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Abstract
Background: The predictive value of hemoglobin A1c (HbA1c) levels in non-diabetic patients with myocardial infarction
undergoing percutaneous coronary intervention (PCI) is still controversial. This study aimed to evaluate whether HbA1c levels were
independently associated with adverse clinical outcomes in non-diabetic patients with coronary artery disease (CAD) who had
undergone PCI by performing a meta-analysis of cohort studies.
Methods: This meta-analysis included non-diabetic patients with CAD who had undergone PCI. A systematic search for
publications listed in the PubMed, Embase, and Cochrane Library databases from commencement to December 2018 was
conducted. Studies evaluating the adverse clinical outcomes according to abnormal HbA1c levels in non-diabetic patients diagnosed
with CAD who had undergone PCI were eligible. The primary outcomes were long-term all-cause deaths and long-term major
adverse cardiac events, and the secondary outcome was short-term all-cause deaths. Themeta-analysis was conducted with RevMan
5.3 and Stata software 14.0. Odds ratios (ORs) were pooled using a random or fixed-effects model, depending on the heterogeneity
of the included studies. Sub-group analysis or sensitivity analysis was conducted to explore potential sources of heterogeneity, when
necessary.
Results: Six prospective cohort studies involving 10,721 patients met the inclusion criteria. From the pooled analysis, abnormal
HbA1c levels were associated with increased risk for long-term all-cause death (OR 1.39, 95% confidence interval [CI] 1.16–1.68,
P= 0.001, I2= 45%). Sub-group analysis suggested that abnormal HbA1c levels between 6.0% and 6.5% predicted higher long-
term major adverse cardiac event (including all-cause deaths, non-fatal myocardial infarction, target lesion revascularization, target
vessel revascularization, recurrent acute myocardial infarction, heart failure requiring hospitalization, and stent thrombosis) risk
(OR 2.05, 95%CI 1.46–2.87, P< 0.001, I2= 0). Contrarily, elevated HbA1c levels were not associated with increased risk of short-
term all-cause death (OR 1.16, 95% CI 0.88–1.54, P= 0.300, I2= 0).
Conclusions: An abnormal HbA1c level is an independent risk factor for long-term adverse clinical events in non-diabetic patients
with CAD after PCI. Strict control of HbA1c levels may improve patient survival. Further studies in different countries and
prospective cohort studies with a large sample size are required to verify the association.
Keywords: Acute myocardial infarction; Hemoglobin A1c; Percutaneous coronary intervention; Pre-diabetes
Introduction

Coronary artery disease (CAD) threatens global health and
has led to an increase in mortality worldwide.[1-3] In 1977,
the first percutaneous coronary intervention (PCI) was
performed. Currently, PCI has become one of the most
Access this article online

Quick Response Code: Website:
www.cmj.org

DOI:
10.1097/CM9.0000000000001029

2229
frequently performed therapeutic interventions in acute
myocardial infarction cases, resulting in a steady decline in
periprocedural adverse events.[4,5] Hemoglobin A1c
(HbA1c) level is an indicator of the average blood glucose
concentrations over the preceding 2 to 3months, which is a
convenient and well-known biomarker in clinical prac-
tice.[6] Since 2010, HbA1c has been recommended by the
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World Health Organization and American Diabetes
Association as a point-of-care test for the diagnosis of
diabetes mellitus (≥6.5%).[7] An elevated HbA1c level is
associated with an increased risk of major adverse cardiac
events (MACEs) in diabetes mellitus patients undergoing
PCI.[8] However, to date, the predictive value of HbA1c
levels in non-diabetic patients with myocardial infarction
undergoing PCI is still controversial.[9-15] Considering the
limited information and uncertain effects of HbA1c levels
on the prognosis after acute myocardial infarction, we
aimed to evaluate whether HbA1c levels were indepen-
dently associated with the adverse clinical outcomes in
non-diabetic patients diagnosed with CAD after PCI by
performing a meta-analysis of cohort studies.
Methods

Themethods for thismeta-analysis are in accordancewith the
Meta-Analysis of Observational Studies in Epidemiology: A
Proposal forReporting,[16] following a registered protocol on
the PROSPERO database (No. CRD42019119603).
Data sources and search strategy

A systematic search of publications listed in the databases
(PubMed, Embase, The Cochrane Library) from com-
mencements to December 2018 was conducted using the
following search terms: (“Coronary Intervention, Percuta-
neous” or “Coronary Interventions, Percutaneous” or
“Intervention, Percutaneous Coronary” or “Interventions,
Percutaneous Coronary” or “Percutaneous Coronary
Interventions” or “Percutaneous Coronary Revasculariza-
tion” or “Coronary Revascularization, Percutaneous” or
“Coronary Revascularizations, Percutaneous” or “Percu-
taneous Coronary Revascularizations” or “Revasculariza-
tion, Percutaneous Coronary” or “Revascularizations,
Percutaneous Coronary”) and (“Hemoglobin A, Glycated”
or “HbA1c” or “HbA1” or “GlycosylatedHemoglobinA”
or “Hemoglobin A, Glycosylated” or “Hb A1” or
“Glycohemoglobin A” or “Glycated Hemoglobin A1c”
or “Hemoglobin A1c, Glycated” or “Glycosylated Hemo-
globin A1c” or “Hemoglobin A1c, Glycosylated” or
“Glycated Hemoglobins” or “Hemoglobins, Glycated” or
“Hemoglobin, Glycosylated” or “Glycosylated Hemoglo-
bin”). All references in the retrieved articles were also
scanned to identify other potentially available studies.
Inclusion criteria, data extraction

We included studies published until December 2018 about
abnormal HbA1c levels and adverse clinical outcomes in
non-diabetic patients diagnosed with CAD undergoing
PCI and found that abnormal HbA1c levels were
discrepant in different studies included. Therefore, to
avoid eliminating studies with important information, we
considered that the abnormal HbA1c cut-off levels should
be ≥5.7%.

All of the included studies were observational cohort
studies. Non-diabetic patients were defined as those
without a history of diabetes at admission, who never
received anti-diabetic treatment before. The following
information was assessed and extracted from the included
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studies: (1) description of the study’s characteristics,
including last name of first author, year of publication,
country of origin, and number of enrolled patients; (2)
description of patient sample characteristics, including age,
sex, body mass index, smoking status, hypertension,
dyslipidemia, and family history of CAD; (3) time of
measuring HbA1c levels; (4) clear inclusion and exclusion
criteria; (5) potential selection bias; (6) completeness of
follow-up; (7) adverse clinical outcomes in different
studies; and (8) adjustment of possible confounders in
the multivariate analysis.
Definition of outcomes

The main adverse clinical outcomes assessed in our study
were long-term all-cause deaths and long-term MACEs,
and the second outcome was short-term all-cause deaths.
The definition of long-term was at least 1 year of follow-
up, whereas short-term included in-hospital and 30-day
follow-up. All-cause deaths, non-fatal myocardial infarc-
tion, target lesion revascularization, target vessel revascu-
larization, recurrent acute myocardial infarction, heart
failure requiring hospitalization, and stent thrombosis
were all considered MACEs.
Quality assessment

The quality of the included studies was assessed using the
Newcastle Ottawa scale.[17] This scale awards a maximum
of nine stars to each study, and a system was developed to
judge a study based on the following three broad
perspectives: selection of the study groups (0–4 points),
comparability of the groups (0–2 points), and ascertain-
ment of either the exposure or outcome of interest (0–3
points). Quality was categorized as follows: high quality
with 6 to 9 stars and sub-optimal quality with 0 to 5 stars.
Statistical analysis

We used RevMan software (version 5.3; Cochrane
Collaboration, Oxford, UK) and Stata software (version
14.0; Stata Corporation, College Station, TX, USA) to
pool data for all outcomes. P values were considered
statistically significant at <0.05. Heterogeneity was
assessed using the Cochran x2 method and the I2 test.[18]

When the P value for Cochran method was<0.05 or the I2

was >50%, there was an obvious heterogeneity among
those included studies. The random-effects model (DerSi-
monian and Laird method) for calculating the pooled odds
ratio (OR) and 95% confidence interval (CI) was used.
When there was no obvious heterogeneity among those
included studies, the fixed-effects model was used. A
potential publication bias was assessed by visual inspection
of the funnel plot; an asymmetric plot suggested a possible
publication bias. This study also performed the Egger
linear regression test to assess the funnel-plot’s asymmetry.
Sensitivity analysis was processed by excluding each study
in turn. In addition, we performed a sub-group analysis to
investigate the association between HbA1c levels and long-
term all-cause deaths according to patients from different
countries. We also further performed sub-group analyses
according to the different definitions of abnormal HbA1c
levels.
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Results

Characteristics of the studies and publication bias

The selection process of potentially relevant studies is
shown in a flow chart [Figure 1]. Of the studies, six with a
total of 10,721 patients met the inclusion criteria and were
used for this meta-analysis,[19-24] and we found no
evidence of publication bias based on the funnel plot or
when using the Egger linear regression test (P= 0.407).
Baseline characteristics of the six studies and the included
patients who were grouped by different HbA1c levels are
shown in Tables 1–3.

Five of the included six studies reported long-term all-cause
deaths,[19-22,24] three studies had long-term MACE out-
comes at follow-up,[22-24] and three of the six studies
investigated short-term all-cause deaths.[19,22,23] Among
the six studies, three studies were from Asia, two from the
Netherlands, and one from the United States. Five of the
six studies were of high quality, whereas the other was of
sub-optimal quality.

Meta analysis of long-term all-cause deaths

Five studies reported that long-term all-cause deaths and
abnormal HbA1c levels were associated with increased
risk of long-term all-cause deaths (OR 1.39, 95%CI 1.16–
1.68, P = 0.001, I2= 45%) [Figure 2]. There was a
moderate statistical heterogeneity among the studies. We
also conducted a sensitivity analysis by excluding each
study in turn for heterogeneity. There were no significant
changes.

In the sub-group analysis according to different countries,
in patients from the Netherlands, elevated admission
HbA1c levels were associated with an 81% increased risk
of death (OR 1.81, 95% CI 1.37–2.40, P< 0.001, I2= 0),
whereas in patients from other countries, increased HbA1c
levels were not associated with a significantly higher risk of
death (Korea and Japan: OR 1.24, 95% CI 0.90–1.72,
P= 0.200, I2= 9%; USA: OR 1.10, 95% CI 0.76–1.58,
P= 0.610) [Figure 2].
Figure 1: Flow chart of the included observational studies. PCI: Percutaneous coronary inter
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Meta-analysis of long-term MACEs

Three studies investigated the association between abnor-
mal HbA1c levels and long-term MACEs. However,
abnormal HbA1c levels did not lead to increased long-term
MACEs (OR 1.59, 95% CI 1.00–2.56, P= 0.050,
I2= 72%) [Figure 3]. There was a marked heterogeneity
in the data. We conducted a sensitivity analysis by
excluding each study in turn for heterogeneity. We found
that the marked heterogeneity came from the Shin’s study
and the HbA1c cut-off levels were between 5.7% and
6.5% in their study.

In our sub-group analyses according to the different
definitions of abnormal HbA1c levels, it should be noted
that an increased long-termMACE ratio was noticed when
the abnormal HbA1c cut-off levels were between 6.0%
and 6.5% (OR 2.05, 95%CI 1.46–2.87, P< 0.001, I2= 0)
[Figure 3]. The sub-group analytic heterogeneity was very
low.

Meta-analysis of short-term all-cause deaths

Studies by Timmer et al, Aggarwal et al, and Shin et al
investigated whether the abnormal HbA1c levels in
patients at admission were associated with an increase
in short-term all-cause deaths.[19,21,22] However, no
statistically significant discrepancy was found (OR 1.16,
95% CI 0.88–1.54, P = 0.3, I2= 0) [Figure 4], and the
research had a moderate heterogeneity. We conducted a
sensitivity analysis for heterogeneity and do not found
apparent changes.
Discussion

Although some studies were published to assess the
association between elevated HbA1c levels and adverse
clinical outcomes in CAD patients, no consistent results
were reported.[9,10,14,25-27] Thus, we performed this meta-
analysis of six cohort studies with a total of 10,721 non-
diabetic patients diagnosed with CAD who underwent
PCI. To the best of our knowledge, this meta-analysis is
among the first to aim at assessing the impact of abnormal
vention; HbA1c: Hemoglobin A1c.
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Table 1: Characteristics of the six studies included in the meta-analysis.

Study Year Study design Country
Patients in
study, n Follow-up

Abnormal HbA1c
levels (%) Study outcomes

Timing of
HbA1c

measured Diagnosis NOS

Timmer JR, et al[19] 2011 Retrospective The Netherlands 4176 1 year 5.8<HbA1c All-cause deaths Admission STEMI 7
Naito R, et al[20] 2014 Retrospective Japan 452 4.7 years 5.7 � HbA1c< 6.5 All-cause deaths Admission Acute coronary

syndrome
6

Aggarwal B, et al[21] 2016 Retrospective American 1163 3 years 5.7 � HbA1c< 6.5 All-cause deaths Admission STEMI 7
Shin D, et al[22] 2016 Retrospective Korea 2470 1 year 5.7 � HbA1c< 6.5 All-cause deaths;

MACEs (all-cause
mortality, non-
fatal MI, TLR,
TVR)

Admission STEMI 8

Chen CL, et al[23] 2017 Retrospective China 267 178 days 6.0<HbA1c< 6.5 MACEs (all-cause
mortality,
repeated PCI,
recurrent AMI,
HF requiring
hospitalization)

Follow-up Non-ST
elevation MI
(NSTEMI) or
ST-segment
elevation MI
(STEMI)

5

Kok MM, et al[24] 2018 Retrospective The Netherlands 2193 1 year 6.0 � HbA1c< 6.5 All-cause deaths;
MACEs (all-cause
deaths, MI,
revascularization,
and stent
thrombosis)

Admission Obstructive
coronary
disease

7

HbA1c: Hemoglobin A1c; MACE: Major adverse cardiac event; MI: Myocardial infarction; TLR: Target lesion revascularization; TVR: Target vessel
revascularization; PCI: Percutaneous coronary intervention; AMI: Acute myocardial infarction; HF: Heart failure.

Table 2: Baseline characteristics of the included patients with abnormal HbA1c levels.

Study
Patients,

n
Abnormal HbA1c

levels (%)
Age
(year)

Male,
n (%)

BMI
(kg/m2)

Smoking,
n (%)

Hypertension,
n (%)

Dyslipidemia,
n (%)

Family history
of CAD, n (%)

Timmer JR et al[19] 1024 5.8<HbA1c 65.0 707 (69.0) 27.2 471 (46.0) 389 (38.0) 236 (25.0) 440 (43.0)
Naito R, et al[20] 231 5.7 � HbA1c< 6.5 64.8 186 (80.5) 23.8 56 (24.2) 145 (62.8) 146 (63.2) 60 (26.0)
Aggarwal B, et al[21] 652 5.7 � HbA1c< 6.5 60.5 443 (67.9) 28.8 494 (75.8) 440 (67.5) 422 (64.7) NA
Shin D, et al[22] 1475 5.7 � HbA1c< 6.5 63.1 1110 (75.3) 24.0 702 (47.6) 645 (43.7) NA NA
Chen CL, et al[23] 64 6.0<HbA1c< 6.5 NA NA NA NA NA NA NA
Kok MM, et al[24] 324 6.0 � HbA1c< 6.5 65.1 222 (68.5) 28.1 89 (28.4) 160 (49.4) 122 (37.7) 144 (47.2)

NA: Not available; HbA1c: Hemoglobin A1c; BMI: Body mass index; CAD: Coronary heart disease.

Table 3: Baseline characteristics of the included patients with normal HbA1c levels.

Study
Patients,

n
Normal HbA1c
levels (%)

Age
(year)

Male,
n (%)

BMI
(kg/m2)

Smoking,
n (%)

Hypertension,
n (%)

Dyslipidemia,
n (%)

Family history
of CAD, n (%)

Timmer JR, et al[19] 3152 HbA1c � 5.8 61.3 2385 (76.0) 26.0 1503 (48.0) 998 (32.0) 607 (19.0) 1386 (44.0)
Naito R, et al[20] 221 HbA1c< 5.7 63.6 185 (83.7) 23.9 77 (34.8) 135 (61.1) 107 (48.4) 62 (28.1)
Aggarwal B, et al[21] 511 HbA1c< 5.7 58.1 378 (74.0) 28.0 367 (71.8) 294 (57.5) 288 (56.4) NA
Shin D, et al[22] 995 HbA1c< 5.7 60.2 805 (80.9) 23.7 501 (50.4) 404 (40.6) NA NA
Chen CL, et al[23] 263 HbA1c � 6.0 NA NA NA NA NA NA NA
Kok MM, et al[24] 1869 HbA1c< 6.0 62.9 1393 (74.5) 26.8 602 (33.1) 731 (39.1) 668 (35.7) 856 (47.5)

HbA1c: Hemoglobin A1c; BMI: Body mass index; NA: Not available; CAD: Coronary heart disease.
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HbA1c levels on short-term and long-term adverse clinical
events in this patient cohort.

The results of our meta-analysis suggested that abnormal
HbA1c levels predicted an increased risk of long-term all-
cause death in patients hospitalized with CAD undergoing
PCI. Apart from our study, several other studies have also
showed that HbA1c levels are potent predictors of long-
term deaths.[10,14,27] There are several possible explan-
ations for the adverse impact of abnormal HbA1c levels on
long-term all-cause death risk in non-diabetic patients
receiving PCI. First, increased HbA1c levels were a
measure of poor previous glycemic control, and there
2232
was evidence that chronic hyperglycemia can induce
vascular endothelial cell damage, with resulting vasomotor
dysfunction, excessive extracellular matrix formation, and
increased cellular proliferation.[28] Second, Saleem et al’s
study found that the HbA1c level was an independent
factor influencing the severity of CAD, as demonstrated by
coronary angiography.[29] Third, an increase in HbA1c
levels was clearly associated with adverse baseline
characteristics such as a higher cardiovascular risk profile,
and this study may partly explain the increase in long-term
deaths.[19] However, our sub-group analysis revealed
that, in studies involving Asian and American patients,
abnormal HbA1c levels are not associated with increased
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Figure 2: Forest plot for long-term all-cause deaths sub-grouped by different countries. CI: Confidence interval.

Figure 3: Forest plot for long-term major adverse cardiac events sub-grouped by different definitions of abnormal HbA1c level. CI: Confidence interval; HbA1c: Hemoglobin A1c.

Figure 4: Forest plot for short-term all-cause deaths. CI: Confidence interval.
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long-term all-cause deaths. According to our meta-
analysis, we can suppose that the relationship between
HbA1c levels and long-term all-cause deaths may be
2233
affected by the differences among countries. More
studies on the regional disparity would be needed to
confirm this.
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The International Expert Committee, appointed by the
American Diabetes Association, the European Association
for the Study of Diabetes, and the International Diabetes
Federation recommended HbA1c levels of 6.0% to 6.4%
for the identification of an intermediate risk group, as
identification of these individuals provides an opportunity
for intervention through lifestyle modification and phar-
macological interventions to prevent progression to
diabetes,[24,30] and several general population studies have
found an increased risk of composite cardiovascular events
with abnormal HbA1c levels between 6.0% and
6.5%.[31,32] The findings from our sub-group analysis
also show that the included patients with HbA1c levels
between 6.0% and 6.5% had higher rates of long-term
MACEs.

Admission HbA1c levels had no predictive values for
short-term all-cause death outcomes based on our meta-
analysis study. One possible explanation was that elevated
HbA1c levels result from long-term insulin resis-
tance.[33,34] Besides, non-diabetic patients with elevated
HbA1c levels had an increased risk of developing diabetes
mellitus, which may require long-term follow-up. CAD
patients with newly diagnosed diabetes mellitus had a
greater risk for developing adverse outcomes. However, in
a short-term follow-up, the ability to detect the difference
in all-cause deaths may be limited by the small number of
incident diabetes mellitus.[35]

Several limitations of this meta-analysis should be noted.
First, the pooled studies differed in terms of the inclusion
and exclusion criteria, cut-offs for abnormal HbA1c levels,
duration of follow-up, and concomitant treatment. These
may partially be the source of heterogeneity. Second, given
that all included studies were observational, the possibility
of residual confounding by unmeasured factors cannot be
eliminated. This provided associative, not causal, evidence
and mandates caution when interpreting these results.
Third, the definitions of MACEs were inconsistent across
the three included studies, thereby leading to different rates
of MACE outcomes in discrepant studies.

In conclusion, our meta-analysis found that abnormal
HbA1c levels ≥5.7% predicted an increased risk of long-
term all-cause deaths in hospitalized non-diabetic patients
with CAD who were undergoing PCI. Their HbA1c levels
ranged from 6.0% to 6.5%, which was associated with
higher rates of long-termMACEs. According to our study,
cardiologists can understand the CAD patients’ prognosis
better through their HbA1c levels. In real life, even though
CAD patients receiving PCI do not diagnose DM, they
should control their HbA1c levels strictly. When these
patients have lower HbA1c levels, they can have lower
incidence rates of adverse clinical outcomes in the future
and live longer.
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