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The aim of this study was to establish the correlation between the value of serum cystatin C (Cys C) and
carotid atherosclerosis in patients without chronic kidney disease and to determine the serum Cys C cut-off
level for carotid atherosclerosis diagnosis. The study was performed between October 2014 and June 2018,
and included 256 patients from 20 family medicine offices of Timis County, both from urban and rural areas.
The patients completed a socio-demographic questionnaire, and were clinically examined by their general
practitioner and investigated by laboratory tests and carotid ultrasound. The mean age of the patients with
high serum Cys C (study group 1) was 74 years (82% male), while in study group 2 (with low serum Cys C
values) the mean age was 56 years old (63% male). Cys C levels were significantly correlated with serum
creatinine and estimated glomerular filtration rate. In the group with elevated levels of Cys C we found an
increased incidence of obesity, hypertension, diabetes and carotid atherosclerosis. Multivariate analysis
showed that the increased levels of Cys C were associated with a maximum carotid plaque thickness
(MCPT) ≥2 mm (OR: 2.86, 95% C.I.: 1.13-7.97). The serum Cys C cut-off level for the diagnosis of
atherosclerosis determined by ROC (receiver operating characteristic) curve was 0.73 mg/dL.
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Atherosclerosis is an important health problem,
representing the main cause of morbidity and mortality
worldwide [1-3]. According to the World Health
Organization, 17 million people die annually because of
cardiovascular disease. It is estimated that this represents
a growing problem and that in 2030 more than 23 million
deaths will annually occur because of cardiovascular
disease [3, 4]. Early detection of atherosclerosis, prevention
and treatment are important in public health. The ankle-
brachial index, the pulse-wave velocity and ultra-
sonographic investigations were introduced as useful
methods in vascular atherosclerosis assessment [4-6].
Carotid atherosclerosis may be estimated by intima-media
thickness (IMT), which can be easily measured by B-mode
ultrasonography (non-invasively) [7, 8]. IMT represents a
marker of systemic subclinical atherosclerosis used in
many studies as a strong predictor of myocardial infarction
and stroke [9, 10]. Some published data considered the
carotid plaque as a stronger vascular predictor of
atherosclerosis than the carotid IMT [11, 12]. The
maximum carotid plaque thickness (MCPT), that can be
used to evaluate atherosclerotic vascular changes, was
associated with an increased risk of vascular morbidity in
some reported studies [13, 14].

Cystatin C (Cys C) is a nonglycosylated basic protein of
the cysteine proteinase inhibitors produced by all nucleated
cells. The low molecular mass of Cys C, in combination
with its stable production rate, strongly suggests that serum
Cys C, determined by a rapid, au-tomated particle-
enhanced turbidimetric meth-od, is a better marker than
serum creatinine for glomerular filtration rate (GFR). The
use of Cys C in addition to creatinine improves the
estimation of GFR, turning it independent of vague terms
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like race and gender, and facilitates its use for both children
and adults, including the elderly. The low-cost analysis of
Cys C should be an integral part of the analysis spectrum
for optimal evaluation of the kidney status of a patient [14].

Cys C serum levels have been recently proposed as
biomarkers for atherosclerosis and chronic kidney disease.
Elevated serum Cys C values represent useful biomarkers
in identifying an increased risk of cardiovascular disease
and increased mortality in patients whose serum creatinine
levels and estimated glomerular filtration rate (eGFR)
indicate a low cardio-vascular risk [15, 16]. A retrospective
study showed that atherosclerotic changes associated with
inflammation may have the same pathogenic mechanism
as the association between serum Cys C and
cardiovascular disease [17, 18]. The association between
serum Cys C and atherosclerotic changes remains
controversial, and the diagnostic cut-off value of serum
Cys C for atherosclerosis still needs further research as
previous studies associating serum Cys C and the
maximum carotid plaque thickness are limited [19, 20].

The aim of the present study was to establish the
correlation between serum Cys C and carotid
atherosclerosis and to identify a reference value for serum
Cys C suggestive for atherosclerosis development [21, 22].

Experimental part
Materials and methods

This cross sectional observational study was performed
between October 2014 and June 2018, and enrolled 270
patients (adults and elderly) from 20 family medicine
offices in Timis County, both from urban and rural areas.
Fourteen patients were excluded because of the lack of
the carotid ultrasound investigations. Finally a total of 256



REV.CHIM.(Bucharest)♦ 70♦ No. 3 ♦ 2019 http://www.revistadechimie.ro 985

patients (192 men and 64 women), with an average age
of 68 years (range 40-85 years) were considered eligible
for the evaluation. All the included subjects were asked to
complete a questionnaire related to their socio-
demographic characteristics, personal pathological history
(diabetes, hypertension, dyslipidemia) as well as lifestyle
factors (smoking, physical activity, alcohol consumption).
In accordance to the rules of the Helsinki Declaration, each
participant signed a written informed consent, as stated in
some reported models [20-25]. The study was approved
by the Ethics Committee of the Victor Babes University of
Medicine and Pharmacy Timisoara.

Height, weight and abdominal circumference were
measured, and the body mass index (BMI) was calculated
using the formula:

        BMI = weight/height² [kg·m-2].

Systolic (SBP) and diastolic blood pressure (DBP) were
measured in seated position after 15 min of rest in the GPs
offices, using the semiautomatic Omron HEM 7251G
device in all offices.

Laboratory data included fasting plasma glucose (FPG)
assessment, glycated hemoglobin, A1c isoform (HbA1c),
total cholesterol (TC), high density lipoprotein cholesterol
(HDL-c), triglycerides (Trigl), creatinine (Creat), and
cystatin C (Cys C).

Cys C was determined by a rapid, au-tomated particle-
enhanced turbidimetric meth-od. Low density lipoprotein
cholesterol (LDL-c) plasma levels were estimated using
the Friedewald formula:

LDL-c = TC – [HDL-c + (Trigl/5)]

The estimated glomerular filtration rate (eGFR) was
calculated based on the recommendations of the KDIGO
2012 Guidelines, using the CKD-EPI (Chronic Kidney
Disease Epidemiology Collaboration) 2009 based on 4
variables - serum creatinine concentration, age, gender
and race, adjusting GFR to body surface area:

eRFG [mL/min/1.73m2] =
141×min(SCreat/k,1)α×max(SCreat/k,1)–1.209 x

x 0.993Age×1.018 [if female],

where: SCreat is serum creatinine (expressed in mg/dL),
k is 0.7 for women and 0.9 for males, α is -0.329 for females
and - 0.411 for males, min is the minimum of SCreat/k
ratio or 1, and max is the maximum of SCreat/k ratio or 1.

HbA1c was calculated according to the National
Glycohemoglobin Standardization Program (NGSP)
protocol, using a correction formula:

`% HbA1c = (HbA1c/Hb)×91.5+2.15.

Unhealthy lifestyle behaviors were defined as daily
alcohol consumption, smoking and sedentary lifestyle.

Diabetes mellitus was diagnosed using one of the
following criteria: HbA1c ≥ 6.5%, fasting plasma glucose
(FPG)≥ 126 mg/dL or current therapy with antidiabetic
agents.

Hypertension was defined as SBP ≥ 140 mmHg and/or
DBP ≥ 90 mmHg or current antihypertensive treatment.

Carotid atherosclerosis was assessed using a
Sonoscape SS 8000 device, which determined
automatically the intima-media thickness (IMT) and the
thickness of the carotid plaque. The carotid plaque was
defined by a focal IMT > 1.4 mm. Maximum carotid plaque
thickness (MCPT) was defined as the maximum peak of

the carotid artery prominence on any segment of the
common carotid artery. Carotid atherosclerosis was defined
by MCPT ≥ 2 mm.

Statistical analysis
Statistical analysis was performed using SPSS version

12.0.
Demographic characteristics were compared using

Student t test for continuous variables and chi-square test
for categorical variables.

The serum Cys C cut-off level for the diagnosis of
atherosclerosis was determined by receiver operating
characteristic (ROC) curve analysis, with the Youden index.

Multiple logistic regression analysis with adjustments
for age and gender was conducted to determine the
correlations between a MCPT ≥ 2 mm and metabolic
variables including Cys C levels. The results of the study
were expressed as medians  of the non-parametric
variables and considered significant when P value was <
0.05.

Results and discussions
The demographic and clinical characteristics of the

study group population are shown in table 1.

Table 1
BASELINE DEMOGRAPHIC AND CLINICAL CHARACTERISTICS OF

THE STUDY POPULATION

The biochemical characteristics of the study population
are shown in table 2.

Table 2
BIOCHEMICAL CHARACTERISTICS OF THE STUDY POPULATION
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A serum Cys C cut-off value ≥ 0.73 mg/dL was identified
on the ROC curve as relevant for carotid atherosclerosis,
with a sensitivity of 82.7%, and a specificity of 52.6%, a
positive predictive value of 54%, and a negative predictive
value of 82%.

The study population was divided into two groups by the
serum Cys C cut-off value identified by the ROC curve as
significant for carotid atherosclerosis: group 1 (n =158)  -
including patients with carotid atherosclerosis (serum Cys
C ≥ 0.73 mg/dL ) - and group 2 (n = 98) - patients with
serum Cys C < 0.73 mg/dL, without carotid atherosclerosis.

 The characteristics of the two study groups based on
serum Cys C values are shown in table 3. BMI, hypertension,
diabetes mellitus and MCPT were significantly higher in
group 1 compared to the group 2 (figs.1 and 2). Regarding
the lifestyle habits, the sedentary lifestyle was more
frequent in group 1. The eGFR was significantly lower in
group 1.

The present study also found differences in
characteristics between subjects with MCPT ≥ 2mm,
compared to patients with MCPT < 2mm (table 4). Age,
hypertension, diabetes, Creat, and Cys C were significantly
higher in the MCPT  ≥  2 mm subgroup. Furthermore, eGFR
was significantly lower in the MCPT  ≥ 2 mm subgroup.
The lifestyle habits of the two subgroups did not differ
significantly.

Table 3
CHARACTERISTICS OF THE

TWO STUDY GROUPS IN
ASSOCIATION WITH SERUM

CYSTATIN C LEVELS

Fig. 2. Carotid atherosclerotic plaques in the study group 2 (serum
Cys C < 0.73 mg/dL)

Fig. 1. Carotid atherosclerotic plaques in the study group 1 (serum
Cys C ≥ 0.73 mg/dL)

Table 4
STUDY POPULATION

CHARACTERISTICS IN
ASSOCIATION WITH MCPT
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The variables associated with a MCPT ≥ 2mm are shown
in figure 3. Multivariate analysis, adjusted for age and
gender, revealed that high serum Cys C levels were most
significantly associated with a MCPT  ≥ 2 mm (OR: 2.86;
95% C.I.: 1.13-7.97) (table 5).

Serum Cys C levels were reported to correlate
significantly with eGFR and proved more sensitive in
detecting early impairment of renal function than serum
creatinine [26-28]. Our results support this hypotensis, as
serum Cys C values were significantly correlated with
eGFR. The eGFR was significantly lower in the increased
Cys C ( ≥ 0.73 mg/dL) group. A cross-country study in
Netherlands on 8.058 patients showed that the serum
concentration of Cys C was also influenced by other factors
such as age, gender and BMI [29-31]. Correlated to the
age, serum Cys C levels were demonstrated to be higher in
older individuals. In our study the mean age of patients in
group 1 (serum Cys C above the cut-off level of 0.73 mg/
dL) was 74 years old, while in group 2 it was 56 years. The
observed association between male gender, BMI, and
higher levels of Cys C were also consistent with other
published data [32, 33]. Parikh et al. [34] evaluated the
association between Cys C and conventional cardio-
vascular risk factors in 3.241 predominantly Caucasian
participants in the Framingham offspring prospective cohort
study [34-37]. The authors showed that high
concentrations of Cys C were independently associated
with cardiovascular risk factors such as age, gender, BMI,
low HDL cholesterol, hypertension and smoking. Our results
showed an increased incidence of obesity, hypertension
and dyslipidemia in the study group 1, with Cys C levels
above cut-off. The association between Cys C and incident
hypertension has been prospectively studied in a cohort of
individuals from the Multi-Ethnic Study of Atherosclerosis
[30, 38, 39]. Kestenbaum et al. [35] evaluated whether

Table 5
MULTIPLE LOGISTIC REGRESSION OF

THE STUDY POPULATION
CHARACTERISTICS ASSOCIATED WITH

MCPT ≥ 2 mm

Fig. 3. Variables associated MCPT  ≥  2 mm

early kidney dysfunction measured by serum Cys C might
be a risk factor for new-onset hypertension. The association
between Cys C and incident hypertension was similar when
patients with eGFR ≥ 90 mL/min/1.73 m2 w e r e
considered. Our results did not overlap to this study, both
patients in group 1 and group 2 showing hypertension at
slightly increased eGFR ≥ 75 mL/min/1.73 m², possibly by
involving other risk factors. In the Uppsala Longitudinal
Study of Adult Men, Zethelius et al. [37] assessed whether
a combination of biomarkers including Cys C improved
patients’ risk stratification compared to established
cardiovascular risk factors [40-42]. For the whole patients
group (including well established biomarkers / or not) the
area under the ROC curve was 0.766, and, respectively,
0.664, P < 0.001. The areas under the ROC curve for the
group without cardiovascular disease at baseline were
0.748 and 0.688, respectively (P = 0.03), and for
established risk factors with and without Cys C considered
in the model, 0.691 vs. 0.664, P = 0.07). The prognostic
value of serum Cys C cut-off level = 0.73 mg/dL identified
in our study was different possibly because of using age
and gender adjustments in the multivariate analysis.

In a recent Japanese study, Yamashita et al. [28]
attempted to clarify the association between Cys C and
arteriosclerosis in the absence of chronic kidney disease
in 637 patients, observing a strong correlation between
Cys C and the cardio-ankle vascular index, which is an
early marker for the detection of atherosclerosis in women
[43]. Our results were differently due to the fact that our
study group included more men and the parameters used
to define atherosclerosis were differently.

In a cross-sectional study including 133 Japanese
subjects who underwent an inpatient medical health
checkup at Juntendo University Hospital, Kobayashi et al.
[38], investigated the correlation between carotid
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atherosclerosis and Cys C [44-47]. They demonstrated that
increased levels of Cys C were associated with carotid
atherosclerosis. In our present study, multivariate analysis
showed that elevated serum Cys C values were significantly
associated with carotid atherosclerosis, defined by MCPT
≥ 2mm, referring to middle-age and elderly population.

There are several possible explanations for the
association of Cys C and atherosclerotic lesions. First,
inflammation may be associated to both Cys C increase
and atherosclerosis [48]. The Cardiovascular Health Study,
which included 4.637 elderly ambulatory patients,
demonstrated a linear correlation of Cys C with C-reactive
protein serum concentration, but not with Creat and eGFR
[32]. It is well known that inflammation contributes to
atherogenesis, atherosclerotic plaque progression and
acute coronary syndrome. Cys C plays an important role in
stabilizing the atheromatous plaque. A previous study of
31 atheroma plaques extracted by endarterectomy
demonstrated that human carotid plaques contained Cys
C localized within collagen and elastin, identified by
immunohistochemistry [33]. In vascular diseases, such
as atherosclerosis and abdominal aortic aneurysm,
interference between cysteine protease and Cys C and
arterial wall remodeling was noticed [34].

The present study has certain limits. The subjects were
selected from a limited area in the western part of our
country, not representative of the entire population of our
country. Also, the study sample was small. The evaluation
of the patients’ lifestyle by questionnaires was subjective,
depending on the patients’ declarations.

Conclusions
 In the present study serum cystatin C levels correlated

significantly with eGFR and proved more sensitive in
detecting early impairment of renal function.

The association between age and serum cystatin C
levels showed that serum cystatin C levels were higher in
older individuals.

Our results showed an increased incidence of obesity,
hypertension and dyslipidemia in the study group with
elevated levels of cystatin C.

The elevated serum Cys C levels correlated with carotid
atherosclerosis defined by MCPT ≥ 2mm in middle-aged
and elderly subjects. Elevated serum Cys C values (≥0.73
mg/dL) demonstrated a low specificity, but a high
sensitivity and can therefore be useful for excluding
atherosclerosis. The cut-off Cys C serum level = 0.73 mg/
dL proved useful in the early diagnosis of atherosclerosis.
Therefore atherosclerosis might be early identified by a
simple blood test. Assessment of serum Cys C might be
recommended as part of routine periodical screening
investigations in general population, not only as a biomarker
of chronic kidney disease, but also as a predictor of
atherosclerosis.
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