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The authors investigated the relationship of white-coat
hypertension (WCH) with subclinical organ damage and
potential relevant mechanisms. A total of 386 untreated
patients were enrolled and divided into 204 patients with
WCH and 183 with normotension. Flow-mediated dilation
(FMD), pulse wave velocity (PWV), intima-media thickness,
left ventricular mass index (LVMI), and cystatin C levels were
measured. All tests were two-sided, and a P value <.05 was
considered statistically significant. The WCH group exhib-
ited higher LVMI and PWV values, decreased E/A ratio and

FMD values, and increased prevalence for left ventricular
hypertrophy compared with controls (P<.001 for all). Cys-
tatin C was significantly higher in the WCH group compared
with controls (P=.035) and was positively associated with
LVMI (P<.05 for both). The presence of WCH is associated
with more pronounced subclinical organ damage compared
with normotension. Cystatin C may play a significant role
and therefore warrants further investigation. J Clin Hypertens
(Greenwich). 2017;19:190–197. ª 2016 Wiley Periodicals, Inc.

The white-coat effect on blood pressure (BP) has long
been recognized, referring to an office BP higher than
the one measured out of the office.1 Although end organ
damage and cardiovascular (CV) events are reportedly
less common in patients with white-coat hypertension
(WCH) compared with sustained hypertension,2–4 it
remains unclear whether WCH conveys an increased
CV and organ damage risk in relation to normotension.

Several studies have shown that WCH is associated
with subclinical organ damage as indicated by elevated
left ventricular (LV) mass index (LVMI) and decreased
E/a ratio,5 increased arterial stiffness on pulse wave
analysis6 and intima-media thickness (IMT),7,8 and
endothelial dysfunction as demonstrated by a decrease
in flow-mediated dilation (FMD).9 However, other
studies have not yielded consistent results.10 Whether
there is a potential role of underlying inflammation,
which is reportedly associated with essential hyperten-
sion, also remains to be established. There are data
suggesting increased levels of inflammatory markers,
namely procalcitonin and high sensitivity C-reactive
protein (hsCRP), in patients with WCH compared with
normotension,11–13 while other studies have failed to
confirm this finding.14

Novel biomarkers such as cystatin C have only lately
been acknowledged with regards to their correlation
with CV risk.15–17 We have previously demonstrated
that cystatin C levels correlate with higher LVMI values

in untreated hypertensive individuals.18 Nonetheless, its
role in WCH has not been fully elucidated.

In the present study we investigated the relation of
WCH with subclinical organ damage as well as poten-
tial clinically relevant mechanisms, such as inflamma-
tory response and cystatin C.

METHODS AND POPULATION

Study population
The study population consisted of newly diagnosed
untreated individuals who had been referred to the
Hypertension Unit at Hippokrateion University Hospi-
tal, Athens, Greece, for hypertension workup and
further management during a 48-month period (March
2009–2011). All individuals underwent complete phys-
ical examination and routine blood and urine biochem-
ical analyses, with the intention of assessing the
presence and extent of target organ damage. Ambula-
tory BP was recorded during a working day using the
automatic Spacelabs 90207 device (Redmond, WA). BP
measurements were taken between 7 AM and 11 PM

(awake period) and between 11 PM and 7 AM (asleep
period) while the device was programmed to record BP
every 20 minutes during the awake period and every
30 minutes during the asleep period. WCH was defined
as an office BP ≥140/90 mm Hg on at least three
occasions in the presence of a healthcare worker
(particularly a physician), with normal 24-hour (≤130/
80 mm Hg) and day ABPM (≤135/85 mm Hg). Nor-
motension was defined as systolic office BP <140 mm
Hg and diastolic BP <90 mm Hg together with daytime
ABPM ≤135/85 mm Hg with normal 24-hour BP
(≤130/80 mm Hg) according to the 2013 guidelines
published by the European Society of Hypertension and
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the European Society of Cardiology.19 According to the
above, 204 patients with WCH and 183 normotensive
controls were identified. Patients with essential
hypertension as well as 53 patients recently treated
with any antihypertensive agent were excluded from the
study.
Participants underwent anthropometric and BP mea-

surements, standard 12-lead electrocardiography, and
laboratory determinations. Because cystatin C levels are
affected by chronic liver disease, malignancy, and
inflammatory conditions,20–22 patients with suspicion
of the above were excluded. To avoid a confounding
effect on assessment of WCH-associated target organ
damage, patients with suspicion of secondary hyperten-
sion, renal disease, chronic heart failure (New York
Heart Association heart failure class III or IV) and
diabetes mellitus were also excluded. The study was
approved by the institutional ethics committees, and
informed consent was given by all of the participants.

Biomarkers measurements
Blood samples were obtained after an 8- to 12-hour
overnight fast, with samples collected in sterile tubes,
centrifuged at 3000 9 g for 10 minutes at 48οC, and
then stored at �80°C until assayed. Plasma was
recovered by centrifugation, and biochemical parame-
ters were determined by standard validated automatic
methods using commercially available reagents. Levels
of fibrinogen and hsCRP were measured by
immunonephelometry (Dade Behring, Marburg, Ger-
many). Circulating levels of intercellular adhesion
molecule 1 (ICAM-1), vascular cell adhesion molecule
1 (VCAM-1), interleukin 6 (IL-6), and tumor necrosis
factor a (TNF-a) were measured by enzyme-linked
immunosorbent assay (ELISA). Serum cystatin C levels
were measured by BioVendor’s Human Cystatin C
ELISA kit (BioVendor R&D, Brno, Czech Republic).

Echocardiography
A two-dimensionally guided M-mode echocardiogram
was performed on each participant at the same visit by
an expert sonographer. Accurate linear measurements
of interventricular septal wall thickness, posterior wall
thickness, and LV internal dimensions, including end-
diastolic/systolic diameters, were obtained. LVMI was
calculated by Devereux’s formula.23 The geometric
classification is based on the combination of increased
relative wall thickness (RWT) and LV hypertrophy
(LVMI >115 g/m2 for men, >95 g/m2 for women) at end
diastole. Left atrial volume (LAV) was also calculated
by the ellipsoid model. Ejection fraction, mitral pulse-
wave Doppler E/A ratio (Em/Am), deceleration time,
and isovolumic relaxation time were estimated with
two-dimensional echocardiography. Measurements of
longitudinal plane tissue Doppler imaging myocardial
diastolic velocities at five sites on the mitral annulus
included peak early myocardial tissue velocity (E), peak
late myocardial tissue velocity (A), and the mean ratio
E/A.

Vascular measurements
Carotid-femoral pulse wave velocity (cf-PWV) measure-
ments were obtained in participants in a controlled
room temperature (22°C) using a validated noninvasive
automatic device (Complior SP; Artech Medical, Pantin,
France). This device allows online pulse wave recording
and automatic calculation of cf-PWV, an established
index of aortic stiffness, by assessing the time delay
between the rapid upstroke of the carotid and femoral
artery pulse waves. Pressure waveforms were gated with
simultaneous electrocardiographs and were used to
calculate the PWV between these two sites (carotid-
femoral) with two pressure-sensitive transducers. Aug-
mentation index (AIx) was determined by applanation
tonometry of the left radial artery by using the
SphygmoCor device. AIx was calculated from the aortic
pressure waveform obtained by applying a transfer
function to the radial pressure waveform.
Flow-mediated dilation (FMD) as a marker of

endothelial dysfunction was assessed in the brachial
artery.24 It was measured as the absolute and percentage
change in vessel diameter after cuff release from rest to
the maximal diameter (60s). In all patients, the ABI
value was determined in our vascular laborator, while
Doppler measurements of brachial and ankle pressures
were assessed with 10-cm wide sphygmomanometer
cuffs, which were manually inflated and deflated.
Carotid arteries were evaluated with the Vivid 7

ultrasound system (General Electric, Fairfield, CT) using
a 7.5-MHz probe. IMT of the common carotid arteries
was obtained 2 cm proximal of the bulb from anterior
and posterior approaches and averaged to obtain the
mean IMT. In addition, from multiple approaches,
carotid plaques, as the presence of wall thickening
>1.3 mm, were detected in both arteries. Of note, when
detected, atheromatous plaques were not included in the
measurements of IMT.
Furthermore, the presence, type, and extent of

hypertensive retinopathy were investigated via direct
ophthalmoscopy. Images were evaluated by the same
ophthalmologist who was unaware of the patients’
clinical characteristics. Retinal features obtained were
venule nipping, venule deviation, and light reflex change
at all clearly visualized crossings, and patients who
underwent fundoscopy were then distributed to four
groups according to Scheie’s classification system (0–3).

Statistical Analysis
Qualitative variables are presented as absolute frequen-
cies. Continuous variables were tested for normal
distribution by Kolmogorov-Smirnov test. Differences
in continuous variables between two groups were
assessed by Student t test for parametric data. For
variables found to deviate from normality, nonpara-
metric tests (Kruskal-Wallis/Mann-Whitney) were
applied. Relationships among variables were assessed
using Pearson’s correlation coefficient. Multiple logistic
regression was applied to estimate the odds ratio (OR)
of LV hypertrophy (LVH) in the hypertensive compared
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with the normotensive group. To evaluate the diagnostic
performance of cystatin C, as a marker for differenti-
ating between WCH and controls, receiver operator
characteristics (ROC) analysis was performed for all
significant differences between groups. ROC curves
were generated by plotting the sensitivity against 1 �
specificity, and the area under the curve (AUC) with
95% confidence intervals (CIs) was calculated. The
optimum cutoff point based on the ROC analysis was
established by selecting the value that provides the
greatest sum of the sensitivity and specificity, ie, the
point closest to the upper left point of the ROC plot. All
tests were two-sided, and a P value of <.05 was
considered to indicate statistical significance. SPSS
version 18.0 (SPSS, Chicago, IL) software was used for
all statistical calculations.

RESULTS

Demographics
The anthropometric data, demographic characteristics,
and BP measurements of the population are shown in
Tables I and II. Ten-year risk of cardiovascular mor-
bidity and mortality according to the Framingham score
was 6.8%, and there was no significant difference
between the two study groups (P=.237). Because of
variations in anthropometry between the BP groups,
structural and functional variables of the left ventricle
and the vasculature were adjusted for age, sex, and body
mass index to analyze whether differences were related
to BP groups independently of these potential con-
founders.

Vascular indices of organ damage
We found a significant difference in PWV between
WCH patients and controls in PWV (8.6�0.10 vs
7.6�0.09 m/s, P<.001) (Figure 1a), while ΑΙx values
did not differ significantly between the two groups
(26.5�1.4 vs 25.2�1.3, P=.179). A positive association
was found between PWV and average 24-hour systolic
BP (r=.18, P<.010), but not with average 24-hour
diastolic BP (r=.021, P=.206). Multiple regression anal-
ysis of PWV with clinical parameters (age, sex, weight,
height, body mass index, smoking, heart rate) and other
biological parameters (total cholesterol, glucose, crea-
tinine) showed that PWV was positively and indepen-
dently associated with age and body mass index values
(P<.001 for both). The group with WCH did not exhibit
higher values of IMT compared with the normotensive
group (695�18 vs 674�18 lm, P=.399). Moreover, a
difference between the two groups was detected regard-
ing endothelial function as estimated by FMD values
(5.23�0.27 vs 6.79�0.29, P<.001) (Figure 1b). In
addition, no significant effect was observed in ABI
values (P=.818) or advanced retinal lesions (P=.394).

Cardiac structural and functional indices
Our results showed significant differences in LV mea-
surements and diastolic dysfunction parameters between

WCH and normotension groups. WCH may have
significant effects on indexes of early damage to the left
ventricle as well as diastolic dysfunction parameters.
More specifically, we found higher values of LVMI in
the WCH group compared with the control group
(80.0�1.3 vs 73.6�1.1 g/m2, P<.0001) (Figure 2).
Accordingly, we tested the association between WCH
and LVH after adjustments for confounders and an
independent association was revealed (OR, 2.3; 95%
CI, 1.41–3.81; P<.001). In line with this evidence, we
observed a mean E/A ratio, which differed significantly
between the two groups (1.06�0.02 vs 1.19�0.03,
P=.001). However, there were no significant variations
in LV diameter (46.8�0.3 vs 46.9�0.3 mm, P=.657)
and LAV (41.7�1.4 vs 40.3�2.0 mm3, P=.571)
between patients with WCH and the control group. It

TABLE I. Baseline Characteristics of the Study
Population

WCH NT P Value

Patients, No. 204 183

Age, y 54.3�0.9 52.4�0.9 .126

Male sex, No. (%)a 95 (47) 72 (39) .134

Family history, No. (%)a 143 (70) 124 (67) .704

Smokers, No. (%)a 76 (37.4) 79 (42.9) .228

Dyslipidemia, No. (%)a 83 (40.6) 81 (43.5) .843

Body nass index, kg/m2 28.5�0.6 27.4�0.6 .429

Glucose, mg/dL 99.4�1.1 96.6�0.9 .060

Creatinine, mg/dL 0.91�0.02 0.88�0.01 .075

eGFR, mL/min/m2 99�2.5 102�2.4 .330

Cystatin C, ng/mL 783�17 725�13 .007

Cystatin C–based eGFRb 93�1.7 98�1.9 .036

Average of eGFR,

creatinine/cystatin C

96�2.1 100�2.2 .062

Uric acid, mg/dL 5.2�0.2 5.3�0.2 .542

Total cholesterol, mg/dL 216.4�3.1 212.5�3.6 .399

Ejection fraction, % 63.5�0.4 63.2�0.5 .563

LVMI, g/m2 80.0�1.3 73.6�1.1 <.0001

LAV, mL/m2 41.7�1.4 40.3�2.0 .571

Em/Am 1.06�0.02 1.19�0.03 .001

FMD, % 5.23�0.27 6.79�0.29 <.001

c-fPWV, m/s 8.60�0.10 7.60�0.09 <.001

AIx 26.5�1.4 25.2�1.3 .179

ABI 1.11�0.008 1.13�0.009 .686

IMT, mm 695�18 674�18 .399

Advanced retinal

artery lesions,c %

6.3 3.3 .394

Abbreviations: ABI, ankle brachial index; AIx, augmentation index;

BP, blood pressure; c-fPWV, carotid-femoral pulse wave velocity;

DAP, diastolic arterial pressure; eGFR, estimated glomerular filtration

rate; Em/Am, mitral pulse wave Doppler; FMD, flow-mediated

dilation; IMT, carotid intima media thickness; LAV, left atrial volume;

LVMI, left ventricular mass index; NT, normotension; SAP, systolic

arterial pressure; WCH, white-coat hypertension. aP by chi-square

analysis. b76.6(cystatin C) � 1.16(mL/min/m2). cRetinal features of

stages 3 and 4 according to Scheie’s classification. Values are

expressed as mean�standard error of the mean. Bold values indicate

significance at P < .05.
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was also shown that LV diameter and cystatin C levels
were independently associated with LVMI (P<.05 for
both).

Renal function
The two groups of patients showed no statistically
significant differences with regards to creatinine levels
(0.91�0.02 vs 0.88�0.01 mg/dL, P=.075) and esti-
mated creatinine clearance (94�2 vs 99�2, P=.088). We
further compared the two groups regarding cystatin C
values as a more sensitive marker of renal function. Of
note, the WCH group differed significantly compared
with controls regarding cystatin C values (784�17 vs
737�14 ng/mL, P=.035) (Figure 3). Of note, cystatin C
levels were positively associated with LVMI (r=+.19,
P=.036) (Figure 4) and PWV (r=+.38, P<.001). To
determine the efficiency of cystatin C in distinguishing
WCH and controls, we used ROC analysis (Figure 5). A
cystatin C cutoff value of 820 ng/mL yielded 60.1%
sensitivity and 40.9% specificity with a P value of .052.

Biomarkers of inflammation and thrombosis
The two groups of patients were also examined for
possible differences in markers of inflammation and
thrombosis. In particular, WCH was characterized by

similar values of hsCRP, VCAM-1, and TNF-a com-
pared with controls (2.05�0.22 vs 2.11�0.23 mg/L
[P=.815], 861�21 vs 831�15 ng/mL [P=.467],
5.05�0.30 vs 4.57�0.22 ng/mL [P=.289], respectively).
We observed significantly different values in IL-6
(P=.045) and fibrinogen (P=.034), in contrast to homo-
cysteine levels (P=.243). Inflammatory biomarkers were
not independently associated with the aforementioned
indices of subclinical organ damage (P=not significant
for all).

DISCUSSION
In the present study we examined the possible involve-
ment of WCH in subclinical organ damage and other
associations that may be clinically relevant such as
inflammatory process and cystatin C. In untreated
WCH patients and normotensive controls we evaluated
several indices of subclinical organ damage. At the same
time, several inflammatory biomarkers as well as
cystatin C levels, a novel cardiovascular disease
biomarker that also reflects the underlying renal func-
tion, were also estimated in both groups. We observed
that the WCH group presented with worse endothelial
function, more pronounced arterial stiffness, and LVH.
We found significantly different values of inflammatory
biomarkers; however, it was of particular interest that
cystatin C levels were not only significantly elevated in
the WCH group but were also associated with arterial
stiffness and LVH.

The impact of WCH on LVMI and diastolic function
It has been well established that WCH is not a benign
condition, since it may induce alterations in cardiac
structure and function. The HARVEST trial was one of
the first studies to address this issue and concluded that
all echocardiographic dimensions of the left ventricle
were increased in patients with WCH compared with
those measured in normotensive adults.25 These findings
were consistent with the results derived from a number

TABLE II. BP Between Groups

WCH NT P Value

Office SAP, mm Hg 152.9�1.0 131.3�1.0 .001

Office DAP, mm Hg 92.9�0.9 83.1�0.9 .001

24-h systolic BP, mm Hg 120.1�0.5 113.9�0.5 .001

24-h diastolic BP, mm Hg 71.4�0.5 67.8�0.6 .001

Day systolic BP, mm Hg 122.4�0.5 117.3�0.5 .001

Abbreviations: BP, blood pressure; DAP, diastolic arterial pressure;

NT, normotension; SAP, systolic arterial pressure; WCH, white-coat

hypertension. Values are expressed as mean�standard error of the

mean. aP by chi-square analysis.

FIGURE 1. (a) Pulse wave velocity (PWV) between white-coat hypertension (WCH) and controls. (b) Flow-mediated dilation between white coat
hypertension and controls.
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of studies and cross-sectional surveys that demonstrated
an increased prevalence of LVH in the WCH popula-
tion.26–28 In agreement with the above, Cuspidi and
colleagues,5 in their recent meta-analysis that included
25 studies and a total of 7382 patients, reported that
WCH patients presented with an elevated LVMI and a
reduced mitral E/A ratio compared with normotensive
patients. It seems, however, that WCH constitutes an
intermediate condition between normotension and
essential hypertension, since it causes a rise in LVMI
with concomitant drop in mitral E/A.29–31 Nevertheless,
other studies have failed to demonstrate a significant
difference in the LVMI between WCH patients and
normotensive controls.32,33

The findings of the present association study favor a
link between WCH and cardiac remodeling, as indicated
by elevated LVMI in WCH individuals in consistency
with the higher LVH prevalence in this group as well as

a significant decrease in the E/A ratio. Conflicting results
of previous studies may reflect several methodological
differences. For example, the use of higher upper limits
of normal for ambulatory BP resulted in a higher
prevalence of WCH in hypertensive populations,
thereby including more individuals who may be truly
hypertensive and have target organ damage.32 WCH
may therefore be associated with subclinical cardiac
organ damage in a similar way as that in sustained
hypertension, a hypothesis that needs to be tested in
longitudinal studies with clinical end points.

The impact of WCH on arterial stiffness
Several studies have demonstrated that WCH can affect
PWV, FMD, and IMT values, which are of subclinical
target organ damage. Wimmer and associates6 showed
that WCH patients presented with elevated central

FIGURE 2. The white-coat hypertension (WCH) group exhibited
higher left ventricular mass index (LVMI) values compared with
controls.

FIGURE 3. The white-coat hypertension (WCH) group exhibited
higher cystatin C values compared with controls.

FIGURE 4. Cystatin C values were positively associated with left
ventricular mass index (LVMI).

FIGURE 5. Receiver operating characteristic (ROC) analysis curves
of cystatin C for differentiating between the two populations.
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aortic systolic pressures compared with normotensive
controls as assessed by PWV. In fact, it was recently
demonstrated that the increase of PWV and IMT
associated with WCH renders the latter more hazardous
in terms of CV mortality than prehypertension.34 In
addition, young individuals with WCH exhibited sim-
ilar PWV values as patients with known hypertension.35

In accordance, G�omez-Cerezo and colleagues9 showed
that WCH and essential hypertension decrease FMD to
a similar extent. Nonetheless, the existing evidence still
remains controversial. Polonia and coworkers25 demon-
strated that central aortic pressures and aortic stiffness
in WCH population resemble closely to the ones
obtained from the healthy population compared with
those obtained from hypertensive patients, while Pier-
domenico and colleagues36 reported no difference in the
endothelium-dependent dilatation between WCH
patients and normotensive controls.
In the present study we have demonstrated that PWV

is statistically significantly increased in WCH patients,
whereas FMD is decreased, which is in unanimity with
the results of the majority of existing studies so far.
However, we reported no statistically significant differ-
ence in IMT values between the two groups. It seems the
difference between office and ambulatory BP, which is
an estimate of the white-coat effect, is strongly associ-
ated with increased arterial stiffness and more impaired
endothelial dysfunction using currently established
noninvasive techniques. These findings imply that even
though conduit arteries may be normal, in WCH,
peripheral resistance and minimal forearm vascular
resistance, a possible measure of small-artery structural
changes, may be affected. On the other hand, the
prevalence of discrete carotid atherosclerosis was sim-
ilar in the WCH and normotensive groups, suggesting
that sustained rather than episodic BP elevation is
important in producing preclinical disease of the arterial
tree.

The impact of WCH on serum biomarkers: the
emerging role of cystatin C
Inflammation is a key feature in the initiation, progres-
sion, and clinical implications of cardiovascular disor-
ders, including essential hypertension.37 The association
of elevated levels of inflammatory markers with WCH
has been studied in previous studies; nevertheless, data
are not adequate and results are controversial.11–13

Guven and colleagues14 recently failed to show a
significant rise in CRP levels in WCH compared with
healthy individuals. However, procalcitonin and CRP
levels were significantly higher in the WCH group than
in the normotension group according to a small, recent
observational study.11 To the best of our knowledge, IL-
6 has not been found in a WCH population. We found
different values of IL-6 and fibrinogen levels even
though the two groups exhibited similar values in terms
of all other inflammatory biomarkers. Hypertension
may induce proinflammatory and procoagulatory
responses. In that state, tissue and systemic

inflammatory mediators are increased, and it has been
suggested that inflammatory markers are not just
markers but rather mediators implicated in the patho-
genesis of hypertension and vascular organ damage.38

Therefore, it seems reasonable that inflammatory
molecules could be used as diagnostic objectives and
might discriminate patients at high risk for subclinical
organ damage in the state of WCH. Larger, well-
organized studies are required to investigate this theory.
Chronic kidney disease is an independent risk factor

for cardiovascular disease morbidity and mortality
associated with WHC.39 In a Japanese population,
WCH was related to an increased risk of chronic
kidney disease (OR, 1.67; P=.037) compared with
normotension.40 Of note, a large, multiethnic, prob-
ability-based population cohort, which was only
recently published, investigated hypertensive target
organ damage and adverse cardiovascular outcomes
associated with WCH, masked hypertension, and
sustained hypertension. Both WCH and masked
hypertension were independently associated with
increased aortic pulsed cystatin C and urinary albu-
min/creatinine ratio.41

We have previously demonstrated that cystatin C
levels are associated with higher LVMI values in
untreated hypertensive patients.18 In this context, we
sought to investigate for the first time to our knowledge,
the possible link between cystatin C and WCH. Cystatin
C is a protein that is freely filtrated through the
glomerulous and is considered a more sensitive marker
of kidney dysfunction than creatinine, especially at
higher estimated glomerular filtration rate levels.42,43

In the present study, we showed that individuals with
WCH present with significantly elevated cystatin C
values compared with controls. In addition, cystatin C
levels were positively associated with indexes of sub-
clinical organ damage such as LVMI and PWV, high-
lighting the role of cystatin C as a possible prognostic
marker in WCH for subclinical target organ damage. As
for potential explanations of the aforementioned find-
ings, cystatin C, as a better estimate of renal function,
could be a stronger predictor of preclinical changes in
vascular structure. In addition, PWV has been reported
as a known parameter of arterial stiffness, which is
likely associated with renal insufficiency.44 In addition,
cystatin C could even directly participate in the devel-
opment of arterial stiffness and LV hypertrophy geom-
etry as a result of a potential imbalance between
cysteine proteases and cystatin C in arterial wall and
cardiac tissue.45

CONCLUSIONS
In the present study, we demonstrated that the presence
of WCH in patients is accompanied by more pro-
nounced subclinical organ damage compared with
controls. Of particular interest was that cystatin C
levels were significantly elevated in the WCH group, as
well as arterial stiffness and LVH. Moreover, it may
play a significant role as an early biomarker of renal
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function or, potentially, as a direct contributor to
cardiac and vascular abnormalities. Therefore, the
information provided by ambulatory BP monitoring
may provide us with a more comprehensive picture of
WCH burden and some of the currently investigated
biomarkers may have a role in risk assessment. In this
context, the role of cystatin C as a risk marker in
patients with WCH warrants further consideration.
Future prospective clinical studies evaluating the pre-
dictive role of cystatin C for cardiovascular disease in
this subgroup of patients would be of great value.

Conflicts of interest: None declared.
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