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ABSTRACT

Introduction: To assess the initial manifesta-
tion of comorbidities and their impact on
mortality risk in patients with type 2 diabetes
mellitus (T2DM) without a history of cardio-
vascular or renal complications (i.e., in the early
stages of T2DM) compared with patients with-
out T2DM.
Methods: We performed a retrospective cohort
study using a Japanese hospital claims database.
The incidence rates of comorbidities (chronic
kidney disease [CKD], heart failure [HF],
myocardial infarction [MI], peripheral arterial
disease [PAD], and stroke) and mortality risk
were compared between patients with T2DM
and age-/sex-matched patients without T2DM
(matched 1:2).

Results: Among the comorbidities assessed in
this study, CKD and/or HF was the most fre-
quent initial manifestation in the patients with
T2DM (n = 426,186) with an incidence rate 2.02
times greater than that in matched patients
without T2DM (n = 1,018,609). The mortality
risk was also greater in patients with T2DM than
in patients without T2DM with a hazard ratio of
1.73. In both patients with and without T2DM,
the presence of CKD or HF was associated with
greater mortality risks compared with the pres-
ence of MI, PAD, or stroke.
Conclusions: The high incidence of CKD or HF
manifestation can contribute to the augmented
mortality risk in patients in the early stages of
T2DM compared with patients without T2DM.
These findings highlight the importance of
early interventions for preventing/treating CKD
and HF to improve the prognosis of patients
with T2DM.
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Key Summary Points

Why carry out this study

Chronic kidney disease (CKD) and heart
failure (HF) are early and frequent
complications in patients with type 2
diabetes mellitus (T2DM), and history of
prior CKD or HF is associated with
increased mortality risk.

However, it remains unclear how much a
background of diabetes augments the
mortality risk and development of CKD
and HF among patients in the early stages
of T2DM compared with that in patients
without T2DM.

What was learned from the study

CKD and/or HF was more frequent as the
initial manifestation than atherosclerotic
cardiovascular diseases in patients with
T2DM with an incidence rate 2.02 times
greater than that in matched patients
without T2DM. The mortality risk was
also greater in patients with T2DM than in
patients without T2DM with a hazard
ratio of 1.73.

The high incidence of CKD or HF may
contribute to the augmented mortality
risk in patients in the early stages of T2DM
relative to that in patients without T2DM.

Early prevention and treatment of CKD
and HF may improve the prognosis of
patients with T2DM.

INTRODUCTION

It is estimated that more than 400 million
people are living with diabetes worldwide with
4 million deaths each year [1, 2]. With aging of
the population, the prevalence of diabetes is
expected to increase to 578 and 700 million by
2030 and 2045, respectively [2], which will

greatly exacerbate the healthcare burden of
diabetes.

The vast majority of patients with diabetes
have one or more complications. In a US cross-
specialty diabetes registry [3], only 6% of
patients had isolated type 2 diabetes mellitus
(T2DM), whereas more than 50% of patients
had at least three comorbidities, predominantly
hypertension, hyperlipidemia, coronary artery
disease, and chronic kidney disease (CKD).
According to data from the Emerging Risk Fac-
tors Collaboration, the hazard ratio (HR) for all-
cause death in patients with diabetes compared
to patients without diabetes was 1.80 (95%
confidence interval [CI] 1.71–1.90) after adjust-
ment for age, sex, smoking status, and body
mass index (BMI)[4]. Diabetes was also associ-
ated with greater risks of death from cardiovas-
cular causes (HR 2.32; 95% CI 2.11–2.56) and
renal diseases (HR 3.02; 95% CI 2.39–3.82) [4].
The development of comorbidities and its
impact on mortality risk in patients with T2DM
without history of cardiovascular or renal
complications was recently examined using
real-world databases in six countries, which
included Japan [5]. It was reported that CKD or
heart failure (HF) were more frequent initial
manifestations than other comorbidities, such
as myocardial infarction (MI), peripheral arte-
rial disease (PAD), and stroke. Moreover, a his-
tory of CKD or HF was associated with increased
mortality risk [5], suggesting the importance of
early management of CKD and HF in patients
with T2DM. However, it remains unclear how
much the background of diabetes augments the
mortality risk and the development of CKD
and/or HF (hereafter referred to as CKD/HF) in
the early stages of T2DM relative to that in
patients without T2DM.

In this study, we compared the cumulative
incidence rates of CKD, HF, and atherosclerotic
cardiovascular diseases (ASCVDs; i.e., MI, PAD,
and stroke) between patients with T2DM and
patients without T2DM having no history of
cardiovascular and renal complications, and
determined the increase in mortality risk
mediated by the background of T2DM. The
results will demonstrate the real-world clinical
significance of preventive or interventional
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approaches targeting early comorbidities in
patients with T2DM.

METHODS

Ethical Statement

This study was approved by the Non-Profit
Organization MINS Institutional Review Board
(D1690R00061). Because this study was a ret-
rospective observational study with anon-
ymized data collection, informed consent was
not required.

Data Source and Study Population

The Medical Data Vision (MDV) database, a
large-scale claims database covering approxi-
mately 23% of acute care hospitals in Japan, was
used. The MDV includes inpatient and outpa-
tient data, mainly from secondary care hospi-
tals. The demographic characteristics, including
the age and sex distributions of these patients,
are similar to those of the Japanese national
statistics, as explained in previous studies using
the MDV database [6–8].

All individuals aged at least 18 years old with
a recorded diagnosis of T2DM (10th revision of
the International Statistical Classification of
Diseases [ICD-10] codes E11 and E14) between
April 1, 2008 and September 30, 2018 were
extracted from the database. A separate cohort
of patients without T2DM or other types of
diabetes was extracted using the same period
(hereafter described as patients without T2DM).
Patients with T2DM were then matched with
patients without T2DM by age and sex at a ratio
of 1:2. The index date was set as follows: for
patients with T2DM, the first visit after 1 year of
the initial hospital records or the date of initial
diagnosis of T2DM, whichever came later; for
patients without T2DM, the first visit after
1 year of the initial hospital records. For the
T2DM cohort, patients were excluded if they
had a diagnosis of T1DM (ICD-10 codes E10 and
O24.0) or gestational diabetes (ICD-10 code
O24.4) up to 1 year before the index date, or if

they lacked an age-/sex-matched patient with-
out T2DM.

The T2DM and age-/sex-matched non-T2DM
cohorts were further divided on the basis of
their comorbidities. Patients without docu-
mented history of cardiovascular diseases
(CVD), CKD, or HF at the index date were
identified to investigate the development of
comorbidities during the follow-up period. In
this article, T2DM without a history of CVD,
CKD, or HF is referred to as the early stages of
T2DM. Additionally, patients with T2DM and
patients without T2DM with a comorbidity
(CKD, HF, MI, PAD, or stroke) at the index date
were selected to evaluate the impact of these
comorbidities on the mortality risk.

Disease Definition

Diseases were defined using the ICD-10 codes
listed in Table S1 (Supplementary Material). The
patients were considered to have CVD if they
had a diagnosis of MI, PAD, stroke, atrial fibril-
lation (AF), unstable angina pectoris (UAP), or
angina pectoris (AP) at the index date. Patients
without an ICD-10 code for CKD were consid-
ered to not have CKD.

Statistical Analyses

Continuous variables (such as age and BMI) are
described using the mean and standard devia-
tion, and categorical variables are described
using frequencies and percentages. The first
manifestation of HF, CKD, MI, stroke, or PAD
was identified as the first recorded diagnosis. In
patients with multiple events after the index
date, only the first event was counted. Data
were retrieved throughout the follow-up period
until the date of leaving the database, death, or
September 2018, whichever came first. The
mortality risk was assessed using the records for
in-hospital death from any cause. The time-to-
event endpoints were analyzed using Cox pro-
portional hazard regression models in which
the reference category was patients without
history of T2DM, CVD, CKD, or HF. The results
are presented as HRs with 95% CIs and corre-
sponding P values. The crude HRs and the HRs
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adjusted for age and sex are presented.
Kaplan–Meier plots were used to determine the
cumulative incidence of events (all-cause

mortality, manifestation of CKD, HF, MI, PAD,
and stroke).

Table 1 Baseline characteristics of patients with or without T2DM

Patients with T2DM Patients without T2DM
N = 426,186 N = 1,018,609

Age at index date (years) 66.54 ± 12.39 68.41 ± 11.87

Sex at index date

Male 217,382 (51.0%) 537,454 (52.8%)

Female 208,804 (49.0%) 481,155 (47.2%)

Body weighta, kg n = 120,186 n = 177,728

60.63 ± 14.35 57.86 ± 13.01

BMIa, kg/m2 n = 120,186 n = 177,728

23.92 ± 8.81 22.78 ± 24.77

HbA1ca, % (mmol/mol) n = 18,414 n = 9991

6.48 ± 1.26 5.29 ± 0.42

(47 ± 13.8) (34 ± 4.6)

CCIa 1.59 ± 2.05 0.94 ± 1.71

Severity of T2DMa,b

0 346,490 (81.3%) 1,018,609 (100.0%)

1 72,629 (17.0%) –

2 6549 (1.5%) –

3 518 (0.1%) –

HF statusa, absent 426,186 (100.0%) 1,018,609 (100.0%)

CKD statusa, absent 426,186 (100.0%) 1,018,609 (100.0%)

Comorbidities other than CKD or HFa,c 0 0

Follow-up (days) 945.19 ± 741.63 776.36 ± 717.00

Values are mean ± standard deviation or n (%) of patients
T2DM type 2 diabetes mellitus, CKD chronic kidney disease, HF heart failure, BMI body mass index, CCI Charlson
comorbidity index, MI myocardial infarction, UAP unstable angina pectoris, AP angina pectoris, AF atrial fibrillation, PAD
peripheral artery disease
aRecorded at any time in the patient’s medical history (from first record to the index date); the value recorded closest to the
index date was used
bThe severity of T2DM was determined on the basis of the number of diabetes-related complications (i.e., diabetic
nephropathy, neuropathy, and retinopathy)
cMI, UAP, AP, AF, stroke, or PAD
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RESULTS

Baseline Patient Characteristics

During the study period, we extracted data on
2,635,633 patients with T2DM and 4,277,120
age-/sex-matched patients without T2DM from
the database. After applying the inclusion cri-
teria, there were 426,186 patients with T2DM
and 1,018,609 patients without T2DM having
no history of CVD, CKD, or HF (Supplementary
Material Fig. S1). The patients with T2DM were
younger (66.54 ± 12.39 years vs.
68.41 ± 11.87 years) and had a greater BMI
(23.92 ± 8.81 kg/m2 vs. 22.78 ± 24.77 kg/m2)
than the patients without T2DM (Table 1). The
prevalence of hypertension was greater in the
patients with T2DM than in the patients with-
out T2DM (40.1% vs. 15.8%; Supplementary
Material Table S2). Statins (17.6% vs. 4.1%) and
fibrates (2.4% vs. 0.5%) were more frequently
prescribed in the patients with T2DM, indicat-
ing a greater prevalence of hyperlipidemia
compared with the patients without T2DM
(Supplementary Material Table S2). The preva-
lence rates of comorbidities associated with an
impact on prognosis, including cancer (23.7%
vs. 21.0%) and COPD (1.2% vs. 1.2%) were
balanced in both groups of patients (Supple-
mentary Material Table S2). The follow-up
durations were 945.19 ± 741.63 days and
776.36 ± 717.00 days for the patients with
T2DM and patients without T2DM,
respectively.

First Manifestation of Comorbidities
During the Follow-up Period

Among patients with T2DM, the most frequent
comorbidity recorded during the follow-up
period was CKD/HF, with an incidence rate of
33.5/1000 person-years (Fig. 1a; Table 2). Indi-
vidually, the incidence rates of HF and CKD
were 20.7/1000 person-years and 15.8/
1000 person-years, respectively. Stroke (11.1/
1000 person-years), PAD (5.6/1000 person-
years), and MI (2.1/1000 person-years) were less
frequent (Fig. 1a; Table 2). We also evaluated
the development of comorbidities in the

patients without T2DM and found that CKD/HF
(18.0/1000 person-years) was the most frequent
comorbidity (Fig. 1b; Table 2). HF was the most
frequent individual comorbidity (13.2/
1000 person-years), followed by stroke (8.6/
1000 person-years), CKD (5.9/1000 person-
years), PAD (3.2/1000 person-years) and MI
(1.1/1000 person-years) (Fig. 1b; Table 2). The
adjusted HRs were greater in the patients with
T2DM than in the age-/sex-matched patients
without T2DM for all comorbidities examined
(CKD/HF: HR 2.02, 95% CI 1.99–2.05; HF: HR
1.72, 95% CI 1.69–1.75; CKD: HR 2.84, 95% CI
2.77–2.90; MI: HR 2.11, 95% CI 1.99–2.24;
stroke: HR 1.42, 95% CI 1.39–1.45; PAD: HR
1.87, 95% CI 1.80–1.93) (Table 2). We also
compared the cumulative incidence of all-cause
mortality between the two groups of patients.
As shown in Fig. 1c, the mortality risk was sig-
nificantly greater in the patients with T2DM
than in the patients without T2DM (HR 1.73,
95% CI 1.70–1.77).

Impact of Each Comorbidity on Mortality
Risk

We investigated the impact of a history of each
comorbidity on mortality risks by determining
the HRs in patients with T2DM or patients
without T2DM with a history of CKD, HF, MI,
PAD, or stroke at the index visit. For this anal-
ysis, the reference group comprised patients
without T2DM having no history of CVD, CKD,
or HF at baseline. The baseline characteristics of
these groups of patients are shown in Tables S3
and S4 (Supplementary Material). The presence
of a single ASCVD (i.e., MI, PAD, or stroke) was
associated with increased mortality risk in the
patients with T2DM (MI: HR 1.64, 95% CI
1.52–1.77; PAD: HR 1.88, 95% CI 1.73–2.04;
stroke: HR 1.70, 95% CI 1.64–1.77) and the
patients without T2DM (MI: HR 1.40, 95% CI
1.26–1.56; PAD: HR 1.26, 95% CI 1.15–1.38;
stroke: HR 1.29, 95% CI 1.24–1.34); these risks
were numerically greater in the patients with
T2DM than in the patients without T2DM
(Fig. 2). The presence of CKD or HF at baseline
was associated with greater mortality risk than
the presence of ASCVD in the patients with
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T2DM and patients without T2DM (T2DM with
CKD: HR 2.59, 95% CI 2.49–2.69; non-T2DM
with CKD: HR 2.50, 95% CI 2.37–2.64; T2DM
with HF: HR 3.02, 95% CI 2.92–3.13; non-T2DM
with HF: HR 2.69, 95% CI 2.59–2.79). The trend
toward greater mortality risk was more promi-
nent in patients with both CKD and HF among
the patients with T2DM (HR 4.96, 95% CI

4.71–5.21) and the patients without T2DM (HR
5.42, 95% CI 5.04–5.84). Unlike ASCVD, there
were no obvious differences in the mortality
risks associated with HF or CKD between the
patients with T2DM and patients without
T2DM (Fig. 2).

Fig. 1 Kaplan–Meier curves of the manifestation of
comorbidities and all-cause mortality during the follow-
up period in patients a with T2DM and b without T2DM
having no history of CVD, CKD, or HF at baseline. c All-
cause mortality in patients with T2DM and patients

without T2DM. CKD chronic kidney disease, CVD
cardiovascular disease, HF heart failure, MI myocardial
infarction, PAD peripheral artery disease, T2DM type 2
diabetes
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DISCUSSION

In a previous study, CKD/HF was the most fre-
quent initial complication among patients in
early stages of T2DM and the presence of CKD/
HF was associated with greater mortality risk
compared with the presence of individual
ASCVDs [5]. The present study confirmed the
burden of HF and CKD in patients in early
stages of T2DM using age-/sex-matched patients
without T2DM as a reference group. CKD/HF
was the most frequent initial manifestation and
its incidence was higher in patients with T2DM
than in the patients without T2DM. Further-
more, a history of CKD/HF was associated with
greater mortality risk compared with ASCVD,
regardless of the presence of T2DM. Therefore,
we may assume that the high incidence of CKD/
HF contributes to the greater overall mortality
risk in patients in early stages of T2DM than in
patients without T2DM (Fig. 1c). Considering
the burden of HF and CKD revealed in this
study, comprehensive management, which
includes early diagnosis, prevention, and treat-
ment of cardiorenal diseases, in addition to
glycemic control, is necessary from the early

stages of T2DM in order to improve its
prognosis.

Although CKD was more common than HF
in the Japanese T2DM population in the previ-
ous study (event rates for CKD and HF 17.1 and
13.6/1000 patient-years) [5], HF was more fre-
quent than CKD in the present study (Fig. 1;
event rates CKD and HF 15.8 and 20.7/1000
patient-years). One explanation may involve
differences in patient selection. The previous
study only examined patients with T2DM,
whereas we included patients with or without
T2DM who were matched by age and sex. This
may result in differences in the baseline char-
acteristics of the cohorts between the two
studies. Despite the differences, both studies
revealed that HF and CKD were more frequent
initial manifestations than MI, PAD, or stroke in
patients with T2DM. It is widely accepted that
CKD is a common complication of T2DM, and
diabetes is the most common cause of CKD and
end-stage renal disease [9]. Furthermore, CKD
often develops in the early stages of T2DM
[10–13]. Our data provide further evidence that
CKD is a common, early comorbidity in patients
with T2DM, and was more frequent in this

Table 2 Event rates in T2DM or patients without T2DM having no recorded diagnosis of CVD, CKD, or HF at baseline

Outcome Patients with T2DM
(N = 426,186)

Patients without T2DM
(N = 1,018,609)

Crude HR
(95% CI)

Adjusted HR
(95% CI)b

Casesa Event rate per
1000 person-years
(95% CI)

Casesa Event rate per
1000 person-years
(95% CI)

CKD/

HF

34,954 33.5 (33.2–33.9) 37,940 18.0 (17.8–18.1) 1.86 (1.84–1.89) 2.02 (1.99–2.05)

CKD 17,002 15.8 (15.6–16.1) 12,724 5.9 (5.8–6.0) 2.67 (2.60–2.73) 2.84 (2.77–2.90)

HF 22,079 20.7 (20.4–21.0) 28,033 13.2 (13.0–13.3) 1.56 (1.54–1.59) 1.72 (1.69–1.75)

MI 2304 2.1 (2.0–2.2) 2324 1.1 (1.0–1.1) 1.94 (1.83–2.06) 2.11 (1.99–2.24)

Stroke 12,002 11.1 (10.9–11.3) 18,456 8.6 (8.5–8.8) 1.28 (1.25–1.31) 1.42 (1.39–1.45)

PAD 6118 5.6 (5.5–5.7) 6875 3.2 (3.1–3.3) 1.76 (1.70–1.82) 1.87 (1.80–1.93)

T2DM type 2 diabetes mellitus, CVD cardiovascular disease, CKD chronic kidney disease, HF heart failure, CI confidence
interval, HR hazard ratio, MI myocardial infarction, PAD peripheral artery disease
aCases documented during the follow-up period
bAdjusted for age and sex
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population than in age-/sex-matched patients
without T2DM.

An epidemiological link between diabetes
and development of HF is evident even in the
absence of ASCVD. Diabetes itself was reported
to be an important risk factor for the develop-
ment of HF with a relative risk of 2.14 (95% CI
1.96–2.34) for new-onset HF [14]. Additionally,
an association between glycemic control and HF
was demonstrated in a previous study, in which
each 1% increase in HbA1c increased the risk of
HF by 8% [15]. In addition, the UKPDS study
revealed that a 1% reduction in HbA1c was
associated with a 16% decrease in the risk of
developing HF [16]. It was also suggested that
left ventricular diastolic dysfunction is associ-
ated with the extent of insulin resistance and

often precedes the onset of T2DM [17]. Consis-
tently, we found a high cumulative incidence of
HF compared with that of other comorbidities
in this cohort of patients in early stages of
T2DM. Furthermore, the cumulative incidence
of HF was greater in patients with T2DM than in
patients without T2DM, supporting an associa-
tion between T2DM and HF development. The
coexistence of diabetes and HF in the early stage
of T2DM suggests we should reconsider the
preventive measures and diagnose HF promptly
in patients with T2DM.

ASCVDs are well-recognized macrovascular
complications that nearly double the mortality
risk in patients with T2DM [18–20]. The present
study showed higher incidence rates of ASCVDs
among patients in early stages of T2DM

Fig. 2 Risk of all-cause mortality associated with a history
of CKD/HF, CKD, HF, CKD & HF, MI, PAD, or stroke
in patients with T2DM and patients without T2DM. CI
confidence interval, CKD chronic kidney disease, CVD

cardiovascular disease, HF heart failure, MI myocardial
infarction, PAD peripheral artery disease, p-y patient-years,
T2DM type 2 diabetes
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compared with patients without T2DM, cou-
pled with numerically greater mortality risks.
Considering the evidence that intensified mul-
tifactorial interventions for blood glucose,
blood pressure, and serum lipid have beneficial
effects on reducing the risk of vascular compli-
cations in Japanese patients with T2DM [21],
our data demonstrate the importance of com-
prehensive management of risk factors for
atherosclerosis in patients in early stages of
T2DM.

We also revealed that the mortality risks in
patients with T2DMwith a history of CKD or HF
exceeded those of patients with T2DM with a
history of ASCVDs, highlighting the impact of
CKD and HF on the prognosis of T2DM. From a
therapeutic perspective, cardiovascular out-
come trials of sodium-glucose cotransporter 2
(SGLT2) inhibitors have demonstrated reduced
risk of cardiovascular and renal outcomes, even
in the absence of evident CVD or renal dys-
function at baseline [22–24]. More recent trials
have demonstrated the effects of SGLT2 inhi-
bitors on secondary prevention of HF and CKD,
independent of diabetes [25–27]. Additionally, a
recent trial demonstrated that finerenone, a
mineralocorticoid receptor antagonist that tar-
gets a pathway common to both CVD and renal
dysfunction, reduced the risks of CKD progres-
sion and CV events in patients with T2DM [28].
Taken together, the results of these studies
suggest that therapeutic agents, which effec-
tively target the cardiorenal pathway, will
become a key component of the comprehensive
care of T2DM, including the primary and sec-
ondary prevention of cardiovascular and renal
complications.

Our study has also demonstrated the sub-
stantial burdens of HF and CKD on the prog-
nosis of patients without T2DM because the HR
exceeded that of patients with T2DM (5.42 vs.
4.96). Because patients without T2DM, who
were matched to T2DM by age and sex, were
selected for this study, the generalizability of
this finding needs to be carefully considered.
Nevertheless, the development of HF and CKD
had a remarkable impact on prognosis regard-
less of the presence or absence of T2DM. This
highlights the importance of screening and
early intervention for these diseases, and should

help raise awareness of the cardio-renal
interaction.

There are several limitations in this study.
First, causality cannot be inferred from this
observational study. Second, because the MDV
database comprises hospital claims data, the
validity of the results depends on the quality
and completeness of the data recorded, and
missing values can be expected. Third, the data
were mostly collected from secondary care
rather than primary care hospitals, which may
introduce selection bias. Fourth, patients can-
not be followed up if they are transferred to
other healthcare facilities. Fifth, residual con-
founding may remain, although the patients
were matched by age and sex to patients with-
out T2DM to minimize this possibility.

CONCLUSIONS

Among the comorbidities examined in this
study, CKD/HF was the most frequent initial
manifestation among patients in early stages of
T2DM. Notably, the incidence of CKD/HF was
considerably higher in patients with T2DM
than that in patients without T2DM. A history
of HF or CKD imposed a substantial burden on
the prognosis of patients with T2DM, and the
presence of both HF and CKD further elevated
the mortality risk in this population. Our results
suggest that HF and CKD contribute to the
excess mortality risk in the early stages of
T2DM, underscoring the need for additional
treatment strategies on top of conventional
glycemic and atherosclerotic factor controls. A
holistic approach for the management of T2DM
that encompasses the prevention and treatment
of HF and CKD should be considered in order to
further improve the quality of life and prognosis
of patients with T2DM.
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