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Abstract

Purposelncreased 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 ideutithrough search of PubMed, Embase, WanFang, and CNKI
databases. A random-effect model was used to pool the results. Subgroup analyses were performed to evaligategse in

of the predened 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 associatec
with higher incidence of MACEs during follow-up (adjusted relative risk [RR]: 1840.001;12= 12%). Stratied

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 >0.0%astigni
publication bias was detectgui< 0.041). Trim-and-Il analysis retrieved three studies to generate symmetrical funnel plots.
Meta-analysis that incorporated these studies showed similar results (RR1<B001).

Conclusiondncreased 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 excursion€ontinuous glucose monitoring®ercutaneous
coronary interventionMeta-analysis

Introduction CAD could be categorized as acute coronary syndrome

(ACS) and stable CAD, of which ACS refers to the acute
Despite of signicant improvements in the diagnosis andthrombotic stenosis of the coronary lumen caused by the
treatment strategies for coronary artery disease (CAD) mupture of the vulnerable atherosclerotic plaq@sHos-
recent decades, the disease remains one of leading causegitafization and timely revascularization are needed for
morbidity and mortality of people worldwid#][ Clinically, = 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 p, 6]. Glycemic dysregulation has been asso-
ciated with increased morbidity and mortality in CAD
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of hypoglycemia eventsl, 11]. Interestingly, increasing
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nephropathy 15|, cardiovascular eventd§, 17], and pos- after discharge; and (6) reported the multivariable adjusted
sibly mortality [L8] in patients with and without DM. risk ratios (RRs) and their corresponding 95% c®nce
Moreover, increasing of glycemic variability has also beetntervals (ClIs) for the incidences of MACEs in patients with
related adverse events in critically ill patieni®,[20].  higher versus lower MAGE at admission. The MAGE was
Therefore, it was hypothesized that acute glycemic variagalculated by measuring the arithmetic mean of the differ-
bility during hospitalization may predict poor prognosis inences between consecutive peaks and nadirs, provided that
CAD patients. Indeed, some pilot cohort studies indicatethe differences are greater than one standard deviation (SD)
that increased glycemic variability via continuous glucosef the mean glucose valugdq. The de nitions of MACEs
monitoring (CGM) system2[1] may predict the risk of were in accordance with those applied in the original stu-
adverse outcome in hospitalized patients with CAB-82). dies, including a composite outcome of cardiovascular
However, the results varied among the studies, and death, nonfatal myocardial infarction (MI), acute heart
remains unknown whether diabetic status or subtype d#ilure (AHF), and angina requiring revascularization. For
CAD could affect the associatio@2-32]. Therefore, we repeated reports of the same cohort, latest studies with the
performed a meta-analysis to evaluate the associatidmngest follow-up duration were included.
between glycemic variability evaluated by CGM on
admission and the risk of adverse outcomes in hospitalizddata extracting and quality evaluation
CAD patients.
Database search, data extraction, and quality assessment
were independently performed by two authors, and dis-
Methods crepancies were resolved by consultation with the corre-
sponding author. Data extracted include: (i3t author,
This study was performed in accordance with the MOOSHEbcation, and design of the study; (2) patient characteristics:
(Meta-analysis of Observational Studies in Epidemiologylype of CAD, number, mean age, gender, proportions of

[33] and Cochranes Handbook 34] guidelines. patients with DM, and proportions of patients received PCI;
(3) cut-off values for MAGE and durations of CGM; and (4)
Database search follow-up durations, outcomes reported, and variables

adjusted. Study quality evaluation was performed with the
We searched the databases of PubMed, Embase, WanFaNgwcastleOttawa Scale 36|, which ranges from 1 to
and China national knowledge infrastructure (CNKI) for9 stars and judges each study regarding three aspects:
relevant records, using the combination of the followingselection of the study groups; the comparability of the
terms: (1)“continuous glucose monitorih@R “glycemic  groups; and the ascertainment of the outcome of interest.
variability’ OR *“glyceamic variability OR *“glucose
variability’ OR “glucose uctuatiori OR “mean amplitude Statistical analyses
of glycemic excursioh OR “MAGE”; and (2)“coronary
artery diseaseOR “angind OR “myocardial infarctioh  Data of RRs and their corresponding stand errors (SESs)
OR “acute coronary syndrorh®R “percutaneous coronary were calculated from 95% Cls or p values, and were loga-
interventiofi OR “major adverse cardiovascular evénts rithmically transformed to stabilize variance and normalized
OR“CAD” OR “STEMI" OR “NSTEMI" OR “ACS’ OR the distribution $4]. The Cochrane Q test and? test were
“AMI” OR “PCI'. We limited the search to human studiesperformed to evaluate the heterogeneity among stugiigs [
published in English or Chinese. A manual analysis of thén 12>50% indicates signcant heterogeneity. A random-
reference lists of original and review articles was performeeffect model was applied since this model has been sug-
as a supplementation. Thaal search was performed on gested to incorporate the potential heterogeneity, thereby

July 19, 2019. leading to a more generalized res@4][ Sensitivity ana-
lyses by removing individual study one at a time were
Inclusion and exclusion criteria performed to evaluate the stability of the resud&].[Pre-

de ned subgroup analyses were performed to evaluate the
Studies were included if they met the following criteria: (1)in uences of study characteristics on the results (diabetic
full-length article in English or Chinese; (2) prospectivestatus, type of CAD, GCM duration, follow-up duration,
cohort studies; (3) included hospitalized patients with CADadjustment of HbAlc, and quality score). For continuous
(4) patients were categorized by mean amplitude of glyvariables, median was used as cutoff for stration. Potential
cemic excursions (MAGEs) via CGM on admission; (5)publication bias was assesdsdfunnel plots with the Egger
documented the incidence of major adverse cardiovasculagression asymmetry tes3d]. If the funnel plots were
events (MACESs) within hospitalization or during follow-up asymmetrical, &trim-and- II” analysis was performe®4].
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cohort studies 42-32] with 2666 hospitalized CAD
patients. Among them, seven studies included patients with
Studies excluded based on title and abstract (n = 630) AMI [22-27, 29, two I.nCIUded paﬂepts Wlth. ACS0, 31],
Not relevant studies and the other two included patients with stable CAD
Not follow-up studies scheduled for PCI2B, 32]. Since two studies reported the
Review articles, editorials, or preclinical studies outcomes according to the diabetic status of the patients

Studies identified through database search (n=658) |

[25, 31], these datasets were included separately. The study

Potentially relevant studies (n = 28) nally included 13 datasets. The studies were all performed
in China or Japan, with sample sizes varying from 34 to

St:ldifsexc'“d:d bas:d;“:“:jte’;t ff‘z'i)ew("=17) 759. The mean ages of the patients varied from 54 to 71
Glycomicvariabilfty not evalusted by CGM (n=10] years, with proportions of males ranging from 60 to 85%.

T 1 Notinpatientswith CAD (n= 2) Overall, 96.7% of the patients received PCI during hospi-
Outcome datanot available (n = 2) talization. MAGE was calculated based on CGM data of

Repeated reports of included cohorts (n=1)

24-72h and the patients were grouped by MAGE with
different cut-off values. The follow-up durations varied

|Studiesincludedinsvstematicreview(n=11) from within hospitalization to 39 months after discharge.
1 Information regarding the medications used at admission for
Studies included in meta-analysis (n =11) the CAD patients included in each cohort study was pre-
Glycemic variability on CGM and prognosis in patients with CAD sented in Supplementary Table 1. Variables such as
demographic factors, CAD risk factors, comorbidities, and
Fig. 1 Flowchart of database search and study ideation severity of coronary lesions etc. were adjusted to a various

extent when presenting the adjusted RR data. The
NewcastleOttawa scale varied from 7 to 8 for the included

To achieve symmetrical funnel plots, this method assumesudies.

the existence of the hypothetically unpublished studies with

negative results, estimates their RRs, and recalculates tAssociation between MAGE and prognosis in

pooled RR after incorporating thisnissing study B4].  hospitalized CAD patients

RevMan (Version 5.1; Cochrane Collaboration, Oxford,

UK) and STATA software (Version 12.0; Stata Corpora-Thirteen datasets from eleven prospective cohort studies

tion, College Station, TX) were used for the statistica[22-32] reported the association between MAGE and inci-

analyses. dence of MACE in CAD patients. No sigrmiant hetero-
geneity was detectetPE 12%, p for Cochrarie Q test=
0.32). Pooled results with a random-effect model showed

Results higher MAGE at admission was associated with higher
incidence of MACE during follow-up for the hospitalized
Results of literature search CAD patients (adjusted RR: 1.84, 95% CIl: L8341,

p<0.001; Fig.2a). Sensitivity analyses by excluding one
The process of database search and study idaitbn is study at a time did not signtantly change the results
presented in Figl. Brie y, 658 studies were obtained via (adjusted RR: 1.73~1.9 all <0.05). Stratied analyses
initial literature search, and 630 were excluded based diy the diabetic status of the patients were shown inZbg.
title and abstract because they were irrelevant to the stuesults showed that the association between higher MAGE
purpose. The remaining 28 studies underwent full-texand higher risk of MACE was consistent in CAD patients
review. Of them, two were not prospective cohort studiesyith DM (adjusted RR: 1.66, 95% CI: 1.38.04,p< 0.001;
ten did not evaluate glycemic variability by CGM, two did 1= 0%), and in those without DM (adjusted RR: 2.39, 95%
not include patients with CAD, two did not report outcomeCl: 1.62-3.54,p < 0.001;12= 0%). The difference between
data of MACEs, and the other two were repeated reports tfie two subgroups was not sigonantly differentjp= 0.11).
already included cohorts. Finally, eleven studizg-32]  Subsequent analyses showed that the association between

were included. higher MAGE and higher risk of MACE was consistent in
ACS patients, and in stable CAD patients (TaRe
Study characteristics and quality evaluation Moreover, study characteristics including GCM duration,

follow-up duration, adjustment of HbAlc, and quality score
The characteristics of the included studies are presenteddfso did not signicantly affect the results, suggesting the
Tablel. Overall, our meta-analysis included 11 prospectivatability of the results.
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Risk Ratio Risk Ratio
A Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Su 2013a 1.13365763 0.48979779  3.3% 3.11[1.19, 8.11]
Su 2013b 0.88335423 0.50175972  3.2% 2.4210.90, 6.47]
Zhang 2014-DM 1.04977212 0.46732559  3.6% 2.86 [1.14,7.14] -
Zhang 2014-NDM 0.74050775 0.33261406  6.8% 2.10[1.09, 4.02] I
Wang 2014 0.46499109 0.22016871 13.8% 1.59 [1.03, 2.45] [
Tokue 2015 1.6714733 0.81589161 1.2% 5.32[1.08, 26.33] .
Cheng 2016 0.32497786 0.1840167 18.1% 1.38 [0.96, 1.99] ™
Mi 2017 0.82022026 0.34550457  6.4% 2.27[1.15,4.47] -
Akasaka 2017 1.72810944 0.60459856  2.2% 5.63[1.72, 18.41]
Su 2018 0.70507575 0.30856326  7.8% 2.02[1.11,3.71] B
Takahash 2018-DM 1.17495586 0.63160726  2.0% 3.24[0.94, 11.17]
Takahash 2018-NDM 0.73236789 0.4465463  4.0% 2.08[0.87, 4.99] T
Liu 2019 0.41475516 0.13387875 27.5% 1.51[1.16, 1.97] Rl
Total (95% Cl) 100.0% 1.84 [1.54, 2.21] ¢
Heterogeneity: Tau? = 0.01; Chiz = 13.63, df = 12 (P = 0.32); I = 12% t f f y
Test for overall effect: Z = 6.66 (P < 0.00001) s 02 1 2 20
Risk Ratio Risk Ratio
B Study or Subgroup log[Risk Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
1.4.1 DM
Zhang 2014-DM 1.04977212 0.46732559  4.2% 2.86 [1.14,7.14]
Wang 2014 0.46499109 0.22016871 17.9% 1.59 [1.03, 2.45] B
Su 2018 0.70507575 0.30856326  9.4% 2.02[1.11, 3.71] -
Takahash 2018-DM 1.17495586 0.63160726  2.3% 3.24[0.94, 11.17] ]
Liu 2019 0.41475516 0.13387875 43.5% 1.51[1.16, 1.97] =
Subtotal (95% CI) 77.2% 1.66 [1.36, 2.04] *
Heterogeneity: Tau? = 0.00; Chi = 3.39, df =4 (P = 0.49); = 0%
Test for overall effect: Z = 4.94 (P < 0.00001)
1.4.2 Non-DM
Zhang 2014-NDM 0.74050775 0.33261406  8.1% 2.10[1.09, 4.02] -
Mi 2017 0.82022026 0.34550457  7.5% 2.27 [1.15, 4.47] -
Akasaka 2017 1.72810944 0.60459856  2.5% 5.63[1.72, 18.41] -
Takahash 2018-NDM 0.73236789 0.4465463  4.6% 2.08 [0.87, 4.99] I
Subtotal (95% CI) 22.8% 2.39 [1.62, 3.54] . 4
Heterogeneity: Tau? = 0.00; Chi? = 2.28, df = 3 (P = 0.52); 1= 0%
Test for overall effect: Z = 4.38 (P < 0.0001)
Total (95% Cl) 100.0% 1.82[1.51, 2.20] ¢
[, 2 — . Chiz = = = S 12 = 49 t t t u
Heterogeneity: Tau? = 0.00; Chi? = 8.29, df = 8 (P = 0.41); I>= 4% 005 02 1 5 20

Test for overall effect: Z = 6.23 (P < 0.00001)
Test for subaroup differences: Chi2 =2.62. df =1 (P = 0.11). = 61.8%

Fig. 2 Forest plots for the meta-analyses of the association between MAGE and incidence of MACEs in hospitalized CAR paéeaitsneta-
analysis results; arldl strati ed analyses by the diabetic status of the patients

Publication bias Discussion

The funnel plots for the metazalysis of the association In this meta-analysis, by pooling the results of all available
between MAGE on admission and incidence of MACEdollow-up studies, we found that acute glycemic variability
during follow-up were shown in Fig8. The plots were on admission as rected by higher MAGE on CGM is
asymmetrical on visual inspection, suggesting the possassociated with signtantly increased risk of MACEs in
ble risk of publication bie. Moreover, results of the hospitalized CAD patients during follow-up. The robustness
Eggets regression tests also indicated the potential riséf the results was commed by sensitivity analysis. More-
of publication bias = 0.041). Accordingly, we per- over, results of the subgroup analyses showed that the
formed a trim-andl analysis to include three imputed association between higher MAGE and poor prognosis in
studies to generate symmetrical funnel plot (F3). hospitalized CAD patients seems to be independent of
Meta-analysis incorporatinthese three studies showedpatient and study characteristics including diabetic status,
similar results (adjusted RR: 1.80, 95% CI: :2&3, type of CAD, GCM duration, follow-up duration, adjust-
p<0.001;12= 30%). ment of HbAlc, and quality score. Although publication
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;aebfssziﬁj;igégug z‘:gélztfor Variables Datasets RR (95% CI) z f;‘g(r:tsubgroup 12 dPi ;‘r(;rr :I}]Jé)group
baseline and MACE during
follow-up in CAD patients 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
2448 h 7 2.09 [1.57, 2.80] <0.001 2%
72h 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
HbAlc 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 monitoringyOS the NewcastleOttawa ScoreMAGE mean amplitude of
glycemic excursionsCAD coronary artery diseas@CSacute coronary syndromMACE major adverse
cardiovascular eventRRrisk ratio,Cl con dence interval

o SE(ARRD only included studies with glycemic variability that was
s evaluated by CGM because MAGE obtained by CGM is
021 DD considered to be more accurate than that obtained via
IR multiple glucose measurement results vigertip fL3, 21].
i?h Second, we only included prospective cohort studies with
EDD% multivariate adjusted results which were of good study
) ‘ N quality. Therefore, results of our study suggest that higher
* A MAGE on admission is associated with poor clinical out-
/ come in hospitalized CAD patients, which is independent of
087 S om o N demographic factors, conventional CAD risk factors, and
treatments. Third, subgroup analyses showed that increased
e - ! : 1 : h 8 MAGE is independently associated with higher incidence of
Fig. 3Funnel plots with trim-andil analysis for the association MACE.S n patle_nts with or without DM and in StUdl.es .Wlth
between MAGE and incidence of MACEs in hospitalized CADand without aqju_Stment of HbAlC. These reSUIt_S 'nd'_cat_e_d
patients; the white square indicates the included studies in mettat the association between increased glycemic variability
analysis for each outcome, while the black square indicates ttend poor adverse outcome in hospitalized CAD patients
imputed studies so as to generate symmetrical funnel plots could not simply explained by the status hyperglycemia or
management of diabetes, and other pathophysiological
bias was suggested, a further trim-atidanalysis incor- mechanisms may be involved. Finally, we found that the
porating the potential unpublished negative-result studiesssociation between increased glycemic variability and poor
retrieved similar results. Taken together, these results sugdverse outcome seemed to be consistent in ACS patients
gested that for hospitalized patients with CAD, increasednd stable CAD patients for elective PCI. These results
glycemic variability on admission may be associated witllemonstrated that increased glycemic variability is a risk
poor outcome during follow-up. The mechanisms underfactor of MACESs not only in patients with acute conditions
lying the association should be determined in future studiesuch as ACS, but also in patients with stable CAD.

To the best of our knowledge, our study is thist meta- Currently, glycemic variability could involve two
analysis which summarized the current understanding falomains, including acute glycemic variability as assessed in
the association between acute glycemic variability owur study by CGM within 72h, and chronic glycemic
admission and increased risk of adverse events duringriability that could be assessed by the variations of
follow-up in hospitalized CAD patients. The results of ourHbA1c within months or even year$Z. A previous meta-
study have the following clinical implications. First, we analysis with seven studies showed that HbAlc variability

0.47
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was positively associated with micro- and macrovasculateviations (SD), should also be evaluated. Third, although
complications and mortality in DM patientdg. The no statistical heterogeneity was detected, the included stu-
association was independently of the HbAlc level and thdies varied in characteristics of the included patients,
authors concluded that chronic glycemic variability mightmeasurement and cut-off of MAGE, and follow-up dura-
play a future role in clinical risk assessmelrdj[ Results of tions. We used a random-effect model to potentially
our study expanded thesadings by showing that acute incorporate the heterogeneity. However, whether these
glycemic variability on admission as evaluated by MAGHEactors affect the association between MAGE and adverse
via CGM may also be a risk factor of adverse events imutcomes in these patients remain to be determined. In
hospitalized CAD patients. Currently, the potential pathoaddition, the optimal cu-off value of MAGE for the pre-
physiological mechanisms underlying the associatiodiction of prognosis in these patients should be evaluated in
between increased glycemic variability and higher risk ofthe future. Fourth, although we pooled the multivariable
MACEs in CAD patients remains not fully determined.adjusted RR, due to the nature of meta-analysis of obser-
Previous studies showed that glycemiaoctuation may vational studies, we could not exclude the possible exis-
cause overacted oxidative stress andinmatory response tence of residual confounders that may affect the association
[40], which have been all involved in the pathogenesis obetween MAGE and adverse outcome in these patients.
atherosclerosis and cardiomyopathg1]] Accordingly, Fifth, a causative association between increased glycemic
higher glycemic variability has been associated with thgariability and poor prognosis in hospitalized CAD patients
severity of coronary lesiodp] and the vulnerability of the could not be retrieved from current study because this is a
atherosclerotic plaques in intravascular ultrasound (IVUSheta-analysis of observational studies. However, clinical
studies 43, 44]. Furthermore, previous in vitro studies trials that evaluating the effect of reducing glycemic
showed that exposure to intermittent high glucose levelariability on prognosis in hospitalized CAD patients, to the
leads to apoptosis of endothelial cei§][ which may also best of our knowledge, are lacking. Finally, publication bias
contribute to the accelerated progression of atheroscleroti@s suggested for this meta-analysis and large scale pro-
lesions. Besides, it has been suggested that glycemspective cohort studies are needed to validate our results.
excursions may adversely affect autonomic functiég [

and increase the thrombotic properties of platelé®, [

thereby leading to higher incidence of thrombotic event€onclusions

and mortality. Interestingly, a very recent study also showed

that glycemic variability evaluated by MAGE conferredResults of this meta-analysis indicated that for hospitalized
independent and additional diagnostic sigance over patients with CAD, increased glycemic variability on
HbAlc in identifying diabetic patients with high plateletadmission may be associated with poor outcome during
reactivity undergoing PCIB]. Another study in patients follow-up. The mechanisms underlying the association
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