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with the prognosis in acute myocardial
infarction patients after coronary
revascularization: a systematic review
and meta-analysis

Jun Chen?, Yang Yang? Chuxing Dai?, Yimin Wang?, Rui Zeng? and Qiang Liu'**

Abstract

Objective: Our study aimed to assess the association between serum cystatin C levels and prognosis in acute myo-
cardial infarction (AMI) patients after coronary reconstructive surgery.

Methods: We searched PubMed, Embase, and Cochrane Library up to January 21, 2022 without language restriction.
Outcomes were major cardiovascular events (MACEs) and mortality. The risk ratio (RR) and 95% confidence interval
(Cl) were merged by random-effect models.

Results: We included 8 studies with a total of 7,394 subjects in our meta-analysis. Our meta-analysis showed that
higher-level of serum cystatin C levels were associated with higher risk of MACEs (RR=2.52,95% Cl 1.63-3.89,
P<0.001) and mortality (RR=2.64, 95% Cl 1.66-4.19, P<0.001) in AMI patients after coronary revascularization.
Subgroup analysis showed that the serum cystatin C levels were associated with significantly higher risk of MACEs
(RR=2.72,95% Cl 1.32-5.60, P=0.006) and mortality (RR=2.98,95% Cl 1.21-7.37, P=0.020) in AMI patients after per-
cutaneous coronary intervention (PCl). However, in AMI patients after coronary artery bypass surgery, there were no
significantly higher risk of MACEs (RR=2.41, 95% Cl 0.98-5.93, P=0.05) and mortality (RR=3.15, 95% Cl 0.76-13.03,
P=0.10). Further subgroup analysis showed that this significantly higher risk of MACEs and mortality did not change
with the study sample size, study population area or study follow-up time.

Conclusion: The meta-analysis demonstrated that higher serum cystatin C levels were associated with significantly
higher risk of MACEs and mortality in AMI patients after PCl. It is a biomarker for risk stratification for predicting the
prognosis in AMI patients after PCl.
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Introduction

Acute myocardial infarction (AMI) is the most severe

manifestation of coronary artery disease, which causes

over 2.4 million deaths in the USA and over 4 million
*Correspondence: 19981011@zcmu.edu.cn deaths in Europe and northern Asia, and account for
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contributor to the burden of the global burden of car-
diovascular disease as assessed on the basis of disabil-
ity-adjusted life-years, and AMI has shifted to low and
middle income countries [2]. Coronary revasculariza-
tion has been regarded as the first-line treatment for
AMI patients for decades. Coronary revascularization
included percutaneous coronary intervention (PCI) and
coronary artery bypass grafting (CABG). Primary PCI
could produce higher rates of infarct artery patency and
reduce mortality [3].

Cystatin C is a potent cysteine protease inhibitor that
plays pleiotropic roles in human vascular pathophysiol-
ogy, in particular regulating cathepsins S and K [3]. Previ-
ous studies suggested that higher serum cystatin C levels
were independently associated with an increased risk
for future cardiovascular events, even among patients
assessed as being at low risk by both estimated glomer-
ular filtration rate (eGFR) values and creatinine levels
[4—6]. It is be regarded as a biomarker for cardiovascular
disease. However, the association between serum cysta-
tin C levels and prognosis in AMI patients after coronary
revascularization is not clear. Several previous retrospec-
tive studies reported that higher serum cystatin C levels
were also associated with higher risk of major cardiovas-
cular events (MACEs) in AMI patients after coronary
revascularization [7-9], but other study showed that sig-
nificant higher level of serum cystatin C was not an inde-
pendent risk factor for long-term mortality (HR=1.08,
95%Cl, 0.34-3.43, P=0.902) [10].

To clarify this question, we conducted a systematic
review and meta-analysis to investigate the association
between serum cystatin C levels and the prognosis of
AMI patients after coronary revascularization.

Material and methods

This systematic review was conducted in accordance
with the Cochrane Collaboration Handbook, observa-
tional studies in epidemiology statement [11], Meta-
Analysis and Systemic Reviews of Observational Studies
(MOOSE) [12], and Preferred Reporting Items for Sys-
tematic review and Meta-Analysis (PRISMA) [12]. The
Preferred Reporting Items for Systematic review and
Meta-Analysis Protocols (PRISMA-P) is shown in Addi-
tional file 1.

Search strategy

We searched PubMed, Embase, and the Cochrane
Library until January 21, 2022. Search keywords were
“cystatin C; “coronary artery bypass surgery,” and “per-
cutaneous coronary intervention, without language
restriction. Reference lists of related studies were also
manually searched and reviewed to identify other poten-
tial studies. This study was completed in accordance with
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the guidelines of Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) [12], and the
study selection process is shown in Fig. 1.

Inclusion and exclusion criteria

The included research must meet the following crite-
ria: (1) study included adult patients with AMI who
underwent coronary revascularization including PCI
or CABG; (2) study reported MACEs and mortality in
association with the serum cystatin C level; the MACEs
were defined as cardiac death, reinfarction, revasculari-
zation, and congestive heart failure; the mortality was
defined as all-cause mortality in hospital: any death by
fatal cardiac event or other reasons; (3) available data of
risk ratio (RR), or hazard ratio (HR) and their 95% con-
fidence intervals (CI) for serum cystatin C level contrib-
uted to MACEs or mortality. Exclusion criteria: (1) study
with duplicated data, selected the last published article;
(2) stable angina pectoris for elective PCI or CABG; (3)
conference papers without available data.

Study selection and data extraction

After excluding duplicates, studies were reviewed to
exclude unrelated articles by title and abstract, and then
further selected by content. Three reviewers (YY, CXD,
and WYM) independently assessed and selected the stud-
ies for eligibility. Disagreements were resolved by discus-
sion with the fourth reviewer (LQ). Data were extracted
including author, publication year, study type, region,
study size, study follow-up, intervention, study outcomes,
and adjustment for confounding factors of each study.

Study quality assessment

The Newcastle Ottawa quality assessment scale (NOS)
[13] was used to evaluate the quality of observational
studies. The assessment factors included the selection
of the study groups, comparability of groups, and ascer-
tainment of the exposure and outcomes. Seven scores or
more were considered high-quality studies. The detailed
quality assessment is shown in Additional file 2.

Data synthesis and analysis

We used the risk ratio (RR) and their associated 95%
confidence intervals (Cl) to assess the association
between serum cystatin C levels and the MACEs and
mortality in AMI patients after coronary revasculariza-
tion, and P value less than 0.05 was considered to be
statistically significant. The effect size conduction was
merged by a fixed-effect model or random-effect model
according to the heterogeneity of the meta-analysis
(fixed-effect model for low heterogeneity with P>0.05
or 1<50%; and random-effect model for high hetero-
geneity with P<0.05 or I?>50%). Subgroup analysis
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Fig. 1 The process of study selection

analyzed the association between serum cystatin C
levels and MACEs according to the intervention (PCI
or CABGQ), ethnicity (Asian vs non-Asian), follow-up
duration of study (>1 year vs<1 year) and the study
sample size (>500 patients vs <500 patients). Sensi-
tivity analysis assessed the impact of each study on
the results by deleting one study and meta-merging
the remaining studies. Sequentially deleting the next
study and then meta-merged the remaining ones to
test every study’s influence on the final results. If the
meta-analysis included more than ten studies, publica-
tion bias was assessed by Egger’s test and displayed by
a funnel plot. Review Manager version 5.3 (The Nordic
Cochrane Centre, The Cochrane Collaboration, Copen-
hagen) and Stata 14.0 (StataCorp, College Station, TX,
USA) were used to conduct our data and perform the
meta-analysis.

Results

Inclusion of studies and quality assessment

Finally, our study search yielded 463 articles. After
removing duplicates, reviews, unrelated studies, and
those with unavailable data, eight studies with 7394 sub-
jects were included in this meta-analysis. The The lit-
erature selection process is illustrated in Fig. 1. Of these
included studies, six studies were prospective observa-
tional studies and two studies were retrospective obser-
vational studies (Tables 1 and 2). Six studies included the
AMI patients receive PCI, and two studies included the
AMI patients receive CABG. Five studies were included
the Asian population, and three studies were included
the European population. Six studies were considered
high-quality for their representativeness of the exposed
cohort, sufficient follow-up for reliable outcomes, and
low risk of bias, while the remaining two studies were
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Table 1 Characteristics of include studies
Author/year Region Size Age (years) Male (%) Follow-up  Studytype Intervention Outcome Adjustment
Eiji Ichi- Japan 71 64 62 (87.3) 56 months  Retrospective PCl Cardiovascular Age; Killip class;
moto/2009 [28] events Time from hospital
presentation to
angioplasty;
Prior myocardial
infarction; Creati-
nine;
Doroteia Japan 151 61 115(76.2) 19.2 months  Prospective  PCl Death/reinfarc- Ejection frac-
Silva/2012 [7] tion tion <40%;
Tong-Wen China 605 604 404 (66.8%) 14.3 months Prospective pCl Major adverse NA;
Sun/2012 [8] cardiac events
Ozgur Turkey 475 558 380 (80%) 1 month Prospective  PCl Major adverse Age; gender; diabe-
Akgul/2013 [9] cardiac events tes; hypertension;
Killip class; anemia;
renal failure; No-
reflow; Three-vessel
disease; unsuc-
cessful procedure;
LVEF <40%;
Fabio Italy 2757 63 2123 (77%) 2 years Prospective pCl All-cause mortal-  Age; gender;
Angeli/2015 [29] ity diabetes; unsuc-
cessful PCl; LVEF;
Multivessel disease;
Statin prescription
at discharge; eGFR;
Seung Hyun Korea 1033 65.2 806 (78%) 2.9 years Prospective ~ CABG Mortality and NA;
Lee/2015 [18] major adverse
cerebrovascular
and cardiovascu-
lar events
Alain Darda- Sweden 1638 674 1295 (79.1%) 3.5 years Prospective CABG All-cause mortal-  Age; LVEF <30%;
shti/2016 [30] ity logarithm of time
in ICU; hemoglobin;
plasma transfused;
creatinine;
Guidong China 664 576 565 (85.1%) 3.2 years Retrospective PCl Major adverse Age; SBP > 140
Shen/2018 [31] cardiac events (mmHg); NT-
proBNP; eGFR;
LVEF <40%;

PCl percutaneous coronary intervention, CABG coronary artery bypass grafting, LVEF left ventricular ejection fraction, SBP systolic blood pressure, eGFR estimate

glomerular filtration rate, ICU intensive care unit, NA not applicable

considered a medium-quality study for significant clinical
heterogeneity (without adjustment for confounding fac-
tors) and insufficient follow-up.

Results of the meta-analysis

A total of 7394 subjects (5760 subjects were males) from
the included studies were pooled together for the asso-
ciation between serum cystatin C levels and MACEs in
AMI patients after coronary revascularization in this
meta-analysis. The results showed that high serum cys-
tatin C levels were associated with higher MACEs risk
(RR=2.52, 95% CI 1.63-3.89, P<0.001) and signifi-
cantly higher mortality risk (RR=2.64, 95% CI 1.66—4.19,
P<0.001) in AMI patients after coronary revasculariza-
tion with statistic difference (forest plot shown in Fig. 2).

These results suggested that serum cystatin C was a pre-
dictor for the prognosis of AMI patients after coronary
revascularization.

Subgroup meta-analysis according to the interven-
tion (PCI or CABG) demonstrated that serum cystatin
C was associated with significantly higher MACEs risk
(RR=2.72,95% CI 1.32-5.60, P=0.006, Fig. 3) and higher
mortality risk (RR=2.98, 95% CI 1.21-7.37, P=0.020,
Fig. 4) in studies with AMI patients who received PCI. In
AMI patients who received CABG, serum cystatin C was
associated with higher risk of MACEs (RR=2.41, 95% CI
0.98-5.93, P=0.050, Fig. 3) and mortality (RR=3.15, 95%
CI0.76-13.03, P=0.100, Fig. 4), however, there were no
significant differences. Considering the effects of serum
cystatin C in different races, we performed a subgroup
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Table 2 Characteristics of include studies
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Author/year Patients Intervention Outcome Adjustment

Ichimoto/2009 [28]  STEMI PCl Cardiovascular events Age; Killip class;

Time from hospital presentation to angioplasty;
Prior myocardial infarction; Creatinine;

Silva/2012 [7] STEMI PCl Death/reinfarction LVEF;

Sun/2012 [8] AMI PCl Major adverse cardiac events NA;

Akgul/2013 [9] STEMI PCl Major adverse cardiac events Age; gender; diabetes; hypertension; Killip class;
anemia; renal failure; No-reflow; Three-vessel disease;
unsuccessful procedure; LVEF;

Angeli/2015 [29] non-ST-elevation ACS PCl All-cause mortality Age; gender; diabetes; unsuccessful PCl; LVEF; Multi-
vessel disease; Statin prescription at discharge; eGFR;

Lee/2015 [18] ACS CABG Mortality and major adverse NA;

cerebrovascular and cardiovascular
events

Dardashti/2016 [30] CHD CABG All-cause mortality Age; LVEF; logarithm of time in ICU; hemoglobin;
plasma transfused; creatinine;

Shen/2018 [31] STEMI pCl Major adverse cardiac events Age; SBP > 140 (mmHg); NT-proBNP; eGFR; LVEF;

PCl percutaneous coronary intervention, CABG coronary artery bypass grafting, LVEF left ventricular ejection fraction, SBP systolic blood pressure, eGFR estimate
glomerular filtration rate, ICU intensive care unit, m month, y year, NA not applicable, STEMI ST-elevation myocardial infarction, ACS acute coronary syndrome, CHD

coronary heart disease
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Fig. 2 The forest plot of serum cystatin C contributes for the prognosis of AMI patients after coronary revascularization. a The association between
serum cystatin C and MACE risk in AMI patients after coronary revascularization. b The association between serum cystatin C and mortality risk of
AMI patients after coronary revascularization. The risk ratio (RR) is used to evaluate the MACE or mortality risk
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Fig. 3 The forest plot of subgroup analysis according to the intervention (PCl or CABG) for serum cystatin C contributes for the MACE risk of AMI
patients after coronary revascularization
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Fig. 4 The forest plot of subgroup analysis according to the intervention (PCl or CABG) for serum cystatin C contributes for the mortality risk of AMI

analysis according to Asian ethnicity vs non-Asian eth-
nicity. We found that serum cystatin C was significantly
associated with higher MACEs risk (RR=3.49, 95% CI
2.60-4.69, P<0.001) and higher mortality risk (RR=4.75,

95% CI 2.96-7.63, P<0.001) in the Asian AMI popula-
tion, while, the non-Asian AMI population did not show
a significant association with MACEs and mortality, as
shown in Additional file 3: Fig. S1 and Additional file 4:
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Fig. S2. The significance of this result did not change with
the length of follow-up or the size of the study sample, as
shown in Additional file 5: Figs. S3, Additional file 6: S4,
Additional file 7: S5, Additional file 8: S6. We performed
a sensitivity analysis to test the robustness of our results
by orderly elimination of each included study and meta-
merging the remaining studies. Our results were statisti-
cally reliable, as shown in Figs. 5 and 6. Finally, we did not
perform a publication bias analysis because fewer than 10
studies were included in this meta-analysis.

Discussion

Our meta-analysis was based on observational retro-
spective studies that pooled together 8 studies and 7394
AMI patients after coronary revascularization. To our
knowledge, this was the first systematic review to evalu-
ate the association between serum cystatin C levels and
the relative MACEs risk of AMI patients after coronary
revascularization. The results showed that higher level of
serum cystatin C was significantly associated with higher
MACEs risk in AMI patients after coronary revasculari-
zation. This significant association was independent of
study sample size and follow-up time, and was strongly
associated with race. Further analysis demonstrated that
this significant association mainly in AMI patients after
PCI, and based on the current evidence, the significant
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relationship between higher levels of serum cystatin C
and poor prognosis in AMI patients after CABG could
not be demonstrated.

Cystatin C is an endogenous cysteine proteinase inhibi-
tor. It is filtered by the renal glomerulus, and metabolized
by the proximal tubule which unlike creatinine [14]. It
is a sensitive measure of renal function that may be less
affected by age, sex, and lean muscle mass than creati-
nine [15]. Future cardiovascular events are more likely
to occur in patients with renal dysfunction than in the
general population. Previous studies reported that cysta-
tin C was associated with an increased risk of death and
combined events in patients with non-ST elevation acute
coronary syndrome, and this association was be regarded
for its excellent representativeness of renal function [16,
17]. Simply speaking, the major risk factor for future
cardiovascular events is renal dysfunction, and elevated
cystatin C levels are only one manifestation of renal dys-
function. In our included studies [9, 18], we also found a
significantly higher rate of renal dysfunction in the high
serum cystatin C population than in the low serum cysta-
tin C population. However, subsequent studies found that
serum cystatin C levels were associated with an increased
risk for future cardiovascular events, independent of
eGFR values and creatinine levels [4—6]. A recent study
reported that elevated cystatin C levels at admission were
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Fig. 5 The sensitivity analysis for MACE risk of AMI patients after coronary revascularization. Each branch represents the named study that was
omitted; the merged effect size of the studies that remained
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Fig. 6 The sensitivity analysis for mortality risk of AMI patients after coronary revascularization. Each branch represents the named study that was
omitted; the merged effect size of the studies that remained

independently associated with impaired myocardial per-
fusion, poor cardiac functional recovery and develop-
ment of congestive heart failure in patients with anterior
ST-segment elevation myocardial infarction undergoing
primary PCI [19]. These findings suggested that cystatin
C may have a specific effect on the cardiovascular system
independent of renal function. How cystatin C plays a
special role in the cardiovascular system independent of
renal function has aroused the interest of cardiovascular
researchers.

Acute myocardial infarction (AMI) is always accom-
panied by a serious pathological basis of coronary
artery disorder, except for the myocardial infarction
with non-obstructive coronary arteries. The alteration
of extracellular matrix composition, calcium deposi-
tion and advanced glycation end product-mediated col-
lagen cross-linking aggravate the structural arterial
stiffness [20]. Structural arterial stiffness is accompanied
by poor vascular dysfunction. The cardio-ankle vascu-
lar index (CAVI) is a good tool for evaluating arterial
stiffness, which could represent vascular function. It is
interesting to note that Yamashita H et al. observed a sig-
nificant correlation between cystatin C and CAVI [21]. It
seems that cystatin C may be related to vascular injury
or restoration. Therefore, we hypothesized that cystatin
C may be involved in the process of medial destruction

of coronary arteries, and may be one of the products. A
previous study reported that extracts of atheromatous
tissues had approximately twofold greater elastase-spe-
cific activity than extracts of uninvolved arteries, mostly
due to cysteine proteases [22]. Attenuated atherosclerosis
in cathepsin S—deficient mice provided direct evidence
for cysteine protease involvement in atherogenesis [23].
Later studies found that inflammatory cells and cytokines
associated with atherosclerosis can stimulate the produc-
tion of lysosomal cathepsins, and increase plasma con-
centrations of cystatin C [15, 24]. These results suggested
that there is a certain dynamic balance between cysteine
protease and cysteine statin C in human tissues. Cysteine
proteases increase with the aggravation of the activity of
atherosclerosis, which induces an increase in cystatin C.
The pathological process of atherosclerosis breaks this
balance and increases the level of cystatin C, so from
this point of view, the level of cystatin C can be used
as a biomarker for the progression of atherosclerosis.
In addition, Ganda A et al. found that cystatin C levels
were positively associated with monocyte counts at base-
line after adjusted traditional risk factors [25]. Inflam-
mation and lipid accumulation are two basic hallmarks
in the chronic progression of atherosclerosis [26]. Lp(a)
was considered an inherited risk factor of atherosclerotic
cardiovascular disease, and high serum Lp(a) levels were
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reported to associated with higher recurrent cardiovas-
cular events risk in AMI patients after PCI [20, 27]. After
vascular endothelial injury, the lipid tends to deposit
under the intima of the coronary artery, which leads to
the infiltration of monocytes, thus lipid and monocytes
are the major proinflammatory medium in the disease
of atherosclerosis [26]. These results indicated that the
high level of cystatin C involves potential mechanisms
underlying the strong relationship between monocytes
and atherosclerosis. Coronary atherosclerosis is a chronic
pathological process that is not terminated after PCI and
CABG. Therefore, cystatin C can reflect the continuing
coronary artery damage in AMI patients even after PCI
and CABG.

In our study, we did not demonstrate a significant asso-
ciation between serum cystatin C levels and the poor
prognosis of AMI patients after CABG, which was not
consistent with our above hypothesis. However, two
included studies about CABG were all showed a signifi-
cantly higher MACEs risk in the higher serum cysta-
tin C level group. Similar results were observed in the
subgroup analysis according to the operation ethnicity
(Asian vs non-Asian), Thus, we speculated that it is a
statistical dilemma may be caused by limited studies on
CABG compared with the studies on PCI. These results
would be more accurate and reliable as more CABG
studies are conducted in the future.

Study limitation

Some limitations should be taken into account in our
study. First, the sample size was not large enough among
each study, and a total of 7394 AMI subjects were
included in the present meta-analysis; however, this is the
first and largest meta-analysis for investigating the asso-
ciation between serum cystatin C and the prognosis in
AMI patients after coronary revascularization. Neverthe-
less, we did not further analyse the specific classification
(STEMI, NSTEMI) of AMI due to the limited number
of studies. Considering that there were some different
pathological mechanisms between STEMI and NSTEMI,
more studies on different types of AMI are necessary in
the future. Second, based on the current limited studies,
we have not confirmed a significant relationship between
cystatin C and poor prognosis in AMI patients receiv-
ing CABG; however, we found that two existing studies
have shown that high cystatin C levels are significantly
associated with poor prognosis in AMI patients receiv-
ing CABG. The results will become clearer as more
researches are conducted in the future. Third, sex is
another potential risk factor in aging adults, given that
older females are reported to be at a greater risk for car-
diovascular disease than age-matched men. However,
based on current studies, we were unable to perform a
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subgroup analysis based on sex differences to further
explore the effect of cystatin C on the prognosis of AMI
patients after coronary revascularization in special group
(male or female), future research may provide more refer-
ences based on this topic.

Conclusion

Our meta-analysis demonstrated that a higher serum cys-
tatin C level was associated with a higher risk of MACEs
and mortality in AMI patients after PCIL. Serum cystatin
C is a biomarker for risk stratification for predicting the
prognosis in AMI patients after PCI.

Abbreviations

AMI: Acute myocardial infarction; PCl: Percutaneous coronary intervention;
CABG: Coronary artery bypass grafting; MACEs: Major cardiovascular events;
eGFR: Estimated glomerular filtration rate; Cl: Confidence intervals; RR: Relative
risk; HR: Hazard ratio; LVEF: Left ventricular ejection fraction.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512872-022-02599-5.

Additional file 1. PRISMA-P (Preferred Reporting Items for Systematic
Review and Meta-Analysis Protocols) 2015 checklist: recommended items
addressed in our systematic review and meta-analysis.

Additional file 2. Quality evaluation scale for prevalence studies.

Additional file 3. Fig. S1: The forest plot of subgroup analysis according
to the ethnicity (Asian vs non-Asian) for serum cystatin C contributes for
the MACE risk of AMI patients after coronary revascularization.

Additional file 4. Fig. S2: The forest plot of subgroup analysis according
to the ethnicity (Asian vs non-Asian) for serum cystatin C contributes for
the mortality risk of AMI patients after coronary revascularization.

Additional file 5. Fig. S3: The forest plot of subgroup analysis according
to the follow-up for serum cystatin C contributes for the MACE risk of AMI
patients after coronary revascularization.

Additional file 6. Fig. S4: The forest plot of subgroup analysis according
to the follow-up for serum cystatin C contributes for the mortality risk of
AMI patients after coronary revascularization.

Additional file 7. Fig. S5: The forest plot of subgroup analysis according
to the study size for serum cystatin C contributes for the MACE risk of AMI
patients after coronary revascularization.

Additional file 8. Fig. S6: The forest plot of subgroup analysis according
to the study size for serum cystatin C contributes for the mortality risk of
AMI patients after coronary revascularization.

Acknowledgements
None.

Author contributions

LQ conceived and designed the research; CJ, YY, DCX, WYM collected data and
conducted the research; ZR and WYM analysed and interpreted the data; CJ
wrote the initial paper; LQ revised the paper; LQ approved the final version to
be submitted. CJ had primary responsibility for final content. All authors read
and approved the final manuscript.

Funding
This work was partially supported by grants from the National Natural Sci-
ence Foundation of China (81873247). The funders had no role in the study


https://doi.org/10.1186/s12872-022-02599-5
https://doi.org/10.1186/s12872-022-02599-5

Chen et al. BMC Cardiovascular Disorders (2022) 22:156

design, data collection and analysis, decision to publish, or preparation of the
manuscript.

Availability of data and materials
The datasets generated and analysed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'The Third Affiliated Hospital, Zhejiang Chinese Medical University, Hang-
zhou 310000, Zhejiang, China. *The First School of Clinical Medicine, Zhejiang
Chinese Medical University, Hangzhou 310000, Zhejiang, China.

Received: 5 October 2021 Accepted: 25 March 2022
Published online: 07 April 2022

References

1. Reed GW, Rossi JE, Cannon CP. Acute myocardial infarction. Lancet.
2017;389(10065):197-210. https://doi.org/10.1016/50140-6736(16)
30677-8.

2. Anderson JL, Morrow DA. Acute myocardial infarction. N Engl J Med.
2017,376(21):2053-64. https://doi.org/10.1056/NEJMra1606915.

3. vander Laan SW, Fall T, Soumare A, Teumer A, Sedaghat S, Baumert J,
Zabaneh D, van Setten J, Isgum |, Galesloot TE, et al. Cystatin C and car-
diovascular disease: a mendelian randomization study. J Am Coll Cardiol.
2016,68(9):934-45. https://doi.org/10.1016/jjacc.2016.05.092.

4. Luo J,Wang LP, Hu HF, Zhang L, Li YL, Ai LM, Mu HY. Cystatin C and
cardiovascular or all-cause mortality risk in the general population: a
meta-analysis. Clin Chim Acta. 2015;450:39-45. https://doi.org/10.1016/].
cca.2015.07.016.

5. Garcia-Carretero R, Vigil-Medina L, Barquero-Perez O, Goya-Esteban R,
Mora-Jimenez |, Soguero-Ruiz C, Ramos-Lopez J. Cystatin C as a predictor
of cardiovascular outcomes in a hypertensive population. J Hum Hyper-
tens. 2017,31(12):801-7. https://doi.org/10.1038/jhh.2017.68.

6. Hoke M, Amighi J, Mlekusch W, Schlager O, Exner M, Sabeti S, Dick P,
Koppensteiner R, Minar E, Rumpold H, et al. Cystatin C and the risk for
cardiovascular events in patients with asymptomatic carotid atheroscle-
rosis. Stroke. 2010;41(4):674-9. https://doi.org/10.1161/STROKEAHA.109.
573162.

7. Silva D, Cortez-Dias N, Jorge C, Marques JS, Carrilho-Ferreira P Magalhées
A, Martins SR, Gongalves S, da Silva PC, Fiiza M, Diogo AN, Pinto FJ. Cysta-
tin C as prognostic biomarker in ST-segment elevation acute myocardial
infarction. Am J Cardiol. 2012;109(10):1431-8. https://doi.org/10.1016/j.
amjcard.2012.01.356.

8. SunTW, Xu QY, Yao HW, Zhang XJ, Wu Q, Zhang JY, Li L, Zhang YZ, Kan
QC, Guan FX, Wang LX. The predictive value of plasma cystatin C for
acute coronary syndrome treated with percutaneous coronary interven-
tion. Heart Lung. 2012;41(5):456-62. https://doi.org/10.1016/j.hrting.2012.
04.007.

9. Akgul O, Uyarel H, Ergelen M, Pusuroglu H, Gul M, Turen S, Bulut U, Baycan
OF, Ozal E, Cetin M, Yildinm A, Uslu N. Predictive value of elevated cystatin
Cin patients undergoing primary angioplasty for ST-elevation myocardial
infarction. J Crit Care. 2013;28(5):882.e13-20. https.//doi.org/10.1016/jjcrc.
2013.03.004.

10. LiuY, Chen KH, Chen SQ, Chen LL, Duan CY, Wang K, Guo XS, Li HL, Bei
WJ, Lin KY, Chen PY, Xian Y, Tan N, Zhou YL, Geng QS, Chen JY. Predictive
value of post-procedural early (within 24 h) increase in cystatin C for
contrast-induced acute kidney injury and mortality following coronary

20.

21.

22.

23.

24.

25.

26.

27.

Page 10 of 11

angiography or intervention. Oncotarget. 2017,8(65):109762-71. https://
doi.org/10.18632/oncotarget.19034.

. TuY-K, Greenwood DC. Modern methods for epidemiology. Dordrecht:

Springer; 2012. https://doi.org/10.1007/978-94-007-3024-3.

. Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred

reporting items for systematic reviews and meta-analyses: the PRISMA
statement. PLoS Med. 2009;6(7):e1000097. doi: https://doi.org/10.1371/
journal.pomed.1000097.

. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assess-

ment of the quality of nonrandomized studies in meta-analyses. Eur J
Epidemiol. 2010;25(9):603-5. https://doi.org/10.1007/510654-010-9491-z.

. Newman DJ. Cystatin C. Ann Clin Biochem. 2002;39(Pt 2):89--104. doi:

https://doi.org/10.1258/0004563021901847.

. Knight EL, Verhave JC, Spiegelman D, Hillege HL, de Zeeuw D, Curhan GC,

de Jong PE. Factors influencing serum cystatin C levels other than renal
function and the impact on renal function measurement. Kidney Int.
2004;65(4):1416-21. https://doi.org/10.1111/j.1523-1755.2004.00517 x.

. Windhausen F, Hirsch A, Fischer J, van der Zee PM, Sanders GT, van

Straalen JP, Cornel JH, Tijssen JG, Verheugt FW, de Winter RJ; Invasive
versus Conservative Treatment in Unstable Coronary Syndromes (ICTUS)
Investigators. Cystatin C for enhancement of risk stratification in non-ST
elevation acute coronary syndrome patients with an increased troponin
T. Clin Chem. 2009;55(6):1118-25. doi: https://doi.org/10.1373/clinchem.
2008.119669.

. Jernberg T, Lindahl B, James S, Larsson A, Hansson LO, Wallentin L.

Cystatin C: a novel predictor of outcome in suspected or confirmed non-
ST-elevation acute coronary syndrome. Circulation. 2004;110(16):2342-8.
https://doi.org/10.1161/01.CIR.0000145166.44942.E0.

. Lee SH, Youn YN, Choo HC, Lee S, Yoo KJ. Cystatin C as a predictive marker

of renal dysfunction and mid-term outcomes following off-pump coro-
nary artery bypass grafting. Heart. 2015;101(19):1562-8. https://doi.org/
10.1136/heartjnl-2015-307986.

. Tang L, Fang ZF, Zhou SH, Tai S, Ahmed S, Huang F, Shen XQ, Zhao YS, Hu

XQ. Association of serum cystatin C levels with myocardial perfusion and
cardiac functional recovery in patients with anterior wall ST elevation
myocardial infarction treated with primary coronary intervention. Heart
Vessels. 2016;31(9):1456-66. https://doi.org/10.1007/500380-015-0764-z.
Cesaro A, Schiavo A, Moscarella E, Coletta S, Conte M, Gragnano F, Fimiani
F, Monda E, Caiazza M, Limongelli G, D'Erasmo L, Riccio C, Arca M, Calabro
P. Lipoprotein(a): a genetic marker for cardiovascular disease and target
for emerging therapies. J Cardiovasc Med (Hagerstown). 2021;22(3):151-
61. https://doi.org/10.2459/JCM.0000000000001077.

Yamashita H, Nishino T, Obata Y, Nakazato M, Inoue K, Furusu A, Takamura
N, Maeda T, Ozono Y, Kohno S. Association between cystatin C and
arteriosclerosis in the absence of chronic kidney disease. J Atheroscler
Thromb. 2013;20(6):548-56. https://doi.org/10.5551/jat.13193.

Sukhova GK, Shi GP, Simon DI, Chapman HA, Libby P. Expression of the
elastolytic cathepsins S and Kin human atheroma and regulation of their
production in smooth muscle cells. J Clin Invest. 1998;102(3):576-83.
https://doi.org/10.1172/JCI181.

Sukhova GK, Zhang Y, Pan JH, Wada Y, Yamamoto T, Naito M, Kodama

T, Tsimikas S, Witztum JL, Lu ML, Sakara Y, Chin MT, Libby P, Shi GP. Defi-
ciency of cathepsin S reduces atherosclerosis in LDL receptor-deficient
mice. J Clin Invest. 2003;111(6):897-906. https://doi.org/10.1172/JCl14
915.

Evangelopoulos AA, Vallianou NG, Bountziouka V, Katsagoni C, Bathrellou
E, Vogiatzakis ED, Bonou MS, Barbetseas J, Avgerinos PC, Panagiotakos DB.
Association between serum cystatin C, monocytes and other inflamma-
tory markers. Intern Med J. 2012;42(5):517-22. https://doi.org/10.1111/].
1445-5994.2011.02500.x.

Ganda A, Magnusson M, Yvan-Charvet L, Hedblad B, Engstrom G, Ai D,
Wang TJ, Gerszten RE, Melander O, Tall AR. Mild renal dysfunction and
metabolites tied to low HDL cholesterol are associated with monocytosis
and atherosclerosis. Circulation. 2013;127(9):988-96. https://doi.org/10.
1161/CIRCULATIONAHA.112.000682.

Ganjali S, Gotto AM Jr, Ruscica M, Atkin SL, Butler AE, Banach M, Sahebkar
A. Monocyte-to-HDL-cholesterol ratio as a prognostic marker in cardio-
vascular diseases. J Cell Physiol. 2018;233(12):9237-46. https://doi.org/10.
1002/jcp.27028.

Gragnano F, Fimiani F, Di Maio M, Cesaro A, Limongelli G, Cattano D,
Calabro P Impact of lipoprotein(a) levels on recurrent cardiovascular


https://doi.org/10.1016/S0140-6736(16)30677-8
https://doi.org/10.1016/S0140-6736(16)30677-8
https://doi.org/10.1056/NEJMra1606915
https://doi.org/10.1016/j.jacc.2016.05.092
https://doi.org/10.1016/j.cca.2015.07.016
https://doi.org/10.1016/j.cca.2015.07.016
https://doi.org/10.1038/jhh.2017.68
https://doi.org/10.1161/STROKEAHA.109.573162
https://doi.org/10.1161/STROKEAHA.109.573162
https://doi.org/10.1016/j.amjcard.2012.01.356
https://doi.org/10.1016/j.amjcard.2012.01.356
https://doi.org/10.1016/j.hrtlng.2012.04.007
https://doi.org/10.1016/j.hrtlng.2012.04.007
https://doi.org/10.1016/j.jcrc.2013.03.004
https://doi.org/10.1016/j.jcrc.2013.03.004
https://doi.org/10.18632/oncotarget.19034
https://doi.org/10.18632/oncotarget.19034
https://doi.org/10.1007/978-94-007-3024-3
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1258/0004563021901847
https://doi.org/10.1111/j.1523-1755.2004.00517.x
https://doi.org/10.1373/clinchem.2008.119669
https://doi.org/10.1373/clinchem.2008.119669
https://doi.org/10.1161/01.CIR.0000145166.44942.E0
https://doi.org/10.1136/heartjnl-2015-307986
https://doi.org/10.1136/heartjnl-2015-307986
https://doi.org/10.1007/s00380-015-0764-z
https://doi.org/10.2459/JCM.0000000000001077
https://doi.org/10.5551/jat.13193
https://doi.org/10.1172/JCI181
https://doi.org/10.1172/JCI14915
https://doi.org/10.1172/JCI14915
https://doi.org/10.1111/j.1445-5994.2011.02500.x
https://doi.org/10.1111/j.1445-5994.2011.02500.x
https://doi.org/10.1161/CIRCULATIONAHA.112.000682
https://doi.org/10.1161/CIRCULATIONAHA.112.000682
https://doi.org/10.1002/jcp.27028
https://doi.org/10.1002/jcp.27028

Chen et al. BMC Cardiovascular Disorders

28.

29.

30.

(2022) 22:156

events in patients with premature coronary artery disease. Intern Emerg
Med. 2019;14(4):621-5. https://doi.org/10.1007/511739-019-02082-8.
Ichimoto E, Jo K, Kobayashi Y, Inoue T, Nakamura Y, Kuroda N, Miyazaki

A, Komuro I. Prognostic significance of cystatin C in patients with ST-
elevation myocardial infarction. Circ J. 2009;73(9):1669-73. https://doi.
org/10.1253/circj.cj-08-0943.

Angeli F, Verdecchia P, Savonitto S, et al. Cystatin C and risk of mortality
among patients undergoing percutaneous coronary intervention. Euroln-
tervention. 2015;11(7):757-64. https://doi.org/10.4244/E1JY14M08_02.
Dardashti A, Nozohoor S, Algotsson L, Ederoth P, Bjursten H. The predic-
tive value of s-cystatin C for mortality after coronary artery bypass
surgery. J Thorac Cardiovasc Surg. 2016;152(1):139-46. https://doi.org/10.
1016/}jtcvs.2016.02.070.

31. Shen G, Zhu H, Ding H, Sun C, Zhou K, Fan Y, Li T, Men M, Chen Y, Lu Q,
Ma A. Increased cystatin C level in ST-elevation myocardial infarction pre-
disposes the prognosis of angioplasty. Am J Med Sci. 2018;355(6):530-6.
https://doi.org/10.1016/j.amjms.2018.03.003.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1007/s11739-019-02082-8
https://doi.org/10.1253/circj.cj-08-0943
https://doi.org/10.1253/circj.cj-08-0943
https://doi.org/10.4244/EIJY14M08_02
https://doi.org/10.1016/j.jtcvs.2016.02.070
https://doi.org/10.1016/j.jtcvs.2016.02.070
https://doi.org/10.1016/j.amjms.2018.03.003

	Serum cystatin C is associated with the prognosis in acute myocardial infarction patients after coronary revascularization: a systematic review and meta-analysis
	Abstract 
	Objective: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Material and methods
	Search strategy
	Inclusion and exclusion criteria
	Study selection and data extraction
	Study quality assessment
	Data synthesis and analysis

	Results
	Inclusion of studies and quality assessment
	Results of the meta-analysis

	Discussion
	Study limitation

	Conclusion
	Acknowledgements
	References


