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Abstract 

Background:  In the secondary prevention of cardiovascular (CV) disease in patients with diabetes, an optimal level 
of HbA1c, the most widely-used glycemic control indicator, for favorable clinical consequences still remains to be 
established. This study assessed the association between preprocedural HbA1c level and CV mortality in Japanese 
diabetic patients undergoing percutaneous coronary intervention (PCI).

Methods:  This is a retrospective observational study using a single-center prospective PCI database involving con-
secutive 4542 patients who underwent PCI between 2000 and 2016. Patients with any antidiabetic medication includ-
ing insulin at PCI were included in the analysis (n = 1328). We divided the patients into 5 and 2 groups according to 
HbA1c level; HbA1c: < 6.5% (n = 267), 6.5–7.0% (n = 268), 7.0–7.5% (n = 262), 7.5–8.5% (n = 287) and ≥ 8.5% (n = 244), 
and 7.0% > and ≤ 7.0%, respectively. The primary outcome was CV mortality including sudden death. The median 
follow-up duration was 6.2 years.

Results:  In the follow-up period, CV and sudden death occurred in 81 and 23 patients, respectively. While unadjusted 
Kaplan–Meier analysis showed no difference in cumulative CV mortality rate between patients binarized by preproce-
dural HbA1c 7.0%, analysis of the 5 groups of HbA1c showed significantly higher cumulative CV death in patients with 
HbA1c < 6.5% compared with those with 7.0–7.5% (P = 0.042). Multivariate Cox hazard analysis revealed a U-shaped 
relationship between preprocedural HbA1c level and risk of CV death, and the lowest risk was in the HbA1c 7.0–7.5% 
group (Hazard ratio of HbA1c < 6.5% compared to 7.0–7.5%: 2.97, 95% confidence interval: 1.33–7.25, P = 0.007). Simi-
larly, univariate analysis revealed the lowest risk of sudden death was in the HbA1c 7.0–7.5% group.

Conclusion:  The findings indicate an increased risk of CV mortality by strict glycemic control (HbA1c < 6.5%) in the 
secondary prevention of CV disease in Japanese patients with medically-treated diabetes.
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Background
Diabetes mellitus is a major socioeconomic burden 
worldwide [1] and it is the leading cause of atheroscle-
rotic cardiovascular (CV) mortality and morbidity, 
including coronary, cerebral and peripheral artery dis-
ease, and heart failure [2]. To prevent macrovascular 
complications in diabetic patients, the multifactorial 
management of diabetes with other atherosclerotic risk 
factors such as smoking, obesity, hypertension, and lipid 
disorders is clinically important [3].

The level of glycated hemoglobin, hemoglobin A1c 
(HbA1c), reflects blood glucose levels over the preced-
ing approximately 2 to 3 months [4]. As the measurement 
method of HbA1c has been clinically validated and inter-
nationally standardized [5], it has been widely accepted 
as an indicator of glycemic control, and accumulating 
evidence has recommended its routine monitoring in the 
care of diabetic patients [6]. Numerous previous stud-
ies have demonstrated that elevated HbA1c, generally 
more than 9.0%, is a strong risk factor for poor progno-
sis, such as CV mortality, not only in an entire cohort of 
type 2 diabetes patients [7], but also in diabetic patients 
with established coronary artery disease [8], heart fail-
ure [9], or chronic kidney disease (CKD) [10]. Accord-
ingly, guidelines recommend glycemic control that has 
a target HbA1c level below 7.0% or 6.5% in the manage-
ment of diabetes [6, 11]. Nevertheless, despite evidence 
indicating the merit of glycemic control to decrease the 
rates of microvascular complications [12, 13], three land-
mark trials showed no significant reduction in adverse 
CV events by intensive glycemic control in advanced dia-
betes with longer duration [14–16]. Moreover, patients 
with long-term diabetes, a known history of hypoglyce-
mia, advanced atherosclerosis, or advanced age/frailty 
rather may benefit from a less aggressive HbA1c target 
[17]. Hypoglycemia has been shown to associate with 
an increased risk of all-cause mortality [18, 19], which 
casts doubt on very stringent glycemic control in diabetic 
patients. Moreover, although no substantial HbA1c low-
ering effect (< 0.5%) was observed in most of the recent 
trials of newer classes of antidiabetic agents, includ-
ing dipeptidyl peptidase 4 (DPP-4) inhibitors [20–23], 
sodium glucose cotransporter 2 (SGLT2) inhibitors 
[24–26], and glucagon like peptide 1 (GLP-1) receptor 
agonists [27], the degrees of risk reduction of CV events 

were substantially different among these classes of anti-
diabetic drugs. Accordingly, although most current pri-
mary and secondary prevention guidelines recommend 
HbA1c less than 6.5% or 7.0% to prevent poor CV out-
comes in diabetic patients [6, 28], the optimal target level 
of HbA1c is still under intense debate [29]. Furthermore, 
evidence regarding a target level of HbA1c in the second-
ary prevention of CV events in patients with diabetes 
who have a history of macrovascular disease is still lack-
ing and inconsistent. While the superiority of intensive 
glycemic control was not demonstrated in a subgroup of 
secondary prevention in the Action in Diabetes and Vas-
cular Disease: Preterax and Diamicron Modified Release 
Controlled Evaluation (ADVANCE) trial [15], another 
study demonstrated more intensive lowering of HbA1c 
was beneficial to reduce the risk of CV events in patients 
with a history of macrovascular disease [30].

In this study, to explore and identify the optimal level 
of glycemic control in the secondary prevention of CV 
disease in patients with diabetes, we evaluated the asso-
ciation between the intensity or strictness of control rep-
resented by preprocedural HbA1c level at PCI and risk of 
subsequent CV mortality and sudden death in patients 
with any class of antidiabetic medication.

Patients and Methods
This study was performed in accordance with the Dec-
laration of Helsinki and with approval from the Insti-
tutional Review Board (IRB) of Juntendo University 
(IRB-ID: 17-170), and the prospective registry database 
of patients who underwent any PCI at Juntendo Univer-
sity Hospital, Tokyo, Japan (Juntendo Physicians’ Alli-
ance for Clinical Trial, J-PACT) is publicly registered 
(University Medical Information Network Japan-Clin-
ical Trials Registry, UMIN-CTR 000035587). Written 
informed consent was obtained from all participants for 
the J-PACT registry.

Participants
This study is a retrospective analysis of a portion of the 
prospective single-center registry database of patients 
who underwent PCI at Juntendo University Hospital, 
Tokyo. The registry was launched in February 1984 (Jun-
tendo Physicians’ Alliance for Clinical Trial, J-PACT). 
The registry database includes data regarding patient 

Trial registration This study reports the retrospective analysis of a prospective registry database of patients who under-
went PCI at Juntendo University Hospital, Tokyo, Japan (Juntendo Physicians’ Alliance for Clinical Trials, J-PACT), which 
is publicly registered (University Medical Information Network Japan-Clinical Trials Registry UMIN-CTR 000035587).
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Sudden death
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demographics, coronary artery lesions, PCI procedures, 
and devices used. Patients who underwent any type 
of percutaneous coronary artery intervention proce-
dure, including thrombectomy, balloon angioplasty, and 
deployment of any type of coronary stent, were enrolled 
in the registry. In this study, the data of patients with a 
diagnosis of diabetes before PCI and prescribed any class 
of antidiabetic medication, such as insulin, GLP-1 recep-
tor agonists and any oral antidiabetic drug, who under-
went PCI for the first time between January 2000 and 
December 2016 was extracted from the registry database 
and validated by investigators.

In the 2000-2016 study period, consecutive 4542 
patients who underwent PCI for the first time (index PCI) 
were registered in the database. After excluding patients 
with missing preprocedural HbA1c values (n = 94) and 
those undergoing chronic maintenance hemodialysis 
(n = 74), 1328 patients who were taking any anti-dia-
betic medication, including oral hypoglycemic agents 
and insulin, were enrolled in the study. In patients under 
chronic hemodialysis, the clinical usefulness of HbA1c 
as an indicator of glycemic control may need to be dis-
cussed separately, so we excluded that population [31]. 
To assess the prognostic impact of HbA1c level in this 
population, we divided the participants into 5 groups and 
2 groups according to prespecified HbA1c values based 
on clinical relevance, specifically HbA1c < 6.5% (< 6.5%), 
6.5% ≤ HbA1c < 7.0% (6.5–7%), 7.0% ≤ HbA1c < 7.5% 
(7–7.5%), 7.5% ≤ HbA1c < 8.5% (7.5–8.5%), and 
HbA1c ≥ 8.5% (≥ 8.5%), and HbA1c < 7.0% and ≥ 7.0%, 
respectively (Additional file 1: Figure S1).

Follow‑up
In this prospective PCI registry database, J-PACT, patient 
follow-up was based on chart review, as far as they were 
followed at Juntendo University Hospital. A prognosis 
survey questionnaire was mailed out every 5 years if they 
were transferred to other institutions. When there was 
no response to the questionnaire, further follow-up was 
conducted by phone. In cases in which no response was 
achieved by either, follow-up was terminated at the lat-
est time point, at which their survival at our institution 
was confirmed, such as the last visit date to an outpatient 
clinic or the last day of any hospitalization. The median 
and range of the follow-up period since the index PCI 
were 6.2 and 0–10.0 years, respectively.

Endpoints
The primary endpoint was CV mortality, which was 
defined as a composite of the following types of death; 
sudden death in which non-cardiac death could not be 
excluded, and death due to myocardial infarction, heart 
failure, cardiogenic shock, a cerebrovascular event, or 

aortic diseases. The secondary endpoint in this study was 
sudden death.

Statistical analysis
Continuous variables are presented as the mean ± stand-
ard deviation or median with interquartile range (IQR) in 
accordance with the results of the Shapiro–Wilk normal-
ity test. Categorical variables are presented as the actual 
number and frequencies (%). Quantitative data across 
groups were compared using the ANOVA test or the 
Kruskal–Wallis test. Categorical variables were compared 
using the Fisher-exact test with the Chi squared test. 
Unadjusted Kaplan–Meier analysis evaluated the time to 
the cumulative cardiovascular mortality followed by the 
log-rank test for comparisons. The prognostic impact of 
preprocedural HbA1c level on CV mortality was assessed 
using univariate and multivariate Cox proportional haz-
ards regression analyses. Multivariate analysis using the 
following two models calculated the hazard ratios (HR) 
with 95% confidence intervals (CI). In addition to the 
categorical analysis of HbA1c groups setting 7.0–7.5% 
as a reference control, Model 1 included the following 
variables; age, male gender, number of diseased vessels, 
systolic blood pressure, LDL-C, HDL-C, blood glucose 
and number of years with diabetes (covariates other than 
gender male were assessed as continuous variables, one 
standard deviation higher or 1 year longer), while Model 
2 included age (a continuous variable), male gender, use 
of beta-blockers, ejection fraction (a continuous varia-
ble), hemoglobin, blood glucose, eGFR (a continuous var-
iable), number of years with diabetes and insulin use. A 
P < 0.05 was considered to indicate statistical significance. 
Statistical analyses were performed using JMP version 
11.2 (SAS Institute, Cary, NC).

Results
Baseline demographics and procedural characteristics 
among the 5 groups classified by preprocedural HbA1c 
level
The baseline and procedural characteristics of the 5 
groups stratified according to HbA1c classification are 
summarized in Table  1. Patients with a lower HbA1c 
were older, more likely to have hypertension and/or 
CKD, but unlikely to present with acute coronary syn-
drome. Patients in the groups with a lower HbA1c level 
had a lower body mass index (BMI) and lower levels of 
serum lipid parameters, including triglycerides, high 
density lipoprotein cholesterol (HDL-C) and low den-
sity lipoprotein cholesterol (LDL-C), and high-sensitivity 
C-reactive protein (hs-CRP). Insulin was less frequently 
used in patients with lower HbA1c levels. The propor-
tions of patients with multivessel disease, complex 
lesions, and stent implantation were similar among the 
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groups. Nutritional status represented by serum albumin 
as well as geriatric nutritional risk index (GNRI) was not 
different among the groups. Similarly, there was no sig-
nificant difference in the proportion of administration of 
drugs other than antidiabetic medications, statins, beta-
blockers, angiotensin converting enzyme (ACE) inhibi-
tors, and angiotensin receptor blockers (ARB).

Cardiovascular mortality rate and HbA1c level
During follow-up periods up to 10  years since the first 
PCI, 216 all-cause deaths out of 1328 patients (16.3%) 
and 81 CV deaths (6.1%) were identified. The causes of 
the CV deaths included sudden death (n = 23, 28.4% 
in CV death), death due to acute myocardial infarction 
(n = 8, 9.9%), heart failure and cardiogenic shock (n = 26, 
32.1%), cerebrovascular event (n = 16, 19.8%), and other 
cardiovascular causes, such as aortic diseases (n = 8, 
9.9%). Among the 5 groups, the crude incidences of CV 
and sudden death were the lowest in the HbA1c 7.0–7.5% 
group, although no statistically significant difference 
was revealed by the Fisher exact test followed by the Chi 
squared test (Table 2).

Cumulative cardiovascular mortality rate stratified 
by HbA1c level
Unadjusted Kaplan–Meier analysis followed by the log-
rank comparison test showed no significant difference in 
the cumulative CV mortality rate when the study partici-
pants were binarized by HbA1c 7.0% into a group with 
HbA1c > 7.0% vs. HbA1c ≤ 7.0% (P = 0.41), although the 
Kaplan–Meier curve of the group with HbA1c ≤ 7.0% 

was consistently higher than that of HbA1c > 7.0% (Fig-
ure  1a). Kaplan–Meier curves of cumulative CV mor-
tality of the 5 patient groups stratified by preprocedural 
HbA1c levels (< 6.5%, 6.5–7.0%, 7.0–7.5%, 7.5–8.5% and 
≥ 8.5%) showed that the lowest cumulative CV mortal-
ity rate was in the HbA1c 7.0–7.5% group, which was 
significantly lower than that of HbA1c < 6.5% (P = 0.042 
by log-rank comparison) (Fig. 1b). Kaplan–Meier analy-
ses in the HbA1c < 6.5% group showed that the cumula-
tive CV mortality rate was significantly higher in patients 
with low body weight, insulin use, and low albumin 
compared to those without (Additional file 1: Figure S2), 
indicating that they are potential risk factors for cardio-
vascular death in medically-treated diabetic patients with 
HbA1c < 6.5%.

Adjusted prognostic impact of preprocedural HbA1c level 
for cardiovascular and sudden death
To address the prognostic impact of the preprocedural 
HbA1c level in diabetic patients following PCI inde-
pendently, we performed categorical univariate and 
multivariate Cox proportional hazard analyses of pre-
procedural HbA1c 7.0–7.5% group as a control reference 
using two models for predicting CV death. Covariates 
included in multivariate analysis were selected by com-
bining the clinical and biological plausibility with the 
results of univariate analyses (Additional file 1: Table S1). 
In addition to the categorical analysis of HbA1c level, 
Model 1 included the following variables; age, male gen-
der, number of diseased vessels, systolic blood pressure, 
LDL-C, HDL-C, blood glucose and number of years 

Table 2  Overall incidence of cardiovascular events (per 1000 person-years)

Overall HbA1c < 6.5% 6.5 ≤ HbA1c < 7.0% 7.0 ≤ HbA1c < 7.5% 7.5 ≤ HbA1c < 8.5% HbA1c ≥ 8.5% P-value
(n = 1328) (< 6.5%) (6.5–7%) (7–7.5%) (7.5–8.5%) (≥ 8.5%)

(n = 267) (n = 268) (n = 262) (n = 287) (n = 244)

All-cause death, n (/1000 
person-years)

216 (27.2) 48 (33.3) 45 (30.9) 38 (24.2) 44 (25.0) 41 (23.8) 0.83

Cardiovascular death, n 
(/1000 person-years)

81 (10.2) 21 (14.6) 12 (8.2) 11 (7.0) 17 (9.6) 20 (11.6) 0.18

Sudden death, n (/1000 
person-years)

23 (2.9) 8 (5.6) 2 (1.4) 2 (1.3) 4 (2.3) 7 (4.1) 0.11

Acute myocardial infarc-
tion, n (/1000 person-
years)

8 (1.0) 2 (1.4) 1 (0.7) 0 (0) 3 (1.7) 2 (1.2) 0.55

Heart failure and cardio-
genic shock, n (/1000 
person-years)

26 (3.3) 3 (2.1) 5 (3.4) 5 (3.2) 5 (2.8) 8 (4.6) 0.51

Cerebrovascular event, n 
(/1000 person-years)

16 (2.0) 6 (4.2) 4 (2.7) 1 (0.6) 4 (2.3) 1 (0.6) 0.24

Other cardiovascular 
causes, n (/1000 
person-years)

8 (1.0) 2 (1.4) 0 (0) 3 (1.9) 1 (0.6) 2 (1.2) 0.48
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with diabetes (covariates other than gender male were 
assessed as continuous variables, one standard deviation 
higher or 1  year longer), while Model 2 included age (a 
continuous variable), male gender, use of beta-blockers, 
ejection fraction (a continuous variable), hemoglobin, 
blood glucose, eGFR (a continuous variable), number of 
years with diabetes and insulin use. Multivariate analy-
ses using these two models continuously showed that the 
hazard ratios for CV death were the lowest in patients 

a

b
<
>

<

>

Fig. 1  Cumulative cardiovascular mortality rates among groups 
stratified by preprocedural HbA1c. a Kaplan–Meier curves of 2 
diabetic patient groups with or without preprocedural HbA1c 
below 7.0%. No significant difference in the cumulative incidence of 
cardiovascular death in diabetic patients binarized by HbA1c 7.0%; 
HbA1c > 7.0% group vs. HbA1c ≤ 7.0% group (Log-rank comparison, 
P = 0.41). Percent indicates the cumulative incidence of CV death 
at 10 years of follow-up in each group. b Kaplan–Meier curves of 
5 groups stratified by preprocedural levels of HbA1c. Participants 
were divided into 5 groups according to their HbA1c values; 
< 6.5% (n = 267), 6.5–7.0% (n = 268), 7.0–7.5% (n = 262), 7.5–8.5% 
(n = 287), and ≥ 8.5% (n = 244). The lowest cumulative incidence of 
cardiovascular death was in the HbA1c 7.0–7.5% group, which was 
significantly lower than that in the HbA1c < 6.5% group. Percent 
indicates the cumulative incidence of CV death at 10 years of 
follow-up in each group. * indicates P < 0.05 by log-rank comparison 
vs. 7.0% ≤ HbA1c < 7.5%. CV death cardiovascular death, HbA1c 
glycated hemoglobin, PCI percutaneous coronary intervention

a

b

<6.5%

> 8.5%

<6.5%

> 8.5%

Fig. 2  Adjusted hazard ratios for incidence of cardiovascular death 
by HbA1c categories in different models. a Model 1: Hazard ratios 
by categorized HbA1c adjusted by age (1 year older), gender male, 
number of diseased vessels, systolic blood pressure (1SD higher), 
LDL-cholesterol (1SD higher), HDL-cholesterol (1SD higher), blood 
glucose (1SD higher) and diabetes duration (1 year longer). U-shaped 
risk for cardiovascular death by categorized HbA1c level; the risk was 
lowest in the group with HbA1c 7.0–7.5%. Compared with that group, 
the risk of HbA1c < 6.5% was significantly higher. b Model 2: Hazard 
ratios by categorized HbA1c adjusted by age (1 year older), gender 
male, use of beta-blockers, ejection fraction (1SD higher), serum 
hemoglobin (1SD higher), blood glucose (1SD higher), eGFR (1SD 
higher), diabetes duration (1 year longer) and insulin use. Consistent 
with Model 1, a U-shaped relationship between preprocedural HbA1c 
and risk of cardiovascular mortality is shown. The lowest hazard ratio 
was observed in the group with HbA1c 7.0–7.5%. HbA1c glycated 
hemoglobin (%), SD standard deviation, eGFR estimated glomerular 
filtration rate
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with HbA1c 7.0–7.5%, and were higher in patients with 
the lowest (< 6.5%) and highest (≥ 8.5%) categories of 
HbA1c, indicating the relationship between the adjusted 
risk for CV death and preprocedural HbA1c was not lin-
ear, but rather U-shaped (Fig.  2a, b) (Additional file  1: 
Table  S2). Moreover, as a continuous variable, one 
standard deviation (1SD) higher HbA1c was not asso-
ciated with the risk of CV mortality by univariate and 
multivariate Cox regression analysis, while 1SD higher 
in blood glucose, hemoglobin, diabetes duration, eGFR, 
and ejection fraction were significantly associated with 
increased and reduced risk of subsequent cardiovascular 
mortality (Additional file 1: Table S3), indicating a non-
linear relationship between the preprocedural HbA1c 
level and the risk for CV death. For further clarification 
of the prognostic impact of preprocedural HbA1c, a cat-
egorical univariate Cox proportional hazard analysis 
was used to calculate the hazard ratios for sudden death 
specifically. Adjusted multivariate analysis was not per-
formed because the number of sudden deaths within the 
observational period (n = 23) in this study was limited. 
Consequently, similar to multivariate adjusted Cox pro-
portional hazard analysis for cardiovascular mortality, 
the relationship between preprocedural HbA1c and the 
risk of sudden death was U-shaped (Additional file 1: Fig-
ure S3). Moreover, there were no significant relationships 
between categorized HbA1c with any of all-cause, cancer 
associated, and non-CV mortalities (Additional file  1: 
Figure S4).

Discussion
This single-center observational analysis involving 1328 
diabetic patients who underwent PCI demonstrated 
that the association between preprocedural HbA1c level 
before PCI and the CV mortality rate was U-shaped. In 
an effort to more clearly elucidate the prognostic impact 
of HbA1c level in this population, this study included 
patients who had been diagnosed with diabetes before 
PCI and had been using any antidiabetic medication. 
While HbA1c was not associated with the risk of CV 
death as a continuous variable, unadjusted Kaplan–Meier 
analysis, as well as adjusted Cox proportional hazard 
analysis, showed the lowest CV mortality risk was in the 
HbA1c 7.0–7.5% subgroup. A similar U-shaped correla-
tion between preprocedural HbA1c level and the risk of 
sudden death was also observed.

As an indicator of averaged glycemic control in the 
prior 2–3 months, HbA1c testing has been applied to a 
broad range of clinical settings of diabetes care since 
its screening, diagnosis, follow-up, assessment of treat-
ment effect, and risk stratification. Accordingly, the lat-
est guidelines consistently recommend routine testing 
of HbA1c in all patients with diabetes [6, 28]. It has been 

well established that poor glycemic control is harmful in 
diabetic patients who are complicated by various types of 
coronary artery disease [8], such as impaired microvascu-
lar circulation [32].

However, the evidence for HbA1c-guided strict dia-
betic control for preventing macrovascular complications 
is limited, while an association between higher HbA1c 
and increased risk of microvascular complications has 
been previously demonstrated [33, 34]. Even though 
strict and multifactorial comprehensive management 
of atherosclerotic risk factors, such as obesity, smoking, 
lipid disorders and hypertension in secondary prevention 
of CV events in patients with diabetes is recommended 
[3], the prognostic implication of HbA1c level is still 
controversial and only a limited number of studies have 
addressed it with respect to CV mortality in patients with 
established coronary artery disease who underwent PCI. 
Moreover, most of previous studies binarized using 7.0% 
HbA1c and failed to show any significant differences in 
the incidences of adverse CV events between the groups 
[35–40], a finding which is consistent with that of this 
study. For a detailed evaluation of the prognostic impact 
of preprocedural HbA1c level, this study divided the par-
ticipants into 5 groups with an almost equal distribu-
tion of patient numbers in each group, < 6.5%, 6.5–7.0%, 
7.0–7.5%, 7.5–8.5% and ≥ 8.5%, allowing us to focus on 
the risk of lower HbA1c levels. Although two studies 
of large-scale registries that included diabetic patients 
with both primary and secondary prevention of CV dis-
ease have described a U-shaped relationship between 
HbA1c level and the risk of all-cause mortality [41, 42], 
a single center observational study in patients follow-
ing PCI showed a linear correlation in a group of non-
insulin users [8]. Similar to the present study, that study 
divided participants into 5 groups according to preproc-
edural HbA1c level [8]. However, the HbA1c thresholds 
in the two studies were substantially different. They put 
more focus on the risk of relatively higher HbA1c levels 
and showed a linear increased risk of all-cause death with 
elevating procedural HbA1c level in non-insulin users. 
However, in their study, since a large portion of the par-
ticipants (44%) were assigned to the HbA1c < 7.0% group 
without further classification, it may mask the risk of low 
HbA1c and lead to substantially divergent conclusions.

Two previous landmark trials, the ACCORD and 
ADVANCE trials [14, 15], failed to show the superiority 
of HbA1c-guided intensive glycemic control targeting 
HbA1c below 6.0% or 6.5% compared to standard con-
trol, with respect to the occurrence of all-cause death, as 
well as the composite of CV mortality, myocardial infarc-
tion, and stroke, and the higher incidence of hypoglyce-
mia in the group with intensive glycemic control group 
was assumed to be responsible for the results in these 
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studies. Similarly, extended follow-up (10 and 15 years) in 
the Veterans Affairs Diabetes Trial (VADT) showed that 
intensive glucose control had no significant cardiovascu-
lar-related mortality effect compared to standard control, 
while a lower incidence of the composite of cardiovas-
cular events, myocardial infarction, stroke, heart failure 
and amputation for ischemic gangrene and CV mortality 
was observed in the intensive glycemic control group [43, 
44]. Additionally, the benefit of intensive glycemic con-
trol in critical patients admitted to the intensive care unit 
(ICU) is still a topic of debate [45, 46]. Moreover, a legacy 
effect of early glycemic control on the long-term progno-
sis of diabetic patients has been suggested [47], although 
it is still controversial [44]. Moreover, the associations 
between a higher incidence of hypoglycemia in diabetic 
patients and CV mortality [48] and critical arrhythmia 
[49] were previously described, which might be a possi-
ble explanation for the findings regarding sudden and CV 
death in patients with a lower HbA1c below 6.5% in this 
study. Sympathoadrenal activation by hypoglycemia has 
long been known to induce a prolonged QT interval and 
cardiac repolarization [50, 51], resulting in critical ven-
tricular arrhythmia and sudden cardiac death [52].

Caution may be needed in the interpretation of the 
findings in this study that the hemoglobin value, an 
established prognostic indicator in diabetic patients [53] 
and those who subsequently undergo PCI [54], may cause 
potential bias in the prognostic implication of HbA1c. 
Conditions that affect red blood cell turnover, such as 
hemolytic and other types of anemia, may result in dis-
crepancies between the HbA1c level and true glycemic 
control. However, the translation of other measures of 
average glycemia independent from hemoglobin value, 
such as fructosamine and 1,5-anhydroglucitol, into prog-
nostic significance in this population are more unclear 
than HbA1c. In this study, the prognostic implication of 
low HbA1c was assessed by multivariate analysis with 
adjustment of covariates that included hemoglobin value, 
and the difference between the groups with HbA1c below 
6.5% and the 7.0–7.5% group was still significant.

The updated recommendations by the American Dia-
betes Association (ADA) and European Association for 
the Study of Diabetes (EASD) of glycemic control sug-
gests an approach consisting of the individualization of 
glycemic targets that depend on the individual patient’s 
age, background factors, and vascular complications. In 
particular, less stringent targets with relatively higher 
HbA1c levels were recommended for patients with 
advanced macrovascular complications, and our findings 
of the lowest rates of CV mortality and sudden death in 
patients with HbA1c 7.0–7.5% may satisfy such recom-
mendations in these guidelines [6, 55].

This study has several limitations to consider. First, 
since it was retrospectively analyzed a single center pro-
spective registry database involving a relatively smaller 
number of Japanese participants without any randomiza-
tion, unaccounted confounding factors, which were not 
recorded or were not included in the model, may medi-
ate and lead to the outcomes, although we have adjusted 
for known confounding factors. Moreover, the number 
of sudden deaths was limited (n = 23) in this study and 
thus insufficient for multivariate analysis. Although the 
univariate analysis findings were significant, the associa-
tion of HbA1c and sudden death may need to be evalu-
ated in a larger scale study. Second, HbA1c level was 
measured at a single time point, before the procedure in 
this study. Therefore, the extent of glycemic control after 
PCI is unknown. Although we considered that glycemic 
control after PCI was consistent with that before the pro-
cedure, the risk of hypoglycemia and poor prognosis may 
need to be evaluated by a study with multiple sampling 
time points of HbA1c. Furthermore, recent studies have 
shown variability in the HbA1c or blood glucose level 
have a significant impact on the risk of mortality [56, 57] 
and macrovascular diabetic complications [58]. There-
fore, given that its levels at multiple time points were 
available in this study, the prognostic effect of tempo-
ral changes in HbA1c level that reflect long-term glyce-
mic control and its variability may be able to clarify the 
prognostic implication, as well as the therapeutic goal in 
the treatment of diabetes following PCI for preventing 
adverse events. Third, since individuals who underwent 
treatment after January 2017 were not included in the 
analysis in this study due to insufficient follow-up dura-
tion, very few patients had received new generation anti-
diabetic drugs, such as GLP-1 receptor agonists (n = 4, 
0.3%) and SGLT2 inhibitors (n = 7, 0.5%), which have 
recently been shown to substantially lower the risks of 
cardiovascular mortality and morbidity. Although large-
scale randomized trials have indicated the prognostic 
merits of these drugs were mostly independent of HbA1c 
reduction [24, 27, 59], the prognostic impact of preproc-
edural HbA1c in this study might be overwritten by these 
two classes of antidiabetic drugs, in consideration of their 
significant prognostic merit. Thus, future studies may be 
needed to evaluate the prognostic implication of HbA1c 
levels in patients receiving these drugs. Lastly, the mecha-
nistic insight of the association between low HbA1c levels 
below 6.5% and higher CV mortality needs to be further 
elucidated, although we addressed the potential correla-
tion between low HbA1c and increased risk of sudden 
death. Even with these limitations, the strengths of the 
present study include a detailed evaluation of the cause 
of death, such as CV death and sudden death. Therefore, 
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the present findings may have clinical implications in the 
glycemic targets of diabetic patients undergoing PCI.

Conclusions
This study has demonstrated that both low and high pre-
procedural HbA1c levels in Asian diabetic patients who 
underwent PCI are associated with an increased risk of 
subsequent long-term CV mortality, sudden death in par-
ticular, and the HbA1c control range with lowest risk was 
7.0–7.5%. The findings in this study may suggest there are 
limitations to the HbA1c-guided intensive control of dia-
betes for the purpose of reducing risk of macrovascular 
events in the secondary prevention of CV disease in dia-
betic patients.
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