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ABSTRACT

Sulfonylurea (SU) and dipeptidyl peptidase-4 (DPP-4) inhibitors are most common secondary
agents that are added to metformin monotherapy. Real-world studies have become
increasingly important in providing evidence of treatment effectiveness in clinical practice and
real-world data could help appropriate therapeutic information. Therefore, this study aims to
compare the glycemic effectiveness of SU and DPP-4 inhibitors, which are added to metformin
monotherapy in real clinical practice using electronic medical record (EMR) data. EMR data
of type 2 diabetes patients treated at Seoul National University Hospital from December

2002 to December 2012 were retrieved and analyzed. The patients were divided into three
groups: patients who maintained metformin monotherapy (M), and patients who added SU
(MS) or DPP-4 inhibitors (MD) to metformin monotherapy. The mean change in HbAlc level,
the proportion of patients achieving the HbAlc target < 7.0%, proportion of patients with
treatment failure, and probability of treatment failure occurrence and changes in prescription
were evaluated to compare glycemic control efficacy between SU and DPP-4 inhibitors. The
MS showed significantly greater reduction in the Hb1Ac level than MD. The proportion of
patients achieving HbAlc < 7.0% is higher in MD, whereas the proportion of patients with
treatment failure was greater in MS. The probability of the treatment failure and probability of
changes in the prescription were lower in MD than MS with hazard ratio of 0.499 and 0.579,
respectively. In conclusion, this real-world study suggested that DPP-4 inhibitors are expected
to show more durable glycemic control efficacy than SU in long-term use.

Keywords: Real-World Data; Type 2 Diabetes; Sulfonylureas; DPP-4 Inhibitors;
Glycemic Control

INTRODUCTION

Type 2 diabetes mellitus (T2D) is a chronic metabolic disorder and the number of T2D
patients has been increasing constantly across the world [1]. In type 2 diabetes optimal
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glycemic control is the basis of managing symptoms and essential to reduce the risk of long-
term diabetes complications such as cardiovascular disease, retinopathy, nephropathy, and
neuropathy [2,3]. According to standards of medical care in diabetes, the target of HbAlc

< 7% is recommended in many non-pregnant adults and HbAlc < 6.5% can be suggested

in a selected individual patient in the case of the patient achieving the target without
hypoglycemia or other adverse effects [4].

Metformin monotherapy is accepted as the most preferred first-line treatment in type

2 diabetic patients. However, some patients end up with treatment failure due to an
insufficient control of glucose level. Therefore, for those who were not suitable for metformin
monotherapy, secondary agents could be considered. Sulfonylurea (SU) and dipeptidyl
peptidase-4 (DPP-4) inhibitors are the most common secondary agents that are added to
metformin monotherapy. SU was introduced to the market in the 1950s [5]. SU mainly
increases insulin concentration in plasma by binding to SU receptors on B-pancreatic cells
[6]. SU was widely used due to its general safety, cost efficiency, and predictability but the use
of SU was limited by hypoglycemia and weight gain [7]. On the other hand, DDP-4 inhibitors
are a glucose-lowering agent that has a different mechanism from previous oral hypoglycemic
agents. Gastrointestinal tract secreted glucagon-like peptide-1 (GLP-1) and glucose-
dependent insulinotropic polypeptide (GIP), which is called incretin, are produced when
food is ingested. Incretins are hormones that can modulate insulin and glucagon secretion
but disassemble shortly by an enzyme named DPP-4 [8]. DPP-4 inhibitors suppressed DPP-4
enzyme to increase incretin concentration [9,10].

Real-world studies have become increasingly important in providing evidence of treatment
effectiveness in clinical practice as the effectiveness could be different between real-world
data and clinical trials [11]. Furthermore, this real-world data could help appropriate
therapeutic information. The aim of this study is to compare the glycemic effectiveness of SU
and DPP-4 inhibitors, which are added to metformin monotherapy in real clinical practice
using electronic medical record (EMR) data.

METHODS

Patient population

T2D outpatients treated at Seoul National University Hospital (SNUH) from December
2002 to December 2012 were included in this study. During this period, patients who had a
history of malignant tumor or a hemoglobin level < 10 g/dL, were excluded as it might affect
the HbAlc goal or the HbAlc measurement. Patients who had history of steroid therapy
that might interfere with glycemic control, were also excluded. There were a total of 2,000
T2D patients who had metformin monotherapy as their first prescription among the 12,315
T2D patients retrieved from the SNUH EMR database. The demographics (i.e., sex and
age), prescription (i.e., prescribed drug, prescription date, and number of days), laboratory
(i.e., date of HbAlc measurement and HbAlc levels) information of 2,000 T2D patients
were collected and used for this study. The T2D patients who did not have prescription or
laboratory test information, were excluded in the analysis. Data collection and analysis were
conducted after the protocol had been approved by the Institutional Review Board of Seoul
National University Hospital.
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Data analysis
In this study, the T2D patients were divided into three groups (Fig. 1). In group M, the
patients who maintained the newly prescribed metformin monotherapy during observation,
were included. The T2D patients who added SU to metformin monotherapy, were classified
as MS whereas patients who added DPP-4 inhibitors to metformin monotherapy, were
classified as MD. In addition, patients who received the newly prescribed metformin
monotherapy in MS and MD, were sub-classified into MS1 and MD1 while patients who
had pre-existing metformin monotherapy in MS and MD, were sub-classified into MS2
and MD2. The newly prescribed metformin monotherapy was assumed when the HbAlc
level measurement existed during more than the third quarter without any prescription
for diabetes one year before the first metformin monotherapy. Patient data showing other
prescribed medications were excluded from the analysis.

To calculate mean HbAlc levels, the HbAlc levels were collected by the following time
intervals: 0to3,3t06,6t09,9to 12,12 to 16, 16 to 20, 20 to 24, 24 to 30, and 30 to 36
months before and after prescription in all patients (30 days were regarded as 1 month). In
the case of several HbAlc measurements during a single interval, the measurement closest
to the prescription was selected to reduce the possibility of bias due to oversampling. Since
HbAlc indicates the three-month average plasma glucose concentration, the measurement
within the first 3 months after the prescription were not included to allow time for
physiologic adjustment and dosage titration.

Outpatient with T2DM in SNUH EMR database
between December 2002 and December 2012

Exclude patients with a history of malignant
tumor, Hb <10 g/dL, or steroid therapy

Y
Patients retrieved from SNUH EMR database
(n =12,315)

l

Patients started with metformin monotherapy (n = 2,000)

Newly described metformin monotherapy | Pre-existing metformin monotherapy

v

}

v

}

. Added Added DPP-4 Added Added DPP-4
Maintained N S
sulfonylurea inhibitor sulfonylurea inhibitor
Maintained
M MS1 MD1 MS2 MD2
(n =309) (n =120) (n = 67) (n = 261) (n =191)

Figure 1. Flow chart of the patients retrieved in this study.

T2DM, type 2 diabetes mellitus; SNUH, Seoul National University Hospital; EMR, electronic medical record; M, patients with metformin monotherapy only

which is newly prescribed; MS, patients with addition of sulfonylurea to metformin monotherapy; MD, patients with addition of DPP-4 inhibitor to metformin
monotherapy; MS1and MS2, subgroups of MS with newly prescribed and pre-existing metformin monotherapy, respectively; MD1 and MD2, subgroups of MD with
newly prescribed and pre-existing metformin monotherapy, respectively.
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Evaluation variables

To evaluate the efficacy of the treatment, the following five variables are evaluated: the mean
change in the HbAlc level before and after prescription of metformin monotherapy, and SU
or DPP-4 inhibitors, which is added to metformin monotherapy; the proportion of patients
achieving the HbAlc target < 7.0%; the proportion of patients with treatment failure, which
is defined as HbAlc > 8.0% during 3-6 months after treatment; the probability of treatment
failure occurrence; and the probability of treatment change in prescription.

Statistical analysis

IBM SPSS Statistics software version 22.0 (IBM, Armonk, NY, USA) was used for all statistical
analysis. Comparing the mean change of the HbAlc level between groups were performed
using Student's t-test, and changes in prescription and treatment failure occurrence were
assessed using Cox's proportional hazard model.

RESULTS

Baseline characteristics

A total 0of 961 patients were included in this study (Table 1). The proportion of females
remained at about 40 percent. In the MS and MD group, the average age at the start of
metformin monotherapy and at adding the secondary agent was similar, which is the mid-
fifties. Before starting metformin monotherapy (i.e., treatment naive period), the mean
HbA1c level was steadily increased until -90d and dramatically elevated for 3 months shortly
before prescription (Fig. 2A). After the metformin monotherapy, T2D patients in M was
maintained around 6.7% of the HbAlc level on average. However, the mean HbAlc levels in
MS and MD was comparatively higher, which is around 7.0% or above (Fig. 2A).

Change in the HbA1c level before and after adding the secondary agent

Three months before adding the secondary agent (SU and DPP-4 inhibitors for MS and MD,
respectively), the mean HbAlc level was dramatically increased (Fig. 2B). After the patients
started the secondary agent, the mean HbAlc level was significantly reduced around 7.0% or less
and the glycemic control was maintained for 2 years in both group (Fig. 2B). After approximately
2.5 years, the HbAlc level tended to increase in the MS group while the MD group maintained
the HbAlc level (Fig. 2B). The mean HbA1c level before and after adding SU or DPP-4 inhibitors
was significantly different between MS and MD (Table 2). The average change in HbAlc levels
before and after the prescription was significantly greater in MS than in MD (Table 2). The
proportion of patients achieving HbAlc < 7.0% within 3—6 months was lower in MS than MD but
there are no statistical differences between the two groups (Table 3). When compared after the
patients were classified into two groups according to the HbAlc levels before adding SU or DPP-
4 inhibitors (Table 3), the proportion of patients achieving < 7.0% had no significant differences

Table 1. Demographic characteristics of the patients included in this study

Variables M MS MD
Total number of patients 309 381 258
Proportion of female (%) 46.3 41.5 40.3
Age at start of metformin monotherapy (yr)* 59.8 [22-87] 55.2 [12-84] 55.1[17-81]
Age at adding secondary agent (yr)* N/A 56.8 [12-86] 57.2 [21-83]

M, patients with metformin monotherapy only which is newly prescribed; MS, patients with addition
of sulfonylurea to metformin monotherapy; MD, patients with addition of DPP-4 inhibitor to metformin
monotherapy; N/A: not applicable.

*Mean [minimum-maximum].
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Figure 2. Mean HbAITc profiles before and after (A) starting metformin monotherapy and (B) adding sulfonylurea
or DPP-4 inhibitor to metformin monotherapy. Numbers on the graph represent the number of HbAlc
measurements used in the mean HbATc level calculation.

M, patients with metformin monotherapy only which is newly prescribed; MS, patients with addition

of sulfonylurea to metformin monotherapy; MD, patients with addition of DPP-4 inhibitor to metformin
monotherapy; ALL, average of M, MS, and MD.

Table 2. Mean HbA1c levels before and after prescription (i.e., adding sulfonylurea or DPP-4 inhibitor to metformin
monotherapy)

Variables MS MD p-value*
Number of patients 219 149

HbA1c level before prescription (within 3 mon) 8.2+1.0 7.7+0.8 <0.001
HbAIc level after prescription (3-6 mon) 7.0+ 0.8 6.9+ 0.6 0.025
Change in HbATc level (%points) -1.2+11 -0.9+0.8 <0.001

Data were presented as mean =+ standard deviation.

MS, patients with addition of sulfonylurea to metformin monotherapy; MD, patients with addition of DPP-4
inhibitor to metformin monotherapy.

*p-value from t-test.

between the two groups in the patients whose HbAlc level was < 8% and > 8.0% before adding
the secondary agent. However, the proportion of patients achieving HbAlc < 7.0% within 3-6
months after adding SU or DPP-4 inhibitors to metformin monotherapy was significantly
higher in the patients whose HbAlc level was < 8%, no matter of the treatment. For treatment
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Table 3. Proportions of patients achieving an HbATc level < 7% or with treatment failure after adding sulfonylurea or DPP-4 inhibitor to metformin monotherapy

Variables MS MD p-value HbAIc level < 8% before p-value HbAIc level > 8% before p-value”
prescription prescription
MS MD MS MD
Number of patients 219 149 104 14 115 35
Proportion of patients achieving: HbAIc level < 7.0% (%)  53.9 61.7 0.163 63.5 71.9 0.194 45.9% 28.6% 0.116
Proportion of patients with treatment failure (%)°T 13.2 4.0 0.003 6.7 1.8 0.090 19.18 1.4+ 0.325

MS, patients with addition of sulfonylurea to metformin monotherapy; MD, patients with addition of DPP-4 inhibitor to metformin monotherapy.
*p-value from Fisher's exact test; Tduring 3-6 months after prescription; *p < 0.05, Sp < 0.01in comparison with the corresponding group with HbA1c level < 8%
before prescription.

Table 4. Predicted Hazard ratio for treatment failure occurrence and changes in prescription based on cox proportional hazard model

Variables Hazard ratio 95% confidence interval p-value
Probability of treatment failure after adding sulfonylurea or DPP-4 inhibitor to metformin monotherapy
MS (= reference)

MD 0.665 0.470-0.942 0.022
Age 0.98 0.970-0.993 0.002
HbA1c level > 8% before prescription 2.309 1.745-3.056 <0.001

Probability of changes in prescription after adding sulfonylurea or DPP-4 inhibitor to metformin monotherapy
MS (= reference)

MD 0.581 0.440-0.767 <0.001
Sex (female) 1.303 1.029-1.650 0.031
Age 0.987 0.976-0.997 0.012

MS, patients with addition of sulfonylurea to metformin monotherapy; MD, patients with addition of DPP-4 inhibitor to metformin monotherapy.

failure, MS showed a greater proportion of patients with treatment failure than MD within 3-6
months and there were significant differences between the two groups (Table 3). However, as
with the proportion of patients achieving < 7.0%, there were no notable differences between
MD and MS when compared based on glucose status but there were significant differences
according to glucose status in the treatment groups.

Treatment failure and changes in prescription

There are significant differences in probability of patients with treatment failure between
MS and MD after adding SU and DPP-4 inhibitors to metformin monotherapy. MD showed

a lower treatment failure risk than MS with the hazard ratio of treatment failure for MS

to MD of 0.665 [0.450-0.942] (Table 4). Patients who had an HbAlc level > 8.0% before
prescription had a higher treatment failure risk with a hazard ratio of 2.309 [1.745-3.050].
For probability of changes in prescription after adding SU or DPP-4 inhibitors to metformin
monotherapy, MD showed a lower relative risk with a hazard ratio of 0.579 [0.440-0.763],
which indicated that DDP-4 inhibitors added to metformin monotherapy maintained longer
than SU (Table 4). The study also identified that sex and age were factors that influence the
probability of changes in prescription and/or the probability of treatment failure after adding
SU or DPP-4 inhibitors to metformin monotherapy.

DISCUSSION

This study analyzed the mean change in the HbAlc level, the proportion of patients
achieving the HbAlc target < 7.0%, the proportion of patients with treatment failure, and the
probability of treatment failure occurrence and changes in prescription using EMR data to
compare the glycemic control efficacy of SU and DPP-4 inhibitors as the add-on therapy in
patients with type 2 diabetes.
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The HbAlc level tended to increase dramatically three months prior to starting therapy

and similar aspects were reported in a previous study [12]. This indicated that continuous
monitoring is required and the time of add-on therapy should be determined rapidly. Patients
who were not sufficiently controlled by metformin monotherapy, received a second therapy,
and MS showed a relatively higher HbAlc level before adding SU when compared to MD.

The reason for adding SU in MS when the Hbalc level was higher than MD are as follows.

SU was used to treat T2D since the 1950s whereas DPP-4 inhibitors were approved in 2006
[6,13]. The current guideline recommends that the treatment should be intensified if the
HbA1c level is still above the goal after three months of treatment while the intensification of
treatment occurred when the HbAlc level was > 8% before 2004 [4,14,15].

Adding SU as an add-on therapy showed an appreciably greater reduction in the HbAlc level
than DDP-4 inhibitors. This may be due to MS having a higher HbAlc level than MD before
starting the add-on therapy as the higher HbAlc baseline had a greater effect of reduction
after treatment [16]. The proportion of patients achieving HbAlc < 7.0% was not different
between SU and DPP-4 inhibitors and the target rate was considerably high among the drugs
when HbAlc was low prior to the add-on therapy. Additionally, it was revealed that there are
no significant differences between SU and DPP-4 inhibitors in the HbAlc level change from
the baseline at 52 weeks in the meta-analysis [17]. In Cox's proportional hazards model, the
probability of treatment failure was higher in the patients with an HbAlc level > 8%. This
indicates that the add-on therapy needs to be conducted when HbAlc is not too high. Overall,
the short-term glycemic control effect would not be much different between the two drugs.

The probability of treatment failure was lower in MD. DPP-4 inhibitors not only increase beta
cell insulin secretion, but also reduce metabolic stress [18]. DPP-4 inhibitors promote insulin
secretion to increase beta cell mass and promote glucose dependent insulin secretion. Thus,
DPP-4 inhibitors can reduce the insulin requirement through glucagon suppression [18]. On
the other hand, long term use of SU can lead progressive dysfunction and insulin secretion

to deteriorate due to SU directly acting on B-cell. Therefore, diabetes could be worsening

in the long term despite improved glycemic control in the short term when using SU as the
secondary agent [6].

The probability of changes in prescription was lower in MD because SU might induce weight
gain while DPP-4 inhibitors have the ability of weight loss as managing body weight assists to
improve glycemic control, which is important in type 2 diabetes [19,20]. Furthermore, while
SU is linked with cardiovascular disease, DDP-4 inhibitors can reduced risk of cardiovascular
disease when compared to SU [19] and the meta-analysis demonstrated that DDP-4 inhibitors
do not increase the risk of heart failure, myocardial infarction, cardiovascular death and
stroke [20]. Hence, DPP-4 inhibitors can be used for long-term stability.

Females had a higher probability of changes in prescription than males, which might be due
to females poorly achieved optimal glycemic control after one year of treatment [21] and a
50% higher risk of cardiovascular disease than males [22]. There is a cross-sectional study
about sex differences that correlate to poor glycemic control in T2D patients. This study
revealed that females poorly controlled the glycemic level than males, which is possibly due
to glucose homeostasis differences, treatment response, and psychological factors [23].

Real-world evidence (RWE) aims to include patient populations that more represent an
unselected population than randomized controlled trials (RCT), and usually have big data
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that can provide therapeutic information about specific populations that are usually excluded
from RCTs [24]. RWE is likely to provide realistic data and to suggest appropriate therapeutic
information. The strength of the study results was derived using real world data to reflect a
real clinical practice that could not be identified in limited situations like RCT.

There are several limitations in this study. First, only the HbAlc level was evaluated and
there is no other diabetes biomarker such as insulin or C-peptide and safety evaluation index
such as weigh gain and cardiac disease. However, the data is still considerable due to the
HbA1lc level mainly used to predict T2D patients in clinical practice. Second, the prescription
times were different between the two drugs, which may have affected the changes in the
prescription due to the treatment period including the time of the changed prescription
guidelines. In addition, SU had longer-term data and the DPP-4 inhibitors had relatively
shorter-term data. To correct for this difference, the data are analyzed based on the time of
prescription, and pre-HbAlc was also analyzed as an influence factor. Third, the number of
patients who were on metformin monotherapy was relatively small when compared to the
base population. This is due to the tertiary-care teaching hospital nature of our institution,
in which there are relatively few numbers of treatment-naive patients. Consequently, further
meta-analysis is needed to confirm these results.

This study was analyzed using old data and there might not be new findings from the
previous studies. However, this study is still meaningful in that the results are consistent with
contents reflected in the guidelines by using well-refined and analyzed large-scale RWE. In
addition, it is worthwhile that the concept of RWE was applied and analyzed for the South
Korean population. Although there are studies on the safety of T2D patients through RWE of
the South Korean population, this study focused on glycemic control using the HbAlc level.
Therefore, this real-world database study suggested that starting the add-on therapy at a low
HbA1c level is better for glycemic control and that DPP-4 inhibitors may result in longer and
more stable glycemic control.
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