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Abstract
Background

We previously reported that, among the asymptomatic patients with type 2 diabetes mellitus (T2DM)
without history of cardiovascular disease (CVD), up to 19% of the patients with myocardial ischemia were
detected by cardiovascular screening tests (CVSTs). We concluded that the CVSTs in patients with T2DM
may be one of the most effective strategies to find CVD in those patients. Thus, the aim of the study was
to assess the long-term clinical outcomes of CVSTs in patients with T2DM without previous histories of
CVD.

Methods

Six hundred fifty-seven out-patients with T2DM who received CVSTs at least more than one time or not at
all from April in 2014 to March in 2019 were defined as the S group or NS group, respectively. The data in
2104 and 2018 were collected from the medical records, and compared between the S and NS groups.

Results

This study revealed that, in the out-patients with T2DM in our hospital over those 5 years; 1) the
frequency of receiving CVSTs was significantly increasing, 2) in accordance with that increase, the
frequency of the internal use for CVD of statins, anti-platelets, and renin-angiotensin system inhibitors,
which are well-known as medications for preventing CVD, was significantly increasing, 3) however, there
was only a small increase in the internal use of sodium-glucose cotransporter-2 inhibitors and glucagon-
like peptide-1 receptors, which are well-known to suppress cardiovascular events in patients with T2DM,
4) LDL-cholesterol and triglycerides significantly improved more in the S group than the NS group, 5)
highly sensitive C-protein, which is one of the strongest predictors of CVD, was significantly suppressed
by CVSTs, 6) the progression of renal dysfunction was significantly more suppressed in the S group than
the NS group, 7) in an inverse proportion to the CVST increase, the frequency of acute coronary
syndrome, cerebral infarctions, 4-point major adverse cardiovascular events, and admissions due to heart
failure were significantly decreasing, and 8) finally, the frequency of all-cause mortality was significantly
suppressed during those 5 years.

Conclusions

Thus, it may be important to continue CVSTs in out-patients with T2DM without a previous history of CVD
for several years.

Background
The number of patients with type 2 diabetes mellitus (T2DM) continues to increase all over the world[1].
Moreover, cardiovascular (CV) disease (CVD), especially coronary artery disease (CAD), is well-known to
be the leading cause of complications and death in the patients with T2DM[2–4]. In 2013, the Evidence-
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based Practice Guideline for the Treatment for Diabetes in Japan 2013[5] recommended CV screening
tests (CVST), and it is desirable that those examinations should be performed in patients with T2DM
once a year[5]. Further, we previously reported that, among the asymptomatic patients with T2DM without
a history of CVD, up to 19% of the patients with silent myocardial ischemia were detected by CVSTs, and
a long disease duration of T2DM and a co-existence of a family history of CVD were independent risk
factors in those patients[6]. Finally, we concluded that the CVST for patients with T2DM may be one of
the most effective and useful strategies to find CVD in those patients[6]. Thus, the aim of the study was
to assess the long-term clinical outcomes of CVSTs in patients with T2DM without previous histories of
CVD.

Methods
Study Population and Laboratory Analysis: This study was approved by the institutional review
committee and ethics review board of our hospital. Before we started the CVST in March of 2014, there
were 657 out-patients (434 males and 223 females with a mean age of 66 ± 11 years and body mass
index (BMI) of 24.9 ± 4.5 kg/m2) with T2DM and no previous history of CVD, including cerebral
infarctions, carotid artery stenosis, CAD, hemodialysis, renal artery stenosis, arteriosclerosis obliterans,
and aortic aneurysms, that visited the Munakata Suikokai General Hospital. Those out-patients with
T2DM who received CVSTs at least more than one time or not at all from April in 2014 to March in 2019
were defined as the S group and NS group, respectively. In the S group, the CVSTs were performed after
informed consent was obtained at our hospital. The data including the recorded histories, physical
examinations, laboratory analyses, and baseline therapies, in 2104 and 2018 were collected from the
medical records and compared between the S and NS groups. For the patients who moved to another
hospital, an order for the data in 2018 from the family doctor's office was performed. Further, the number
of patients who received the CVSTs, internal use of medicine including sodium-glucose cotransporter
(SGLT)-2 inhibitors, glucagon-like peptide (GLP)-1 receptor agonists, statins, anti-platelets, and renin-
angiotensin system (RAS) inhibitors, all-cause mortality, and cerebro- and cardio- vascular events
including acute coronary syndrome (ACS), cerebral infarction, and admissions due to heart failure, were
also evaluated from 2014 through 2018. The 4-point major adverse cardiovascular events (MACE)[7]
including cardiovascular death, non-fetal myocardial and cerebral infarctions, and admissions due to
ACS were also evaluated. In the S group, the highly sensitive C-reactive protein (hs-CRP) was measured
during each CVST.
Statistical Analysis. The numerical results are expressed in the text as the mean ± standard deviation. The
statistical analyses were performed using a Fisher’s exact test and Student t test or two-way Analysis of
Variance (ANOVA) for the comparison of the 2 groups. The trend in the proportions and correlation
between the frequency of receiving the CVST, internal use of SGLT-2 inhibitors, GLP-1 receptor agonists,
statins, anti-platelets, and RAS inhibitors, all-cause mortality, cerebro- and cardio- vascular events,
admissions due to heart failure, 4-point MACEs, and the years were determined by a Cochran-Armitage
analysis. All analyses were performed with SAS version 9.2 software (SAS Institute, Cary, NC). A p < 0.05
was considered to indicate statistical significance.
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Results
Patient Characteristics and Laboratory Analysis in 2014 (Table 1). There were 340 and 317 out-patients in
the S and NS groups, respectively. There were no statistical differences among the males (63% vs. 69%; p 
= 0.114), BMI (24.8 ± 4.4 vs. 24.9 ± 4.6 kg/m2; p = 0.856), systolic (128 ± 11 vs. 128 ± 11 mmHg; p = 0.716)
and diastolic (72 ± 10 vs. 73 ± 10 mmHg; p = 0.130) blood pressures, prevalence of the co-existence of
hypertension (58% vs. 58%; p = 0.854), dyslipidemia (64% vs. 65%; p = 0.752), ex- or current smokers (47%
vs. 52%; p = 0.772), a family history of CVD (26% vs. 25%; p = 0.772), HbA1c (7.01 ± 0.84% vs. 7.02 ± 
0.83%; p = 0.950), LDL- (103 ± 25 vs. 102 ± 25 mg/dl; p = 0.463) and HDL- (58 ± 16 vs. 59 ± 17 mg/dl; p = 
0.700) cholesterol, triglyceride (131 ± 66 vs. 131 ± 68 mg/dl; p = 0.986), and serum creatinine (0.79 ± 0.20
vs. 0.80 ± 0.19 mg/dl; p = 0.726) levels, and the prevalence of the internal use of baseline therapies for
T2DM including SGLT-2 inhibitors (2% vs. 2%; p = 0.897) and GLP-1 receptor agonists (5% vs. 5%; p = 
0.834) and for CVD including statins (54% vs. 56%; p = 0.501), anti-platelets (19% vs. 17%; p = 0.544), and
RAS inhibitors (30% vs. 34%; p = 0.281). The age (68 ± 11 vs. 64 ± 11; p < 0.001) was significantly older in
the S group than NS group.
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Table 1
Patient Characteristics in 2014.

  All
(n = 657)

S group
(n = 340)

NS group
(n = 317)

p value
(S vs. NS)

Male 434 (66%) 215 (63%) 219 (69%) 0.114

Age (years) 66 ± 11 68 ± 11 64 ± 11 < 0.001

Body mass index (kg/m2) 24.9 ± 4.5 24.8 ± 4.4 24.9 ± 4.6 0.856

Systolic blood pressure (mmHg) 128 ± 11 128 ± 11 128 ± 11 0.716

Diastolic blood pressure (mmHg) 72 ± 10 72 ± 10 73 ± 10 0.130

Co-existence        

Hypertension 381 (58%) 196 (58%) 185 (58%) 0.854

Dyslipidemia 425 (65%) 218 (64%) 207 (65%) 0.752

Ex- or current smoking 327 (50%) 161 (47%) 166 (52%) 0.772

Family history of CVD 165 (25%) 87 (26%) 78 (25%) 0.772

Laboratory Analysis        

HbA1c (%) 7.01 ± 0.83 7.01 ± 0.84 7.02 ± 0.83 0.950

LDL-cholesterol (mg/dl) 102 ± 25 103 ± 25 102 ± 25 0.463

HDL-cholesterol (mg/dl) 59 ± 17 58 ± 16 59 ± 17 0.700

Triglyceride (mg/dl) 131 ± 67 131 ± 66 131 ± 68 0.986

Serum creatinine (mg/dl) 0.79 ± 0.19 0.79 ± 0.20 0.80 ± 0.19 0.726

Baseline Therapies        

SGLT-2 inhibitor 13 (2%) 7 (2%) 6 (2%) 0.897

GLP-1 receptor agonist 34 (5%) 17 (5%) 17 (5%) 0.834

Statins 360 (55%) 182 (54%) 178 (56%) 0.501

Anti-platelets 116 (18%) 63 (19%) 53 (17%) 0.544

Renin-angiotensin system inhibitors 210 (32%) 102 (30%) 108 (34%) 0.281

S group = the group received cardiovascular screening tests, NS group = the group did not receive
cardiovascular screening tests, CVD = cardiovascular disease, SGLT = sodium- glucose cotransporter,
GLP = glucagon-like peptide,
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CVSTs and Myocardial Ischemia: Out of 340 out-patients who received CVSTs, there were 62 patients
(18%) who had myocardial ischemia (data not shown). All 62 patients received treatment for their CAD
with coronary revascularization and/or optimal medical therapies (OMTs) using statins, anti-platelets,
RAS inhibitors, etc.
Cause of Death in Patients with T2DM from 2014 to 2018 (Table 2/):

Table 2
Cause of Death from 2014 to 2018.

Cause of Death Number of patients S group NS group p value
(S vs. NS)

all 39 16 23 0.167

Pneumonia 12 (31%) 6 6 0.903

Cancer 8 (21%) 5 3 0.541

Cardiovascular events 8 (21%) 2 6 0.128

Cerebrovascular apoplexy 4 (10%) 1 3 0.284

Sepsis 4 (10%) 2 2 0.944

Others 3 (8%) 0 3 0.072

From 2014 to 2018, 39 patients died from pneumonia (31%), cancers (21%), CV events including acute
coronary syndrome and heart failure (21%), cerebrovascular apoplexy (CVA) (10%), sepsis (10%), and
others (8%). Out of the 39 patients that died, there were 16 and 23 patients in the S and NS groups,
respectively. There were no significant differences regarding mortality due to pneumonia (p = 0.903),
cancers (p = 0.541), CV events (p = 0.128), CVAs (p = 0.284), and sepsis (p = 0.944) between the 2 groups.
Furthermore, the mortality due to cardio- and cerebro- vascular events including CV events and CVAs in
the S group tended to be lower, but was not significant compared to that of the NS group (3 vs. 9 patients;
p = 0.061).
Comparison Between the Data in 2014 and 2018 for the S and NS groups (Fig. 1A-E): Because there were
324 and 294 alive out-patients with T2DM in 2018 in the S and NS groups, respectively, a comparison
was performed between the data from 2014 and 2018 for the S and NS group patients. The red and blue
lines indicate the parameters in the S and NS groups, respectively. In both the S and NS groups, there was
no statistical difference in the BMI (24.9 ± 4.4 vs. 24.8 ± 4.3 kg/m2; p = 0.910, and 24.9 ± 4.7 vs. 24.7 ± 
4.2 kg/m2; p = 0.575, respectively) (Fig. 1A), systolic (128 ± 11 vs. 128 ± 11 mmHg; p = 0.968, and 128 ± 11
vs. 128 ± 10 mmHg; p = 0.764, respectively) and diastolic (72 ± 10 vs. 72 ± 10 mmHg; p = 0.977 and 73 ± 
10 vs. 72 ± 10 mmHg; p = 0.195, respectively) blood pressures (Fig. 1B), and HbA1c (7.02 ± 0.85 vs. 6.91 ± 
0.73%; p = 0.075 and 7.05 ± 0.84 vs. 6.98 ± 0.77%; p = 0.314, respectively) (Fig. 1C) and HDL-cholesterol
(59 ± 16 vs. 60 ± 16 mg/dl; p = 0.238 and 59 ± 18 vs. 61 ± 18 mg/dl; p = 0.300, respectively) (Fig. 1D)
levels, between 2014 and 2018 in the 2 groups. On the other hand, in the S group, the LDL-cholesterol
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(103 ± 25 vs. 88 ± 25 mg/dl; p < 0.001) and triglyceride (131 ± 67 vs. 117 ± 67 mg/dl; p = 0.010) levels
(Figure D) were significantly lower in 2018 than in 2014, but not in the NS group (102 ± 25 vs. 97 ± 
30 mg/dl; p = 0.059 and 130 ± 69 vs. 125 ± 62 mg/dl; p = 0.336, respectively). In both the S and NS groups,
the serum creatinine levels were significantly higher (0.78 ± 0.20 vs. 0.82 ± 0.20 mg/dl; p = 0.010, and
0.79 ± 0.19 vs. 0.85 ± 0.19 mg/dl; p < 0.001, respectively) in 2018 than in 2014 (Figure E). Furthermore, the
LDL-cholesterol (88 ± 25 vs. 97 ± 30 mg/dl; p = 0.001) and triglyceride (117 ± 27 vs. 125 ± 62 mg/dl; p = 
0.003) levels (Figure D) and serum creatinine levels (0.82 ± 0.20 vs. 0.85 ± 0.19 mg/dl; p = 0.032) (Figure
E) were significantly lower in the S group than NS group in 2018. Because there were 305 patients who
received repeated CVSTs, the hs-CRP levels during the 1st and last CVSTs were compared (Fig. 1F). The
level during the last CVST was significantly lower than that during the 1st CVST (0.042 ± 0.013 vs. 0.024 
± 0.014 mg/dl; p < 0.001).
The Frequency of Receiving CVSTs and All-cause Mortality (Fig. 2AB): During those 5 years, the frequency
of receiving a CVST (bold black line; p < 0.001) in the out-patients with T2DM had significantly increased
(Fig. 2A). In accordance with that increase, the frequency of the internal use of statins (blue line; p < 
0.001), anti-platelets (red line; p < 0.001), and RAS inhibitors (green line; p < 0.001) for CVD in those
patients also significantly increased (Fig. 2A). The frequency of the internal use of SGLT-2 inhibitors
(purple line; p = 0.030) for T2DM in those patients also significantly, but slightly increased (Fig. 2A), but
not of the GLP-1 receptor agonists (brown line; p = 0.104). Further, in an inverse proportion to those
increases, the frequency of ACS (green line; p = 0.006), cerebral infarctions (purple line; p = 0.006), 4-point
MACEs (red line; p < 0.001), or admissions due to heart failure (blue line; p = 0.011), in those patients
significantly decreased (Fig. 2B). Finally, the frequency of all-cause mortality (bold black line; p = 0.006)
was significantly suppressed during those 5 years (Fig. 2B).

Discussion
This study revealed that, in the out-patients with T2DM in our hospital over those 5 years, 1) the age of
the out-patients who did not receive a CVST was younger than that of those that did receive a CVST
(Table 1), 2) the frequency of receiving a CVST significantly increased (bold black line in Fig. 2A), 3) in
accordance with that increase, the frequency of the internal use of statins, anti-platelets, and RAS
inhibitors for CVD significantly increased (blue, red, and green lines in Fig. 2A, respectively), 4) however,
there was only a small increase in the internal use of SGLT-2 inhibitors and GLP-1 receptor agonists for
T2DM (Fig. 2A), 5) dyslipidemia including the LDL-cholesterol and triglyceride significantly improved
more in the out-patients who received a CVST than in those who did not (Fig. 1D), 6) the hs-CRP, which is
one of the strongest predictors[8] of CVD was significantly suppressed by the CVSTs (Fig. 1F), 7) the
progression of renal dysfunction was significantly more suppressed in the out-patients who received
CVSTs than in those who did not (Fig. 1E), 8) in an inverse proportion to the CVST increase, the frequency
of ACS, cerebral infarctions, 4-point MACEs, and admissions due to heart failure significantly decreased
(green, purple, red, and blue lines in Fig. 2B, respectively), and 9) finally, the frequency of all-cause
mortality (bold black line in Fig. 2B) was significantly suppressed during those 5 years. Thus, the
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underling potential mechanism(s) of the suppression of CV events in this study was considered, as
described below.

Controls and Treatment of T2DM and the Risk Factors in Patients with T2DM: In this study, as described
in our previous study[6] and Table 1, the values in 2014 for these common conditions including T2DM,
hypertension, dyslipidemia, and obesity, may seem to be comparably acceptable for treatment. Statins [9,
10], anti-platelets[10], and RAS inhibitors[10, 11], are well-known as medications not only for hypertension,
dyslipidemia, and CAD, but also for OMTs to prevent CVD[12] in patients with T2DM because of their
clinical benefit. The increasing frequency of the internal use of those medications significantly increased
during those 5 years (Fig. 2A). Moreover, out of 340 out-patients with T2DM who received CVSTs during
those 5 years, myocardial ischemia was detected in 62 patients (18%), and those patients received
treatment for CAD with coronary revascularization and/or OMTs using statins, anti-platelets, and/or RAS
inhibitors. That may have contributed to suppressing the CV events (Fig. 2B). Further, RAS inhibitors,
SGLT-2 inhibitors, and GLP-1 receptor agonists may also contribute to suppressing the admission due to
heart failure.
Suppression of the Progression of Renal dysfunction in Patients with T2DM: It has been reported that the
progression of renal dysfunction in patients with T2DM is two times faster than that in those without
T2DM[13], and the severity of the renal dysfunction is greater in those patients with T2DM, with an
excessive risk of death from any cause and cardiovascular death that increases up to approximately 30-
fold as high as the risk among patients without T2DM[14]. In this study, the progression of renal
dysfunction in the S group was significantly more suppressed than that in the NS group (Fig. 1E).
Because statins[15] and RAS inhibitors[16] are well-known to play a renal protective role in patients with
T2DM, the increased use of statins and RAS inhibitors during those 5 years (Fig. 2A) may have played
important roles in suppressing the progression of renal dysfunction leading to the suppression of CV
events in patients with T2DM (Fig. 2B).
Anti-inflammatory Therapies in Patients with T2DM: The inflammatory markers, hs-CRP and LDL-
cholesterol, are well-known to be one of the most important predictors of CV events[17]. A recent study
reported that the suppression of the triglyceride level reduces the CV events in patients with T2DM[18]. In
this study, the frequency of the internal use of statins[9, 17], anti-platelets[19], and RAS inhibitors[20, 21],
which could play an important role in the suppression of the vascular inflammation contributing to the
progression of atherosclerosis[22] had increased during those 5 years (Fig. 2A). Further, those 3 markers
including the hs-CRP, LDL-cholesterol, and triglyceride levels, could be significantly suppressed in patients
with T2DM who received CVSTs (Fig. 1DF). That may contribute to suppressing CV events (Fig. 2B).
New Drugs for T2DM to Suppress the CV events in Patients with T2DM: The SGLT-2 inhibitors[7, 23–25]
and GLP-1 receptor agonists[24, 26, 27] are well-known to be new drugs for T2DM, which can suppress
CV events in patients with T2DM. In this study, there was a small increase in the internal use of these
drugs (Fig. 2A). Thus, although we could not completely deny that these drugs might have played an
important role in the suppression of CV events during those 5 years (Fig. 2B), that effect probably was
small.
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Theme in the Future: The age of the out-patients who did not receive CVSTs was younger than that in
those who did receive CVSTs (Table 1). We previously reported in a Japanese article that because young
patients with T2DM in their prime are busy with work, they cannot make the time to undergo CVSTs[28].
Thus, creating systems that can support those young patients with T2DM to help them undergo CVSTs is
needed in the future. It is recommended in the clinical guidelines of 2016 devised by the American
Diabetes Association that lipid-lowering therapies using statins should be considered in all patients with
T2DM of an age of > 40 years[10], if clinically indicated. Moreover, it is also recommended in the clinical
guidelines of 2017 devised by the American Association of Clinical Endocrinologists and American
Endocrine Society in the US that the cholesterol levels in patients with T2DM that were defined as an
‘extremely high risk’ group ,which was the highest arteriosclerosis-related CV disease risk, should be kept
at less than 55 mg/dl. In 2018, the frequency of the internal use of statins reached 75%, and the
cholesterol levels in the out-patients with T2DM with and without CVSTs were 88 ± 25 and 97 ± 30 mg/dl,
respectively. Thus, the induction of a more aggressive lipid-lowering therapy may be necessary to bring
the frequency of statin use to nearly 100% and to reduce the LDL-cholesterol level to less than 55 mg/dl.
Limitations of the Study: Our study was limited by a single-center trial and relatively small number of
patients. Because of the short follow-up period, our study still could not demonstrate any long-term
clinical benefits including an improvement in the prognosis or reduction in repeated revascularizations for
patients with T2DM without a previous history of CVD. Whether our results can safely be extrapolated to
multi-center trials with the inclusion of a larger number of patients and a longer follow-up period for those
patients should be determined in further studies.

Conclusions
In performing CVSTs, the patients with T2DM can see the cardiologist every year and may be able to build
a relationship with mutual trust contributing to deepening the patient’ recognition of their CVD conditions.
Thus, although it is still controversial that CVSTs are performed in asymptomatic patients with T2DM[29],
it may be important to continue the CVSTs in those with T2DM without a previous history of CVD for
several years. Supporting data from prospective large clinical trials, however, are needed before such
recommendations can be made.

Abbreviations
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acute coronary syndrome
BMI
body mass index
CAD
coronary artery disease
CVD
cardiovascular disease
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CVST
cardiovascular screening test
GLP
glucagon-like peptide
hs-CRP
highly sensitive C-reactive protein
OMT
optimal medical therapy
RAS
renin-angiotensin system
SGLT
sodium-glucose cotransporter
T2DM
type 2 diabetes mellitus

Declarations
Ethics approval and consent to participate: This study was approved by the institutional review
committee and ethics review board of our hospital. The cardiovascular screening tests were performed
after informed consent was obtained at our hospital.

Consent for publication: All data analysis were performed after informed consent from the patients was
obtained at our hospital.  

Availability of data and materials: All data and materials are available.  

Competing interests: None.

Funding: None.

Authors' contributions: Drs. Antoku Y, Takemoto M, Mito T, and Tanaka A, are cardiologists who were in
charge of the patients and performed cardiovascular screening tests. Drs. Antoku Y, and Takemoto M
wrote this paper. Drs. Mito T and Tsuchihashi T performed data analysis. Mr. Shiiyama R performed data
collection. Drs. Otsuka-Morisaki H and Maeda are diabetologists who were in charge of the out-patients.

Acknowledgements: We thank Mr. John Martin for his linguistic assistance with this paper.  

Authors' information (optional): None.

References
1. Federation ID. IDF Diabetes Atlas 6th Edition 2013.



Page 11/14

2. Kato M, Noda M, Mizoue T, Goto A, Takahashi Y, Matsushita Y, et al. Diagnosed diabetes and
premature death among middle-aged Japanese: results from a large-scale population-based cohort
study in Japan (JPHC study). BMJ open 2015,5:e007736.

3. Hayward RA, Reaven PD, Emanuele NV. Follow-up of Glycemic Control and Cardiovascular Outcomes
in Type 2 Diabetes. The New England journal of medicine 2015,373:978.

4. Fox CS, Coady S, Sorlie PD, D'Agostino RB, Sr., Pencina MJ, Vasan RS, et al. Increasing
cardiovascular disease burden due to diabetes mellitus: the Framingham Heart Study. Circulation
2007,115:1544-1550.

5. Society TJD. Diabetec Macroangiopathy: Screening for Macroangiopathy. Practice Guideline for the
Treatment for Diabetes in Japan 2013 2013.

6. Kawano Y, Takemoto M, Mito T, Morisaki H, Tanaka A, Sakaki Y, et al. Silent myocardial ischemia in
asymptomatic patients with type 2 diabetes mellitus without previous histories of cardiovascular
disease. International journal of cardiology 2016,216:151-155.

7. Cornel JH, Bakris GL, Stevens SR, Alvarsson M, Bax WA, Chuang LM, et al. Effect of Sitagliptin on
Kidney Function and Respective Cardiovascular Outcomes in Type 2 Diabetes: Outcomes From
TECOS. Diabetes care 2016,39:2304-2310.

8. Kaptoge S, Di Angelantonio E, Pennells L, Wood AM, White IR, Gao P, et al. C-reactive protein,
fibrinogen, and cardiovascular disease prediction. The New England journal of medicine
2012,367:1310-1320.

9. Ridker PM, Pradhan A, MacFadyen JG, Libby P, Glynn RJ. Cardiovascular benefits and diabetes risks
of statin therapy in primary prevention: an analysis from the JUPITER trial. Lancet 2012,380:565-
571.

10. Association TAD. Standards of medical care in diabetes-2016 abridged for primary care providers.
Diabetes Care 2016,39, Supplement 1:S1-S119.

11. Zoungas S, Chalmers J, Neal B, Billot L, Li Q, Hirakawa Y, et al. Follow-up of blood-pressure lowering
and glucose control in type 2 diabetes. The New England journal of medicine 2014,371:1392-1406.

12. Takano M, Mizuno K. Coronary angioscopic evaluation for serial changes of luminal appearance
after pharmacological and catheter interventions. Circulation journal : official journal of the
Japanese Circulation Society 2010,74:240-245.

13. Warren B, Rebholz CM, Sang Y, Lee AK, Coresh J, Selvin E, et al. Diabetes and Trajectories of
Estimated Glomerular Filtration Rate: A Prospective Cohort Analysis of the Atherosclerosis Risk in
Communities Study. Diabetes care 2018,41:1646-1653.

14. Tancredi M, Rosengren A, Svensson AM, Kosiborod M, Pivodic A, Gudbjornsdottir S, et al. Excess
Mortality among Persons with Type 2 Diabetes. The New England journal of medicine
2015,373:1720-1732.

15. Lai CL, Chou HW, Chan KA, Lai MS. Effects of atorvastatin and rosuvastatin on renal function in
patients with type 2 diabetes mellitus. The American journal of cardiology 2015,115:619-624.



Page 12/14

16. Wang K, Hu J, Luo T, Wang Y, Yang S, Qing H, et al. Effects of Angiotensin-Converting Enzyme
Inhibitors and Angiotensin II Receptor Blockers on All-Cause Mortality and Renal Outcomes in
Patients with Diabetes and Albuminuria: a Systematic Review and Meta-Analysis. Kidney & blood
pressure research 2018,43:768-779.

17. Ridker PM, Cannon CP, Morrow D, Rifai N, Rose LM, McCabe CH, et al. C-reactive protein levels and
outcomes after statin therapy. The New England journal of medicine 2005,352:20-28.

18. Keech A, Simes RJ, Barter P, Best J, Scott R, Taskinen MR, et al. Effects of long-term fenofibrate
therapy on cardiovascular events in 9795 people with type 2 diabetes mellitus (the FIELD study):
randomised controlled trial. Lancet 2005,366:1849-1861.

19. Ridker PM, Cook NR, Lee IM, Gordon D, Gaziano JM, Manson JE, et al. A randomized trial of low-dose
aspirin in the primary prevention of cardiovascular disease in women. The New England journal of
medicine 2005,352:1293-1304.

20. Ferrario CM, Strawn WB. Role of the renin-angiotensin-aldosterone system and proinflammatory
mediators in cardiovascular disease. The American journal of cardiology 2006,98:121-128.

21. Zhong J, Guo D, Chen CB, Wang W, Schuster M, Loibner H, et al. Prevention of angiotensin II-
mediated renal oxidative stress, inflammation, and fibrosis by angiotensin-converting enzyme 2.
Hypertension 2011,57:314-322.

22. Libby P. Inflammation in atherosclerosis. Arteriosclerosis, thrombosis, and vascular biology
2012,32:2045-2051.

23. Kosiborod M, Lam CSP, Kohsaka S, Kim DJ, Karasik A, Shaw J, et al. Cardiovascular Events
Associated With SGLT-2 Inhibitors Versus Other Glucose-Lowering Drugs: The CVD-REAL 2 Study.
Journal of the American College of Cardiology 2018,71:2628-2639.

24. Zheng SL, Roddick AJ, Aghar-Jaffar R, Shun-Shin MJ, Francis D, Oliver N, et al. Association Between
Use of Sodium-Glucose Cotransporter 2 Inhibitors, Glucagon-like Peptide 1 Agonists, and Dipeptidyl
Peptidase 4 Inhibitors With All-Cause Mortality in Patients With Type 2 Diabetes: A Systematic
Review and Meta-analysis. JAMA 2018,319:1580-1591.

25. Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, et al. Empagliflozin, Cardiovascular
Outcomes, and Mortality in Type 2 Diabetes. The New England journal of medicine 2015,DOI:
10.1056/NEJMoa1504720.

26. Pulipati VP, Ravi V, Pulipati P. Cardiovascular outcomes with glucagon-like peptide-1 receptor
agonists in patients with type 2 diabetes mellitus: A systematic review and meta-analysis. European
journal of preventive cardiology 2020:2047487320903638.

27. Bethel MA, Patel RA, Merrill P, Lokhnygina Y, Buse JB, Mentz RJ, et al. Cardiovascular outcomes with
glucagon-like peptide-1 receptor agonists in patients with type 2 diabetes: a meta-analysis. The
lancet. Diabetes & endocrinology 2018,6:105-113.

28. Nagai S, Takemoto M, Takefuji S, Kajihara R, Ogawa K, Harada T, et al. Cardioveascular Screening for
The Out-patients with Diabetes Mellitus. . Heart Nursing (Japanese) 2019,32:69-73.



Page 13/14

29. Makrilakis K, Liatis S. Cardiovascular Screening for the Asymptomatic Patient with Diabetes: More
Cons Than Pros. Journal of diabetes research 2017,2017:8927473.

Figures

Figure 1

The values of body mass index (BMI) (A), systolic and diastolic blood pressures (B), HbA1c (C), LDL- and
HDL-cholesterol and triglyceride (D), and serum creatinine (E), in the S (red lines) and NS (blue lines)
groups in 2014 and 2018 in the out-patients with type 2 diabetes mellitus. The values of the highly
sensitive C-reactive protein (hs-CRP) (F) during 1st and last cardiovascular screening test in the S group
in the out-patients with type 2 diabetes mellitus. *p < 0.05 compared to the values in 2014. †p < 0.05
compared to the values in the NS group in 2018.
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Figure 2

The frequency of receiving of cardiovascular screening tests (bold black line), internal use for
cardiovascular disease of statins (blue line), anti-platelets (red line), and RAS inhibitors (green line), and
the internal use for type 2 diabetes mellitus of sodium-glucose cotransporter (SGLT)-2 inhibitors (purple
line) and glucagon-like peptide (GLP)-1 receptor agonists are demonstrated in Figure 2A. On the other
hand, the frequency of acute coronary syndrome (green line), cerebral infarctions (purple line), 4-point
major adverse cardiovascular events (red line), admissions due to heart failure (blue line), and all-cause
mortality in the out-patients with type 2 diabetes mellitus are demonstrated in Figure 2B. *p < 0.05.


