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Aims/Introduction: Six kinds of oral antidiabetic drugs (OADs), including the new dip-
eptidyl peptidase 4 (DPP-4) inhibitors, are available. The present study aimed to define

trends within the prescribing patterns of OADs, as well as changes in glycemic control in
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Japan over a 10-year period from 2002 to 2011.

Materials and Methods: We carried out a cross-sectional study using data of type 2
diabetes mellitus patients from 24 clinics for 2002, 2005, 2008 and 2011. OAD use was
analyzed combined with clinical data.

Results: Sulfonylureas (SUs) were the most commonly used OAD, but their use for
monotherapy markedly decreased over the study period. Biguanides (BGs) were the sec-
ond most commonly used OAD, and their prescribing rate increased both for mono- and

combination therapy. DPP-4 inhibitors (DPP-4l), released in 2009, were the third most

doi: 10.1111/jdi.12183

commonly prescribed OAD in 2011 both for mono- and combination therapy. Among

combination therapies, two OADs were mostly prescribed, but the use of three OADs and
four OADs in 2011 was two- and 14.8-fold those in 2002. These trends were accompanied
by an improvement in average glycated hemoglobin from 7.5 £ 1.2% in 2002 to

7.1 £09% in 2011.

Conclusions: The OAD prescribing trend has moved away from monotherapy with
SUs and toward combination therapies to achieve better glycemic control. Increased use
of BGs and DPP-4l was predominant in 2011. These trends were accompanied by an
improvement of the glycated hemoglobin level.

INTRODUCTION
Despite diabetes mellitus being the most common chronic dis-
ease with high mortality, morbidity and costs, the number of
people with diabetes is still increasing in Japan and other
countries. Although the benefits of tight control of blood glu-
cose have been well recognized and supported with evidences
of several studies' >, the management of diabetes is complex,
and considered to be not quite successful in a real-world
setting.

The availability of six kinds of oral antidiabetic drugs
(OAD:s) including a new type of OAD, dipeptidyl peptidase 4
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inhibitors (DPP-4I), has broadened the choice for the treatment
of diabetes. Before 1993, only insulin, sulfonylureas (SUs) and
biguanides (BGs) were available in Japan, although the use of
BGs was very low. In 1993, the first alpha-glucosidase inhibitor
(AGI) was released, a rapid-acting secretagogue of insulin (Gli-
nide) and pioglitazone (Pio) were released in 1999, and the
newest SU, glimepiride, was released in 2000. DPP-4I have
been available since 2009, and a high dose of metformin (up to
2,250 mg) has been available since 2010. However, trends in
the prescribing of OADs in Japan have not been well docu-
mented so far.

The Japan Diabetes Clinical Data Management (JDDM)
study group, which is comprised of 73 clinics, has recorded
clinical data in a database platform named CoDiC* since
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1999, so we can trace the clinical data and prescribing pat-
terns. The present study aimed to use CoDiC data to gain
insights into the trends of diabetic treatment, especially the
use of OADs, and to examine any associated changes in glyce-
mic control.

MATERIALS AND METHODS

Ethical Considerations

The present study was approved by the ethics committee of the
Japan Diabetes Clinical Data Management Study Group
(JDDM), which also included outside members, such as lawyers
and ethics experts. The JDDM operates as an aggregate organi-
zation under the supervision of the central analytical facility
and an ethics committee. Informed consent was obtained from
all patients at each participating institute, in accordance with
the Guidelines for Epidemiological Study of the Ministry of
Health, Labor and Welfare of Japan.

PATIENTS AND METHODS

We carried out a cross-sectional study by accessing data from
the JDDM database for the years 2002, 2005, 2008 and 2011.
The JDDM study group consists of nationwide diabetes special-
ists. The clinical data recorded in the CoDiC at each clinic were
made anonymous and collected annually into the central ana-
lytical center. Kanatsuka studied the trends for the use of
OADs during 2002-2004 using the JDDM database, and
reported the increase of the use of BG and decrease of the use
of SUs™. In the present study, we expanded the period to
20022011, and analyzed the data for type 2 diabetes patients
from 24 clinics, which joined JDDM through this study period
to lessen the selection bias of physicians. The inclusion criteria
were outpatients with type 2 diabetes who were aged 15 years
or older. The most recent data from May to July for each year
were collected for analysis.

The types of therapy were divided into five categories: diet,
OAD therapy, insulin, combination of insulin and OAD ther-
apy, and therapy with glucagon-like peptide-1 receptor agonist
(GLP-1; mono- or combination therapy). We divided OADs
into six categories: SUs, BGs, AGlIs, Pio, Glinides and DPP4I.

For each OAD therapy, the prescribing rates and patterns in
each study year were recorded. For the calculation of the pre-
scribing rates, we calculated the number of patients prescribed
each individual OAD divided by the total number of patients
on OAD therapy for that year. For the calculation of the rate
of a specific prescribing pattern, we used the number of
patients with that pattern divided by the total number of
patients on OAD therapy for that year. Prescribing patterns
were separated into two major types, monotherapy and combi-
nation therapy (treatment with two or more OADs). Patients
who were prescribed OADs with insulin were excluded for the
study of the use of OADs.

Glycated hemoglobin (HbAlc) was measured by high-perfor-
mance liquid chromatography using either of the ADAMS Alc
(Arkray, Kyoto, Japan) or HLC-723 (Tosoh corp., Tokyo,
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Japan). The value of HbAlc, which is equivalent to the interna-
tionally used HbAlc (%) defined by the National Glycohemo-
globin Standardization program, is expressed by adding 0.4% to
the HbAlc (%) defined by the Japan Diabetes Society””.

Statistical Analysis

We used one-way ANova to test the statistical significance of the
patients’ characteristics, which were continuous variables. The
data of continuous variables were presented as mean * standard
deviation. The Cochran—Armitage test was used to test the sta-
tistical significance of trends in the prescribing patterns and sex
ratio in patients’ characteristics from 2002 to 2011. The y’-test
was used to compare the performance rate between two groups.
The Bonferroni correction was applied for multiple comparisons.
All statistical analyses were carried out with the statistical
software package SPSS (SPSS Inc., Chicago, IL, USA). P-val-
ues < 0.05 were considered to be statistically significant.

RESULTS

Table 1 lists the patients’ characteristics for the calendar years
of 2002, 2005, 2008 and 2011; the upper half shows data for all
patients and the lower half shows data for patients on OAD
without insulin therapy. Sex, age, body mass index (BMI),
HbAlc and duration of diabetes varied significantly with year,
as evidenced by the one-way aNova test.

The proportion of patients treated with each type of therapy
in each year is listed in Table 2. The percentage of diet therapy
significantly decreased, and that of OAD therapy significantly
increased over the study period, especially in 2011 (both
P < 0.001). The percentage of insulin therapy without OAD
significantly decreased, and that of insulin + OAD significantly
increased over the study period. The percentage of patients
treated with GLP-1 was 1.2% in 2011.

Trends for the prescribing rates of individual OADs are shown
in Table 3. SU was the most commonly used drug, but its use
for monotherapy significantly decreased from 37.7% in 2002 to
12.5% in 2011. SUs prescribed for combination therapy increased
significantly from 43.2% in 2002 to 52.0% in 2011. BGs were the
second most frequently prescribed drug, both for monotherapy
and combination therapy. BGs prescribed for combination ther-
apy significantly increased from 28.7% in 2002 to 47.7% in 2011.
The use of AGI for both monotherapy and combination therapy
gradually decreased from 2002 to 2011. The use of Pio for both
monotherapy and combination therapy increased from 2002 to
2008, but decreased in 2011 (P < 0.0001). The use of glinide
increased for monotherapy from 2002 to 2005 and for combina-
tion therapy from 2002 to 2008, but decreased in 2011 for both
therapy (P < 0.0001). In 2011, the proportion of patients
prescribed DPP-4Is was 6.8% for monotherapy and 30.7% for
combination therapy, showing that DPP-4Is were the third most
frequently prescribed class of drug.

Table 3 shows the annual patterns of prescribed regimens.
For each OAD, monotherapy use significantly decreased, and
combination therapy significantly increased over the 10-year
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Table 1 | Patients characteristics
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2002 2005 2008 2011 P
All of Type 2 DM
No. patients 12,529 17,565 19,776 22,961
Male (%) 7650 (61.1) 10967 (624) 12486 (63.1) 14,683 (63.9) <0.0001*
Age 62.7 £ 11.1 633+ 113 640+ 115 652t 116 0.0006**
BMI 241 £ 37 243 + 39 245 + 40 248 + 42 <0.0001**
HbATc 75%+13 75%+12 73+ 11 7211 <0.0001**
Duration of DM (years) 113+ 89 118 £ 89 121 £ 88 135+ 91 <0.00071**
Type 2 Diabetes with oral antidiabetic drugs without insulin therapy
No. patients 6,517 9378 10409 13,011
Male (%) 4,076 (62.5) 5975 (63.7) 6,659 (64.0) 8460 (65.0) 0.007*
Age 629 + 109 632+ 110 638+ 112 651+ 114 00477
BMI 243 £ 37 245+ 40 247 £ 41 248 + 42 <0.0001**
HbATc 7512 75111 7210 71 +£09 <0.0001**
Duration of DM (years) 112+82 114+ 82 116+ 82 12.7 + 84 <0.00071**

Data are n, n (%) or mean + standard deviation. *P-value from Cochrane—Armitage test; **P-value from one-way analysis of variance across years.
BMI, body mass index; DM, diabetes mellitus; HbATc, glycated hemoglobin; OAD, oral antidiabetic drug.

Table 2 | Proportion of each type of therapy

2002 2005 2008 2011 Pt

Diet (%) 3162 (252) 4319 (246) 4,887 (24.7) 4567 (199) <00001
OAD w/o insulin (%) 6517 (520) 9378 (534) 10409 (52.7) 13011 (567) <0.0001
Insulin w/o OAD (%) 1825 (146) 2322 (132) 2395 (12.1) 2359 (103) <00001
Insulin with OAD (%) 1025 82) 1546 (88) 2,085 (105) 2741 (119) <00001
GLP-1 (%) - - - 283 (12)

Data are n (%). tP~value from Cochrane—Armitage test across years 2002—2011. OAD, oral antidiabetic drug; GLP-1, glucagon-like peptide-1 receptor

agonist; w/o, without.

period. Among the combination therapies, treatment with two
OADs was the most common (35.4% in 2002, 35.0% in 2005
and 2008, and 33.3% in 2011; P = 0.007). The proportion of
patients prescribed three OADs doubled over the 10-year per-
iod from 11.4% in 2002 to 24.8% in 2011, and the proportion
prescribed four OADs increased 14.8-fold from 0.4% in 2002 to
5.9% in 2011.

Among all the regimens, SU plus BG combination therapy
and SU monotherapy were the most common. The sum of the
top five regimens comprised 77.9% of all the regimens in 2002,
70.3% in 2005 and 63.0% in 2008, and decreased to 52.4% in
2011, which showed that the wider variety of regimens were
used as years progressed.

Table 4 shows the trends of the prescribing rates of
individual OADs in patients subgrouped by age (<65 or
>65 years). The trends were the same as those described earlier;
however, BG and Pio were prescribed less, and AGIs and
Glinides tended to be prescribed more for the patients aged
65 years or older than for those aged under 65 years. The
proportions of patients prescribed SU in 2002 and 2005 were
similar between the two age groups; however, the proportions
were significantly larger in the older group in 2008 and 2011.

DPP-4Is were significantly less commonly used in the older
group (P < 0.001).

The rate of achieving the HbAlc target of <7.0% was signifi-
cantly improved from 322% in 2002 and 32.5% in 2005 to
43.2% in 2008 (P < 0.0001) and 48.9% in 2011 (P < 0.0001).
Figure 1 shows the trends of mean HbAlc achieved for OAD
therapies subgrouped by the number of OADs in the regimen.
The mean HbAlc in each group had significantly decreased
through the study period (P < 0.0001). The mean HbAlc in each
year tended to be higher with the increase in the number of pre-
scribed OADs (P < 0.0001), except four OADs, in 2005, 2008
and 2011, and yet the differences in HbA1lc levels among groups
observed in 2002 tended to diminish in 2005, 2008 and 2011.

DISCUSSION

This cross-sectional study shows how the pattern of choice and
number of OADs prescribed in Japan has changed in the
10 years from 2002 to 2011. The results indicate that SU
monotherapy was markedly decreased, but SUs were still highly
prescribed for combination therapy. There was a highly signifi-
cant increase in the use of BGs both for monotherapy and
combination therapy. These trends are consistent with the
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Table 3 | Annual patterns of prescribed regimens in type 2 diabetes with oral antidiabetic drug without insulin

2002 2005 2008 2011 Pt

Total no. patients 6517 9378 10,409 13011

Monotherapy (%) 3444 (52.98) 4461 (47.6) 4,381 (42.1) 4673 (359) <0.0001
SU (%) 2460 (37.7) 2913 311 2,244 (21.6) 1,631 (125) <0.0001
BG (%) 220 (34) 439 (4.7) 831 (80) 1,163 (89) <0.0001
AGI (%) 362 (5.5) 416 (44) 424 (4.1) 349 (2.7) <0.0001
Pio (%) 89 (14) 228 (24) 380 (3.6) 262 (2.0) <0.0001
Glinide (%) 313 (49) 465 (5.0) 502 (4.8) 389 (3.0) <0.0001
DPP-41 (%) - - - 879 (6.8)

Combination therapy (%) 3,073 (47.2) 4917 (524) 6,028 (57.9) 8,338 (64.1) <0.0001
SU (%) 2818 (432) 4491 (479) 5225 (50.2) 6,763 (52.0) <0.0001
BG (%) 1,869 (28.7) 3,296 (35.1) 4490 (43.1) 6,200 (47.7) <0.0001
AGI (%) 1,503 (23.1) 2,003 214) 2,333 (224) 1,822 (14.0) <0.0001
Pio (%) 592 (9.1) 1,572 (168) 2440 (234) 2300 (17.7) <0.0001
Glinide (%) 160 (2.5) 259 (2.8) 394 (38) 380 (29) <0.0001
DPP-41 (%) - - - 3,995 (30.7)

Any two OADs (n) (%) 2,305 (354) 3,283 (350 3,645 (350 4,338 (333) 0.007
Any three OADs (n) (%) 740 (114) 1,481 (158 1,940 (186) 3,227 (24.98) <0.0001
Any four OADs (n) (%) 28 (04) 153 (1.6) 443 (4.3) 773 (5.9) <0.0001

Data are n or n (%). TP-value from Cochrane-Armitage test across years 2002—201

peptidase 4 inhibitor; OAD, oral antidiabetic drug; Pio, pioglitazone; SU, sulfonylurea.

1. AG|, alfa-glucosidase inhibitor; BG, biguanide; DPP-4, dipeptidyl

Table 4 | Age-group analysis of annual patterns of prescribed oral antidiabetic drugs in patients with type 2 diabetes treated with oral antidiabetic

drugs without insulin

2002 2005 2008 2011 Pt

Age < 65 years
No. patients 3481 5,020 5327 6,200
SU (%) 2,799 (804) 3926 (782) 3,776 (70.9) 3862 (62.3) <0.0001
BG (%) 1317 (37.8) 2273 (453) 3,085 (57.9) 4,052 (654) <0.0001
AGI (%) 945 (27.1) 1223 (244) 1,376 (25.8) 893 (144) <0.0001
Pio (%) 437 (126) 1,099 (21.9) 1,607 (302) 1,301 (21.0) <0.0001
Glinide (%) 225 (65) 339 (68) 390 (7.3) 297 (4.98) <0.0001
DPP-4l (%) - - - 2,519 (406) -

Age = 65 years
No. patients 3,036 4,358 5,082 6811
SU (%) 2477 (81.6) 3478 (79.9) 3693 (72.7)* 4,533 (66.6)** <0.0001
BG (%) 770 (254)*** 1462 (335 2,236 (440 3312 (486)** <0.0001
AGI (%) 916 (30.2)** 1,196 (274 1,381 (27.2) 1,279 (188)** <0.0001
Pio (%) 244 (80)* 701 (16.1)%** 1213 (239 1,263 (185 <0.0001
Glinide (%) 246 (8.1)* 385 (88) 506 (10.0) 473 (6.9)*** <0.0001
DPP-4l (%) - - - 2,359 (346)** -

Data are n, n (%), or mean £ standard deviation. *P < 0,05, **P < 001, **P < 0001. Age < 65 years vs Age > 65 years by y’-test. TP-value from

Cochrane—Armitage test across years 2002—2011

azone; SU, sulfonylurea.

14 and the

. AGl, alpha-glucosidase inhibitor; BG, biguanide; DPP-4, dipeptidyl peptidase 4 inhibitor; Pio, pioglit-

reports from the UK™', Italy'"'?, France'’, Taiwan
USA'>'®, The present study showed the trends of the increase
of the use of BG and the decrease of that of SUs reported by
Kanatsuka in 2006>° had become more pronounced. Before the
introduction of AGIs, Pio and Glinides in Japan, almost all pre-
scribed OADs were SUs; although BGs were available, they

were not widely used because of concerns about their
side-effects. As UK studies showed the effectiveness of metfor-
min'”'®, and the call for more intensive glycemic control' > as
well as the control of postprandial hyperglycemia'®** had been
increased, the effectiveness of BGs were reassessed and BGs

had also become more used in Japan. The obese population
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Figure 1 | The change of mean glycated hemoglobin (HbA1c; %) of
the oral antidiabetic drug (OAD) group subgrouped by the number

of prescribed OADs. TOAD, monotherapy of any OAD; 20ADs,
combination therapy with any two OADs; 30ADs, combination therapy
with any three OADs; 40ADs, combination therapy with any four
OAD:s.

has been increasing in Japan during the study period®', and
physicians have increasingly recognized the importance of insu-
lin resistance as a pathophysiology of diabetes and have become
more sensitive to risk of weight gain associated with the use of
OADs. The dose of metformin available in Japan increased
from 750 to 2,250 mg in 2009, which heightened the clinical
effect of metformin and spurred the use of BG. Increased use
of BGs was observed in both age groups (>65 and <65 years)
over the 10-year period, although BGs and Pio were less pre-
scribed for the older group compared with the younger group.

The present study also assessed the use of newly launched
DPP-41. The release of DPP-4I had a great impact on prescrip-
tion patterns. Only 1 year after their release, DPP-4I had
become the third most used OAD both for monotherapy and
combination therapy. In 2011 the proportion of diet therapy
decreased and that of OAD therapy increased compared with
earlier years. We consider this change to be the result of the
release of DPP-41. The rapid increase of the use of DPP-41
might also reflect the expectation of physicians that their use
would avoid the side-effects of previous OADs, such as weight
gain and hypoglycemia®, while maintaining the insulin secre-
tion ability of pancreatic B-cells, as shown in rats and mice*>**.
The OAD therapy might have been started earlier than before,
encouraged by the low risk of hypoglycemia with DPP-4I. The
rapid early adoption of DPP-4I into practice was also reported
in the USA®, although several more years will be required to
assess their place in therapy. In the older group, the use of
DPP-4I was 34.6%, which was less than the 40.6% usage in the
younger group, despite the low risk of hypoglycemia associated
with this drug. Physicians should be careful when prescribing a
new drug for elderly patients.

The present study showed the increase of combination ther-
apy, from 47.2% in 2002 to 64.1% in 2011. The use of three
OADs in combination doubled, and that of four OADs
increased 15-fold in 10 years. In general, treatment of type 2

ORIGINAL ARTICLE
Changes in OAD use in Japan 2002-2011

diabetes is carried out in a stepwise manner — initially with life-
style modification, followed by the use of one OAD and then
by a combination of two or more OADs or OAD with insulin
is considered®. The United Kingdom Prospective Diabetes
Study (UKPDS)” reported that oral monotherapy is often
effective at first, but combination therapy is ultimately necessary
to achieve good glycemic control. Furthermore, with the avail-
ability of a wide variety of OADs, it is recommended that com-
bination therapy be started early to achieve better glycemic
control with a lower risk of side-effects for each agent’®*’. With
the diversity of OADs and prescription patterns, the top five
prescription patterns comprised just 52.4% of all treatment regi-
mens in 2011; this percentage had gradually decreased from
77.9% in 2002.

As a consequence of these changes in OAD therapy, the pro-
portion of patients achieving the target HbAlc level of <7.0%
improved significantly from 32.2% in 2002 to 43.2% in 2008
and 489% in 2011. We speculate the factors relating to the
improvement in 2008 were the increased use of BG and Pio, as
the use of Pio as a combination therapy increased to 23.4% in
2008 compared with 9.1% in 2002 and 16.8% in 2005, and the
use of BG both for monotherapy and combination therapy
increased through the study period. The factors for the
improvement in 2011 were speculated to be the introduction of
DPP-4I and a high dose of BG. The average HbAlc tended to
be higher with the increase in the number of prescribed OADs,
except for the four OADs group. However, the level was
improved in every group over the study period (Figure 1).

The findings of the present study must be interpreted within
the context of the limitations of the study design. This study
was a retrospective analysis of OAD prescription patterns of
diabetes specialists. Obviously, we can only describe a temporal
association, and not cause and effect. We could not analyze the
doses of prescribed OADs, or evaluate the appropriateness of
therapy. Despite these limitations, the present study showed the
prescription pattern in practice for a large number of patients
with type 2 diabetes.

In conclusion, the OAD prescribing trend has moved away
from monotherapy with SUs and toward combination therapies
to achieve better glycemic control. Increased use of BGs and
DPP-4 inhibitors predominated in 2011 in Japan. These trends
were accompanied by an improvement of HbAlc level.
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