuous variables, and the chi-square test or the Fisher 

exact test was performed for categorical variables. 

RESULTS 

Baseline characteristics 

Of the 2,115,153 women included in the study, 926,807 were 

premenopausal, and 1,188,346 were postmenopausal. In 

2018, 4.1% of premenopausal women (n=38,096) and 10.2% 

of postmenopausal women (n=120,605) were diagnosed 

with diabetes (Table 1). The median time to the onset of 

diabetes was 8.29 and 8.38 years in premenopausal and 

postmenopausal women, respectively. The average age 

of premenopausal and postmenopausal women was ap-

proximately 45 and 61 years, respectively. Baseline BMI, 

metabolic profiles, and the prevalence of hypertension and 

hyperlipidemia were all higher in postmenopausal women. 

The average baseline blood glucose level was 91.5±10.4 mg/

dL and 93.8±11.1 mg/dL in premenopausal and postmeno-

pausal women, respectively (P<0.001). The proportion of 

regular exercisers was slightly higher (17.3% vs. 18.3%) in 

postmenopausal women. There was no significant differ-

ence in the amount of exercise calculated by MET-min/wk 

between the premenopausal and postmenopausal women 

(P=0.556). 

Risk of diabetes according to exercise 

The diabetes incidence rates (per 1,000 person-years) in 

sedentary participants (0 MET-min/wk, reference) were 5.73 

and 13.87 in premenopausal and postmenopausal women, 

respectively. All exercise groups showed lower incidence 

rates than the sedentary group (Table 2). After adjusting for 

all variables (model 4), the HRs of diabetes were significant-

ly lower in the groups that achieved higher MET-min/wk 

than in the sedentary group regardless of the menopausal 

history, except in the premenopausal (HR, 0.96; 95% CI, 

0.91–1.01) and postmenopausal women (HR, 1.0; 95% CI, 

0.97–1.02) with the highest exercise amount (≥1,500 MET-

min/wk) (Fig. 2). The greatest risk reduction was observed 

at 1,000 to 1,500 MET-min/wk in premenopausal (HR, 0.95; 

95% CI, 0.91–0.98) and postmenopausal women (HR, 0.96; 

95% CI, 0.94–0.98). 

In a subgroup analysis of MET-min/wk by tertile, the HRs 

of diabetes were significantly lower in the tertiles with high-

er MET-min/wk than in the first tertile (mean MET-min/wk, 

21.0±40.3 in premenopausal women and 0 in postmeno-

pausal women; reference), regardless of the menopausal 

history (Table 3). 

In the analysis of the number of days of exercise per week 

by intensity, participants who exercised for more than 1 

day had a lower HR than participants who were sedentary 

(reference), regardless of the frequency (Table 4). However, 

this benefit was lost in women who engaged in near-daily 

(≥6 day/wk) walking (HR, 1.0; 95% CI, 0.97–1.03 in pre-

menopausal women and HR, 1.0; 95% CI, 0.99–1.02 in post-

menopausal women), moderate exercise (HR, 1.01; 95% CI, 

0.96–1.07 in premenopausal women and HR, 1.05; 95% CI, 

1.03–1.08 in postmenopausal women), and vigorous exer-

cise (HR, 1.03; 95% CI, 0.97–1.10 in premenopausal women 
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and HR, 1.03; 95% CI, 1.0–1.06 in postmenopausal women) 

in both premenopausal and postmenopausal women, after 

adjusting for all variables (model 4). 

DISCUSSION 

This study demonstrated that exercise effectively reduced 

the risk of diabetes in both premenopausal and postmeno-

pausal women, securing sufficient representation of Korean 

adult women over 40 years of age by enrolling more than 

2 million people. Although we did not intend to study the 

association between menopausal status and the risk of dia-

betes, the incidence of diabetes more than doubled from 4% 

to 10% in premenopausal and postmenopausal women, re-

spectively, in our study. Considering that the prevalence of 

diabetes among Korean women over 50 years is rapidly in-

creasing [7] and that fewer than one-fifth of postmenopaus-

al women engaged in regular exercise in our study, exercise 

is an important lifestyle factor that needs to be corrected to 

prevent diabetes in Korean postmenopausal women. 

Previous studies have shown that postmenopausal 

women have lower exercise capacity than premenopausal 

women, even among healthy women [26]. Postmenopausal 

women are exposed to the risk of reduced exercise capacity 

in various ways. Reproductive and chronological aging over 

time in perimenopausal women was associated with sub-

stantially increased fat mass and decreased skeletal muscle 

mass [27]. Stimulation of estrogen receptors in the hypothal-

amus by estrogen could increase physical activity, an ad-

vantage difficult to obtain in postmenopausal women [28]. 

Table 1. Baseline characteristics of the participants according to menopausal status
Menopausal status Premenopausal (n=926,807) Postmenopausal (n=1,188,346) P-value 

Age (yr) 45.1±4.2 61.2±8.3 <0.001

Body mass index (kg/m2) 23.2±3.0 24.0±3.1 <0.001

Waist circumference (cm) 75.0±7.9 79.5±8.4 <0.001

Low incomea) 238,166 (25.7) 271,208 (22.8) <0.001

Smoking <0.001

 Non 880,964 (95.0) 1,145,050 (96.4)

 Ex 14,811 (1.6) 12,277 (1.0)

 Current 31,032 (3.4) 31,019 (2.6)

Drinking <0.001

 Non 664,591 (71.7) 1,036,187 (87.2)

 Mild 251,766 (27.2) 146,045 (12.3)

 Heavyb) 10,450 (1.1) 6,114 (0.5)

Hypertension 125,196 (13.5) 508,287 (42.8) <0.001

Hyperlipidemia 97,171 (10.5) 373,185 (31.4) <0.001

Systolic blood pressure (mmHg) 117.1±14.2 125.1±16.1 <0.001

Diastolic blood pressure (mmHg) 73.1±9.9 76.8±10.2 <0.001

Total cholesterol (mg/dL) 191.9±38.7 209.0±43.5 <0.001

LDL cholesterol (mg/dL) 114.5±69.9 128.2±69.2 <0.001

HDL cholesterol (mg/dL) 60.5±34.9 58.2±35.8 <0.001

Triglyceride (mg/dL) 87.7 (87.6–87.8) 113.4 (113.3–113.5) <0.001

Fasting plasma glucose (mg/dL) 91.5±10.4 93.8±11.1 <0.001

Regular exercisec) 159,833 (17.3) 217,911 (18.3) <0.001

MET-min/wk 472.8±492.1 472.4±536.9 0.556

Diagnosed with diabetes 38,096 (4.1) 120,605 (10.2) <0.001

Median time to diagnosis (yr) 8.29 8.38 <0.001

Values are presented as mean±standard deviation, frequency (%), or mean (95% confidence interval). 
LDL, low-density lipoprotein; HDL, high-density lipoprotein; MET, metabolic equivalent of task.
a)Defined as income below the 20th percentile; b)Defined as drinking more than 30 g of alcohol per day; c)Defined as moderate exercise more than 5 day/
wk or vigorous exercise more than 3 day/wk.

Effects of exercise on diabetes risk in women
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Along with the natural decline in estrogen after menopause, 

a sedentary lifestyle and poor nutritional supplementation 

with insufficient protein intake reduced bone mass density, 

muscle mass, and strength in postmenopausal women [29]. 

In our study, nearly a third of postmenopausal women had 

a completely sedentary lifestyle, consistent with a previous 

study of Korean women, with nearly two-thirds not even 

walking regularly [6]. Moreover, we demonstrated that exer-

cise had a significant benefit in reducing the risk of diabetes 

even when the amount of exercise was less than 500 MET-

min/wk or simply a little more walking than a sedentary 

lifestyle. This is consistent with the Da Qing study [30], a 

representative study among Asians, where even modest 

changes in physical activity showed a substantial diabetes 

risk reduction by about 46%. Current guidelines mentioned 

that even small increases in physical activity without a 

threshold had demonstrated benefits of preventing diabe-

tes [3,4]. A significant risk reduction was also confirmed in 

a previous meta-analysis with a lesser amount of exercise 

than the target of the existing guidelines [31]. Therefore, it is 

necessary to actively encourage sedentary postmenopausal 

women with lower exercise capacity to participate in phys-

ical activity even if the intensity is below the target range to 

achieve the benefits of diabetes prevention. 

Interestingly, the results of our study did not provide clear 

evidence that exercising more than 1,500 MET-min/wk = 

25 MET-hr/wk or exercising ≥6 day/wk reduced the risk of 

diabetes. The maximum effect was observed in postmeno-

pausal women who moderately or vigorously exercised 4 to 

5 days per week. In a study based on the Women’s Health 

Initiative (WHI) cohort, a representative and large-scale 

multiethnic cohort of postmenopausal women, the upper 

tertile of exercise was associated with a lower risk of diabe-

tes than the lower and middle tertiles [32]. Contrary to this, 

in the study by Hsia et al. [22] also using the WHI Cohort, 

the highest quintile (Q5) among Asians, who achieved more 

than 10.1 MET-hr/wk through walking or 23.5 MET-hr/wk 

with total physical activity, showed a trend for increased risk 

compared to the sedentary group, although the difference 

was not statistically significant. Asians in that study had a 

lower baseline BMI and waist circumference, fewer risk fac-

tors (e.g., drinking and smoking), and a higher proportion of 

individuals receiving hormone replacement therapy, which 

could be protective against diabetes, than the other ethnic 

groups. This trend for increasing risk with excessive exercise 

was inconsistent with previously reported meta-analyses 

Fig. 2.  Multivariable-adjusted hazard ratios (95% confidence interval [CI]) of diabetes according to the amount of exercise (metabolic 
equivalent of task-minutes per week [MET-min/wk]) after adjusting for all variables. (A) Premenopausal women. (B) Postmenopausal 
women.
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that found a dose-dependent nonlinear association be-

tween physical activity and type 2 diabetes, with the slope of 

risk reduction being pronounced with higher levels of phys-

ical activity [33,34]. The mean age was 64 years, the mean 

BMI was 24 kg/m2, and the waist circumference was 77 cm 

in Asians in the WHI cohort, which are very similar to the 

baseline characteristics of the postmenopausal women in 

our study. In a study by Hu et al. [35] based on the Nurses’ 

Health Study, another representative cohort of middle-aged 

women, a strong benefit of reducing the risk of diabetes in 

the highest quintile (Q5), with more than 21.8 MET-hr/wk 

of exercise, was attenuated after adjusting for BMI. In a trial 

comparing 150 minutes to 300 minutes of moderate to vig-

orous exercise in postmenopausal women, a higher amount 

of exercise was more effective for adiposity outcomes, al-

though these dose-response effects were stronger for obese 

women (BMI ≥30 kg/m2) than for nonobese women [19]. 

In a recent randomized controlled study that identified a 

correlation between lifestyle and glycemic health in women 

at high risk for diabetes, physical activity was not associat-

ed with better glycemic health among nonobese women 

after adjusting for correlated baseline risk factors, while a 

significant association was observed in obese women [36]. 

Based on these results, it is possible to infer that the effect of 

intense exercise on preventing diabetes in nonobese post-

menopausal women is lower than that in obese women. 

Patients with a nonobese type 2 diabetes phenotype are 

characterized by a disproportionate decrease in insulin 

secretion, more beta-cell dysfunction, and less insulin re-

sistance than in obese patients [37], which is widely known 

as a component of the pathophysiology of type 2 diabetes 

[38]. Since intense exercise has a greater effect on improv-

ing insulin resistance than preserving insulin secretion 

[39], the benefits of intense exercise in preventing diabetes 

might be relatively low in nonobese Asian populations 

such as the participants of our study, who were relatively 

nonobese compared to those in other studies conducted in 

obese Western populations [20,32,35]. Excessive exercise 

produces little or no decrease in insulin secretion and caus-

es hyperglycemia by increasing the secretion of catechol-

amines and cortisol, thereby affecting the feedback of the 

hypothalamic-pituitary-adrenal axis, inhibiting the action 

of insulin, and interfering with glucose utilization [39,40]. 

In addition, excessive exercise triggers multiorgan patho-

physiology due to alterations in energy supply, amino acid 

imbalance (particularly glutamine reduction), oxidative 

stress, and inflammation through cytokine release [41,42]. 

These mechanisms might be related to beta-cell dysfunc-

tion and toxicity [43,44]. In a recent in vivo study, excessive 

exercise caused significant mitochondrial respiratory im-

pairment, which coincided with loss of the Nrf2 protein and 

impaired glucose tolerance [45]. To date, no clinical study 

has investigated the threshold of excessive exercise that is 

disadvantageous for diabetes prevention. Considering that 

postmenopausal women with a high risk of diabetes are 

mostly elderly and have poor exercise capacity, it would 

be desirable to conduct research in the near future on the 

appropriate exercise intensity for diabetes prevention in 

postmenopausal women. Furthermore, it could be a good 

approach to individualize exercise intensity according to 

the severity of obesity and exercise ability. 

The most important limitation of our study is that the 

reverse causality cannot be excluded because the risk of di-

abetes at baseline was inversely affected by the quantum of 

exercise, which was the exposure of the study. Our study did 

not adopt a randomized controlled design; instead, it used 

a model in which confounding factors were corrected as 

much as possible to compensate for this limitation. In ad-

dition, the median time of diabetes onset was longer than 8 

years, which could also attenuate this statistical vulnerabili-

ty. Second, the accuracy of the volume and frequency of ex-

ercise confirmed through the single-time health screening 

questionnaire could be insufficient, since it was not possible 

to additionally assess changes in exercise during follow-up. 

Third, it was impossible to consider other lifestyle factors 

such as diet, which is important for diabetes prevention, 

due to the lack of data in the cohort. Lastly, since this study 

only targeted Korean women, who are primarily East Asian, 

there may be differences in other ethnicities and regions. 

In conclusion, exercise was effective in preventing diabe-

tes in both premenopausal and postmenopausal women, 

even in small amounts of less than 500 MET-min/wk or just 

1 day a week. Because of the relatively high prevalence of 

diabetes and the frequency of sedentary lifestyles, moderate 

exercise should be actively encouraged to lower the risk of 

diabetes in postmenopausal women while simultaneously 

considering the insignificant benefits of excessive exercise. 

Effects of exercise on diabetes risk in women
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INTRODUCTION 

Obesity is a crucial problem worldwide [1]. In Korea, the 

prevalence of obesity increased from 29.7% to 32.4% from 

2009 to 2015, accompanied by a concomitant increase in 

the prevalence of abdominal obesity from 18.4% to 20.8% 

[2]. The major complications of obesity include chronic 

diseases, such as diabetes, hypertension, fatty liver disease, 

cardiovascular disease, and depression [3,4]. Obesity is a 

Original Article
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chronic disease that requires strict management because 

the obesity-related social and economic burdens are in-

creasing with the growth of medical expenses associated 

with obesity [5]. 

Liraglutide, a glucose-like peptide-1 receptor agonist 

(GLP-1 RA), has been approved for obesity treatment [6]. 

Liraglutide was originally approved as a treatment for type 

2 diabetes and later emerged as a treatment option for obe-

sity. Although both contain liraglutide, Victoza (Novo Nor-



disk, Bagsvaerd, Denmark), often used as a treatment for 

diabetes, is available through insurance benefits, whereas 

Saxenda (Novo Nordisk) is not covered by insurance. How-

ever, the price of Saxenda is different, and data on its usage 

in Korea are unavailable since it is imported. The usage of 

Saxenda is not well understood even in reviews of claims 

data from the Health Insurance Review and Assessment 

Service, the results of which are sent to the National Health 

Insurance Service [7]. Analyses of electronic medical re-

cords (EMRs) of university hospitals are advantageous for 

determining the side effects of a drug, since EMRs contain 

properly recorded data [8,9]. In this study, the researchers 

aimed to develop a predictive model for the occurrence of 

side effects of Saxenda injections using EMR data from a 

university hospital. 

METHODS 

Ethical statements 

This study was approved by the Institutional Review Board 

of the Catholic University of Korea (No. KC21RNSI0831). 

The requirement for informed consent was waived due to 

the retrospective nature of the study. All data were stored 

on an encrypted computer of the principal investigator in 

an encrypted file that was only accessible to the principal 

investigator. The predictive model was converted to an ano-

nymized file. 

Study population 

Patients who were prescribed liraglutide (Saxenda) and 

whose baseline weights were recorded at Seoul St. Mary’s 

Hospital and Eunpyeong St. Mary’s Hospital between 2014 

and 2019 were included in this study. Patients’ demograph-

ic information, baseline body information, medical history, 

involvement in previous drug trials for obesity, and base-

line laboratory test results at the time of the first liraglutide 

prescription were used as candidate predictors in the mod-

el. Demographic information included age, sex, height, 

and weight. Baseline body information included body 

mass index (BMI), skeletal muscle mass, body fat mass, 

percent body fat, waist-hip ratio, systolic blood pressure, 

and diastolic blood pressure. Medical history included pre-

vious history of hypertension, diabetes mellitus, fatty liver 

disease, thyroid disease, gastrointestinal disease, psychi-

atric disease, or skin allergy. Information on involvement 

in previous drug trials for obesity included previous use of 

the following: lorcaserin, a combination of bupropion and 

naltrexone, orlistat, or another GLP-1 RA, such as exenati-

de, dulaglutide, or lixisenatide. Baseline laboratory test-

ing included serum glucose, glycated hemoglobin, blood 

urea nitrogen, creatinine, glomerular filtration rate, total 

bilirubin, aspartate transaminase, alanine transaminase, 

alkaline phosphatase, γ-glutamyl transpeptidase, creatine 

phosphokinase, total cholesterol, triglyceride, high-density 

lipoprotein cholesterol, and low-density lipoprotein cho-

lesterol levels. All data were extracted through a direct EMR 

chart review by an endocrinologist with over 10 years of 

experience. 

Predictive model output 

The model predicted the occurrence of side effects (in-

cluding digestive, nervous system, and pruritic side effects) 

within 7 months of Saxenda administration using patient 

information at the time of prescription.  

Missing data  

Variables with a large missing rate (>45%) were excluded. As 

a multiple imputation method for the remaining data, the 

multivariate imputation by chained equations algorithm 

with random forests was used [10,11]. 

Feature selection 

A stepwise backward feature elimination technique with 

a stratified 10-fold cross-validation technique was used 

for feature selection [12,13]. The least important features 

measured from support vector machine algorithms were 

excluded step by step until one feature remained. Finally, 

the subset of features that optimized the average area under 

the receiver operating characteristic curve (AUROC) from 

10 folds was used to develop the predictive model. 

Development and evaluation of the predictive model 

The eXtreme Gradient Boosting (XGBoost) technique was 

used to develop a Saxenda side effect prediction model [14]. 
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Stratified 10-fold cross-validation, which is a helpful pro-

cedure to estimate the performance of a small dataset [15], 

was used to train and evaluate the predictive model. The 

dataset was randomly divided into 10 subparts of equal size. 

Nine subparts were used for training the model, and the re-

maining subpart was used for evaluation. This process was 

repeated 10 times. The Shapley value was used to measure 

feature contributions to the model prediction [16,17]. 

Statistical analysis 

Continuous variables were described as means with stan-

dard deviations, and categorical variables were described 

as frequencies with percentages. The t-test was used for 

continuous variables, and the chi-square test was used for 

categorical variables for comparisons between groups with 

and without side effects. The model performance was eval-

uated using the mean of the AUROC with a 95% confidence 

interval (CI), along with the means of sensitivity, specificity, 

negative predictive value (NPV), positive predictive value 

(PPV), and accuracy in 10 folds from the stratified 10-fold 

cross-validation technique. We conducted multivariate 

logistic regression to investigate the associations between 

predictors and side effect outcomes. A P-value <0.05 was 

considered to indicate statistical significance for all tests. 

For statistical analysis and modeling, R ver. 4.0.3 (The R 

Foundation, Vienna, Austria; https://www.r-project.org/) 

and Python ver. 3.8.5 (Python Software Foundation, Wilm-

ington, DE, USA; https://www.python.org/) were used. 

RESULTS 

In total, 237 patients were included in the study, excluding 

those whose body weights were not recorded in EMRs. Side 

effects occurred in 75.5% (179 of 237 patients), and no side 

effects occurred in 24.5% (58 of 237 patients). 

The missing rate for BMI was 1.7% (4 of 237 patients), 

but for other baseline information, such as skeletal muscle 

Table 1. Baseline characteristics of the study population
Characteristic Side effect (+) (n=179) Side effect (–) (n=58) P-value

Age (yr) 43.8±12.8 41.8±12.8 0.312

Sex 0.401

 Male 49 (27.4) 12 (20.7)

 Female 130 (72.6) 46 (79.3)

Body mass index (kg/m2) 30.6±5.2 30.9±4.9 0.736

Personal medical history

 Hypertension 54 (30.2) 18 (31.0) >0.999

 Diabetes mellitus 55 (30.7) 23 (39.7) 0.273

 Fatty liver 15 (8.4) 6 (10.3) 0.848

 Thyroid disease 3 (1.7) 0 0.752

 Gastrointestinal disease 2 (1.1) 3 (5.2) 0.180

 Psychiatric disease 14 (7.8) 4 (6.9) >0.999

 Skin allergy 1 (0.6) 1 (1.7) 0.986

Past medication history  37 (20.7) 24 (41.4) 0.003

 Lorcaserin 9 (5.0) 7 (12.1) 0.12

 Combination of bupropion and naltrexone 8 (4.5) 9 (15.5) 0.011

 Orlistat 4 (2.2) 1 (1.7) >0.999

Another GLP-1 RA 2 (1.1) 3 (5.2) 0.180

Glucose (mg/dL) 116±40 110±26 0.289

Creatinine (mg/dL) 2.4±7.8 1.5±5.4 0.426

Glomerular filtration rate (mL/min/1.73 m2) 88.2±34.5 87.6±40.6 0.927

Aspartate transaminase (IU/L) 35.9±36.1 31±29 0.421

Alanine transaminase (IU/L) 44±43 42±48 0.799

Values are presented as number (%) for categorical variables and mean±standard deviation for continuous variables.
GLP-1 RA, glucose-like peptide-1 receptor agonist
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mass, body fat mass, percent body fat, and waist-hip ratio, 

the missing rate was 75.5% (179 of 237 patients). The miss-

ing rate for blood tests varied from 37.1% to 60.8% (Table 

S1). For further analysis, 20 variables were selected, exclud-

ing those with a missing rate of ≥45%. 

Table 1 shows the differences across 20 variables accord-

ing to the presence or absence of side effects after Saxenda 

injections. The mean age was 43±13 years, and 64.5% of 

patients (176 of 273) were women. Their average BMI was 

30.7±5.1 kg/m2, and there was no significant difference in 

BMI between patients with and without a history of side ef-

fects. 

Significantly fewer side effects were observed in patients 

with a history of previous antiobesity medication use than 

in those without prior history of antiobesity medication use 

(20.7% vs. 41.4%, P<0.003). Other laboratory tests showed 

no significant associations with whether patients experi-

enced side effects.  

After excluding variables with over 45% of missing data, 

backward feature elimination was performed on the re-

maining 20 variables. The AUROC was computed according 

to the number of selected variables; as such, all variables 

were selected (Fig. S1). The average AUROC obtained using 

the side effects prediction model was 0.630 (95% CI, 0.551–

0.708), the average sensitivity was 0.423, the average speci-

ficity was 0.760, the average PPV was 0.368, the average NPV 

was 0.805, and the average accuracy was 0.679 (Fig. 1).  

Fig. 2 shows the six variables that had the greatest influ-

ence in the side effects prediction model, using 10 model 

predictions. A previous history of antiobesity medication 

intake had the strongest influence in the predictive model. 

Imputation was conducted for laboratory tests due to the 

high missing data rate, and creatine levels were found to 

have a strong influence on the occurrence of side effects. 

Logistic regression analysis showed that patients with di-

abetes had a significantly higher risk of developing side ef-

fects than patients without diabetes (odds ratio [OR], 2.389; 

95% CI, 1.115–5.174) (Table 2). The incidence of side effects 

was significantly higher in women (OR, 2.143; 95% CI, 

0.920–5.432) and in patients with gastrointestinal disease 

(OR, 10.822; 95% CI, 1.003–254.964). Hypothyroidism was 

excluded from the OR analysis, since no prior history was 

elicited in patients without side effects. 

DISCUSSION 

The monitoring of drug side effects plays an important role 

in evaluating the safety of drugs on the market, which is a 

public health concern [18]. Therefore, increasingly many 

clinical trials using EMR data are being performed [19,20]. 

An advantage of EMR studies is that they can easily extract 

a large amount of data from a long period of time at a rel-

atively low cost; therefore, EMR-based clinical research 

has been conducted with various study designs [8,9]. Since 

most side effects of liraglutide are subjective, a cohort study 

with a large population is advantageous for measuring the 

incidence of these adverse effects [21]. EMR data, in which 

subjective symptoms of patients are well documented, are 

Fig. 2. Contribution of features to the model predictions.Fig. 1. Area under the receiver operating characteristic curve (AU-
ROC) of the side effect prediction model. CI, confidence interval.
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particularly suitable for this purpose. However, a conse-

quence of the reliance upon chart reviews in this study is 

that the side effects experienced by the patients may not 

have all been due to liraglutide. Furthermore, it is difficult 

to confirm or completely rule out minor side effects from 

liraglutide use. 

In this study, the AUROC of the side effect prediction 

model after Saxenda prescriptions was low (0.630). The ex-

cessive amount of missing data may have been one of the 

main reasons for the model’s poor performance. In partic-

ular, 75.5% of patients had missing data on skeletal muscle, 

body fat mass, body fat percentage, and abdominal fat 

percentage before obesity medication use, which would be 

helpful for follow-up. The data recorded in the EMRs were 

not as well documented as expected, and in many cases, 

baseline tests were not performed prior to prescribing lira-

glutide. Since EMR data are not generated for research pur-

poses, it was expected that the missing rate would be high 

[22], and the inability to include other variables is a major 

cause of the low prediction rate. 

In our study, XGBoost was used to develop a predictive 

model, considering its good support for explainability even 

when missing values are expected; furthermore, it has 

shown favorable results with longitudinal healthcare data 

[23]. The researchers conducted 10 model predictions to 

increase the AUROC score; however, the final results did not 

meet the expectations. In addition, there were no significant 

differences in patient characteristics in relation to the oc-

currence of side effects after Saxenda administration. Since 

the researchers performed imputation due to the high miss-

ing data rate, it is most likely that these values influenced 

the Shapley value analysis, contributing to low reliability. 

Nevertheless, the most influential factor in the predictive 

model was the prior use of antiobesity medications. Pa-

tients with no prior antiobesity medication use were more 

likely to experience side effects from Saxenda. Additionally, 

patients with a prior history of antiobesity medication use 

who experienced side effects may not have been included 

in the study because they did continue their use of antiobe-

sity medications. Patients who have taken antiobesity med-

ications in the past and have experienced side effects may 

not have reported relatively minor side effects. Conversely, 

patients taking Saxenda for the first time may have reported 

any and all minor side effects. These suggest that patient 

compliance may have affected the results of the study, 

which is also an important characteristic of real-world data 

[8]. Therefore, careful interpretation of these results is nec-

essary. 

It is also worth noting that people with diabetes were 2.4 

times more likely to experience side effects. Liraglutide was 

developed for the treatment of diabetes as a GLP-1 RA [24]. 

Therefore, it is most suitable for patients with obesity and 

diabetes; however, more side effects occurred in patients 

with diabetes. A possible explanation for this might be that 

Table 2. Logistic regression analysis
Variable Odds ratio 95% CI P-value

Female sex 2.143 0.920–5.432 0.090

Age 0.978 0.948–1.007 0.134

Body mass index 0.993 0.924–1.063 0.843

Personal medical history

 Hypertension 1.028 0.429–2.422 0.951

 Diabetes mellitus 2.389 1.115–5.174 0.025

 Fatty liver 0.917 0.251–2.950 0.888

 Gastrointestinal disease 10.822 1.003–254.964 0.065

 Psychiatric disease 0.887 0.227–2.865 0.850

 Skin allergy 5.149 0.194–136.438 0.258

Past medication history (total) 1.588 0.576–4.148 0.354

 Lorcaserin 1.952 0.520–7.370 0.318

 Combination of bupropion and naltrexone 2.862 0.781–10.782 0.113

 Orlistat 0.668 0.030–5.967 0.743

 Another GLP-1 RA 5.228 0.702–47.974 0.109

CI, confidence interval; GLP-1 RA, glucose-like peptide-1 receptor agonist.
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patients without diabetes who are trying to lose weight may 

be strongly motivated to endure minor side effects. Since 

Saxenda is administered via injection, patients with dia-

betes taking Saxenda tend to have poor compliance [25], 

which may also be relevant for the high observed incidence 

of side effects in this group. 

The researchers attempted to create a predictive model 

of Saxenda side effects; however, the accuracy of the model 

was low, and no successful model was ultimately devel-

oped. In the future, the successful development of such 

models will require the analysis of a large amount of EMR 

data with a low missing rate [22]. When prescribing Saxen-

da, measurements of various laboratory tests and baseline 

body information are needed. Many areas need to be seri-

ously considered for the development of predictive models 

in retrospective cohort studies. It is important to gather 

diverse and well-organized data with a minimal amount of 

missing real-world data. Ultimately, this will also help in pa-

tient management. Future attempts to develop a successful 

predictive model will require high-quality data. 

SUPPLEMENTARY MATERIAL

Table S1. Missing rate of variables used in the development 

of the algorithm. Fig. S1. Area under the receiver operating 

characteristic curve (AUROC) based on selected variables. 

Supplementary materials are available at https://doi.

org/10.36011/cpp.2022.4.e12
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Editors (KAMJE, https://www.kamje.or.kr/en/main_en). 

Any studies involving human subject must comply with the 

principles of the World Medical Association Declaration of 

Helsinki (https://www.wma.net/policies-post/wma-dec-

laration-of-helsinki-ethical-principles-for-medical-re-

search-involving-human-subjects/).

Clinical research should be approved by the Institutional 

Review Board, as well through patient consent. A patient’s 

personal information cannot be published in any form. 

However, if it is absolutely necessary to use a patient’s 

personal information, the consent of the patient or his/

her guardian will be needed before publishing. Animal 

studies should be performed in compliance with all rele-

vant guidelines, observing the standards described in the 

NIH Guide for the Care and Use of Laboratory Animals. 

(http://www.nap.edu/readingroom/books/labrats/index.

html). Research investigators should obey the regulations 

of ethics committee of corresponding institutes. The edi-
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could demand informed consent and permission of ethics 

committee of corresponding institute. The journal will fol-

low the guidelines by the Committee on Publication Ethics 

(COPE, http://publicationethics.org) for settlement of any 

misconduct.
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Authorship
Cardiovascular Prevention and Pharmacotherapy follows 

the authorship criteria recommended by the ICMJE (http://

www.icmje.org/icmje-recommendations.pdf). Authorship 

credits should be based on: 1) substantial contributions to 

conception or design, acquisition of data, or analysis and 

interpretation of the data; 2) drafting of the manuscript or 

revising it critically for important intellectual contents; 3) 

final approval of the version to be published; and 4) agree-

ment to be accountable for all aspects of the work and 

ensuring that questions related to the accuracy or integrity 

of any part of the work are appropriately investigated and 

resolved. Authors must meet all of these criteria. Those who 

do not meet all four criteria should be acknowledged as 

contributors not be authors. The corresponding author is 

primarily responsible for all issues to the editor and audi-

ence. When a study is conducted by a large and multicenter 

group, the group should identify the individual authors who 

accept responsibility for the manuscript before submission. 

When submitting a manuscript authored by a group, the 

corresponding author should clearly indicate the preferred 

citation and identify all individual authors as well as group 

name. Contributors to the study can be listed in an ac-

knowledgment section. Acquisition of funding, collection of 

data, or general supervision of the research does not meet 

the authorship criteria, and such parties should not be list-

ed as authors.

Redundant publication and plagiarism
Redundant publication will not be allowed. Characteristics 

of reports that are substantially similar include the follow-

ing: (a) Submitted manuscripts must not have been previ-

ously published or be under consideration for publication 

elsewhere. No part of the accepted manuscript should be 

duplicated in any other scientific journal without the per-

mission of the Editorial Board. Submitted manuscripts are 

screened for possible plagiarism or duplicate publication 

upon arrival. If plagiarism or duplicate publication related 

to the papers of this journal is detected, the manuscripts 

may be rejected, the authors will be announced in the 

journal, and their institutions will be informed. There will 

also be penalties for the authors. A letter of permission is 

required for any and all material that has been published 

previously. It is the responsibility of the author to request 

permission from the publisher for any material that is being 

reproduced. This requirement applies to text, figures, and 

tables.

Clinical trials obligation to register
Clinical trial should be registered to the primary registry to 

be prior publication. Cardiovascular Prevention and Phar-

macotherapy accepts the registration in any of the primary 

registries that participate in the WHO International Clinical 

Trials Portal (http://www.who.int/ictrp/en/), NIH Clinical-

Trials.gov (https://www.clinicaltrials.gov), ISRCTN Resister 

(http://www.ISRCTN.org), or the Clinical Research Infor-

mation Service (CRIS), Korea CDC (http://cris.nih.go.kr/

cris/index/index.do). The clinical trial registration number 

shall be published at the end of the abstract.

Data sharing statement
Cardiovascular Prevention and Pharmacotherapy accepts 

the ICMJE Recommendations for data sharing statement 

policy (http://icmje.org/icmje-recommendations.pdf ). All 

manuscripts reporting clinical trial results should submit a 

data sharing statement following the ICMJE guidelines.

2. Article types

Cardiovascular Prevention and Pharmacotherapy publish-

es original article, review article, editorial, invited special 

articles (practice guideline, lectures, etc.), and letter to the 

editor.

Article type Abstract Word counta) References
Tables/
Figures

Editorial Not required ≤2,000 ≤50 ≤6
Review Unstructured abstract 

≤250 words
≤6,000 ≤100 ≤10

Original article Structured abstract 
≤250 words

≤4,500 ≤50 ≤6

Special articles Unstructured abstract 
≤250 words

≤6,000 ≤100 ≤10

Letter to the 
editor

Not required ≤2,000 ≤10 ≤6

a)Including references and figure legends (excluding the title page, abstract, 
and tables).
The editor may adjust limit in exceptional circumstances.
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3. Manuscript preparation

General rules
1) All materials must be written in English using Microsoft 

Word (doc, docx).

2) The manuscript must be written in Times New Roman 

11-point font and be double-spaced. Leave a 2.5-cm 

margin on all sides.

3) Use SI units of measure. A more conventionally used 

measurement may follow in parentheses.

Original articles
1) The manuscript should be prepared according to “Rec-

ommendations for the Conduct, Reporting, Editing and 

Publication of Scholarly Work in Medical Journals (ICMJE 

Recommendations, formerly the Uniform Requirements 

for Manuscripts)” (http://www.icmje.org). Be sure that 

provide sex-specific and/or race/ethnicity-specific data 

in describing study results, or specifically stage that no 

sexbased or race/ethnicity-based differences were pres-

ent.

2) Each article should be arranged in the following order: 

Cover letter, Title age, Abstract and keywords, Main text 

(Introduction, Methods, Results, Discussion), Acknowl-

edgments, References, Tables, and Figure legends.

3) Title page

It should include the title, authors’ names (including the 

full names, academic degrees, affiliations, ORCID ID, and 

e-mail address), total word count (not including the title 

page, abstract, and tables), short title (maximum 50 char-

acters including spaces), the contact information for cor-

respondence and reprint (including full name, academic 

degree(s), complete postal address, and e-mail address), 

and the article information (ethical statement, conflicts 

of interest, funding, acknowledgments for substantive 

contributions of individuals, author contributions, etc.).

4) Abstract

- Structured abstract ≤250 words with the following head-

ings should be provided: Background, Methods, Results, 

and Conclusions.

- Use complete sentences.

- All data in the abstract also must appear in the manu-

script text or tables.

- Unstructured abstract with the same words limit is ap-

propriate for review article.

- Do not cite references in the abstract. Limit use of acro-

nyms and abbreviations.

- Define at first use acronym or abbreviation in parenthe-

sis.

5) Keywords

Up to 5 keywords should be provided immediately after 

abstract. Please refer to the keyword list in the Medical 

Subject Headings (MeSH; https://www.ncbi.nlm.nih.

gov/mesh).

6) Main text

- Main heading should be INTRODUCTION, METHODS, 

RESULTS, and DISCUSSION.

- Subheadings can be used in each section.

- Abbreviations must be defined at first mention in the 

text and each table and figure.

- Every reference, figure, and table should be cited in the 

text according to order of mention.

- For experimental animals, state the species, strain, 

number used, and pertinent descriptive characteristics 

should be provided. When describing surgical proce-

dures, identify the preanesthetic and anesthetic agents 

used and the amounts, concentrations, routes, and fre-

quency of administration of each. Paralytic agents are 

not considered acceptable substitutes for anesthetics. 

For other invasive procedures on animals, report the 

analgesic or tranquilizing drugs used. If none were used, 

provide justification for exclusion.

- In human studies, indicate that the study was approved 

by an institutional review board along with the name of 

the IRB, and that the participants gave written informed 

consent (or that no informed consent was required).

- Reporting guidelines for specific studies types should be 

followed (http://www.equator-network.org/library/). 

For reporting of randomized controlled trials, Cardio-

vascular Prevention and Pharmacotherapy requires 

compliance with the statement of CONSORT (http://

www.consort-statement.org) and the ICMJE Statement 

on Data Sharing (http://icmje.org/icmje-recommenda-

tions.pdf).
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- For the studies of medications, biologics, and devices, 

generic rather than trademark names of all therapeutics 

should be used, and the complete name and location of 

the manufacturer must be supplied.

- Unless inappropriate, report the sex or gender of study 

participants, the sex of animals or cells, and describe the 

methods used to determine sex or gender. If the study 

was done involving an exclusive population, for exam-

ple in only one sex, authors should justify why, except 

in obvious cases (e.g., prostate cancer). Authors should 

define how they determined race or ethnicity and justify 

their relevance.

- Statistics should be provide a subsection detailing the 

statistical in the METHODS sections, provide a subsec-

tion detailing the statistical methods. When using sta-

tistical methods beyond t-tests, chi-square, and simple 

linear regression, specify the statistical package, version 

number, and non-default options used.

7) References

- Accuracy of reference data is the responsibility of the au-

thor. Please verify all references against original sources.

- The reference list should be typed double-spaced on 

pages separate from the text.

- References must be numbered consecutively in the or-

der in which they are mentioned in the text.

- List names of all authors when six or fewer. When seven 

or more, list only the first six names and add et al.

- Names of journals should be abbreviated in the style 

used in NLM Catalog: Journals referenced in the NCBI 

Databases (https://www.ncbi.nlm.nih.gov/nlmcatalog/

journals/).

- EndNote output styles for Journal of Cardiovascular Pre-

vention and Pharmacotherapy is available at: https://

e-jcpp.org.

- Journal: Ettehad D, Emdin CA, Kiran A, Anderson SG, 

Callender T, Emberson J, et al. Blood pressure low-

ering for prevention of cardiovascular disease and 

death: a systematic review and meta-analysis. Lancet 

2016;387:957-67.

- DOI-based citation for an article in press: Kim SJ, Ann 

SH, Kim YG, Park S. Left ventricular apical aneurysm: 

atypical feature of cardiac sarcoidosis diagnosed by 

multimodality imaging. Korean Circ J 2021 Dec 7 [Epub] 

https://doi.org/10.4070/kcj.2021.0305.

- Chapter in book: Hinohara T, Robertson CG, Simpson 

JB. Directional coronary atherectomy. In: Topol EJ, edi-

tor. Textbook of interventional cardiology. 2nd ed. Phila-

delphia: W.B. Saunders Company; 1994. p. 645-57.

- Book: Cohn PF. Silent myocardial ischemia and infarc-

tion. 3rd ed. New York, NY: Marcel Dekker; 1993.

8) Figure legends

- Figure Legends should be typed double-spaced on pag-

es separate from the text.

- All figures must have a number, title, and caption.

- Figures should be labeled sequentially, numbered (Fig. 1, 

Fig. 2, etc.), and cited in the text.

- The legend for each light microscopic image should 

indicate the stain used and the level of magnification. 

Electron micrographs should have an internal magnifi-

cation scale marker.

- All symbols or arrows used should be explained.

- All abbreviations should be identified in alphabetical 

order at the end of each legend.

9) Figures, graphs, and illustrations

- Figures, graphs, and illustrations rendered with pro-

fessional graphic programs should be provided in GIF, 

TIFF, EPS or JPG format. If the number of files is more 

than five, one PowerPoint file is acceptable for review 

process. Layers should be retained (ie, do not “flatten” 

the image).

- Color and gray scale images should be at least 300 DPI. 

Line art (black and white or color) should be at least 

1,200 DPI and combinations of gray scale images and 

line art should be at least 600 DPI.

- Line art should not contain hair lines, which are hard to 

reproduce. Avoid headings on the figure. Heading infor-

mation should appear in the figure legend.

- Supply a scale bar with photomicrographs. For charts 

and graphs, color is acceptable. Do not use patterns or 

textures.

- Three-dimensional graphs are NOT recommended un-

less all three axes are needed to depict data.

- Figures should be no smaller than 13 cm x 18 cm (5” x 7”). 

Please do not reduce figures to fit publication layout.

- Limit white space between the panel and panel label.

- All types of figure can be reduced, enlarged, or trimmed 
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for publication by the editor.

- If previously published materials are used, authors must 

obtain written permission to reproduce the material 

from the copyright owner and submit it with the manu-

script. The original source should be cited.

- There is no fee for the publication of color figures.

10) Tables

- Begin each table on a separate page, double-spaced us-

ing same size type as in text. Tables prepared with Excel 

are not accepted unless embedded within your text doc-

ument.

- All tables should have a number (Table 1, Table 2, etc.) 

and title. Table numbers should correspond with the or-

der cited in the text.

- Abbreviations should be listed in a footnote under the 

table in alphabetical order. Use footnote symbols in the 

following order: a), b), c)....

- Tables should be self-explanatory, and the data pre-

sented in them should not be duplicated in the text or 

figures.

- If previously published tables are used, authors must ob-

tain written permission to reproduce the material from 

the copyright owner and submit it with the manuscript. 

The original source should be cited in the footnote.

11) Movie

- Inclusion of movies in the published article is at the 

discretion of the Editors. The formats for clips of mov-

ing images should be Audio Video Interleave (.avi), 

Window Media Video (.wmv), MPEG (.mpg), or Quick 

Time (.mov). AVI, WMV, MPEG files can be displayed 

via Windows Media Player (https://support.microsoft.

com/en-us/help/18612/windows-media-player). Quick 

Time files require Quick Time software (free) from Apple 

(https://support.apple.com/downloads/quicktime).

4. Peer-review process

All manuscripts are considered confidential during peer-re-

view process by at least two anonymous reviewers des-

ignated by the editor. An initial decision will normally be 

made within 4 weeks of receipt of a manuscript to the cor-

responding author by e-mail. When submitting the revised 

manuscript, authors should include a Response Letter, 

which describes how the manuscript has been revised. A 

point-by-point response to the editor should be included 

with the revised manuscript. Authors who plan to resubmit 

but cannot meet this deadline should contact the Editorial 

Office. Manuscripts held for revision will be retained for a 

maximum of 30 days. The revised manuscript and the au-

thor’s comments will be reviewed again. If a manuscript is 

completely acceptable, it is scheduled for publication in the 

next available issue. We neither guarantee the acceptance 

without review nor very short peer review times for unso-

licited manuscripts. Commissioned manuscripts also are 

reviewed before publication. We adopt double-blind peer 

review in which case, not only authors but also reviewers do 

not know each other.

5. For accepted manuscripts

There is no page charge or article processing charge of au-

thor side.

Copyright transfer and relationship
All published manuscripts become the permanent property 

of the KSCP and KSCVP, and may not be published else-

where without written permission. At the time of publica-

tion, the final status of conflicts of interest will be disclosed 

to the readers on https://e-jcpp.org.
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