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INTRODUCTION

ABSTRACT

Aims/Introduction: We investigated the failure of monotherapy in patients with type
2 diabetes mellitus in real practice settings.

Materials and Methods: The Korean National Diabetes Program was a prospective,
multicenter observational cohort study of type 2 diabetes mellitus patients in Korea. Of
the 3,950 patients enrolled in the study, we studied 998 who were continuously main-
tained on monotherapy for at least 90 days at six participating centers. To balance the
baseline characteristics of patients in each group, we used propensity matching at a 1:1
ratio (metformin vs sulfonylureas) and 4:1 ratio (metformin vs meglitinides and metformin
vs alpha-glucosidase inhibitors [aGls]). The hazard ratios (HRs) of treatments (compared
with metformin) were determined by Cox's proportional hazards regression modeling.
Results: The median follow-up time was 56 months, and monotherapy failed in 45% of
all patients. The annual incidences of failure were 15.6%, 21.3%, 27% and 9.6% in the met-
formin, sulfonylurea, meglitinide and aGl groups. Compared with metformin, sulfonylureas
and meglitinides were associated with higher risks of monotherapy failure (HR 1.39, 95%
confidence interval [Cl] 1.08-1.80; HR 1.92, 95% Cl 1.13-3.27), and aGls with risks similar to
that of metformin (HR 0.80, 95% Cl 044-1.45). When analyzed by failure type, sulfony-
lureas, meglitinides and aGls were associated with a higher risk of a switch to other
agents (HR 443, 95% Cl 2.14-9.17; HR 1880, 95% Cl 6.21-56.93; HR 4.25, 95% Cl| 149—
12.13), and aGls with a lower risk of prescription of add-on second agents (HR 0.16, 95%
Cl 0.04-0.64).

Conclusions: Metformin was associated with a lower failure risk than were sulfony-
lureas and meglitinides, but a comparable aGl failure rate.

other antidiabetic drugs must thus be considered for them.

The fundamental goal of type 2 diabetes mellitus treatment is
to attain and maintain near-normal glucose levels to prevent
the development of various diabetic complications. The current
clinical guidelines recommend that the glycemic target in most
patients be a glycated hemoglobin (HbAlc) level <7%'. Cur-
rently, metformin is the preferred initial treatment, in combina-
tion with lifestyle management’. However, some patients are
intolerant of and/or are not candidates for metformin therapy;
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Recently, individualized therapy has become popular, based on
individual patient characteristics. Therefore, it is essential to
compare the performances of various antihyperglycemic agents.
It is important to define treatment durabilities; type 2 diabetes
mellitus shows a chronic, progressive natural course, during
which blood glucose concentrations rise gradually over time™*,
Although the pathophysiology of type 2 diabetes mellitus is
complex, declines in insulin secretion and peripheral insulin
resistance are the principal problems’. Both features present
early in the natural course of the disease®. However, some
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differences in the pathophysiological contributions to diabetes
mellitus development or course might exist among various pop-
ulations or ethnic groups’ '>. In particular, East Asians have
limited B-cell function and are thus susceptible to type 2 dia-
betes mellitus”®'>"", In patients who have been recently diag-
nosed or in whom the disease is of short duration,
antihyperglycemic agents differing in terms of their mecha-
nisms of action might show different treatment responses in
various populations.

The UK Prospective Diabetes Study, which enrolled patients
newly diagnosed with type 2 diabetes mellitus, found that
monotherapy failure increased over time’. Additional therapy
was required by approximately 50% of patients by 3 years, and
75% by 9 years. The representative Diabetes Outcome Progres-
sion Trial (ADOPT) explored the durabilities of three
monotherapiesm; rosiglitazone (thiazolidinedione) was the most
durable therapy, and metformin (a biguanide) therapy was
more durable than that with glyburide (a sulfonylurea). How-
ever, little data on monotherapy durabilities are available. Fur-
thermore, data from Asian populations, and those obtained in
real clinical practice, are very limited. Therefore, we investigated
monotherapy failure rates (including that of metformin) during
a multicenter, observational cohort study carried out in Korea;
we used propensity score matching to compare durabilities.

METHODS

Ethics statement

Our study protocol was approved by the institutional review
boards of all participating hospitals and conformed to the ethi-
cal guidelines of the Declaration of Helsinki. All participants
gave written informed consent.

Study design and participants

The Korean National Diabetes Program (KNDP) cohort study
has been described previously'®. In brief, the KNDP was a
prospective, multicenter, observational cohort study enrolling
patients with type 2 diabetes mellitus and those at risk of dia-
betes mellitus in Korea. All patients were enrolled between May
2006 and December 2012, and followed up to December 2013.
The type 2 diabetes mellitus cohort included patients aged
>20 years who satisfied the 2004 diagnostic criteria of the
American Diabetes Association. Of the 3,950 patients enrolled
in the KNDP, the present study population consisted of 998
patients  receiving continuous oral hypoglycemic agent
monotherapy for at least 90 days in six KNDP centers. The
index date was that of monotherapy commencement. The
monotherapies were restricted to metformin, sulfonylureas,
meglitinides and alpha-glucosidase inhibitors (aGls). Patients
prescribed thiazolidinedione or dipeptidyl peptidase-4 inhibitor
monotherapies were excluded; their numbers were too small.
Patients prescribed metformin, sulfonylureas, aGIs and megli-
tinides numbered 666, 249, 49 and 34, respectively. The sul-
fonylureas were glimepiride and gliclazide (58 and 42%); the
aGlIs were voglibose and acarbose (65 and 35%); and the
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meglitinides were nateglinide, repaglinide and mitiglinide (68,
24 and 9%). We used propensity score matching to balance
baseline characteristics (age, sex, body mass index, diabetes mel-
litus duration, HbAlc level and estimated glomerular filtration
rate) among groups at a 1:1 ratio (metformin vs sulfonylureas)
and 4:1 ratio (metformin vs meglitinides and metformin vs
aGls).

Baseline variables

The baseline variables were based on the last values of the
index dates. We recorded age, diabetes mellitus duration, body
mass index, smoking status, systolic/diastolic blood pressure,
diabetic complications and comorbidities. After 12-h overnight
fasts, the HbAlc, plasma glucose, serum creatinine, lipid and
insulin levels were measured at baseline and at every 3- or
6-month visit. Diabetic retinopathy was diagnosed by ophthal-
mologists, or through a history of photocoagulation or vitrec-
tomy. Participants with hypertension, as diagnosed by a
physician or those taking antihypertensive medications, were
classified as patients with hypertension. Similarly, dyslipidemia
was defined as patients having a history of dyslipidemia or tak-
ing lipid-lowering medications. Cardiovascular disease included
any history of myocardial infarction, angina, heart failure or an
intervention triggered by coronary artery obstructive disease.
Cerebrovascular disease included any history of ischemic or
hemorrhagic stroke, or a transient ischemic attack. The esti-
mated glomerular filtration rate was calculated using the
Chronic Kidney Disease Epidemiology Collaboration equation'.
The homeostatic model assessment of insulin resistance
(HOMA-IR) and B-cell function (HOMA-[3) were also calcu-
lated'®. The medication possession ratio (MPR) was the per-
centage of the sum of days’ supply divided by the number of
days in the evaluation period. An MPR >100% was scored as
100%.

Primary end-point

The primary outcome was the time to monotherapy failure,
defined as an HbAlc level >7.5%, a switch to another antidia-
betes mellitus agent or add-on of another agent.

Statistical analysis

Continuous variables are presented as mean * standard devia-
tion; Student’s t-test was used for comparisons. Categorical vari-
ables are presented as numbers with percentages; the y-test or
Fisher’s exact test was used to compare the two groups.
Monotherapy failure rates were calculated as the ratios of inci-
dent case numbers to the person-years of the entire study pop-
ulation. To minimize bias, group baseline characteristics were
balanced by propensity score matching using a 1:1 ratio for
metformin to sulfonylureas, and a 4:1 ratio of metformin to
both aGIs and meglitinides, before survival analysis. We
matched age, sex, body mass index, diabetes mellitus duration,
HbAIc level and estimated glomerular filtration rate. We next
ensured that that the covariates were balanced using the y>-test
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or Fisher’s exact test for categorical variables, and Student’s
t-test for continuous variables. Monotherapy failure curves were
plotted using the Kaplan—-Meier method and compared using
the log—rank test. We carried out Cox’s proportional hazard
regression (after propensity score matching) to derive hazard
ratios for monotherapy failure. A two-sided P-value <0.05 was
considered to reflect statistical significance. All data were ana-
lyzed using SPSS (version 23.0; SPSS Inc., Chicago, IL, USA)
and R (R version 3.3.2; R Foundation for Statistical Computing;
Vienna, Austria; http://www.R-project.org/) software packages.

RESULTS

Baseline patient characteristics

The median (interquartile range) follow-up duration was
56.1 months (34.4-70.2 months) for all patients, of whom
approximately 45% (454/998) showed monotherapy failure
(17% per year; Table 1). The annual monotherapy failure rates
were 15.6, 21.3, 27 and 9.6% for metformin, sulfonylureas,
meglitinides and aGIs, respectively (hazard ratio [HR] 1.35,
95% confidence interval [CI] 1.10-1.66; HR 1.64, 95% CI 1.04—
258; and HR 0.61, 95% CI 0.35-1.06 when sulfonylureas,
meglitinides and aGIs were compared with metformin, respec-
tively). The mean (standard deviation) age and diabetes mellitus
duration were 55.6 years (9.8 years) and 5.4 years (5.1 years),
respectively. The mean baseline HbAlc level was 6.9% (0.9)
and the MPR 88.5%. Approximately 5% of all patients had his-
tories of diabetic retinopathy, and 4.5 and 5.7% had previously
been diagnosed with coronary artery disease and cerebrovascu-
lar disease, respectively.

After 1:1 propensity score matching of patients taking met-
formin and sulfonylureas (247:247); and 4:1 matching of those
taking metformin and meglitinides (128:32) and metformin and
aGIs (196:49), most baseline characteristics were balanced
(Table 2), although the sulfonylurea group had higher fasting
glucose and high-density lipoprotein levels; and the meglitinide
group had a higher MPR, a lower HOMA-f score, and fewer
diagnoses of dyslipidemia; aGI groups had lower total choles-
terol and higher high-density lipoprotein levels, compared with
the metformin group.

Monotherapy failures in each treatment group

When monotherapy failure rates were compared after propen-
sity score matching, the sulfonylurea and meglitinide groups
had higher failure rates, and the aGI group had a similar failure
rate compared with the metformin group (Figure 1; P = 0.011,
P =0.014 and P = 0.465, respectively). The monotherapy fail-
ure rates of the sulfonylurea and meglitinide groups did not
differ significantly (data not shown).

Monotherapy failure was defined as attainment of an HbAlc
level >7.5%, a switch to another antidiabetic agent and/or add-
on treatment. By failure subtype, sulfonylurea failures often
switched to other antidiabetic agents compared with the met-
formin group (Table 3; HR 4.43, 95% CI 2.14-9.17). As was
true of the sulfonylurea group, meglitinide patients were

http://onlinelibrary.wiley.com/journal/jdi

Table 1 | Demographic data and baseline characteristics of all study
patients

Total (n = 998)

Age (years) 556 £98
Female/male, n (%) 411/587 (41/59)
Weight (kg) 676 £ 106
Body mass index (kg/m?) 253+ 30
Duration of diabetes (years) 54+ 51
Smoking, current/past/never (%) 18/31/52
Systolic BP (mmHg) 125+ 15
Diastolic BP (mmHg) 78 £ 10
HbATC (%) 69 £ 09
Glucose (mg/dL) 132+ 28
Creatinine (mg/dL) 09£03
eGFR (mL/min/1.73 m?) 80 £ 200
Total cholesterol (mg/dL) 181 £ 37
Triglyceride (mg/dL) 162 £ 103
HDL cholesterol (mg/dL) 5012
LDL cholesterol (mg/dL) 101 £ 30
Insulin (WU/mL) 9472
Medication use rate (%) 885
Comorbidities
Hypertension (%) 47
Dyslipidemia (%) 41
Retinopathy (%) 49
Coronary artery disease (%) 45
Cerebrovascular disease (%) 57
Total failure, % (100 person-years) 454/170

Values are presented as mean £ standard deviation or as numbers
(with 9). BP, blood pressure; eGFR, estimated glomerular filtration rate;
HbATc, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-
density lipoprotein.

switched more often to other antidiabetic agents than were
metformin patients (HR 188, 95% CI 6.21-56.93). Add-on
treatment failure was less common in the aGI than in the met-
formin group, although overall failure in the aGI group did not
differ significantly from that in the metformin group (HR 0.16,
95% CI 0.04-0.64). After monotherapy failure, switched or
added antidiabetic agents are described in Table S1.

DISCUSSION

The KNDP was a prospective, multicenter, observational, Kor-
ean cohort study. Of these, the present study patients had been
recently diagnosed with type 2 diabetes mellitus, were obese
(body mass index >25 kg/m®) and showed good MPRs; a few
patients had diabetic complications. Overall, the annual
monotherapy failure rate was 17%; attaining 40% at 3 years
and 60% at 6 years. To the best of our knowledge, this is the
first report of monotherapy failure in Korea. The failure rate
was somewhat lower than that of the UK Prospective Diabetes
Study trial'/, which used stricter failure cut-offs (an HbAlc
level >7% or a fasting plasma glucose level >140 mg/dL). Com-
pared with the ADOPT trial, the annual monotherapy failure
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Table 2 | Demographic data and baseline characteristics of all patients after propensity score matching

MET vs SU MET vs GLI MET vs aGl
MET SU P-value MET GL P-value MET aGl P-value

n 247 247 128 32 196 49
Age (years) 591 81 589+94 0786 595+ 87 507+ 119 0901 571 £ 89 56.7 £ 100 0.791
Female, n (%) 409 421 0.784 453 406 0633 36.2 347 0842
Weight (kg) 65.7 £ 99 667 £99 0234 66.2 = 109 646 + 99 0447 633+ 97 623+ 75 0431
Body mass index (kg/mz) 249+ 29 251 £29 0644 250+ 27 249+ 26 0.849 236+ 24 235+ 23 0.808
Duration of 68 £ 55 74 +£55 0.230 53+£62 57 %57 0.736 59+59 59+ 46 0.989

diabetes (years)
Smoking, 12/36/52 15/28/57 0.185 17/36/48 19/25/56 0516 18/36/46 20/35/46 0968

current/past/never (%)
Systolic BP (mmHg) 126 £ 15 125+ 15 0.291 124 £ 13 123 £ 15 0.726 125 £ 15 123+ 15 0499
Diastolic BP (mmHg) 789 78 £ 10 0654 78 £ 10 77 £ 11 0681 779 78 £ 10 0454
HbA1C (%) 69 £ 09 69+£09 0867 68 £ 09 68 £ 07 0717 65+ 06 65+ 06 0670
Glucose (mg/dL) 1272 £ 242 1328 £ 335 0039 1261 £279 1350+ 227 0112 1235+ 242 1300 £ 223 0.095
Creatinine (mg/dL) 09+02 10+ 02 0.093 1003 11 £08 0367 09+£02 09+02 0959
eGFR (mL/min/1.73 mz) 759+ 173 739 £ 211 0259 728 £ 157 720 £ 202 0815 793 £ 177 795+ 186 0961
Total cholesterol (mg/dl) 1793 £ 346 1764 £ 355 0363 1860 £ 368 1803+ 416 0456 1822 £ 371 1699 + 383 0.040
Triglyceride (mg/dL) 1568 £ 1035 1614+ 852 059 1778 £ 1248 1954 + 1238 0475 1520 £ 980 1392 £ 1251 0441
HDL cholesterol (mg/dL) 497 £ 112 526 £ 124 0016 484 £ 103 488 £ 123 0889 486 £ 116 553+ 135 0.001
LDL cholesterol (mg/dL) 1003 + 29.7 989 + 285 0622 990 + 281 1045+ 272 0324 101.3 £ 30.1 919 + 294 0.051
Insulin (WU/mL) 92+ 66 8950 0642 105+ 70 79+ 48 0.059 80t 56 86+ 85 0601
HOMA-IR 29+ 23 29+ 18 0991 34+ 27 28+ 18 0276 25+ 20 28+ 25 0359
HOMA-B 582 + 483 56.1 £ 418 0637 668 + 481 451+ 255 0002 535+ 381 532+ 736 0971
Medication use rate (%) 887+ 16.1 916 £ 130 0032 893 + 159 939+ 99 0.045 89.1 + 162 859 + 191 0.225
Comorbidities

Hypertension (%) 522 547 0.588 53.1 50.0 0.752 429 408 0.796

Dyslipidemia (%) 397 449 0236 484 219 0.007 342 408 0.386

Retinopathy (%) 45 85 0.068 39 125 0.080 31 41 0.662

Coronary artery 45 73 0.180 55 0.0 0346 3.1 41 0662

disease (%)
Cerebrovascular 6.1 89 0232 4.7 94 0.385 36 20 >0.999

disease (%)

Values are presented as mean * standard deviation or as numbers (with %). aGl, alpha-glucosidase inhibitor; BP, blood pressure; eGFR, estimated
glomerular filtration rate; GLI, meglitinide; HbAc, glycated hemoglobin; HOMA-IR, homeostasis model assessment of insulin resistance; HOMA-f3,
homeostasis model assessment of B-cell function; MET, metformin; SU, sulfonylurea.

rates of our present study were threefold higher (15.6% vs 4.3%
in the metformin group; 21.3% vs 7.5% in the sulfonylurea
group) . The study designs differed significantly. Although the
primary ADOPT cut-off levels, determined by reference to con-
secutive fasting plasma glucose levels >180 mg/dL, might be
somewhat less rigid than those of the present study (HbAlc
level >7.5%), monotherapy failure, reflected in a switch to or
addition of other antidiabetic agents, can develop before the
fasting plasma glucose level attains 180 mg/dL, to afford better
glycemic control. In the ADOPT trial, most withdrawals (12—
15%) were attributable to adverse drug events and were
included in the analysis, but this was not counted as the
monotherapy failure. As the ADOPT was a clinical trial, the
participants would have been better motivated than those of
our observational cohort study reflecting real clinical practice.

Our patients showed a somewhat longer diabetes mellitus dura-
tion than those of the ADOPT trial, for which the time since
diabetes mellitus diagnosis was <2 years in most participants.
This difference might increase the incidence of monotherapy
failure in the present study. An observational Swedish study of
monotherapy durability reported that failure of sulfonylurea,
meglitinide and metformin monotherapies rose to almost 50%
by 5.5 years'®. Analysis of healthcare databases in the USA
showed that the annual metformin monotherapy failure rate
was 17%'. The results of both studies were comparable with
our findings.

The present study consisted of patients taking one oral hypo-
glycemic agent for >90 days. Therefore, this study included
non-responders who did not show an initial good response or
did not tolerate a specific monotherapy. These patients were

© 2018 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Figure 1 | Kaplan—Meier curve of monotherapy failure after propensity score matching. (@) Metformin vs sulfonylureas, (b) metformin vs
meglitinides and (c) metformin vs alpha-glucosidase inhibitors (aGl).
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Figure 1 | (Continued).

presented as rapid initial failure of the Kaplan—-Meier curve in
the metformin vs sulfonylurea group and the metformin vs
meglitinide group. In comparison between the metformin and
sulfonylurea group, early non-responders with a monotherapy
duration of <6 months had longer diabetes duration and higher
baseline HbAlc levels than responders (data not shown). In
comparison between the metformin and meglitinide group,
early non-responders in the meglitinide group also showed
higher baseline HbAlc levels than responders (data not shown).
These, such as long diabetes duration and high HbAlc levels,
might be predictive factors for long-term durability and consid-
erable factors for choice of antihyperglycemic agents'**’.
Metformin was associated with a lower incidence of
monotherapy failure than were either sulfonylureas or megli-
tinides when both the total cohort and propensity score-
matched data were analyzed. As we expected, those prescribed
metformin among all 998 study patients were younger, more
obese, had diabetes mellitus of shorter duration and fewer
comorbidities than those prescribed sulfonylureas or megli-
tinides (data not shown). When baseline characteristics were
balanced using propensity score matching, the risks of
monotherapy failure in those given sulfonylureas and megli-
tinides were 40-90% higher than that of the metformin group.

Switching from one drug to another drug does not always
mean poor glucose-lowering effects of the original drug
Monotherapy subtype failure (indicated by a switch to other
agents) was significantly higher in both the sulfonylurea and
the meglitinide groups than in the metformin group, consis-
tent with the data of a previous report'®. In the sulfonylurea
group, switching to another monotherapy rather than combi-
nation treatment or insulin treatment was more common
compared with the metformin group. That is, adverse drug
reactions of sulfonylurea, such as hypoglycemia and weight
gain, might be a considerable factor of high rate of switching
failure. Lower B-cell function is related to treatment failure'’.
In comparison between the metformin and meglitinide group,
the meglitinide group had lower HOMA-B than the met-
formin group. This might be a confounding factor and influ-
ence the high rate of monotherapy failure in the meglitinide
group. Progressive glycemic deterioration is associated with
loss of PB-cell function'. Metformin might retard B-cell dys-
function; pharmacologically, metformin increases insulin sensi-
tivity and reduces the workload imposed on pancreatic p-cells.
In vitro, metformin protected pancreatic B-cells, whereas sul-
fonylureas did not*'>>. East Asians show lower B-cell function
than do other ethnic groups, and lack the ability to induce

© 2018 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Table 3 | Subtype failure of monotherapy failure after propensity score
matching

Drugs Type of failure  Events (%)  HR (95% Cl) P-value
SU vs MET  Overall 534 vs 42.1 1.39 (1.08-1.80) 0011
Switch 150 vs 36 443 (214-917) <0001
Add-on 364 vs 328  1.23 (091-1.66) 0.177
HbATc >75% 206 vs 150 148 (097-2.26) 0.069
GLI vs MET ~ Overall 594 vs 398 192 (1.13-3.27) 0015
Switch 469 vs 3.1 18.80 (6. 21 -5693) <0001
Add-on 09 vs 336 037 (0.11-1.20) 0.096
HbATc >75% 219 vs 109 6 (0. 87 537) 0.096
aGl vs MET ~ Overall 265 vs 357 0.80 (O4AA 45) 0467
Switch 143 vs 36 425 (14 13) 0.007
Add-on 41 vs 286  0.16 (0. 04—064) 0.010
HbAlc >75% 102 vs 87 1.17 (043-3.18) 0.752

"Hazard ratio (HR) for monotherapy failure of a sulfonylurea (SU), alpha-
glucosidase inhibitor (aGl), or meglitinide (GLI) compared with met-
formin (MET). Cl, confidence interval; HbA1c, glycated hemoglobin.

early-stage compensatory hyperinsulinemia during diabetes
mellitus development®**. To overcome B-cell dysfunction,
insulin secretagogues, such as sulfonylureas and meglitinides,
can be the preferred drugs for East Asians. However, when
the preservation of B-cell function and the durability of antidi-
abetic drugs are prioritized, monotherapy using insulin secreta-
gogues might fail more rapidly in Koreans with type 2
diabetes mellitus than in Western populations. Comparison
studies in East Asians showed that sulfonylureas rapidly and
effectively lowered HbAIc levels more than did metformin,
but only for several months®°. However, the HR for
monotherapy failure of insulin secretagogues in Koreans was
no higher than that of the Swedish cohort.

Clinicians have to determine the next steps, such as change
or the adding of antihyperglycemic agents, after monotherapy
failure due to the progressive nature of the disease. To view
cases with monotherapy failure in our data, especially focused
on metformin or sulfonylurea treatment groups, the major fur-
ther treatment option was combination therapy by adding
another antihyperglycemic agent or switching to dual therapy.
According to the current guidelines, there are several options of
dual therapy when monotherapy fails>*’. In the present data,
metformin plus sulfonylurea and metformin plus dipeptidyl
peptidase-4 (DPP-4) inhibitor were most common. This reflects
prescription trends of antihyperglycemic agents in Korea™.
Metformin plus sulfonylurea is the traditional combination
therapy. Metformin’s position as a first-line treatment and
cornerstone of combination therapy might be solid. Sulfony-
lureas are still commonly used due to a comparatively higher
efficacy and lower cost, although sulfonylureas show a short
time to failure, high risk of hypoglycemia and weight gain.
Otherwise, DPP-4 inhibitors have become a widespread antihy-
perglycemic agent due to favorable safety profiles. However, the
ideal combination therapy can differ according to the patient’s

http://onlinelibrary.wiley.com/journal/jdi

factors; thus, the pros and cons of antihyperglycemic drugs
should be well considered. Most current guidelines recommend
individualized therapy in patients with diabetes.

To the best of our knowledge, this is the first report on aGI
monotherapy failure in clinical practice. In the present study,
the aGI group had a similar failure rate compared with the
metformin group. Although compliance with aGI regimens is
poor (attributable to gastrointestinal side-effects and the need
for frequent doses), this class of drugs is optimal diabetes melli-
tus treatment for Koreans who consume high levels of carbohy-
drates”™. AGIs reduce plasma glucose levels by delaying
digestion and absorption of consumed carbohydrates; aGls
exert no direct effect on insulin secretion. Both metformin and
acarbose delayed the progression from prediabetes to diabetes
mellitus®. The similarity of durability in both drugs could be
associated with the effects on preventing diabetes and mecha-
nisms of action with no direct effects on insulin secretion.
Additionally, we found that aGIs had a significantly lower add-
on failure rate than did metformin, although overall monother-
apy failure was comparable.

Unfortunately, we can offer no data on monotherapies using
DPP-4 inhibitors or thiazolidinediones, as patient numbers
were too small. DPP-4 inhibitors were introduced in Korea
only in 2011, and thiazolidinedione prescriptions have fallen
rapidly in number since 2007.

The present study had certain limitations. The numbers of
patients receiving aGI or meglitinide monotherapies were rela-
tively small compared with the numbers of patients given met-
formin or sulfonylureas, reflecting current prescription
practices™. We did not explore within-class drug durabilities.
Physicians prescribed each drug based on the patient’s charac-
teristics; selection bias might have been in play. Although we
matched several baseline characteristics, we might not have
identified all possible confounding factors.

In conclusion, the annual overall monotherapy failure rate
was 17% in Koreans with type 2 diabetes mellitus enrolled in
the KNDP cohort study. Using propensity score matching, we
found that metformin was associated with a lower risk of
monotherapy failure than were sulfonylureas and meglitinides;
the failure rates of metformin and aGls were comparable. Our
data will aid in the choice of appropriate treatment for patients
with type 2 diabetes mellitus.

ACKNOWLEDGMENTS

This study was supported by grant no. HI10C2020 from Korea
Healthcare Technology, R&D Project, Ministry of Health and
Welfare, Korea.

DISCLOSURE

The authors declare no conflict of interest.

REFERENCES
1. American Diabetes Association. 6. Glycemic targets. Diabetes
Care 2017; 40(Suppl 1): S48-S56.

1150 J Diabetes Investig Vol. 9 No. 5 September 2018

© 2018 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd



http://onlinelibrary.wiley.com/journal/jdi

10.

11.

12.

13.

14.

15.

16.

17.

American Diabetes Association. 8. Pharmacologic
approaches to glycemic treatment. Diabetes Care 2017; 40
(Suppl 1): S64-S74.

UK. Prospective Diabetes Study Group. UK. Prospective
diabetes study 16. Overview of 6 years' therapy of type Il
diabetes: a progressive disease. Diabetes 1995; 44: 1249~
1258.

Kahn SE. Clinical review 135: the importance of beta-cell
failure in the development and progression of type 2
diabetes. J Clin Endocrinol Metabol 2001; 86: 4047-4058.
Defronzo RA, Eldor R, Abdul-Ghani M. Pathophysiologic
approach to therapy in patients with newly diagnosed type
2 diabetes. Diabetes Care 2013; 36(Suppl 2): S127-5138.
Kahn SE, Hull RL, Utzschneider KM. Mechanisms linking
obesity to insulin resistance and type 2 diabetes. Nature
2006; 444: 840-846.

Kodama K, Tojjar D, Yamada S, et al. Ethnic differences in
the relationship between insulin sensitivity and insulin
response: a systematic review and meta-analysis. Diabetes
Care 2013; 36: 1789-1796.

Ohn JH, Kwak SH, Cho YM, et al. 10-year trajectory of beta-
cell function and insulin sensitivity in the development of
type 2 diabetes: a community-based prospective cohort
study. Lancet Diabet Endocrinol 2016; 4: 27-34.

Dankner R, Chetrit A, Shanik MH, et al. Basal-state
hyperinsulinemia in healthy normoglycemic adults is
predictive of type 2 diabetes over a 24-year follow-up: a
preliminary report. Diabetes Care 2009; 32: 1464—1466.
Tripathy D, Carlsson M, Almgren P, et al. Insulin secretion
and insulin sensitivity in relation to glucose tolerance:
lessons from the Botnia Study. Diabetes 2000; 49: 975-980.
Kim DJ, Lee MS, Kim KW, et al. Insulin secretory dysfunction
and insulin resistance in the pathogenesis of Korean type 2
diabetes mellitus. Metabol Clin Exp 2001; 50: 590-593.
Tabak AG, Jokela M, Akbaraly TN, et al. Trajectories of
glycaemia, insulin sensitivity, and insulin secretion before
diagnosis of type 2 diabetes: an analysis from the Whitehall
II study. Lancet 2009; 373: 2215-2221.

Kahn SE, Haffner SM, Heise MA, et al. Glycemic durability of
rosiglitazone, metformin, or glyburide monotherapy. N Engl
J Med 2006; 355: 24272443,

Rhee SY, Chon S, Kwon MK, et al. Prevalence of chronic
complications in Korean patients with type 2 diabetes
mellitus based on the Korean National Diabetes Program.
Diabetes Metab J 2011; 35: 504-512.

Levey AS, Stevens LA, Schmid CH, et al. A new equation to

estimate glomerular filtration rate. Ann Intern Med 2009; 150:

604-612.

Matthews DR, Hosker JP, Rudenski AS, et al. Homeostasis
model assessment: insulin resistance and beta-cell function
from fasting plasma glucose and insulin concentrations in
man. Diabetologia 1985; 28: 412—419.

Turner RC, Cull CA, Frighi V, et al. Glycemic control with
diet, sulfonylurea, metformin, or insulin in patients with

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

ORIGINAL ARTICLE
Monotherapy failure

type 2 diabetes mellitus: progressive requirement for
multiple therapies (UKPDS 49). UK Prospective Diabetes
Study (UKPDS) Group. JAMA 1999; 281: 2005-2012.
Ekstrom N, Svensson AM, Miftaraj M, et al. Durability of
oral hypoglycemic agents in drug naive patients with
type 2 diabetes: report from the Swedish National
Diabetes Register (NDR). BMJ Open Diabet Res Care 2015;
3: e000059.

Brown JB, Conner C, Nichols GA. Secondary failure of
metformin monotherapy in clinical practice. Diabetes Care
2010; 33: 501-506.

Rathmann W, Strassburger K, Bongaerts B, et al. Impact of
insulin sensitivity, beta-cell function and glycaemic control
on initiation of second-line glucose-lowering treatment in
newly diagnosed type 2 diabetes. Diabetes Obes Metab
2017; 19: 866—-873.

Dai YL, Huang SL, Leng Y. AICAR and metformin exert
AMPK-dependent effects on INS-1E pancreatic beta-cell
apoptosis via differential downstream mechanisms. Int J Biol
Sci 2015; 11: 1272-1280.

Lablanche S, Cottet-Rousselle C, Lamarche F, et al.
Protection of pancreatic INS-1 beta-cells from glucose- and
fructose-induced cell death by inhibiting mitochondrial
permeability transition with cyclosporin A or metformin. Cell
Death Dis 2011; 2: e134.

Efanova IB, Zaitsev SV, Zhivotovsky B, et al. Glucose and
tolbutamide induce apoptosis in pancreatic beta-cells. A
process dependent on intracellular Ca2+ concentration. J
Biol Chem 1998; 273: 33501-33507.

Kim JD, Lee WY. Insulin secretory capacity and insulin
resistance in Korean Type 2 diabetes mellitus patients.
Endocrinol Metabol 2016; 31: 354-360.

Yoon KH, Shin JA, Kwon HS, et al. Comparison of the
efficacy of glimepiride, metformin, and rosiglitazone
monotherapy in Korean drug-naive type 2 diabetic patients:
the practical evidence of antidiabetic monotherapy studly.
Diabetes Metab J 2011; 35: 26-33.

Yamanouchi T, Sakai T, Igarashi K, et al. Comparison of
metabolic effects of pioglitazone, metformin, and
glimepiride over 1 year in Japanese patients with newly
diagnosed Type 2 diabetes. Diabet Med 2005; 22: 980-985.
Moon MK, Hur KY, Ko SH, et al. Combination therapy of
oral hypoglycemic agents in patients with Type 2 diabetes
mellitus. Diabetes Metab J 2017; 41: 357-366.

Ko SH, Kim DJ, Park JH, et al Trends of antidiabetic drug
use in adult type 2 diabetes in Korea in 2002-2013:
nationwide population-based cohort study. Medicine 2016;
95: e4018.

Kim SH, Hong SB, Suh YJ, et al. Association between
nutrient intake and obesity in type 2 diabetic patients from
the Korean National Diabetes Program: a cross-sectional
study. J Korean Med Sci 2012; 27: 1188-1195.

Zhu Q, Tong Y, Wu T, et al. Comparison of the
hypoglycemic effect of acarbose monotherapy in patients

© 2018 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

1151

J Diabetes Investig Vol. 9 No. 5 September 2018



ORIGINAL ARTICLE

Jeon et al. http://onlinelibrary.wiley.com/journal/jdi

with type 2 diabetes mellitus consuming an Eastern or 31. Chiasson JL, Josse RG, Gomis R, et al. Acarbose for
Western diet: a systematic meta-analysis. Clin Ther 2013; 35: prevention of type 2 diabetes mellitus: the STOP-NIDDM
880-899. randomised trial. Lancet 2002; 359; 2072-2077.

SUPPORTING INFORMATION
Additional Supporting Information may be found in the online version of this article:

Table S1 | Medications switched or added from original monotherapy.
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