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ABSTRACT
Aims/Introduction: We carried out an observational cohort study to examine the rela-
tionship between the efficacy of oral antidiabetic drugs and clinical features in type 2 dia-
betics.
Materials and Methods: We analyzed the CoDiC� database of the Japan Diabetes
Data Management Study Group across 67 institutions in Japan. In a total of 3,698 drug-
na€ıve patients who were initiated with metformin, dipeptidyl peptidase-4 inhibitor (DPP-4i)
or sulfonylurea (SU) from 2007 to 2012, we evaluated body mass index (BMI) and hemo-
globin A1c (HbA1c). The patients were stratified according to their clinical features, and
matched using a propensity score to adjust for baseline factors.
Results: HbA1c was reduced with all drugs, with the largest effect elicited by DPP-4i
and the smallest by SU (P = 0.00). HbA1c increased with SU after 6 months in the
patients stratified by an age-of-onset of <50 years (P = 0.00). BMI increased with SU in the
patients stratified by a BMI of <25 (P = 0.00), and decreased with metformin in the
patients with a BMI >25 (P = 0.00). The reduction in HbA1c was larger in patients with
HbA1c of ≥8%, compared with that in patients with HbA1c of <8% (P = 0.00). HbA1c dur-
ing the study period was higher in patients who were added to or swapped with other
drug(s), than in patients continued on the original drug (P = 0.00).
Conclusions: The effect on bodyweight and glycemic control differed among met-
formin, DPP-4i and SU, and the difference was associated with clinical features.

INTRODUCTION
The majority of patients with type 2 diabetes mellitus require
oral antidiabetic drugs (OADs) in addition to lifestyle interven-
tion1,2. Many studies have focused on the effectiveness and
safety of medications for type 2 diabetes, with the overall bene-
fits of OADs assessed in several recent systematic reviews and
meta-analyses3–5. These latter studies, which analyzed data
mainly obtained from randomized control trials (RCTs),
showed similar drug efficacy and reduction in hemoglobin A1c
(HbA1c) levels by an average of 1 percentage point (1%) across
most of the diabetes medications. In contrast, our impression
based on clinical practice is that efficacy might differ among

OADs, and that such differences could be associated with speci-
fic clinical features of the patients.
Evidence-based medicine is classified according to “grades of

evidence” built into the research design6. The highest grade is
reserved for research involving “at least one properly random-
ized controlled trial,” whereas observational studies fall within
the intermediate grades7. Indeed, a recent review showed that
findings from RCTs and observational studies were remarkably
similar across several clinical topics, but that observational stud-
ies showed less variability in point estimates (i.e., less hetero-
geneity of results) than RCTs on the same topic, indicating that
evidence from both study types can and should be used to find
the optimal treatment regimen8,9. In contrast, results obtained
from cohort studies are liable to be more affected by biases and
confounding baseline factors that might influence treatment
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selection. One approach to reduce or eliminate the effect of
treatment selection bias and confounding effects is the use of
propensity score matching10,11, and indeed, such methods were
recently used successfully to evaluate the efficacy of treatments
for diabetes12,13.
To more robustly examine the relationship between the effi-

cacy of three widely used OADs, metformin (Met), dipeptidyl
peptidase-4 inhibitor (DPP-4i) and sulfonylurea (SU)5,14, and
the patients’ clinical features, we used the CoDiC� database
collected from multiple institutions across Japan15–18, analyzed
cohort study results that were stratified according to a specific
clinical feature and then matched by the propensity score-
matching method.

MATERIALS AND METHODS
Study design and participants
Data were extracted from the CoDiC� database to incorporate
patient records from 67 clinics or general/university-affiliated
hospitals across Japan15–18. The data were obtained in primary
care settings for patients diagnosed with type 2 diabetes, which
was classified based on criteria in the ‘Report of the Commit-
tee of Japan Diabetes Society (JDS) on the Classification and
Diagnostic Criteria of Diabetes Mellitus’19. Treatment goals rec-
ommended by the JDS were achieving HbA1c <6.5% (JDS
value, later described), with fasting and postprandial plasma
glucose (PPPG) levels of <130 mg/dL and <180 mg/dL, respec-
tively20. In total, we reviewed 3,698 drug-na€ıve patients who
were initiated with Met, SU or DPP-4i from May 2007 to July
2012. The clinical data were collected in the Central Analytical
Center established by the Japan Diabetes Clinical Data Man-
agement Study Group (JDDM) on CD-R storage disks in
October 2012, and then analyzed using Microsoft Access� and
Excel� software (Microsoft Corporation, Redmond, WA,
USA). The JDDM ethics committee approved the study proto-
col, and informed consent was obtained from patients at each
institution participating in the study, based on the require-
ments stated in the Guidelines for Epidemiology Study in
Japan21.
Outcomes noted and analyzed were the prescription of

OADs, and the comparison of drug effects on body mass index
(BMI) and glycemic control (changes in HbA1c levels, mean
decline in HbA1c and achievement ratio of HbA1c <7.0% and
HbA1c <7.5% 12 months after the initiation of drug). The
mean decline in BMI and HbA1c were calculated by subtract-
ing each value at 3, 6, 9 and 12 months after the initiation of
drug from the equivalent values at the initiation time.

Laboratory methods
HbA1c levels were measured using high-performance liquid
chromatography in each clinic or hospital. The levels were stan-
dardized in each institution according to the criteria recom-
mended by the JDS committee22 and presented as HbA1c (JDS
value) levels, with the normal range defined as 4.3–5.8%. This
range is comparable with the 4.0–6.0% and 4.5–6.2% quoted by

the American Diabetes Association criteria23 and UK Prospec-
tive Diabetes Study (UKPDS) criteria24, respectively. Recently,
the JDS committee recommended that HbA1c (%) is estimated
as a National Glycohemoglobin Standardization Program
(NGSP) equivalent value (%), calculated by the formula HbA1c
(%) = HbA1c (JDS; %) + 0.4%25, and in the present study,
HbA1c values are presented as a National Glycohemoglobin
Standardization Program value calculated by the same formula.
Other variables collected were determined by standard methods,
including BMI, blood pressure (BP), PPPG, low-density
lipoprotein (LDL) cholesterol and other biochemical markers.

Statistical analysis
Statistical analyses were carried out using the SPSS version 20
software package (IBM, Armonk, NY, USA). Clinical and bio-
chemical characteristics were compared among the patients by
using Student’s t-test and one-way analysis of variance (ANOVA),
and then by Tukey’s honest significant difference for continu-
ous variables and the Fisher’s exact test for categorical out-
comes, as appropriate. To reduce the effect of treatment
selection bias and potential confounding effects, we carried out
adjustments for differences in the clinical characteristics at the
time of OAD initiation by propensity score matching10,12.
Patients were stringently selected based on this score calcu-
lated using the Greedy 5-to-1 digit-matching algorithm for the
characteristics. The data are presented as mean – standard
deviation.

RESULTS
Clinical characteristics in patients
In the 3,943 drug-naive patients, Met, DPP-4i, and SU were
prescribed in 1793, 877 and 1273 patients, respectively, from
May 2007 to July 2012. Table 1 (left) lists the patients’ clinical
characteristics immediately before initiation of the drug. The
patients on Met had a lower age and age-of-onset, as well as a
shorter disease duration than those on DPP-4i or SU
(P = 0.00). BMI was higher in the patients taking Met, com-
pared with patients taking DPP-4i or SU (P = 0.00). HbA1c
level was higher in the patients taking SU compared with
patients taking Met or DPP-4i (P = 0.00).
In 1,323 cases matched by propensity scoring for the follow-

ing characteristics: age, age-of-onset, duration of diabetes, BMI,
systolic and diastolic BP, PPPG, HbA1c, total cholesterol, LDL
cholesterol and triglycerides (TG; Table 1 right), there were no
differences in most variables, although age, BMI and TG levels
showed a slight, but, significant difference among patients trea-
ted with Met, DPP-4i and SU.

Changes in BMI and HbA1c
Figure 1a–c show the changes in BMI and HbA1c over the
study period, as well as the achievement rate for HbA1c goals,
respectively, in all studied patients. Met was prescribed in the
cases with higher BMI, in preference to DPP-4i or SU, and
while the mean BMI decreased on Met, it increased on SU
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from the earliest phase, and gradually increased on DPP-4i
(Figure 1a). SU was prescribed in the cases with the highest
HbA1c level, and DPP-4i was prescribed in the cases with the
lowest level (Figure 1b). Accordingly, the largest reduction in
HbA1c was seen with SU. In the patients matched by propen-
sity score, BMI changed as well in all studied patients (Fig-
ure 1d). As shown in Figure 1e, HbA1c levels were not
different among drugs at the time of initiation, but subse-
quently, the reduction in HbA1c was largest in DPP-4i-treated
patients and lower in those taking SU. The achievement rates
for HbA1c <7% and <7.5% were highest with DPP-4i treat-
ment, and lowest with SU in all studied patients and in the
patients matched by propensity score (Figure 1c,f, respectively).
We next measured changes in BMI or HbA1c in the

patients stratified by age-of-onset, duration of this disease,
BMI and HbA1c levels at the start of drug therapy, and
then matched these patients by propensity scores for the
characteristics described earlier. First, the changes in HbA1c
were examined in the patients stratified by age-of-onset and
then matched using a propensity score. There were 132
patients with an age-of-onset <50 years in each drug group,
151 patients with an age-of-onset ≥50 years and <60 years,
and 140 patients with an age-of-onset ≥60 years, and there
were no differences in age, age-of-onset, duration of diabetes,
BMI, HbA1c level, BP, total cholesterol, LDL cholesterol and
TG at the start of the drug in each stratified patient group
(data not shown). In the patients with an age-of-onset

<50 years, HbA1c reduced to the same extent on Met, DPP-
4i and SU at 3 months after initiation; however, HbA1c
increased on SU after 6 months, but remained stable on Met
or DPP-4i (Figure 2a). In the patients with an age-of-onset
≥50 and <60 years, or ≥60 years, the reduction in HbA1c
was also slightly, but significantly, smaller on SU, compared
with that on Met or DPP-4i (Figure 2b,c, respectively). Also,
the changes in HbA1c were examined in the patients strati-
fied by duration of this disease and then matched using a
propensity score. There were 182 patients with a duration
<5 years in each drug group, and 239 patients with a dura-
tion ≥5 years, and there were no differences in age, age-of-
onset, duration of diabetes, BMI, HbA1c level, BP, total
cholesterol, LDL cholesterol and TG at the start of the drug
in each stratified patient group (data not shown). Age-of-
onset was older in the patients with a duration <5 years
than in the patients with a duration ≥5 years
(57.5 – 11.0 years and 52.4 – 10.2 years, respectively
P = 0.00), and conversely, age at the start of OAD was
younger in the former patients than in the latter patients
(59.6 – 11.0 years and 64.2 – 9.7 years, respectively,
P = 0.00). In the patients with a duration <5 years, HbA1c
reduced to almost the same extent on Met, DPP-4i and SU
during the period, and the mean HbA1c levels reached <7%
(Figure 2d). In the patients with a duration ≥5 years, the
reduction in HbA1c was largest in the DPP-4i-treated
patients and smallest in SU-treated patients. The mean level

Table 1 | Clinical characteristics in the patients at the start of treatment with an initial oral hypoglycemic agent

Variable All cases Cases matched by propensity score

Met
(n = 1,793)

DPP4i
(n = 877)

SU
(n = 1,273)

Total
(n = 3,943)

P-value Met
(n = 441)

DPP4i
(n = 441)

SU
(n = 441)

Total
(n = 1,323)

P-value

Age (years) 57.1 – 11.2 63.1 – 11.0 62.7 – 11.1 60.3 – 11.5 0.00 61.9 – 10.0 62.3 – 10.8 63.7 – 10.5 62.6 – 10.2 0.02
Male (%) 1,124 (62.6) 508 (57.9) 821 (64.4) 2,453 (62.2) 0.00 272 (61.6) 267 (60.5) 279 (63.2) 818 (61.8) 0.45
Age-of-onset
(years)

51.5 – 11.3 56.7 – 11.1 54.3 – 12.0 53.3 – 11.6 0.00 54.5 – 10.0 55.1 – 11.0 55.6 – 11.7 55.1 – 10.9 0.30

Diabetes duration
(years)

5.31 – 5.69 6.61 – 6.71 7.42 – 8.11 6.28 – 6.85 0.00 7.63 – 7.21 7.12 – 5.93 7.99 – 7.48 7.49 – 6.91 0.15

Body mass index† 26.2 – 4.7 23.6 – 3.6 23.6 – 3.4 24.8 – 4.3 0.00 24.0 – 3.4 24.0 – 3.5 23.5 – 3.5 23.8 – 3.5 0.03
Systolic BP (mmHg) 130 – 16 130 – 16 131 – 17 130 – 16 0.38 129 – 15 131 – 16 130 – 16 130 – 16 0.22
Diastolic BP
(mmHg)

77.8 – 11.0 78.2 – 11.3 76.9 – 10.8 76.9 – 11.0 0.00 75.9 – 10.2 76.8 – 11.6 75.2 – 10.7 76.0 – 10.9 0.09

PPPG (mg/dL) 179 – 65 163 – 54 194 – 75 180 – 67 0.00 175 – 65 166 – 56 176 – 65 172 – 61 0.06
HbA1c (%) 7.73 – 1.17 7.37 – 1.00 8.07 – 1.42 7.76 – 1.28 0.00 7.45 – 0.96 7.52 – 1.05 7.46 – 1.08 7.49 – 1.03 0.68
Total cholesterol
(mg/dL)

200 – 34 196 – 34 203 – 37 201 – 36 0.01 201 – 32 196 – 34 194 – 33 196 – 33 0.13

LDL cholesterol
(mg/dL)

118 – 30 108 – 27 117 – 33 116 – 31 0.00 113 – 31 110 – 30 112 – 29 111 – 30 0.52

TG (mg/dL) 194 – 143 152 – 121 168 – 159 176 – 145 0.00 188 – 154 159 – 123 147 – 93 164 – 126 0.00

BP, blood pressure; DPP4i, dipeptidyl-peptidase 4 inhibitor; LDL, low-density lipoprotein; Met, metformin; PPPG, post-prandial plasma glucose; SU, sul-
fonylurea; TG triglyceride. Data are mean – standard deviation. P-value: variables are compared among the patient groups by one-way analysis of
variance (ANOVA). †The body-mass index is the weight in kilograms divided by the square of the height in meters.
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reached <7% in the patients taking DPP-4i, but did not
reach <7% in the patients taking Met and SU (Figure 2e).
Second, the changes in BMI and HbA1c level were examined

in the patients stratified by BMI at the start of drug therapy
and then matched using a propensity score. There were 271
patients with a BMI ≥18.5 and <25 in each drug group, 127
patients with a BMI ≥25 and <30, and 16 patients with a BMI
≥30. There were no differences in the clinical variables
described earlier in each stratified patient group (data not
shown). In the ≥18.5 to <25 BMI group, BMI did not change
with Met, increased gradually on DPP-4i, and promptly
increased on SU (Table 2). In the patients with a BMI ≥25 and

<30, BMI promptly and markedly decreased with Met treat-
ment, but not with DPP-4i or SU. HbA1c was higher in the
patients with a BMI ≥25 and <30 than in those with a BMI
≥18.5 and <25 (7.63 – 1.01% vs 7.42 – 0.92%, P = 0.00). In
the patients with a BMI ≥25 and <30, the reduction in HbA1c
was slightly, but significantly, smaller with SU than with Met
or DPP-4i (P = 0.02). The patients with a BMI >30 were not
analyzed because of the small sample size.
Third, the changes in HbA1c were examined in the patients

stratified by HbA1c level at the start of the drug and then
matched using a propensity score. There were 188 patients with
HbA1c ≥7% and <8% in each drug group, and 61 patients with

BMI
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Figure 1 | Changes in body mass index (BMI), hemoglobin A1c (HbA1c) and the HbA1c target rate after the start of metformin (Met), dipeptidyl
peptidase-4 inhibitor (DPP-4i) and sulfonylurea (SU) treatment. The changes in (a) BMI, (b) HbA1c, and (c) the achievement rate of HbA1c <7.0%
(black column) and <7.5% (gray column) in all patients are shown. The figures for the mean decline in BMI, DBMI and the mean decline in HbA1c,
DHbA1c, which were calculated by subtracting the each value 3, 6, 9 and 12 months after the initiation of drug from the value at the initiation
time, are inserted in each figure. The changes in (d) BMI, (e) HbA1c and (f) the achievement rate of HbA1c <7.0% (black column) and <7.5% (gray
column) in the patients selected by means of propensity score matching for the following characteristics: age, age-of-onset, duration of diabetes,
body mass index, systolic and diastolic blood pressure, post-prandial plasma glucose, hemoglobin A1c, total cholesterol, lowdensity lipoprotein
cholesterol and triglyceride are shown. Statistical analyses were carried out using one-way analysis of variance (ANOVA), a Tukey’s honest significant
difference and the Fisher’s exact test.
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an HbA1c ≥8% and <9%. There were no differences in the clini-
cal variables described earlier in each stratified patient group
(data not shown). In the lower HbA1c patients, HbA1c reduced
significantly on Met, DPP-4i and SU, but the reduction was lar-
ger with Met and DPP-4i compared with the reduction with SU
(Table 3a). In the higher HbA1c patients, the reduction did not
differ among Met, DPP-4i and SU. Finally, as shown in Table 3b,
the mean declines in HbA1c with all drugs were larger in the
higher HbA1c patients than in those with a lower HbA1c level at
the start of the drug (P = 0.00), and the declines were largest in
DPP-4i-treated patients and smallest in SU-treated patients in
the lower HbA1c group, although the declines did not differ
among the drugs in the higher HbA1c patients.

Changes in the prescription of drugs and HbA1c
Figure 3a shows changes in the prescription of Met, DPP-4i or
SU over 12 months. The rate of patients whose drug regimes

were altered (added to or changed to other drugs) did not dif-
fer among the patients during the 12 months after initiation
(P = 0.33 at 3 months, P = 0.96 at 6 months and P = 0.96 at
12 months). In the patients originally started with Met, DPP4i
or SU, the regimes were altered in 27.0%, 29.5% and 30.7%,
respectively, during the period, with add-ons mainly of SU or
DPP4i, SU or Met, and Met or pioglitazone, respectively. Just
6%, 3.6% and 2.6%, respectively, of the patients had been chan-
ged to another drug. In the patients who continued on the
original drug, HbA1c levels achieved less than 7% after
3 months and the levels were lowest in the patients originally
started with Met (Figure 3b). In the patients who were added
to or swapped with other drug(s), the HbA1c levels at the time
started on the original drug and during the study period were
higher (P = 0.00), compared with levels in the patients contin-
ued on the original drug, and the levels did not achieve <7%
(Figure 3b,c).
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Figure 2 | The changes in hemoglobin A1c (HbA1c) in the patients stratified by age-of-onset and duration of diabetes mellitus. The patients who
had been stratified were matched by the propensity score for the following characteristics: age, age-of-onset, duration of diabetes, body mass
index, systolic and diastolic blood pressure, post-prandial plasma glucose, hemoglobin A1c, total cholesterol, lowdensity lipoprotein cholesterol and
triglyceride. The changes in HbA1c for patients with an age-of-onset of (a) <50 years, (b) ≥50 years and <60 years, and (c) the patients aged more
than 60 years are shown. The changes for patients with a duration (d) <5 years and (e) ≥5 years are shown. Statistical analyses were carried out
using one-way analysis of variance (ANOVA), and then by Tukey’s honest significant difference.
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DISCUSSION
Herein, results from a cohort study of patients treated with an
OAD were stratified based on clinical features and then
matched by a propensity score method to adjust for baseline
factors. The analyses showed that the efficacy on bodyweight
and glycemic control differed among Met, DPP-4i and SU,
and the differences were related to the clinical features,
although the analyses using results in all enrolled patients
showed that the findings were consistent with previous reports
documenting that most diabetes medications had similar effi-
cacy and reduced HbA1c levels by an average of 1 percentage
point3–5 (Figure 1).
Met is prescribed to many overweight patients based on pub-

lished recommendations and reports. The Treatment Guide for
Diabetes edited by the Japan Diabetes Society 2007 recom-
mends that biguanides are particularly effective in cases of
type 2 diabetes accompanied by overweight or obesity in which
insulin resistance is high26. The UK Prospective Diabetes Study
documented that in obese patients, Met produced comparable
reductions in fasting plasma glucose and HbA1c concentrations,
but did not induce weight gain27. However, this drug has the
prominent effect of lowering blood glucose both in normal
weight and overweight patients, supporting ‘A Consensus Algo-
rithm for the Initiation and Adjustment of Therapy A consen-
sus statement from the American Diabetes Association and the
European Association for the Study of Diabetes’14. However,
the effect of Met on bodyweight remains controversial, with
some authors describing no effects on bodyweight28, whereas
others reported a Met-induced weight loss29. Our present study
found that Met had a neutral effect in normal-weight patients,
but induced a reduction in bodyweight in overweight or obese

patients, suggesting that the discrepancy in previous findings
might reflect differences in BMI at the start of drug therapy.
An important issue in SUs therapy is weight gain, which is
problematic in a group of patients frequently already over-
weight30. However, our observations suggest that although SU
massively increases bodyweight in the normal weight patients,
this drug does not induce weight gain in the overweight
patients. It was reported that DPP-4i's were generally weight
neutral31, and less effective in decreasing bodyweight than
Met5. Herein, we found that the efficacy of DPP-4i was also
related to BMI, in that bodyweight gradually increased in nor-
mal weight patients, but was neutral in overweight patients.
These findings that the effect of OADs on bodyweight is associ-
ated with BMI at the initiating time is very interest-
ing both for clinical practice and in terms of the underlying
pathophysiology.
As previously reported, SUs are the second choice in OADs

(after Met), most likely because they are inexpensive and quite
efficient32. SUs were prescribed in our patients with higher
HbA1c levels, compared with the cases on Met and DPP-4i.
However, the glucose-lowering effect of SUs was related to age-
of-onset, duration of this disease and HbA1c levels at the initia-
tion time, and the overall effect of SU was inferior to that of
Met and DPP-4i, especially in patients diagnosed in earlier life
and with long duration of this disease at the start of therapy. A
RCT study reported that compared with Met, DPP-4i were
associated with a smaller decline in HbA1c and a lower chance
of reaching the HbA1c goal of <7%, suggesting the inferiority
of DPP-4i to Met as monotherapy5. The glucose-lowering
effects of DPP-4i and Met were similar in our patients, and
superior to those of SU, especially in patients diagnosed in ear-

Table 2 | Changes in body mass index in the patients stratified by body mass index at the start of drug therapy

Duration
(months)

Changes in BMI

Met (n = 271) P-value DPP-4i (n = 271) P-value SU (n = 271) P-value ANOVA (P-value)

BMI ≥18.5 and <25
Initiation time 22.3 – 1.7 22.4 – 1.6 22.1 – 1.7 0.19
3 22.2 – 1.7 0.02 22.4 – 1.6 0.39 22.4 – 1.8 0.00 0.44
6 22.2 – 1.7 0.75 22.5 – 1.6 0.04 22.4 – 1.8 0.00 0.30
9 22.3 – 1.7 0.42 22.6 – 1.6 0.00 22.4 – 1.8 0.00 0.14
12 22.3 – 1.8 0.63 22.8 – 1.6 0.00 22.6 – 1.9 0.00 0.02

Met (n = 127) P-value DPP-4i (n = 127) P-value SU (n = 127) P-value ANOVA (P-value)

BMI ≥25.0 and <30
Initiation time 27.0 – 1.3 26.9 – 1.3 26.8 – 1.3 0.52
3 26.6 – 1.9 0.04 26.8 – 1.8 0.25 26.7 – 1.4 0.68 0.73
6 26.7 – 1.5 0.00 26.9 – 1.7 0.77 26.9 – 1.6 0.84 0.71
9 26.8 – 1.6 0.02 26.8 – 1.9 0.87 26.9 – 1.6 0.94 0.92
12 26.6 – 1.5 0.00 27.1 – 1.7 0.02 26.8 – 1.6 0.37 0.41

Data are mean – standard deviation. P value: variables are compared with the value at initiation time by Student’s t-test. ANOVA (P-value): body mass
indexes (BMI) are compared among the patients treated with metformin (Met), dipeptidyl-peptidase 4 inhibitor (DPP-4i) or sulfonylurea (SU) by
one-way analysis of variance. BMI is the weight in kilograms divided by the square of the height in meters.
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lier life and with long duration of this disease, suggesting that
DPP-4i is not inferior to Met and is superior to SU.
Why SU showed decreased durability of glycemic control in

the patients diagnosed at an earlier age and low efficacy of gly-
cemic control in the patients with long duration of this disease
is unclear, but is unlikely to be due to poor medication adher-
ence, as there was no decrease in the durability of glycemic
control in patients taking Met and DPP-4i. The differential
effect among drugs could also not be explained by baseline
characteristics, because the analyzed patients were vigorously
matched using a propensity score method. A previous RCT
study showed that glycemic durability was lowest in the
patients (aged 30–75 years) taking glyburide compared with
those taking Met or rosiglitazone33. In another study, the effi-
cacy of treatment regimens was compared among Met
monotherapy, and the combination of Met and rosiglitazone,
showing durable glycemic control in children and adolescents
with recent-onset type 2 diabetes, and showing that the rate of
treatment failure with Met monotherapy was higher in this
cohort than in similar cohorts of adults treated with Met34.

Type 2 diabetes mellitus is a progressive disease in which poor
glycemic control is exacerbated over time and pancreatic b-cell
function declines2,35. b-Cell deterioration determines the onset
and rate of progression of secondary dietary failure in type 2
diabetes mellitus2. Efficacy of SU might decline easier along b-
cell deterioration that has progressed for a long time, compared
with patients taking Met or DPP-4i. Further analysis is required
to determine whether the apparent decrease in efficacy of glyce-
mic control with SU in patients diagnosed in earlier life and
with long duration of this disease, compared with those taking
Met or DPP-4i, reflects biological differences, pathophysiological
differences, or both.
Although starting insulin therapy is recommended in type 2

diabetes patients if HbA1c levels do not reach 7.0%36 or
7.5%14, despite oral antidiabetic drugs, insulin therapy is at
times initiated with HbA1c levels of >8.5% in clinical practice15.
In our clinical practice, we found that the HbA1c level did not
lower to <7% in such patients after 1 year, and the chance of
reaching this HbA1c goal was very low despite adding other
drug(s) to the regime. Together with published recommenda-

Table 3 | (a) Changes and (b) Mean decline in hemoglobin A1c in the patients stratified by hemoglobin A1c at the start of drug therapy

(a)
Duration (months) Changes in HbA1c

Met (n = 188) P-value DPP-4i (n = 188) P-value SU (n = 188) P-value ANOVA (P-value)

HbA1c ≥7% and <8%
Initiation time 7.39 – 0.24 7.44 – 0.27 7.44 – 0.29 0.12

3 6.90 – 0.43 0.00 6.86 – 0.50 0.00 7.04 – 0.55 0.00 0.00
6 6.85 – 0.41 0.00 6.79 – 0.48 0.00 7.07 – 0.69 0.00 0.00
9 6.84 – 0.42 0.00 6.82 – 0.53 0.00 7.15 – 0.58 0.00 0.00
12 6.90 – 0.50 0.00 6.81 – 0.49 0.00 7.08 – 0.64 0.00 0.00

Met (n = 61) P-value DPP-4i (n = 61) P-value SU (n = 61) P-value ANOVA (P-value)

HbA1c ≥8 and <9%
Initiation time 8.32 – 0.27 8.36 – 0.28 8.37 – 0.28 0.66

3 7.56 – 0.62 0.00 7.44 – 0.54 0.00 7.54 – 0.67 0.00 0.39
6 7.41 – 0.69 0.00 7.31 – 0.93 0.00 7.49 – 0.85 0.00 0.56
9 7.40 – 0.79 0.00 7.29 – 0.66 0.00 7.49 – 0.96 0.00 0.49
12 7.27 – 0.88 0.00 7.30 – 0.53 0.00 7.40 – 0.87 0.00 0.87

(b)
Stratification of HbA1c (%) ≥7 and <8 ≥8 and <9

Duration (months) Met (n = 188) DPP-4i (n = 188) SU (n = 188) P-value Met (n = 61) DPP-4i (n = 61) SU (n = 61) P-value

3 -0.47 – 0.41 -0.58 – 0.46 -0.41 – 0.61 0.01 -0.76 – 0.59 -0.93 – 0.55 -0.84 – 0.74 0.39
6 -0.55 – 0.42 -0.65 – 0.46 -0.37 – 0.74 0.00 -0.91 – 0.67 -1.07 – 0.87 -0.90 – 0.94 0.56
9 -0.54 – 0.44 -0.59 – 0.51 -0.29 – 0.66 0.00 -0.91 – 0.78 -1.08 – 0.67 -0.88 – 1.03 0.49
12 -0.48 – 0.55 -0.62 – 0.49 -0.35 – 0.95 0.00 -1.06 – 0.84 -1.05 – 0.58 -0.98 – 0.95 0.87

(a): Data are mean – standard deviation. P-value: variables are compared with the value at initiation time by Student’s t-test. ANOVA (P-value): hemo-
globin A1c (HbA1c) levels are compared among the patients treated with metformin (Met), dipeptidyl-peptidase 4 inhibitor (DPP-4i) or sulfonylurea
(SU) by one-way analysis of variance. (b): Data are mean – standard deviation. P-value: mean decline in HbA1c is compared among the patients
treated with metformin (Met), dipeptidyl-peptidase 4 inhibitor (DPP-4i) or sulfonylurea (SU) by one-way analysis of variance (ANOVA). Mean decline in
HbA1c is calculated by subtracting each value at 3, 6, 9 and 12 months after initiation of the drug from the value at the initiation time.
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tions and reports, we recommend that the initiation of insulin
therapy should be considered in some drug-na€ıve patients with
HbA1c levels >8%.
In the ‘Position Statement of the American Diabetes Associa-

tion (ADA) and the European Association for the Study of
Diabetes (EASD),’ all treatment decisions should be made in
conjunction with the patient, focusing on his/her preferences,
needs, and values37. Evidence both from RCTs and from well-
designed observational studies can and should be used to find
the optimal treatment regimen8,9. The data both from our pre-
sent observational study and from the RCTs3–5 potentially
apply to all clinical situations of diabetes care. Thus, doctors
and patients should be aware of these findings, before prescrib-
ing an OAD as the initial drug therapy in addition to lifestyle
intervention.
The cohort study presented here had some limitations. The

possibility of unmeasured confounding factors affecting the
effect of studied drugs could not be ruled out. Therefore,
the propensity score-matching method used in the present
study might not have adequately matched the clinical charac-
teristics of the patient groups. Also, because we did not
analyze the patients whose data input had stopped during

the studied period, the possibility of selection bias cannot be
completely excluded. We also did not take account of com-
plications, including micro- and macrovascular diseases and
accidental diseases, and such factors could affect the choice
of OAD and motivation to treatment of both patients and
providers. Finally, the present study had insufficient standard-
ization of treatment regimens, drug dosage and glycemic
goals, although drug therapy was initiated according to JDS
guidelines for the management of diabetes20. Because the ana-
lyzed patients were stratified and vigorously matched based
on propensity scoring, the patient numbers in each studied
group were limited, and larger studies are required to draw
more rigorous conclusions.
In conclusion, the present cohort study using the stratifica-

tion of patients based on clinical features and propensity-score
matching method to adjust for baseline factors found that the
effect on bodyweight and glycemic control differs among Met,
DPP-4i, and SU, in association with the studied clinical fea-
tures. These findings strengthen the proposal that physicians
should choose an OAD according to the patient’s clinical fea-
tures, and that some patients lose the opportunity to receive
proper ODA therapy to achieve optimal glycemic control.

Met (n = 1709) DPP4i (n = 841) SU (n = 1203)
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Figure 3 | The changes in the prescription of metformin (Met), dipeptidyl peptidase-4 inhibitor (DPP-4i) and sulfonylurea (SU), and the
corresponding changes in hemoglobin A1c (HbA1c) in the patients who continued to be treated with the original drug or who were treated with
additions or changing to drug(s) during 12 months. (a) The rate of patient numbers who continued to be treated with the original drug (black
column) and were added to or swapped in with other drug(s) (gray column). The changes in HbA1c in the patients who (a) continued to be
treated with original drug and (b) were added of other drug(s) are shown. Statistical analyses were carried out by one-way analysis of variance
(ANOVA), and then by Tukey’s honest significant difference.
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