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Abstract
PurposeIncreased glycemic variability has been related with poor prognosis in patients with coronary artery disease (CAD).
However, whether diabetic status or subtype of CAD could affect the association remains unknown. We performed a meta-
analysis to systematically evaluate the association between the mean amplitude of glycemic excursions (MAGE) on con-
tinuous glucose monitoring and the incidence of major adverse cardiovascular events (MACEs) in CAD patients.
Methods Relevant prospective cohort studies were identi� ed through search of PubMed, Embase, WanFang, and CNKI
databases. A random-effect model was used to pool the results. Subgroup analyses were performed to evaluate the in� uences
of the prede� ned study characteristics on the outcome.
ResultsEleven cohort studies with 2666 hospitalized patients with acute coronary syndrome (ACS) or stable CAD for
percutaneous coronary intervention were included. Pooled results showed that higher MAGE at admission was associated
with higher incidence of MACEs during follow-up (adjusted relative risk [RR]: 1.84,p < 0.001; I2 = 12%). Strati� ed
analyses showed that the association between higher MAGE and higher risk of MACEs in CAD patients were consistent in
patients with or without diabetes, and in those with ACS or stable CAD (p for subgroup difference both >0.05). Signi� cant
publication bias was detected (p = 0.041). Trim-and-� ll analysis retrieved three studies to generate symmetrical funnel plots.
Meta-analysis that incorporated these studies showed similar results (RR: 1.80,p< 0.001).
ConclusionsIncreased glycemic variability may be associated with poor prognosis in CAD patients regardless of the
diabetic status and the subtype of CAD.

KeywordsGlycemic variability� Mean amplitude of glycemic excursions� Continuous glucose monitoring� Percutaneous
coronary intervention� Meta-analysis

Introduction

Despite of signi� cant improvements in the diagnosis and
treatment strategies for coronary artery disease (CAD) in
recent decades, the disease remains one of leading causes of
morbidity and mortality of people worldwide [1]. Clinically,

CAD could be categorized as acute coronary syndrome
(ACS) and stable CAD, of which ACS refers to the acute
thrombotic stenosis of the coronary lumen caused by the
rupture of the vulnerable atherosclerotic plaques [2]. Hos-
pitalization and timely revascularization are needed for
ACS patients [3, 4], while for stable CAD patients with
exertional angina and severe coronary stenosis, elective
revascularization procedures are also needed during hospi-
talization [5, 6]. Glycemic dysregulation has been asso-
ciated with increased morbidity and mortality in CAD
patients, which typically includes persistent hyperglycemia
in patients with diabetes mellitus (DM) [7–9] and incidence
of hypoglycemia events [10, 11]. Interestingly, increasing
studies suggested that glycemic variability, which refers to
multiple � uctuations of glycemia that occur throughout the
day or for even over longer periods of time [12, 13], is also
a signi� cant determinant of poor outcomes. Increased gly-
cemic variability has been associated with retinopathy [14],
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nephropathy [15], cardiovascular events [16, 17], and pos-
sibly mortality [18] in patients with and without DM.
Moreover, increasing of glycemic variability has also been
related adverse events in critically ill patients [19, 20].
Therefore, it was hypothesized that acute glycemic varia-
bility during hospitalization may predict poor prognosis in
CAD patients. Indeed, some pilot cohort studies indicated
that increased glycemic variability via continuous glucose
monitoring (CGM) system [21] may predict the risk of
adverse outcome in hospitalized patients with CAD [22–32].
However, the results varied among the studies, and it
remains unknown whether diabetic status or subtype of
CAD could affect the association [22–32]. Therefore, we
performed a meta-analysis to evaluate the association
between glycemic variability evaluated by CGM on
admission and the risk of adverse outcomes in hospitalized
CAD patients.

Methods

This study was performed in accordance with the MOOSE
(Meta-analysis of Observational Studies in Epidemiology)
[33] and Cochrane’s Handbook [34] guidelines.

Database search

We searched the databases of PubMed, Embase, WanFang,
and China national knowledge infrastructure (CNKI) for
relevant records, using the combination of the following
terms: (1)“continuous glucose monitoring” OR “glycemic
variability” OR “glyceamic variability” OR “glucose
variability” OR “glucose� uctuation” OR “mean amplitude
of glycemic excursion” OR “MAGE”; and (2) “coronary
artery disease” OR “angina” OR “myocardial infarction”
OR“acute coronary syndrome” OR“percutaneous coronary
intervention” OR “major adverse cardiovascular events”
OR “CAD” OR “STEMI” OR “NSTEMI” OR “ACS” OR
“AMI ” OR “PCI” . We limited the search to human studies
published in English or Chinese. A manual analysis of the
reference lists of original and review articles was performed
as a supplementation. The� nal search was performed on
July 19, 2019.

Inclusion and exclusion criteria

Studies were included if they met the following criteria: (1)
full-length article in English or Chinese; (2) prospective
cohort studies; (3) included hospitalized patients with CAD;
(4) patients were categorized by mean amplitude of gly-
cemic excursions (MAGEs) via CGM on admission; (5)
documented the incidence of major adverse cardiovascular
events (MACEs) within hospitalization or during follow-up

after discharge; and (6) reported the multivariable adjusted
risk ratios (RRs) and their corresponding 95% con� dence
intervals (CIs) for the incidences of MACEs in patients with
higher versus lower MAGE at admission. The MAGE was
calculated by measuring the arithmetic mean of the differ-
ences between consecutive peaks and nadirs, provided that
the differences are greater than one standard deviation (SD)
of the mean glucose value [35]. The de� nitions of MACEs
were in accordance with those applied in the original stu-
dies, including a composite outcome of cardiovascular
death, nonfatal myocardial infarction (MI), acute heart
failure (AHF), and angina requiring revascularization. For
repeated reports of the same cohort, latest studies with the
longest follow-up duration were included.

Data extracting and quality evaluation

Database search, data extraction, and quality assessment
were independently performed by two authors, and dis-
crepancies were resolved by consultation with the corre-
sponding author. Data extracted include: (1)� rst author,
location, and design of the study; (2) patient characteristics:
type of CAD, number, mean age, gender, proportions of
patients with DM, and proportions of patients received PCI;
(3) cut-off values for MAGE and durations of CGM; and (4)
follow-up durations, outcomes reported, and variables
adjusted. Study quality evaluation was performed with the
Newcastle–Ottawa Scale [36], which ranges from 1 to
9 stars and judges each study regarding three aspects:
selection of the study groups; the comparability of the
groups; and the ascertainment of the outcome of interest.

Statistical analyses

Data of RRs and their corresponding stand errors (SEs)
were calculated from 95% CIs or p values, and were loga-
rithmically transformed to stabilize variance and normalized
the distribution [34]. The Cochrane’s Q test andI2 test were
performed to evaluate the heterogeneity among studies [37].
An I2 > 50% indicates signi� cant heterogeneity. A random-
effect model was applied since this model has been sug-
gested to incorporate the potential heterogeneity, thereby
leading to a more generalized result [34]. Sensitivity ana-
lyses by removing individual study one at a time were
performed to evaluate the stability of the results [38]. Pre-
de� ned subgroup analyses were performed to evaluate the
in� uences of study characteristics on the results (diabetic
status, type of CAD, GCM duration, follow-up duration,
adjustment of HbA1c, and quality score). For continuous
variables, median was used as cutoff for strati� cation. Potential
publication bias was assessedby funnel plots with the Egger
regression asymmetry test [39]. If the funnel plots were
asymmetrical, a“trim-and-� ll” analysis was performed [34].
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To achieve symmetrical funnel plots, this method assumes
the existence of the hypothetically unpublished studies with
negative results, estimates their RRs, and recalculates the
pooled RR after incorporating this“missing” study [34].
RevMan (Version 5.1; Cochrane Collaboration, Oxford,
UK) and STATA software (Version 12.0; Stata Corpora-
tion, College Station, TX) were used for the statistical
analyses.

Results

Results of literature search

The process of database search and study identi� cation is
presented in Fig.1. Brie� y, 658 studies were obtained via
initial literature search, and 630 were excluded based on
title and abstract because they were irrelevant to the study
purpose. The remaining 28 studies underwent full-text
review. Of them, two were not prospective cohort studies,
ten did not evaluate glycemic variability by CGM, two did
not include patients with CAD, two did not report outcome
data of MACEs, and the other two were repeated reports of
already included cohorts. Finally, eleven studies [22–32]
were included.

Study characteristics and quality evaluation

The characteristics of the included studies are presented in
Table1. Overall, our meta-analysis included 11 prospective

cohort studies [22–32] with 2666 hospitalized CAD
patients. Among them, seven studies included patients with
AMI [ 22–27, 29], two included patients with ACS [30, 31],
and the other two included patients with stable CAD
scheduled for PCI [28, 32]. Since two studies reported the
outcomes according to the diabetic status of the patients
[25, 31], these datasets were included separately. The study
� nally included 13 datasets. The studies were all performed
in China or Japan, with sample sizes varying from 34 to
759. The mean ages of the patients varied from 54 to 71
years, with proportions of males ranging from 60 to 85%.
Overall, 96.7% of the patients received PCI during hospi-
talization. MAGE was calculated based on CGM data of
24–72 h and the patients were grouped by MAGE with
different cut-off values. The follow-up durations varied
from within hospitalization to 39 months after discharge.
Information regarding the medications used at admission for
the CAD patients included in each cohort study was pre-
sented in Supplementary Table 1. Variables such as
demographic factors, CAD risk factors, comorbidities, and
severity of coronary lesions etc. were adjusted to a various
extent when presenting the adjusted RR data. The
Newcastle–Ottawa scale varied from 7 to 8 for the included
studies.

Association between MAGE and prognosis in
hospitalized CAD patients

Thirteen datasets from eleven prospective cohort studies
[22–32] reported the association between MAGE and inci-
dence of MACE in CAD patients. No signi� cant hetero-
geneity was detected (I2 = 12%, p for Cochrane’s Q test=
0.32). Pooled results with a random-effect model showed
higher MAGE at admission was associated with higher
incidence of MACE during follow-up for the hospitalized
CAD patients (adjusted RR: 1.84, 95% CI: 1.54–2.21,
p < 0.001; Fig.2a). Sensitivity analyses by excluding one
study at a time did not signi� cantly change the results
(adjusted RR: 1.73~1.96,p all < 0.05). Strati� ed analyses
by the diabetic status of the patients were shown in Fig.2b.
Results showed that the association between higher MAGE
and higher risk of MACE was consistent in CAD patients
with DM (adjusted RR: 1.66, 95% CI: 1.36–2.04,p < 0.001;
I2 = 0%), and in those without DM (adjusted RR: 2.39, 95%
CI: 1.62–3.54,p < 0.001;I2 = 0%). The difference between
the two subgroups was not signi� cantly different (p= 0.11).
Subsequent analyses showed that the association between
higher MAGE and higher risk of MACE was consistent in
ACS patients, and in stable CAD patients (Table2).
Moreover, study characteristics including GCM duration,
follow-up duration, adjustment of HbA1c, and quality score
also did not signi� cantly affect the results, suggesting the
stability of the results.

Fig. 1 Flowchart of database search and study identi� cation
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Publication bias

The funnel plots for the meta-analysis of the association
between MAGE on admission and incidence of MACEs
during follow-up were shown in Fig.3. The plots were
asymmetrical on visual inspection, suggesting the possi-
ble risk of publication bias. Moreover, results of the
Egger’s regression tests also indicated the potential risk
of publication bias (p = 0.041). Accordingly, we per-
formed a trim-and-� ll analysis to include three imputed
studies to generate symmetrical funnel plot (Fig.3).
Meta-analysis incorporating these three studies showed
similar results (adjusted RR: 1.80, 95% CI: 1.46–2.23,
p < 0.001;I2 = 30%).

Discussion

In this meta-analysis, by pooling the results of all available
follow-up studies, we found that acute glycemic variability
on admission as re� ected by higher MAGE on CGM is
associated with signi� cantly increased risk of MACEs in
hospitalized CAD patients during follow-up. The robustness
of the results was con� rmed by sensitivity analysis. More-
over, results of the subgroup analyses showed that the
association between higher MAGE and poor prognosis in
hospitalized CAD patients seems to be independent of
patient and study characteristics including diabetic status,
type of CAD, GCM duration, follow-up duration, adjust-
ment of HbA1c, and quality score. Although publication

Fig. 2 Forest plots for the meta-analyses of the association between MAGE and incidence of MACEs in hospitalized CAD patients;a overall meta-
analysis results; andb strati� ed analyses by the diabetic status of the patients
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bias was suggested, a further trim-and-� ll analysis incor-
porating the potential unpublished negative-result studies
retrieved similar results. Taken together, these results sug-
gested that for hospitalized patients with CAD, increased
glycemic variability on admission may be associated with
poor outcome during follow-up. The mechanisms under-
lying the association should be determined in future studies.

To the best of our knowledge, our study is the� rst meta-
analysis which summarized the current understanding for
the association between acute glycemic variability on
admission and increased risk of adverse events during
follow-up in hospitalized CAD patients. The results of our
study have the following clinical implications. First, we

only included studies with glycemic variability that was
evaluated by CGM because MAGE obtained by CGM is
considered to be more accurate than that obtained via
multiple glucose measurement results via� ngertip [13, 21].
Second, we only included prospective cohort studies with
multivariate adjusted results which were of good study
quality. Therefore, results of our study suggest that higher
MAGE on admission is associated with poor clinical out-
come in hospitalized CAD patients, which is independent of
demographic factors, conventional CAD risk factors, and
treatments. Third, subgroup analyses showed that increased
MAGE is independently associated with higher incidence of
MACEs in patients with or without DM and in studies with
and without adjustment of HbA1c. These results indicated
that the association between increased glycemic variability
and poor adverse outcome in hospitalized CAD patients
could not simply explained by the status hyperglycemia or
management of diabetes, and other pathophysiological
mechanisms may be involved. Finally, we found that the
association between increased glycemic variability and poor
adverse outcome seemed to be consistent in ACS patients
and stable CAD patients for elective PCI. These results
demonstrated that increased glycemic variability is a risk
factor of MACEs not only in patients with acute conditions
such as ACS, but also in patients with stable CAD.

Currently, glycemic variability could involve two
domains, including acute glycemic variability as assessed in
our study by CGM within 72 h, and chronic glycemic
variability that could be assessed by the variations of
HbA1c within months or even years [12]. A previous meta-
analysis with seven studies showed that HbA1c variability

Table 2Subgroup analysis for
the association of MAGE at
baseline and MACE during
follow-up in CAD patients

Variables Datasets RR (95% CI) P for subgroup
effect

I2 P for subgroup
difference

Patients

ACS 11 1.87 [1.53, 2.27] <0.001 0%

Stable CAD 2 1.61 [1.25, 2.08] <0.001 78% 0.37

CGM duration

24–48 h 7 2.09 [1.57, 2.80] <0.001 2%

72 h 6 1.70 [1.37, 2.10] <0.001 13% 0.25

Follow-up duration

� 3 month 6 1.64 [1.37, 1.97] <0.001 0%

>3 month 7 2.31 [1.63, 3.26] <0.001 10% 0.09

HbA1c adjusted

Yes 6 1.61 [1.33, 1.95] <0.001 0%

No 7 2.17 [1.63, 2.88] <0.001 5% 0.09

NOS

7 3 2.12 [1.24, 3.62] 0.006 49%

8 10 1.77 [1.46, 2.14] <0.001 5% 0.53

CGMS continuous glucose monitoring,NOS the Newcastle–Ottawa Score,MAGE mean amplitude of
glycemic excursions,CAD coronary artery disease,ACSacute coronary syndrome,MACE major adverse
cardiovascular events,RRrisk ratio,CI con� dence interval

Fig. 3 Funnel plots with trim-and-� ll analysis for the association
between MAGE and incidence of MACEs in hospitalized CAD
patients; the white square indicates the included studies in meta-
analysis for each outcome, while the black square indicates the
imputed studies so as to generate symmetrical funnel plots
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was positively associated with micro- and macrovascular
complications and mortality in DM patients [18]. The
association was independently of the HbA1c level and the
authors concluded that chronic glycemic variability might
play a future role in clinical risk assessment [18]. Results of
our study expanded these� ndings by showing that acute
glycemic variability on admission as evaluated by MAGE
via CGM may also be a risk factor of adverse events in
hospitalized CAD patients. Currently, the potential patho-
physiological mechanisms underlying the association
between increased glycemic variability and higher risk of
MACEs in CAD patients remains not fully determined.
Previous studies showed that glycemic� uctuation may
cause overacted oxidative stress and in� ammatory response
[40], which have been all involved in the pathogenesis of
atherosclerosis and cardiomyopathy [41]. Accordingly,
higher glycemic variability has been associated with the
severity of coronary lesion [42] and the vulnerability of the
atherosclerotic plaques in intravascular ultrasound (IVUS)
studies [43, 44]. Furthermore, previous in vitro studies
showed that exposure to intermittent high glucose level
leads to apoptosis of endothelial cells [45], which may also
contribute to the accelerated progression of atherosclerotic
lesions. Besides, it has been suggested that glycemic
excursions may adversely affect autonomic function [46]
and increase the thrombotic properties of platelets [47],
thereby leading to higher incidence of thrombotic events
and mortality. Interestingly, a very recent study also showed
that glycemic variability evaluated by MAGE conferred
independent and additional diagnostic signi� cance over
HbA1c in identifying diabetic patients with high platelet
reactivity undergoing PCI [48]. Another study in patients
with glycemic dysregulation demonstrated that intraday
glucose variability was correlated with the extent of
acetylcholine-induced coronary spasm [49], a risk factor for
sudden cardiac death [50]. Future studies are warranted to
clarify the potential molecular mechanisms underlying the
association between glycemic variability and risk of cardi-
ovascular events.

Our study has limitations which should be considered
when interpreting the results. First, although we aimed to
evaluate the potential prognostic role of MAGE in non-
selected CAD patients, results of database search only
retrieved studies including ACS patents and hospitalized
CAD patients for elective PCI. Almost all of the included
patients underwent PCI during hospitalization (96.7%).
Therefore, the association between acute glycemic varia-
bility in ambulatory CAD patients remains to be deter-
mined. Second, only MAGE was used as an indicator of
glycemic variability on CGM since it is the most commonly
reported index and has been validated in previous studies.
In� uences of other potential parameters of glycemic varia-
bility on prognosis in CAD patients, such as the standard

deviations (SD), should also be evaluated. Third, although
no statistical heterogeneity was detected, the included stu-
dies varied in characteristics of the included patients,
measurement and cut-off of MAGE, and follow-up dura-
tions. We used a random-effect model to potentially
incorporate the heterogeneity. However, whether these
factors affect the association between MAGE and adverse
outcomes in these patients remain to be determined. In
addition, the optimal cu-off value of MAGE for the pre-
diction of prognosis in these patients should be evaluated in
the future. Fourth, although we pooled the multivariable
adjusted RR, due to the nature of meta-analysis of obser-
vational studies, we could not exclude the possible exis-
tence of residual confounders that may affect the association
between MAGE and adverse outcome in these patients.
Fifth, a causative association between increased glycemic
variability and poor prognosis in hospitalized CAD patients
could not be retrieved from current study because this is a
meta-analysis of observational studies. However, clinical
trials that evaluating the effect of reducing glycemic
variability on prognosis in hospitalized CAD patients, to the
best of our knowledge, are lacking. Finally, publication bias
was suggested for this meta-analysis and large scale pro-
spective cohort studies are needed to validate our results.

Conclusions

Results of this meta-analysis indicated that for hospitalized
patients with CAD, increased glycemic variability on
admission may be associated with poor outcome during
follow-up. The mechanisms underlying the association
should be determined in future studies.
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