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Abstract

Background Metformin is recommended as a first-line drug in the guidelines of the treatment for type 2 diabetes
mellitus. However, high-quality evidence from clinical trials directly comparing the degree of hypoglycemic effect

of combination therapy of metformin and a hypoglycemic agent with a different mechanism of action with that of
monotherapy of a hypoglycemic drug is lacking. We aimed to examine whether combination therapy of hypoglyce-
mic agents with metformin showed antagonism, addition, or synergism compared to monotherapy with hypoglyce-
mic agents other than metformin regarding hemoglobin A, levels.

Methods This retrospective cohort study used a medical information database in Japan. Non-insulin anti-hyper-
glycemic agents with different mechanisms of action were classified into eight drug classes. A monotherapy cohort
and a combination therapy added to the metformin cohort were defined. The change in hemoglobin A, levels
was evaluated to compare the treatment effect between the cohorts.

Results A total of 13,359 patients with type 2 diabetes mellitus in the monotherapy cohort and 1,064 in the met-
formin combination therapy cohort were identified. A comparison of the change from baseline HbA1c level by drug
class between the two cohorts showed a similar trend. Among those treated with dipeptidyl peptidase-4 inhibitor
and sodium-glucose co-transporter-2 inhibitor, no clinically significant difference was observed between the two
cohorts (0.00% and -0.07% for unadjusted, 0.15% and -0.03% for propensity score matching-adjusted, and 0.09%
and -0.01% for inverse probability treatment weighting-adjusted analysis).

Conclusions According to the results of this study, the effect of dipeptidyl peptidase-4 inhibitor or sodium-glucose
co-transporter-2 inhibitor added to metformin seems to be additive with respect to the reduction in hemoglobin A, .
Keywords HbA1c, Monotherapy, Interaction of metformin, Hypoglycemic agents, Dipeptidyl peptidase-4 inhibitor,
Sodium-glucose co-transporter-2 inhibitor
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Background

The worldwide increase in the prevalence of type 2 dia-
betes mellitus (T2DM) is mostly attributed to an increase
in the population of overweight and obese people [1].
An estimated 451 million people worldwide are affected
by diabetes [2], and approximately 1 in 11 adults has
diabetes, 90% of whom have T2DM [3]. Asia is a cen-
tral region of the rapidly emerging T2DM pandemic,
with China and India being the most affected countries
[3]. According to the National Health and Nutrition
Survey conducted by Ministry of Health, Labour and
Welfare in 2019, approximately 15% of the adult popu-
lation have diabetes (hemoglobin A;. [HbAlc]>6.5%
or under treatment for diabetes) and approximately
13% of the adult population are on the verge of devel-
oping diabetes (6.0% <HbAlc<6.5%) [4]. For every 1%
decrease in HbAlc, the risk of microvascular complica-
tions decreases by 37% and that of diabetes-related death
decreases by 21% [5].

While existing pharmacological options for the diabe-
tes treatments may provide satisfactory glycemic control
for some patients, there remains many patients who do
not achieve the target HbA1lc levels, suggesting the need
for additional therapeutic options. In Western countries,
metformin used to be recommended as a first-line drug
in the guidelines of the treatment for T2DM [6], in recent
years, the pharmacologic therapy should be guided by
person-centered treatment factors, including comorbidi-
ties and treatment goals [7, 8]. Clinical practice guide-
lines for diabetes in Japan do not specify a first-line drug,
and drug selection is left to the discretion of physicians
in consideration of patient characteristics and pathologi-
cal conditions [9]. Nevertheless, dipeptidyl peptidase-4
inhibitor (DPP-4i) is the most widely used drug for
T2DM in Japan, followed by metformin [10]. Addition-
ally, the Japanese guidelines for the treatment of diabe-
tes recommend combination therapy with hypoglycemic
agents with different mechanisms of action if the target
glycemic control level is not achieved by mono-therapy
of first-line treatment [9]. Moreover, the early inter-
vention with DPP-4i in combination with metformin
provides more effective and long-lasting benefits than
metformin monotherapy, which is the current standard
of care [11]. The hypoglycemic effect of the addition of a
hypoglycemic agent with a different mechanism of action
to metformin has been reported by meta-analysis, and it
has been reported that dual-drug combination therapy
added to metformin is more effective than metformin
monotherapy for lowering HbA1lc levels among all drug
classes [12, 13]. A clinical study comparing sulfonylurea
(SU) monotherapy with combination therapy SU and
metformin, reported that dual therapy with metformin
had a higher hypoglycemic effect than SU monotherapy
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[14]. However, high-quality evidence from clinical trials
directly comparing the degree of hypoglycemic effect of
combination therapy of metformin and a hypoglycemic
agent with a different mechanism of action with that
of monotherapy of a hypoglycemic drug is lacking [15,
16]. Additionally, in previous meta-analyses, individual
patient background data, such as factors affecting hypo-
glycemic action, have not been used for analysis.

With the recent proliferation of electronic medical
records and administrative claims databases, the results
of analyses of real-world data have become increasingly
important in medical decision-making. Real-world data-
base research is recognized as a powerful tool for under-
standing the impact of current practice on the clinical
course and outcomes, including long-term glycemic con-
trol, incidence of microvascular and macrovascular dis-
ease, and mortality [10].

Therefore, we comprehensively evaluated the interac-
tion for the efficacy of metformin with hypoglycemic
agents that have different mechanisms of action using
individual patient data obtained from the medical data-
base for each drug class. We aimed to examine whether
combination therapy of hypoglycemic agents with met-
formin showed antagonism, addition, or synergism com-
pared to monotherapy with hypoglycemic agents other
than metformin.

Methods

Study design and data source

This retrospective cohort study used data of patients
with T2DM (International Classification of Disease
10th revision [ICD10]: E11-E14) purchased from medi-
cal institutions in Japan from April 2008 to May 2020
in the Medical Data Vision Corporation (MDV, Tokyo,
Japan) database. We evaluated eight types of non-insu-
lin anti-hyperglycemic agents (NAAs) with different
mechanisms of action, which were classified into eight
drug classes: metformin, DPP-4i, SU, thiazolidinedione
(TZD), a-glucosidase inhibitor (a-GI), glinide, sodium-
glucose co-transporter-2 inhibitor (SGLT2i), and gluca-
gon like peptide-1 receptor (GLP-1Ra). Two cohorts were
defined: a monotherapy cohort that was treated with a
single agent other than metformin, and a combination
therapy cohort that was treated with metformin followed
by a hypoglycemic agent with a different mechanism of
action was added after the treatment with metformin.
The change from baseline in HbAlc was evaluated to
compare the treatment effects between the two cohorts.

Study population

Data from patients prescribed NAAs were extracted, and
the date of first prescription of NAAs was set as index
date-1. According to a previous study, patients with a
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look-back period of at least 180 days prior to index date-1
were selected to target hypoglycemic drug-naive patients
with T2DM [17]. Patients with a single NAA prescribed
on index date-1 were selected. If the NAA prescribed
on index date-1 was a drug other than metformin, the
patient was assigned to the monotherapy cohort and
classified into a drug class according to the drug. The
combination therapy cohort was defined as patients who
were prescribed metformin at index date-1, followed by
another NAA was added to metformin. For the combina-
tion therapy cohort, index date-2 was defined as the first
prescription date of another NAA. Inclusion and exclu-
sion criteria are shown in Fig. 1.

Outcome measures

The primary endpoint was the change from baseline in
HbAlc at 4 months (75 to 135 days) after index date-1
for the monotherapy cohort, and at 4 months (75 to
135 days) after index date-2 for the combination therapy

4 T2DM (ICD10: E11-E14) who had A
laboratory data from the database in
Japan from April 2008 to May 2020
held by MDV
- EatCatl / Not prescribed NAAs
v > n=212,518
Prescribed NAAs
n=141,483
Without a look-back period of >180 days
 — for NAAs prior to index date-1
With a look-back period of >180 days for 1=93,871
NAAs prior to index date-1
n=47,612
Not prescribed a single NAA at index
date-1
n=12,136

Prescribed a single NAA at index date-1

n=35476

NAA prescribed at
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cohort. We defined 0.4% as a clinically meaningful differ-
ence, as it is the generally accepted non-inferior margin
value for changes in HbAlc among those with diabetes
mellitus [18]. Furthermore, we defined a difference of
the change from baseline in HbAlc from the combina-
tion therapy cohort relative to the monotherapy cohort
within +0.4% as additive,> +0.4% as antagonistic, and
<-0.4% as synergistic.

Statistical analysis

Index date

Index date for each cohort was defined index date-1 for
the monotherapy cohort and index date-2 for the combi-
nation therapy added to metformin cohort.

Scatter plot of change from baseline in HbA1c by 4 months
The change from baseline in HbAlc by 4 months
(135 days) from the index date of each cohort was plotted
by cohort and drug class.

Combination therapy cohort

NAA prescribed at index date-1 was

index date-1 was
metformin

Monotherapy cohort

NAA prescribed at index date-1 was not

metformin
n=5,369

Not prescribed another drug class of NAA

added to metformin after index date-1

>

metformin
n=30,107 Baseline HbA l¢ values (within 90 days
> prior to index date-1) unavailable

Baseline HbA lc¢ values (within 90 days 1n=6,788

(the first date of metformin prescription)

Prescribed another drug class of NAA n=3,349

added to metformin after index date-1
(the first date of metformin prescription)
n=2,020

Baseline HbA ¢ values (within 90 days

prior to Index date-2) unavailable

—

prior to index date-1) available

n=23,319 Prescribed hypoglycemic drugs other than

+—> metformin within 4 months after the date

n=156
Baseline HbA ¢ values (within 90 days
prior to Index date-2) available
n=1,864

Prescribed NAAs of a different drug class

than the NAA added to metformin at

Not prescribed NAAs of a different drug index date-2 within 4 months (135 days

Not prescribed hypoglycemic drugs other of initial prescription
than metformin within 4 months after the
date of initial prescription
(within 135 days after index date-1)
n=18,981

(within 135 days after index date-1)
n=4,338

HbA ¢ values within 4 months from the
date of first prescription of NAA (within
135 days after index date-1) available
n=13,359

HbA ¢ values within 4 months from the

date of first prescription of NAA (within

135 days after index date-1) unavailable
n=5,622

class than the NAA added to metformin at
index date-2 within 4 months (135 days
after index date-2) from the date of
initiation of combination therapy added to

after index date-2) from the date of
initiation of combination therapy added to
metformin
n=644

metformin

n=1.220

—

HbA ¢ values within 4 months from the

first date of prescription of another NAA

HbA]lc values within 4 months from the
first date of prescription of another NAA
added to metformin (within 135 days
after index date-2) unavailable
n=156

added to metformin (within 135 days
after index date-2) available
n=1,064

Fig. 1 Flow chart describing the extraction of target patients of both cohorts for the analysis in this study
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Mixed Model Repeated Measures (MMRM)

For primary endpoint analysis, the difference between
the two cohorts by drug class was evaluated by the
change from baseline in HbAlc from the index date
to 4 months using MMRM. The change from baseline
at 1 month (1-44 days), 2 months (45-74 days), and
4 months (75-135 days) as time-point were included in
MMRM. If the same patient had multiple HbAlc val-
ues within the same time-point, the HbAlc value on
the latest test date within that time-point was used.
The model included cohort, time-point, interaction
between cohort and time-point, baseline HbAlc value,
age category (<64, 65-74,>75 years), sex, NAAs and
dose amount as fixed effects, and the correlation struc-
ture of the first-order autoregressive model (AR(1))
was used within patient correlations from the desig-
nated time-point to 4 months. Missing at Random was
assumed for the missing measurement mechanism,
and analysis by MMRM was performed using only the
measured data.

In addition to the analysis using the analysis popu-
lation (hereafter referred to as “unadjusted analysis”),
two analyses using propensity score, which is an index
that aggregates information on multiple confounding
factors into a single value, were also performed.

Unadjusted analysis

The change from baseline in HbAlc to 4 months after
the index date was evaluated using MMRM (refer to
“Mixed Model Repeated Measures (MMRM)” section
for the model) in the analysis population with unad-
justed propensity scores (unadjusted analysis).

Propensity Score Matching (PSM) analysis

We performed 1:1 matching without replacement
(nearest-neighbor method using calipers of width
equal to 0.2 of the standard deviation of the logit of
the propensity score). Baseline HbAlc value, age cat-
egory, sex, NAAs and dose amount, complications pro-
file (hypertension, ischemic heart disease, myocardial
infarction, heart failure, stroke, renal impairment and
diabetic foot) [17], contraindications to metformin
[renal impairment, severe hepatic impairment [19],
heart failure, myocardial infarction and type 1 diabetes
mellitus (T1DM)] and other indications except T2DM
of each drug (T1DM) were used as covariates in the
propensity score model. The change from baseline in
HbAlc to 4 months after the index date was evaluated
using MMRM (refer to “Mixed Model Repeated Meas-
ures (MMRM)” section for the model) for matched
patients.
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Inverse Probability Treatment Weighting (IPTW) analysis
IPTW was performed on the analysis population using
MMRM (refer to “Mixed Model Repeated Measures
(MMRM)” section for the model) of the change from
baseline in HbAlc to 4 months after the index date. The
inverse of the propensity score estimated from PSM
was used to estimate the weight.

This analysis was performed using Python version 3.8.5
with Anaconda 3 version 4.9.2 (Anaconda, Inc.), R ver-
sion 3.5.1, and SAS version 9.4 (SAS Institute, Cary, NC,
USA).

Sensitivity analysis for those with> 90 days between index
date-1 and index date-2 in combination therapy cohort

For the combination therapy cohort, a subset of patients
was defined as those with >90 days between index date-1
and index date-2. The change from baseline in HbAlc to
4 months after the index date was evaluated using MMRM
(refer to “Mixed Model Repeated Measures (MMRM)”
section for the model) in the subset.

Results

Study population

Patients who met the eligibility criteria for this study
were identified and 13,359 patients were included in
the monotherapy cohort and 1,064 in the combination
cohort (Fig. 1).

Descriptive statistics for demographics and characteristics
The demographic and disease characteristics at the index
date for each cohort are summarized by drug class in
Table 1. DPP4i was the most prescribed drug class in
both cohorts. In the combination therapy cohort, SGLT2i
the next most common drug class. The baseline HbAlc
values in the monotherapy cohort were highest for those
prescribed GLP-1Ra. The number of patients was limited
in the SU, TZD, a-GI, glinide and GLP-1Ra drug classes
in the combination therapy cohort. Baseline HbAlc
levels tended to be higher in the combination therapy
cohort than in the monotherapy cohort. Age at the index
date was lower in the combination therapy cohort than
the monotherapy cohort. The incidence of ischemic heart
disease, heart failure, and renal impairment tended to be
lower in the combination therapy cohort than the mono-
therapy cohort.

Descriptive statistics for each drug and dose amount

The NAAs and dose amount of the drug classes are sum-
marized in Table S1. No significant bias was observed
in the proportion of NAA or dose amount between the
cohorts. Because the entry rules for the dose amount of
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GLP-1Ra, which are injectable agents, differ depending
on the hospital, it was not possible to identify the dose
amount from the database.

Scatter plot of change from baseline in HbA1c by 4 months
The individual values and mean + standard deviation
of the change from baseline in HbAlc to 4 months for
each cohort were plotted for each drug class (Fig. 2).
In both cohorts, HbAlc values decreased over time
after the first prescription date of NAAs, as well
as the date of concomitant prescription with met-
formin and stabilized after 3—4 months. In the mon-
otherapy cohort, a remarkable hypoglycemic effect
was observed especially with GLP-1Ra. The trend
of change from baseline in HbAlc value according
to drug class was generally similar between the two
cohorts.

Change from baseline in HbA1c from index date-1
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Unadjusted analysis

No clinically meaningful difference was observed between
the two cohorts except for SU and GLP-1Ra (Fig. 3a). The
results of the parameter estimates by MMRM are shown
in Table S2.

PSM analysis
No clinically meaningful difference was observed between
the two cohorts for except for GLP-1Ra (Fig. 3b).

IPTW analysis
In IPTW, no clinically meaningful difference was observed
between the two cohorts except for GLP-1Ra (Fig. 3c).

Sensitivity analysis for those with > 90 days between index
date-1 and index date-2 in combination therapy cohort

Results of the sensitivity analysis are shown in Fig. SI.
The number of patients in the combination therapy

to 4 months by drug class

a-Gl

\ DPP-4i su

hhdbiroapw
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__Glinide _ SGLT2i
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-21
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Change from baseline in HbA1c from index date-2 to 4 months by drug class
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Fig. 2 Plot of change from baseline HbA1c for monotherapy cohort (a) and combination therapy cohort (b)
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Estimates and 95% CI for the difference of change from baseline in HbAlc at 4 months in unadjusted analysis

a
Combination Difference of change from
Monotherapy therapy baseline in HbA1c
Drug cohort cohort (Combination = Monotherapy)

Class Estimate (SE)  Estimate (SE)  Estimate (SE) 95% ClI

DPP-4i  -0.7994 (0.0230) -0.7953 (0.0436) 0.0041 (0.0394) (-0.0731, 0.0813)
Ssu -1.0054 (0.0697) —1.4062 (0.1874) —0.4008 (0.1907) (-0.7754, -0.0262)
TZD -0.9242 (0.0996) -1.0968 (0.1860) —0.1726 (0.1968) (-0.5609, 0.2157)
a-GI —0.4394 (0.0397) —0.7736 (0.2512) -0.3341 (0.2518) (-0.8282, 0.1599)
Glinide  -0.6923 (0.0660) -0.4613 (0.1727) 0.2310 (0.1857) (-0.1345, 0.5965)
SGLT2i -0.7695 (0.0412) -0.8417 (0.0720) -0.0722 (0.0753) (-0.2200, 0.0756)

GLP-1Ra -2.0358 (0.1423) -1.3965 (0.2557) 0.6393 (0.2222) (0.2025, 1.0760)

R —

<= Synergistic effect Antagonistic effect —>

-20 -16 -1.2 -08 -04 00 04 08 12 16 20 24 28

Estimates and 95% CI for the difference of change from baseline in HbAlc at 4 months in PS Matching analysis

Difference of change from
baseline in HbA1c
(Combination = Monotherapy)

Estimate (SE) 95% CI

Combination
therapy
cohort
Estimate (SE)

Monotherapy
Drug cohort
Class Estimate (SE)

DPP-4i -1.4031 (0.0601) -1.2336 (0.0540) 0.1695 (0.0553) (0.0610, 0.2780)
Ssu -2.0481 (0.3094) -2.2531 (0.2809) —0.2049 (0.2670) (-0.7358, 0.3259)
TZD -1.7761 (0.1868) —1.6962 (0.2054) 0.0799 (0.2125) (-0.3496, 0.5094)
a-GI —0.7160 (0.1116) —0.4988 (0.2056) 0.2172 (0.1957) (-0.1764, 0.6108)
Glinide  -0.9929 (0.3376) -0.6688 (0.1802) 0.3242 (0.3524) (-0.3919, 1.0403)
SGLT2i -1.3366 (0.1053) —1.1488 (0.1078) 0.1878 (0.0926) (0.0058, 0.3698)

GLP-1Ra -1.6399 (0.3051) -0.7882 (0.3537) 0.8517 (0.3866) (0.0766, 1.6269)

e —

<~ Synergistic effect Antagonistic effect —>

-20 -16 -1.2 -08 04 00 04 08 12 16 20 24 28

Estimates and 95% CI for the difference of change from baseline in HbAlc at 4 months in IPTW analysis

(o
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Fig. 3 Plot of MMRM for difference of change from baseline HbA1c at four months between cohorts with unadjusted analysis (a), PSM-adjusted

analysis (b), and IPTW-adjusted analysis (c)
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cohort was further decreased (Table S3). The confidence
interval of the difference between the two cohorts in the
change from baseline in HbAlc was wider in the subset
compared to the entire analysis population. The change
from baseline in HbAlc of the combination therapy
cohort in the subset tended to be lower than that in the
entire analysis population.

Discussion

The MDYV has approximately 29.8 million inpatient and
outpatient records from approximately 400 hospitals that
have accumulated since April 2008, covering approxi-
mately 22% of the Japanese population [10]. The database
has several advantages. First, it contains a wealth of data
on the elderly population. Second, it is more reliable than
receipt data because it is collected to review the quality of
medical care. Third, although data is limited to approxi-
mately 20% of the patients included in the database,
information on common laboratory results is available.

At index date for each cohort, those prescribed GLP-
1Ra have the highest baseline HbAlc values. This indi-
cates that GLP-1Ra was prescribed as the first NAA
in patients with significantly poor glycemic control.
Moreover, baseline HbAlc levels tended to be higher
in the combination therapy cohort than the monother-
apy cohort, suggesting that patients with poor glycemic
control were often shifted to treatment with combina-
tion therapy with other classes of drugs. The lower age
of the combination therapy cohort compared to the
monotherapy cohort indicated that metformin should
be used carefully in elderly patients [9]. The lower inci-
dence of ischemic heart disease, heart failure, and renal
dysfunction in the combination therapy cohort compared
to the monotherapy cohort indicated that these comor-
bidities are relevant to contraindications of metformin.
For the factors that may be associated with the change
from baseline in HbAlc values, the potential confound-
ing effect on the estimation of HbAlc changes was mini-
mized (adjusted) as covariates of MMRM and/or using
propensity score. Besides, the immortal time bias seems
to be decreased because the index date for the combi-
nation therapy cohort was defined as index date-2. On
the other hand, the selection bias to define the index
date for the combination therapy cohort as index date-2
should be considered; however, the selection bias seems
to be decreased by conducting PSM- and IPT W-adjusted
analyses.

The direct linkage between drug and indication is una-
vailable based on the specification of the MDYV database.
Out of all NAAs in this study, a few NAAs have other
indications except T2DM, such as, dapagliflozin propyl-
ene glycolate hydrate has other indications for chronic
heart failure (approved date in Japan: 27 November
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2020), chronic kidney disease (CKD, approved date in
Japan: 25 August 2021) and T1DM (approved date in
Japan: 26 March 2019), empagliflozin has another indi-
cation for chronic heart failure (approved date in Japan:
25 November 2021), and ipragliflozin L-proline has
another indication for TIDM (approved date in Japan:
21 December 2018). Considering the observation period
of this study is from April 2008 to May 2020, dapagli-
flozin propylene glycolate hydrate and empagliflozin for
the treatment of chronic heart failure, and dapagliflozin
propylene glycolate hydrate for the treatment of CKD
have not been applied during this study period. And it
seems that the impact of usage for T1IDM (dapagliflozin
propylene glycolate hydrate and ipragliflozin L-proline)
was minimal during this study period based on the tiny
rate of TIDM. However, other indications except T2DM
defined as T1DM for dapagliflozin propylene glycolate
hydrate and ipragliflozin L-proline, and the covariate has
been included in the PS model.

Due to the high prescription rates of DPP4i and SGLT2i
in Japan [20], these drugs were considered to have suffi-
cient data in both cohorts for analysis. However, for SU,
TZD, a-GI, glinide, and GLP-1Ra, the interpretation of
the hypoglycemic effects was limited because the number
of patients in the combination therapy cohort was too
small to be analyzed. In addition, because only the sub-
cutaneous injection product was marketed for GLP-1Ra
during the survey period, the number of patients suitable
for analysis may have been limited.

Comparison of the prescribing proportion based on
each NAA and dose amount within each drug class
between both cohorts showed no major bias, indicating
that no substantial difference was observed in the pre-
scription of other drug classes in combination therapy
with metformin compared to monotherapy. Therefore,
the difference in drug prescription between the two
cohorts did not substantially affect the change in HbAlc
in either cohort.

Regarding the bodyweight, the weight loss is known to
reverse the underlying metabolic abnormalities of type
2 diabetes and improve glucose control. In an analysis
of randomized controlled trials after 2 years of follow-
up, the loss of 15% of bodyweight can result in diabe-
tes remission (ie, defined as HbAlc<6.5% [<48 mmol/
mol]) in most patients with early type 2 diabetes; how-
ever, the observed average weight loss is modest (ie, 1.4—
1.9 kg) in adults with type 2 diabetes over 6—-12 months
of treatment [21]. On the other hand, a meta-analysis
after 4 months of follow-up reported that body weight at
the start of medication did not affect the improvement
effect of HbAlc in any drug class [22]. Although the data
on body size at the index date were not included in the
database and hence were not used for this analysis, it is
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likely that bodyweight had little influence on the change
from baseline in HbAlc, considering the observation
period for this study was 4 months from the index date
which is a short period for evaluating the effect on loss of
bodyweight.

In both cohorts, the change from baseline in HbAlc
values decreased over time after the first prescription
date of NAAs and the date of concomitant prescription
with metformin, and the change from baseline in HbAlc
values stabilized after three to four months. The Guide-
line for Clinical Evaluation of Oral Hypoglycemic Agents
in Japan requires at least 12 weeks as the study duration
for HbAlc [23], and clinically valid changes in HbAlc
were observed from the data in the medical informa-
tion database. A comparison of the change from baseline
in HbAlc between the two cohorts for each drug class
showed that the change in HbAlc in the combination
therapy cohort was similar to that in the monotherapy
cohort. However, greater variability was observed in
the combination therapy cohort than the monotherapy
cohort.

The hypoglycemic effects were available for DPP-4i, SU,
TZD, and a-GI at 12 weeks post-dose in previous stud-
ies and were comparable to the results the monotherapy
cohort in of this study [24]. In addition, comparing the
hypoglycemic effects of DPP-4i, SU, TZD, «-GI, glin-
ide, and GLP-1Ra from previous studies were compared
with those of the combination therapy cohort. However,
results of our study varied slightly from those of previous
studies [12, 15]. This discrepancy could be due to differ-
ences in patient backgrounds, as the previous study was
a randomized controlled trial conducted in a popula-
tion with limited patient background, whereas this study
was based on real-world data obtained in a more general
patient population.

MMRM was used to evaluate the change from baseline
in HbAlc between the two cohorts. Because this was an
observational study that was not randomized between the
cohorts, various confounding factors may have prevented
the accurate estimation of treatment effects. Therefore,
in addition to the unadjusted analysis using the analy-
sis population, PSM- and IPTW-adjusted analyses using
the propensity score were also performed to control for
confounding bias and ensure comparability between the
cohorts. For DPP4i and SGLT2i, no clinically significant
difference was observed between the two cohorts in any
of the analyses (unadjusted, PSM-adjusted, and IPTW-
adjusted). This suggests that DPP4i and SGLT2i pro-
vided additive effects in relation to HbA1lc lowering when
added to treatment with metformin. On the other hand,
the interpretation of hypoglycemic effects was limited for
SU, TZD, a-Gl, glinide, and GLP-1Ra owing to the small
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number of patients in the combination therapy cohort.
However, for TZD, a-GI, and glinide, no clinically sub-
stantial difference was observed between the two cohorts
in either analysis.

For SU, the difference in the direction of synergism
was observed only in the unadjusted analysis, however
no clinically substantial difference was observed in the
PSM- and IPTW-adjusted analyses adjusted by propen-
sity score. In terms of GLP-1Ra, a notable difference was
observed between both cohorts in either analysis; how-
ever, the mean absolute value of HbAlc at 4 months was
6.7% for the monotherapy cohort and 6.9% for the com-
bination therapy cohort, showing favorable glycemic
control (Table S4). For MMRM, the relationship between
the change from baseline in HbAlc and the HbAlc base-
line value was assumed to be linear. However, a further
reduction in blood glucose levels was unlikely to occur
near favorable HbAlc values, and the baseline HbAlc
value was lower in the combination therapy cohort (8.3%)
than in the monotherapy cohort (8.8%), which may have
contributed to the marked difference in the change from
baseline in HbAlc between both cohorts for the unad-
justed analysis. Therefore, PSM- and IPTW-adjusted
analyses using the propensity score were also performed
to control for confounding bias and ensure comparability
between the cohorts, however due to the small number
of patients prescribed GLP-1Ra, each covariate including
baseline in HbAlc may not have been completely bal-
anced between both cohorts. A model analysis for such
potential non-linearity in the change from baseline in
HbA1lc would be a subject for future studies.

In the sensitivity analysis of the subset of patients from
the combination therapy cohort with>90 days between
index date-1 and index date-2, the change from baseline
in HbA1lc values was evaluated. No clinically significant
difference was observed for DPP4i and SGLT2i between
the two cohorts in either analysis (unadjusted, PSM-
adjusted, and IPTW-adjusted), similar to the results of
the entire analysis population. This sensitivity analysis
showed consistent results to those obtained in the entire
analysis population, supporting that DPP4i and SGLT2i
provided additive effects in relation to HbAlc lowering
when added to treatment with metformin. However, the
interpretation of the hypoglycemic effects of SU, TZD,
a-GI, glinide, and GLP-1Ra is limited because of the
extremely small number of patients in the subset in the
combination therapy cohort.

By comparing the entire analysis population and with
the sensitivity analysis using the subset, the difference
between the two cohorts in the change from baseline in
HbA1c values tended to be slightly positive (in the direc-
tion of antagonism) in the sensitivity analysis for most
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drugs. This result indicates that the hypoglycemic effect
of metformin may be carried over if the duration between
the first date of metformin prescription and the date of
concomitant prescription of another NAA was <90 days.
However, the sensitivity analysis also showed no clinically
significant difference between the cohorts for DPP4i and
SGLT?2i.

This study had several limitations. First, the medical
data used in this study has the disadvantage that it is not
traceable if the patients were transferred to other hospitals
[10], and diagnoses and treatments performed at other
hospitals were not recorded. Second, the small number of
patients prescribed SU, TZD, a-GI, glinide, or GLP-1Ra
drug classes in the combination therapy cohort limited
the interpretation of the results. However, the number
of patients prescribed DPP-4i or SGLT2i drug classes in
the combination therapy cohort was sufficient for inter-
pretation. In addition, selection bias requires considera-
tion because only a limited number of hospital laboratory
values were included in the study. Although confounding
adjustment was performed using propensity scores for
factors considered related to changes in HbAlc, all nec-
essary factors may not have been adjusted (e.g., duration
of diabetes, history of hypoglycemia unawareness) due to
the limited information available in the database.

Conclusions

In conclusion, the degree of pharmacodynamic interac-
tion of metformin with other hypoglycemic agents was
comprehensively evaluated for each drug class using indi-
vidual patient data obtained from the medical informa-
tion database. According to the results of this study, the
effect of DPP4i or SGLT2i added to metformin seems
to be additive with respect to the reduction in HbAlc.
Therefore, it is possible to infer what degree of hypogly-
cemic effect can be expected when DPP4i or SGLT?2i is
added to metformin, using public information such as
clinical trial results of a drug that is classified as DPP4i
or SGLT2i.
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