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Abstract
Background: Prediabetes is an abnormal metabolic state that develops prior to the onset of diabetes with proven to common
comorbid states of coronary artery disease. However, whether prediabetes worsens prognosis after percutaneous coronary
intervention remains controversial. The aim of this study is to summarize previous cohort studies and to specify the impact of
prediabetes on the long-term outcomes after percutaneous coronary intervention.

Methods: This meta-analysis will be performed according to the Preferred Reporting Items for Systematic Review and Meta-
Analysis guidelines for conducting and reporting meta-analysis data. Pubmed, Embase and Google scholar will be systematically
searched, and supplemented with manual searches of the included reference lists to identify cohort studies. Pooled effects on the
discontinuous variables will be expressed by adjusted hazard ratios with 95% confidence intervals. All analyses will be performed with
Stata 15.0 (StataCorp LP, College Station, TX).

Results: The results of this study will be published in a peer-reviewed journal.

Conclusion: This systematic review will provide new information and help enhance clinical decision-making on management of
these patients.

Registration number: INPLASY202060079.

Abbreviations: CAD = coronary artery disease, CIs = confidence intervals, HR = hazard ratios, IFG = impaired fasting glucose,
IGT = impaired glucose tolerance, MACE = major adverse cardiovascular events, MI = myocardial infraction, PCI = percutaneous
coronary intervention.
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1. Introduction

Prior to the progression to diabetes, some patients experience
long-term glycometabolic abnormalities, which is an intermedi-
ate status with borderline high plasma glucose levels, referred to
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as prediabetes.[1,2] Prediabetes, including impaired glucose
tolerance (IGT), impaired fasting glucose (IFG-WHO: 6.1-6.9
mmol/L or IFG-ADA: 5.6–6.9mmol/L) and elevated HbA1c
(HbA1c-ADA: 39–47mmol/mol or HbA1c-NICE: 42–47mmol/
mol),[3,4] is also 1 of the most common comorbid states of
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coronary artery disease (CAD).[5,6] Diabetes leads to a deteriora-
tion in coronary plaque burden and an increased event risk after
stenting.[7–9] The association between the risk of cardiovascular
disease and the loss of glucose control have been thoroughly
investigated in the general population, revealing prediabetes as a
risk factor for cardio-cerebrovascular events and all-cause
mortality.[10,11]

The majority of prediabetes patients develop diabetes,
although lifestyle changes can prevent this progression.[12,13]

Recent studies have focused on the long-term clinical prognosis of
prediabetes patients after percutaneous coronary intervention
(PCI). These studies led to inconsistent conclusions mainly due to
differences in endpoint assessments and the relatively small
number of enrolled patients. Whether prediabetes worsens the
long-term prognosis of patients who underwent PCI is now
largely debatable.
In view of these inconsistencies, we performed a meta-analysis

of cohort studies to assess the association between prediabetes
and long-term outcomes, including all-cause death, myocardial
infraction (MI) andmajor adverse cardiovascular events (MACE)
after PCI.
2. Methods and analysis

This meta-analysis will be performed according to the Preferred
Reporting Items for Systematic Review and Meta-Analysis
(PRISMA) guidelines for conducting and reporting meta-analysis
data.[14] The protocol for this review has been registered on the
INPLASY website (https://inplasy.com/inplasy-2020-6-0079/)
and the study registration number is INPLASY202060079. If
adjustments are needed throughout the study, we will update the
details in the final version.
2.1. Inclusion and exclusion criteria

We propose to inclusion prospective/retrospective cohort studies
provide long-term events (>1 year), including all-cause mortality,
MI or MACE in PCI-treated CAD patients. All the research
objects in these studies were completed PCI (nomatter selective or
primary) in hospitalization. Studies with prediabetes defined as
IFG (IFG-WHO: 6.1–6.9mmol/L or IFG-ADA: 5.6–6.9mmol/L),
IGT (2h plasma glucose 7.8–11.0mmol/L during an oral glucose
tolerance test), or raised HbA1c (HbA1c-ADA: 39–47mmol/mol
or HbA1c-NICE: 42–47mmol/mol) will be eligible for inclusion.
Researches will be excluded if adverse long-term outcomes are
not amongst the clinical endpoints and those meta-analyses,
reviews, letter to editors or case reports. No language or date
restrictions will be applied. In addition, studies defined
prediabetes in combined status (eg, combined IFG with raised
HbA1c) will not be include in our final analysis for these patients
possess different physiopathological mechanisms and are more
likely to progress to diabetes.
2.2. Search strategy

Embase, Pubmed, and Google scholar will be comprehensively
searched up to the 1st September 2019, and supplemented with
manual searches of the included reference lists to identify cohort
studies. Search strategies will be developed and reviewed by 2
experienced librarian investigators. Any discrepancy is resolved
by consensus. An example of search string for Pubmed is shown
as follow:
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#1 (((((“Blood Glucose”[Mesh]) OR “Glucose Intolerance”[-
Mesh]) OR “Prediabetic State”[Mesh]) OR “Hyperglycemia”[-
Mesh]) OR “Hemoglobin A, Glycosylated”[Mesh])
#2 (((((((((((“Prediabetic State”[Text Word]) OR Hyperglyce-

mia[Text Word]) OR “impaired fasting glucose”[Text Word])
OR “impaired glucose tolerance”[Text Word]) OR “pre-
diabetes”[Text Word]) OR prediabetes[Text Word]) OR “bor-
derline diabetes”[Text Word]) OR “higher risk of diabetes
”[Text Word]) OR “ high risk of diabetes”[Text Word]) OR
hemoglobin A1c [Text Word]) OR HbA1c[Text Word])
#3 #1 OR #2
#4 ((((“Cardiovascular Diseases”[Mesh]) OR “Mortality”[-

Mesh]) OR “Death”[Mesh]) OR “Fatal Outcome”[Mesh])
#5 (((((((((“ischemic heart disease”[Text Word]) OR “myocar-

dial infarction”[Text Word]) OR “cardiovascular events”[Text
Word]) OR “cerebrovascular disease”[Text Word]) OR “stro-
ke”[Text Word]) OR “cerebral infarction”[Text Word]) OR
Mortality[Text Word]) OR fatal[Text Word]) OR death[Text
Word])
#6 #4 OR #5
#7 (((“Coronary Diseases”[Mesh]) OR “Coronary Artery

Disease”[Mesh]) OR “Heart Disease”[Mesh])
#8 ((((((PCI [Text Word]) OR revascularization [Text Word])

OR invasively [Text Word]) OR intervention [Text Word]) OR
angioplasty [Text Word]) OR “percutaneous coronary inter-
vention”[Text Word])
#9 #7 OR #8
#10 #3 AND #6 AND #9
#11 animals [MeSH Terms]
#12 humans [MeSH Terms]
#13 #11 NOT #12
#14 #10 NOT #13
#15 (“Risk”[Mesh]) OR risk [Text Word]
#16 #14 AND #15
#17 (((((((((((epidemiologic studies[MeSH Terms]) OR cohort

studies[MeSH Terms]) OR “epidemiologic”[Text Word]) OR
“cohort”[Text Word]) OR “longitudinal”[Text Word]) OR
“follow up”[Text Word])) OR observational[Text Word]) OR
prospective[Text Word])
#18 #16 AND #17
2.3. Study selection

Studies searched using above search strategy will be imported
into Endnote version X9 software to manage and reviewed by 2
investigators independently. Any discrepancies between the
reviewers are resolved by consensus through discussions. Papers
from the same research team will be compared to minimize data
duplication. When similar studies derived from the same cohort
are found, the most recent publications will be included. Relevant
studies chosen by at least 1 author will be retrieved. For
documents that be potential to meet the inclusion criteria after
titles and abstracts screening, full papers will be retrieved. A Flow
of studies retrieving will be developed using the PRISMA
guidelines.
2.4. Data extraction

Standardized extraction form will be made by an experienced
researcher with 4-year of experience performing systematic
reviews and meta-analysis (K.Y. Diao) using Microsoft Excel.
The following information will be extracted from each of the
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included studies by another 2 investigators (R. Shi and G. Yue):
study design, first author, year of publication, definition of
prediabetes, follow-up duration, patient characteristics (acute
coronary syndrome (ASC), stable CAD or both), sample size,
outcomes (including all-cause mortality, MI or MACE), test
events, control events and adjusted Hazard Ratios (HRs) with
95% confidence intervals (CIs) for prediabetes. If the adjusted
HRs are not reported. We will attempt to contact authors and
request for additional information when the information is
inadequate. Otherwise, the adjusted RRs with 95% CIs will be
recorded. Lost information will be conversed or calculated from
the available data if possible. Sensitivity or subgroup analysis will
be performed to according to data accuracy (directly extracted or
calculated) to avoid the heterogeneity caused by inaccurate
information as much as possible.
2.5. Quality evaluation

Quality assessment of the included studies will be performed
using the Newcastle-Ottawa quality assessment scale (NOS).[15]

NOS, assessing 3 parameters (selection, comparability, and
exposure assessment) of study quality, is a validated quality
assessment instrument for nonrandomized trials. The maximum
total score of 9 for NOS (maximum score of 4 for selection, 2 for
comparability, and 3 for exposure). We grade the quality of the
studies as high (>=5 stars) or low (<5 stars) according to the
NOS standard in our meta-analysis, and this will serve as 1 of the
bases for the subgroups. Two investigators (R. Shi and Y. Gao)
assess the study quality independently. Disagreements are
resolved by discussion between the reviewers, with a third
author as a final arbiter (K.Y. Diao) with 4-years of experience
performing systematic reviews and meta-analysis.
2.6. Statistical analysis
2.6.1. Data synthesis. Statistical analyses are performed with
Stata Version 15.0 (StataCorpLP, College Station, TX). Adjusted
HRs with 95% CIs for long-term adverse events, including all-
cause mortality, MI or MACE in PCI-treated CAD patients, are
extracted and polled. We included studies defined prediabetes
with combined status as a separate category for analysis to
explore whether these patients are at higher risk of adverse
prognosis than those with isolated IFG, IGT or elevated HbA1c.
If there are outcomes could not be included in this meta-analysis
as plan or reported only once, the results will be presented
separately or in discussion part.
Statistical heterogeneity is assessed using the Q-statistic

(significant at PQ<0.1). The extent of heterogeneity is assessed
using the inconsistency index (I2) (0–40%, absent or mild
heterogeneity; 30% to 60%, moderate heterogeneity; 50% to
90%, substantial heterogeneity; and 75% to 100%, considerable
heterogeneity). Clinical and methodological differences between
the included studies will be considered. We use a random effects
model over the fixed effects model, although no significant
heterogeneity is indicated.

2.6.2. Subgroup analysis. The diagnostic criteria of prediabetes
are the strongest confounder of long-term outcomes after PCI,
and considered as a potential source of heterogeneity. We plan to
perform a further subgroup analyses of the outcomes according
to the prediabetes diagnosis (IFG, IGT or HbAc1) as well as
ethnicity, the possibility of enrolling patients with diabetes, and
3

population type (acute coronary syndrome, stable angina or
both). x2 will be used to test for subgroup differences.

2.6.3. Sensitivity analysis. Sensitivity analysis will be per-
formed by recalculating the pooled relative risk following the
omission of single studies in a step-wise manner. We will also
perform sensitivity analysis by excluding studies without
adequate information.

2.6.4. Publication bias. Publication bias will be assessed
quantitatively for the outcomes with more than 10 studies. Begg
funnel plots and Egger test will be used. Publication bias will be
considered when an asymmetrical funnel plot or a P-value of
<.10 on Egger test is detected. Trim and fill method will be used
to estimate howmany studies are in the asymmetric part and then
trim off the asymmetric outlying part of the funnel. The final
estimate of the true mean and its variance are based on the filled
funnel plot.
2.7. Evidence quality evaluation

Wewill evaluate the evidence grade according to guidelines of the
Grading of Recommendations, Assessment, Development, and
Evaluation (GRADE) system.[16] Sequential assessment of the
evidence quality will be used, following by an assessment of the
risk–benefit balance. A total of 4 levels classified by the GRADE
for the quality of evidence: very low quality, low quality,
moderate quality, and high quality.
3. Discussion

We design this protocol for a meta-analysis to analyzed the
association between prediabetes and long-term adverse outcomes
after PCI. In addition, we further assess the impact of different
definition of prediabetes on the outcomes.
There is evidence to suggest that hyperglycemia is an accurate

marker of increased all-cause mortality in the general popula-
tion.[11] Increasing numbers of patients with established CAD
show concomitant prediabetes.[17] Whether prediabetes affects
the long-term prognosis after PCI is not yet clear. Although many
studies have paid attention to this issue, the results are
inconsistent, and it is necessary to conduct a meta-analysis on
this controversial issue. We have reason to believe that our
systematic reviewwill provide new information and help enhance
clinical decision-making on management of these patients.
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