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a b s t r a c t
Objective: Although glucose abnormality status (GAS), prior coronary artery disease (CAD), and other traditional
risk factors affect the incidence of subsequent CAD, their impact in the same cohort has been scantly studied.
Research design and methods: We analyzed data from a nationwide claims database in Japan that was accumulated during 2008–2016 involving 138,162 men aged 18–72 years. Participants were classiﬁed as having
normoglycemia, borderline glycemia, or diabetes mellitus (DM) with prior CAD (CAD+) or without prior CAD
(CAD−). Cox regression model identiﬁed variables related to the incidence of CAD.
Results: Among CAD−, management of traditional risks differed from those with and without subsequent CAD
events. On the other hand, such differences were weaker in borderline glycemia and DM CAD+, and the inﬂuence of traditional risk factors on subsequent CAD was not observed. Cox regression model showed that borderline glycemia and DM confer approximately 1.2- and 2.8-fold excess risks of CAD, respectively, compared with
CAD− with normoglycemia. CAD+ confers approximately a 5- to 8-fold increased risk. The impacts of DM and
prior CAD additively reached a hazard ratio (HR) of 15.74 (95% conﬁdence interval [CI]: 11.82–21.00). However,
the HR in those with borderline glycemia and CAD+ was 7.20 (95% CI: 5.01–10.34), which was not different from
those with normoglycemia and CAD+.
Conclusion: Control status of traditional risk factors and impact on subsequent CAD differ among categories of glycemic status with and without prior CAD. Individualizing treatment strategies is needed in consideration of risk
factors, such as GAS and CAD+.
© 2019 Elsevier Inc. All rights reserved.

1. Introduction
Coronary artery disease (CAD) is known to predispose patients with
diabetes to a lower quality of life as well as higher rates of cardiovascular mortality. Although it is well established that both prior CAD [1] and
diabetes [2–6] are known predictors of subsequent CAD, previous studies did not exclude borderline glycemia from the non-diabetic category,
resulting in overestimating the risk of non-diabetes.
The risk of incident CAD greatly differs depending on the presence of
prior CAD in diabetic patients [3,7]. In addition, people with diabetes

Abbreviations: CAD, coronary artery disease; HRs, hazard ratios; SBP, systolic blood
pressure; DBP, diastolic blood pressure; TG, triglycerides; CABG, coronary artery bypass
grafting; PCI, percutaneous coronary intervention.
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have higher mortality rates after acute myocardial infarction than
those without diabetes [8]. Recently, the presence of prior CAD has
been regarded as an important determinant in the selection of
glucose-lowering medications in managing hyperglycemia as recommended by the American Diabetes Association and the European Association for the Study of Diabetes (ADA/EASD) [9].
The prevalence of borderline glycemia is 7%, 16%, and 13% in the
world, United States, and Japan, respectively [10]. As with diabetes, borderline glycemia is associated with an increased risk of cardiovascular
disease [11,12]. Although it is known that the risk of CAD differs according to various risk factors, such as a metabolically unhealthy status and
age [13,14], it has yet to be clariﬁed whether the risk of CAD differs according to the presence of prior CAD in individuals with borderline glycemia as is the case with diabetes. Therefore, we investigated the
impact of the presence of prior CAD, glucose abnormality status and
their combinations on the incidence of CAD using large-scale claims
data.
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2. Materials and methods

2.3. Statistical analysis

2.1. Study participants

Categorical variables were expressed as numerals and percentages
and were compared with χ2 tests. Continuous variables were expressed
as the mean ± standard deviations or median and interquartile range.
Continuous variables were compared using the unpaired Student's t-test
or the Mann-Whitney U test for two-group comparisons based on their
distributions. Cox regression model identiﬁed variables related to the incidence of CAD. Covariates included traditional CAD risk factors in each
model. To directly compare the effect of risk factors that have different
units or means, we calculated the hazard ratio (HR) per 1-SD increment
for several variables. Analyses were performed using SPSS (version 19.0,
Chicago, IL, USA). Statistical signiﬁcance was considered for P b 0.05.
The Ethics Committee of Niigata University approved this study.

The present study analyzed data from a nationwide claims-based
database that included 296,504 people who belong to a health insurance provider for company employees and their dependents in Japan
[15]. Men aged 18–72 years who had been followed for at least
3 years between 1 April 2008 and 31 March 2013 were included and
followed up to 31 August 2016. Excluded were women (n =
107,398), those who were not followed for at least 3 years, and those
with no health examination data including blood test results (n =
50,944). Finally, data were analyzed on 138,162 men. More complete
details of the study were described elsewhere [14,16–19].

3. Results
2.2. Deﬁnitions
Participants were classiﬁed as having normoglycemia, borderline
glycemia deﬁned by fasting plasma glucose (FPG) and HbA1c, or diabetes based on FPG, HbA1c, and claims database data as follows:
normoglycemia, both FPG b5.6 mmol/L and HbA1c b42 mmol/mol and
no antidiabetic drug prescription; borderline glycemia deﬁned by FPG
and HbA1c, either FPG 5.6–6.9 mmol/L or HbA1c 42–50 mmol/mol or
both and no antidiabetic drug prescription; and diabetes, FPG
≥7.0 mmol/L or HbA1c ≥51 mmol/mol or both and no antidiabetic
drug prescription or with an antidiabetic drug prescription regardless
of FPG or HbA1c. Participants who had prior CAD events at baseline
and subsequent CAD events were determined according to claims
using International Classiﬁcation of Disease 10th revision (ICD-10)
codes for cardiac events and medical procedures and questionnaires.

Baseline characteristics of our study participants according to glucose abnormality category and prior CAD are shown in Table 1.
Among 138,162 participants, 78,230, 45,610, and 14,322 had
normoglycemia, borderline glycemia, and diabetes, respectively. In
each glucose category, 963, 868, and 709, respectively, had prior CAD
(CAD+). Median follow-up duration was 5.0 years. During the study period, 234, 291, and 348 CAD events occurred in participants with
normoglycemia, borderline glycemia, and diabetes, respectively. The
rates of CAD were 0.53, 1.14, and 3.93 per 1000 person-years in those
with normoglycemia, borderline glycemia, and diabetes, respectively,
in those with no prior CAD (CAD−) and 7.00, 8.93, and 24.47 per
1000 person-years, respectively, in those with CAD+.
LDL-C level and smoking were well controlled in the CAD+ groups,
and BMI was well controlled in CAD− regardless of the glucose

Table 1
Characteristics of study participants according to glucose abnormality category and prior CAD.
Normoglycemia

Borderline glycemia

Prior CAD

Age (years)
BMI (kg/m2)
SBP (mm Hg)
DBP (mm Hg)
HbA1c (mmol/mol)
n = 136,228
FPG (mmol/L)
n = 136,553
LDL-C (mmol/L)
HDL-C (mmol/L)
Triglycerides (mmol/L)
Current smoking (%)
History of dyslipidemia
History of hypertension
Medications
β-Blockers
ACEs and ARBs
CCBs
Diuretics
Statins
Antiplatelet agents
OHAs
GLP-1
Insulin
Rate per 1000 person-years

P

Diabetes

Prior CAD

P

Prior CAD

P

(−)

(+)

(−)

(+)

(−)

n = 77,267

n = 963

n = 44,742

n = 868

n = 13,613

(+)
n = 709

43 ± 9
22.9 ± 2.9
120 ± 14
75 ± 11
34.1 ± 2.7

48 ± 8
23.3 ± 3
121 ± 14
77 ± 11
34.6 ± 2.6

b0.01
b0.01
0.03
b0.01
b0.01

47 ± 8
24.1 ± 3.3
124 ± 15
78 ± 11
38.7 ± 3.4

52 ± 7
24.7 ± 3.4
125 ± 15
79 ± 10
39.5 ± 3.3

b0.01
b0.01
0.11
0.22
b0.01

51 ± 8
25.8 ± 4.1
130 ± 16
81 ± 11
55.1 ± 15.7

55 ± 7
26.1 ± 3.8
128 ± 16
79 ± 11
53.6 ± 13.3

b0.01
0.02
b0.01
b0.01
b0.01

4.92 ± 0.37

4.91 ± 0.38

0.51

5.57 ± 0.54

5.61 ± 0.62

0.04

8.04 ± 2.43

7.82 ± 2.41

0.02

3.1 ± 0.8
1.54 ± 0.38
2.4 (1.7–3.5)
29,530 (38.2%)
31,336 (40.6%)
11,223 (14.5%)

3.0 ± 0.8
1.53 ± 0.38
2.6 (1.8–3.8)
285 (29.6%)
503 (52.2%)
355 (36.9%)

b0.01
0.62
b0.01
b0.01
b0.01
b0.01

3.3 ± 0.8
1.49 ± 0.38
2.9 (2.0–4.3)
17,600 (39.3%)
25,042 (56.0%)
11,557 (25.8%)

3.1 ± 0.8
1.46 ± 0.37
2.9 (2.1–4.3)
271 (31.2%)
583 (67.2%)
448 (51.6%)

b0.01
0.61
0.12
b0.01
b0.01
b0.01

3.3 ± 0.8
1.41 ± 0.37
3.4 (2.3–5.0)
5858 (43.0%)
9719 (71.4%)
6477 (47.6%)

2.9 ± 0.8
1.35 ± 0.35
3.0 (2.1–4.4)
195 (27.5%)
607 (85.6%)
555 (78.3%)

b0.01
b0.01
0.48
b0.01
b0.01
b0.01

514 (0.7%)
3050 (3.9%)
2833 (3.7%)
408 (0.5%)
2285 (3.0%)
322 (0.4%)

111 (11.5%)
186 (19.3%)
172 (17.9%)
31 (3.2%)
182 (18.9%)
200 (20.8%)

b0.01
b0.01
b0.01
b0.01
b0.01
b0.01

739 (1.7%)
3513 (7.9%)
3534 (7.9%)
539 (1.2%)
2901 (6.5%)
403 (0.9%)

149 (17.2%)
249 (28.7%)
209 (24.1%)
50 (5.8%)
266 (30.6%)
246 (28.3%)

b0.01
b0.01
b0.01
b0.01
b0.01
b0.01

7.00

1.14

8.93

228 (32.2%)
424 (59.8%)
282 (39.8%)
91 (12.8%)
447 (63.0%)
430 (60.6%)
479 (67.6%)
6 (0.8%)
82 (11.6%)
24.47

b0.01
b0.01
b0.01
b0.01
b0.01
b0.01
b0.01
0.17
b0.01

0.53

527 (3.9%)
3256 (23.9%)
2683 (19.7%)
459 (3.4%)
2948 (21.7%)
424 (3.2%)
6171 (45.3%)
65 (0.5%)
1067 (7.8%)
3.93

Data are presented as n (%), mean ± SD or median (interquartile range); International Federation of Clinical Chemistry and Laboratory Medicine units.
CAD, coronary artery disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; LDL-C/HDL-C, low-density/high-density lipoprotein cholesterol,
ACEs, angiotensin-converting-enzyme inhibitors; ARBs, angiotensin-receptor blockers; CCBs calcium-channel blockers; OHAs, oral hypoglycemic agents; GLP-1, glucagon-like peptide 1
receptor agonists.
Hypertension was deﬁned as a systolic blood pressure N140 mm Hg, a diastolic blood pressure N90 mm Hg, or treatment for hypertension.
Dyslipidemia was deﬁned as LDL-C N3.6 mmol/L, HDL-C b1.0 mmol/L, triglycerides N3.9 mmol/L or treatment for dyslipidemia.
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Table 2
Cox regression analysis of variables for incidence of coronary artery disease (CAD) according to glucose abnormality category and prior CAD.
Normoglycemia

Borderline glycemia

HR (95% CI)

P

HR (95% CI)

b0.01

Diabetes
P

HR (95% CI)

P

Ref
5.46 (3.82–7.80)

b0.01

Ref
6.51 (4.98–8.52)

b0.01

1.19 (0.98–1.44)
0.97 (0.59–1.60)

0.07
0.92

2.60 (2.13–3.18)
1.88 (1.17–3.01)

b0.01
b0.01

Prior CAD−
Prior CAD+

Ref
8.79 (5.98–12.92)

Prior CAD−
Prior CAD+

Ref
Ref

Prior CAD−
Prior CAD+

Ref
9.90 (6.77–14.47)

b0.01

1.24 (1.03–1.50)
7.20 (5.01–10.34)

0.03
b0.01

2.75 (2.25–3.36)
15.74 (11.82–20.95)

b0.01
b0.01

Prior CAD−
Prior CAD+

0.36 (0.30–0.44)
3.60 (2.47–5.25)

b0.01
b0.01

0.45 (0.38–0.54)
2.62 (1.84–3.71)

b0.01
b0.01

Ref
5.72 (4.41–7.42)

b0.01
b0.01

Each variable for CAD adjusted by age, body mass index, systolic blood pressure, low-density lipoprotein-C, high density lipoprotein-C, and current smoking.

abnormality category. In those with normoglycemia, SBP, DBP, TG, and
HbA1c were well controlled in the CAD− group compared with the
CAD+ group. Control status of these risk factors was improved with
progression of glucose abnormality in the CAD+ group. In fact, the
numbers of risk factors that have statistical difference were decreased
in borderline glycemia and diabetes compared to normoglycemia. In
those with borderline glycemia, SBP, DBP, and TG levels were not significantly different between CAD− and CAD+, unlike in those with
normoglycemia. In those with diabetes, SBP, DBP, and HbA1c were
well controlled in the CAD+ group. The prevalence of statin use increased across groups according to glucose abnormality and CAD+.
In the CAD− groups, control status of traditional cardiovascular risk
factors differed according to subsequent CAD events. On the other hand,
in participants with borderline glycemia and diabetes in the CAD+
groups, the differences were weakened. Only the HDL-C level was
lower in people with CAD events, whereas the control status of BMI,
SBP, HbA1c, FPG, LDL-C, and TG levels and the proportion of current
smoking were similar in those groups (Supplemental Table 1).
Table 2 shows the multivariate-adjusted HRs for CAD events according to glucose abnormality category and CAD+. Although diabetes presented almost a 2-fold risk for CAD events regardless of prior CAD, the
inﬂuence of borderline glycemia on CAD was modest and was less in
CAD+ than in CAD−. The CAD+ groups had approximately 5- to 8-

fold increases in CAD events regardless of glucose abnormality category.
The impacts of diabetes and prior CAD on future CAD events were additive reaching 15.74 (95% conﬁdence interval [CI]: 11.82–21.00). Conversely, the HR of those with borderline glycemia and CAD+ was 7.20
(95% CI: 5.01–10.34), which was not different from those with
normoglycemia and CAD+. Participants with CAD+ without diabetes
had an approximately 3-fold signiﬁcantly higher increase in CAD events
than CAD− diabetic participants.
Table 3 shows the HRs of each variable on future CAD according to
the presence of prior CAD and glucose abnormality category. In the
CAD− group, the effects of almost all traditional risk factors, such as
age, current smoking, BMI, SBP, LDL-C, and HDL-C, on future CAD was
statistically signiﬁcant regardless of the glucose abnormality category.
In the CAD+ group, those impacts were weakened, especially in borderline glycemia and diabetes. Only HDL-C was signiﬁcantly associated
with future CAD events in individuals with diabetes and CAD+.
4. Discussion
This is the ﬁrst study to evaluate the impact of glucose abnormality
status, prior CAD, and their combinations on subsequent CAD in the
same cohort. Prior CAD and diabetes confer approximately 5- to 8-fold
and 2.8-fold subsequent CAD risks, respectively, whereas the impact

Table 3
Cox regression analysis of variables for incidence of CAD according to prior CAD and glucose abnormality category.
Prior CAD (−)

Prior CAD (+)

Normoglycemia

Age
Current smoking
BMI
Per 5 kg/m2 increase
Per 1 SD increase
SBP
Per 10 mm Hg
increase
Per 1 SD increase
LDL-C
Per 1 mmol/L
increase
Per 1 SD increase
HDL-C
Per 1 mmol/L
increase
Per 1 SD increase

Borderline glycemia

Diabetes

HR (95% CI)

HR (95% CI)

P

Normoglycemia
P

HR (95% CI)

P

Borderline glycemia

Diabetes

HR (95% CI)

HR (95% CI)

HR (95% CI)

P

1.12
(1.10–1.14)
1.43
(1.08–1.89)

b0.01 1.11
(1.09–1.13)
b0.01 2.17
(1.68–2.80)

b0.01 1.05
(1.03–1.07)
b0.01 1.41
(1.11–1.81)

b0.01 1.09
(1.03–1.14)
b0.01 1.11
(0.49–2.54)

b0.01 1.08
(1.03–1.13)
0.80 1.12
(0.56–2.28)

b0.01 0.99
(0.96–1.02)
0.74 1.09
(0.67–1.78)

P

0.59

P

1.12
(0.87–1.45)
1.08
(0.91–1.28)

0.37 1.42
(1.16–1.73)
1.26
(1.10–1.44)

b0.01 1.04
(0.87–1.23)
1.03
(0.91–1.15)

0.68 1.91
(1.03–3.53)
1.54
(1.02–2.31)

0.04 1.21
(0.71–2.05)
1.14
(0.80–1.61)

0.48 1.06
(0.76–1.47)
1.04
(0.83–1.29)

0.75

1.21
(1.11–1.33)
1.33
(1.16–1.51)

b0.01 1.20
(1.12–1.30)
1.31
(1.18–1.46)

b0.01 1.11
(1.03–1.19)
1.16
(1.05–1.29)

b0.01 1.31
(1.03–1.66)
1.49
(1.05–2.11)

0.03 0.99
(0.78–1.25)
0.99
(0.70–1.39)

0.93 1.06
(0.92–1.21)
1.09
(0.89–1.33)

0.41

1.77
(1.50–2.09)
1.58
(1.38–1.81)

b0.01 1.63
(1.41–1.89)
1.48
(1.31–1.67)

b0.01 1.60
(1.40–1.82)
1.45
(1.31–1.61)

b0.01 0.51
(0.31–0.85)
0.59
(0.39–0.88)

0.01 0.63
(0.40–0.98)
0.69
(0.49–0.98)

0.04 1.08
(0.81–1.45)
1.07
(0.84–1.35)

0.59

0.28
(0.17–0.44)
0.61
(0.51–0.73)

b0.01 0.34
(0.22–0.53)
0.66
(0.56–0.78)

b0.01 0.36
(0.23–0.55)
0.67
(0.57–0.79)

b0.01 0.18
(0.05–0.58)
0.51
(0.32–0.81)

b0.01 0.25
(0.08–0.75)
0.59
(0.38–0.90)

0.01 0.38
(0.17–0.86)
0.69
(0.50–0.95)

0.02

0.74

BMI, body mass index; CAD, coronary artery disease; SBP, systolic blood pressure; HR, hazard ratio; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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of borderline glycemia on subsequent CAD was modest. The combination of CAD+ and diabetes had an additive 15-fold increased risk of future CAD.
Management of CAD risk factors was not sufﬁcient in the CAD−
groups regardless of glycemic status and in those with normoglycemia
and CAD+. On the other hand, traditional risk factors were well managed in borderline glycemia and diabetes with CAD+. Our results
showed that the absolute risks were exclusively high in those with diabetes and CAD+, suggesting that even in Japanese, individuals with diabetes with CAD+ are at high risk for subsequent CAD similar to those
in Western countries.
Reports from Western countries showed that in those with diabetes
and CAD−, normoglycemia and CAD+, and diabetes with CAD+, risks
of a subsequent CAD event were 1.5- to 2.0-fold, 2.0-to 3.0-fold, and
4.0-to 7.0-fold, respectively [3–6]. In our present study, the risk in
those with CAD+ was higher compared with those ﬁndings. East
Asians are less obese and have fewer coronary artery atherosclerotic lesions compared with Westerners [20], suggesting that the risk of CAD is
relatively low in both non-diabetic [21,22] and diabetic [23,24] individuals. Nevertheless, in situations wherein there are overlapping risks in
those with CAD+, patients with CAD+ had changes in coronary arteries, which greatly increases the risk of subsequent CAD, especially in
those with diabetes. Even in East Asians, clinicians must pay attention
to populations at high risk of CAD similar to Western populations
[3,25–27].
Previous studies showed that CAD increased by 1.2-fold in those
with borderline glycemia [11] [12]. Although the inﬂuence of borderline
glycemia deﬁned by FPG and HbA1c itself was not high compared to diabetes, the incidence of new CAD increased to the same extent as with
diabetes in those with other risk factors such as related to blood pressure, lipids, and obesity [13,14]. Thus, in borderline glycemia, especially
in those with prior CAD and other metabolic risk factors, active interventions in treating traditional risk factors are required for secondary
prevention of CAD [28]. In our present study, traditional risk factors
were well controlled compared with previous studies [29] [30]. These
risk factors were not independently associated with future CAD and
the absolute risk of borderline glycemia with CAD+ was approximately
the same as in normoglycemia with CAD+. Those ﬁndings were consistent with ﬁndings of a recent study that cardiac mortality or the incidence of cardiovascular disease in those with prior CAD does not differ
between individuals with borderline glycemia and normoglycemia [31].
Borderline glycemia deﬁned by FPG and HbA1c with CAD+ did not
have an additive risk increase unlike diabetes with CAD+; however,
those with borderline glycemia had more advanced coronary artery lesions than those with normoglycemia [32–34]. This may be the result of
good management of not only traditional risk factors but of residual risk
factors such as heart failure, chronic kidney disease, etc. [35] that we
could not evaluate in our research. It is possible that the inﬂuence of
CAD+ differs according to glucose abnormality status.
Haffner et al. [7] revealed that patients with diabetes with CAD−
had a risk of CAD as high as that in patients without diabetes with
CAD+. Recently, the control status of individual risk factors has improved in real-world settings [36,37]. Bulugahapitiya et al. [2] and
Rana et al. [3] showed that diabetes alone did not confer a risk of CAD
equivalent to that of individuals with CAD+. However, few studies
have evaluated the impact of borderline glycemia separately from
normoglycemia. Our ﬁndings demonstrated that the impact of borderline glycemia deﬁned by FPG and HbA1c is modest and diabetes alone
is not equivalent to the risk of CAD+ in normoglycemia even if the inﬂuence of borderline glycemia is eliminated to the greatest extent possible.
In diabetic patients, those with CAD+ are recognized as an exclusively high-risk group for subsequent CAD and risk management is
more strictly performed [28,38]. Actually, our real-word data derived
from this extensive data base indicated that traditional risk factors
were better controlled in those having diabetes with CAD+ than in
those with diabetes and CAD−, and no differences in traditional risk

factors were observed between those with and without a subsequent
CAD event. As a result, the inﬂuence of traditional risk factors on subsequent CAD was not shown in the multivariate analysis. However, despite the fact that traditional risk factors were well controlled in those
with diabetes and CAD+, unlike borderline glycemia, the additive risk
of subsequent CAD increased approximately 15 times compared to
normoglycemia and CAD−. In other words, those with diabetes and
CAD+ require further management of residual risks [35] along with interventions to treat traditional risk factors. Recently, new evidence was
established that speciﬁc sodium–glucose cotransporter 2 inhibitors [25]
[27] or glucagon-like peptide 1 receptor agonists [26] improve cardiovascular outcomes in high risk patients including patients with prior
CAD. Thus, those two glucose-lowering medications should be considered in such high risk groups to prevent future CAD.
Although the incidence of CAD was lower in women than in men, diabetes was more strongly associated with CAD in women compared
with men [39]. Unfortunately, we could not evaluate the impact of glucose abnormality and prior CAD on future CAD among women because
the incidence of CAD is too low in this population for a meaningful analysis. Further studies are needed to clarify these points with an adequate
number of participants.
Our present study's strengths were its large sample size and accurate
deﬁnition of glucose abnormality status and CAD based on information
from health examinations and the claims database that included information on medical practice, thereby allowing all patients to be stratiﬁed
according to glucose abnormality status and to be identiﬁed as to subsequent CAD. However, our study has some limitations. First, we do not
have data from oral glucose tolerance tests so that we could not accurately distinguish patients with diet-controlled diabetes from patients
with borderline glycemia since both groups would fall under the same
deﬁnition, which included HbA1c 42–50 mmol/mol and/or FPG 5.6–
6.9 mmol/L. Thus, our results could have overestimated the inﬂuence
of some of the clinical variables in participants with borderline glycemia. Moreover, we could not distinguish between patients with impaired glucose tolerance and impaired fasting glucose. For these
reasons, our ﬁndings must be interpreted with caution with regard to
borderline glycemia. Further studies are needed to clarify the impact
of those two borderline glycemia phenotypes on CAD using oral glucose
tolerance test data. Second, we could not strictly separate participants
who underwent coronary artery bypass grafting (CABG) from those
who had a percutaneous coronary intervention (PCI), individuals with
a combination of the two procedures, and participants receiving conservative treatment at baseline because we only had claims data for a limited period. Moreover, our questionnaire only included previous CAD.
CABG was shown to be superior to PCI for the endpoint of repeat revascularization in diabetes [40]. We also had no data on mortality and heart
failure. Therefore, more detailed studies are needed to conﬁrm our ﬁndings, taking into consideration baseline CAD patterns, evidence of baseline or subsequent heart failure and mortality. Third, our study
participants were limited to men. It was not possible to evaluate the impact of a glucose abnormality status and prior CAD among women because the incidence of CAD is too low in such a population for
meaningful analyses of each category. Fourth, it was not possible to
identify participants whose glucose abnormality status and traditional
risk factors improved or deteriorated during the study period.

5. Conclusion
Control status of traditional risk factors and their impact on subsequent CAD differed in each category. Inﬂuence of borderline glycemia
deﬁned by FPG and HbA1c was modest when other risk factors were
well managed. Current treatment is not sufﬁcient to prevent subsequent CAD, especially in the high-risk group with diabetes and prior
CAD. Individualizing treatment strategies are needed to consider each
patient's risk factors, such as glucose abnormality status and prior CAD.
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