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ABSTRACT

Introduction: Type 2 diabetes (T2D) represents
a remarkable disease burden in Japan, and the
cost-effectiveness of pharmacotherapy is an
important consideration. In this study, we com-
pared the long-term effects of the type of initial
medication, as well as the initial frequency of
clinic visits, on the occurrence of T2D-related
complications. Additionally, we compared the
medical costs associated with each treatment
pattern.

Methods: We analyzed electronic health record
data collected from multiple primary care clinics
in Japan. Patients were selected based on being
primarily prescribed either biguanides (BG) or
DPP-4 inhibitors (DPP-4i) during a 3-month
baseline period, both of which are commonly
used as first-choice medications in Japan. We
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then followed the onset of T2D-related compli-
cations and conducted survival analyses. Addi-
tionally, we calculated the accumulated medi-
cal costs up to the onset of an event or loss to
follow-up, and summarized the annual costs per
patient for each treatment pattern.

Results: A total of 416 Japanese patients with
T2D who initiated treatment between January
2015 and September 2021 were included. The
median follow-up period was 2.69 years. The
survival analysis showed that the use of DPP-4is
and frequent visits from the beginning of treat-
ment did not offer a benefit in suppressing the
onset of complications later on. On the other
hand, it was found that the annual medical costs
for the group using DPP-4i with frequent visits
were about 1.9 times higher than for the group
using BGs with less frequent visits.
Conclusions: The results suggest that for Japa-
nese patients with T2D, the use of BGs along
with relatively long follow-up intervals in the
beginning of treatment can remarkably reduce
medical costs while providing a level of compli-
cation suppression equivalent to that of the use
of DPP-4is or frequent visits.
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Key Summary Points

Why carry out this study?

Patients with type 2 diabetes (T2D) in Japan
and Western countries exhibit pathophysi-
ological differences, leading to variations in
preferred first-line medications.

There is still limited evidence comparing the
impact of initial medication choice and fre-
quency of visits on treatment outcomes and
medical costs.

This study compared the long-term effects of
the type of initial medication and the initial
frequency of visits, on the occurrence of T2D-
related complications and medical costs.

What was learned from the study?

No clear benefits on the occurrence of
long-term complications were observed for
either the choice of initial medication or the
frequency of visits. On the other hand, the
initial treatment policy could double the
medical costs up to the occurrence of event.

The results suggest that for Japanese patients
with T2D, especially for those with mild obe-
sity, starting treatment with BG medication
and a relatively long observation interval, fol-
lowed by modifications in treatment policy
based on the physician’s comprehensive
judgment, can achieve equivalent treatment
outcomes while reducing medical costs.

INTRODUCTION

Type 2 diabetes (T2D) is a complex metabolic
disorder characterized by high blood glucose,
insulin resistance, and lack of insulin. T2D
is closely associated with obesity and seden-
tary lifestyles, and its prevalence is increas-
ing worldwide [1]. Uncontrolled T2D can lead
to a range of complications affecting nearly
every organ in the body, potentially result-
ing in multi-organ dysfunction. The primary
concerns include both microvascular (such as
nephropathy, neuropathy, and retinopathy)

and macrovascular complications (such as
heart disease, stroke, and peripheral vascular
disease). In managing T2D, it is important not
only to focus on glycemic control but also to
prevent associated complications [2, 3]. As of
2021, approximately 537 million adults glob-
ally are living with diabetes, and this number
is projected to rise to 643 million by 2030. The
majority, over 90%, of these cases are T2D [4].
Diabetes represents an enormous economic
burden, with global costs reaching USD 1.3 tril-
lion as of 2015, and it is predicted to increase
to USD 2.1 trillion by 2030 [5]. In the pharma-
cological treatment of diabetes, cost-effective-
ness is an important consideration. Biguanides
(BGs) have been used as the first-line treatment
in Western countries for a long time given its
effectiveness in reducing cardiovascular com-
plications, relative safety, and low cost [6-8].
The economic burden of diabetes in Japan is
remarkable and increasing, with medical costs
rising by USD 1 million annually, reaching
USD 11 million in 2009 [9]. While cost-effec-
tive diabetes control remains a critical issue in
Japan, a study using the National Database of
Health Insurance Claims data, which covers
nearly the entire Japanese population, revealed
a notable difference between Western countries
and Japan. In Japan, dipeptidyl peptidase-4
inhibitors (DPP-4is), which are more expensive
than biguanides, are most frequently used as
the first-line treatment [10]. One of the reasons
for this difference in prescription patterns is
attributed to the difference in the pathophysi-
ology of T2D between Japanese and White
patient populations: White patients typically
experience a marked increase in insulin resist-
ance as they transition from normal glucose
tolerance to T2D; Japanese patients show a
trend towards lower insulin secretion rather
than a significant increase in insulin resistance
[11, 12]. These pathophysiological differences
manifest as the relatively low body mass index
(BMI) characteristic of Japanese patients. A
previous meta-analysis reported that the gly-
cemic control capability of DPP-4is decreases
in populations with higher BMI [13], which
could explain why DPP-4is are preferred as the
first-line medication in Japan. In any case, it is
important to prescribe medication considering
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the characteristics of both the patient and the
drug.

While there are prior studies using medical
claims data to investigate the effects of T2D
pharmacotherapies on glycated hemoglobin
(HbAlc) reduction in a Japanese population
[14], the real-world evidence regarding the pre-
vention of diabetes complications in Japanese
population remains scarce. In this study, we aim
to explore cost-effective T2D pharmacothera-
pies based on real-world evidence using actual
clinical practice-based electronic health record
(EHR) data from primary care clinics. Reflecting
the reality of prescriptions in Japan, we investi-
gate the effects of the type of initial medication
(BGs or DPP-4is) and prescription interval on the
prevention of complications and their impact
on costs.

METHODS

Study Design and Data Source

For this study, pseudonymized real-world dataset
was provided by Allied Medical, K.K. The data-
set is based on medical practice data, compris-
ing 58,682 patients from 34 primary care clin-
ics across Japan. The dataset is owned by Allied
Medical, K.K., and the research team conducted
the analysis with permission granted by the
company.

In this study, the initiation of treatment
is defined as the first visit accompanied by a
prescription for diabetes medication, and we
included patients who initiated treatment after
January 2015. The first 90 days from the first
visit were considered the baseline period, with
the time afterward defined as the observation
period. Patients were included based on the fol-
lowing criteria: (1) having at least one measure-
ment of HbAlc and estimated glomerular filtra-
tion rate (eGFR) during the baseline period, (2)
having a prescription proportion of days covered
(PDC) [15] of 0.75 or higher for the medication
of interest (BGs or DPP-4is) during the baseline
period. Patients who met the following criteria
were excluded: (1) having PDC of 0.75 or higher
for both BGs and DPP-4is during the baseline

period, (2) experiencing endpoint during the
baseline period or prior to the first clinic visit at
other clinics (self-report). Patients were divided
into the BG arm and the DPP-4i group based on
their prescription patterns during the baseline
period, and analyses were conducted regardless
of any changes in prescription patterns during
the observation period.

The study was approved by the ethics com-
mittee of Health Outcome Research Institute
(submission ID 2024-06). Informed consent was
waived by the ethics committee.

Outcomes

Complications related to T2D consisting of
renal, neurological, vascular, retinal, and skin
complications were comprehensively listed and
adopted as a composite endpoint. In this study,
we used this composite endpoint as the primary
outcome for the incidence of diabetes-related
complications. As indicators of the drug safety,
hepatic events and cardiac events were included
as the secondary outcome. All relevant event
names and corresponding ICD codes are shown
in Supplementary Table S1.

In addition to health-related outcomes, we
calculated and compared the medical costs
and their breakdown from the start of treat-
ment until the incidence of an event or loss to
follow-up. We adopted the healthcare payers’
perspective, under which all medical costs were
included regardless of copayment. Costs were
calculated by multiplying the actual usage of
resources by the unit prices defined in Japan’s
National Medical Care Fee Schedule and the
National Drug Tariff as of April 2021. For discon-
tinued items, we used the latest available unit
price. Under Japan’s public health insurance sys-
tem, all medical practices, except for hospitaliza-
tion in tertiary medical facilities, are charged on
a fee-for-service system. The government strictly
regulates the unit prices of medical services to
ensure they are uniform across all clinics [16].

Analysis

After the patients were split into the BG
group and the DPP-4i group, one-to-one
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nearest-neighbor propensity score (PS) matching
using logistic regression was conducted to miti-
gate influences of confounding factors between
the groups. The following variables were incor-
porated to calculate propensity scores: age, sex,
disease history (hepatic and cardiac), baseline
renal function (eGFR), and baseline severity
(HbA1c). The list of event names included in the
disease history can be found in Supplementary
Tables S2 and S3.

Considering the relatively small population
size and number of events, we examined the
impact of the type of medication and the pre-
scription intervals during the initial treatment
phase (baseline period) on the incidence of T2D-
related complications using univariate survival
analysis with the log-rank test. The safety of
the medication, a secondary outcome, was also
evaluated using the log-rank test based on the
type of medication.

To further explore the relationship between
T2D-related complications and various fac-
tors, we conducted a more advanced survival
analysis: (1) bootstrap sampling (80%) from
the dataset, (2) fit a cross-validated LASSO-Cox
proportional hazards model incorporating the
following explanatory variables: type of ini-
tial medication, initial prescription intervals,
age, sex, HbAlc, eGFR, and medical history (3)
repeat steps 1 and 2 a hundred times, count
the number of times a non-zero coefficient was
observed for each variable, and retain variables
that were observed more than ten times, (4) fit
a Cox proportional hazards model to the entire
dataset using the variables retained from step 3
to investigate the impact of each variable on the
outcome. Additionally, considering the nature
of T2D, we conducted a sensitivity analysis by
excluding events occurring or censoring within
180 days from the start of the baseline period,
focusing on patients who had a relatively stable
course.

Regarding the costs, we divided the patients
into four groups based on the type of initial
medication (BG or DPP-4i) and the length of
the prescription interval (less than 40 days or 40
days and above). We then calculated and com-
pared the annual cost per person for each group.

All statistical analyses were performed using
Python version 3.7.9 and R version 4.2.0.

Analysis items with a two-tailed P value of<0.05
were considered statistically significant.

RESULTS

Patients

A total of 865 patients were identified as eligible
among 3788 patients who initiated treatment
for T2D between January 2015 and Septem-
ber 2021. The number of patients in the group
whose initial medication was BG was 289, and
the number in the DPP-4i group was 576. After
the PS matching, 208 patients for each group
were included in the analysis (Fig. 1). The treat-
ment for the first patient began on January 6,
2015, and the observation period for all patients
finished on September 10, 2021.

Table 1 shows the baseline characteristics of
the patients before and after the PS matching.
During a total of 1180 person-years of follow-
up, 36 T2D-related complications were observed.
The median follow-up period was 2.69 years.

Health-Related Outcomes

Figure 2a, b presents the Kaplan-Meier plots for
the primary outcome, i.e., the incidence of T2D-
related complications. The confidence intervals
for both the type of initial medication and the
initial prescription interval overlapped consider-
ably, showing no statistically significant ditfer-
ence in the univariate log-rank test.

As a result of variable selection using the
LASSO-Cox proportional hazards model with
a regularization term, out of 100 bootstrap
sampling trials, non-zero coefficients were
observed two times for age, 16 for sex, 20 for
HbAlc, 99 for eGFR, 31 for history of hepatic
diseases, eight for history of cardiac diseases,
four for the type of initial medication, and
nine for the initial prescription interval. Con-
sequently, sex, HbAlc, eGFR, and the medical
history of hepatic diseases were incorporated
into the final Cox proportional hazards model.
The hazard ratios for each variable are shown
in Fig. 2c. A lower eGFR at baseline, indicat-
ing better renal function, significantly reduced
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All individuals
N = 58682

First diagnosis of T2D after January 2015
N = 3788

Missing baseline laboratory values during baseline period: N = 1833
> Prescriptions during baseline period not subject to study: N = 943
Endpoints observed before the observation period: N = 147

BG group DPP-4i group
N = 289 N =576
[ [
Propensity score matching
v v
BG group DPP-4i group
N = 208 N = 208

Fig. 1 Patient flowchart. 72D type 2 diabetes, BG biguanide, DPP-4; dipeptidyl peptidase-4 inhibitor

the hazard ratio for complications, while hav-
ing a history of hepatic diseases significantly
increased the hazard ratio. These results are
consistent with the findings of prior studies
[17, 18]. Although the differences were not sta-
tistically significant, there was a trend toward
lower hazard ratios in women and higher haz-
ard ratios associated with higher initial HbAlc
levels. The sensitivity analysis that focused on
patients with stable course was consistent with
the main analysis (Supplementary Figure S1).

The results of the survival analyses exam-
ining the impact of the initial medication on
subsequent cardiac and hepatic events are pre-
sented in Supplementary Figures S2 and S3.
In both cases, the survival curves of the two
groups overlapped, and no statistically signifi-
cant differences were observed.

Medical Costs

The costs for patients divided into four groups
based on the type of initial medication and
the length of the initial prescription interval
(median less than 40 days or 40 days and over)
are shown in Fig. 3. It was found that groups
starting with high-cost treatments (DPP-4i with
short intervals) incurred up to approximately
2.2 times, 1.9 times, 2.4 times, and 1.9 times
higher costs, respectively, for consultation and
management fees, dispensing fees, drug costs,
and total medical costs compared to groups
starting with low-cost treatments (BG with
long intervals). The group that started treat-
ment with BG and had longer initial prescrip-
tion intervals incurred an annual cost per
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Table 1 Baseline characteristics for patients

Before matching After matching
BG group DPP-4i group BG group DPP-4i group
Demographics
Number of patients 289 576 208 208
Age at index, mean (SD) 56.3 (12.2) 69.9 (13.2) 59.7 (10.7) 59.5 (12.1)
Female patients, % 33.6 448 36.5 36.1
Laboratory values, mean (SD)
HbAlc 7.44 (1.43) 731 (1.81) 738 (1.35) 733 (1.33)
¢GFR 78.3 (24.2) 66.1(23.3) 73.9 (22.1) 742 (23.4)
BMI* 28.1(5.90) 24.4(3.68) 27.0 (4.93) 25.7 (3.98)
Disease history, %
Hepatic disease 18.0 12.5 16.3 18.8
Cardiac discase 6.90 21.3 8.65 7.69
Prescription pattern, mean (SD)
Median prescription interval during 40.1 (20.1) 33.2(18.6) 38.5(20.2) 37.0 (20.7)

baseline period

HbAlc glycated hemoglobin, eGFR estimated glomerular filtration rate, BMI body mass index, BG biguanide, DPP-4i

dipeptidyl peptidase-4 inhibitor

“Statistics for BMI were derived from a subset of each group: before matching, BG 7 =32, DPP-4i »=55; after matching,

BG»=23,DPP-4in=24

person that was JPY 66,879 lower compared to
the group with DPP-4i and shorter intervals.

DISCUSSION

The aim of this study was to investigate cost-
effective T2D management methods in a Jap-
anese patient population with T2D from the
perspective of real-world true endpoints, i.e.,
T2D-related complications.

In our survival analysis, no clear benefit was
confirmed in suppressing the long-term onset
of T2D-related complications by using DPP-4is
or by prescribing medications at short inter-
vals (i.e., frequent visits) from the beginning
of treatment. Previous research has reported
that in patients with a lower BMI, DPP-4is are
superior to BGs in terms of glycemic control

[14]. It is considered that prescriptions made in
actual clinical practice are based on a compre-
hensive judgment including BMI. Therefore,
while these results do not suggest the superi-
ority or inferiority of the drugs, given that the
study population has BMIs around the bor-
derline of obesity standards (BMI=25) [19],
it reconfirms that for patients with relatively
high BMI, using DPP-4is as first-line medica-
tion does not provide any particular benefit
over BGs, not only in terms of glycemic control
but also in the suppression of complications.
Furthermore, no statistically significant differ-
ence was observed in safety between DPP-4is
and BGs. Considering the differences in safety
profiles of drugs, it is reasonable to conclude
that the results indicate that prescriptions are
being appropriately made by physicians, taking
safety considerations into account.
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Event Free

Strata

Event Free

Strata -+ BG ~+ DPP-4i
1.00+
—HH-HHHHH
0.751
0.501
0.251
p=0.73
0 500 1000 1500 2000 2500
Days
Number at risk (number censored)
BG  {208(0) 160 (40) 98(95)  48(142)  20(169)  0(189)
DPP-4i 1208 (0) 152(48)  105(89) 57(134) 19(172)  0(191)
0 500 1000 1500 2000 2500
Days

Strata —+ Long Interval —+ Short Interval

1.004
0.75
0.50
0.25
p=0.92
0 500 1000 1500 2000 2500
Days
Number at risk (humber censored)
Long Interval 1155 (0) 133 (17) 88 (55) 44 (97) 15(125)  0(140)
Short Interval 1261 (0) 179 (71)  115(129) 61 (179) 24 (216)  0(240)
0 500 1000 1500 2000 2500
Days
Variable HR (95% CI) P value
eGFR 0.971 (0.951 t0 0.991) 0.0048
HbATc 1.246 (0.895t01.735)  +o— 0.1900
Hepatic history  3.207 (1.064 to 9.668) —————=———>0.0380
Female 0.694 (0.322 to 1.497) P 0.3500
2 3 4 5

Fig.2 Results of survival analysis. Hb.A1Ic glycated hemoglobin, eGFR estimated glomerular filtration rate, BG biguanide,
DPP-4; dipeptidyl peptidase-4 inhibitor
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a 140000 Drug cost
BB Prescription-related

Examination
120000 | mmm Consultation and
management

42272

100000 4
80000 4 39259
11404 20350

60000 A

19462
19335
40000 A
10607

20000 A

JPYper year

T T T T
BG/long BG/short DPP-4i/long DPP-4i/short

Group

Fig.3 Annual medical costs per patient stratified by the
type of medication and the length of prescription interval.
BG biguanide, DPP-4; dipeptidyl peptidase-4 inhibitor. a

While no clear benefits to health were
observed from the use of DPP-4is and the fre-
quent visits at the beginning of treatment, it was
found that the group starting with DPP-4is and
having shorter prescription intervals incurred
approximately 1.9 times the medical costs com-
pared to the group starting with BGs and having
longer prescription intervals.

Based on the above results, for Japanese
patients with T2D, particularly those with a
relatively high obesity, it is suggested that start-
ing with BG drugs while making appropriate
changes or additions to the prescription based
on regular test results, and conducting follow-up
observations with relatively longer intervals, can
maintain the incidence of complications at the
same level while significantly reducing medical
costs. While in clinical settings, the selection of
medications and the interval of follow-up need
to be comprehensively determined based on fac-
tors such as the patient’s age, degree of obesity,
and hepatic and renal functions [19], this study
is considered to provide new insights from the
perspective of cost-effectiveness in treatment
choices.

This study has several limitations. First, since
we used EHR data from primary care clinics, it
is anticipated that loss to follow-up could occur
due to transfers to other clinics or hospitals.
Similarly, there is a possibility that patients who
had already received treatment at other clinics
prior to being observed in the study may be

b Drug cost
70000 7 puy prescription-related
Examination

60000 4 HEE Consultation and

management I

50000 A
40000 4

JPYper year

30000 - |
20000 I I I I

10000 -

DPP-4i/short

BG/long BG/short

DPP-4i/long
Group

Total annual medical cost per patient. b Cost breakdown.
Error bars represent 95% Cls

included. Particularly, severe events, which are
often treated at larger hospitals, may be underes-
timated in our analysis. While this study focused
on the incidence of events and the costs up to
the event, post-event costs and outcomes related
to prognosis can be tracked using insurer-based
claims data. In the future, it is desirable to
conduct research with a more comprehensive
framework. Nevertheless, this study has pro-
vided quantitative insights into the impact of
initial treatment strategies on subsequent health
outcomes and costs, aligning with its original
objective. Secondly, BMI is a confounding factor
that influences both the choice of medication
and the prognosis of T2D [19, 20]. BMI should
have been adjusted by using PS matching, but
due to the high number of missing values in the
dataset, it could not be included. In the matched
dataset, BMI was available only for a subset of
patients and the average BMI was 25.7 (n=24)
in the DPP-4i group and 27.0 (n=23) in the BG
group. It is unlikely that there is a systematic dif-
ference in the missing mechanism of BMI values
between both groups, and the observed differ-
ence was not statistically significant nor con-
sidered clinically meaningful. Therefore, while
this restricts the generalizability of this study
to Japanese patients with T2D with relatively
high BM], it is not expected to affect the direc-
tion of the conclusions. Thirdly, this study had
a limited sample size, which may have resulted
in insufficient statistical power. Therefore, the
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absence of statistically significant differences
in our analysis does not necessarily imply that
the compared items are equivalent. It is neces-
sary to continue conducting similar studies with
larger sample sizes, and caution is required in
interpreting the results of this study. With all
the limitations, we believe that our results would
contribute to the decision-making process of
T2D pharmacotherapy.

CONCLUSIONS

The results of this study suggest that for Japa-
nese patients with T2D with relatively high BMI,
the use of BGs along with relatively long follow-
up intervals in the beginning of treatment can
remarkably reduce medical costs while providing
a level of T2D-related complication suppression
equivalent to that of the use of DPP-4is or fre-
quent visits. We believe these findings offer new
insights from a cost-effectiveness perspective to
physicians in their decision-making process for
T2D pharmacotherapy.
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