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ABSTRACT
Background: Biomarkers are commonly used to estimate the presence of subclinical cardiovascu-
lar disease (CVD) in patients with essential arterial hypertension (HT). In addition to known associ-
ation between cystatin C and glomerular filtration rate (GFR), elucidating the association between
cystatin C and vascular biomarkers (intima-media thickness of common carotid arteries (CCIMT),
carotid plaque and renal artery resistance index (RRI)) in patients with unresponsive hypertensive
phenotype could be of significant clinical interest.
Methods: Participants (n¼ 200, median age 58 (52–64) years, 49% female) under treatment with
antihypertensive drugs were stratified into two subgroups based on their blood pressure level as
having responsive hypertension (RHT – compliant and responsive to treatment, n¼ 100), or non-
responsive (URHT – compliant but nonresponsive to treatment, n¼ 100). GFR was measured by
isotopic (slope-intercept) method (99m Tc diethylene triamine penta-acetic acid – mGFR).
Results: The URHT group had significantly higher median cystatin C serum concentration
(p¼ 0.02) and CCIMT (p¼ 0.00) compared to the RHT group, with no significant difference in RRI
(p¼ 0.51) and mGFR among subgroups [69.9± 28.2 vs 76.74±23.61ml/min/1.73m2, p¼ 0.27]. In
the URHT group, cystatin C was found to be associated with CCIMT (p¼ 0.02), hsCRP (p¼ 0.01)
and duration of HT (p¼ 0.02), independently of mGFR and age. Independent predictors of URHT
phenotype were CCIMT (p¼ 0.02) and hsCRP (p¼ 0.04).
Conclusion: In addition to GFR, cystatin C serum concentration is positively and independently
associated with CCIMT in patient with URHT phenotype and subclinical CVD. Prospective larger
studies should further investigate the clinical importance of this relationship.
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Introduction

In the cardiovascular disease (CVD) continuum, essential
hypertension (HT) is the most important modifiable risk
factor for CVD, with an incidence of 30–50% in the adult
European population.1 Even though blood pressure (BP)
treatment and control has been improving over past
decades around Europe,2 significant proportion of
hypertensive patients are still not achieving their BP
goals.3 Patients with poor BP control, who are compli-
ant but nonresponsive to treatment (URHT), are repre-
senting a particular phenotype of HT, and are
characterized with higher prevalence of the target
organ damage (TOD) and unfavorable prognosis.4

Biomarkers play a significant role in the evaluation of
the subclinical cardiovascular disease (CVD), by estab-
lishing the structural and/or functional hypertensive

TOD, that usually indicates a high total cardiovascular
risk. Additionally, they may have an substantial role in
treatment evaluation, indirectly indicating adequate BP
control.4,5 Cystatin C is a useful biochemical biomarker
in assessing the subclinical hypertensive renal TOD,
since it could accurately reflect glomerular filtration rate
(GFR).6 Furthermore, epidemiologic studies showed that
cystatin C is an independent predictor of CVD in older
adults, more sensitive than creatinine and GFR.7 Recent
studies suggested that, in hypertensive patients, higher
serum cystatin C concentration is associated with stiff-
ness of large arteries in older adults, and also with car-
diac structural and functional alterations.8,9 However,
the clinical use of cystatin C is relatively limited, partly
due to factors which affect cystatin C levels independ-
ently from GFR, high cost of analysis, and the inconsist-
ency of reference values.10
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Vascular imaging biomarkers can be used for the
assessment of the hypertensive vascular injury that may
be a more commonly observed in patients with URHT
phenotype.11 Additionally to common carotid artery
intima-media thickness (CCIMT) and carotid plaque,
renal artery resistance index (RRI) could be useful for
evaluating the vascular and renal hypertensive conse-
quences.12 It has been established that decreased GFR
is one of the main causes of increase in RRI. However,
the role of RRI in the assessment of subclinical TOD has
not yet been precisely defined since most studies
lacked the clinical measurement of GFR by methods of
valued reference (99mTc DTPA, 51Cr EDTA).13,14 Moreover,
studies focusing on the association between cystatin C
and RRI are limited. Thus, the present study was
designed to evaluate the association between cystatin C
and vascular biomarkers (CCIMT, carotid plaque and RRI)
in patients with URHT phenotype and subclinical CVD.

Material and methods

Study group

This cross-sectional study was done at the Clinical Center
of Vojvodina (CCV), from February 2013 to October 2015.
Consecutive participants (n¼ 200, aged <65 years) with
HT and stable antihypertensive treatment regimen for at
least a 6 months have been enrolled into the study. They
attended in the CCV laboratory unit to evaluate the pres-
ence of subclinical CVD – presence of renal and vascular
hypertensive TOD. Inadequate BP control was defined as
a mean 24-h ambulatory BP �130/80mmHg.15 The anti-
hypertensive therapy compliance was assessed by using
Medication Adherence Assessment questionnaire.16

Patient were stratified into two subgroups by their blood
pressure (BP) level as having responsive hypertension
(RHT – compliant and responsive to treatment, n¼ 100),
or nonresponsive (URHT – compliant but nonresponsive
to treatment – three different antihypertensive classes of
agents with inadequate BP control, n¼ 100).

The study excluded patients with clinically confirmed
CVD (AMI, percutaneous coronary angioplasty or revascu-
larization, stroke and peripheral arterial disease); GFR
<30mL/min/1.73 m2, endocrinological diseases (diabetes
mellitus, diseases of the thyroid gland, Cushing’s and
Conn’s syndrome, pheochromocytoma) renal (glomerulo-
nephritis and tubulointerstitial disease) and renovascular
diseases; sleeping disorders; inflammatory and infectious
diseases; malignancies; smokers, as well as those who
use corticosteroids and hypolipemic drugs.

The study was conducted according to the principles
of the Helsinki Declaration and approved by the Ethics
Committee of CCV. Informed consent for participating

in the study was obtained from all participants prior to
the inclusion in the study.

Study protocol

Simultaneously, all participants underwent the follow-
ing procedures in the same day: the anthropometric
measures (height, weight and waist circumference), clin-
ical BP measurement, blood sampling, handing out their
24 h urine samples and measurement of GFR.
Ambulatory blood pressure monitoring (24 h AMBP),
renal and carotid ultrasonography were performed
within one month. Evaluation of the subclinical renal
and vascular TOD was performed according to the rec-
ommendations of the European Society of Hypertension
and the European Society of Cardiology. Subclinical renal
TOD was defined as a GFR from 30 to 60ml/min/1.73 m2

or urinary albumin excretion 30–300mg/day, and sub-
clinical vascular TOD was defined as CCIMT >0.9mm.4

Clinical BP measurement and 24-h ambulatory BP
monitoring

Clinic blood pressure was measured three times after at
least 10min rest in a seated position by the Riva Rocci
method using mercury sphygmomanometer. The aver-
age of the last two readings was used for analyses.
Noninvasive 24-h ABPM was performed using a
Meditech Cardiotens (Meditech Ltd., Budapest, Hungary)
according to the standard procedure.15

Biochemical analysis

Serum levels of creatinine (measured by the Jaff�e
method – alkaline picrate reaction), urea and uric acid
were determined by standard biochemical methods
(commercial kits-Beckman Coulter, Maryfort, Ireland on
Olympus AU 400); cystatin C by the immunoturbidimet-
ric method (Dyazime, Poway, CA, on Olympus AU 400,
reference range: 0.5–1.03mg/l); high-sensitive C-reactive
protein (hsCRP) by the immunoturbidimetric method
(Beckman Coulter, Maryfort, Ireland), lipid profile was
measured by standard biochemical methods (commer-
cial Siemens kits, Camberley, UK, on Olympus AU 400).
Albuminuria (24 h urinary sample in the absence of
laboratory evidence of urinary tract infection) was
determined by the sandwich-immunometric method
(NycoCard tests, Olso, Norvage). Estimated GFR (eGFR)
was calculated using the CKD-EPI.17,18

GFR measurement

GFR was measured by the isotopic clearance method
with diethylenetriamine penta-acetic acid marked with
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technetium-99mTc (99mTc-DTPA), using a single injec-
tion at a dose of 37 MBq19 and by taking two samples
of blood after 180 and 240min (slope–intercept
method). For quality control of the radiochemical purity
of 99mTc-DTPA complex (>95%), paper chromatography
was performed. For measuring the radioactivity of sam-
ples gamma counter (Captus 3000, Capintec Inc.,
Florham Park, NJ) with hollow crystal NaI (Tl) was used,
with energy range of 99mTc and “window” width of 20%.

Doppler ultrasonography of the carotid arteries
and kidneys

Measurement of the CCIMT was done according to the
proposed standard procedure,20 by high-resolution
ultrasound in B mode, in real-time, using duplex ultra-
sonography and linear probe of 12MHz (GE LOGIC 7).
Measurements of the CCIMT have been taken on the
back wall of both common carotid arteries, proximally
10mm from the beginning of the carotid bulb. On a
longitudinal cross-section of both right and left com-
mon carotid artery, which was about 20mm long, in the
posterior wall, 6 measurements have been taken, where
there were no focal plaques, at the end of the diastole.
From the obtained values, median values were calcu-
lated and used to define the thickness of the common
carotid artery (CCIMC). Carotid plaque was defined as
the presence of focal wall thickening that is at least
50% greater than that of the surrounding vessel wall or
as a focal region with CIMT greater than 1.5mm that
protrudes into the lumen that is distinct from the adja-
cent boundary. Based on the plaque echogenicity, the
plaque’s morphology was determined, lipid (hypo/
anechogenic), fibrous (isoechogenic) and calcified
(hyperechoic). Duplex scan of the renal arteries, as
measurement of RRI was performed on the same
device, in real-time was done using a multi-frequent
convex probe of 3.75MHz, according to the proposed
standard procedure.21

Reproducibility of the measurements, CC-IMC and
RRI were observed in groups of 20 patients, whose
measurements were taken within one hour by both
radiologists, who were unaware of the clinical data of
the subjects. The coefficient of variation (intraobserver
and interobserver) for CCIMT measurements was 2.8%
and 3.2%, respectively. The coefficient of variation
(intraobserver and interobserver) for RI was 4.1% and
5.6%, respectively.

Statistical analysis

Normal distribution of continuous variable was assessed
with the Kolmogorov–Smirnov test. Data are presented

using descriptive statistical methods, continuous varia-
bles as mean± standard deviation, median, interquartile
range, while categorical data were summarized as per-
centages. Differences in characteristics between groups
were tested using v2 test for dichotomous variables,
and for continuous variables t test, Man–Whitney test,
or Kruskal–Wallis H nonparametric with post-test for
multiple comparisons of mean ranks, as appropriate.
The correlations among variables were assessed using
the Spearman rank correlation coefficient. Stepwise mul-
tiple regression analysis was performed to assess the
independent association between cystatin C and other
markers. A two-tailed p< 0.05 was considered statistic-
ally significant. Statistical analysis was performed using
the Statistika software 12.0 (StatSoft Inc., Tulsa, OK).

Results

Clinical and biochemical characteristics of the study
population by groups are presented in Table 1. There
was no significant difference found among groups in
terms of age, sex, or BMI. Waist circumference was sig-
nificantly higher in the URHT group compared to the
RHT group (p¼ 0.01). Daytime SBP and DBP measure-
ments showed significant differences between groups
(p< 0.05, for all). As shown in Table 1, mGFR, eGFR, cre-
atinine, urea, acid uric, as albuminuria were similar
between groups. Patients in the URHT group had sig-
nificantly higher cystatin C than in the RHT group
(p¼ 0.02). Similarly, hsCRP levels were significantly
higher in the URHT group than patients with RHT
(p¼ 0.03). CCIMT was higher in the URHT group (1.1
(0.85–1.23) vs. 0.86 (0.76–1.1)) than the other group
(p¼ 0.00). Presence of carotid plaque (fibrous and/or
calcified) and RRI did not significantly differ between
groups. No significant difference was observed in
classes of antihypertensive drugs between groups
(Table 1).

Furthermore, in the URHT group serum concentra-
tion of cystatin C was analyzed based on the presence
of subclinical cardiovascular damage (Table 2). Most of
the patients in the group had subclinical cardiovascular
damage [vascular TOD (n¼ 18), renal TOD (n¼ 24), and
both (n¼ 43)]. Cystatin C serum concentration increased
significantly in parallel with increasing the number of
organs involved (no vascular or renal subclinical TOD –
0.90 (0.88–1.07) mg/l vs. vascular subclinical TOD – 1.13
(1.1–1.20) mg/l or renal TOD – 1.2 (1.07–1.31) mg/l vs.
vascular and renal subclinical TOD – 1.51 (1.35–1.71)
mg/l, to all p< 0.001). In post hoc analysis, cystatin C
serum concentration was significantly higher in the
presence of both vascular and renal TOD, compared to
its concentration in patients with only renal TOD.
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No significant differences were found in median creatin-
ine concentration, as median mGFR, between patients
with renal compared to patients with both, renal and
vascular TOD.

In all study patients, cystatin C serum concentration
correlated with the mGFR (r¼�0.86, p< 0.001), eGFR
(r¼�0.52, p< 0.001), albuminuria (r¼ 0.36, p< 0.001),
hsCRP (r¼�0.41, p< 0.001), CCIMT (r¼ 0.44, p< 0.001),
RRI (r¼ 0.35, p< 0.001), waist circumference (r¼ 0.37,

p< 0.001), duration of hypertension (r¼ 0.38, p< 0.001),
URHT (r¼ 0.23, p¼ 0.04), and age (r¼ 0.28, p ¼ 0.03).
Cystatin C was not affected by sex, BMI, SBP, DBP, pres-
ence of atherosclerotic plaque, and the type of antihy-
pertensive drugs (p> 0.05).

In the URHT group, as shown in Figure 1, cystatin C
serum concentration significantly correlated with mGFR
and CCIMT, respectively (both p< 0.001). After control-
ling for mGFR and age, in regression analysis cystatin C

Table 2. Cystatin C and biomarkers of subclinical vascular and/or renal TOD in patents with URHT.
No vascular and renal TOD n¼ 15 Vascular TOD n¼ 18 Renal TOD n¼ 24 Vascular and renal TOD n¼ 43 p

Cystatin C, mg/l 0.9b,c 1.13c 1.28c 1.51 0.00
(0.88–1.07) (1.1–1.20) (1.07–1.39) (1.35–1.71)

Creatinine, lmol/l 88.7c 92.9 112.7 119.8 0.00
(69–91.2) (72.5–106.6) (85.3–129.6) (97.3–136.1)

mGFR, ml/min/1.73m2 84b,c 79.6b,c 49.1 41.5 0.00
(70.32–105.4) (70–95.9) (38.1–78.2) (42–69.1)

Albuminuria, mg/day 10.1b,c 8.2b,c 39.6 32.6 0.00
(7.32–14.4) (7.12–16.1) (32.23–43.71) (18.9–59.6)

CCIMT, mm 0.81a,c 1.08b 0.82a,c 1.2 0.00
(0.8–0.87) (1–1.1) (0.81–0.94) (1.1–1.41)

RRI 0.62c 0.64 0.65 0.71 0.00
(0.56–0.67) (0.59–0.74) (0.59–0.69) (0.67–0.74)

CCIMT: carotis comunis intima-media thickness; RRI: renal resistive index.
aKrushall–Walis test, (post hoc test), p < 0.05 vs. vascular TOD.
bKrushall–Walis test, (post hoc test), p < 0.05 vs. renal TOD.
cKrushall–Walis test, (post hoc test), p < 0.05 vs. vascular and renal TOD.

Table 1. Clinical and biochemical characteristics of the study population by groups.
RHT n¼ 100 URHT n¼ 100 p Values

Age, years 56 (52–64) 57 (55–62) 0.12
Female N, total 49/100 51/100 0.96
BMI, kg/m2 28.41 ± 3.87 27.45 ± 3.23 0.25
Waiste circumference(cm) 100.3 ± 10.19 106.3 ± 9.67 0.01
DH, years 10 (5–15) 15 (5.5–23.5) 0.02
Clinical SBP, mmHg 139.1 ± 4.28 161.21 ± 12.11 0.00
Clinical DBP, mmHg 89.2 ± 7.24 105.4 ± 9.76 0.00
24-h ambulatory SBP, mmHg 134.5 ± 5.61 155.13 ± 11.34 0.00
24-h ambulatory DBP, mmHg 87.7 ± 6.22 100.5 ± 10.86 0.00
Antihypertensive therapy,%
Calcium channel blocker 75 85 0.62
b-Blocker 37.5 56 0.13
ACE inhibitor 91 90 0.96
Diuretic 25 10 0.03
mGFR, ml/min/1.73 m2 76.74 ± 23.61 69.9 ± 28.2 0.27
eGFR, ml/min/1.73 m2 61.3 ± 19.3 65.6 ± 15.3 0.36
Creatinine, lmol/l 98.9 ± 30.76 103.2 ± 35.6 0.59
Urea, mmol/l 5.89 ± 2.26 6.92 ± 2.75 0.18
Acid uric, lmol/l 316.9 ± 82.76 326.5 ± 83.4 0.62
Albuminuria, mg/day 13.8 (7.9–36.04) 32.6 (14.9–59.6) 0.09
hsCRP, mg/l 2. 01 (1.15–4.2) 3.25 (1.45–7.2) 0.03
Cystatin C, mg/l 1.13 (0.83–1.28) 1.32 (1.14–1.55) 0.02
TG, mmol/L 1.79 (0.9–2.13) 1.49 (0.82–2.1) 0.57
HDL-C, mmol/L 1.19 (1.05–1.37) 1.24 (1.03–1.41) 0.22
LDL-C, mmol/L 4.31 (3.47–5.01) 4.14 (3.2–5.01) 0.41
CCIMT, mm 0.86 (0.76–1.1) 1.1 (0.85–1.23) 0.00
Carotid plaques, %
Fibrous 14 9 0.44
Calcified 20 31 0.22
RRI 0.67 (0.63–0.71) 0.68 (0.59–0.71) 0.51

Continuous variables are expressed as median and IQR, categorical data were summarized as percentage, age – median (min-max). BMI:
body mass index; DH: duration of hypertension; SBP: systolic blood pressure; DBP: diastolic blood pressure; mGFR-measured glomerular fil-
tration rate (99mTc DTPA); eGFR: estimated glomerular filtration rate (CK-EPI); TG: tryglicerides; HDL-C: high density lipoprotein cholesterol;
LDL-C: low density lipoprotein cholesterol; Renal TOD: subclinical renal tissue organ damage; CCIMT: carotis comunis intima-media thick-
ness; Vascular TOD: subclinical vascular organ damage; RRI: renal resistive index.
Italic value signifies p< 0.05.

206 V. �CABARKAPA ET AL.



significantly and independently was associated with hs
CRP (b¼ 0.351, t¼ 3.861, p¼ 0.01), CCIMT (b¼ 0.331,
t¼ 3.361, p¼ 0.017) and duration of hypertension
(b¼ 0.351, t¼ 3.861, p¼ 0.02) in a model (R2¼0.49,
R adjusted¼ 0.45).

Correlation between cystatin C and CCIMT in the RHT
group was not significant (p¼ 0.55). In RHT group, cys-
tatin C serum concentration was found to be signifi-
cantly and independently associated with mGFR
(b¼�0.795, t¼�5.146, p¼ 0.00) and age (b¼�0.246,
t¼�2.01, p¼ 0.04) in a model (R2¼ 0.69, R adjust-
ed¼ 0.62). Independent predictors of URHT phenotype
were CCIMT (p ¼ 0.017) and hsCRP (p ¼ 0.04).

Discussion

The main finding that the present study suggests is that
serum concentration of cystatin C is associated with

subclinical TOD, namely GFR and CCIMT in patients with
URHT phenotype. Moreover, cystatin C serum concen-
tration increased significantly in parallel with the
increasing number of subclinical TOD (renal vs vascular
to renal and vascular) involved. In studied patients with
URHT, regardless of traditional cardiovascular risk fac-
tors, association of cystatin C with CCIMT was independ-
ent of mGFR.

Cystatin C has been shown to be associated with
subclinical CVD in patients with HT.8 Also, the cross-sec-
tional relationship between cystatin C and CCIMT has
been examined previously6 and their relationship was
explained as a result of co-variation with traditional car-
diovascular risk factors (age, male sex, duration of
hypertension) and impaired renal function,22 since they
all contribute to the senile vascular changes and vascu-
lar intima media thickening.23 Some authors showed no
independent association between cystatin C level or

Figure 1. Correlations (a) between cystatin C serum concentration (log-transformed data) and the thickness of the common
carotid artery (CCIMC) in the URHT group; (b) between cystatin C serum concentration (log-transformed data) and the thickness
of the common carotid artery (CCIMC) in the RHT group; (c) between cystatin C serum concentration (log-transformed data) and
the glomerular filtration rate measured with 99mTc-DTPA (mGFR) in the URHT group; (d) between cystatin C serum concentration
(log-transformed data) and the glomerular filtration rate measured with 99mTc-DTPA (mGFR) in the RHT group.
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eGFR with CCIMT in a population free of clinical CVD,24

suggesting that accelerated atherosclerosis is unlikely
to be the primary mechanism explaining the independ-
ent association of cystatin C level with CV risk. Further,
others showed that microalbuminuria, but not cystatin
C, was associated with carotid atherosclerosis beyond
traditional cardiovascular risk factors among middle-
aged adults.25 In our, study cystatin C, but not albumin-
uria, was signifficantly associated with CCIMT and only
in patients with URHT. Importantly, CCIMT and hs CRP
were only independent predictors of URHT, suggesting
the possible role of vascular inflammation in nonres-
ponsiveness to treatment. Also, some studies suggested
that increased level of cystatin C has been associated
with arterial stiffness (aortic pulse wave velocity) in
older adults.21 Additionaly, as GFR is one of the most
important determinants of cystatin C serum concentra-
tion and since most studies lacked measuring of the
GFR, the relationship between cystatin C and carotid
atherosclerosis, particularly in asymptomatic patients
with subclinical renal TOD is still not entirely clear.
Recent study that measured GFR (Iohexol Clearance)
found associations between the values of GFR
>60ml/min/1.73m2 and CCIMT in non-diabetic individu-
als,26 that resulted in speculation of possibilities that
high values of GFR could be a CV risk factor.

Recent studies have revealed that an associated
occurrence of more than one organ-specific biomarkers
(e.g. decrease in GFR and albuminuria) increase CV mor-
bidity when compared to their sole presence.4,6 Results
of our study showed that cystatin C were independently
associated with hsCRP and CCIMT in URHT group. We
may assume that the link between these parameters is
inflammation because of the small decline in GFR,
which due to interaction of proatherogenic factors and
hemodynamic disorders exponentially increases the risk
for CVD and their complications. Possible mechanisms
for the relationship between Cystatin C and hsCRP
remain unclear. It was suggested that vascular endothe-
lial damage and chronic inflammation in hypertension
promote atherosclerosis.8 Our results indicate that even
though cystatin C serum concentration was primary
reflecting GFR, his concentrations was significantly
higher in the presence of both, vascular and renal TOD,
compared to its concentration in patients with only
renal TOD (with similar values of mGFR). That was not
observed for creatinine concentration, indicating that
cystatin C serum concentration could be more sensitive
in evaluating subclinical CVD in hypertensive
population.

The values of RRI were not significantly higher in
patients with URHT group compared to RHT group.
These findings could be due to the lack of significant

differences between subgroups, firstly in mGFR. Using
the RRI as a marker of subclinical vascular TOD and as a
predictor of cardiovascular morbidity and mortality in
patients with hypertension has become important in
recent years.25,29 Some studies suggest correlation
between RRI and other factors such as age, SBP and PP,
GFR, albuminuria, left ventricular hypertrophy,
Framingham score and calcium score in the coronary
blood vessels.13 Yet, one of the major shortcomings of
wider application of RRI is insufficient specificity and the
lack of its cutoff value that would separate the impact of
intrarenal vascular damage compared to systemic vascu-
lar damage. In the majority of the studies that had been
performed so far,14 GFR less than 30ml/min/1.73 m2 led
to an increase in RRI due to the influence of local factors
in the kidney. In this study, we analyze patients with
uncontrolled hypertension and possibly nonresistant
phenotype since they did not fulfill the criteria for resist-
ant hypertension.4 A recent study from Brasil demon-
strated that patients with resistant hypertensive
phenotype have more frequent arterial and renal conse-
quences of high BP compared with the nonresistant
phenotype.29 Additionally, it is still undetermined
whether for the same BP levels and duration of hyperten-
sion, the resistant compared with the nonresistant
phenotype is characterized by a different CV prognosis.30

Even though the advantages of our study include
the measurement of GFR and simultaneous assessment
of cystatin C and markers of subclinical renal and vascu-
lar TOD in asymptomatic hypertensive population, it
also has some potential limitations. Firstly, small num-
ber of patients were included in the study. Further,
since mGFR and biomarkers serum/plasma concentra-
tion were measured once, possible overestimation of
true GFR and intraindividual variation in the concentra-
tion of these variables cannot be considered. Although
the cross-sectional design of this study does not allow us
to make conclusions regarding the pathogenetic mecha-
nisms underlying associations between cystatin C,
CCIMT, and hsCRP, these findings may further support
the role of cystatin C as a marker of cardiovascular risk in
hypertensive patients. Considering that cardiovascular
morbidity and mortality in our region account for more
than half of all death events, it would be necessary to
carry out large and long-term prospective studies to con-
firm that serum cystatin C is a suitable marker for the
detection of subclinical hypertensive TOD.

Conclusions

In addition to GFR, cystatin C serum concentration is
positively and independently associated with CCIMT in
patient with URHT phenotype and subclinical CVD.
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Prospective larger studies should further investigate the
clinical importance of this relationship.
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