wJ

World Journal of
Cardiology

Submit a Manuscript: http:/ /www.wjgnet.com/esps/

DOI: 10.4330/wjc.v9.i2.174

World | Cardiol 2017 February 26; 9(2): 174-181

ISSN 1949-8462 (online)

Observational Study
Association between high cystatin C levels and carotid
atherosclerosis

ORIGINAL ARTICLE

Toshiyuki Kobayashi, Hirohide Yokokawa, Kazutoshi Fujibayashi, Tomomi Haniu, Teruhiko Hisaoka,

Hiroshi Fukuda, Toshio Naito

Toshiyuki Kobayashi, Department of General Medicine, Zama
General Hospital, Kanagawa 252-0011, Japan

Toshiyuki Kobayashi, Hirohide Yokokawa, Kazutoshi
Fujibayashi, Tomomi Haniu, Teruhiko Hisaoka, Hiroshi
Fukuda, Toshio Naito, Department of General Medicine, School
of Medicine, Juntendo University, Tokyo 113-8431, Japan

Author contributions: Kobayashi T, Yokokawa H, Fujibayashi
K, Haniu T, Hisaoka T, Fukuda H and Naito T participated in the
design of the study; Kobayashi T, Yokokawa H and Fujibayashi
K participated in data collection, analysis of the data, and drafting
of the manuscript; Kobayashi T, Yokokawa H and Fujibayashi
K conceived of the study, participated in its design, and revised
the manuscript; Kobayashi T, Yokokawa H and Fujibayashi K
participated in analysis of the data and revised the manuscript; all
authors read and approved the final manuscript.

Institutional review board statement: This study was reviewed
and approved by the Human Ethics Committee of Juntendo
University.

Informed consent statement: The participants’ clinical data
were retrospectively retrieved from an institutional database. All
of the examinations included in this study were performed as a
routine part of the program, and none were aimed at specifically
collecting data for the current study. The study protocol was
approved by the institutional ethics committee. So, we did not
obtain informed consent from every participant.

Conflict-of-interest statement: None of the authors of this
paper has a financial or personal relationship with other people
or organizations that could inappropriate influence or bias the
content of the paper.

Data sharing statement: The technical appendix, statistical
code, and dataset are available from the corresponding author
at tykobaya@juntendo.ac.jp. Consent was not obtained but the
presented data are anonymized and risk of identification is low.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative

Baishidenge  WJC | www.wjgnet.com

174

Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Unsolicited manuscript

Correspondence to: Toshiyuki Kobayashi, MD, Department
of General Medicine, Zama General Hospital, 1-50-1, Sobudai,
Zama City, Kanagawa 252-0011,

Japan. tykobaya@juntendo.ac.jp

Telephone: +81-46-2331311

Fax: +81-46-2328934

Received: November 6, 2016
Peer-review started: November 10, 2016
First decision: November 30, 2016
Revised: December 21, 2016

Accepted: January 11, 2017

Article in press: January 13,2017
Published online: February 26, 2017

Abstract

AIM

To investigate the association between carotid athero-
sclerosis and cystatin C (CysC) and to determine the
optimal CysC cut-off value.

METHODS

One hundred twenty-eight subjects were included in
this study. Atherosclerosis was defined as a maximum
carotid plaque thickness (MCPT) of greater than 2 mm.
A receiver operating characteristic curve analysis was
used to determine the diagnostic value of serum CysC
for atherosclerosis. The subjects were divided into two
groups according to the CysC cut-off value. We screened
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for diabetes, hypertension, dyslipidemia, smoking sta-
tus, alcohol consumption, and exercise behavior. The
association between atherosclerosis and CysC levels was
assessed using multivariate analysis.

RESULTS

The subjects were then divided into two groups according
to the CysC cut-off value (0.73 mg/L). The median age of
the high CysC group was 72 years (85% males), whereas
that of the low CysC group was 61 years (63% males).
The CysC levels were significantly correlated with Cr and
estimated glomerular filtration rate (eGFR) values. Body-
mass index, visceral fat area, hypertension, diabetes
mellitus, and MCPT were significantly higher in the high
CysC group than in the low CysC group. Furthermore,
the eGFR was significantly lower in the high CysC group.
Regarding lifestyle habits, only the exercise level was
lower in the high CysC group than in the low CysC group.
Multivariate analysis, adjusted for age and sex, revealed
that high CysC levels were significantly associated with an
MCPT of = 2 mm (odds ratio: 2.92; 95%CI: 1.13-7.99).

CONCLUSION

Higher CysC levels were associated with an MCPT of =
2 mm. The CysC cut-off value of 0.73 mg/L appears to
aid in the diagnosis of atherosclerosis.

Key words: Cystatin C; Atherosclerosis; Carotid plaque;
Maximum carotid plaque thickness; Visceral fat

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Atherosclerosis is a leading worldwide cause
of morbidity and mortality. The association between
cystatin C (CysC) and atherosclerotic disorders remains
controversial, and the cut-off value of CysC for athero-
sclerosis is unknown. Our study revealed that the op-
timal CysC cut-off point was 0.73 mg/L by receiver
operating characteristic curve analysis. Higher CysC
levels were significantly and independently correlated
with an maximum carotid plaque thickness of = 2 mm in
multivariate analysis. Our data indicate that CysC could
be a useful laboratory tool for predicting atherosclerosis
during health checkups.
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INTRODUCTION

Atherosclerosis is a leading worldwide cause of morbidity
and mortality™?. The incidence of cardiovascular dis-
eases (CVDs), including cerebrovascular, peripheral
arterial, and coronary artery disease, is increasing and
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accounts for approximately one-fourth of all deaths in
World Health Organization member states™. More than
17 million people die annually from CVDs, and, by 2030,
more than 23 million CVD-related deaths are expected
to occur worldwide. In Japan, the age-standardized
fraction of mortality from CVDs is approximately 30%.

The ankle-brachial index, pulse-wave velocity, flow-
mediated dilation, and ultrasonic evaluation have been
introduced as methods for assessing the structural
and functional effects of atherosclerosis'*®. Carotid
atherosclerosis, estimated by intima-media thickness (IMT),
is a sensitive surrogate marker for CVD and can now be
non-invasively measured by B-mode ultrasonography!”®.
IMT is a marker for systemic subclinical atherosclerosis
and a strong predictor of incident myocardial infarction and
ischemic stroke®'”, Carotid plaque may be an even more
powerful predictor of vascular outcomes than IMT™*2,
Maximum carotid plaque thickness (MCPT), widely used
for assessing atherosdlerotic change, is associated with an
increased risk of vascular morbidity™,

High plasma adiponectin independently predicted
death and major adverse cardiovascular events in a large
community-based population™®. High-sensitivity C-reactive
protein serum levels were reported to be significantly
related to the severity of coronary atherosclerosis'*®. In
addition to these markers, serum cystatin C (CysC) has
recently been proposed as a more reliable biomarker for
atherosclerosis and chronic renal disease. Furthermore,
high CysC levels are indicated as a useful marker for
identifying an elevated risk of CVD and a higher total
mortality among patients assessed as being at low risk by
both creatinine (Cr) and estimated glomerular filtration
rate (eGFR) values'®'”, A previous study revealed that
atherosclerotic changes associated with inflammation
could be one mechanism by which CysC is associated
with CVD!®!, However, the association between CysC
and atherosclerotic disorders remains controversial, the
cut-off values of CysC for atherosclerosis are unknown,
and previous reports on this association as well as the
association between CysC and MCPT are limited"®%. A
diagnostic CysC cut-off value has not been determined.
In this study, we examined the association between CysC
levels and atherosclerotic changes in Japanese subjects.

MATERIALS AND METHODS

Subjects
The present cross-sectional study included 133 Japanese
subjects who underwent an inpatient medical health
checkup at Juntendo University Hospital, Tokyo from
October 2010 to January 2013. Among these subjects,
five were excluded because of missing laboratory data.
Thus, 128 subjects [98 men and 30 women; median
age, 70 years (age range, 39-87 years)] were included.
The subjects were asked to complete a self-admi-
nistered questionnaire about their sociodemographic
characteristics, past medical history (diabetes, hyper-
tension, and dyslipidemia), and lifestyle behaviors (alcohol
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consumption, current smoking status, and daily exercise
activity).

The body weight, height, and waist circumference of
the patients were measured, and the body-mass index
[BMI (kg/m?)] was calculated. Systolic and diastolic blood
pressure were measured in a sitting position after a 15-min
rest using a standard mercury sphygmomanometer.
Venous blood samples were collected following overnight
fasting. Plasma glucose concentrations, hemoglobin Alc
(HbA1c), total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), triglyceride (TG), Cr, and CysC levels
were also measured. Low-density lipoprotein cholesterol
was estimated using the Friedewald equation [TC-HDL-C-
(TG/5)]. For the assessment of visceral fat accumulation,
abdominal fat areas were measured from abdominal
CT scans taken at the umbilical level while in the supine
position and during late expiration, according to the
Japanese Guidelines for Obesity Treatment*"..

The following parameters were calculated: eGFR
was calculated using the Japanese GFR inference for-
mula, which was developed by the Japanese Society of
Nephrology®®”: eGFR (mL/min per 1.73 m®) = 194 x
serum Cr (mg/dL) - 1.094 x age (years) - 0.287 (x 0.739
if female).

HbAlc was calculated as the National Glycoh-
emoglobin Standardization Program (NGSP) value (%),
which was developed by the Japan Diabetes Society™:
HbA1c = NGSP (%) x 1.02 + 0.25.

Lifestyle-related diseases were defined using several
criteria: (1) diabetes mellitus was defined as an HbAlc
level of = 6.5%, a fasting plasma glucose level of
= 126 mg/dL, or current antidiabetic therapy™; (2)
hypertension was defined by a systolic blood pressure
of = 140 mmHg, a diastolic blood pressure of = 90
mmHg, or current antihypertensive therapy®®'; and (3)
dyslipidemia was defined as a fasting TG level of = 150
mg/dL, a low-density lipoprotein cholesterol level of =
140 mg/dL, or an HDL-C level of < 40 mg/dL”®. Three
unhealthy lifestyle behaviors were evaluated in this
study: Drinking alcohol more than once a week, current
smoking, and no regular physical activity.

A detailed protocol for measuring carotid artery
atherosclerosis has been published®”. Carotid plaque
and IMT were measured using high-resolution B-mode
ultrasonography to estimate atherosclerosis in the
carotid artery. Eight technicians who were trained by
a supervisor physician and who were certified in the
protocol assessed carotid plaque and the mean IMT of
the common carotid artery. A plague was defined as a
maximum IMT of > 1.0 mm. MCPT was measured at
the peak plaque prominence in any of the carotid artery
segments. Atherosclerosis was defined on the basis of
the severity of carotid atherosclerosis by MCPT at a cut-
off level of 2 mm. As previously reported, an MCPT of =
2 mm is defined as an atherosclerotic change!™.

Statistical analysis
The results were expressed as medians of the test
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parameters. The Youden index, a point on the receiver
operating characteristic (ROC) curve, was used to
determine the diagnostic values of serum CysC levels
that were indicative of atherosclerosis.

In a second analysis, the subjects were divided into
two groups according to CysC levels above and below
the cut-off value. Their demographic characteristics were
then compared using the t test for continuous variables
and the chi-square test for categorical variables. Multiple
logistic regression analysis with adjustments for age and
sex was conducted to determine the correlations between
an MCPT of = 2 mm and metabolic variables including
CysC level. Our study included only 128 subjects, of
whom 52 had arteriosclerosis. Because there is a limit to
the number of adjusted variables, we combined several
metabolic related variables in one item. Variables that
were significantly associated with an MCPT of = 2 mm
were then investigated with multiple logistic regression
analysis.

Statistical test results were considered significant
when the P value was < 0.05. All calculations were
performed using JMP Pro, version 11 (SAS Institute, Cary,
NC, United States). The study protocol was approved by
the Human Ethics Committee of Juntendo University. The
participants’ clinical data were retrospectively retrieved
from an institutional database. All of the examinations
included in this study were performed as a routine part
of the program, and none were aimed at specifically
collecting data for the current study. The study protocol
was approved by the institutional ethics committee, so it
was not necessary to obtain informed consent from the
participants. A biostatistician reviewed the study.

RESULTS

The subject characteristics are shown in Table 1. The
median age was 70 years (77% males). Twenty-
three (18%) subjects smoked, 78 (61%) were alcohol
consumers, and 90 (70%) did not exercise regularly.
The median visceral fat area was 125.2 cm®. Sixty-one
(48%) subjects were diagnosed with hypertension, 72
(56%) with dyslipidemia, and 29 (23%) with diabetes
mellitus. The ROC analysis conducted to determine the
cut-off value of CysC revealed a significantly higher risk
of atherosclerosis at 0.73 mg/L (Figure 1) (sensitivity:
82.7%, specificity: 52.6%).

The subjects were then divided into two groups
according to the CysC cut-off value (0.73 mg/L). The
subjects’ characteristics according to the CysC level are
shown in Table 2. The median age of the high CysC
group was 72 years (85% males), whereas that of the
low CysC group was 61 years (63% males). The CysC
levels were significantly correlated with Cr and eGFR
values. BMI, visceral fat area, hypertension, diabetes
mellitus, and MCPT were significantly higher in the high
CysC group than in the low CysC group. Furthermore,
the eGFR was significantly lower in the high CysC group.
Regarding lifestyle habits, only the exercise level was
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Table 1 Baseline characteristics of the study population

Variables Median (min,
max) or 7 (%)

Age (yr) 70 (39, 87)

Sex (male) 98 (77)

Body-mass index (kg/m’)
Lifestyle-related items

24.2 (15.1, 38)

Current smokers 23 (18)
Alcohol consumers 78 (61)
No exercise habits 90 (70)

Visceral fat area (cm’) 125.2 (22.9, 281.7)

Clinical history
Ischemic heart disease, 1 (%) 6 (5)
Blood pressure
Systolic blood pressure (mmHg) 122 (92, 156)
Diastolic blood pressure (mmHg) 68 (50, 86)
Diagnosed hypertension 61 (48)

Lipid metabolism
Total cholesterol (mg/dL)
High-density lipoprotein cholesterol (mg/dL)
Low-density lipoprotein cholesterol (mg/dL)
Triglycerides (mg/dL)
Diagnosed dyslipidemia

Glucose metabolism
Fasting plasma glucose (mg/dL)
Hemoglobin Alc (%)
Diagnosed diabetes mellitus

Kidney function
Creatinine (mg/dL)

194.5 (115, 727)
54 (30, 96)
111 (41, 205)
99.5 (37, 593)

72 (56)

93.5 (74, 226)
53 (45,83)
29 (23)

0.75 (0.38, 1.36)

Estimated glomerular filtration rate (mL/min per ~ 78.4 (38.9,
1.73 m’ 122.6)
Cystatin C (mg/L) 0.78 (0.49, 1.45)

Carotid ultrasonography

Right common carotid artery plaque thickness 0(0,3.6)
(mm)

Right carotid bulb-internal carotid artery plaque 1.5 (0,5.5)
thickness (mm)

Left common carotid artery plaque thickness (mm) 0(0,28)
Left carotid bulb-internal carotid artery plaque 1.5(0,4.2)
thickness (mm)

Right common carotid artery maximum intima- 1.0 (0.6,1.9)
media thickness (mm)

Left common carotid artery maximum intima- 1.0 (0.7,2.3)

media thickness (mm)

lower in the high CysC group than in the low CysC group.
In addition, sensitivity, specificity, positive predictive
value, and negative predictive value as calculated from
the data in Table 2 were 83%, 53%, 54% and 82%,
respectively.

Next, we compared differences in demographics
and dlinical variables between subjects with MCPTs of
= 2 mm or < 2 mm (Table 3). Age, visceral fat area,
hypertension, diabetes mellitus, Cr, eGFR, and CysC
were significantly higher in the MCPT of = 2 mm group
than the < 2 mm group. Furthermore, the eGFR was
significantly lower in the MCPT of = 2 mm group. The
two groups did not differ with regard to lifestyle habits.

The factors associated with an MCPT of = 2 mm are
shown in Table 4. Multivariate analysis, adjusted for age
and sex, revealed that high CysC levels were significantly
associated with an MCPT of = 2 mm (odds ratio: 2.92;
95%CI: 1.13-7.99).
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Figure 1 Receiver operating characteristic curve for predictive value of
serum cystatin C levels. The receiver operating characteristic curve for the
predictive value of serum CysC levels in detecting an MCPT of > 2 mm in 128
subjects had an area under the curve of 0.724. A serum CysC level of = 0.73
mg/L indicated an MCPT of > 2 mm with 82.7% sensitivity and 52.6% specificity.
CysC: Cystatin C; MCPT: Maximum carotid plaque thickness.

DISCUSSION

In this study, multivariate analysis revealed that higher
CysC levels were significantly associated with carotid
atherosclerosis, as defined by an MCPT of = 2 mm, in
middle-aged and elderly Japanese subjects. The cut-
off CysC value (0.73 mg/L) could aid in the diagnosis of
atherosclerosis. To our knowledge, this is the first report
demonstrating an association between CysC and carotid
atherosclerosis as assessed by MCPT. The CysC cut-
off level potentially has promising clinical value in the
diagnosis of atherosclerosis.

Our results revealed a significant association between
high CysC levels and an MCPT of = 2 mm. A meta-
analysis previously revealed that CysC is strongly and
independently correlated with the risk of subsequent
cardiovascular disease™. Although several studies
have revealed an association between high CysC levels
and atherosclerosis, their results differed from ours be-
cause of the different targets and indicators used. A
previous study, which analyzed 637 Japanese subjects
without chronic kidney disease, revealed that CysC was
positively correlated with the cardio-ankle vascular index
in women®, In a study of 60 Japanese hypertensive
patients, serum CysC levels were positively correlated
with carotid IMT™?. In data collected via 64-slice CT
coronary angiography, a high CysC level was found to
be significantly correlated with early-stage coronary
atherosclerotic plaques in 405 Japanese patients without
established chronic kidney dysfunction™. Our results
are in agreement with the previous hypothesis that CysC
level is a reliable marker for atherosclerosis.

There are several possible explanations for the asso-
ciation between CysC and atherosclerotic change. First,
inflammation may be associated with both CysC and
atherosclerosis. The Cardiovascular Health Study™”, which

February 26,2017 | Volume 9 | Issue 2 |



Kobayashi T et a/. A new marker for atherosclerosis

Table 2 Subject characteristics associated with cystatin C levels

Variables Median (min, max) or 7 (%) P value
Higher cystatin C (= 0.73) (7 = 79) Lower cystatin C (< 0.73) (n = 49)
Age (yr) 72 (46, 87) 61 (39, 80) <0.01'
Sex (male) 67 (85) 31 (63) <0.01°
Body-mass index (kg/m?’) 24.9 (17.0, 38.0) 23.5 (15.1, 30.2) <0.01"
Visceral fat area (cm’) 142.7 (48.3, 281.7) 103.7 (22.9, 249.2) <0.01"
Lifestyle habits
Current smokers 4 (23) 9 (19) 0.88"
Alcohol consumers 7 (59) 31 (63) 0.67°
No exercise habits 8 (35) 10 (20) 0.07*
Diagnosed hypertension 8 (61) 13 (27) <0.01*
Diagnosed dyslipidemia 5 (57) 27 (55) 0.84*
Diagnosed diabetes mellitus 4 (30) 5 (10) <0.01*
Kidney function
Creatinine (mg/dL) 0.81 (0.45, 1.36) 0.62 (0.38, 0.97) <0.01'
Estimated glomerular filtration rate (mL/min per 1.73 m’) 70.6 (38.9,110.2) 88.7 (59.7, 122.6) <0.01"
Carotid ultrasonography
Maximum carotid plaque thickness = 2 mm 43 (54) 9 (18) <0.01°

'Student ¢ test was used for estimating the significance; % test.

Table 3 Subject characteristics associated with maximum carotid plaque thickness

Variables Median (min, max) or 7 (%) P value
MCPT = 2 mm (n = 52) MCPT < 2 mm (7 = 76)
Age (yr) 72 (51, 87) 66 (39, 83) <0.01'
Sex (male) 42 (81) 56 (74) <0.35°
Body-mass index (kg/m’) 24.1 (17.0, 38.0) 243 (15.1, 31.7) <0.35'
Visceral fat area (cm’) 138.9 (30.5, 281.7) 115.8 (22.9, 249.2) <0.10'
Lifestyle habits
Current smokers 9(17) 14 (18) 0.85
Alcohol consumers 28 (54) 50 (66) 0.17*
No exercise habits 18 (35) 20 (26) 0.31°
Diagnosed hypertension 32 (62) 29 (38) <0.01?
Diagnosed dyslipidemia 29 (56) 43 (57) 0.93
Diagnosed diabetes mellitus 18 (35) 11 (14) <0.01%
Kidney function
Creatinine (mg/dL) 0.80 (0.45, 1.36) 0.75 (0.38, 1.17) <0.03!
Estimated glomerular filtration rate (mL/min per 1.73 m’) 73.3 (38.9, 111.9) 80.2 (47.9,122.6) <0.02!
Cystatin C (mg/L) 0.83 (0.55, 1.45) 0.72 (0.49,1.22) <0.01'

'Student ¢ test was used for estimating the significance; % test.

analyzed 4637 ambulatory elderly patients, revealed a
significant linear association between CysC and C-reactive
protein but not Cr or eGFRP®, It is well known that
inflammation plays a role in atherogenesis, atherosclerotic
plaque progression, and acute coronary syndrome.
Second, CysC plays an important role in maintaining athero-
sclerotic plaque stability. A previous study® analyzed 31
plagues removed by endarterectomy, demonstrating with
immunohistochemistry that CysC in human carotid plaques
localized with collagen and elastin. An imbalance between
cysteine proteases and CysC in arterial wall remodeling
occurs in vascular diseases, such as atherosclerosis and
abdominal aortic aneurysm®?.,

Imaging assessments, such as ultrasound and CT, are
often performed for assessing arteriosclerotic vascular
disease. However, not all institutions can practice such
assessments because of the lack of sonographers or
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appropriate devices. Therefore, it is potentially important
that atherosclerosis can be evaluated using a blood test,
such as for CysC levels. A diagnostic CysC cut-off value
has not been previously determined. Our study revealed
that the CysC cut-off value of 0.73 mg/L could contribute
to the diagnosis of atherosclerosis.

Our study had a few limitations. First, the subjects
were selected from a single institution, the sample size
was small, and > 70% of our subjects were healthy
men. Selection bias may have affected the analysis, as
the investigated cohort did not accurately represent the
Japanese population. Thus, future large-scale cohort
studies are required. Second, lifestyle habits were
evaluated using a self-administered questionnaire, and
the subjects may have stated that they had a healthier
lifestyle than they actually did. Further evaluations of
lifestyle habits based on a validated questionnaire are
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Table 4 Univariate and multivariate logistic regression analysis for variables associated with an maximum carotid plaque thickness of

> 2 mm
Variables Univariate Multivariate'

Odds ratio 95%Cl Odds ratio 95%Cl
Cystatin C 5.31 2.27-12.39 2.92 1.13-7.99
Diabetes mellitus 313 1.33-7.37 1.82 0.70-4.86
Hypertension 2.59 1.26-5.36 1.56 0.69-3.53
Dyslipidemia 0.97 0.48-1.97
Current smoking 0.91 0.36-2.30
Alcohol consumers 0.61 0.29-1.25
Exercise habits 0.67 0.31-1.45
Visceral fat area = 100 cm® 1.31 0.62-2.78
AICS 158
°R 0.16

'Adjusted for age and sex; *Akaike’s Information Criterion; *Coefficient of determination.

necessary. Third, causal inferences cannot be made
because of the cross-sectional nature of the study design.
A prospective study is required for determining whether
higher CysC levels are associated with the development
of atherosclerosis-related diseases or death.

In conclusion, higher CysC levels were correlated with
carotid atherosclerosis as defined by an MCPT of = 2
mm among middle-aged and elderly Japanese subjects.
Higher CysC levels have a low specificity but a high
sensitivity and can therefore help exclude atherosclerosis.
The CysC cut-off value of 0.73 mg/L appears to aid in
the diagnosis of atherosclerosis. Our data indicate that
CysC could be a useful laboratory tool for predicting
atherosclerosis during health checkups.
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COMMENTS

Background

Atherosclerosis is a leading worldwide cause of morbidity and mortality. Carotid
plaque may be a powerful predictor of vascular outcomes. Maximum carotid
plague thickness (MCPT), widely used for assessing atherosclerotic change, is
associated with an increased risk of vascular morbidity.

Research frontiers

Serum cystatin C (CysC) has recently been proposed as a reliable biomarker for
atherosclerosis and chronic renal disease. However, the association between
CysC and atherosclerotic disorders remains controversial, the cut-off values of
CysC for atherosclerosis are unknown, and previous reports on this association
as well as the association between CysC and MCPT are limited. A diagnostic
CysC cut-off value has not been determined.

Innovations and breakthroughs
Higher CysC levels were associated with an MCPT of = 2 mm. The CysC cut-
off value of 0.73 mg/L appears to aid in the diagnosis of atherosclerosis.

Applications
It may be difficult for an institution to practice imaging assessment because
of the lack of sonographers or appropriate devices. Therefore, it is potentially
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important that atherosclerosis can be evaluated using a blood test, such as
CysC levels. The CysC cut-off value of 0.73 mg/L could contribute to the
diagnosis of atherosclerosis.

Terminology

CysC is a 13-kD protease inhibitor which is produced by all nucleated cells. It is
mainly used as a biomarker of kidney function. Recently, it has been studied for
its role in predicting new-onset or deteriorating cardiovascular disease.

Peer-review
This is a well-written article investigating the association between CysC and
carotid atherosclerosis.
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