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Background: Only few studies have shown the efficacy and safety of glucose-control strategies using the quadruple drug combi-
nation. Therefore, the aim of the present study was to investigate the usefulness of the quadruple combination therapy with oral 
hypoglycemic agents (OHAs) in patients with uncontrolled type 2 diabetes mellitus (T2DM). 
Methods: From March 2014 to December 2018, data of patients with T2DM, who were treated with quadruple hypoglycemic 
medications for over 12 months in 11 hospitals in South Korea, were reviewed retrospectively. We compared glycosylated hemo-
globin (HbA1c) levels before and 12 months after quadruple treatment with OHAs. The safety, maintenance rate, and therapeutic 
patterns after failure of the quadruple therapy were also evaluated.
Results: In total, 357 patients were enrolled for quadruple OHA therapy, and the baseline HbA1c level was 9.0%±1.3% (74.9± 
14.1 mmol/mol). After 12 months, 270 patients (75.6%) adhered to the quadruple therapy and HbA1c was significantly reduced 
from 8.9%±1.2% to 7.8%±1.3% (mean change, –1.1%±1.2%; P<0.001). The number of patients with HbA1c <7% increased sig-
nificantly from 5 to 68 (P<0.005). In addition, lipid profiles and liver enzyme levels were also improved whereas no changes in 
body weight. There was no significant safety issue in patients treated with quadruple OHA therapy.
Conclusion: This study shows the therapeutic efficacy of the quadruple OHA regimen T2DM and demonstrates that it can be an 
option for the management of T2DM patients who cannot use insulin or reject injectable therapy.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is caused by both decreased 
secretion of insulin and insulin sensitivity; this pathologic con-
dition is complicated by the associated abnormalities in vari-
ous organs. Although pancreatic β-cell dysfunction and failure 
are the key defects in T2DM, recent studies have shown that 
unexpectedly the intestine, brain, kidney, and immune system 
are also the new targets for the treatment of diabetes [1,2]. Sev-
eral new oral hypoglycemic agents (OHAs) have been devel-
oped over the past decades, and unlike the conventional drugs, 
they have unique mechanisms of action that are targeted to-
ward a specific organ. In addition, most clinical studies have 
reported that the synergy of combination therapy is more effi-
cacious and safer than monotherapy [3]. Thus, a therapeutic 
approach targeted toward the diverse pathogenesis of T2DM 
leads to successful glycemic control.

Insulin injection is the most effective treatment available for 
managing hyperglycemia [4]. The early start of the insulin 
treatment provides greater benefits, such as relieving glucotox-
icity and delaying or preventing T2DM. However, despite the 
advantages of insulin therapy, poor adherence is a big chal-
lenge for both the physician and patients; over half of the pa-
tients for whom the insulin therapy is recommended, fail to 
continue the therapy and one-third of the insulin-naive pa-
tients do not become ongoing users [5,6]. A study reported 
that almost 60% of the patients skip the injections intentionally 
and the regular omission was up to 20%. In addition, the stig-
ma and fear associated with insulin injection is still a big hur-
dle for adequate diabetes management [3].

Most of the current guidelines recommend the injection 
therapy after triple combination and do not specify the addi-
tion of OHAs [7]. In Korea, OHA add-on to the triple combi-
nation is not covered by the health insurance according to 
these guidelines but there are still clinical unmet needs due to 
limitations of the injection therapy. If a synergistic effect can be 
achieved based on the mechanism of action, the quadruple 
OHA combination may be another option that can delay or re-
place the use of insulin. However, little is known about the 
clinical efficacy and safety of the quadruple OHA combination.

The current study aimed to identify the status, glycemic effi-
cacy, and safety of quadruple OHA combinations in Korean 
patients with uncontrolled T2DM patients who were already 
using three different OHAs. First, we compared glycosylated 
hemoglobin (HbA1c) levels before and 12 months after ad-

ministering different classes of OHAs as add-on to the triple 
combination regimen. Second, we also evaluated the safety and 
changing therapeutic patterns after quadruple OHA treatment.

 
METHODS

Study design
The current study was designed as a multicenter, retrospective 
study to collect information on the current status of the qua-
druple combination of OHAs in Korea. This study was con-
ducted at 11 geographically representative centers selected 
throughout the Yeongnam and Honam regions of South Ko-
rea. The study protocol and other related documents were re-
viewed and approved by the local ethics committee of each 
hospital (representative IRB No. for Pusan National University 
Hospital: H-1906-007-079). Written informed consent by the 
patients was waived due to a retrospective nature of our study. 

Patients and eligibility
The patients who had T2DM and were 18 years or older age 
were eligible for the study if they had OHA treatment for at 
least 6 months and were recommended to the newly intro-
duced 4th OHAs by their physician between March 2014 and 
December 2018 at each hospital. The key exclusion criteria 
were as follows: (1) type 1 diabetes mellitus; (2) prior use of in-
sulin over 2 weeks; (3) prior use of glucagon-like peptide-1 re-
ceptor agonist (GLP-1 RA); and (4) prior use of prescription of 
four or more OHAs.

Data collection
The index date was defined as the day when each patient was 
first prescribed the 4th OHA at each center during the enroll-
ment period. Then, each patient was followed for 12 ±2 
months from the index date. The data included the demo-
graphics, anthropometric data, laboratory test, and medical 
history. These data were collected from the patient’s electronic 
medical records at baseline (the index date) and 12-month 
post-baseline by the investigators listed on the case report 
form. The change in HbA1c levels, as well as the safety and 
changing therapeutic pattern after administration of the 4th 
OHA were evaluated. Regarding the diabetic complications or 
comorbidities, coronary artery disease (CAD) was defined as 
angina pectoris and/or myocardial infarction and was diag-
nosed based on the medical records or coronary angiography, 
whereas stroke was defined based only on the medical records. 
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Peripheral artery disease (PAD) was diagnosed using ultra-
sound or computed tomography angiography. When assessing 
the microvascular complications, retinopathy was diagnosed 
using fundus photography or ophthalmoscopy, and diabetic 
neuropathy was determined based on the symptoms and signs 
evaluated by the physicians or medication history related to di-
abetic neuropathy. The safety issues that were collected are as 
follows: (1) new onset of macrovascular events (CAD, stroke, 
and PAD); (2) new onset of microvascular complications in-
cluding end stage kidney disease, dialysis, eye treatment for 
proliferative diabetic retinopathy (PDR), and amputation; (3) 
emergency room (ER) visit or hospitalization for hyperglyce-
mia or hypoglycemia.

Statistical analysis
The continuous variables are presented as mean±standard de-
viation and the categorical variables are presented as numbers 
and percentages. Paired sampled t-test was used for comparing 
the baseline and 12 months after quadruple combination ther-
apy, and McNemar test were applied for comparing between-
group HbA1c levels (≥7%, <7%). The survival plot was de-
rived from the Kaplan-Meier estimates and the hazard ratio 
(HR) was calculated by the Cox proportional hazard model for 
discontinuation of quadruple therapy. All statistical analyses 
were performed using SPSS version 25.0 for Window (IBM 
Co., Armonk, NY, USA), and a P value less than 0.05 was con-
sidered significant.

 
RESULTS

Baseline patient demographics
A total of 357 eligible patients (56.3% subjects were men) were 
consecutively enrolled from multiple centers. The mean age of 
the study population was 58.9 years, mean HbA1c level was 
9.0% (74.9 mmol/mol), and mean duration of diabetes was 13.1 
years. Other clinical variables were as follows: body mass index 
(BMI), 25.1±3.3 kg/m2; systolic blood pressure (SBP), 125.9± 
14.1 mm Hg; diastolic blood pressure, 73.7±9.5 mm Hg; total 
cholesterol, 159.3±40.1 mg/dL; low density lipoprotein choles-
terol (LDL-C), 91.3±30.5 mg/dL; high density lipoprotein cho-
lesterol, 45.6±11.3 mg/dL; triglyceride (TG), 165.4±98.0 mg/dL; 
estimated glomerular filtration rate, 90.0±22.8 mL/min/1.73 m2; 
aspartate aminotransferase (AST), 25.9±13.6 units/L; alanine 
transferase (ALT), 30.1±17.7 units/L; and gamma-glutamyl 
transferase (GGT) 45.6±49.8 units/L (Table 1). Many patients 

Table 1. Baseline characteristics of study subjects

Characteristic Value

Age, yr 58.9±10.9
Male sex 198 (56.3)
Height, cm 164.0±8.8
Weight, kg 67.8±12.0
BMI, kg/m2 25.1±3.3
Waist circumference, cm 87.8±8.8
Duration of diabetes, yr 13.1±6.9
SBP, mm Hg 125.9±14.1
DBP, mm Hg 73.7±9.5
HbA1c, % 9.0±1.3
HbA1c, mmol/mol 74.9±14.1
Total cholesterol, mg/dL 159.3±40.1
LDL-C, mg/dL 91.3±30.5
HDL-C, mg/dL 45.6±11.3
Triglyceride, mg/dL 136 (103.5–214.5)
Serum creatinine, mg/dL 1.6±11.1
eGFR, mL/min/1.73 m2 90.0±22.8
AST, units/L 25.9±13.6
ALT, units/L 30.1±17.7
GGT, units/L 45.6±49.8
Alcohol
   Current-drinker 71 (36.2)
   Ex-drinker 22 (11.2)
   Never 103 (52.6)
Smoking
   Current-smoker 30 (15.3)
   Ex-smoker 45 (23.0)
   Never 121 (61.7)
Hypertension 210 (58.8)
Dyslipidemia 277 (77.6)
Diabetic retinopathy 87 (24.4)
Diabetic neuropathy 113 (31.7)
Coronary artery disease 55 (15.4)
Cerebral artery disease 31 (8.7)
Peripheral artery disease 13 (3.6)

Values are presented as mean±standard deviation, number (%), or me-
dian (interquartile range). 
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; HbA1c, glycosylated hemoglobin; LDL-C, low density 
lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; 
eGFR, estimated glomerular filtration rate; AST, aspartate aminotrans-
ferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl trans-
ferase.
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(277 patients, 76.6%) had dyslipidemia and approximately half 
of the subjects (210, 58.8%) had hypertension at baseline. The 
information regarding habitus was obtained for 196 patients 
(54.9%). A total of 75 patients (38.3%) were current or ex-smok-
ers. The prevalence of neuropathy, which is classified as a mi-
crovascular complication, was the highest (31.7%), followed by 
retinopathy (24.4%).

Table 2 shows the prescription status of the study population 
at baseline. As for the composition of prior triple OHA combi-
nation, 97.1% of patients were treated with metformin (MET), 
88.8% with insulin secretagogues (sulfonylurea [SU] or glinide), 
80.1% with the dipeptidyl peptidase 4 inhibitor (DPP4i), 21.6% 
with thiazolidinedione (TZD), 7.3% with the sodium-glucose co-
transporter 2 inhibitor (SGLT2i), and 5.0% with the α-glucosidase 

inhibitor, at baseline. Regarding the triple OHA combination, 
the most frequently prescribed triple combination was MET+ 
SU/glinide+DPP4i (66.9%), followed by MET+SU/glinide+ 
TZD (10.9%), MET+DPP4i+TZD (8.8%) (Supplementary Ta-
ble 1). When OHA was newly added as the quadruple combi-
nation, TZD was most frequently considered as the newly add-
ed agent (55.2%), followed by SGLT2i (22.7%), DPP4i (12.8%), 
and SU/glinide (5.7%) (Table 2). The most frequently prescribed 
quadruple combination was MET+SU/glinide+DPP4i+TZD 
(63.3%), followed by MET+SU/glinide+DPP4i+SGLT2i 
(18.8%) (Supplementary Table 2).

Overall efficacy and safety of quadruple combination 
therapy
After being prescribed quadruple combination, 270 patients 
(75.6%) maintained this therapy throughout the 12 months 
observational period. The mean maintenance period of qua-
druple combination regimen from the index date was 375.98± 
55.10 days during the study period (Supplementary Fig. 1). 
Among the participants who were maintained quadruple therapy, 

Table 2. Prescription status of all participants at baseline

Variable Value

The composition of prior triple combination at 
baseline

   Metformin 347 (97.1)
   Sulfonylurea or glinide 317 (88.8)
   DPP4 inhibitor  286 (80.1)
   Thiazolidinedione 77 (21.6)
   SGLT2 inhibitor 26 (7.3)
   α-Glucosidase inhibitor 18 (5.0)
OHAs newly added as quadruple combination 
   Thiazolidinedione 202 (55.2)
   SGLT2 inhibitor 83 (22.7)
   DPP4 inhibitor 47 (12.8)
   Sulfonylurea or glinide 21 (5.7)
   α-Glucosidase inhibitor 10 (3.3)
   Metformin 1 (0.3)
Antihypertensive agents at baseline
   ACE inhibitors 23 (6.4)
   Angiotensin receptor blocker 166 (46.5)
   Calcium channel blocker 89 (24.9)
   β-Blocker 47 (13.2)
   Nitrate 3 (0.8)
   Diuretics 23 (6.4)
Lipid lowering agents at baseline 280 (78.4)
Antiplatelet agents at baseline 152 (42.6)

Values are presented as number (%). 
DPP4, dipeptidyl peptidase 4; SGLT2, sodium-glucose cotransporter 
2; OHA, oral hypoglycemic agent; ACE, angiotensin-converting en-
zyme.

Table 3. Changes in anthropometric and laboratory variables 
of quadruple regimen-maintained participants during study 
period (n=270)

Variable No. Baseline 12 months P value

Weight, kg 155 70.7±12.4 70.6±12.0 0.641
BMI, kg/m2 151 25.8±3.1 25.7±3.1 0.636
SBP, mm Hg 198 126.4±14.1 125.0±12.7 0.162
DBP, mm Hg 198 73.8±9.3 72.8±10.0 0.177
HbA1c, % 270 8.9±1.2 7.8±1.3 ≤0.001
Total cholesterol, mg/dL 135 157.3±42.5 150.6±38.0 0.054
LDL-C, mg/dL 123 92.3±36.0 84.5±30.3 0.008
HDL-C, mg/dL 121 45.6±11.1 47.3±10.6 0.080
Triglyceride, mg/dL 130 162.8±99.4 132.7±78.2 ≤0.001
Serum creatinine, mg/dL 164 0.9±0.2 0.9±0.3 0.607
eGFR, mL/min/1.73 m2 104 88.6±21.4 89.4±24.7 0.647
AST, units/L 153 24.4±13.7 22.0±9.3 0.005
ALT, units/L 153 27.5±15.4 23.4±11.9 0.001
GGT, units/L 47 49.3±52.1 37.8±41.1 0.011

Values are presented as mean±standard deviation. 
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; HbA1c, glycosylated hemoglobin; LDL-C, low density 
lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; 
eGFR, estimated glomerular filtration rate; AST, aspartate aminotrans-
ferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl trans-
ferase.
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the mean change in the HbA1c level was –1.1%±1.2% (–12.07± 
13.06 mmol/mol) and HbA1c level was significantly (P<0.001) 
reduced from 8.9%±1.2% (74±13.0 mmol/mol) to 7.8%± 
1.3% (63±14.1 mmol/mol) (Table 3, Fig. 1A). The majority of 
patients (n=235; 87.0%) showed improvement of glycemic 
control compared to baseline levels. Moreover, the proportion 
of the patients showing HbA1c <7% (<53 mmol/mol) increased 
significantly from 1.9% (n=5) at baseline to 25.2% (n=68) at 12 
months (P<0.005) (Fig. 1B). Further, 202 patients showed a de-
crease of about –0.9%±1.2% (–10.05±12.88 mmol/mol) in 
HbA1c levels as compared to that of the baseline status, al-
though the HbA1c level was not <7.0% at 12 months. After 12 
months of treatment with quadruple combination, there were 
significant changes in the lipid profiles (LDL-C, from 92.3± 
36.0 to 84.5±30.3 mg/dL, P=0.008; TG, from 162.8±99.4 to 
132.7±78.2 mg/dL, P<0.001) (Table 3). In addition, AST, ALT, 
and GGT levels were significantly decreased at 12 months 
compared to baseline levels (24.4±13.7 to 22.0±9.3 units/L, 
P=0.005; 27.5±15.4 to 23.4±11.9 units/L, P=0.001; 49.4±52.1 
to 37.8±41.1 mg/dL, P=0.011), respectively. The body weight, 
BMI, blood pressure, and renal function at 12 months did not 
change significantly as compared to values at baseline. Similar 
results were observed when all participants were analyzed, in-
cluding who failed to maintain quadruple OHA regimens dur-
ing the study period (Supplementary Table 3).

In this study, three patients (0.8%) had new onset of macro-
vascular events and only two patients experienced new onset 

of microvascular events, which comprised PDR (Table 4). 
There was no visit to ER or hospitalization related to hypergly-
cemia or hypoglycemia. During this study period, one patient 
died of aspiration pneumonia.

Discontinuation of quadruple combination
When we conducted an analysis of the discontinuation of qua-

Table 4. Safety profiles during study periods

Variable Value

New onset of macrovascular events

   Heart failure 1 (0.3)

   Ischemic heart disease 1 (0.3)

   Stroke 1 (0.3)

New onset of microvascular events

   PDR 2 (0.6)

Visit to ER/hospitalization

   Hyperglycemia issue 0 

   Hypoglycemia issue 0 

Death 

   CV 0 

   Cancer 0 

   Other 1 (0.3)

Values are presented as number (%). 
PDR, proliferative diabetic retinopathy; ER, emergency room; CV, 
cardiovascular disease.

Fig. 1. Efficacy of quadruple combination during study period. (A) Change in glycosylated hemoglobin (HbA1c, %) at baseline 
and at 12 months. (B) The proportion of subjects achieving HbA1c <7.0% (<53 mmol/mol). aP<0.001.
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druple therapy with various clinical variables, the baseline gly-
cemic status and drinking status presented relatively high risk 
ratio of discontinuation, which was not statistically significant 
(HR, 1.132; 95% confidential interval [CI], 0.979 to 1.310; P= 
0.095) (HR, 1.895; 95% CI, 0.890 to 4.033; P=0.097, respective-
ly) (Supplementary Table 4). When the quadruple combina-
tion was interrupted within the study period, 23% of these pa-
tients were initiated into the injection therapy (17 patients for 
insulin; three patients for GLP-1 RA) (Supplementary Table 5). 
About half of those who had been discontinued from the qua-
druple combination therapy stopped taking OHA that was 
newly added as the initial quadruple combination. The most 
frequently discontinued agents were TZD (23 patients, 26.4%), 
followed by SGLT2i (13.8%), and DPP4i (6.9%). The discon-
tinuation of the other agents except OHA, which was newly 
added as the initial quadruple combination, was also consid-
ered for discontinuation during the study period (25.3%). 
Among these agents, MET was mostly discontinued (seven 
patients, 8.0%), followed by DPP4i (four patients, 4.6%), and 
SGLT2i (four patients, 4.6%).

 
DISCUSSION

In this study, we have demonstrated that the add-on of OHA as 
the 4th drug achieved significant glycemic control in adequately 
controlled T2DM patients who were already receiving a regi-
men containing three different OHAs. In addition, majority of 
the participants could maintain the quadruple regimen for one 
year without significant side effects and this combination treat-
ment proved safe. To our best knowledge, this is the first multi-
center study investigating the current status, glycemic efficacy, 
and safety of the quadruple OHA combination in the real-
world settings.

Only one of four (25.1%) people with diabetes are reported 
to have ideal glycemic control (HbA1c <6.5%), and about half 
of the patients in Korea have suboptimal glycemic control even 
at a HbA1c of 7% set as the optimal target [8,9]. When the tri-
ple OHA cocktails fail to achieve glycemic control, the guide-
lines commonly recommend injectables, such as insulin and 
GLP-1 RA, and many patients with T2DM eventually require 
and benefit from the insulin therapy [3]. However, many ob-
stacles from both the patients’ and physicians’ side hinder the 
achievement. The patients’ refusal (33.6%) and physicians’ 
concerns of patients’ non-compliance (26.5%) were the major 
physician-reported reasons for delaying the insulin therapy. 

The inconvenience associated with insulin therapy (51.6%) 
and fear of injection (48.2%) were the major reasons for the 
patient refusal [10]. However, we have had additional OHA 
options, such as SGLT2i or oral GLP-1 RA in our arsenal for 
the glycemic control for over the past decade, even before initi-
ating the insulin therapy [11]. From the patient-centric ap-
proach, it is time to introduce the new concept of a quadruple 
OHA combination with guaranteed efficacy and safety, rather 
than accepting the low compliance resulting from a negative 
attitude toward the injection therapy.

Recently, a small number of studies revealed the possibility 
of the quadruple OHA combination therapy. In the T2DM pa-
tients using a maximal dose of MET, glimepiride and DPP4i, 
and SGLT2i (dapagliflozin or empagliflozin) as add-on pro-
vided significant benefits in terms of glycemic efficacy, and re-
duction in body weight and SBP [12-14]. Furthermore, these 
regimens were found to be superior in safety (less hypoglyce-
mic events) and at least non-inferior in glycemic efficacy com-
pared with basal insulin. A study comparing empagliflozin and 
dapagliflozin as the 4th add-on agent demonstrated that the 
quadruple regimen could provide glycemic control for up to 
52 weeks without any specific regimen related side effects [14]. 
Thus, MET/SU/DPP4i/SGLT2i combination was suggested to 
be a reasonable option for patients who want to delay the injec-
tion therapy. Similar to these results, the quadruple OHA regi-
men showed significant glycemic efficacy with 1% reduction in 
HbA1c and higher proportion of target achievement (<7%), 
regardless of the combination in our study. Considering that 
MET/SU/DPP4i/TZD combination was the most frequent 
prescription in the clinical setting, it suggests that any combi-
nation of four drugs may have sufficient glucose-lowering ef-
fects unless the mechanisms overlap.

We found that the quadruple OHA regimen improved the 
metabolic parameters, such as TG, LDL-C and the liver func-
tion as well as hyperglycemia. Previous studies have reported 
improvements in the blood pressure, lipid profile, and liver 
function, as well as body weight, as compared to those with 
basal insulin, and these gains can be attributed to SGLT2i [13]. 
The changes in SBP and body weight were not identified, and 
we were not able to determine which agent provided these ben-
efits. TZD was most frequently used as the 4th add-on agent in 
this study, and it might have led to some differences compared 
with the previous studies using SGLT2i. TZD is well-known for 
its cardiovascular benefits [15]. DPP4i has also been reported to 
improve the metabolic parameters in previous clinical trials 
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[16-18], suggesting that a quadruple regimen with a newer 
OHA class could provide additional benefits beyond the glyce-
mic control. It is not clear the reason for these findings, but a 
number of studies have suggested the possible mechanisms 
about these metabolic benefits from each OHAs. Interestingly, 
inhibition of SGLT2 increased LDL-C in a diabetic mouse 
model expressing human cholesteryl ester transfer protein and 
human apolipoprotein B100, and it was associated with in-
creased lipolysis and reduced LDL turnover [19]. Given that 
SGLT2i also increased LDL-C in clinical studies, the improve-
ment in lipid profile was probably due to the effect of TZD or 
DPP4i. 

Regarding safety issues, we could observe that most partici-
pants could maintain the quadruple OHA combinations for 1 
year without specific adverse events. It is consistent with the 
previous studies, the incidence of hypoglycemia and weight 
gain has been reported more in the insulin use group than the 
oral combination groups [12,13]. In addition, there are now 
multiple large randomized controlled trials reporting statisti-
cally significant reduction in the cardiovascular events in pa-
tients with T2DM treated with some of these new class of drugs 
[20]. Taken together, our findings suggest that any quadruple 
combinations are, at least, less risky than the injectables, and 
some OHAs might provide additional cardiovascular benefits 
over insulin.

An important question to consider is which patients can 
benefit from the quadruple combination. First, it would be 
helpful to the patients who cannot inject themselves due to 
blindness, dementia, motor weakness, or paralysis due to dia-
betic complications. The oral regimen instead of injection can 
relieve the need for the caregiver and cost of assisting with the 
injection treatment. Another target is the elderly T2DM pa-
tients. With the aging society, especially in Korea, polyphar-
macy and inadequate use of injectable therapy are increasingly 
becoming an unexpectable medical burden for the elderly pa-
tients. This leads to a vicious cycle in which the decrease in 
drug compliance hinders the efficacy of sufficient drug effects, 
which in turn increases the medical costs [21]. Fortunately, the 
fixed dose combination formula (even now available as 3-in-1 
tablet) is an easily affordable option in Korea and it could sig-
nificantly reduce the number of pills, which has improved 
compliance and medical cost [22-24].

Our study has limitations. First, our retrospective observa-
tional study does not allow superiority compared with the in-
jectables. Second, the long-term effects and safety of more than 

1 year cannot be guaranteed. Especially in the safety issues, we 
could not determine the reason why physicians stopped the 
quadruple regimens during the study period because this 
study was an observational study aimed to show the real-world 
data in Korea. Thus, unfortunately, it is not able to provide in-
formation about specific side effects relevant to OHA classes or 
unexpected drug-drug interactions. Third, the study was not 
intended to compare the best combinations, so it is not possi-
ble to conclude which combinations of OHAs are better. 
Fourth, we did not investigate the changes in medications oth-
er than OHAs during the follow-up period. Some medications 
such as corticosteroid or statins could directly worse glycemic 
control, and it might be an important factor to quit the previ-
ous regimen or advancing to injectable therapy. Finally, our 
study has limitations in determining which patient character-
istics (depending on the disease duration or insulin secretion 
capacity) are helpful for the quadruple combination therapy. 
However, this study was aimed at assessing the current status, 
effectiveness, and safety of the quadruple regimen in the real 
world setting rather than demonstrating whether a particular 
combination of OHAs could replace the injectables. The 
strength of this study is that it has demonstrated the natural 
course of the quadruple therapy in clinical practice, and this 
regimen suggested a new concept, that is, a strategy to consider 
after a triple combination fails, regardless of the specific OHA. 
Further larger scale, prospective trials are warranted for these 
unanswered questions.

In conclusion, this study demonstrated that a regimen com-
prising four different OHAs was effective and safe as a thera-
peutic strategy for Korean T2DM patients after triple OHA 
combination failure. However, this combination should always 
be prescribed on an individual basis, which should be continu-
ously reviewed for efficacy, side effects, and patient burden 
[25]. In addition, the physicians should not delay the proper 
use of injectable therapy, if necessary.
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