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Abstract: Objective: Cystatin C is a well established marker of kidney function. There is evidence that cystatin C con-
centrations are also associated with myocardial infarction. The purpose of the present study is to clarify the link be-
tween cystatin C with myocardial infarction using a meta-analysis approach. Methods: We searched articles indexed
in the Pubmed and Sciencedirect published as of August 2015 that met our predefined criteria. A meta-analysis was
used to pool estimates of the multivariate adjusted relative risk (RR) with 95% confidence interval (Cl), of the asso-
ciation between cystatin C and subsequent risk of myocardial infarction. Results: Four eligible articles with 10491
subjects from 5 cohort studies were considered in the analysis. Overall, the random-effects meta-analysis results
indicated that the highest cystatin C category versus lowest was associated with greater risk of myocardial infarc-
tion (RR, 1.78; 95% Cl, 1.27 to 2.49; P=0.001). No evidence of publication bias was observed. Conclusions: This
meta-analysis showed that cystatin C is strongly and independently associated with subsequent risk of myocardial
infarction. Further investigation is warranted to clarify whether measurement of cystatin C can usefully reduce the

myocardial infarction beyond established predictors already in clinical use.
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Introduction

Chronic kidney disease, a worldwide health
problem, is associated with a substantial risk
for cardiovascular morbidity [1-3]. In clinical
practice and in epidemiological research stud-
ies, glomerular filtration rate (GFR) is consid-
ered to be the best overall index of kidney func-
tion. However, the widely used creatinine-based
modification of renal disease study formula for
GFR still has substantial inaccuracy when
applied to healthy persons and older individu-
als mass [4]. Recently, the use of serum creati-
nine-based formulas to assess renal function
has been challenged by novel markers, particu-
larly cystatin C, which may be a more reliable
index of renal function [5, 6].

Cystatin C, as an improved estimate of GFR, is
a cysteine protease inhibitor produced by near-
ly all human cells and excreted into the blood-
stream and do not depend on muscle mass. At

a molecular weight of 13 kD, the protein is elim-
inated exclusively by glomerular filtration and
tubular reabsorption with subsequent catabo-
lism [7, 8]. It has been reported that GFR equa-
tions that incorporate the cystatin C concentra-
tion may perform better in the normal GFR
range than those relying on creatinine [9, 10].
As a marker of renal function, cystatin C is a
powerful tool for risk evaluation of cardiovascu-
lar disease above and beyond its role as a sur-
rogate for GFR [11, 12]. Observational studies
suggest that cystatin C is strongly and indepen-
dently associated with subsequent risk of myo-
cardial infarction [13-16]. Shlipak et al. re-
ported a statistically significant association
between the incidence of myocardial infarction
and the elevated cystatin C in 4637 patients
[14]. Windhausen et al. demonstrated a similar
result in 1128 patients [15]. Negrusz-Kawecka
et al. suggested that the high cystatin C level
plays a role in the pathogenesis of myocardial
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Records identified through database searching: n=144
Pubmed: n =102, Sciencedirect: n=42

screened for subject rele-
vance. Studies that could
not be definitely excluded
based on abstract informa-
tion were also selected for

v

7 full articles retrieved for

137 articles were excluded by review of
abstract (irrelevant to our topic, reviews,
case-control studies, cross-sectional
studies, animal studies)

full text screening. Two
authors independently se-
lected eligible studies for
inclusion possibility. Where

detailed assessment
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v

Excluding Articles:
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for study inclusion, a dis-
cussion was held to reach a
consensus. Eligible studies

References of eligible studies
were reviewed, and no other
study was included

:

4 articles included in the meta-analysis

Figure 1. Flow diagram of screened and included papers.

infarction in 63 patients [16]. However, no sys-
tematic review has been conducted to evaluate
the totality of available evidence regarding a
link between cystatin C and subsequent risk of
myocardial infarction.

Meta-analysis is a well-established statistical
tool that serves for integration of data from
independent studies in order to formulate more
general conclusions. We therefore undertook a
meta-analysis of cohort studies to qualitatively
and quantitatively assess the association
between cystatin C and risk of myocardial
infarction.

Materials and methods
Search strategy

We searched all English written articles indexed
in Pubmed and Science direct published up to
August 2015. literature searches were per-
formed using medical subject heading (MeSH)
or free text words. The searching keywords
were: cystatin C AND myocardial infarction.
Reference lists of all eligible studies were
screened to identify potentially eligible studies.
Emails were sent to the authors of identified
studies for additional information if necessary.

Selection criteria

The search was conducted by three authors
independently. Titles and abstracts were
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had to meet the following
criteria: (1) human study;
(2) cohort study or clinical
trial; (3) cystatin C mea-
sured at baseline; (4)
reported myocardial infarc-
tion as outcomes; (D)
reported quantitative esti-
mates of the multivariate
adjusted relative risk (RR)
and 95% confidence interval (Cl) for the out-
comes associated with baseline cystatin C.
Exclusion criteria included: (1) animal study,
review or case report; (2) in vitro or laboratory
study; (3) the maijority of participants had end-
stage renal disease (dialysis or GFR <15 mL/
min/1.73 m?) or kidney transplant; (4) the study
only reported unadjusted RR, or not reported
95% CI, or data were duplicative; (5) sample
less than 20.

Data extraction and quality assessment

The following information was extracted from
each included study: country, first author’s fam-
ily name, year of publication, demography of
subjects (number of subjects, sex and age),
year of follow-up, cystatin C levels, adjusted RR
and 95% confidence interval. Two authors inde-
pendently extracted data using a standard
form. Discrepancies were resolved by discus-
sion with a third investigator and by referencing
the original report. Our primary outcomes of
interest were the association of myocardial
infarction and cystatin C categorical level,
based on the comparison of the highest cate-
gory of cystatin C versus lowest.

Two authors assessed the quality independent-
ly. The qualities of all included studies were
assessed using the Newcastle-Ottawa Scale
(NOS). Quality assessment was conducted in
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Table 1. Characteristics of subjects in eligible studies

. ) Participant No. Mean Follow- Comparison Cystatin C . . Stud
Studies Country Population P o P 4 Adjusted risk factors .y
(Women, %) Age,y Up,year Level, mg/L quality
Shlipak 2005 USA Elderly ages 265 y 4637 (58) 75 7.4 Highest quintile (>1.29) age, sex, diabetes, left ventricular hypertrophy, fibrinogen 6
vslowest (<0.89) level, C-reactive protein , hemoglobin level,

myocardial infarction, stroke, and heart failure
Shlipak USA Elderly ages 265 y 3659 (NA) >65 9.3 Highest quintile (=1 mg/L) age, sex, race, low-density lipoprotein cholesterol level, high- 5
2006-1 vslowest (<1 mg/L) density lipoprotein cholesterol level, hypertension, diabetes,

current smoking, C-reactive protein level, prevalent heart

failure, coronary artery disease, stroke, height, weight, and

physical activity. Cystatin C and creatinine concentrations
Shlipak USA Elderly ages 265 y 1004 (NA) >65 9.3 Highest quintile (=1 mg/L) age, sex, race, low-density lipoprotein cholesterol level, high- 5
2006-2 vslowest (<1 mg/L) density lipoprotein cholesterol level, hypertension, diabetes,

current smoking, C-reactive protein level, prevalent heart

failure, coronary artery disease, stroke, height, weight, and

physical activity. Cystatin C and creatinine concentrations
Windhausen Netherlands Acute coronary heart disease 1128 (27) 62 3 Highest quintile (>1.01) vs age, sex, diabetes, coronary heart disease, hypertension, 7
2009 lowest (<0.86) myocardial infarction, hypercholesterolemia, tobacco use,

drug therapy
Negrusz- Poland coronary artery disease 63 (39) 62.7 0.5 Highest quintile (>0.915 mg/L) gender, age, diabetes mellitus, arterial 7
Kawecka 2014 vslowest (<0.915 mg/L) hypertension, CKD, nicotine abuse and obesity

NA, not available.
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Figure 2. Forest plot of studies in the association between cystatin C with myo-

cardial infarction.

three domains: subject selection, comparability
of groups and the ascertainment of outcomes.
The total NOS Star count ranges from zero to
nine. A rating of 5 or more was considered to be
indicative of a higher quality study.

Statistical analysis

Data analyses used the Multivariate-adjusted
outcome data expressed as RRs and 95% Cls.
We pooled risk estimates comparing the high-
est to the lowest category of cystatin C.
Heterogeneity between studies was tested
through the Chi-square and I-square tests. If
the I value was greater than 50% and the p
value was less than 0.10, the meta-analysis
was considered as homogeneous. The RRs
were calculated using either fixed-effects mod-
els or, in the presence of heterogeneity, ran-
dom-effects models.

Subgroup analyses were used to identify the
possible sources of heterogeneity. Subgroup
analyses were conducted based on the follow-
ing characteristics: location, mean age, follow-
up duration, cutoff point of the lowest interval
of cystatin C, and cutoff point of the highest
interval of cystatin C. The stability of the study
was also detected by sensitivity analysis,
through re-meta-analysis with one involved
study excluded each time. Publication bias was
measured using Begg's tests and visualization
of funnel plots. All statistical analyses were per-
formed with Stata version 11.0 (Stata Corp,
College Station, TX, USA). A p value less than
0.05 was considered statistically significant.
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T

224

5 cohort studies were con-
sidered in the analysis [13-
16]. A flow diagram of the
study selection process is
presented in Figure 1.

Study characteristics and quality assessment

The detailed characteristics of the included
studies and the results of the quality assess-
ment were summarized in Table 1. By geo-
graphic location, studies were conducted in 3
different countries (USA, Poland, Netherlands).
The earliest study was published in 2005, and
the latest in 2014. The mean age of population
ranged from 62 to75 years. All study included
both men and women. The number of subjects
in each study ranged from 63 to 4637. The fol-
low-up duration ranged from 0.5 to 9.3 years.
The RR is adjusted for other risk factors, such
as age, sex, diabetes, myocardial infarction,
heart failure, blood pressure, high-density lipo-
protein cholesterol level, total cholesterol or
low-density lipoprotein cholesterol level, smok-
ing, body-mass index and C-reactive protein.
The overall study quality was good (averaged 6;
range 5-7) on a scale of O to 9 point.

Cystatin C level and myocardial infarction

The random-effects meta-analysis results indi-
cated that the highest cystatin C category ver-
sus lowest was associated with greater risk of
myocardial infarction (RR, 1.78; 95% Cl, 1.27 to
2.49; P=0.001) (Figure 2). The 5 sets of results
showed significant amount of heterogeneity
(P=72.4%, P=0.006) (Figure 2).

Potential sources of heterogeneity in the
strength of the association between cystatin C
(highest category versus lowest) and subse-
quent risk of myocardial infarction were exam-
ined by conducting subgroup analyses (Table

Int J Clin Exp Med 2015;8(11):20540-20547
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Table 2. Differences between studies by subgroup analysis

RR (95% Cl)

Heterogeneity
within subgroups

Heterogeneity
among subgroups

Number

Subgroups of studies
Location

USA 3

Europe 2
Duration of follow-up

<5 years 3

> 5 years 2
Cutoff point of the highest interval of cystatin C

>1 mg/L 2

<1 mg/L
Mean age

> 65 years 3

< 65 years 2
Cutoff point of the lowest interval of cystatin C

<0.90 mg/L 2

>0.90 mg/L

1.594 (1.125, 2.259)
3.101 (1.078, 8.924)

1.594 (1.125, 2.259)
3.101 (1.078, 8.924)

2.238 (1.740, 2.880)
1.499 (1.027, 2.187)

1.594 (1.125, 2.259)
3.101 (1.078, 8.924)

2.238 (1.740, 2.880)
1.499 (1.027, 2.187)

’=79.8%, P=0.075
’=54.9%, P=0.340

’=79.8%, P=0.075
’=54.9%, P=0.340

1P=0%, p=0.741
=62.6%, P=0.061

’=79.8%, P=0.075
’=54.9%, P=0.340

?=0%, p=0.741
’=62.6%, P=0.061

=27.2%, P=0.241

?=27.2%, P=0.241

*=66.6%, P=0.084

?=27.2%, P=0.241

’=66.6%, P=0.084

Meta-analysis random-effects estimates (exponential form), given named study is ommited

Low CI limit OEstimate Upper CI limit
Shiipak 2006-1 asusassansns R sessssasassecssssssusassdoassasslp sessoassasssasssonsssenssossanssosnesa|
Shlipak 2006-2 SO EPTPNIEY « NS
Windhausen 2009 L -1
Negrusz-Kawecka 2014 I -° |
1.18 1.41 1.64 1.91

Figure 3. The stability of the study was detected through sensitivity analysis.

2). Significant heterogeneity between pooled
analyses were noted for study location (USA
versus Europe, ’=66.6%, P=0.084), mean age
(<65 years versus =65 years, [°=66.6%,
P=0.084), follow-up duration (<5 years versus
>5 years, [>=66.6%, P=0.084). There was no
evidence that the strength of the association
differed according to cutoff point of the lowest
interval of cystatin C (<0.90 mg/L versus >0.90
mg/L, ’=27.2%, P=0.241), and cutoff point of
the highest interval of cystatin C (>1 mg/L ver-
sus <1 mg/L, 1>=27.2%, p=0.241).
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2.23

Sensitivity analysis and
publication bias

Sensitivity analysis showed
that excluding any one
study from the pooled anal-
ysis did not vary the results

substantially

(Figure 3).

Publication bias was deter-
mined by Begg's test and
visualization of funnel plot.
There was no evidence of
publication bias (P=0.436)

(Figure 4).

Discussion

Chronic kidney disease is a
growing problem in every-
day clinical practice, and is
proven as a significant risk factor for cardiovas-
cular disorders. It has been reported for many
years that patients with end-stage renal dis-
ease have a high prevalence of cardiovascular
disease [17]. Previous studies also find that
mild to moderate renal impairment has also
been shown to be strongly associated with car-
diovascular events in patients in the general
population [18, 19]. Cystatin C has been shown
to be a better endogenous marker of GFR than
creatinine in chronic kidney disease [20]. With
the introduction of rapid, sensitive, and precise

Int J Clin Exp Med 2015;8(11):20540-20547
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2 Begg's funnel plot with pseudo 95% confidence limits

log[RR]

4 -

4
s.e. of: log[RR]

Figure 4. Funnel plot for studies in the association between cystatin C with

myocardial infarction.

immunoassays, it is now possible to use cys-
tatin C as a marker of renal function routinely in
the clinic. Recently, a clinic study of 9988 par-
ticipants, which investigated cystatin C to pre-
dict coronary heart disease and heart failure,
found that higher cystatin C concentrations
were associated strongly with cardiovascular
disorders and more predictive than GFR [21].
Thus, as a marker of renal function, cystatin C
is a powerful tool for risk evaluation of cardio-
vascular disease above and beyond its role as
a surrogate for GFR. The strong association
between renal function and cardiovascular dis-
orders probably is explained by several cooper-
ating mechanisms. One reason is that renal
dysfunction indicates a generalized atheroscle-
rosis and vascular damage [22]. In addition,
being a marker of increased risk, renal dysfunc-
tion may directly promote atherosclerosis by
causing changes in parameters such as blood
pressure, lipids, lipoproteins, homocysteine,
and CRP [23]. Cystatin C which is produced and
secreted by cardio myocytes, its synthesis is
elevated when the heart is subjected to isch-
emia, and its accumulation can lead to adverse
effects, such as a build-up of amyloid deposits
in vascular walls [16, 24].

In the present study, Our meta-analysis of over
10000 participants from 4 articles with 5 pro-
spective studies showed that, compared with
individuals with the lowest baseline cystatin C
levels, those with the highest levels have a 78%
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increase in the risk of myo-
cardial infarction. All stud-

ies included in our meta-

analysis reported a mul-
tivariate-adjusted relative
risk, mitigating the possibil-
ity of known confounding
influencing our results.
Cystatin C is not only a fil-
tration marker, but also
more important a tool for
predicting the risk of myo-

S cardial infarction. This may

be a result of extra renal
. effects of molecules pre-
6 viously considered exclu-
sively indicating GFR [25].
For instance, cystatin C is
affected by smoking, obe-
sity, and inflammation,
which themselves may be
associated with increased risk [26-28].
Therefore, we performed the meta-analysis
using multivariate-adjusted relative risk (RR)
and 95% confidence interval (Cl), and adjusted
our analyses for these and conventional risk
factors of myocardial infarction. Importantly,
we found significantly increased probability of
myocardial infarction across all the included
studies, suggesting the possibility that cystatin
C has an active role in biological processes
leading to myocardial infarction.

As far as we know, this is the most comprehen-
sive meta-analysis to estimate the association
between cystatin C with myocardial infarction.
We made sure to minimize the bias by means of
study procedure. Not only did we search
Pubmed and Science direct to identify potential
studies, but also we manually examined all ref-
erence lists from relevant studies. The inclu-
sion of only longitudinal studies strengthened
the robustness of our findings because issues
of selection bias, recall bias, and reverse cau-
sality were minimized. Sensitivity analysis
showed that excluding any one study from the
pooled analysis did not vary the results sub-
stantially. Publication bias was also absent, as
determined by visualization of funnel plot and
Begg's test. However, the possible limitations
of our study must be considered. First, the
studies varied with respect to the characteris-
tics of participants and follow-up duration, and
indeed heterogeneity of the studies was found

Int J Clin Exp Med 2015;8(11):20540-20547
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by formal analysis. To explore the potential het-
erogeneity, we performed subgroup analyses
and identified study location, mean age and
follow-up duration as sources of the variation.
Significant heterogeneity between pooled anal-
yses were noted for study location (USA versus
Europe, 1°=66.6%, P=0.084), mean age (<65
years versus >65 years, [°’=66.6%, P=0.084),
follow-up duration (<5 years versus >5 years,
’=66.6%, P=0.084). Second, each included
study had its own adjustment for variables.
However, it is impossible for us to apply a uni-
form adjustment for variables to all studies,
because this study was not an individual-level
meta-analysis. Third, cystatin C is a novel bio-
marker, and the best cutoff point is still under
debate. Our current meta-analysis does not
solve this issue. Despite these limitations, our
findings point out new direction for future
research. We suggest that further investigation
should be performed to clarify whether mea-
surement of cystatin C can usefully reduce the
myocardial infarction beyond established pre-
dictors already in clinical use.

Conclusion

This meta-analysis showed that cystatin C is
strongly and independently associated with
subsequent risk of myocardial infarction.
Further investigation is warranted to clarify
whether measurement of cystatin C can use-
fully reduce the myocardial infarction beyond
established predictors already in clinical use.
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