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Introduction: In countries with unrestricted access to healthcare, such as Japan,
patients may initiate a drug at a clinic or hospital and then may visit another
hospital when outcome events occur. Theoretically, an insurance-based
database can capture all outcomes, whereas a hospital-based database can
only capture outcomes when patients visit that hospital. We examined the
difference in outcome event coverage between insurance-based and
hospital-based databases in Japan, and its impact on pharmacoepidemiology
studies, using diabetes drug use and cardiovascular events as an example.
Methods: Using the JMDC payer database, we identified new users of sodium-
glucose cotransporter-2 (SGLT2) inhibitors or dipeptidyl peptidase-4 (DPP-4)
inhibitors as the first choice of treatment for type 2 diabetes. Composite outcome
was defined as the first hospitalization with a diagnosis of heart failure, stroke, or
myocardial infarction. Among patients who initiated drug use at hospitals, we
estimated the proportion of events captured in the same hospital among all
events recorded in the insurance data. Subsequently, considering a hypothetical
hospital-based database study (in which outcome events could only be captured
in the same hospital), we estimated an adjusted hazard ratio (aHR) for
SGLT2 versus DPP-4 inhibitors.
Results: There were 72,556 and 39,214 new users of DPP-4 and SGLT2 inhibitors,
respectively, with no history of cardiovascular events, including 18,325 and
9,478 who initiated treatments at hospitals, respectively. Among the
18,325 patients who initiated DPP-4 inhibitors, 195 events occurred, of which
94 (48%) could be captured in the same hospital. Among the 9,478 patients who
initiated SGLT-2 inhibitors, 89 events occurred, of which 40 (45%) could be
captured in the same hospital. The aHR (95% confidence interval) was 0.74
(0.49–1.12) in the hypothetical hospital-based database study, whereas it was
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0.88 (0.64–1.21) in the insurance-based analysis. A sensitivity analysis restricted to
hospitals in the Japanese Diagnosis Procedure Combination (DPC) system showed
that the percentage exceeded 50% for both the composite and individual
disease events.
Discussion: This Japanese study revealed that nearly half (over half when restricted
to DPC hospitals) of cardiovascular events were captured in the same hospital
where the diabetes drug was initiated.

KEYWORDS

pharmacoepidemiology, administrative claims database, hospital database, diabetes,
dipeptidyl peptidase-4 inhibitors, sodium-glucose cotransporter-2 inhibitors

1 Introduction

Over the past decades, an increasing number of
pharmacoepidemiology studies have been conducted worldwide,
utilizing databases of routinely collected healthcare data, such as
administrative claims data and electronic health records of clinics
and/or hospitals. Routinely collected healthcare databases can be
classified as (i) integrated healthcare databases (consisting of any
available healthcare records, which are linked with personal
identifiers), (ii) primary care-based databases (consisting of
records from general practitioners or clinics), (iii) hospital-based
databases (consisting of records from hospitals), and (iv)
administrative claims databases (consisting of claims data of
people with relevant insurance) (Carrero et al., 2023). Each
country or region may have some of these databases, depending
on the underlying healthcare and insurance system. For example, in
Japan, there are mainly two types of databases (Kumamaru et al.,
2024): hospital-based databases such as the Diagnosis Procedure
Combination (DPC) database (Yasunaga, 2024a) and the Medical
Information Database NETwork (MID-NET®) (Yamaguchi et al.,
2019), as well as many Japanese disease registries (Clinical
Innovation Network); and administrative claims databases or
insurance-based databases, such as the National Database of
Health Insurance Claims (Yasunaga, 2024b) and the JMDC payer
database (Nagai et al., 2021).

In pharmacoepidemiology studies, specifically cohort studies
comparing the use of two or more drugs for the incidence of
outcome events associated with drug safety or effectiveness, the
traceability of the studied database (i.e., to what extent information
can be comprehensively captured for each patient) is important
(Carrero et al., 2023). Notably, in hospital-based databases, unless
the data is linked to other data sources (such as insurance-based
claims data and follow-up surveys by telephone call), the data are
recorded only when a patient visits the same hospital. Such data
fragmentation may cause misclassification of outcome status and
(informative) loss-to-follow-up, potentially leading to biased study
results (Carrero et al., 2023). Despite these potential concerns,
Japanese hospital-based databases have been actively used for
international collaborative research, together with other types of
databases in other countries (Kohsaka et al., 2020; Khunti et al.,
2021; Kosiborod et al., 2018; Heerspink et al., 2020; Kohsaka et al.,
2021; Lam et al., 2021; Goh et al., 2023; Vistisen et al., 2023; Karasik
et al., 2023; Sheu et al., 2022; Seino et al., 2021).

In Japan, unrestricted access to healthcare is allowed under the
universal healthcare system (Ikegami et al., 2011), and patients can
visit any medical institution, either a clinic or hospital. To encourage

patients with mild chronic diseases (e.g., diabetes) to visit clinics,
some Japanese hospitals have introduced a system of additional fees
for patients who directly visit large hospitals without referral letters.
However, some patients prefer to visit large hospitals directly for
specialist consultations. This means that pharmacoepidemiology
studies on chronic diseases (e.g., diabetes) can be performed
using Japanese hospital-based databases (Kohsaka et al., 2020;
Khunti et al., 2021; Kosiborod et al., 2018; Heerspink et al., 2020;
Kohsaka et al., 2021; Lam et al., 2021; Goh et al., 2023; Vistisen et al.,
2023; Karasik et al., 2023; Sheu et al., 2022; Seino et al., 2021).
However, patients who initiate a drug in one hospital may visit other
hospitals when outcome events occur. To the best of our knowledge,
no Japanese study has been conducted to assess the extent to which
the outcome events of patients who initiate a drug in a hospital can
be captured in the same hospital, and its impact on
pharmacoepidemiology studies.

In the present study, assuming a pharmacoepidemiology
research comparing new users of dipeptidyl peptidase-4 (DPP-4)
inhibitors and sodium-glucose cotransporter-2 (SGLT2) inhibitors
for cardiovascular events, we aimed to assess the concordance or
discordance of hospitals where drug use was initiated and where
outcome events were captured using an insurance-based database
(in which prescriptions and outcomes are recorded, with medical
institution IDs of each visit). We also assessed how this impacts a
hypothetical hospital-based database study (in which prescriptions
and outcomes are captured only in the same hospital where drug
treatment was initiated). Both DPP-4 and SGLT2 inhibitors have
been selected as the first choice for type 2 diabetes in Japanese
clinical practice, and they are appropriate active comparators in the
Japanese context.

2 Materials and methods

2.1 Data source

The JMDC payer database has been detailed previously (Nagai
et al., 2021). JMDC Inc. (formerly Japan Medical Data Center Co.
until 2018) has obtained individual medical claims and annual
health checkup data from participating associations within the
Japanese Health Insurance Societies for employee insurance,
which cover companies with ≥700 regular employees or groups
of companies with a total of ≥3,000 regular employees, as well as
their dependents aged <75 years. Since 2005, the number of
individuals included in the JMDC payer database has consistently
increased, reaching a cumulative total of over 20 million by the end
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of 2024. The JMDC payer database includes all monthly claims for
outpatient and inpatient diagnoses recorded using the original
Japanese diagnosis codes, corresponding to the International
Classification of Diseases and Related Health Problems, 10th
Revision (ICD-10) codes. The database also includes data on
medical procedures and drug prescription and dispensation
recorded using the original Japanese drug codes and product
names, as well as the World Health Organization Anatomical
Therapeutic Chemical (WHO-ATC) classification. In addition,
the database includes anonymized IDs of medical institutions,
with which we could discern which drug was prescribed by
which medical institution, as well as the type of medical
institution (clinic or hospital). Moreover, the JMDC payer
database includes the results of annual health checks provided by
health insurance associations, such as hemoglobin A1c (HbA1c),
body mass index (BMI), and smoking status.

In this study, we used the most recent dataset, extracted in
December 2024, which includes data from January 2005 to
November 2024. The data used in this study were anonymized
and processed anonymously by JMDC Inc.

2.2 Ethics statement

The study was conducted in accordance with the principles of
the Declaration of Helsinki. The study was approved by the Ethics
Committee of the Institute of Medicine, University of Tsukuba
(approval number: 2,127). The need for informed consent was
waived because of the anonymous nature of the data.

2.3 Study population and exposure

We identified new users of any diabetes drugs (WHO-ATC code
A10), defined as those who did not receive prescription or
dispensation for any of these drugs for 6 months since
registration to the JMDC payer database and then initiating one
of these drugs. Among these, we identified those initiating DPP-4 or
SGLT2 inhibitors (WHO-ATC codes A10BH or A10BK,
respectively). The first “dispensation date” was determined as the
day the patient initiated the studied drug (“day 0”).

We then excluded (i) patients who did not receive diabetes
diagnoses (ICD-10 codes E11–E14) on day 0 or before, (ii) patients
with type 1 diabetes (ICD-10 codes E10) on day 0 or before, (iii)
patients who initiated the studied drug at inpatient setting, (iv)
patients who started another class of diabetes drugs other than the
studied drug (meaning that only new users of DPP-4 inhibitors or
SGLT2 inhibitors as the first choice of treatments for type 2 diabetes
would be included in the present study), and (v) patients with no
follow-up because they initiated the studied drug on their last day
according to the JMDC payer database. In addition, for composite
and individual outcome events (as shown below), each analysis
excluded patients with a history of that outcome, recorded as either
an inpatient or outpatient diagnosis (which could suggest a history
even before the patient was registered to the JMDC payer database),
if its start date of consultation (“shinryo-kaishi-nengappi” in the
Japanese claims data) was on day 0 or before.

2.4 Outcomes

Considering the number of outcome events (shown later) in the
main analysis, composite outcome was defined as the first
hospitalization with a diagnosis of (i) heart failure (ICD-10 codes
I50, I11.0, I13.0, or I13.2), (ii) stroke (ICD-10 codes I60–I63), or (iii)
myocardial infarction (ICD-10 codes I21–I23) regardless of code
position. In a Japanese validation study evaluating similar ICD-10
codes in patients with type 2 diabetes among over 200 hospitals, the
positive predictive value (PPV) was over 95.7% for heart failure,
nearly 88.9% for stroke, and 78.7% for myocardial infarction (Ono
et al., 2020). In another validation study evaluating the ICD-10 codes
in the DPC database among four hospitals, the sensitivity, specificity,
and PPV was 68.8%, 97.5%, and 75.9%, respectively, for congestive
heart failure; 50.0%, 98.9%, and 86.4%, respectively, for
cerebrovascular disease; and 52.2%, 99.7%, and 92.3%,
respectively, for myocardial infarction (Yamana et al., 2017).

We determined whether the medical institution ID recorded for
the diagnosis was the same as or different from the medical
institution ID recorded for the initiation of the studied drug.

The analysis was repeated for each disease event: heart failure,
stroke, and myocardial infarction.

2.5 Follow-up

Follow-up started on day 0 and ended at the earliest of the
following: incidence of outcome events (i.e., composite event in the
main analysis and each disease event in additional analysis);
withdrawal from the JMDC payer database (suggesting loss of
employee insurance or withdrawal of the health insurance
association from contributing to the JMDC payer database); end
of November 2024; start or switch to another diabetes drug (because
subsequent outcomesmay be due to either the initial drug or another
drug); or timing of discontinuation of the initiated drug. To define
the timing of discontinuation of the initiated drug, we assumed that
the initiated drug was continued if the next dispensation was
observed within the end of the current dispensation (that is, the
calendar date of dispensation plus the number of days dispensed)
plus 60 days as the gap period for potential stockpiling. If the next
dispensation was not observed during this period, we assumed that
the initiated drug was discontinued at the end of the last
dispensation plus 60 days.

2.6 Covariates

As potential confounding factors, in addition to age, sex, and
year of drug initiation, we identified drug prescription and
dispensation for hypertension (WHO-ATC codes C02, C03, C07,
C08, or C09), dyslipidemia (WHO-ATC codes C10), and
hyperuricemia (WHO-ATC codes M04) on day 0 or before.
From the annual health check-up data, we identified the most
recent HbA1c levels, BMI, and smoking status prior to drug
initiation. Some patients had missing values for these health
check-up variables, who were excluded from the last model
(model 4) adjusting for these variables (as shown below).
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2.7 Statistical analysis

Baseline patient characteristics were described by initiated drug
type (DPP-4 or SGLT2 inhibitors) and medical institution type
(clinic or hospital), with their p-values (by t-tests or chi square tests
as appropriate) and standardized mean differences.

Focusing on patients who started to use the studied drug at
hospitals, we estimated the proportion of events captured in the
same hospital among all events recorded in the insurance-based
claims data. In addition, to visualize the temporal trend, we plotted
the total number of events as well as the number and proportion of
events captured in the same hospital, by year of outcome event
occurrence.

In the entire JMDC payer database and by type of medical
institution (clinic or hospital) where the drug was initiated, we
estimated the incidence rates of the outcome events in each group
and conducted Cox regression analyses to compare new users of SGLT-
2 inhibitors with new users of DPP4 inhibitors (reference group)
regarding the incidences of these events. We estimated crude hazard
ratios (HRs) and adjusted HRs (aHRs) using four models: model one
adjusted for age and sex; model two adjusted for age, sex, year and
medication for hypertension, dyslipidemia, and hyperuricemia; model
three was based on an inverse probability weighting of propensity score
calculated from age, sex, year and medication for hypertension,
dyslipidemia, and hyperuricemia to estimate an average treatment
effect; and model four adjusted for age, sex, year and medication for
hypertension, dyslipidemia, and hyperuricemia, HbA1c level, BMI, and
smoking status, as a complete case analysis.

Finally, considering a hypothetical hospital-based database
study (in which prescriptions and outcome events could be
captured only in the same hospital), we repeated the
aforementioned analysis but considered the outcome event only
when it was recorded in the same hospital. We used only
information on prescriptions and outcome events recorded at the
same hospital where the studied drug was initiated. The result of
model three was compared to that of insurance-based analysis.
Model four was not constructed owing to the limited number of
outcome events (as shown later) and because the hypothetical
hospital-based database study would not have included annual
health checkup data from the community.

As a sensitivity analysis, we focused only on hospitals
participating in the Japanese DPC system, established by the
Ministry of Health, Labour and Welfare (MHLW) in Japan in
2002. The DPC system is a case-mix patient classification
framework linked to a per-diem lump-sum payment system for
inpatients (Yasunaga, 2024a). This is because several hospital-based
databases in Japan, such as the DPC database and MID-NET®,
consist of only DPC hospitals.

All analyses were performed using STATA version 17 software
(StataCorp, College Station, TX, USA).

3 Results

3.1 Patient characteristics

Among over 20 million people in the JMDC payer database,
we identified 158,268 new users of DPP-4 or SGLT2 inhibitors

(Figure 1). After applying the exclusion criteria, there were
82,154 new users of DPP-4 inhibitors (including 60,028 and
22,126 patients who initiated treatment at clinics and hospitals,
respectively) and 49,562 new users of SGLT2 inhibitors (including
35,111 and 14,451 patients who initiated treatment at clinics and
hospitals, respectively). Comparing baseline characteristics by drug
type, new users of SGLT2 inhibitors were slightly younger; initiated
the drug in more recent years; had smaller Hb1c level and higher
BMI; were more likely to use drugs for hypertension, dyslipidemia,
and hyperuricemia; and were more likely to have a history of heart
failure andmyocardial infarction (Table 1). Comparing outcomes by
medical institution type, patients who initiated treatment at
hospitals were more likely to have a history of heart failure,
stroke, and myocardial infarction than those who initiated
treatment at clinics (Supplementary Table S1).

3.2 Composite outcome

Regarding composite outcome in the main analysis, after
excluding patients with a history of heart failure, stroke, and
myocardial infarction, 72,556 and 39,214 new users of DPP-4
and SGLT2 inhibitors, including 18,325 and 9,478 who initiated
drug use at hospitals, respectively, were analyzed.

Among the 18,325 patients who initiated DPP-4 inhibitors at
hospitals, 195 events occurred, of which 94 (48%) were captured in
the same hospital (Table 2). Among the 9,478 patients who initiated
SGLT-2 inhibitors at hospitals, 89 events occurred, of which 40
(45%) were captured in the same hospital. By year of outcome
occurrence, some fluctuations were observed in the proportions of
outcome events captured at the same hospital, especially during the
COVID-19 pandemic (Figure 2). Table 2 shows the sensitivity
analysis restricted to DPC hospitals. Among 11,278 patients who
initiated DPP-4 inhibitors at DPC hospitals, 126 events occurred, of
which 73 (58%) were captured in the same DPC hospital. Among
6,181 patients who initiated SGLT-2 inhibitors at DPC hospitals,
60 events occurred, of which 32 (53%) were captured in the same
DPC hospital.

3.3 Each disease outcome

Regarding each disease outcome, among patients who initiated
DPP-4 and SGLT2 inhibitors at hospitals with no history of that
disease, the outcome event coverages in the same hospital were 49%
(68/138) and 49% (29/59) for heart failure, 44% (34/78) and 55%
(30/55) for stroke, and 38% (18/48) and 38% (14/37) for myocardial
infarction, respectively. However, in the sensitivity analysis
restricted to DPC hospitals, all percentages were higher,
exceeding 50%: 53% (49/92) and 57% (25/44) for heart failure,
59% (30/51) and 59% (24/41) for stroke, and 57% (16/28) and 52%
(14/27) for myocardial infarction, respectively.

3.4 The insurance-based analysis

In the JMDC payer database, overall (i.e., combining patients
who initiated the studied drugs at clinics and hospitals), the
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incidence rate (95% confidence interval) of the composite outcome
was 6.5 (6.0–7.1) and 5.7 (5.1–6.5) among new users of DPP-4 and
SGLT2 inhibitors, respectively. The crude HR (SGLT2 vs DPP-4
inhibitors as a reference group) was 0.88 (0.76–1.02) and the aHR in
model 3 (based on an inverse probability weighting of propensity
score calculated from age, sex, year, and drugs for hypertension,
dyslipidemia, and hyperuricemia) was 0.94 (0.80–1.11) (Table 3). By
type of medical institution, the incidence rates were higher among
those who initiated the studied drugs at hospitals than among those
who initiated them at clinics. Among patients who initiated DPP-4
and SGLT2 inhibitors at hospitals, the incidence rates of the
composite outcome (captured in the insurance-based claims data)
was 9.6 (8.3–11.0) and 8.2 (6.7–10.1), respectively. The crude and
adjusted HRs tended to be slightly lower among those who initiated
the studied drugs at hospitals than among those who initiated them at
clinics (Table 3). Among new users at hospitals, the crudeHRwas 0.86
(0.67–1.10) and the aHR in model three was 0.88 (0.64–1.21).

3.5 The hypothetical hospital-based analysis

In the hypothetical hospital-based database study, the incidence
rates of the composite outcome (captured in the same hospital where
treatment was initiated) was 4.7 (3.8–5.8) and 3.9 (2.8–5.3) among
new users of DPP-4 and SGLT2 inhibitors, respectively, suggesting
that the incidence rate was underestimated (by nearly half)
compared to that estimated in the insurance-based claims data.
The crude HR was 0.84 (0.57–1.22) and the aHR in model three was
0.74 (0.49–1.12), suggesting that the point estimates of the HRs were

roughly similar (slightly lower), but their confidence intervals were
larger than those estimated using the insurance-based claims data.
The findings of the sensitivity analysis restricted to DPC hospitals
were similar. By each disease outcome, the findings of heart failure
outcome were similar to those of the composite outcome, whereas
those of stroke and myocardial infarction outcomes showed some
fluctuations owing to the smaller number of events (Supplementary
Tables S2–S4).

4 Discussion

We examined differences in outcome event coverage between
insurance-based and hypothetical hospital-based database studies in
Japan, and evaluated the impact on pharmacoepidemiologic studies,
using diabetes drug use and cardiovascular events as an example.
The findings showed that nearly half of cardiovascular events (over
half when restricted to DPC hospitals) were captured in the same
hospital where the drugs were initiated, leading to underestimation
of absolute risks and roughly similar relative risks but wider
confidence intervals. At least the point estimates suggested the
superior (protective) effect of SGLT2 inhibitors to DPP-4
inhibitors on the risk of cardiovascular events in both insurance-
based and hypothetical hospital-based database studies.

Hospital-based databases, consisting of data from individual
hospitals with or without standardized formats, are important data
sources for pharmacoepidemiology. Compared with insurance-
based databases, the strengths of hospital-based databases include
availability of electronic health records (including details in patient

FIGURE 1
Flow chart of the study. DPP-4, dipeptidyl peptidase-4; SGLT2, sodium-glucose cotransporter-2.
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TABLE 1 Baseline characteristics of participants.

Variables New users of DPP-4 inhibitors
N = 82,154

New users of SGLT2 inhibitors
N = 49,562

P-value SMD

Type of medical institutions (%) <0.001

Clinics 60,028 (73.1) 35,111 (70.8) 0.050

Hospitals 22,126 (26.9) 14,451 (29.2) 0.050

Age, mean (SD) 54.6 (9.8) 52.5 (10.1) <0.001 0.211

Sex, n (%) 0.061

Men 59,076 (71.9) 35,876 (72.4) 0.011

Women 23,078 (28.1) 13,686 (27.6) 0.011

Year, n (%) <0.001

2009–2013 5,895 (7.2) 0 (0) 0.393

2014 3,256 (4.0) 210 (0.4) 0.243

2015 3,334 (4.1) 422 (0.9) 0.208

2016 4,602 (5.6) 1,000 (2.0) 0.188

2017 6,423 (7.8) 1,779 (3.6) 0.183

2018 7,919 (9.6) 2,948 (5.9) 0.138

2019 8,909 (10.8) 4,016 (8.1) 0.094

2020 9,275 (11.3) 4,881 (9.8) 0.047

2021 10,373 (12.6) 7,876 (15.9) 0.093

2022 9,018 (11.0) 9,325 (18.8) 0.221

2023 9,303 (11.3) 11,619 (23.4) 0.324

2024 3,847 (4.7) 5,486 (11.1) 0.239

HbA1c, mean (SD) 7.5 (1.5) 6.9 (1.4) <0.001 0.414

Missing, n (%) 19,934 (24.3) 9,280 (18.7) <0.001 0.135

Body mass index, mean (SD) 26.9 (4.7) 29.1 (5.3) <0.001 0.439

Missing, n (%) 15,570 (19.0) 7,463 (15.1) <0.001 0.104

Smoking history, n (%) <0.001

Yes 25,795 (31.4) 14,840 (29.9) 0.032

No 40,412 (49.2) 27,032 (54.5) 0.107

Missing 15,947 (19.4) 7,690 (15.5) 0.103

Prescriptions, n (%)

Drugs for hypertension 41,395 (50.4) 30,363 (61.3) <0.001 0.220

Drugs for dyslipidemia 35,965 (43.8) 25,209 (50.9) <0.001 0.142

Drugs for hyperuricemia 11,950 (14.5) 11,702 (23.6) <0.001 0.232

Previous diagnosis history, n (%)

Heart failure 6,868 (8.4) 9,126 (18.4) <0.001 0.299

Stroke 3,096 (3.8) 1,695 (3.4) 0.001 0.019

Myocardial infarction 841 (1.0) 1,200 (2.4) <0.001 0.108

SD, standard deviation; SMD, standardized mean difference; DPP-4, dipeptidyl peptidase-4, SGLT2 = sodium-glucose cotransporter-2.
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notes) and examination results in daily clinical practice, such as
blood test results and imaging data. However, their major weakness
seems to be the lack of traceability of patient visit to other hospitals
and clinics, unless linked to other data sources (e.g., insurance-based
claims data and follow-up surveys by telephone call). This can cause

misclassification of outcome events and (informative) loss-to-
follow-up, possibly leading to bias in the study results. Therefore,
hospital-based databases may bemore suitable for inpatient research
(as patients are traceable during hospitalization) than for outpatient
research. Nonetheless, hospital-based databases, including those in

TABLE 2 Number of outcome events in the insurance-based claims data and those captured in the same medical institution.

Drugs Type of medical
institutions starting
the drug

No. of new users with
no history of that
outcome

No. of outcome events in
the insurance-based
claims data (%)

No. of outcomes events
captured in the samemedical
institution (%)

Composite outcome

DPP-4
inhibitors

Clinics 54,231 390 n/a

Hospitals 18,325 195 (100%) 94 (48%)

DPC hospitals only (sensitivity
analysis)

11,278 126 (100%) 73 (58%)

SGLT-2
inhibitors

Clinics 29,736 173 n/a

Hospitals 9,478 89 (100%) 40 (45%)

DPC hospitals only (sensitivity
analysis)

6,181 60 (100%) 32 (53%)

Heart failure

DPP-4
inhibitors

Clinics 55,909 220 n/a

Hospitals 19,377 138 (100%) 68 (49%)

DPC hospitals only (sensitivity
analysis)

11,991 92 (100%) 49 (53%)

SGLT-2
inhibitors

Clinics 30,519 98 n/a

Hospitals 9,917 59 (100%) 29 (49%)

DPC hospitals only (sensitivity
analysis)

6,509 44 (100%) 25 (57%)

Stroke

DPP-4
inhibitors

Clinics 58,155 166 n/a

Hospitals 20,903 78 (100%) 34 (44%)

DPC hospitals only (sensitivity
analysis)

13,196 51 (100%) 30 (59%)

SGLT-2
inhibitors

Clinics 34,116 74 n/a

Hospitals 13,751 55 (100%) 30 (55%)

DPC hospitals only (sensitivity
analysis)

9,817 41 (100%) 24 (59%)

Myocardial infarction

DPP-4
inhibitors

Clinics 59,580 104 n/a

Hospitals 21,733 48 (100%) 18 (38%)

DPC hospitals only (sensitivity
analysis)

13,736 28 (100%) 16 (57%)

SGLT-2
inhibitors

Clinics 34,611 53 n/a

Hospitals 13,751 37 (100%) 14 (38%)

DPC hospitals only (sensitivity
analysis)

9,762 27 (100%) 14 (52%)

DPC, diagnosis procedure combination; DPP-4, dipeptidyl peptidase-4, SGLT2 = sodium-glucose cotransporter-2.

Frontiers in Pharmacology frontiersin.org07

Ando et al. 10.3389/fphar.2025.1642522

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1642522


Japan, are used in outpatient research on common diseases such as
diabetes (Kohsaka et al., 2020; Khunti et al., 2021; Kosiborod et al.,
2018; Heerspink et al., 2020; Kohsaka et al., 2021; Lam et al., 2021;
Goh et al., 2023; Vistisen et al., 2023; Karasik et al., 2023; Sheu et al.,
2022; Seino et al., 2021). To our knowledge, the present study is the
first to quantify potential biases arising from data fragmentation in
hospital-based databases in Japan, using diabetes drugs and
cardiovascular events.

As expected, the present study showed that diabetes drugs, as the
first choice for type 2 diabetes, were initiated in both clinics and
hospitals, reflecting unrestricted access to healthcare in Japan.
However, the incidence rates of cardiovascular events were
underestimated by nearly half (more than half when restricted to
DPC hospitals). When the outcome event coverage is similar between
compared groups, relative risks (e.g., HR) remain roughly similar, but
confidence intervals become larger owing to the smaller number of
outcomes than that in the insurance-based studies.

The differentiation between DPC hospitals and non-DPC hospitals,
may affect study results. In Japan, all university hospitals are required to
participate in the DPC system, whereas community hospitals participate
voluntarily. Although both are acute care hospitals in Japan, DPC
hospitals are larger (Yamaguchi et al., 2024), better equipped
(Ishimaru et al., 2022), and may be more efficient (Besstremyannaya,
2013) than non-DPC hospitals. These characteristics support our
finding that the outcome event coverages in the same hospital were
larger when restricted to DPC hospitals, especially for stroke
(Supplementary Table S3) and myocardial infarction (Supplementary
Table S4). In other words, patients who started drug treatment in non-

DPC hospitals were more likely to be transferred to DPC hospitals for
stroke and myocardial infarction. This finding may support the use of
data from DPC hospitals for better traceability.

The present study has several limitations. First, the generalizability
of our results to other diseases is unknown, although cardiovascular
events are expected to represent urgent or emergent clinical situations.
Second, the JMDC payer database covers individuals aged <75 years,
mostly those aged <65 years. It is possible that older people are more
or less likely to be transferred to hospitals different from the ones
where they initiated drug treatment, compared with younger people.
Third, although our primary focus was on the outcome event
coverage, instead of a rigorous comparison between DPP-4 and
SGLT2 inhibitors for cardiovascular events, the estimated relative
risk (aHR) may have been affected by unmeasured and/or residual
confounding factors. Previous real-world database studies have
concluded that SGLT2 inhibitors are superior to DPP-4 inhibitors
in reducing the risk of major adverse cardiac or cerebrovascular
events, especially heart failure events (Ng et al., 2025; Kim et al.,
2024; D’Andrea et al., 2023; Xie et al., 2023; Rhee et al., 2022; Han
et al., 2021; Persson et al., 2018; Filion et al., 2020). The lack of a
statistically significant difference in our present study may be due to
potential unmeasured and/or residual confounding factors, as well as
the small number of outcome events in the relatively younger
population in the JMDC payer database. In addition, validity of
diagnoses might have affected (diluted) the results, although the
small number of outcome events did not allow algorithm creation
for outcome definition (e.g., a diagnosis code plus a procedure code or
a specific drug treatment), which would have further reduced the

FIGURE 2
Number of composite outcome events among patients initiating DPP-4 inhibitors or SGLT2 inhibitors at hospitals by year of outcome event
occurrence.
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TABLE 3 Incidence rates and hazard ratios comparing new users of DPP-4 and SGLT2 inhibitors for the composite outcome.

Type of analysis DPP-4 inhibitors SGLT2 inhibitors Hazard ratio (95% CI) comparing new users of
SGLT2 inhibitors and DPP-4 inhibitors (references
group)

No. of events/
No. of new users
with no history of
that outcome

Incidence rate
(per 1000 PY)
(95% CI)

No. of events/
No. of new users
with no history of
that outcome

Incidence rate
(per 1000 PY)
(95% CI)

Unadjusted Model
1*

Model
2**

Model
3***

Model
4****

Overall in the JMDC payer
database

585/72,556 6.5 (6.0–7.1) 262/39,214 5.7 (5.1–6.5) 0.88
(0.76–1.02)

1.02
(0.88–1.18)

0.98
(0.84–1.15)

0.94
(0.80–1.11)

1.04
(0.87–1.25)

Subgroup analysis of new
users at clinics in the JMDC
payer database

390/54,231 5.6 (5.1–6.2) 173/29,736 5.0 (4.3–5.8) 0.89
(0.75–1.07)

1.03
(0.85–1.23)

0.98
(0.81–1.19)

0.96
(0.79–1.18)

1.00
(0.80–1.25)

Subgroup analysis of new
users at hospitals in the JMDC
payer database

195/18,325 9.6 (8.3–11.0) 89/9,478 8.2 (6.7–10.1) 0.86
(0.67–1.10)

0.97
(0.75–1.26)

0.94
(0.71–1.24)

0.88
(0.64–1.21)

1.11
(0.80–1.54)

Hypothetical hospital-based
analysis

86/18,325 4.7 (3.8–5.8) 39/9,478 3.9 (2.8–5.3) 0.84
(0.57–1.22)

0.93
(0.64–1.37)

0.90
(0.60–1.37)

0.74
(0.49–1.12)

n/a

Hypothetical DPC hospital-
based analysis (sensitivity
analysis)

65/11,278 6.3 (5.0–8.1) 32/6,181 4.9 (3.5–7.0) 0.80
(0.53–1.23)

0.92
(0.60–1.41)

0.81
(0.51–1.30)

0.68
(0.42–1.09)

n/a

CI, confidence interval; PY, person-years; DPC, diagnosis procedure combination; DPP-4, dipeptidyl peptidase-4, SGLT2 = sodium-glucose cotransporter-2.

*Model one was adjusted for age (continuous variable) and sex.

**Model two was adjusted for age (continuous variable), sex, year of drug initiation (continuous variable), medications for hypertension, dyslipidemia, and hyperuricemia.

***Model three was based on an inverse probability weighting of propensity score calculated from age (continuous variable), sex, year of drug initiation (continuous variable), medications for hypertension, dyslipidemia, and hyperuricemia to estimate an average

treatment effect.

****Model four was adjusted for age (continuous variable), sex, year of drug initiation (continuous variable), medications for hypertension, dyslipidemia, and hyperuricemia, HbA1c levels, body mass index, and smoking history a complete case analysis. Overall in the

JMDC, payer database, 86,681 patients were analyzed and there were 632 outcomes; in a subgroup of new users at clinics, 65,990 patients were analyzed and there were 431 outcomes; in a subgroup of new users at hospitals, 20,691 patients were analyzed and there were

201 outcomes.

Note: the number of outcome events in the hypothetical hospital-based analysis were slightly lower than those in Table 2 because of its different follow-up strategy (for “start or switch to another diabetes drug” and “timing of discontinuation of the initiated drug”) based

on only prescriptions in the same hospital initiating the drug.
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number of outcome events. Moreover, we were unable to differentiate
admission diagnosis from post-admission diagnosis in the insurance-
based claims data; therefore, we assumed that events occurred on the
day of hospital admission. Finally, to ensure simplicity and increase
comparability in our hypothetical hospital-based analysis, we set the
study population and covariate definitions to be the same as those in
the insurance-based analysis, whereas the definitions of outcomes and
follow-up were based only on the same hospital where drug treatment
was initiated. In a genuine hospital-based database study, the study
population and covariate definitions may also differ from those in
insurance-based database studies, possibly causing additional
discrepancies.

In conclusion, through this methodological study of diabetes
drugs and cardiovascular events in Japan, we evaluated the
difference in outcome event coverage between insurance-based
and hypothetical hospital-based database studies. The findings
showed that nearly half (more than half when restricted to DPC
hospitals) of cardiovascular events were captured in the same
hospital where drug treatment was initiated. While outpatient
research in Japanese hospital-based databases is possible,
researchers and readers should consider the potential limitations
arising from limited traceability of patients.

Data availability statement

The datasets presented in this article are not readily available
because we obtained data from JMDC Inc. and did not obtain
permission to share these data with other parties. Researchers who
meet the access criteria can acquire de-identified participant data
from JMDC Inc. (https://www.jmdc.co.jp/en/). Requests to access
the datasets should be directed to https://www.jmdc.co.jp/en/.

Ethics statement

The studies involving humans were approved by Ethics Committee
of the Institute of Medicine, University of Tsukuba (approval number:
2127). The studies were conducted in accordance with the local
legislation and institutional requirements. The ethics committee/
institutional review board waived the requirement of written
informed consent for participation from the participants or the
participants’ legal guardians/next of kin because the need for
informed consent was waived due to the anonymous nature of the data.

Author contributions

TA: Formal Analysis, Methodology, Writing – original draft,
Conceptualization. TH: Writing – original draft, Formal Analysis,
Methodology, Conceptualization. CI: Conceptualization,
Writing – review and editing, Methodology. JK: Data curation,
Writing – review and editing, Software, Resources. TK:
Methodology, Writing – review and editing. MI: Methodology,
Conceptualization, Resources, Data curation, Writing – original
draft, Software, Visualization, Formal Analysis, Project
administration, Supervision.

Funding

The author(s) declare that financial support was received
for the research and/or publication of this article. This article
was funded by JMDC Inc. as part of joint research between the
Department of Digital Health, Institute of Medicine, University
of Tsukuba and JMDC Inc. The funding agency played no role
in the study.

Acknowledgments

Although Takashi Ando, Tomoaki Hasegawa, and Masao
Iwagami belong to the Pharmaceuticals and Medical Devices
Agency (PMDA) in Tokyo, Japan, the views expressed in this
paper do not necessarily represent those of the PMDA. The
Department of Digital Health, Institute of Medicine,
University of Tsukuba, is conducting joint research with
JMDC Inc. with funding from JMDC Inc. The funding agency
played no role in the study. We would like to thank Editage
(www.editage.com) for their assistance with the English
language editing.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2025.1642522/
full#supplementary-material

Frontiers in Pharmacology frontiersin.org10

Ando et al. 10.3389/fphar.2025.1642522

https://www.jmdc.co.jp/en/
https://www.jmdc.co.jp/en/
http://www.editage.com
https://www.frontiersin.org/articles/10.3389/fphar.2025.1642522/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2025.1642522/full#supplementary-material
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1642522


References

Besstremyannaya, G. (2013). The impact of Japanese hospital financing reform on
hospital efficiency: a difference-in-difference approach. Jpn. Econ. Rev. 64, 337–362.
doi:10.1111/j.1468-5876.2012.00585.x

Carrero, J. J., Fu, E. L., Vestergaard, S. V., Jensen, S. K., Gasparini, A.,
Mahalingasivam, V., et al. (2023). Defining measures of kidney function in
observational studies using routine health care data: methodological and reporting
considerations. Kidney Int. 103, 53–69. doi:10.1016/j.kint.2022.09.020

Clinical Innovation Network Registry Search System. (2025). Available online at:
https://cinc.ncgm.go.jp/cin/en/G002-ubg.php (Accessed June 01, 2025).

D’Andrea, E., Wexler, D. J., Kim, S. C., Paik, J. M., Alt, E., and Patorno, E. (2023).
Comparing effectiveness and safety of SGLT2 inhibitors vs DPP-4 inhibitors in patients
with type 2 diabetes and varying baseline HbA1c levels. JAMA Intern. Med. 183,
242–254. doi:10.1001/jamainternmed.2022.6664

Filion, K., Lix, L., Yu, O., Dell’Aniello, S., Douros, A., Shah, B., et al. (2020). Sodium
glucose cotransporter 2 inhibitors and risk of major adverse cardiovascular events:
multi-database retrospective cohort study. BMJ 370, m3342. doi:10.1136/bmj.m3342

Goh, S. Y., Kosiborod, M. N., Lam, C. S. P., Cavender, M. A., Kohsaka, S.,
Norhammar, A., et al. (2023). Lower risk of cardiovascular events and death
associated with initiation of sodium-glucose cotransporter-2 inhibitors versus
sulphonylureas: analysis from the CVD-REAL 2 study. Diabetes Obes. Metab. 25,
2402–2409. doi:10.1111/dom.15092

Han, S. J., Ha, K. H., Lee, N., and Kim, D. J. (2021). Effectiveness and safety of sodium-
glucose co-transporter-2 inhibitors compared with dipeptidyl peptidase-4 inhibitors in
older adults with type 2 diabetes: a nationwide population-based study. Diabetes Obes.
Metab. 23, 682–691. doi:10.1111/dom.14261

Heerspink, H. J. L., Karasik, A., Thuresson, M., Melzer-Cohen, C., Chodick, G.,
Khunti, K., et al. (2020). Kidney outcomes associated with use of SGLT2 inhibitors in
real-world clinical practice (CVD-REAL 3): a multinational observational cohort study.
Lancet Diabetes Endocrinol. 8, 27–35. doi:10.1016/S2213-8587(19)30384-5

Ikegami, N., Yoo, B. K., Hashimoto, H., Matsumoto, M., Ogata, H., Babazono, A.,
et al. (2011). Japanese universal health coverage: evolution, achievements, and
challenges. Lancet 378, 1106–1115. doi:10.1016/S0140-6736(11)60828-3

Ishimaru, M., Taira, K., Zaitsu, T., Inoue, Y., Kino, S., Takahashi, H., et al. (2022).
Characteristics of hospitals employing dentists, and utilization of dental care services for
hospitalized patients in Japan: a nationwide cross-sectional study. Int. J. Environ. Res.
Public Health 19, 6448. doi:10.3390/ijerph19116448

Karasik, A., Lanzinger, S., Chia-Hui Tan, E., Yabe, D., Kim, D. J., Sheu, W. H., et al.
(2023). Empagliflozin cardiovascular and renal effectiveness and safety compared to
dipeptidyl peptidase-4 inhibitors across 11 countries in Europe and Asia: results from
the EMPagliflozin compaRative effectIveness and SafEty (EMPRISE) study. Diabetes
Metab. 49, 101418. doi:10.1016/j.diabet.2022.101418

Khunti, K., Kosiborod, M., Kim, D. J., Kohsaka, S., Lam, C. S. P., Goh, S. Y., et al.
(2021). Cardiovascular outcomes with sodium-glucose cotransporter-2 inhibitors vs
other glucose-lowering drugs in 13 countries across three continents: analysis of CVD-
REAL data. Cardiovasc. Diabetol. 20, 159. doi:10.1186/s12933-021-01345-z

Kim, H., Seo, J. H., Nam, J. H., Lim, Y., Choi, K. H., and Kim, K. (2024). Comparing
ischemic cardiovascular effectiveness and safety between individual SGLT-2 inhibitors
and DPP-4 inhibitors in patients with type 2 diabetes: a nationwide population-based
cohort study. Front. Pharmacol. 15, 1443175. doi:10.3389/fphar.2024.1443175

Kohsaka, S., Lam, C. S. P., Kim, D. J., Cavender, M. A., Norhammar, A., Jørgensen, M.
E., et al. (2020). Risk of cardiovascular events and death associated with initiation of
SGLT2 inhibitors compared with DPP-4 inhibitors: an analysis from the CVD-REAL
2 multinational cohort study. Lancet Diabetes Endocrinol. 8, 606–615. doi:10.1016/
S2213-8587(20)30130-3

Kohsaka, S., Takeda, M., Bodegård, J., Thuresson, M., Kosiborod, M., Yajima, T., et al.
(2021). Sodium-glucose cotransporter 2 inhibitors compared with other glucose-
lowering drugs in Japan: subanalyses of the CVD-REAL 2 study. J. Diabetes
Investig. 12, 67–73. doi:10.1111/jdi.13321

Kosiborod, M., Lam, C. S. P., Kohsaka, S., Kim, D. J., Karasik, A., Shaw, J., et al. (2018).
Cardiovascular events associated with SGLT-2 inhibitors versus other glucose-lowering
drugs: the CVD-REAL 2 study. J. Am. Coll. Cardiol. 71 (23), 2628–2639. doi:10.1016/j.
jacc.2018.03.009

Kumamaru, H., Togo, K., Kimura, T., Koide, D., Iihara, N., Tokumasu, H., et al.
(2024). Inventory of real-world data sources in Japan: annual survey conducted by the
Japanese society for Pharmacoepidemiology Task Force. Pharmacoepidemiol. Drug Saf.
33, e5680. doi:10.1002/pds.5680

Lam, C. S. P., Karasik, A., Melzer-Cohen, C., Cavender, M. A., Kohsaka, S.,
Norhammar, A., et al. (2021). Association of sodium-glucose cotransporter-2
inhibitors with outcomes in type 2 diabetes with reduced and preserved left
ventricular ejection fraction: analysis from the CVD-REAL 2 study. Diabetes Obes.
Metab. 23, 1431–1435. doi:10.1111/dom.14356

Nagai, K., Tanaka, T., Kodaira, N., Kimura, S., Takahashi, Y., and Nakayama, T.
(2021). Data resource profile: JMDC claims database sourced from health insurance
societies. J. Gen. Fam. Med. 22, 118–127. doi:10.1002/jgf2.422

Ng, P. Y., Ng, A. K., Ip, A., Sin, W. C., and Yiu, K. H. (2025). Atherothrombotic
outcomes after sodium-glucose cotransporter 2 inhibitors versus dipeptidyl peptidase-4
inhibitors in patients with type 2 diabetes: a territory-wide retrospective cohort study.
J. Am. Heart Assoc. 14, e037207. doi:10.1161/JAHA.124.037207

Ono, Y., Taneda, Y., Takeshima, T., Iwasaki, K., and Yasui, A. (2020). Validity of
claims diagnosis codes for cardiovascular diseases in diabetes patients in Japanese
administrative database. Clin. Epidemiol. 12, 367–375. doi:10.2147/CLEP.S245555

Persson, F., Nyström, T., Jørgensen, M. E., Carstensen, B., Gulseth, H. L., Thuresson,
M., et al. (2018). Dapagliflozin is associated with lower risk of cardiovascular events and
all-cause mortality in people with type 2 diabetes (CVD-REAL Nordic) when compared
with dipeptidyl peptidase-4 inhibitor therapy: a multinational observational study.
Diabetes Obes. Metab. 20, 344–351. doi:10.1111/dom.13077

Rhee, J. J., Han, J., Montez-Rath, M. E., Kim, S. H., Cullen, M. R., Stafford, R. S., et al.
(2022). Cardiovascular outcomes associated with prescription of sodium-glucose co-
transporter-2 inhibitors versus dipeptidyl peptidase-4 inhibitors in patients with
diabetes and chronic kidney disease. Diabetes Obes. Metab. 24, 928–937. doi:10.
1111/dom.14657

Seino, Y., Kim, D. J., Yabe, D., Tan, E. C., Chung, W. J., Ha, K. H., et al. (2021).
Cardiovascular and renal effectiveness of empagliflozin in routine care in East Asia:
results from the EMPRISE East Asia study. Endocrinol. Diabetes Metab. 4, e00183.
doi:10.1002/edm2.183

Sheu, W. H., Seino, Y., Tan, E. C., Yabe, D., Ha, K. H., Nangaku, M., et al. (2022).
Healthcare resource utilization in patients treated with empagliflozin in East Asia.
J. Diabetes Investig. 13, 810–821. doi:10.1111/jdi.13728

Vistisen, D., Carstensen, B., Elisabetta, P., Lanzinger, S., Tan, E. C., Yabe, D.,
et al. (2023). Empagliflozin is associated with lower cardiovascular risk compared
with dipeptidyl peptidase-4 inhibitors in adults with and without cardiovascular
disease: EMPagliflozin compaRative effectIveness and SafEty (EMPRISE) study
results from Europe and Asia. Cardiovasc. Diabetol. 22, 233. doi:10.1186/s12933-
023-01963-9

Xie, Y., Bowe, B., Xian, H., Loux, T., McGill, J. B., and Al-Aly, Z. (2023). Comparative
effectiveness of SGLT2 inhibitors, GLP-1 receptor agonists, DPP-4 inhibitors, and
sulfonylureas on risk of major adverse cardiovascular events: emulation of a randomised
target trial using electronic health records. Lancet Diabetes Endocrinol. 11, 644–656.
doi:10.1016/S2213-8587(23)00171-7

Yamaguchi, M., Inomata, S., Harada, S., Matsuzaki, Y., Kawaguchi, M., Ujibe, M.,
et al. (2019). Establishment of the MID-NET® medical information database network as
a reliable and valuable database for drug safety assessments in Japan.
Pharmacoepidemiol. Drug Saf. 28, 1395–1404. doi:10.1002/pds.4879

Yamaguchi, K., Maeda, M., Ohmagari, N., and Muraki, Y. (2024). Relationship
between carbapenem use andmajor diagnostic category in curative care beds: analysis of
a 2020 Japanese national administrative database. J. Infect. Chemother. 30, 562–566.
doi:10.1016/j.jiac.2023.11.009

Yamana, H., Moriwaki, M., Horiguchi, H., Kodan, M., Fushimi, K., and Yasunaga, H.
(2017). Validity of diagnoses, procedures, and laboratory data in Japanese
administrative data. J. Epidemiol. 27, 476–482. doi:10.1016/j.je.2016.09.009

Yasunaga, H. (2024a). Updated information on the Diagnosis Procedure
Combination data. Ann. Clin. Epidemiol. 6, 106–110. doi:10.37737/ace.24015

Yasunaga, H. (2024b). Updated information on NDB. Ann. Clin. Epidemiol. 6, 73–76.
doi:10.37737/ace.24011

Frontiers in Pharmacology frontiersin.org11

Ando et al. 10.3389/fphar.2025.1642522

https://doi.org/10.1111/j.1468-5876.2012.00585.x
https://doi.org/10.1016/j.kint.2022.09.020
https://cinc.ncgm.go.jp/cin/en/G002-ubg.php
https://doi.org/10.1001/jamainternmed.2022.6664
https://doi.org/10.1136/bmj.m3342
https://doi.org/10.1111/dom.15092
https://doi.org/10.1111/dom.14261
https://doi.org/10.1016/S2213-8587(19)30384-5
https://doi.org/10.1016/S0140-6736(11)60828-3
https://doi.org/10.3390/ijerph19116448
https://doi.org/10.1016/j.diabet.2022.101418
https://doi.org/10.1186/s12933-021-01345-z
https://doi.org/10.3389/fphar.2024.1443175
https://doi.org/10.1016/S2213-8587(20)30130-3
https://doi.org/10.1016/S2213-8587(20)30130-3
https://doi.org/10.1111/jdi.13321
https://doi.org/10.1016/j.jacc.2018.03.009
https://doi.org/10.1016/j.jacc.2018.03.009
https://doi.org/10.1002/pds.5680
https://doi.org/10.1111/dom.14356
https://doi.org/10.1002/jgf2.422
https://doi.org/10.1161/JAHA.124.037207
https://doi.org/10.2147/CLEP.S245555
https://doi.org/10.1111/dom.13077
https://doi.org/10.1111/dom.14657
https://doi.org/10.1111/dom.14657
https://doi.org/10.1002/edm2.183
https://doi.org/10.1111/jdi.13728
https://doi.org/10.1186/s12933-023-01963-9
https://doi.org/10.1186/s12933-023-01963-9
https://doi.org/10.1016/S2213-8587(23)00171-7
https://doi.org/10.1002/pds.4879
https://doi.org/10.1016/j.jiac.2023.11.009
https://doi.org/10.1016/j.je.2016.09.009
https://doi.org/10.37737/ace.24015
https://doi.org/10.37737/ace.24011
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1642522

	Difference in outcome event coverage between insurance-based and hospital-based databases: a methodological study of diabet ...
	1 Introduction
	2 Materials and methods
	2.1 Data source
	2.2 Ethics statement
	2.3 Study population and exposure
	2.4 Outcomes
	2.5 Follow-up
	2.6 Covariates
	2.7 Statistical analysis

	3 Results
	3.1 Patient characteristics
	3.2 Composite outcome
	3.3 Each disease outcome
	3.4 The insurance-based analysis
	3.5 The hypothetical hospital-based analysis

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


